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[00019] Di armnd0| ds are hydr ocar bon nol ecul es possessi ng amazi r:&bé rigid

structures that contai-n.carbon atom franeworks that:are suférd bl e on

the di agrygberystal lattices (see FIG 1). Adamantane, Eciesnmaionon
nol ecul e, is the small est nenber of the dianondoid series, consisting of
one cage-shaped di anond crystal subunit. Adamantane is commercially 20

avail abl e and igsoWpgk g(fﬁl\/ﬁ' ﬂJ[GH'E yoIbs can be
synt hesi zed and It ¢ T["ﬁ@lﬁ anmant ane cont ai ns
two face-fused di anpnd sul and r| aman ane ree These t hree

mat eri al s have been synt he5| zed and isolated from petrol eum and have
recei ved research attenti on. Adamant ane, di amantane and tri amant ane are

classified as "l ower di 0g ' t amant anes, etc., have
characteristics 25 (i nc[?%(‘c? %Wﬁﬂﬁgﬁé?@“ﬁﬁ?m ity and, above -

tetramantane, multiple nolecular weight forns) that differ fromthe | ower

P.

di anondoi dsEieh]mft}aﬁhlvcnﬂassi fied as "hi gher dianondoids". While only one of_ .
~t-he--hi-gher di anondoi ds-has been synthesized, ideas concerning their R

st ructie@l] andThigpotention isadireptedpe idolabad d:raanecbehhnghetdlﬁmondmd {:@ﬁ@@&}lts\/\hl I e

“adamant ane, di amant ane and tri amant ape,show no |aorrers Jn?'tj der st ood
Rspn el

that t399ria CORBOATIHOHEOPYTISIG GrEdT Shre ippopdar é’ﬁ’é]rl?f’ﬁ%% " erent
shapess a0iaLRd indRY et RTINS @@ﬁxﬁﬂé%ﬁa tsmzmatof%f&heb giafidp@sidmposed on
the diamond crystal Tattice in different ways. of these isoners are
egnant mmmoser(ttmrrm orcovemblediastiomalom adkeedstock cee@auee onder morgrhiglarr amant anes
each [}g t faces thOM| ch the next dianond-cage 2 19 July 2005 WO
02/ 05 ’IE%WE%BE?% 5 unit could fuse, the nunber of pentamantanes
increases over that of the tetramantanes. The nunber of possible isoners
i-1icr eases rRgefhyesW t h each hi gher nmenber of the dianondoid series. Al so,
because di anondoid crystal units can share nore than a single face in sone
hi gher di anondoi ds, hydrogen to carbon ratios, .i.e., the degree of
conder8893lon, Ehelonengsp ncm{rree?slﬂm@tevararfaete&ﬂn this SOPYSAHGN PRHSUSISCHBY easi ng
var i etr%)nﬁj Ir_%ml ecul ar weights for each successive higher dianondoid famly
(FIG 2 is a table showing the different series of nolecul ar
wei ghts cal cul ated for higher dianondoids ranging fromthe tetramantanes to
tthe ur{@@@3nzant arfest, If.0A02 1 Adtroaverned iCamsmglonats ofithe Pirsmedeidi Sirugiure,ual | y
every (gt ®#eUun2{B306(1®6d) gas 10 condensates) as well as oil source-rock
extracts." The natural concentration of di anondoids
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in petroleumvaries by orders of magnitude. For instance, nethyldi amantane
concentrations in relatively lowmaturity crude ‘oils from t¥eJWeidfdz

val | ey lifornia, are on the order of a few parts LLLion (ppm.
Low rrat\gbi(]%ﬁ/ﬁé% s sourced fromthe Jurassic-age Srrackov%ﬁtrmllf—gg?/lrjr%’t(a?on, aul f
Coast, USA,  hgye nethyl di amantane concentrations of 20-30 ppm Because 15
di anod®@f1dd show Betiedse ek at-oYape-aplertiive Zrocessdir Gpneaningeng dliatondoid-

hydr oSaribonig Hislepiaybonbnlvands, pet. MatestiNe, 5.0h9.685 hasred Mee2fydARl subst ant i al
cracking as a result of intense heat may have nethyl di amant ane
conced098i3] on ‘I n Ndbd, at hbyBanwedafl Hgnearbansias Indicatondef Bewed Qibw  hi gher

di anortlackisg, 0duiud, pe4-5D(TA89d).i n natural systens, but it may involve a
process requiring mllions of years. 20 [00022] The higher di anondoi ds,
whi ch [pegldyde 't havicktmaesnares ppeathran i anes Didtdndoid Hpdrecarbors,ved
conpargkiN&iryn, lo711dog @vg@ntion. In fact, prior to the work of inventors
Dahl and Carlson enbodied in United States Patent Application Serial No. -
60/ 26206613 T i 1'€d wWandtaly Highvisefdd 7ans InsreL AL AL 058 s Nol 5 30g851t hese -
corrpoq&quggﬁpzayl@?hhetlca with only one such conpound having been

synt hesi zed and 'a few others tentatively identified (but not 25 isolated).

l

|

|

L
Mo ificakl t : t t ' ”
g A e R D DRI At s 1
H ghe di m)nd:gllggs be”

canno synt hesi zed by carbocation isomnerization

net ho fulisf t.he di a oids. .Lin t al. have.,Su sted the |
exi st %&f’ﬁf Lot FaltAn s "é’l,“’%%@g&ﬁggagﬁ@%% 8 Sorurcdds SRR £ ol eum
r eser VB PP Imd €8 08¢k Ry Es 3804 one and wi t hout any attenpt to isol ate
material s.3 The 30 possi bl e presence of tetrﬁrrant,ane and pent amant ane in

pot miQ¥HBL et el Breloys pdlicationsiagd pricaiaEn g rneyR YFeEEHCE i ng
freeds ynaKeditcty REAR SRS RYadiBlvidhPbdhIRAAL or phlNRHGAIRL L e TO

i sol ate mater s fromthis pot nmaterial.” 3 19 July 2005 202
1IPCT/ USH@ hiihaeal 300012 3fed As badatbtpooied bibwtdrgnoamdis anfirétg. poi nted out that the
present inventors separately isolated the higher dianondoid

rave ST o FirobiteT R i E R R SRR oSS B dra edpppp aRbr i 1 2"
[ 00024} at EOntai4BIROnZRom i@ndH ihethathra SRR bsabld Ve (ROdiakRaa ciyd@Mldtiidetd or

isolated or 5 otherwise provided with the foll ow ng exceptions: ]
i so- t §seediEntaredamanjanch e &inzesdian mplgculans tiyssmalisseaiemper of bk disgmondeid -

separ %él%s}/ccgnls?sﬁgg oF gr(ile gg’gezsﬁgpe%rfﬁgnei\gﬁd (I:r?%/tg{'é[u%qusﬁt. Adamantane is commercially

20 available and is widely used as a chemical intermediate. It can be synthesized and it can be

recovered from petroleum. Diamantane contains two face-fused diamond subunits and
triamantane three. These three materials have been synthesized and isolated from petroleum
h and have received research attention. Adamantane, diamantane and triamantane are

classified as “lower diamondoids”. Tetramantane, pentamantanes, etc., have characteristics

25 (including multiple isomers, chirality and, above tetramantane, multiple molecular weight
forms) that differ from the lower diamondoids, and are classified as “higher diamondoids”.
‘While only one of the higher diamondoids has been synthesized, ideas concerning their
structures and hypothetical properties have been set forth.

[00020] While adamantane, diamantane and triamantane show no isomers, it is

30 understood that there should be four different isomeric tetramantanes; four different shapes
containing four diamond-cage subunits that can be superimposed on the diamond crystal
lattice in different ways. Two of these isomers are enantiomers (mirror images of each

other). Because the four tetramantanes each have ten faces to which the next diamond-cage
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SUMVARY COF THE | NVENTI ON [ 00025] An enbodi ment provi des higher dianDndoids,
as enriched or isolated conpounds. 10 It al so provi-des the i Hudwly #09F -

hi gher ¢icadmieabd i soners (referred to as "hi gher di anongoi/dsozmesgeonent s”
as enriched or isolated conpounds for the first tine. In addition, this

enbodi nent ovi des ocesses with which the enri i hi gher
sttt R S e R R T S e Rt A e
one enfagghdi@Rbossie dYrd Si0tcaded daidly GFittSéazh bighey Bichtey oOthe@i@Ni@osl y 15
unavai | abl e hi gher di anondoi ds includi ng tetramantanes, pentanantanes,

hexanesfrighedlso, hrspusprdinmandaid coysiehwniisican eBare e g atiagle firg e veine
deca ; L S0 ' f l.gher | I | hj

ai amorisn Qs RolEe b 0th B caldd L] EREEY o bollEllon WG Rows |
r el at i inereasitin dairgRnOfesehial itlhminorwdghg visdetylof nidiehia weightp forteach et c. ) dr ops
by a factor. of about 10 for each crystal sub-ﬁgit added to. . the structure.

Thi s nikeessiva hisher dimondod ey (BIe- e HiG-& i adnbie shpwpgthe 05 SGILES 5 oyt

- 10-5 L TESteAta Rl YA Sl PAShASY AN AT A REink Fom IR CATRANERSSo

i ncl uding the spe€les whi was “syn Sl z e prior art. 4 19 July

2005 theuaddcamaintanspect, the present invention provides an enriched

sel ected hi gher dianondoid conponent neither including enriched
tane, nor. enri

socondlobBhCT Ewer fimeBod: o ekt grbdeceR EORbeT (BTG chod i n one

9F DI &ndSRLRST Advall 86 selirddRRE ek fatOTTPPRERItSral SotieRhtidrPofldiBndidd¥dsSO t hat
when there is enly one selected higher dianondoid conponent it is neither

uns ubsinipetrolsumaaties by ordennef mugmitnde. Fomssibeee, methsddispentohe seniveniraii®s 1 n a

third aspect he present inv | Op_provi.des a Si.ti I+S]

di aoridgR AL ALl B el tanp e e Re of GRS A8 s 10 e
rel atiygwt s per hefidh (358 .%@maﬂﬁﬁ%@@ doinded SUR) thE Tuadsit-Age Pinadlicer t hat
when there is only one sel ected hi gher dianobndoid_ conponent, it is neither

unsubsifdrmagtien) Gf Coesst Vafmhtvanecthddiagypalans seageaiiebors of29-20 ponr BscaSpect |

e pregsent.i.nventio ' an_enr| 1,59 : _a fifth
16 peor SafiiioiER Al Plicl oo SERP pl Rk E HOBTRAARE acolth 2 0
enant i iRd pbiroleiima, Whith havspekigont Bebsirgiabatcking end resnltmfavente heatmenr i ched
skewt et ramant ane L ]
have methyldiamantane concentration in the thousands of ppms. It is not understood how
higher diamondoids could be formed in natural systems, but it may involve a process

requiring millions of years.

20 [00022]  The higher dia;thondoids, which include the teframantanes, pentamantanes, etc.,

have received comparatively little attention. In fact, prior to the work of inventors Dahl and
-« Carlson embodied in United States Patent Application Serial No. 60/262,842 filed January

19, 2001 and numerous subsequent filings, these compounds were hy;;othetical with only
one such compound having been synthesized and a few others tentatively identified (but not

25 isolated). More specifically, McKervey, et al. reported the synthesis of anti-tetramantane in

| low yields using a laborious, multistep process."> Higher diamondoids cannot be synthesized

by carbocation isomerization methods useful for the lower diamondoids. Lin, ef al. have
suggested the existence of tetramantane, pentamantane and hexamantane in deep petroleum
reservoirs from mass speciroscopy alone and without any attempt to isclate materials.” The

30 possible presence of tetramantane and pentamantane in pot material recovered after a
distillation of a diamondoid-containing feedstock has been discussed by Chen, ef al* Again,

they made no attempt to isolate materials from this pot material.

3



enantiomer B. In a seventh aspect, the present invention provides an
enri ched pentamantane conponent. In an eighth aspectigtgglgrggggt :
i nvention provides an enriched hexamant ane conponent "fepresented by the
f or nul adv@HUETHE or C29H34 with and without substituti onPCEAISE289398 h
aspect, the present invention provides an enriched substituted

cycl ohgeasmnt ang LANRAIRREkabind it 8 PbihtABARGhat thd)SreRiR SO AntdrHYGALAIEN

provi des an enriched heptanmant ane conponent. 1In an el eventh asgect, t he
pr esenisolateddht highepdiomodésd apcleedaghetnedha mnst eerslensedpomberol tha 19 July

2005 JIn a twelfth aspect, the present. invention provide ensi ched
2 o ama G Stk aend vk mepde b Dbttt p P A SRR e g

provi des an enriched decamantane conponent. |In a fourteenth aspect, the

pr esenfgopyent TeRuRiM-EShe AEheFdihsbRcNNRLGATR Heah Rlenifisponiaolaieddr | n a
fifteenth aspect, the present invention provides a process for,,recovering a

cHnposethemviseproy sied avitlnthhifefheaying cxerptions: dsedoHBmEnS — simthasizsloceds

i gner bl EEoh ol SSRGS ATRLRY AEDRERaRL BB T
conponents fromthe feedstock having a boiling point |ess than the |owest
boi I i ng hi gher di anondoi d conponent of interest under conditions to
provide a treated feedstock from which hi gher di anondoid conponents can be

recovered; and c. recove&% [ [ d@ﬁﬁﬁ@@ﬁhgwﬁﬁx onents fromsaid treated
f eedstock by separation OFg he group consisting of
chromat ographi ¢ techni ques, thermal diffusion techniques, zone refining,
g B ggr SRBDDYS T CRk Mtlodknkd BlobiaR nigBR diambiiBias ePRKiakd GNsol:RE MilpauRs. 4b 19 July
10 It also provides the individual higher diamondoid isomers (referred to as “higher diamondoid
components™ as enriched or isolated compounds for the first time. In addition, this embodiment
provides processes with which the enriched and isolated higher diamondoids and higher

diamondoid components can be obtained.

[00026] In one embodiment, we have isolated as crystals a variety of previously
15 unavailable higher diamondoids including tetramantanes, pentamantanes, hexamantanes,
heptamantanes, octamantanes, nonamantanes and even decamantane. The isolation of the
higher molecular weight higher diamondoids is especially unexpected in light of our finding
that the relative abundance of each diamondoid family (tetra vs. penta, etc.) drops by a factor
of about 10 for each crystal sub-unit added to the structure. This means that the decamantane
20 '. we have isolated, for example is about 10°° times as frevalent in feedstocks as any of the

tetramantanes, including the species which was synthesized in the prior art.




| ect ed hi gh
e pyr ol yti canegSErEid teduaer St EtRh RS T

In a sixteenth aspect, the present invention provides a process for

recovering an enriched higher dianondoid of the first aspect, which
conprises: a selecting a feedstock conprising recovérable ar‘rwmﬁz%sa

hi gher di anondoid conponent or conponents selected for recovery;

nondi anondoi d conponents and conponents having a boiling point |ess than
the | owest boiling point higher dianondoid conponent sel ected for
recovery; b. renoving fromthe feedstock a sufficient anount of conponents

havi ng a boili int less than the | owest boilin oj nt. hi.gher, .

di amondoi d comyORERt 2Tes ARGREEER grven B AR o AP B MEhes dipedsic

r ecover ablcempsmattiicBhed inclubi@g birghel ugditatnrd ahiHctenimainant ceichebnponent s

sel ected for recov§r% are retained in the treated feedstock; and c.

t her mal | y VHYE M@ e feedst ock recovered in b) above to pyrol yze at | east
a sufficient anmpbunt of nondi anondoi d conponents therefromto permt
recovery of th di anpndoi d coqggnent or.gce%i1 onents from

ROSTHES} SPSC | ONC OTIOTG: .
under congelkdt@liggtiepdipnondoidiompbenid] abjecttembd ptodrk thatk it Mhengis balgouer abl e

amounts of the sel ected hjigher dianpndqid component or c onents. d.
recover i ndeSH L RRSEO GBI PR AR e AP IATERI e R8h o

f eedst ock unfipstaepdsyaioheambedini ques sel ected fromthe group consisting of
chromat ographi ¢ techni ques, thermal diffusion techniques, zone refining,
progressive recrystalization and size separation techniques. 4c 19 July

2005 WO 02/ 05729 thiadetiSO2 H6abvdaRbicfroldd&SCRIcRPbINn@ompHmORAMNGEs [ 00027]
FIG 1 illustrates the cage-shaped. structure of dianpndojds and their

Corr el at i GHICHDIITS Fore SIS RELArTypr I iSe e S ae b R Paril Fon of

t he structdish@sdsd, sehjernaopddsd Bat viidh thetelis olf ohdwelectbdiiping dafmpadad | atti ce.
5 [00028] FIG 2 ijs a table de ictng@;he di fferent nol ecul ar wei ghts shown
by each hicGRE O SGHheS PrpuRsiiiied anti( YEoYproR|oEeY PRt es the structure

of the tetramantanes provided by this invention.

In a fourth aspect, the present invention provides an enriched iso-tetramantane.

In a fifth aspect, the present invention provides an enriched skew-tetramantane

enantiomer A.

In a sixth aspect, the present invention provides an enriched skew-tetramantane

cnaitiomer B.
In a seventh aspect, the present invention provides an enriched pentamantane component.

In an eighth aspect, the present invention provides an enriched hexamantane component

represented by the formulas CspHzg or CyeHay with and without substitution.

In a ninth aspect, the present invention provides an enriched substituted

cyclohexamantane component.
In a tenth aspect, the present invention provides an enriched heptamantane component.

In an eleventh aspect, the present invention provides an enriched octamantane

component.
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[00030] FIG 4 illustrates that the four tetranmantanes have carbon

frameworks that correlate with the dianond lattice and can be viewed into
their 100 lattice plane (FIG 4A), 10 110 lattice plane (FIG 413) and 111
dianond lattice plane (FIG 4C). [00031] FIG 5 illustrates @J;I?Eéﬁ?ture
of the pentainantanes provided by this invention. [00032] Iél ST bA, 6B,
6C and 6D illustrate the structure of the hexamantanes provided by this
invention. [00033] FIGs. 7A, 7B and 7Cillustrate the structure of the
hept amant anes provided b 15 this inventiqgn. Onl ne of each enanti onmer
P shown. T 000BA R B, ¢ BetLipuitiv Boud oty P pRan SR ArRREhee
provided by this invention. Only exanples of the 500, 486, 472 and 432

nol ecul ar wei gl?lt f.or are. shown, [100035] Fl 9 iJ41 sdtrat ef t he structure
of the nonamant:dri¥ge Pk GRS Y CRRPERT TS H 20 © %;1 &ECAMEI8S of each

nol ecul arcomgpogdat. fam |y are shown. 20 [00036] FIG 10 illustrates the
structure of thée decamantanes provided by this invention. Only exanples of

~—each-nol ecul-ar -wei ght--fam ty are shown. [-00037] FIG 1I-1 illustrates the

structure of tlhe funtdenhnpaitahesrefhOviaiaoh Byvidés 4 enfidhe@nidecdimanfanéy exanpl es
of each npl ecul ar weight famly are shown. [00038] FIG 12 gives a flow
chart rep‘foggjglﬁ?]ﬁng the various steps used in the isolation of 25 higher

di anondoi d- cont ai ni ng fractions and i ndivi dual higher.di anondoi d
conponents. tg. that th it egs gan i.n some_cases he used.in a different
sequence and 935 1%?‘%‘%%?!‘3%6 TPIEE" BT BRR YT NHESEXARPIELE S 19 July 2005
WO 02/ 0578p ook doSeid QOB Ser diaRORRY] conpGhéts, %B8ibh pradesd Sdnptses: conpi | ati ons of
the GUMS and HPLC properties of various higher dianondoids included in
this application, [000401 FIG 14 shows the two-HPLC colu strategy used
to i%sol ate i seRFiRLAfecdstiask campHIARRLCCANEraplemoHNG aiighershippandeld Fl g 15
illust rat&%}#oql%néi ze and shape of sel ected- higher dianondoids relative to
Cho (Buckm nisterftll erene) and a representative carbon nanotube used in the
devel opment of nol ecul ar el ectronic devices. The carbon framework

struct ures ofemibeingelsefficeeht dimamnadiotsponeats foem floufeddstockFha¥isg 8 bodings, 9
and 10. point less than the lowest boiling higher diamondoid component of interest under
conditions to provide a treated feedstock from which higher diamondoid components

can be recovered; and

c. recovering higher diamondoid components from said treated feedstock by
separation techniques selected from the group consisting of chromatographic
techniques, thermal diffusion techniques, zone refining, progressive recrystalization

and size separation techniques.

4b



{ [00042] -FIG 16 illustrates the gas chromat ogr am of a gas condensate

feedst ock; one of 10 the original feedstocks used in the Exanples
(Feedstock A); showi ng m nute concentrations of higher dianonds (not

detectable on this scale). [00043] FIG 17 illustrates a hi ahyd %ggure
sinmul ated distillation profile of Feedstock B using the atnosphe
distillation 650 F + bottons as feedstock. This figure also |IIustrates

the targeted cut points (1- 10) we used for hi gher di anondoi d i solations. 15
[00044] FIG s. 18A. e%nd 18B | ustr !gas ch%f) 8 apgs % of di ﬁedl |l ate
fraction #6 (TaH ¥iggh aﬂ?e& hpgyes "13’8 BEPEEK B B0 4" iF fation
bot t ons, ahighdr ldRmoeddid &f thgfirerapkdc twhichfcoytiset:yt i ¢ processi ng. These figures
show t hat nondi anondoi d conponents have been destroyed by the pyrolytic

Concentr At e arfientss Soar peoaty s Shr BRRAT byt HESRIRL Aaidnag™ 1, °20"

are charts gd eh%ﬂ dﬂﬂ'q;ﬂhéﬁﬂs eﬂeaemﬂﬂ@@@ﬁrefyonommmmacahpommh atiddual

~hi-gher-di-armondoi d exarmant anes) -on-two -di ff-erent HPLC: chr onat ography

col umms: ODS’WGHSB V@ﬂﬁﬂ’%@n&ﬂ%h@%‘iéhmweg\g%p@gmgpgﬁgmghefooo%] AV

21A and 21B atdoﬂaﬁfd%})&gm&t%@&@&%er&v%ﬁp' |l ary gas chromat ographi c data

for tetramantane | so Ions carried out Exanples 3 and 5. FIG 21A shows
cuts made on 25 distillate fraction #33, Feedstock A The bold face
nunberls ref er trempeiak<ioni thcHecdsaickarmafficaens amokhi@Gf camﬁoabwm&amglaboilmgl at ed

and sent to the traps he cir led nu

t et r amant anBmt }etssgignm;ﬁggeqtﬁg mfﬁﬂﬁ’ﬁ&ngkﬁf g’fﬁ?@“ﬁ‘bﬁ*%ﬁ?‘%fg actl ve
tetramant anf'ec? Q@&éﬁoﬁ&ﬁ ol évﬁe&u%@o&fram@%suﬁ@ame HeP ditthonddR05 WO
02/ 057202 PCH US02/ 00505 | 00047] FIG s. 22A. 22C illustrate

phot oni cr oge@ppencnf oit eipements aslected sjta‘trattcsfery O r@macﬁ frthenticetsd Seadislocls by
preparati vemggs chromat ography (FIG 21). FIG 22A was isolated fromtrap
fraction #2 |G 22B was isolated fromtrap fraction #4, and FIG 22C was
isolated fromtrap fraction #6. Because the two enantioneric tetramantanes

have 5c.identi cahertdallf elcitid 0B FeddsARE réddvEe@in Bjlabo®8€o pfroliie ac Ieyiﬁtaa| S
contai ns both enantioners. %000481 FIG 23A illustrates fhe gas

chr omat ogr astiBpicpbadeins eknmdamergshd eempongtstherrfieda PRERH reg Vet thon,
exenpl i fi edsélgctgd(ﬂlgﬂéredl&mm i& Qm’ﬁ@éneﬂ? gldco%ﬁ)ofngﬁg %ﬁ?&e'p’}mlyﬁcaﬂy treated

" feedstock wherein the pyrolysis is conducted under conditfions to provide a treated
feedstock retaining recoverable amounts of the selected higher diamondoid

component or components.

d. recovering selected higher diamondoid components from said treated feedstock
by separation techniques selected from the group consisting of chromatographic
techniques, thermal diffusion techniques, zone refining, progressive recrystalization

and size separation techniques.

dc



pyrol ytic processing. The hold up fraction is the material recovered from
the distillation colum.after distillation of Feedstock B a9 HppP893 natel y
650F. Tis aippi@anes #1 to #3 are to shown. [00049] FI G p@pBséddosstrates -
" the gas chromatogram of the pyrolytic product fromthe starting material

in FIG 23A i.e. th ( f i Eeed t nospheric
distillation 650 F %ﬂfﬁﬁéé@ﬁ’mﬁbg&‘h, u%ﬁgﬁ of non-di anondoi d
conponents. [00050] FIG's 24A and 24B conpare the gas chromatograns of a
tetr ar@mm'ge 151G onfiRkiRhtbths teagd-§MAPeddiicuig of Bi@nadids Ahe tiir\(senitiokhS HPLC
colum, and HPLC cut #6 _enriched Iin a_tetramantane conponent. _%00051] FI G
25 i | | leglipmerds. Sppeidpalbailiveatabs thpparralatgmantithpstgfctyrarohdipagpdgidsiet i on of
Feedst i.c._di.stil]ation 650 F + bottons, showi ng fractions

t aken %%Iﬁ{]/gsr?%@ga&% néinctr?%é;l“{#&rregs and the elution order of the tetranmantane
conmponents and the location time of 20 fraction #12 used in subsequent

i sol at j00028]st ePEG. Fis@ (kI3 dapiotirg thdidififidrantansdlbenigaweight3showh bgreagithighert hi s

~f-eedst-gck. {00052] FIG 26 illustrates-the HPLC chromat ogram of fraction 12 -

(FIG opdd §#f1CSHy per car b st ati onary phase with acetone nobile phase
resulting in the isolation of tetramantane #2. 25 [000531 FIGs. 27A and

27B i | {ggpagjat eF@ﬂ\@uEﬁt th%%&&ﬂﬁe%@ﬁ%&%ﬁhﬁ%@gr@ﬁ@e@?? $his AREfIdUM of

tetramant ane #1 isolated by using two different HPLC col ums. [00054]
FIGs. 28A and 28B illustrate GO/ M total ion chromatogram (TIC) and nass
spect ri980] t eFiGrbiliusinatesthai tho feur defrayantaicn favewsrlnif franewerksithat col ums. 7

Lo 0L 2008 . ORI EETL SRR 00008 L AORER) o BT B0

et ranﬂrmtiaﬂi@eﬁ&nbgpi@u@j ahY 15 diehondatdid plane(RIGBREE: col uims. [00056]
FI'Gs. 30A and 30B show the GO/ Ms total ion chromatogram (TIC) and nass

spectrum of a net %yj tetramant ane i sol ated using Hypercarb HPLC. 5 [00057]
FI G s.10883landFEiL B illnsimafes the stractyed) Hepqmanangies PErwdegdy BHri8neigsr aphi ¢

data for pentamantane isolations. FIG 31 A shows the first colum cut

cont ai i ONeERE-sLHe D! RS ANERALANURRERURE I ek GahRthEAUAEK B

The nHteri in that "cut’” was separa
by this invention.
{00033] FIG’s. 7A, 7B and 7C illustrate the structure of the heptamantanes prbvided by

i5 this invention. Only one of each enantiomer is shown.

[00034]  FIG. 8 illustrates the structure of the octamantanes provided by this invention.
Only examples of the 500, 486, 472 and 432 molecular weight forms are shown.

[00035]  FIG. 9 illustrates the structure of the nonamantanes provided by this invention.

Only examples of each molecular weight family are shown.

20 [00036]  FIG. 10 illustrates the structure of the decamantanes provided by this invention.

1

Only examples of each molecular Wéight family are shown.

[00037] FIG. 11 illustrates the structure of the undecamantanes provided by this

invention. Only examples of each molecular weight family are shown.

[00038]  FIG. 12 gives a flow chart representing the various steps used in the isolation of
25 higher diamondoid-containing fractions and individual higher diamondoid components.
Note that the steps can in some cases be used in a different sequence and possibly skipped as

discussed in the Examples.
5



on a second colum. FIG 3 IB, shows the second col um peak sent to the
trap. Pentamantane #1, the first pentamantane to elute in GIMMNZ0Ysi s,
was i so JLp.trap 6. 10 [00058] FIGs. 32A and 32B s M5 t ot al
ion_chrg'rqr;a gbdlr]%%n and mass spectrum of pentanmant ane #1 iggr/g?&ekﬁm%?
preparative capillary gas chromatography. [00059] FIG 33Ais a

phot oni{egagy aphrIoks. A8 AtAHEBBARE cahkpitdtinas af Si1elGOMAS edd HRIG pibpatst o£k B by
preparative gas chromatography (FIG 31 and 32). FIG 33B illustrates a
pent amyAteHdgher digmsengiol 31501{1%5@06@}15 pprdicaan. | | ustrates the preparative
HPLC Refractive Index trace (wth negative polarity) of Feedstock B
distill ut r | | - r; i show ng
e A B e e i A G i
phase. tetfemintmesmhpatanatamesbered in order of their elution on the GO M
anal yses. [00061] FIG 35 illustrates the chromatogram of ODS HPLC fraction

ST ] £ R o B RIS R S

and 36%6{ {BukhH LG A ) bt AleptRBniEiN ONRbAPAMBNDE ekd Al ghe MBGHopEARET UM Of

pent amant ane #1 isolated using two different HPLC col ums. [00063] FIG s.
37A and@@&Blarlclagionintdevieey. Miha @rldn fronewonkshmcsgesarh tha pajcteidiamaadoide s

spectrum of .pent angphit i sol.ated using two different HPLC col unms.
[00064f%€%f°§’paé%§?§ﬁ??§8%%| efnl%@gt rate GO/ MS total ion chromatogram (TIC)
and mass spectrum of pentamantane #3 isolated using two different BPLC

col umsggoea2l9 FUGy 18 9RkiratdiR a0 bifrdeatdgdrh U@ 320 060 enk 410 B@litoflt; Gns of 39A and
-39B illustrate GO Ms total ion chromatogram (11 C and mass spectr.um of

pént améln erteanat feqdsisrcks wsed i thed Haimplen (Feeistask Applo e Fpmate conerigslion G s.

40A an [ ke g&é gﬁ - | chromat ogram (TI C) and nass

spectrggm ellp‘!(laln gﬁ%ﬁt&@){r\e |lés§+glflse%f%uﬁgi ng two different HPLC colums. 5
[00067] FIGs. 41A and 41B illustrate GC/MS total ion chromatogram (Tl C
and nmag§an043pectiiGm Dillpantanhivhdaepatnis sitatladd disiilgtiomprotile didieedstodiPL C

colums. [00068] FIG s. 42A and il lustrat he preparative capillary
gas ch & &%ﬂ?ﬁ?ga%‘i g‘sflﬁﬁpnt‘?éﬁé%n‘?%énﬁ ?ﬁ%‘{%t%kg ﬂ&ﬁ éﬁmﬁﬁﬁ? shows t he
first qaluamsaid Srdefalat phing (119) ok vk for higher diamondoid isolations.

15 [00044]  FIG’s. 18A and 18B illustrate gas chromatograms (FID) of distillate fraction #6
(Table 3B, FIG. 18) of Feedstock B 650 °F + distillation bottoms, and the resulting product
of pyrolytic processing. -These figures show that nondiamondoid components have been
destroyed by the pyrolytic processing and that higher diamondoids, especially hexamantanes,

have been concentrated and made available for isolation.

20 [00045] FIG’s. 19 and 20 are charts illustrating elution sequences for a variety of
individual higher diamondoids (hexamantanes) on two different HPLC chromatography

columns: ODS and Hypercarb as discussed in Examples 1 and 7.

[00046]  FIG’s. 21A and 21B illustrate the preparative capillary gas chromatographic data
fof tetramantane isolations carried out in Examples 3 and 5. FIG. 21A shows cuts made on
25 distillate fraction #33, Feedstock A. The bold face numbers refer to peaks of the
tetramantanes. FIG. 21B shows peaks isolated and sent to the traps. The circled numbered
peaks (2, 4, and 6} are the tetramantanes. It is noted that both enantiomers of the optically-

active tetramantane are contained within one of these peaks.



hexamant anes from Feedstock B. FIG 42B, shows the second col um peaks
i sol ated and 10 sent to-the traps. Fromthis procedure pure ¥Welt¥dR®anes

vere isgl el {51G"s 43 and 44), hexamantane #2, the ﬁg&@ﬁ%[&ﬁ%&ﬁ&nt ane
€

to elute 1n our GO M assay, while hexamantane #8 is t to el ute.
[00069] FIGs. 43A and 43B illustrate the GC/ M5 total ion chronmatogram and
mass [P0t unfBF sa2hexdieandZ3€ illastraie phatemniaygpplsrfteramatagsiystdsy gas
chro R 000y e 34713 i1 t ot al
ion gﬁ%@grr{g? ogr a%%gdnskao C%a%g}plgggé TuRo %ﬁé%%ﬁg%%%&%e%%%ﬁ%ﬁcemrat ed

by pr epslartifiten aapiffabisy##3G. ZIB eagisotiaphiym tAprtaton ApmdFIGE 22C
nmet hyl hept amant ane (408 nol ecul ar weight) is _present in this sanple.

[ 0007 I¥asPpelatedsrqmp g dagh ety Brrabenthe twe cagwiogtors dsmantasehave cryst al s
i gol at; i FIG 42
I gol at ﬂglt{%.g?;ﬂ%%g:ﬁgﬁgﬁ%gfﬁﬁ@ﬂ RInGREY ér?&alg%ﬁnﬁﬂfs 0Bt %ﬁhﬁ&ﬂ&s(

and 441) ustrdtes a photom crograph o examant ane #8
crystals isolated from Feedstock B by preparative gas chronmat ography (FI G
145 -arl00048]) . - FUR(A3 illkiGites thd 245 ctmdmdidgranh b(iB¢edatoek B@tBsphetial ion - -

hr. . n (T d. nect. f rant 8 i. HPLC
Fr act 1 brtiadan ool i Bactiep prosdhed snEXHaRlse AT et et €2 BAREK Bl i on
chro Wﬂiﬁ&gﬁ@bfd[;'e@in AEL RS up HRESSH ThOmBRXaAREb AR M thodisP:RAL C
fraction #48. [00075] FIG s. 49A and 49B-illustrate GO/ M5 total ion

chr onetobynaaft¢TdiG)Hanod ofissistosh BcatrapproximhteketfiiF aletratBantame®BS 6B @re
fraction #63. - 9 19 July 2005 WD 02/057202 PCT/ US02/ 00505 [00076] FIG s.
DA arf°%BB ilLlustrate GO/ MS total ion chromatogram (TIC) and mass
spectrum of hexamantane # 2 greatly enriched in Hypercarb HPLC fraction

#53._ [1900AY) Fi@ 23 e5inng (R Bd dihiishioaisf OHUByIRYR po@ ey R! g am

(TIC) "and mass spectrum of hexamantane # 13 isolated ‘using two different
HPLC ctirtimgmuiatasial GOBIB]23AL 3. dhe Boldup frdciinBof FdedsioelaB etramyph®ie distilatiam

e s o Y

reconstructed ion chromatogramniz 382 and mass spectrum of a condensed
"irreqooeso] heREmaIR40end M8 condpare 8#23as ichrdniograin bk edramantane-

15 containing starting mixfure injected into a Vydac ODS HPLC column, and HPLC cut #6

enriched in a tetramantane component.

[00051]  FIG. 25 illustrates a preparative ODS HPLC isolation of the holdup fraction of
Feedstock B atmospheric distillation 650 °F + bottoms, showing fractions taken at various
retention times and the elution order of the tetramantane components and the location time of

20  fraction #12 used in subsequent isolations steps. FIG. 23 above, displays the gas
chromatograph of this feedstock.

[00052} FIG. 26 illustrates the HPLC chromatogram of fraction 12 (FIG. 25) run on
Hypercarb stationary phase with acetone mobile phase resulting in the isolation of

tetramantane #2.

25 [00053] FIG’s. 27A and 27B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of tetramantane #1 isolated by using two different HPLC columns.

[00054] FIG’s. 28 A and 28B ilustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of tetramantane #2 isolated by using two different HPLC columus.



hydr ocarbon fraction of the product of the pyrolytic processing of
Feedstock B distillation 10 fraction #6. [00080]. FIG s. 54A%fuly 3005
illustrate GC/ M5 reconstructed ion chromatogram m z 382 and mass spectrum
of an WQ®HIFMW2 hexanantane (mol. wt. 382) in the ODS HEEEUPIZEWSon  #36.
[00081] FIGs. 55A and 55B illustrate GO/ MS total ion chromatogram (Tl C)
and n@eess|15 BHEe! 29svmaf 29B ithishyle @A kitakien Chmomategram/TIY) dbbagsed in ODS

HPLC fraction #55. [00082] FLG 56 illustrat total ion

Chr oreRGHBIAL (rrejuishe dy aried B o o HPLC oot

net hyl cycl ohexamant ane- cont ai ni ng GDS HPLC comnbi ned fractions #23-26.

[ Oooﬁjﬁ%ggféﬁ SFI@%%(%?%@@ bﬁ%ﬁﬁié@tﬁx&%ﬂaﬁoh%ﬁimat@grmwmmm (TI Q)

and spectrum a net hyl cycl ohexamantane #1 (nol. wt. 356) isol ated
usi ngsprutrinn-of alnethylRbrasratane rataedidse Hypercap@Bd € ol | oned by Hypercarb).
[00084] FIGs. 58A and 58B illustrate GC/MS total ion chromatograni (TIC

0, s PG o 9P G RO B2 gt o0 -

Hy per R bBAtamb @RS RblafibiE. SFIR 3 1AN6hdi thb Givstpbliinanéut cogiaaphgond oftthyst al s of
25 net hyl cycl ohexamant ane #1 and net hyl cycl ohexamant ane #2 i sol ated usi ng

two dpemtamanianes fpnchephilhnEcatedbergsiock Bc the matarialip tept sut VISP ¢ he
ti i | i 1
P o 20 pecBn PRlublel TGO TR CHORITOMBRIL AR Ralc WL IO BRIBRRNC B0e

19 JupshtZRRRanci0, O HRTRERdETANIS0 210 BDE NSt aantysisawes isblatad iRdegist ock B.

FIG 61B, shows the second colum peaks isolated and sent to the traps.

F t hi d hept t isolated (FIG 8 d

1) 1" WOBEHenTUAS. S24 20200 PRaY e AP GNBTCS T B AN HaC) 1B assay,
nd LE Do i IGs. 62A and
an %%gtg@ggv?é@tpﬁ%ﬁ@ﬁ\%f ﬁo[a?‘f& l?)gﬁl%gﬁ%ﬂge LBy l8s clarohR@EB4dhy| G s an

62B i tota hr omat ogr amand mass ~ spéctrum of a
hept amant ane #1 i sol ated by preparative capillary gas chronmatography.
[ 0008@POFIG s FIGIR Anisch BB mhictagaptaeipentranatmes licoysi!s ispdatedfemat ogr am and

oo egibiog 5 bY prepstaivd g Caromatoptapty Y. ¥1 GRESE 1. 39p MudlfERA 11 Ve

capi |
pentamantane co-crystal.

15 [00060]  FIG. 34 illustrates the preparative HPLC Refractive Index trace (with négative
| polarity) of Feedstock B distillate cut pyrolysis product saturated hydrocarbon fraction
- showing HPLC fractions taken using octadecyl silane columns and acetone mobile phase.

Pentamantanes are numbered in order of their elution on the GC/MS analyses.

- [00061]  FIG. 35 illustrates the chromatogram of ODS HPLC fraction 11 (FIG. 34) run on

20 Hypercarb stationary phase with acetone mobile phase resulting in the isolation of

pentamantane #1.

[00062]  FIG’s. 36A and 36B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of pentamantane #1 isolated using two different HPLC columuns.

[00063]  FIG’s. 37A and 37B illustrate GC/MS total ion chromatogram (TIC) and mass

25 spectrum of pentamantane #2 isolated using two different HPLC_ columns.

[00064]  FIG’s. 38A and 38B illustrate GC/MS total jon chromatogram (TIC) and mass
spectrum of pentamantane #3 isolated using two different HPLC columns.



chr.omat ography. 10 [00089] FIG 64 illustrates photom crographs of
hept amant ane #1 crystal-s-i sol ated from Feedstock B by prepat®h@ly2083is

chromat@wor@pipret FIG S. 61 and 62). [00090] FIG 65 ill ustgrat®soesoes
phot om crograph of heptamantane #2 crystals isolated from Feedstock B by

preparative gas _ghr t Qgr.ap (FI . 61 and 63). [0009 |G s. 66A and
66B i I{ﬁfiﬁsl at (—ﬁ@?- I@%K?@gglggi lﬁﬁSth’r‘i‘? dPté‘ﬁF’P m%fh@aPPa C) and wassct r um of
ept ARk AL GRS RIne Y ibdlalePTE ki HIMELIIPI3Bo1uhA092] FIG s 67A and
67B il ustra? GC/ Vb tgt aI1 i%n cﬁrgmat ogram ?‘%ﬁg %ﬁd mass spectrum of
hept anant ane conponent #2 in ODS HPLC fraction #41. [00093}3 FIGs. 68A and
68B i [9uN66} at &1GH. ¥MBAtand A0B; instuite GREVSgrhiop The)maingramaddC) apboessum of
hept amant ane conponent i S .HPLC f.racti #61., 20 [00094] FIG s. 69A
and ORPT L PR e >, SR RRE NP IHEFGU AR RSN g s spect rum of
hept amant ane conponent #10 in ODS HPLC fraction #87. [00095] FIGs. 70A and

$0B i rboowt7] at FIGT. MPAtmtiall B illnstedis GUAVSAHaNidn UnkdmABgaRGIC) amedhssum of
~heptamant ane # 1 greatly enriched in-Hypercarb HPLC -fraction #55. [00096]-

FI G s spetmnypeicpepignantaugsiorisalatedunms twe diffsrent HlropalB®sam (TI ©) and nass
25 spectrum of heptamantane #2 isolated using two different HPLC col unms.

Hept a e ) 1,.sql f | si ng

t he H?Iper C rb’fﬁ&%@g@@g@hﬁ%@?%@@%?ﬁ@&@g%?@%%@ %%505

[ 0009 Tjr Helk@inamtane isblatibnat 6. GZA Mhowesdhea fitst ucliank dubsncoaiming twgoithen z 420
. showing a partially condens h amant ane conponent (nol.. wt. 420) in the
QoS HPPETRReS Gy aqut*)fle%og”gjl showsithq ssencse wwéa%%é@a%éﬁﬂf rum of

he r [ Lk &34@. 74A and
194[3 F?%rgg?lt%ttrea%@/gk/gsm ?%tgg{&%g%lﬁggﬁr orrg?rggr arés(%l'ﬁ%%oéaﬁ%& Qfggggh?s%ct r'um of a
et hy htvmantanetin theceopdienammaie it clutd @8pui GCIMSE essaynwhibShédRp@niane act i on
#51. ”%goo O%J FIGs. 75A and 75B illustrate the GC/Ms total ion

e

chro ook * spectrum of octanmantane #1 highly concentrated by
hi gh performance |iquid 10 chromat ography.

[00069] FIG’s. 43A and 43B illustrate the GC/MS tofal 1on chromatogram and mass

spectrum of a hexamantane #2 isolated by preparative capillary gas chromatography.

15 {00070] FIG’s. 44A and 44B illustrate the GC/MS total ion chromatogram and mass
| spectrum of a hexamantane #8 highly concentrated by preparative capillary gas
chromatography. A minor amount of a methylheptamantane (408 molecular weight) is

present in this sample.

. [00071]  FIG. 45 illustrates a photomicrograph of hexamantane #2 crystals isolated from
20 Feedstock B by preparative gas chromatography (FIG. 42 and 44).

[00072]  FIG. 46 illustrates a photomicrograph of hexamantane #8 crystals isolated from
Feedstock B by preparative gas chromatography (FIG. 145 and 147).

[00073]  FIG’s. 47A and 47B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of hexamantane #8 in ODS HPLC fraction #39.

25 - [00074] FIG’s. 48A and 481 illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of hexamantane #10 in ODS HPLC fraction #48.

[00075]  FIG’s. 49A and 49B illustrate GC/MS total ion chromatogram (TIC) and mass

spectrum of hexamantane #6 in ODS HPLC fraction #63.
| 9



['000101] FIG 76 illustrates a photom crograph of octamantane #1 crystals
i solated from Feedstock B by high performance liquid chromet®d¥ga)s

[ 00010 0%2%5%%?% 77A and 77B illustrate GC/MS total ion %ﬁg@é&%am (TIO

and mas um of co-crystalline octamantane #3 and ‘oc Re #5
(FIG 7&% rown from DS 15 HPLC fraction #63. [000103] FIGs. 78A and 78B
i |1 ustPRHTSI phdtiets S0Sgrnd s dlustcdde SG/MSApial inn deematogrna (EIC) A8d miags #5,

{obo1ons TRl BB RRE S| QREPANE eI AT R o (i 0

and mass spectrum of octanmantane #1 and octamant ane #10 cont ai ni ng CODS

HPLC fioe@17] on FiBPs. 520, 4 BOSustrdtESGE/ VBtAtad ivch @&naiolgtsih (IR atChivss t ot al

i on chromatogram (TIC) and .nass_ spect ralm of I(()ét mant ane (nol ecul ar
Hhgced

wei ghtSPERien elharamantage oS iqrted pFRE fwo Al tagent FIGs. 81A and 81B

illustrate GO Ms total ion chromatogram (TIC) and nmass spectrum of a

et hyl [W?%gﬂqu@@s. (57l and¥2: |
~—82Aand 82B il lustrate the total - iron-chromat ogram and mass - 25
spect spentmin of voneranaid isdaed msingted difjerbiidhPIye colymmance i quid -
chromat ography. [000108] FIGs. 83A and 83B illustrate GC/Ms total ion

h ¢ d . t f at {rat i
fuo_ PR T 9 tinee 3058 GrAR7s e R o075 Reeh b2 350505
[ 0001Q8d nfkEpectritdandnddRed Frksghlaa! Rxamdhinhe (el 68! 382) iftheaat@fiadant ane
crystal and a nmass spectra of the dissolved crystal. [000110] FIGs. 85A

and 8hpdidchiben fizchoraey tis prastuat off the prtehdieatreepssing of Feydstacl Bhdisdlatiopect r um of
3 net&%l{llongﬂant ane (nol. wt. 512). 5 [000111] FIG s. 86A and 86B

B | us 5P ¥he Gy Ms total ion chromat ogram and mass spect rum of :
[1231241(2) 3], nolecul ar wei ght 456, decamantane concentrated by high

per f ojos0sog | iIFIG s Salv adesAsoiapkate GIEIRBLEZdnskrhified iorBolAomathpBifiBni/L B8t r at e
GC/ M5 total ion chromatogram (TIC) and mass spectrum of 11231241(2) 3],

mol ec @4 magksRgRiumy andeegHaicaAantans GpelgWhsiBdyin the QRS Hléntractiog HpLC

col un‘% [000113] FIGs. 88A and 88B illustrate a photom crograph of
[ 1231 i'( 2) 3], nolecul ar

[00081] FIG’s. 55A and 558 illustrate GC/MS total ion chromatogram (T1IC) and mass
15 spectrum of a methylhexamantane (mol. wt, 410) isolated in ODS HPLC fraction #55.

[00082] FIG. 56 illustrates GC/MS total ion chromatogram (TIC) of cyclohexamantane

and methylcyclohexamantane-containing ODS HPLC combined fractions #23-26.

~ [00083]  FIG’s. 57A and 57B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of a methylcyclohexamantane #1 (mol. wi. 356) isolated using multi-column

20 stationary phase HPLC (ODS followed by Hypercarb).

[00084] FIG’s. 58A and 58B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of a methylcyclohexamantane #2 (mol. wt. 356) isolated in high purity using multi-
column stationary phase HPLC (ODS followed by Hypercarb).

[00085]  FIG’s. 59 and 60 show photomicrographs of crystals of
25 methylcyclohexamantane #1 and methylcyclohexamantane #2 isolated using two different

_ HPLC colummns.

[00086] FIG’s. 61A and 61B illustrate the preparative capillary gas chromatographic data

for heptamantane isolations. FIG. 61A, shows the first column cuts containing two_of the
| 10 '

B A0}tk BCOUS b ford AAGHIGRAITIC) AROMAR, FIGs. -



wei ght 456, decamant ane crystal and a mass spectra of the dissolved
crystal. [000114] FIG s -89A and 89B illustrate GO M5 sel ect¥dhily2005

chr omat @@592—550) and mass spectrum of a decanantane (p@lysodloosed96). 15
[000115?9);: S. 90A and 90B illustrate GO Ms total ion chromatogram (TIC)

of two, nethyl deca t anes 70) ., and t he .mass ect,rum of the one
ol ut | raprmaponss L esap ok Fo KBy REB g S oo TR DeRBIE AR "5 13

|11 STt & the kz'al;f%st. b RSiisRo M EE heRhnYBah OELRETRARNAGE adlatédfFIGH08) and
mass spectrum of pyrol ysi's product of Feedstock at nospheric distillation

20 fr awtd Dn heftagiaatshe #B)the Grat beptampitane iralele Ahawt GREYS 800K FIG s. 92A
92B anﬂ 22C i1l tr%ﬁ'at GO/ MBS stel i{gt ed ion chromatogram (mz 508) and
mass s pEHARIS e g feePe 8 Wifponent (nol. wt. 508) el uting at 21.07
m n. and the nmass spectrum of a net hyl undecamant ane conponent (nol. wt.

522) 610008719 arIG21leB90 amd 2B ARusirARAAd 81C/FISGotad oni chr@matbgraim arld msadsr at i ng
distillation cuts of a higher dianondoi d-contajning feedstock (Feedstock
By -at nipspianiod adieptamantene g

enrichment of specific groups of higher dianondoids. 13 19 July 2005 WO

02/ 057 CT/ / RSt dhSorB & hiBmadsr uct ur es
(ri ght@ﬁ%ﬁl ef f - an@%g%é%{g‘j??%%ﬁe%fg%sﬁt ane. DETAI LED DESCRI PTI ON OF
THE | NyflebiFinN 3 hep@aikAthe #2 highDet@ickritatei by pigpaiative capifaygeat ed in t he
fol | owi ng subsegt ions: [000121] Definitions [0001221 The Hi gher

Di anontBPHatosabE1231 Feedst ocks [0001244] Isol ation Processes 10 [0001251
Uility [000126] Exanples Definitions [000127] As used herein, the

i@ | ovjopassier Mpich auelhfifadsHo QiR EL hBMR o B8ptamantane #1 crystals isolated from
Feedstock B by preparative gas chromatography (FIG’s. 61 and 62).

[00090]  FIG. 65 illustraies a photomicrograph of heptamantane #2 crystals isolated from
Feedstock B by preparative gas chromatography (FIG’s. 61 and 63).

[00091] FIG’s. 66A and 66B illusirate GC/MS total ion chromatogram (TIC) and mass
15 spectrum of heptamantane component #1 in ODS HPLC fraction #45.

[00092]  EIG’s. 67A and 67B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of heptamantane component #2 in ODS HPLC fraction #41.

_ [00093]  FIG’s. 68A and 68B illustrate GC/MS total ion chromatogram (TIC) and mass
specirum of heptamantane component #9 in ODS HPLC fraction #61.

20 [00094]  FIG’s. 69A and 69B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of heptamantane component #10 in ODS HPLC fraction #87.

[00095]  FIG’s. 70A and 70B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of heptamantane # 1 greatly enriched in Hypercarb HPLC fraction #55.

[00096]  FIG’s. 71A and 71B illustrate GC/MS total ion chromatogram (TIC) and mass
25 spectrum of heptamantane #2 isolated using two different HPLC columns. Heptamantane #2
was isolated from ODS HPLC fraction #41 (FIG. 67} using the Hypercarb HPLC system.

11
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[ 000128] The term "di anondoi d" refers to substituted and unsubstituted
caged conpounds 15 of the adamantane series including adanat g 2005

di amant‘ﬁ{]i IJ%ZSnant ane, tetramantane, pentamantane, hexamantane,

hept anehPARE 2%t amant ane, nonamant ane, decanmantane, urdd¢%Ha0WRe, and
the Iike and al so including all isonmers and stereoisoners thereof.

Subst i[O di Elfbddllessraiss X &/Mibieponstimotddsen fhromatogram H/zAR€ showing a

G aoRAnaf bshaef b ot malwl DRI S PLE et

conponents” refers to any and/or all unsubstituted and substituted

deri v§#0088} ofFIGadanlntiare thedhaBptanen aﬂdletm&eaﬂmﬁafe,ht 44 ganthe term
“hi gher fd'iram)ndoi d conponents"” refers to.any and/or all substituted and
unsubd? Fi@t®d di anmondoi ds corresponding to tetramantanes and above

i ncludi ng 25 tetranmantanes, pentanmantanes, hexamant anes, heptanmant anes,

st er eepectmer of 4 inethytifcptanfantihe campynert i@ohiveth 08 tisalarddaiolss Arglcude

substi.t uted, and unsubstituted tetranmantanes, pentamantanes, hexanmantanes,
hept aﬁr&ﬁtﬂ‘?ﬂ] , octamant anes, nonanmant anes, decamantanes and
undecamantanes. FIG 2 is a Table which shows representative higher

i anoyeow1gs] S MIOAEThRaniABililfke 1RIROMS fothbAhdmalifalhillinadd! amondol d
famly", "tetramantane famly" and the |ike are usec?t ef1ne a group of

| i ke Spfictorefsictmeavpeiditighly chasantgtetlby higlaperforumes lighiddi anond cryst al

1batti 81% cage upi.ts. [000131] The term "tetranmantane conponents” refer to
any an PoY a%r?phé'ubsti tuted and wunsubstituted di anondoi ds corresponding to
tetramant ane. 10 [000132] The term "pentanmant ane conponents” refer to any
and/ o[008il01}s ulPSGi TEIRE @B phiststishEdaph 0f o SlafARRASH Heryanild BsRRANAE tO

pent apant ane. [ 000133] The term "non-1oni zed di anondoi'd conponents” refers
to hi ferestogk Bibnbighperfooninsn digtisl cisomptogerphst carry a charge such as a
positive charge generated during nmass spectral analysis wherein the phrase
© hoOn ool ATORHG 77 RIRE79E fustlale SEAIRLAP bl Shlloedih (09 Gl Lo
non-Toni zed tetramantane conponents” re &1 10 tetranmanta C onent s
whi chspetotrmmtof cararystallind actgaastandi# i andogasiahiade#§ (FIQ g8y enemaired olugi ng nass

15 HPLC firaction #63.

3
1

[000103] FIG’s. 78 A and 78B illustrate photomicrographs of co-crystalline octamantane
#3 and #5, crystal B was dissolved in cyclohexane and analyzed by GC/MS (FIG. 77).

_ {000104] FIG’s. 79A and 79B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of octamantane #1 and octamantane #10 containing ODS HPLC fraction #80.

20 [000105] FIG’s. 80A and 80B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of an octamantane (molecular weight 500)-containing ODS HPLC fraction #92.

[000106] FIG’s. 81A and 81B illustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of a methyloctamantane (mol. wt. 460) in ODS HPLC fraction #94.

[000107] FIG’s. 82A and 82B illustrate the GC/MS total ion chromatogram and mass

25 - spectrum of a nonamantane concentrated by high performance liguid chromatography.

| [000108] FIG’s. 83A and 83B illustrate GC/MS total ion chromatogram (TIC) and mass

spectrum of a nonamantane concentrated using two different HPLC columns.
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spectral analysis. [000135] The term "non-ionized pentanmant ane conponents
and di anondoi d conponerit:s hi gher than pentanmant ane®ref ers toJyg2ddFant ane

conponewisodggdai gher di anondoi d 20 conponents | arger thporpeii@grnt ane
whi ch do not carry a charge such as a positive charge generated during

mass S I | ysj] s. 6] The terns "sel ected higher dianpndpid
conpo n@ﬁﬁi‘sgﬁang&?’ﬁe@#}} &‘é‘[ gzgg éf‘éghi’-@ a&{@towro,gg}pb %ftlj"btéotniaf‘%{“é’ﬁe B?YStgPandoa :
unsubsghiideck b ohelissiipapadesds that are desired to be isolated or
"enriched" "in a product. 25°[000137] The terns "nonsel ected hi gher

di anondoi d conponents” and the like refer to those higher dianondoids that
are nol000tHecFE shigherd 35 B mbrstreiedsC/M$ oud igsthrprutessam (TERrdndmeass when
used to describe t state of purity one or nore higher dianondoid
conmpon@it é’f%&etﬁﬁngﬁﬁa%%eéﬁog’l“g Sﬁ)l east partially separated fromthe -
feedstock, and in the case of "enriched" individual higher dianondoid
conpon@odsll] 151G, fBA ¥nd00B i@ R2hOGTAAR ihalicuSbrsNabafancanaandsr at ed at

—|-east-25 and pref erabl éﬂat | east 100 tinmes the original: conlc)e-' fration -
‘exhi bi fesirumet{ P8 12¢Hd ] oewlecmiag pelehb 30, "daspmapiane concgpigrted Py Hsldoi d or

"enri cigbgﬁ %qﬁ{ L0 andoi conponents make up at | east 25% especially
at | edst g’&% (e mg&}%gﬁlu Hr%ﬁ‘yfmre preferably at |east 75% and yet nore
preferably at |east 95% or even at |east 99% by wei ght of the 5 overall
mat er i 00112 WhEFEH s18Vey amt 87 ilbsante @C/M$ toval ien chvordso garhi(BIE) andwadsght

purity of at | t %. 50% 75% . 95% or, 99% of sugh terial..[.000139]
The e niin el LCaOR FR 1 RplireE MhIsHD AN dec PRt JEte] S g ittre

hydr ocgpponaaemis materials conprising recoverabl e amounts of higher

di anondoi ds. Preferably, such feedstocks include oil, gas condensates,
refinery streans, oils derived from 10 reservoir rocks, oil shale, tar
sands, [08H1 3 o UFIEE s.r&8ck snd 387 iNustrateiakhotesnicto sl 23 124123, swldoplarbut  not

necessar.i ri se _one or re | ower, di i ents as well as
non- a Rreh e EBmsn fef testh Al pdud b TR ARG RERIT 0r T od B
conprising conponents having a boiling point both bel ow and above the

| owest[0boi 14] NOFIWEIB9A el Remiinisaae GOiMS sdiedtédsioatchadaib gBaDQTE)Y amt mospheri ¢
pressure. Typical feedstocks nay 15 also contain inmpurities such as

sedi nmeARss SH%‘%W%Offr‘lé‘F‘i&maﬁbmﬁi(@!@éW- ¥Wadi um and ot her

15 [000115] FIG’s. 90A and 90B illustrate GC/MS total ion chromatogram (TIC) of two
methyldecamantanes (mol. wt. 470), and the mass spectrum of the one eluting at 18.84 nuin.

in the GC/MS analysis.

[000116] = FIG’s. 91A and 91B illustrate illustrates the GC/MS selective ion chromatogram
(m/z 508) and mass spectrum of pyrolysis product of Feedstock B atmospheric distillation

20 fraction #7 (Table 3) concentrating undecamantanes.

[000117] FIG’s. 924, 92B and 92C illustrate a GC/MS selected ion chromatogram (m/z
508) and mass spectrum of an undecamantane component (mol. wt. 508) eluting at 21.07
min. and the mass spectrum of a methylundecamantane component (mol. wt. 522) eluting at

21.30 min.

25 [000118] FIG. 93 is a chart illustrating distillation cuts of a higher diamondoid-containing
feedstock (Feedstock B, atmospheric distillation residue) showing cut selections to favor the

enrichment of specific groups of higher diamondoids. -
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i norgani cs. They may al so contain heteronol ecul es containing sul fur,
nitrogen and the like. Al of these nondi anondoid materi al s1%4Wy2A8% uded

i n "nondi amondoi d conponents” as that termis defined herei 000140] The
term " YoR8¥YE2%d materials” refers to the collection o&‘#@é@%’f’%’gﬁ 20
conponents that are not "sel ected higher dianondoids” and include
"nondi{@Gotangoi FIGCH4placvenths Scretv-idivestrudtvass(night aisl' lefidundedrnd¢€123€ded hi gher

di anopndoi d" as these terns are defined herein. 1000141] The term "renove"
or "r@ﬁWﬁ’F@aﬂeref ers to processes for renoval of non- dianondoi d conponents
and/ or | ower di anondoi d conponents and/ or nonsel ected higher 25 di anondoid
conponents fromthe feedstock. Such processes include, by way of exanple
only, size separation techniques, distillation, evaporation either under
normal or reduced pressure, well head separators, sorption,

chr omat ogr aphy, C@EML@mmlﬂ.ﬁﬂgifmkﬂml d the like. For
exanpl e, Chen, et al.4 disclose distillation processes for renoving

B ARy SOTR R AR e A R R MRS T e T

t echni ques include nenbrane separations, nolecul ar sieves, gel perneation,
si ze ¢oUNIRE) oMefinidsrmt ogr aphy and the like. 16 19 July 2005 WD 02/057202
PCT/ US02/ 00505 [ 0001421 The terns "distillation" or "distilling” refers to
the fractionation processes . in which materials are separated based on

di ffe[@%w i Thgdfgherdymandeids with high vapor pressure materials being
taken overhead- Distillation can be carried out on hydrocarbonaceous
feedstrplissaneteOibiddi@ct i ons otherw se obtained during the processing of 5
hydr ocar bonaceous feedstocks. In this context, nost comonly, distillations
are conducted under vacuum but al so could be at atnospheric or even

el evalM@1ptles $anlatton P100essa81 The terns "fractionation" and "fractionating"
refer to processes in which materials in a mxture are separated from each

t her as .differential solubility, differential vapor pressure,
lgi ffeF@r???sa]I éﬁﬁ]o tographic affinity and the like. 10 [000144] The terns

"pyrolysis" and "thermal treating to pyrolyze" and the like refer to
ei t he[oomt ps)s pBaiplesr educed pressure or el evated pressure heating of the
feedstock or a feedstock fraction to thernmally degrade a portion of one or

nor e conponents in the
Deggitions

[000127] As used herein, the following terms have the following meanings.

[000128] The term “diamondoid” refers to substituted and unsubstituted caged compounds
15 of the adamantane series including adamantane, diamantane, triamantane, tetramantane,
pentamantane, '11examantanc, heptamantane, octamantane, nonamantane, decamantane,
undecamantane, and the like and also including all isomers and stereoisomers thereof.
Substituted diamondoids preferably comprise from 1 to 10 and more preferably 1 to 4 alkyl
substituents. |

20~ [000129] The term “lower diamondoid components” or “adamantane, diamantane and
triamantane components” refers to any and/or all unsubstituted and substituted derivatives of

adamantane, diamantane and triamantane.

[000130] The term “higher diamondoid components” refers to any and/or all substiiuted
and unsubstitated diamondoids corresponding to tetramantanes and above including

25 tetramantanes, pentamantanes, hexamantanes, heptamantanes, octamantaues, nonamantanes,

14



f eedst ock. [0001451 The term "non-di amondoi d conponents of a feedstock"
refers to conponents of “:15 the feedstock or a feedstock frat® Jdu 208Pch are

not di agen@@isehobn char acter wherein the term "di anondoi sir/iiSoansgef i ned
herein. [0001461 The term "retai ned" refers to retention of at least a

portion of the higher dianondoid_copponents found in the recovered
£ oeds (BRI HIERSCORFERBANERFS S (i G PICORnS Hb FOBIR AR HSQSPBER ASTFOf he

origi %fe%&?ﬂ%ﬁﬁﬁ%ﬁeﬁ& oH&cﬁﬁ%&ﬁQe siRadidPMe udtbdRach [@RMhiAEs, 10 wei ght
tHe hi gher

percent o I anondoi d conponents are retained I n the recovered
f eedstpmtamantames,;he&amaabmeﬁ, hqﬁammes,aim@;narﬁmm@hmap@mg decapfantdnes hi gher

di am)nd nent re r n the recovere t ock nd still
nor e Srfrl%? t21§6‘ @6‘ ﬁ}vgl? TeBEPEAY S ﬁ éﬁ?ﬂlﬁtﬁg’f‘ di anondoi d
CONPO rtﬁﬁhtt&:raﬁxﬁl ﬂﬁﬁhﬂ%@luw&lg@tsr ?ﬁ@’t’e@ﬁﬁ@*dlahﬁ)ﬁ%ﬂi%iﬁﬂyea‘%&ré?@ai%eon the -
total anmount of such di anbndoids found in the feedstoc’k prior 25 to

t r eat niamily” pmi)tmadﬂqe arhuseddo defindw group of hh@h«}amnpgd@rigomoams ohavingdrber of

~wel1-known: chropmato phi chni ques..i ncl udi ng; by way-of exanpl-e only, -
col umi20F YRRt ¢ a%%?‘@ﬁgts%é g &r normal or reverse phase), gas

chr omat ogr aphy, hi gh perfornance | i quid chromat ography, and the |ike. 17

19 Jul[ﬂﬂ(ﬂ@@f) MR R2n Otetrdfdniiad coiafan @B Qbich @DakAIA/dihel dubktitutedlakyll * refers
to straight and branched chain saturated aliphatic groups typically having
f r om Jung@pstibrtechdiggmendeidagorrerpprdipg &5 irawptanc.t o 6 atons ("1 ower al kyls"),

as well as cycllc saturated aliphatic groups typ| cal ly having from3 to 20

rbo & 9&\@{
ﬁjal I)rm%%gfe tggflk %{tﬂﬁ%ﬁaﬁe{%\%ﬁb ﬁ&?{ E%}elglre@f‘rrf)‘fl#rl By groups such
as,rreuiny!lhstlaitdfw&wnmnd@iyikcoxb&spyxhdmgangmmintanesobutyI, sec- butyl, t-butyl,
n-heptyl, octyl, cyclopropyl, cyclobutyl, cycl opentyl, cyclohexyl and the

like. | g Di anpndoi ds [ 000 As sho i n.Fl A1, hj.gher, .

ke Ras e @WB&%&Q&H@@OP £ 145578 © bigher didhiondoid
car bonRgya %@ﬂft@%ﬂrdﬁtﬁn&tr&% G 3NarBE sHUPR'd pRARRE A SRR g Ghasst al
lattice (FIGs. | .~ They "are the tetramers, pentaners, hexaners,
hept aspectral st ymiewherefrothapbrase “higher diamondoid components” is as defined herein.

15 [000134] The term “non-ionized tetramantane components™ refers to tetramantane

components which do not carry a charge such as a positive charge generated during mass

spectral analysis.

{000135] The term “non-ionized pentamantane components and diamondoid components
higher than pentamantane” refers to pentamantane components and higher diamondoid
20 components larger than pentamantane which do not carry a charge such as a positive charge

generated during mass spectral analysis.

[000136] The terms “selected higher diamondoid components™ and the like refers to one
or more substituted or unsubstituted higher diamondoids that are desired to be isolated or

“enriched” in a product.

25 [000137] The terms “nonselected higher diamondoid components™ and the like refer to
those higher diamondoids that are not “selected higher diamondoids™.

[000138] The term “enriched” when used to describe the state of purity of one or more
higher diamondoid components refers to such materials at least partially separated from the
feedstock, and in the case of “enriched” individual higher diamondoid components,

15



decaners, etc. of adamantane (tr| cycl 0[3.3.1.13 7] decane) or CIOH16 in -
whi ch vari ous adamant ane units are face-fused. The higher di%Kn&8P2s can

cont ai I substituents. These conpounds have e rigid

struct Wéh% ave t he highest stability 15 of any conp%%f{ﬁg@(%ﬁo‘t hei r
formula. There are four tetramantane structures (FIGs. 2 and 3);.

i so- t@pﬂaqmateémé I¢ast 29 @)d praferably et leagtd A anees[tllmr}glaaid:onmt@ﬁam@x héed of

kel . (F . ket e
norendn MR BIRAT Pectar PN shvirigir BlenPt idmbonfioll o PGS bieben Ry

Bal aba:m@tonaits ﬂrﬁkE € 1ABIE2 596, s PeiMI B iR s $(®), (4. § Gso 00YoMihiere peoferab

nol ecul ar formul a 6H32 (nol ecul ar wei ght 344), and anobng these 0 nine

t her e ahia@st Heang apfrrgowfpr@ﬁqmblx ﬁd@afs@9%@¢@§@n@téaasﬁ99"/o[mew)gbq ofthg 234] :
1213 4
512 1l RO RISy BN BN SIS SRESFAM SO k1860 41,

repre%%6@“/&)%%]@5%&8&93!’@1‘5&&&@%&&25%!30 (ol ecul ar wei ght 330). See
—FI-G--4. Hexamant anes exist with thirty-nine different structures (FIG 6),

and ol00MESL, "B dele KeaRpp or RustonuPEn&epH) Reqs ok Rt %Leﬁe'hgcte the
01 C o e CARLEA LR eI S5 o

hexana ne [ 1231 cu ar formul G%Jllgp&afﬂec ar vvel ght
342) , Patfembiygktddfecisbdisandndmoidpas bmuhuszées)teﬁriensstmagm yilcdarded <ean

s FSRep eCk o8l SafEL G, S R erGitey BH e Dy SHER oD Boul ar
for ik, btonot cbaB GO DI o8 r AR 1ohfeh @an@nd%[&jc pdiRfgas wagven are

achiral, having no enantiomers. Only one of each of the wo_enant i oner
st r uceenes-dignarideid bompdnehtsp (Raedattea metsrpxcsll}s klowactemzedris@onirisidi t he

15" SurpRPeRst: Gi5i0s 705 meRoRep IRy 08) B0 HPE RISt PRUPERPIa4)  and six
have {QeaiBhReWIRE beTiIM BobBHIIBE af Eﬂﬁjlcﬁgh'érﬁf fé@dugé‘tTfngQl feedstocks hags e two

hept amant ane fam | ies have structures show ng greater i1nternal bond strain,
Mith atsorqoampmnnpmg:ley stm:ivusrsedﬂwdmt,lmetalesncdmﬂingmknbwamm ahdofHes. 7. The

e
b3

remai ni n ave the nol ecul.ar forlmJI a C30 ecul ar vvel ht 394)
(FIG! tafealsp sean heigromelegy & eotpmne uni ts"
and e’ﬂlﬁéf Mbs?ehioﬂdldzﬂ@nd%ﬁﬁi‘nhﬂeﬁﬁls Qe ﬁlbfufi@df ﬁf“ndﬁ@ia%ﬁh@fd d’éﬁhpﬂiﬁ%ntsﬁ Q§ Rat
structures (FIG 2). Anong the octanantanes, eighteen have the nol ecul ar

f or nukesm icdefE8! liersinecul ar wei ght 446). FIG 8 shows each of the 446
nmol ecul ar wei ght

[000140] The term “nonselected materials™ refers fo the collection of feedstock
20 components that are not “selected higher diamondoids” and include “nondiamondoid
. components”, f‘Iower diamondoids” and “nonselected higher diamondoid™ as these terms are
defined herein.

[000141] The term “remove” or “removing” refers to processes for removal of non-
diamondoid components and/or lower diamondoid components and/or nonselected higher
25 diamondoid components from the 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, sﬁbstituted diamantane, and triamantane
30 from a hydrocarbonaceous feedstock. Size separation techniques include membrane

separations, molecular sieves, gel permeation, size exclusion chromatography and the like.
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(nol ecul ar wei ght 500)..-The renmai ni ng oct anmant ane-f.ani | i es,19GBiy2005
(ol ec g’:ozzz‘gjug t 486), C361-140 to (nol ecul ar wei ght 4723886 ds3H36

(ol ecu i‘ght 432) show greater bond strain and correspondingly | ower

stability. Nonamantanes exist within six famlies of-different nolecular
wei ght[80Ma2] ngThévenhof disillatigniror cdishitting wifrs fathe fEstppBiInRPESEREAR wei ght

552), 1H4 | ecul ar i ght 5% Y= 4), C38H42
( m)l) ectiP “1/’%8‘? arﬁﬁ?pé%ﬂ?‘ggas\%gi°6ﬁ§%§ﬂ&%$éﬁéf§%%%’%ﬁt%@§ﬁgﬁa P ‘aﬁi )ght 444) .
Addi t ipeRhteymatedD8 being3ddenloVefhedd Dertidlation ednebesvarns¢dsontidnni n fam i es of
seven different nol ecul ar weights. Anong the _decapgntanes, there is a

i gl divdesarhontearas hadAgke I GROFSiONR P IPETG 9 aBed ASHRE THARTEEAIF Ohei ght

456) hfo@a}b%ﬁ?ictéeioﬁgﬁégggtlﬂél&é qﬁ%@%&qﬂﬁg& g@lﬁgécjn‘é-ﬂoﬁl _ EiBgnAidS ard@nan@mat anes

nd h OW 1 train. lecafmant ane fam | i es have the
ol ec Wndér vdcotumbud also C461dT2 « ahephbs omwicg lelev@d prestdre5.1150 ( nol ecul ar

~wei ght -590), - C44H48 (nol ecul-ar 20 wei-ght 576), C42Ha6 (nol ecul ar -wei ght -

550), CALHA4 (npl ecul ar wei ght 536)..and C38114 | ecul ight 496).
Und)ecalﬂ’&%hegﬁﬁ%gm %&"’t\,\g’;@g’é?n a?éld?‘rﬁ%g%ﬂ%f‘]g’f Eﬁ%?ﬁfg)én%’%%%qﬁg{éw CIrlrl({':])l ecul a?

wei ght 1A UG fRleS Rl 7ABl Slth o8k kuchGAYYRE feratiardsditigei ght 628) ,
me%onl%%%l%é%ar We‘:’l(:gﬁts%Z), CABI143 (nol ecul ar wei ght 588), CA2H44

( nol edifferentisdivgpor progdye, dBfdrbatial chwnegedraphioeifghy ad4he ik391- 40 (nol ecul ar
wei ght 508). Mre preferred and 25 | ess preferred higher dianondoids (FIG

2 t hei r..int | d i , i iliti
fhi on T000REY ) Olac iRt “otbFhl and PSR Rend M REE PARPACHRG rettl! 111 €9
feedﬁe‘i’tﬁ@ﬁatnﬁ@ﬁ%c?ﬁéﬁﬁcec{d%@%@ér JTbaidl ghsurdtiatingdoidsfepdseckded by t his.

invention only exist in ute 30 concentrations in solution in petrol eum
feedstfg@kmckmcnignmlmpnmiwegv@m%meéomlwmtﬁ@B@%1] In the
procestseqsgtoo this invention, a feedstock is selected such that said

f eedstBER™ onpri ses recoverabl e amounts of one or nore selected higher

di anondoi d conponents. Preferably, such feedstock conprises at |east about
1 ppb j060KI3¢ OTheRi@ “hbgliemalideibadmehencaipdeasistek” nofees tpcehiperdnisof at

| east about 25 b and still  nore preferabl t.] east abou .
15 the feedstock g}.p a feedstock fraction whlcﬁ are not ?11an¥on%01 m c%arac?er wtherem the term

“diamondoid” is as defined herein.

[000146] The term “retained” refers to retention of at least a portion of the higher
diamondoid components found in the recovered feedstock when compared to the amount of
such diamondoids found in the original feedstock. In a preferred embodiment, af least about

20 10 weight percent of the higher diamondoid components are retained in the recovered
feedstock; more preferably, at least about 50 weight percent of the higher diamondoid
components are retained in the recovered feedstock; and still more preferably, at least about
90 weight percent of the higher diamondoid components are retained in the recovered

feedstock; each based on the total amount of such diamondoids found in the feedstock prior

25 to freatment.

[000147] The term “chromatography” refers to any of a number of well known
chromatographic techniques including, by way of example only, column or gravity
chromatography (either normal or reverse phase), gas chromatography, high performance

liquid chromatography, and the like.
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5 100 ppb. It is understood, of course, that feedstocks having higher
concentrations of higher dianondoid conponents facilitate rtcdug2p0bf

t hese ¢ ents. [000152] Preferred feedstocks include, ol e,
naturalagﬁgmgghiensates and refinery streans having higﬂéﬁgﬂﬁéﬁggations of
hi gher di anondoids. Wth regard to the latter, such refinery streans

i ncl ud80RLAS ocBrishac abut’ tsfgre torsiraiabt andhraprhedichgh watyated shiPtis &8ss, 10
~distillati : ' i ke. ' e 0ck
ol udePst B ohonO A LOE meB e Lio BRI CRfkd SRIRIPNCS )

of Mexasowellasdytliosatilatdtiphstic froupstypionlly haviag fden 3 fODOELBIn htonsrad

enbodi nment 5%1%(3 fee?ﬁs)t og{%)(s usegai n the processes of thig | yen(%i‘on,

t ypi cAFiFrRbREPRSofosArarhAERES TavetHYR e rt wellhy I igteras [#kY BBE noF ot h
| ow s 3 i) d | | dj ' onent

?gl ect% f%?%%g%gégﬁ{%gg? %I‘s’ﬁ%}g&c{#&ﬂ%’r a%t;gn{ﬂg@mgﬁ{% gﬁgﬁgg?gggo mc:nent S.

These skebugl,ddksylynthkpiys watiilycyeptapyh caclobutyliregrclmbentyl, ghelohaivhamhibei ds.

~pPependi,ng upon whi ch higher di anondoi ds are selected, sone of these higher

di anoridoi ds nmay have boiling points bel ow the sel ected higher dianondoid's

boiling point. Typically, the | owest boiling point higher dianondoid

conpomgRiHisRe I eRdnleIds20 recovery will have a boiling point of greater
t han about "335C. Tn typical feedstocks, the concentration of |ower

di anondoi ds to hi gher di anondoids is generally about 250:1 or higher.

Mor eod890148] i | Avighovar iedF1Gh 1 Fhigher@amengeidseire bedeed-gok sydeiswies g bavgher

I ano [ C Q t I onprise ngR-di o] nt 0Q0154] In
Bon FaneasiRRRRENE: Byt SriReibuRana Rl shPEBARR S FRTBRAEN Eitod be 25
ef f ectahd @).yThS Y i@ irdme s béitarh&:6 ek hfelsCheBimek, basavsendfandchei r | ow
concentrations relative to _the nonelﬁcted conmponents. Accordingly, the

pr oc e §eaness, g0 adamanaraiiivnio[datlal | 1depaid 08 Cidfis 4n SHeh gHE  amount of

g e e ey S S R R R
be r ealmtierents. TH2s2GorhPoubidsha?O@renAy ARQHTERAR PG HiSO 24BNt sthisitikat i on

Pr ocesges [ 000155] The general isolation Processes of hi gher di am)(i1doi ds
13r e sREWY sompaund wish their formula. There are four tetramantane structures (FIG’s. 2 an

3); iso-tetramantane [1(2)3], anti-tetramantane {121] and two enantiomers of skew-

tetramantane [123] (FIG. 3) with the more general bracketed nomenclature for these
diamondoids in accordance to a convention by Balaban ef al.'® There are ten pentamantanes
(FIG. 5), nine have the molecular formula CysHj, (molecular weight 344), and among these

20 nine there are three pairs of enantiomers represented by: [12(1)3], [1234], [1213] with the

_ non‘enantiomeric pentamantanes represented by: [12(3)4], [1(2,3)4], [1212]. There also

exists a more strained pentamantane, [1231], represented by the molecular formula CasHzg
(molecular weight 330). See FIG. 4. Hexamantanes exist with thirty-nine different
structures (FIG. 6), twenty-eight having the motecular formula CyoHs¢ (molecular weight

25 396) and of these, six are achiral; ten more strained hexamantanes have the molecular
formula CygH34 (molecular weight 382) and the remaining hexamantane [12312] has the
‘molecular formula CysHsp (molecular weight 342), also called cyclohexamantane because of
its highly condensed circular structure. Heptamantanes are postulated to exist in one
hundred and sixty possible structures; with éighty—five having the molecular formula Cs4Hyg

30 {molecular weight 448) (FIG. 7) and of these, seven are achiral, having no enantiomers.
Only one of each of the two enantiomer structures of the chiral heptamantanes is shown in

FIG. 7. Of the remaining heptamantanes, sixty-seven have the molecular formula Ca3Has
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- [000156] In one enbodinent, the renoval of contam nants includes
distillation of the feedstock to renpve non-di anondai d conpénésly 2088 wel |
as Iovvegvdj&ﬁ(ﬁ%goi d conponents 5 and in sone cases ot herpfppseldsised hi gher
di anondoi ds having boiling points |ess than that of the |owest boiling

par i cbelpeujacay SFBl L0 BABBUPHEALS B keuit AIRTIA L AU R 001 de

Cuts ahaY&.aR Q&Jaﬂéﬂn@%ﬁlieﬁ%ﬁf@sua&tﬁﬁe%@h@m% @eutbvinkendl vod kirslg, wRhnt and,
nore preferably, above and bel ow about 345 at nospheri c equi val ent

boi | i neprpspentdingly lesierrstabilitins tand evs, not Weow it Bike 7. clhesremainingtver kaverks ched in

| oner di ndoi ds.and,l o oi | i ng.pqi - g1 ' re

t aken BOBPES P Giolear vl e Bl Trofar: B PERE B becf SRR o ¥ e
i 8 hi gineraldhRmaReRislSagd Snifsehid BAES: withini fivelfagdistorddiferoht inclesga; weight t he
tenperature for the cut point during distillation is a function of

pr essuease simectalea (FiCh @) abovassthnersameniaees, sighteen Bpey b seiequbpr dompher i ¢
Penper Grtio ChERLTRT W BERP RS EIG € ooatath bEAR ABURSIAUB VLGB 20 20 o i1

r esul t odtin@ntinegBGinersdiCthéd dotdnizatarics ipey ik tiddedubardohhelv &€;tHig (siafeeukant  poi nt .
The correlation of pressure/tenperature from&tlm)spfher I.C d4 Sgllﬁjé‘ilﬁ tion to
ei t her Weight200). Fhesenpiaingrockamaptans fempiessSuFe: @nalesylaveight 456), i t hi n

e ski t 1 1S L] i 59@4% f.h@cti onate
?Ee fe@ddé?%ggf{s‘pg @{%7;3 %\Lﬂ? cgg”?%/glﬁ%alﬁédcl%ﬁ‘g&lggg%%@%&tﬁ rrperrg{cﬁ?g ‘?gr?iglg of
i Nt er ecdrresponaimaly dewdérsebilityt Nabareantandsnmmndt wothin b fseilestod diffirgiter

di doj d f sel d higher _di ids. . Whi

e B RS R R LA e S e

corrpor\?qﬁ%oﬂf;nd@&g{ﬁﬁéigﬁl@i3%y(%mr(ﬁfélecﬁihg WiBYht SO ICh,SLf, YhdoRhlaPWeight cat i on.
ol I oW ng apl e |1

The f ustfates representative Tractionation points that
may bedadath,He, @mleaturwesiglnuSdhirghGs.Hdi tmulnddamseight 444 Aaddionallyy 25

practice it may he adyantageous.to wi.der, tenper.at.ure rangge cuts which
woul d ?Ié‘ﬁnta’é%ﬁ’flﬂis é\‘%k?ﬁ%ﬁﬁgf Oftﬁeﬁ?fg&‘l% FW&%U& ngltﬁ g‘&tﬂn&qﬁee separ at ed
t 00t Mo BB HES BREERT 5ifRPAEA MBS hePme tRdmbfodlak YorR5C, W) 02/ 057202

PCT/ US02/ 00505~ Fracti onation Points Most Preferred Preferred Lower Cut
Hi gher(n@i¢culaswesigliudSHmiphebris @mcturally compact in relation to the other decamantanes

and has low internal bond strain. The other decamantane families have the molecular
formulas: C46Hsz (molecular weight 604), CasHso (molecular weight 590), Castyg (molecular
20 weight 576), C42Hys (molecular weight 550), Ca1llis (molecular weight 536) and CagHao
(molecular weight 496). Undecamantanes (FIG. 11) exist as molecular formulas Csolls
(moleoular weight 656), CasHss (molecular weight 642), Caglls; (molecular weight 628),
CasHso (molecular weight 602), CysHag (molecuiar weight 588), CyHas (molecular weight
548), Cq1Hyz (molecular weight 534), C3oHyo (molecular weight 508). More preferred and
25 less preferred higher diamondoids (FIG. 2) are based on their internal bond strain and
corresponding stabilities which is reflected by their relative concentrations in the various

feedstocks.
Feedstocks

[000150] The higher diamondoids provided by this invention only exist in dilute

30 concentrations in solution in petroleum feedstocks.
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~i41-ustrations of how fractionatiorn can prOV| de cuts enriched in individual

Tenperature Tenperature Tenperature Tenperature H gher Diamondoid (C) (C
CCO (C) Tetramantanes 349 382 330 400 Pentanantanes 385 429 B4Y2a6D -
Cycl ohexamant anes 393 466 365 500 Hexamantanes 393 466 365 500

Hept ami® 8HEY2¥32 504 395 540 Cctanmntanes 454 527 420 PSAUSOREBPant anes
463 549 425 590 Decamantanes 472 571 435 610 Undecanant anes 499 588 455
625 [096151] Ldwte fPoteskdsgifidliis Givientidie mﬁ'eascatamkés Jedeqpet atchrtbat skidghetstock

Di amondoi d CC) (C) .. Tetramant anes 300 tarrant nes 330 490

Cycl ofERBHHER FR¥s aBlermaunts ¢lopg on MoER efé% o 1?-@5%%9?3&9@&8%6%%0 600

Cet anﬁ%ﬁﬁﬁﬁ bR éé:%t?§M§ﬁngg%?ag ?e%séﬁb%u@??})b Q?%%éfé%ﬁ%ﬁ&%a@é&dom

Undecamanta es 400 91 It sha be under stood t hat substituted
hi g hecrom;bcm&ntsnnh@mpreﬁmblym deadl a’@luyzs p@lﬁ and stiibperprefaablgdt batt-apoutnt

t enper gt ur.e her t er at.ur o th di tion of, st tuent
b ol oL T T BT BF Sar<n UL SRR i FLEATT O PR SHORERET | ¢y
CUt S &Qﬂhoﬁ@ozlﬁt%@rrﬂioﬁ@ﬂﬁ‘%ﬂﬁa@fredo‘%@' (ﬁstﬁese FEbfdp oﬁé’nté)f ovi des further

or nultiple higher dianondoid conponents. [0001601 It will be further
under W08b3]t hEretbrred faedsiacksdncludn foreexemppp satundizss eondossdtecandgefinery o

streams having high concentrations of higher diamondoids. With regard to the latter, such

refinery streams include hydrocarbonaceous streams recoverable from cracking processes,
10 distillations, ¢oking and the like. Particularly preferred feedstocks include gas condensates
recovered from the Norphlet Formation in the Gulf of Mexico and from the LeDuc

Formation in Canada.

[000153] In one embodiment, the feedstocks used in the processes of this invention
typically comprise non-diamondoid components having boiling points both below and above
15 the lowest boiling point higher diamondoid component selected for recovery as well as one
or more lower diamondoid components. These feedstocks will usually contain a mixture of
higher diamoncioids. Depending upon which higher diamondoids are selected, some of these
higher diamondotds may have boiling points below the selected higher diamondoid’s boiling
point. Typically, the lowest boiling point higher diamondoid component selected for
20 recovery will have a boiling point of greater than about 335°C. In typical feedstocks, the
. concentration d_f lower diamondoids to higher diamondoids is generally about 250:1 or
higher. Moreover as illustrated in FIG. 18, typical feedstocks comprising higher diamondoid

components also comprise non-diamondoid components.

[000154] In such feedstocks, selected higher diamondoid components often cannot be

25 effectively recovered directly from the feedstock because of their low concentrations relative
to the nonselected components. Accordingly, the processes of this invention may entail
removal of a sufficient amount of these contaminants from the feedstock under conditions to
provide a treated feedstock from which the selected higher diamondoid components can be

. Tecovered.

30
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hi gher di anondoid is taken overhead. In this case the higher dianondoid can
be isolated fromthe fractionation bottons. 22 19 July 2008 Juyp2003 057202
PCT/ USOg/PPrePh 000161] Ot her processes for the renoval Th@WRbs05
di anondoi ds, unsel ected hi gher dianondoids, if any, and/or
hydr ocar bonaceous non-di anondoi d conponents include, by way of exanple
only, Q on t-echni ques, evaporation either under normal or
reduced pressure, crystallization, chromatography, well head separators,
reducqgo@rgs Uik 8ardl i iatioh phSesd2s BPNRheRIiARESRAS:s £B M il ER3.Ue | ar ger
sizes of the higher dianondoids to effect separation of |ower dianondoids
therefrom For exanple, size separation techniques using nenbranes wll

al | ow [80015d s t moknerembmidiraent; the reweovababeantaminants alcbudes digtiflapersef thower

di anondoi ds, across the nbrane barrie rovi ded that the .pore si of the
e SHESG FEpo v RRpadid e B P B AT £ b DB h RS A g (e
S§ ze Qindhih 60E cilics BIRE AbshelcBted BIFRONERAINDNAGIAS RIS Bilihg pofiElesdiihanthacloi d
~-conponents. The pore size of -molecul ar - si eves such ‘as zeolites-and the - - -

| i ke cHribalossthoilisgppinbhighdrdéiamayided eanpangey sslecteldopmesoyeryn a preferred
enbodi nent, the renoval process provides for a treated feedstock having a
ratio r 1.0 ! . ! i i of no
or car dP0ORIA" gl AEBETALY o SR otk I APkl RO CORMARARS.

pr ef ershbly and Fgowabbt 3335°C tmosplictiabgiiivaleaybollidg pdiuemdyaioee preédrshlabl v,

after renoval of the |ower dianondoid conponent(s) fromthe feedstock, at
| east ahbweandiggywrbew IS Catmbiphere efwissleniBpdlingepint i In|cithapinstapeether abl y at

| east ,90% of t he .hi gher. di.anmpndoid conponen are..retai.ned in the, .
Dawt i R oS T A e s S S S R T
r. eV abmphb@GRd 83l talMReN e IRGOYRT Nis@rdhiExMohaRer Wilndhbahehidhiisemnthedd
conponents is desired 20 and when the feedstock contalns non-di anondoid

cont art highesdiamigadsideds rasgredai It is widststasd, ofpaneeathiay thedempereie fas gy r ol ysi s

to effect r val ..qf.. at |.east iLon. of it

non: aiaEeAE TR UEked Ao R8s MeC e E Ol RIRLBARREE0HE )
concentfefdnesd to@masphsnlc padssire 9 Reded diedPRosdaiedsiiliresulhia gilphet Yistiltatidny treated
f eedst ock thereby rendering their recovery possjble (FIG 18})E. 25, {1000164]
Pyr ol yanpeplreiorashicss thasageaut pjnt whereaaseleated prasvrs, wall trshie Shaigiens or

in an diébq'l‘@ﬁ&? PAIRSRORIE aefbydtnt SEEAPYR. The BbmbBASH opPOUL 390C and,

prefera out
pressure/temperature from atmospheric distillation to either reduced pressure or elevated

pressure distillation 1s well within the skill of the art.

[000158] Distillation can be operated to fractionate the feedstocks and provide several cuts
20 . in atemperature range of inferest to provide the initial eririchment of the selected higher
diamondoids or groups of selected higher diamondoids. The cuts, which are enriched in one
or more selected diamondoids or a particular diamondoid component of interest, are retained
and may require further purification. The following Table illustrates representative
_ fractionation points that may be used to enrich various higher diamondoids in overheads. In
25 praciice it may be advantageous to make wider temperature range cuts which would often
contain groups of higher diamondoids which could be separated together in subsequent

separation steps.
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about 550C, nore preferably from about 400 to about 450C , and especially
410 to 430C;, for a period of tine to effect pyrdlysis of at19.bdgf085 -
portion of the non-dianondoid conponents of the feedstock. The specific
condi t i WRM2EBPbyed are sel ected such that 30 recover abfe/HHBIAFYE of

sel ected hi gher di anondoid conponents are retained in the feedstock. The
sel ection of such KewtobatbmsPeisisvel | wthin the skill of the art. 23 19
July 2005 WO 02/ 05720206d PLSBE/Q0505 [ 000165 -cPurebger ably, pyrolysis is
continued for a sufficient period and at a sufficiently high tenperature
to thermal |y degradelavenGast BighatCuei 00 oloWH&EWonHighahbfdoi d  conponent s
(mor e ]?J’ ef er abl y .at W%‘&%S‘t“é%o(}‘fm WEnd ér\‘?’é‘ile" ‘ér’fﬁ”g'fgl“ﬁbl y at |east about
909 frGHAr °B§‘?"E)I yti &%y treaf S feedst ok’ based &1 the total weight of .
t he nolF™8*%ondoi d conpotints in t#& feedstock prior t& pyrolysis.

10001 6Bxtapsptagest anot her priPerred enBddi nent, a®er pyrof¥sis of the

f eedst@elohexgmanfapggst about3980% nor e46r ef er abl y6at | east3¥bout 50% and

~stil| - Hepareanpnef er abl y at | #dst about4680% -of tt#5hi-gher-#0anondoid -~

-CONporiptasaddnes I et ai ned | ndxzhe feedsfo@ck after 39§rol yti c540r eat nent
conpar@ghntapradehiat anount fogmad i n thesifreedst ock 4ani or to ggrol ytic
'Ejyeat w&mggg&l&sy?omg] . : n g3prgf?rreh§éoenbodibrrer¢25 rem)vaggﬁpf I oijeyd
i anonglol gs., A0 ow boi | i ng;ypoi n rocar bonaggous nonggdi anondoi

conpo nrag(%m]: r‘_‘ﬁggthe feedst%gk precedgs pyrol ytigs treatnggt. However, it is
under st ood, "That the order” of these procedures can be inverted such that
pyrol ysis occurs prior to renoval of |ower dianondoids fromthe feedstock.
[ 000168] The pyrolysis procedure, while a preferred enbodi ment, is not
al ways necessary. 15 This arises because the concentration of higher
di-amondoi ds can be suffi disefilly high in certain feedstocks that the
treated feedstock (afterng)ggp)(yﬂl ofichdleuk OVer di anondoi d  conponents) can
be used directly in puri Peh@lrhQRe t BLIAMES such as chronat ography,
crystal i zgfheP Bianfohfoia t O (®R)OVi de hpgpier di anondoi d conmponents. However,
when the goneenflation Qg purity gfy higher di anondoid conponents in the
pyrolyt | o Kpeltlell ) ("L ST D0 B 0T60) “Even vihen pyrol ysis i o
enpl oyed, |§2(;%;§am;r§§fm§rre§§gg furth‘r‘%0 purify the recovered feedstock using
one or no Tt cation chni ques such .as chr omat ogr aphy, _
crystal | i ZEPPoRces her matPSi f f usi ofP% ecl uni ques, zone refining, progressive
recryst al iQBEPEes sj ze sdparati on &dd

Nonamantanes 350 650

Decamantanes 390 660

Undecamantanes 400 675

[000159] It shall be understood that substituted higher diamondoids may accordingly shift

these preferred cut-point temperatures to higher temperatures due to the addition of

substituent groups. Additional temperature refinements will allow for higher purity cuts for
10 the diamondoid of interest. FIG. 93 provides further illustrations of how fractionation can

provide cuts enriched in individual or multiple higher diamondoid components.

[000160] It will be further understood that fractionation can be stopped before a selected
higher diamondoid is taken overhead. In this case the higher diamondoid can be isolated

from the fractionation botioms.

2



the like. In a particularly preferred process, the recovered feedstock is
first subjected to 25 gravity columm chromat ography-usi ng si19<4uly200%at e
i npr egnwtcesk/sirdozca gel followed by HPLC using two diff er@nisie@biygns of
differing selectivities to isolate the selected dianondoids and

cryst hi@dyi O | 1al hj A ed target

i e OFER Ot pRO el orifho Bt O 1oaf B adtal RASAREERGY! 0T%11 g1
enoughditbmbndaidy S aly, aadior prirdcarteaatdons hon-dhetondoRtaniyoatne indhyde, bor

exanpl e, eparative capillary gas 30 chromat ography may be necessary. 24
19 Jul Ya» aﬂ\ﬁ@? pRly o zotPpatsiy HWSB‘S&PPE%'@N@E&IEH%{ neygal ok fadpee

(chi r%r)essﬁ}@kf}@&%éﬁﬁeﬁ?c‘iﬁan&ﬁ%%ngﬁ3\%113%9 s &fhrdtBrsC .dﬂggﬁt&ﬁg{?%@ mget hods to

ef fectuate further separatio ormance’ [ 1 qui ogr aphy
net hodgke. Rawowal percesshecqogsizb ile ngenfizessifithe higheradiamohdaddd ® effecaddi ti ves
to achi eve .resﬁ utian I omer 1711 For  exanpl e, separation

f t . 5 [000
of enalfPR@HYF PLIowsT I%H@ﬁgﬁp%fwnai E%%%} sizg SeppRatiogiRelmjaes yeingg

~Sever aheABRLeAR NS0 SoME ik ARRRQARhE MeRitRAADSOUSI LY i3 h&ation with
resol ution and nechani cal separation. This approach to "ehantioner
r esol ullimandsads dnsossghhaeobihni papice peavadddahatohe gereisiatdlViesimembmnet he use of

addi tives, .chi,ral ,sol.yent r..various types. of, seed cr.ystal.s. ot her
esol RS S are R R RuaPewsRh et PorPditaR e Rt o R ey nam o
eONt I QompohBets asborhphte tPIORLERRSNISHH cBRPBh&AEThY Fstekitkiopthdid@idtde chiral
separations, which can be perforned using a gas chromatographic (GC) see

" Chi r dleveshicragtzoglitep Ayd theTike carBdss beyseddo effgbt siagydepyratidibhnson & Sons,
January 1998, incorporated herein by references, by high performance

(P0) 0BSNERTT B SRR G ehb i Bl SRR ER B issints BP R RPRRRR ™" ©

Ext r adiaviag"a, rafio b 1058r tdiamdnds RMiogipobeiie REBigh&ad entbedoid 88hApondnRLaiipor at ed

herein by ref eé ences. Uili [0001721 The processes of t Ri S invention

pr ovi dESATHES? i Biese iskRarhlsdo sededhet 2:1d puthovradners prafRebly. Higgrbe is

& anondaids.ah g, ysef i ' 3 #el ' d 20

nanot ec %rﬁo %gy%ggf |]%:U§%llngbr¥§b&'ﬁér%a%g’;%egg%§§%? Ete}%rllgg%%@%?ﬁgﬁgengt h,

st abi Icotppndrii@) frain the dordisotk \at loast abaui Y%, mbregtrefieedbly & ledsn 50% addtittul ti pl e
h :

attac mng'g tpre (Izrtagl?y 5:'1&‘9?9&% 0}’ Hl%il?gher diamondoid components are retained in the

feedstock as compared to that amount found in the feedstock prior to the removal.

[000163] When recovery of hexamantane and higher diamondoid components is desired
20 and when the feedstock contains non-diamondoid contaminants, the feedstock will also be
generally subjected to pyrolysis to effect removal of at least a portion of the
“ hydrocarbonaceous non-diamondoid components from the feedstock. The pyrolysis
effectively concentrates the amount of higher diamondoids in the pyrolytically treated
feedstock thereby rendering their recovery possible (FIG. 18).

25 {000164] Pyrolysis is effected by heating the feedstock under vacuum conditions or in an
inert atmosphere, at a temperature of at least about 390°C and, preferably, from about 400 to
about 550°C, more preferably from about 400 to about 450°C , and especially 410 to 430°C;
for a period of time to effect pyrolysis of at least a portion of the non-diamondoid
components of the feedstock. The specific conditions employed are selected such that

30 recoverable amounts of selected higher diamondoid components are retained in the

feedstock. The selection of such conditions is well within the skill of the art.
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nol ecul es nmakes possi bl e accurate construction of robust, durable,

preci sion devices with nanometer dinensions. FIG 15 shows 18nhiilge985 and
shapes of sel ected hi gher dianondoids relative to nol e% SRERgnent s

( BuckniM@P"&PT7393 er ene and car bon nanot ubes) enpl oyed in W& &V el opnent

of nol ecul ar el ectronic devices. [0001731 The hi gher di anondoids are
t hr ecfl0@0#6Fisi Breferahbynpyrebsisis consinugd ffore sBGERPerigimnd Ak ASUlicKRENd | atti ce

ts. Thi | at ' o ' : d [ f
heocrBrinbRary™ iR RINSERdk AL fal PP BELR e BOBRIR D0 D one i s
T nts[Sﬂ%%@ﬂﬂeférﬁ)l'ﬂr bt lcahtapet 5096 dnd 3¢ed)R6k)Rbferably hilcastiabdutl our
| obes. [12(3,4)12] 30 heptanantane has a cross-shapedgqslftt{lucture whi | e

[ 1212%0f]) fronr'the pyiodpically fregted Sqedsioak haagdtonrae fnfal veigh $ RSt ruct ur e.
12132 hept { | £S.G- | - 25 19 July 2005 WO
b2/ 0s0abs R ATRRSAAGs b RS ORBRG B8R, 520 5217 oot armntane 1 s

di sc-shaped with two, opposing, co-planar |obes. [1232(1)3] octamantane is

—wedgefiapsyd. i $2knaihdRptidtedrmmanivhenteaftapyeolysis afithel faedsigpkattdedst ke

o S 306, ek o o aeot g SrGR0F e BEb AR gL b oo
gﬁggg 35 B AEA AR kil RIS GATRABAGS roBrafhcliRRENCBI RN T Gyroflytihbibaol ot her

i
anong her di anondoi ds which may serve in applications
i N nacohpabiel thgyaandt famd-is thefeedsted pridrde patodythiredimgahend upon specific
geonetries. The carbon-framework structures of the tetramantanes to the

d - h i n,. Fl 3t . 00174] . Hi ' j.d I
el UGBORS e T8 PEERGLETPRUmER Trtorbel Bive ot ety el &l =0
Thej eﬁ{/(ﬁ’ﬂ@d}ﬁﬁ%eﬂﬂstﬂbntﬁiﬁn§m BS@poredds fré® thd Relibtot presdepyedlytidi s
rod-shaped structural series, 1]2312] ent amant ane i s next, . followed by

[ 121 2t¢atimertrifemeeans! isamderstoodnthat theendandd deese penesderes syebe wopdebasht he

| engt f the.rod by about 0.3 . n W : e having a
IengtﬁlagPyrﬁ BlsrocPut PrioR o gy Rk jf’ﬁrea'FT{o%é%Ltﬁgﬁ?glﬁc}an arﬁ%ﬂbegi ns a nore
conpact series, a flat-topped, pyramd- 15 like structure (FIG 3).

[ 1(2, fobl 691e NtTRERAREs fob&ur)wilitd 4 profertddi emntiodenmelt, Baioglveryp @e¢msdry.
tetrahedral pyramd. [000176] Hi gher dianondojds al so_jncl uci& screwlike
15t r ucThisesises bagavspi theyconsariraion offhigher djagrondafdszpn BF SREIHAL Tigh tho

tetragaptane 3Wh il BEIHEREH.d fdasthi LALE rRGH! bF B 16REr didRhondoid

components) can be used directly in purification techniques such as chromatography,

crystallization, etc. to provide higher diamondoid components. However, when the
concentration or purity of higher diamondoid components in the feedstock is not at the level

20 to effect such a recovery, then a pyrolytic step should be employed.

[000169] Even when pyrolysis is employed, it is preferred to further purify the recovered
feedstock using one or more purification techniques such as chromatography, crystallization,
thermal diffusion techniques, zone refining, progressive recrystalization, size separation and
the like. In a particularly preferred process, the recovered feedstock is first subjected to

25 gravity column chromatography using silver nitrate impregnated silica gel followed by
HPLC using two different columns of differing selectivities to isolate the selected
diamondoids and crystallization to provide crystals of the highly concenirated target highe;
diamondoids. Where higher diamondoid concentrations are not high enough for |
crystallization to occur, further concentration by, for example, preparative capiilary gas

30 chromatography may be necessary.
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enantiomers of 123 tetramantane as A and B. Their structures can al so be
inmplied by the 20 sequences 123 and 124 by a nodification oflStHhdy B%ban

nonencl aeges7Rirese two di anondoi ds have |eft (counter-gdpekwiemss |-€.,
tetramantane A, and right (clockw se) (tetramantane B)-hand helix or

SCr ew i tr - th representi a partial-tyrn.of, the helix.

it or Q08P " RERIoRS R APERRS BBl e B el 4 s rogipnic

speci fiibhgds teeetfeefilate frftter sepivbtitl®! iTtigh pb@6Eance NLYiddarmRabgaphydethbal there

exi sts two_forms. Thi.s sequence 25 continues with the progression 1234 and

1243 (3'sqofferihe pessihilitynt ussgchiselmobisatsarpdlitings to aghigya resplptions81 (again, A

and B)enagglgmg[??(anant ane (FIG 6), and so on. The hexamantane nenbers

conplete one tull turn of a right and a | eft-handed helix for these

screw shaped nanostuctures (FIG 94). [000177] These special structural

char ad080181i cBorsahnmiplg erardicandrdaitisnenp fortns fof dr tdgly dlanond3ids oml Beul es,
from copndensed-ri n‘%gﬂystemsh ang even from gr,i dged-ring counterparts. The

—gr eat -#SIXBT PIRS SCVRER GRRICATDCS; B SYet FRP5P

di st angegufcH afdl A6GHNRE] s_%garlaﬁo&.ums% ach¥8 Aaktidhne résAPicn BirHeUS02/ 00505

attachnment, nonpl anar bridgeheads |ead to their unique features. Due to the

ri gi diempanced pygireparzting afelonuttives o8bylihwamss iob additisdsagaral solvagnanretdoussi ze of

the high i i d S, if i d that mgl ecul t
and bUPP oige T GoRelss AR FRG R bliok Py BERal EPatalBh st ioHe s Sont hes: <
of a uReHRSHANICEBNAL] AVthef sueBlc R BsedibesamliSmbREo1BiM Inkivlk BRiral

applications i+ nolecular electronic conputing devices, reduced-size
machi rieéparaiins, whichregh be pedprmesiorsing aigad chedrhatogabhic 4G gemEhifalct uri ng

syste r Js V.t he hi . di.anondgi ds be d_as_noyel

et eria gﬁgﬁo%%ﬁyt’\rlﬁgt B S%P% ?tngi;g@ﬁyall’ ﬁ?ﬁ%?‘r&cgqnf;? %ﬁ?riyclg‘ﬁg INEYRYAIF e and
t her milerei0 byl wetbicrtdsy b hipheiet fofifiadc@iqaRPdHEst0 ghiphi® (FPL €T)ian@ bgnd ot her
applications _taking advantage of the dianond-|ike properties, etc. Novel

uses &RPHTHteA lgidehspmatograpbicdSRCa fashnigupsm sea Funescritival feids irel d of

i Cro | I segl. i - S d.hcl { I limted to,
Phor et FoEa0REERy S IRl ot SR RN Sl MeconB 19 oo &

di el ednhcarporhiay desin By referegeadt ed circuit nultilevel interconnents, thermally
conductive adhesive filnms, thermally conductive filns in thernoelectric
.cool i ]cevises, passivation filnms for integrated circuit devices (I1Cs),
and fi ¥ eni ssi on cathodes. 15 [000178] In addition, these higher

di anondoi ds can al so be used in a high quality

[000172] The processes of this invention provide compositions enhanced in higher

diamondoids. These higher diamondoids are useful in micro- and molecular-electronics and
20 nanotechnology applications. In particular, the rigidity, strength, stability, thermal
. conductivity, variety of structural forms and multiple attachment sites Vshown by these
molecules makes possible accurate construction of robust, durable, precision devices with
nanometer dimensions. FIG. 15 shows the size and shapes of selected higher diamondoids
relative to molecular components (Buckminsterfullerene and carbon nanotubes) employed in

25  the development of molecular electronic devices.

[000173] The higher diamondoids are three-dimensional nanometer-sized units showing
different diamond lattice arrangements.  This translates info a great variety of shapes and
sizes of these extremely rigid nanostructures, for example, [121‘(3)4] hexamantane is “T"
shaped, [12134] is “L” shaped, and [1{2)3(1)2] is flat with four lobes. [12(3,4)12]

30  heptamantane has a cross-shaped structure while [121234] is “L” shaped. [12312]
hexamantane has a disc-like structure. [121321] heptamantane is disc-shaped with one co-

25
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I ubr| cating fI ui d V\:hl ch exh| b| ts a h| gh v I scosity Index and a very | ow pour
point.13 When so enployed, these fluids conprise a fluid of19 Iy 288% i ng
viscosity and fromabout 0.1 to 10 weight percent di amondoids. [000179]
Still fWPREF720% hese hi gher di anondoi ds can be used as HEHUSIBNEISy f uel s
in the 20 manner described by Chung, et al. i ncorporated herein by

r ef er @igar lo[bGOsOEﬁ@[lzTB@)ijIdcmmamgimxammpadwlﬂfm edpoesing, co-pianenat e this

d
(i o oRenl oA Dohpauusdemos i Les st 240 2 B seRaph Pt b el cee.
Ol $1 Uatedie dfuctitley 1399541 (8) BecfnfhnBin i20p @ rEETLEENRAARNTI XANPLES

[ 0001 e| n an Fi gures, the foll ow ng abbreviations
have tdraeamefm)dﬂeamamgangabnpbgshkmcabbr EARBGL, Eﬂﬁlﬁﬂtm@@@&m@ﬂm@éﬁéﬂv has its

%ener ally a teavé|vé‘ﬁ?ty0{t%%ge éﬁi?&ﬁ? ri can E’}:%'Ol qum Ingi? 3% ragtsm igv

Rd = n}GCiH' é éa@x@ngﬁf@aﬁb%hncgogy ﬁfd&iﬁlo%'ucmﬁéiﬁmﬁ&hmlﬁgi aplayd GO/ VS =
—gas chr mat ogr aphy/ mass: spectroscopy ~h = hour 15 HPLC = high performance:

l'i qui dlpoill smﬁm@omwes mhacmﬁahmodﬁ@ir@ﬁﬁﬁéaﬁihﬁ@@mﬂtﬁeé@ n = minute
m = rlqnldtlacllltg 35 22 001 iril L' dgqs N = normal

[000174] Higher diamondoids also include a series of rod-like structures of varying
10 lengths. The_tetramantane with the sequence “121” is the first member of this rod-shaped
' structural series, [1212] pentamantane is next, followed by {12121] hexamantane, and so on.
Each added diamond cage increases the length of the rod by about 0.3 nm, with {1212]

pentamantane having a length of about 1.1 nm.

[000175] The [1(2)3] tetramantane begins a more compact series, a flat-topped, pyramid-
15 like structure (FIG. 3). [1(2,3)4] pentamantane (FIG. 5) follows this trend, being a perfect
tetrahedral pyramid.

[000176] Higher diamondoids also include screw-like structures of varying lengths. The
first chiral diamondoid is the tetramantane with sequence 123. We have specified the two
enantiofners of 123 tetramantanc as A and B. Their structures can also be implied by the

20 sequences 123 and 124 by a modification of the Balaban nomenclature. These ﬁNo

L diamondoids have left (countef—clockwise), i.e., teiramantane A, and right (clockwise)

{tetramantane B)-hand helix or screw-like structures, both representing a partial-tumn of the
helix. Unfortunately, the Balaban nomenclature does not provide a way of specifying the left
and right helical forms, only demonstrating that there exists two forms. This sequence

25 continues with the progression 1234 and 1243 (i.e., A and B) for pentamantane (FIG. 5),
12341 and 12431 (again, A and B), for hexamantane (FIG. 6), and so on. The hexamantane
members complete one full turn of a right and a left-handed helix for these screw-shaped

nanostuctures (FIG 94).

[000177] These special structural characteristics set higher diamondoids apart from acyclic
30 molecules, from condensed-ring systems and even from bridged-ring counterparts. The great

stability, nanometer size, variable yet rigid geometry, well defined distances for places of
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pA = pico anps .ppb = parts per billion ppnF parts per mllion 25 R =
refractive index SIMD S = sinulated distillation ST = start9 Julg2803% ot al

ion CUVWJOI@&: thin l'ayer chromatography 30 VLT = vanefusdza6ses .
tenperature PCT = volune percent v/v = volune to volune w = weight

WI PCT = wei ght percent 5 Introduction 00182].. The .st eps..used in the
vari o!féta@l% B2 e@éﬁ@ﬂé?%&%‘ilwq‘i“lngﬁuffsj Hl.eqo[ﬂ%bﬂ I Exanpl e 1
descr i Bega1fARebmbRY, VRERRInsiRM S8 afPind ribAlkieh §izB o8 HRrhifh < ARRGlIdOR]
conponents which can be applied to all feedstocks. This process uses HPLC
( St ep PmpPheats,40is E2Ppechs! thetsmelertdlar dzgoteatdsond Sudging blocks gompnigigg heppos WO

02/ 057202 PCT/ USQ2/ 00505, [ 0001841 Exanpl ' : | ai i of the
proc es"%l?lc?f"a%ﬁﬂ%ﬁ(g@c Oft AR }-éﬁlgpgc(%??e/eél%e a%?a hrfgﬁngltr %}éér{%%t?%takgﬁgp 7,
H G 12l fiieRippesidaP ke kchifelbiialic bemp@ingodevides fredudedGiedbjchineanpite 3
describes a variation of the process of Exanple | in whjch the K pyrolysis

( St ep 2 mateaslar rohots endsalf-replicating mmpetspng olEmsy Alfprmategetyy the Righer| i quid 5

ok PRl A R G s st
“when tegdchan@id thaRsl coanicaBybapertica fist coytihgh Gkaimrtiapandothet Replicatigmst
A B N O SR ENT I
) eparc%h@ai’&@ﬂﬁtéﬁ'ﬁ&%ﬁ%&ﬁ&& REM A i&ALd 88 disR1d3EY EEmbodiments include,
but not limited to, thermally conductive films in integrated circuit packaging, low-k
dielectric layers in integrated circuit multilevel interconnents, thermally conductive adhesive
films, thermally conductive films in thermoelectric cooling devises, passivation films for

integrated circuit devices (ICs), and field emission cathodes.

15 [000178] In addition, these higher diamondoids 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 fo 10

weight percent diamondoids.

[000179]  Still further, these higher diamondoids can be used as high density fuels in the

20 manner described by Chung, et al.', incorporated herein by reference.

[000180] The following examples are offered fo illustrate this invention and are not to be
construed in any way as limiting the scope of this invention. Unless otherwise stated, all

femperatures are in degrees Celsius.

27




10 further separation of higher dianondoid conponents (Step 8, FIG 12).
[000187] Exanple 5 describes the enrichment and i.sol ation oft9%hdy 2005
t et ramant ane corrponents [000188] Exanple 6 describes the enrichnent and
i sol at iR %P5 pent amant ane conponents. 15 [000189] BXINH%/08escri bes
the enrichnent and isolation of the hexamantane conponents. [000190]
Exanpl e 8 describes the enrichnent and isol ati on of the heptamant ane
conponents. [0001911 Exanple 9 describes the enrichnment and isol ation of
t he octamantane 20 conponents. h:mﬁ%%éﬁxanpl e 10 describes the
enrichnment and isolation of the y e conponents. [000193] Exanple
11 describes the enrichnment-and isolation of the decamantane conponents.
25 [ OQsua41] Evaiped higidasCihitheFiguhe, grrfbidwidatabbirdiaiisnd Riveahe of t he
undecamant ane conponents. 29 19 July 2005 WO Q2/05720Q2 PCT/ US02/ 00505
[ 0001 §8jowing peanings. dntapbrsietion Rat dﬁiﬁtneiibeb@é%ﬂsbﬁ%e{l@a%ﬁy@wé order of the
arl oys, a?ﬁ iLstillation, chromatography and pyrolysis steps, although the
---order Set Forth in- Exanpl--e---l - has given the best results. 5 EXAMPLE 1
[ 0001961 This Exanpl e has seven steps (see Flow Chart in FIG 12). '
[000197] StAHi=l. Feedstock swheachnh@etrplOmlBgiust ep 2. GCMC assay
devel opmentim E@P0199] Step 3. Feedatmisyshaid@mphdsntc distillation 10 Step 4.
Vacuum fr agihonati on of atmaspheri gofldmti ||l ation residue Step S. Pyrolysis

of isol at egfg geigsons Step 6. Renoypd ophmdffpgati c and pol ar nondi anondoi d

gonponent s g4 : flame ionization detector
g = grams
GC = gas chromatography
GC/MS = gas chromatography/mass spectroscopy
h = hour
15 HPLC = high performance liquid chromatography
HYD RDG = hydrometer reading
L = liter
min = minute
= milliliters
20 mmol = millimols
N =~ normal
PA = pico amps
ppb = parts per billion
ppm= parts per millton
25 RI = refractive index
SiM DIS = simulated distillation
ST = start
TIC= * total ion current
TLC = thin layer chromatography
30 ’ VLT .= vapor line temperature
VOL PCT = volume percent
viv = volume to volume
wt = weight
WTPCT = weight percent
35
Introduction

| [000182] The steps used in the various Examples are shown schematically in FIG. 12. .

[000183] Example 1 describes a most universal route for isolating higher diamondoids
components which can be applied to all feedstocks. This process uses HPLC (Step 7, FIG.
40 12)asits final isolation step. | | . -

_ - _




[000203] Step 7. Multi-colum HPLC isolati on of higher dianondoids a) First
colum of first selectivity to provide fractions enriched i rf9phdy200%

hi gher wbhz@sagpndoi ds. b) Second col um of different sepegikmiohivst O
provi de isol ated hi gher di anondoi ds 1000204] This exarrpl eis witten in

t h Exanpl es 5-12
¢ cat0sabs HigP s e e s Lo OF R ratvial PR N e Step 1 -
FeedshRgkraneb %@édl@&ﬁ@g{r@ﬁQ%Q@ﬂ) 75uiIGAD} ) eshedstHIPIOC BB ke fugd] $soldios sep! ai ned.

These mat eri al’s i ncl uded gas condensate, Feedstock A (FIG 16), and a

gas condensate contai ni ng petrol eum conponent s Feedst.ock .B. Al t hough
ot her {‘mila‘éhs&xe@plap%fl@c*@nbmvar@ﬁmnef th?é}r«}ceém% Wlﬁrldad@l%h ®8uld have

been e {. A i di anondoi d

conceﬁ?’r g}fglst@?e% approxi rrlgt e "Sdov%rﬁ“’%}%f"%g‘ég ent h| g% ﬂhe?qgir?rlnndm ds, as

get er phivathtdpyrapghic agsl (S FEFIR 3 2Pstdisof ceidsd. o'fkesemnaudmsgmemﬁydmm and had

APl gravities between 19 and 20 APL  Step CORYS Assa{5 Devel opnent 30 19
~-July- gpRlErabiify @ﬂy%@z@éﬂqﬁéﬁe@@@% e@bserfesﬁ}kymn elragetigr

usi ngag(ﬁﬁ)é(ﬂg{eg 519[915@8_}% Ef&%ﬁgh&c}id.% o confirmthe presence of

t-ar get anondol s prov e gas chromatographic retention
times for these target materlals This information is used to track

i ndi v{engaBe} afyetpldd déseribell yatrenatbérdgotdss varigtioguih ydyelethe fingbpraduasnof
proce Fl G, ,13A i.s able that |is

P o Esbmales fgnd 2riek miedied Poimeortiote g2 Bhrbumute it tigalln B8R |
gl ec Wrer s@RrdtM o 8heP 8RR10RBG)compBhants L8 (F1G512§.3A) al so contains

simlar GOJVMS assay information for other higher di amondoids. Wile
relative GC retention tines are approximtely constant, non-referenced GC
r.et en{Q87l aByampteS deserbed the ﬁsmhémﬁﬂ@d@ehﬁoﬂﬁéihe@@f%mﬁé@ay val ues be
routlnel upd; lat ed especially when GC retention time drift is 10 detected.
St ep SOt ock At nmospheric Distillation [000207] A sanple of Feedstock
B was distilled into a nunber of fractions based on boiling points to
separ pie9188k [Eawe ?Hli)ﬂésl'cﬁEeSXhE Bhriclommo aehisslalion od tterpendmaisanand | ower

di anondoi ds) and for further concentration and enrichnment of particul ar

hi ghePOIHP%Fﬁdm ds

15 [000189] Example 7 describes the enrichment and isolation of the hexamantane

- -components.

[000190] Example 8 describes the enrichment and isolation of the heptamantane

components.

.' [000191] Example 9 describes the enrichment and isolation of the octamantane

.20 components.

[000192] Example 10 describes the entrichment and isolation of the nonamantane

components.

[000193] Example 11 describes the enrichment .and isolation of the decamantane

components.

25 {000194] Example 12 describes the enrichment and isolation of the undecamantane

components.

29
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15 in various fractions. The yields of atnospheric distillate fractions of
two separate sanpl es. of Feedstock B are shown i-n Table 1, b by 26085 are
contrasted to simulated distillation yields. As seen f @%}e 1, the

si mul atYOU %2 | ation data is in agreement with the ac?gg%u-g %203 11 ati on
data. The sinmulated distillation data were used to plan subsequent '

di sti (008193 Iiywikeswndsrsiol that it & ppasihledoosry thpowier obtheorrimsT/ USO2/ 00505

TABLE,.1:...Yi el of . Atmgspheric .Di-st.ill ation, Fractd m arate
runs Pl o SRS R Rafor s o, QRSB LRR SRR X BT .
Yi el dBad MbenYinebest r6MMts?9 To 349 8.0 7.6 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 -0.1 Cut (F) SimD s Feedstock
B (Run 1) Difference Est.'d Yields (W Yields (W % % TQ 477 63.2 59.3.
3.9 477 to 515 4.8 7.3 -2.5 515 to 649 28.5 31.2 -2.7 649 and higher 3.5
2.1 1.4 5 Step 4 - Fractionation of Atnospheric Distillation Residue by
Yacuum Di stillation [000208] The mssiipioFeedstock B at mospheric

~—resi-diumfrom Step -3 (conprising 2-4 - weight percent of-the original - -

feedst ock) was distilled into fractions containing higher dianondoids as
shown[Q09199]G FhisiFxample 88 scv@instepece Flow Ghat in Igks. tléhper at ure distillation
10 process was the atnospheric 650 F + bottons. Conpl ete Feedstock B

1T ustIBE SRR | B ERKBRsilerpgy oo ¥4 o 2B Tevies SR and 38

[000198] Step 2. GCMC assay development
[000199] Step 3. Feedstock atmospheric distillation
10 Step 4. Vacuum fractionation of atmospheric distillation residue
Step 5. Pyrolysis of isolated fractions
Step 6. Removal of aromatic and polar nondiamondoid components
[000203] Step 7. Multi-column HPLC isolation of higher diamondoids
a) Firét column of first selectivity to provide fractions enriched in specific higher
15 diamondoids.
b) Second column of different selectivity to provide isolated higher diamondoids.

[000204] This example is written in terms of isolating several hexamantanes. As will be

" shown in Examples 5-12 it can be easily adapted to isolate the other higher diamondoids.
Step 1 — Feedstock Selection

20 [000205] Suitable starting materials were obtained. These materials included a gas
condensate, Feedstock A (FIG. 16), and a gas condensate containing petroleum components,
Feedstock B. Although other condensates, petroleums, or refinery cuts and products could
have been used, these two materials were chosen due to their high diamondoid concentration,
approximately 0.3 weight percent higher diamondoids, as determined by GC and GC/MS.

25 - Both feedstocks were light colored and had API gravities between 19 and 20° APL

Step 2 — GC/MS Assay Development
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confirm the presence of target higher diamondoids and to provide gas chromatographic

H
- a
-S

retention times for these target materials. This information is used to track individual target
higher diamondoids through subsequent isolation procedures. FIG. 13A is a table that lists

5 typical GC/MS assay information for the hexamantanes {GC retention times, mass spectral
molecular ion (M+) and base peak). This table (FIG. 13A) also contains similar GC/MS

~ agsay information for other higher diamondoids. While relative GC retention times are
approximately constant, non-referenced GC retentions vary with time. It is recommended
that GC/MS assay values be routinely updated especially when GC retention time drift is
10 detected.

Step 3 — Feedstock Afmospheric Distillation

[000207] A sample of Feedstock B was distilled into a number of fractions based on
boiling points to separate the lower boiling point components (nondiamondoids and lower
diamondoids) and for further concentration and enrichment of particular higher diamondoids
15 i various fractions. The yields of atmospheric distillate fractions of two separate samples of
Feedstock B are shown in Table 1, below and are contrasted to simulated distillation yields.
As seen from Table 1, the simulated distillation data is in agreement with the actual
distillation data. The simulated distillation data were used to plan subsequent distillation

ProCEsses.

20
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UUOH- NmUOP, HCWI U Uwwawc4 33 19 July 2005 WD 02/057202
PCT/ US02/ 00505 W~ M N of ~e ~ QA'~" WOq 7 0 0 tYi9p268500 ..

r ~oO0 C7T E" a:, WO(,.yj 20W A- MNd ~~OIl~ No t~MCrio\, r~
N~~oa. WOONESTPE :Jia ON MOODO a.Nwa ~a o MaM a" FA/ESFFS - o w N
7pMbw~P A A.y..ow eFda A7 WMMMald+ MMO aWw WWy Ua s cn
O L) a x cnTABLNGR Yidlds'of AtthoSpherkc DistilRtion WrkctioiN fromVIWa Seplaraté 7 ~~' kc

O rAn Runs of Feedstock B
Cut (°F) ‘ Sim Dis Feedsteck B (Run 2) Difference
: Est’d Yields (Wt Yields (Wt %)
Ye)
To 349 8.0 7.6 0.4
349 to 491 57.0 57.7 0.7
491 to 643 310 30.6 04
643 and higher 4.0 4.1 0.1
Cut °F) Sim Dis Feedstock B (Run 1) Difference
Est.’d Yields (Wt Yields (Wt %)
%) '
To 477 63.2 59.3 3.9
477 to 515 4.8 7.3 -2.5
515 to 649 28.5 312 -2.7
649 and higher 3.5 2.1 1.4
5 .

Step 4 — Fractionation of Atmospheric Distillation Residue by Vacuum Distillation

[000208] The resulting Feedstock B atmospheric residium from Step 73 (comprising 2-4
weight percent of the original feedstock) was distilled into fractions containing higher
diamondoids as shown in FIG’s. 17 and 93). The feed to this high temperature distillation

10 proces;s was the atmospheric 650 °F - bottoms. Complete Feedstock B distillation reporis
are given in Tables 2A and 2B. Tables 3A and 3B illustrate the distillation reports for
Feedstock B 650°F + distillation bottoms.
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34 19 July 2005 WD 02£057202 PCT/ US02/ 00305 TABLE:3A:. Vacuui®.Rilg2003 ati on
Report {Qyof@edst ock B Feedstock B - Atnospheric distil petipsmgoes d 650F +
bottons Col umm Used: Sarnia H Vac TEMP PRESSURE REFLUX CUT VOLUME WRI GHT
APl GRAVI TIES ERATURE DEGREES F ml G VAPOR POT TORR RATI O NO OBSERVED 60
F VLT ATM 60 F HYD TEMP EQV RDG F 315 601.4 350 5.000 START OVERHEAD 344
636.8 382 5.000 300 READI NG 342 644.9 389 4.000 500 READI NG 344 656.3 395
~3.300 1 639 666.4 7.8 138.0 4.1 353 680.1 411 2.500 400 READI NG 364 701.6
430 2.100 2 646 666.9 9.4 138.0 5.6 333 736.0 419 0.400 200 READI NG 336
751.9 432 0.300 3 330 334.3 12.4 139.0 8.3 391 799.9 468 0.500 4 173 167.7
19.0 139.0 14.5 411 851.6 500 0.270 5 181 167.3 26.8 139.0 21.7 460 899.8
538 0.360 6 181 167.1 27.0 139.0 21.9'.. 484 950.3 569 0.222 7 257 238.4 "
26.2 139.0 21.2 Shut down distillati t o check—pot—te rature limts with
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- OVERHEAD - o0 o g F\:_ 1=..1= bt I T :85 DU
ﬂ AL 1 in e (¢ T S P-N —
=
i
(=1
SEE 2B IE 28 2 l5go
2 2 |8 g S |« & |42
=]
B2 13 9 B 2 @ |8 8=
] S jeo R OIR i ¢ ST =
e gg
= I Fo B S T - ol 1=
S o) ;U 3 2 1E 1= (& 3 Ee
-8' 7 [~ - bR - = ~<r = —
g
o |3 o — o)
= — @ |lo |+ |v v
5 2=8% |5 |2 |2 2 2|8
bl g @B (o I = e < e
f
5 E% = @ |m
o 3 ORI PR b e S b K |
E R PR P ° il
« e
= X gﬁ‘* '
= = I - [y = =
& gggé%§§°£°aﬂg§
< &2 [5F A
ﬁ P o] © - o %
| ) E(D = ﬁ & |9 IE sl 12 |gls
| g - =] o ]
2 i ERERE ISR B NRE
O a
. o R b | I
3 o D "o P
=8 Bug 2
e 1 1 ]
g %E;[ Q
SR PUElR 3 s | ot |- 2
52 SN A = i 8 I S
m O = 4
= 8“% 2LE 9. S
=) - lea | 89 g = oﬁ <
[ m = - | Bt =

33



521 976.3 595 0340 8 91 85.4 23.7 139.0 188.9 527 999.9 610 0.235 9 85 80.8
23.0 139.0 18.2 527 1025.6 624 0.130 10 98 93.8 21.6 139. 0 1Boh8y 200%i ned

remaining trap material of 16.5 grans (-4 anms of water) N - RUN
TRAPS ?Ugf?@ég?%athenatically AND conbi ned) VOLUME D|§¥hﬁf§Eﬁg§g1 COLUWN
HOLDUP 4 4.0 0.0 0.0 3.4 BOITOVS 593 621.8 11.0 214.0 3.4 RECOVERED 3298
3311. 7 FEED CHARGED 3298 3326.3 18.0 234.0 S.6 LOSS -5 14.6 35 19 July
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rroo aornaa yTABLE 3 & rVaCllml(HiiStﬂ;latha Repoyy fay FegdgtookHB | o0 al) F ion
Feedstock B - Atmospheric distillation resid 650°F + botioms
Column Used: Sarnia Hi Vac
TEMP PRESSURE REFLUX cuT VOLUME WEIGHT API GRAVITIES
ERATURE DEGREES F mi G
VAPOR POT TORR RATIO NO OBSERVED 60"
L F
VLT | ATM 60° ¥ ‘BYD | TEMP
. -EQY.- il RDG oF
315 6014 | - 350 5.000 START OVERHEAD
344 636.8 3852 5.000 300 READING
342 644.9 389 4.000 500 READING
344 656.3 395 3.300 1 639 666.4 7.8 1380 | 4.1
353 680.1 411 2.500 400 READING
364 1.6 430 2.100 2 646 666.9 [ 138.0 | 5.6
333 736.0 419 0.400 200 READING .
336 75191 432 .300 3 330 334.3 12.4 1390 | 83
391 799.9 468 0.500 4 173 167.7 19.0 139.0 | 14.5
411 8516 500 0.270 5 181 1673 26.8 139.0 | 217
460 899.5 538 0.360 ¢ 181 167.1 274 1390 | 219
484 950.3 569 0.222 _ 7 257 238.4 26.2 139.0 | 21.2
Shut down distillation to check pot temperature limits with customer. (Drained trap materizl 5.3 grams)
472 935.7 576 0.222 START
OVERHEAD
531 | 9763 505 0340 5 91 $5.4 23.7 1390 | 18.9
527 999.9 610 0.235 9 85 $0.8 230 | 1390 | 182
527 | 1025.6 624 0.130 10 98 93.3 21.6 1390 | 16.9
Drained remaining trap material of 16.5 prams {~4 grams of water) i I
MID END OF RUN TRAPS 20 17.3 (mathematically
. AND combined)
VOLUME DISTILLED 2701
COLUMN HOLDUP 4 4.0 0.0 0.0 3.4
BOTTOMS 503 621.3 110 2146 | 3.4
RECOVERED 3398 33L7
FEED CHARGED 3298 3326.3 15.0 2340 | 8.6
LOSS I -5 14.6




OROOOWNU .-iNW~n ~Or00O a.-~U~"Pa WFi-7 W36 19 July 2005 WO

02/ 057202 PCT/ US02/ Q0505 TABLE 4: El enental Conposition of Faaildyaces B

Anal yses on Feedstock B 650+F Resid Measured Value N trogen 0.991 wt %

Sul f ur WO 8EH7M2%6 Ni ckel 8.61 pm Vanadi um < 0.2 ppm [ 066208284 WPe 4
illustrates the partial elenental conposition of Feedstock B atnospheric
distillation (650F) residue including sonme of the identified inpurities.
Tabl e 4 displays the weight percent nitrogen, sulfur, nickel and vanadi um
i n Feedstock B atnospheric distillation 5 residue. Subsequent steps renove
these materials. Step 5 - Pyrolysis of Isolated Fractions [000210] A

hi gh-tenperature reactor was used to pyrolyze and degrade a portion of the
nondi anondoi d conponents in various distillation fractions obtained in Step

4 (FIG 12) thereby enriching the di anondoids in the residue. The
pyrol ysis process was |[confducted jatf 10 450 CCIf rmlg.g ours. The gas
chromat ogr am (FI D) Of=txartionl #6 (L Tabkl e|=3B) disiHko@n in FIG 18A. FIG
t hese chronmat ogr gnk _shows] tihat | pyrnolyisi sth tehdvédineiior nondi anondoi d
hydr ocar bons ang 1asm%i,g1ifican|tly iIncr easdgd |t hg heghlert di anondoi d
concentration, eqpd|HS| 2|3/ hidyemoun angs. |3A BESE|al PARR) reactor from
PARR | nstrument (BN~ M| We <18 IS i o] S WM @$ed i this pyrolysis
step. Step 6 - Renpvhl] of [ Aronatid and Pol arf Nongi anpnidgi d Conponents.
[000211] The pyrokyseiG ghadisedd|piJep iR Vas jEssef ftHrough a silica-gel
gravity chromat o5t %| € k| ond E&E@Eyf_&oh&) aj®® ¢l utjdn solvent) to
renoveg pol ar conpebrds—apd—asphalitenes pr6—FrS—it3) . The use of a
silveznitrate inpregaaled isill | cla (gel} (10.R0 wei@htt perdent AgNG3) provides
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free aromatic and pol ar conponents. Wile it is not necessary to use this
chromat ographic aromatic separation nethod, it facilitates ‘mxh.ﬂyﬂﬂ%t
steps Mul ti-colum HPLC Isolation of Higher 37 19
Jul'y oo 43, 05 7905 1 O/ US02/ 00804 [000212] An Lo T RO Rs 7 O

i solating high-purity higher dianondoids uses two or nore HPLC col ums of
different selectivities in successi on. [000213] The first HPLC system
consi sted of two Wat man M2Q 10/ 50 ODS col u operat ed in series using
acet one as nobi |l e pHaddtE: ﬂ'@@eﬁfﬂlrﬁﬂnl’%‘%@r?fe@eeﬁ togsife 5 fractions were
taken (see FIG 19). Fractions 36 and 37 were conbi ned and taken for
further purification qn_a second HPIC system This conbined fraction (36
and 37) contained hexdanhnalypesopmfeedstotkdhobI3Reqid)|G 19, al so see FIG
13B). [0002141 Further |puriNeassredn of thi Yawerbi neq ODS HPLC fraction was
achi eved using a Hyperjcar bNsfr@tenonary phasel WiC cql um having a different
sel ectivity in the sepgrafiogygl, 10 varl@g§3a,@%anartanes t han the ODS

~--colum -di-scussed above.[ FIG3 ﬁxﬁl howsT et Ulgléq mes-of the i-ndividual -

hexanant anes on t he Hchl carb—HPEE—Ccolum ti—acetione as a nobile

phase). [0002151 The differe%ggm?n e "f'm\‘)ﬁ' PBs add el ution order of
hexamant anes on ODS and Hypercarb HPLC col unns are seen by conparing these
two Fl ffobod}? $8tleddnuiiostHapRl: éltkfesglipa ARRSTF Féddstaiids Hihbsphetice

t oget h@r on91it he O%S H%L eéjys ?1 %’1‘ 19 Q]in separate fract |S§ ns

(f r actdistiatida (650FFPrEsidue Spduding ediyig oDthetithentifiyd énpaitiess Vidbéd dlEpl@ys @28) .

[ 000216]. The different elution orders and tinmes of selected_ hig

di anondeiehbpeeent pdwgen.sHug wkéh@%wa@éw&fe@f@%%%?@h%c @!Sf}ili‘tﬁﬁl hi gher
d t Usi t hi t hod
oh const e Sy e R o oopr i at e Hyper arb HPLG

fractions were taken t hus providing high-purity hexamantane #13 (FIG s.

51A anttep 2B)Pyralykis of BOBitddE@cfiormct i ons and Hypercarb HPLC cut points could
be used to isolate the remaini ng hexamant anes. This isolation strategy is

compodBPR " AT GSRr e ftigsactr Wi e RO BB e AICOPUIIE LA ol S0 be

used i ibrideWRInABidWoRonbRE it PaERs %%till&ﬁb@ﬁb&fbﬁs oBbélﬂbﬂl inGt& A{HIar 17et hodol ogy
as above, i.e. fractionating hexamant ane-
thereby enriching the diamondoids in the residue. The pyrolysis process was conducted at

10 450 °C for 19.5 hours. The gas chromatogram (FID) of fraction #6 (Table 3B} is shown in
| F1G. 18A. FIG. 18B is the chromatogram for the product of pyrolysis. A comparison of
these chromatograms shows that pyrolysis has removed major nondiamondoid hydrocarbons
and has significantly increased the higher diamondoid concentration, especially the
hexamantanes. A 500 mL PARR® reactor from PARR Instrument Company, Moline,
15 Tilinois was usled in this pyrolysis step.

Step 6 — Removal of Aromatic and Polar Nondiamondoid Components

| [000211] The pyrolysate produced in Step 5 was passed through a silica-gel gravity
chromatography column (using cyclohexane elution solvent) to remove polar compounds
and asphaltenes (Step 6, FIG. 12). The use of a silver nitrate impregnated silica gel (10
20 ‘weight percent AgNOs) provides cleaner diamondoid-containing fractions by removing the
free aromatic and polar components. While it is not necessary to use this chromatographic

aromatic separation method, it facilitates subsequent steps.

Step 7 — Multi-column HPLC Isolation of Higher Diamondoids
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containing ODS fractions using the Hypercarb or other suitable colum and
collecting at corresponding elution tines can |ead to the itaulyi20050f the

“remai ni ng hexamantanes in high purity. This is also true of the other

hi gher WPAX057a®1 ds from tetramant anes to undecamant anesPCTHE2(987%g
substituted forns. 30 38 19 July 2005 WD 02/057202 PCT/ US02/ 00505 EXAMPLE
2 [ 006aIR] 2[5t ensedoellent Bethdd for ighstidy lﬁgh—Eaﬁfmlughdr diehendoifatetvd 64 G - 12) .
The follow n variation of Step 7 was then carried out. Step 7': 5
[ooozzrgzjreM@mmeWa@lpvylwmﬁuwwlws chr omat ogr aph was used to

| sol ate hexamant anes fromthe product of Exanple 1, Step 6. The cut tines
for t t OHRP the GC
col urriﬁlO dﬁ%ﬁ |cone [3%3&% Cofngmtehltagﬁ%d waﬂ{ﬁnﬁwcgk?/g?ent | %dr%bl?%%lms and .
pat t ebpSrafeﬂQﬂirBéBﬁsl‘vﬁl@s@awn(eExmqb[lel)ﬁaseSt &4@021)1U:ﬁilnekwwlst)§l{%ﬂe shown in

FIG 42A, two cuts identif d as "pea and sent to I 2" were
faken fragt 1%%"%‘??32%‘??{11{?‘??31: Iﬁfvlé biE r@ﬁéﬁ%ﬁéﬁéﬁéﬁ%&?ﬁ%ﬁ&@ﬁ%&?&ﬁ?@%&%ﬁ&&ﬁ ock B :

~The: PRRRREAL 10%865&95& T Rt Efd@g@%%%@&@raeﬁsﬁfy@aﬁld@)%ﬂg&e&ed by

Cer st t1nore, 000220] The first colum was
used thexanmtert #af #1 It del Fidg G, dDaatensbeiFdE, 13BEh as hexamant anes by t aki ng
cuts that were then sent to the second columm (see FIG 42B 15 iIIustrat ed

Do, 1 TORHERAL S Muffer pseditbn of M o aRes O DL ARl iSRS ana
then %e&%ﬁpstétﬂ)daf’f&ﬁats@ HK2KSufih Habin8 e TeAnd sdigitivit) ih ARBehiratingby i dual

traps raps 1:-6 trap fraction 1 contained crystals of hexamantane
192, G@amwlasrhefimaamams mmﬂm@m@alm@swsedﬁbqvex Fantbslwwsglutiog fhsesquent

pur |9 B EARPAH 73 Ppi0stion B Cimpieae PR n i BABERe bag BBRIE, ' OF

cC angh‘y@_s of trap #3 material (FIG 44A and B) shovved it to be primarily
hexanmant ane #8. Phot om crographs of hexamantane #2 and #8 crystals
(analyzed in FIG S. 43 and 44) are shown in FIGs. 45 and 46. This
pr oce #M0213bu Thetskifeispesstia glutionitiensand chifensrderof hexamanianes on ODS and

~ Hypercarb HPLC columns are seen by comparing these two FIG’s. 19 and 20. For example,
15 Hexamantanes #11 and #13 elute together on the ODS HPLC system (FIG. 19) but in
separate fractions (fractions 32 and 27, respectivély) on the Hypercarb system (FIG. 20).

[000216] The different elution orders and times of selected higher diamondoids on these
two systems can be used to separate co-eluting higher diamondoids. It can also be used fo
remove impurities. Using this method on combined ODS HPLC fractions 36 & 37,

20 - appropriate Hypercarb HPLC fractions were taken thus providing high-purity hexamantane
#13 (FIG’s. 51A and 51B). Other ODS HPLC fractions and Hypercarb HPLC cuf points
could be used to isolate the remaining hexamantanes. This isolation strategy is also

applicable to the other higher diamondoids although elution solvent compositions can vary.

[000217] The ODS and Hypercatb columns can also be used in reverse order for these

25 " isolations. By using similar methodology as above, i.e. fractionating hexamantane-
containing ODS fractions using the Hypercarb or other suitable column and collecting at
corresponding elution times can lead to the isolation of the remaining hexamantanes in high
purity. This is also true of the other higher diamondoids from teframantanes to

undecamantanes, including substituted forms.
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hexamant anes. This is also true of the other higher dianondoids. 25 EXAMPLE
3 [000221] Steps 1, 2,-3; and 4 (FIG 12) of Exanple 1 were 19epdne@5 usi ng
Feedst - edstock A is especially lowin nondlano
atnnspﬁ&b“ﬁmngs?due fraction recovered in Step 4. The %thﬁﬁSIS % p (5)
of Exanple 1 may be omtted especially when_ the higher dianondoids being
sought are tetramantancs, pentanan Hda230 cycl ohexamantane. In this
case the fractions renoved.in Step 4 go directly to Steps 6 and 7 39 19
uly 30618 0532021 BGR URAARBA (AL EELCO 0 ITRGb lywig St ep 7
in Ex g[?%%%. ’12)’. Thi's procesg vari ation éﬁ% be :gpp l'ied h%
IowerwbmukmngﬁhemVammﬂtamanﬁﬁnmaln|ng fracti ons of Feedstock B as wel | .
However, pyrolysis is highly desirable where significant nondi anondoid
conponﬁntﬁ are present. [000222] A fraction corresponding in cutpoint to
fract of Step 4 (see distillation 5 Table 3, Exanmple 1 and FIG 17)
was taken fromthis feedstock. This fraction was further fractionated by

B epaeli2yg] CaRikbd abMn@Aies i ERhUIABNES chidihitegrapl wiab as@f todedaieng shown i n

Step 7' of Example 2 (FIG 12 000223 A_two-colum preparative capillary
gas chesmansgics Slomiie Profikt of e ﬂeﬁ?ﬁ@e The gat igegor thehexamantanges from

the d 6,
G, (B S Ririne FREbfty? %??ﬂﬁé*%@%}?ﬁﬁ@eﬁﬁéﬁi@éﬁ%@&f@%@%ﬁ (irom
Step 2siaf tlt‘eqemmlnen tines th@ patteimd fromGEMS tizey (Brageile dj Stiep aaio'll‘lis re(seltsg ,

tetramant anes) were set for the fjrst. preparative capillary GC col um,
ot Dy PGP Bgh e o Actin Gy b “peSkn ool 0 K GINTB NPT | i G

At 1 deRfdf deethiAS i dShd he ‘%mé 801&1?9%01{%6@?6&5 BCahHBRpaRsivdsed to

concentrate the target glannn t et ranant anes) by taki ng cuts
t hat waepiBartyly@as chentatégraghhesed eee noina fictured $ypGersydl- imot, Baltimene) Meoylend,a DB- 17
equi valent) (see the bottomof FIG 21). The second columm further

separ and purified the target dianondoids and then sent theminto

i ndividual traps (traps 1-6). GC traps 2, 4 and 6 contained the sel ected

t et r apgphanes ikl st Slimn WQQ%E% camﬂnhehhefmgﬁa@ﬁhbﬁd@ak Qi amant ane

hi gher di anondoi ds were then allowed to 20 crystallize in the trap or
di ssohenantahcs émta,ksmawn thetiwtredhersesntitd ba scoond eplupme(sps EKos@8he at 30X

{iran fiRRkelTor REURhRaRe 95 ald ! HnlWRUAR Rl FhEuf BbRFeifilbrk] FRA-ALT Ve CC

raps 7
17 equivalent, further separated and purified the hexamantanes and then was used to isolate

peaks of interest and retain them in individual traps (traps 1-6). GC trap fraction 1 contained
crystals of hexamantane #2. GC frap fraction 3 contained crystals of hexamantane #8.
Sﬁbsequent GC/MS analysis of trap #1 material (FIG. 43A and B) showed it to be high

20 purity hexamantane #2 based upon the GC/MS assay of Step 2. Similarly, the GC analysis
of trap #3 material (FIG. 44A and B) showed it to be primarily hexamanfane #8.
Photomicrographs of hexamantane #2 and #8 crystals (analyzed in FIG’s. 43 and 44) are
shown in FIG’s. 45 and 46. This procedure could be repeated o isolate the other

hexamantanes. This is also true of the other higher diamondoids.
25 EXAMPLE 3

[000221] Steps 1, 2, 3;and 4 (FIG. 12) of Example 1 were repeated using Feedstock A.
Feedstock A is especially low in nondiamondoids in the atmospheric residue fraction
recovered in Step 4. The pyrolysis Step (5) of Example 1 may be omitted especially when
the higher diamondoids being sought are tetramantanes pentamantanes and

30 cyclohexamantane. In this case the fractions removed in Step 4 go directly to Steps 6 and 7
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and 6 (see FIG 22). Were concentrations were not high enough for
crystallization to .occur, further concentration by preparatf9vul{s208&s
necessary. The process would also work to isolate other higher di anondoi ds
from PEEMO3ERZ A, 25 40 19 July 2005 WO 02/ 057202 PCT/U%BE%%%@ EXAVPLE
4: Preparative GC of HPLC Fractions [000226% Wth the heptamantanes,
oct amalixamek lagrdibdcgiide Sttpamodtianuds 2 €. 12).t Thaaproness dasitioalshebeo furt her

fractiopafe.the BPLC prod bt ai ned .i n.. Ex | 7. Thi be -
Lo RGN R e RS PR AR o SRy s TR e
Ex amﬁy?ol?sis B 188N désirati®RA88 Elonlfi@nt 86 ANBAIdIH eb@porkinddmBgadseniconponent s

were isolated and crystallized: all of the tetramantanes from both
Feedst ocks A and B, all pentanantanes étm)t. wt. 344) isolated from

Feedd0¥AR2B; Avibadiioxaraninendingriy su@pmt forbrction#1 SO¥pp Hdereigilatioam _
s ee‘jsi‘aBF{s,g%%@?edl aﬁﬁl@%@é%%@ﬁﬁm mﬁ}ﬁé géeﬁﬁfég?t'rhi\é‘&acﬁé"‘%@% i fed from

Feedstoc ament ane Crys I'Ssolate eedst ock B.-

- AS - Wit det auSated B prpantian Capiliatytoal chmopiatogtiphy #98)r wrte protesapaboamancryst-al - -

(not. wt. 456) i1solated from Feedstock B. The other higher dianondoid
conpot@h{ LfEamplel §hd 2)-sol at ed using the procedures set forth in these
exanpl es. 15 EXAMPLE 5A: Isol ation of Tetramantanes [000228] The general

proc f ' SR LadEol
R e W L s B Tt S S G S S T S
enpl dyedrgenhtttrhhentanedfrom thé disGlleg fhctiem tlednedegp by colonmotiwomatographmt ogr aphy
(Step.6 of le 1). The colum 20 chronatogr rqduct s then

10¢ reaE%t&PésFEgﬂﬁgv&Sl pEEtoR {Enes %W@%rﬁﬁ%%%?ﬁﬂ%%ﬁ?éﬁg Bphy of
St ep 2Q)f}@ém?f@i)¥ﬁﬁedcu'?ﬁnﬁgfé\§he Ea?géi%ﬁzﬁﬁéﬂd%@dé(@%ﬁ&%ﬁéﬂtéﬁ%sﬁw@@ deEgnt 1 on

times of tefrarmantane isoners. |hdividual tetramantanes were assigned a
nunbéke Bustprepdnatve capithel 1IGe tolninon metigd silicone PE- 1S WBalenin alhesegulis TG s

refergnce n er to.identify Jndjyidual tetramantanes in
subsé %‘?19“%55 QP@E%?GK@?%S tl’]%ffdjaesr%?ﬁﬁ(%@% pairs are not resolved in this
anal ysis and so these enantioners _

[000224] The first column was used to concentrate the target diamondoids (e.g.,

15 tetramantanes) by taking cuts that were then sent to the second column (phenyl-methyl
silicone, a DB-17 equivalent) (see the bottom of FIG. 21}. The second column further
separated and purified the target diamondoids and then sent them into individual traps (traps

1-6). GC traps 2, 4 and 6 contained the selected tetramantanes (FIG. 21).

[000225] The highly concentrated tetramantane higher diamondoids were then allowed to
20 .crystallize in the trap or dissolved and recrystallized from solution. Under the ﬁ}icroscope at
30X magniﬁcatibn, crystals of the tetramantanes were visible in preparative GC traps 2, 4,
and 6 (see FIG. 22). Where conceﬁtrations were not high enough for crystallization to
occur, further concentration by preparative GC was necessary. The process would also work

to isolate other higher diamondoids from Feedstock A.

25
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(racemic mixtures) were assigned a single nunber for these purposes. GC
retention times . vary .with changing colums and GC condi tiinBilnRédmew

ref eren bEisRki on tinme tables were prepared as neededpdsiishdokiss
pr ocedu?@ elowis a table used in Exanpl e 5D procedures bel ow. 41 19

July 2005 WO 02/05720 02/ Q0505 T Ref #1 2 3
GlCJ:I\/é Retenti on Ti nes iﬁﬁﬁég@‘éﬁ@fﬁ%@%&%ﬁfﬁcﬁﬂ% ggfﬁm

preparative capillary gas chromatograph was then used to isol ate

t et ranpUioanes Wl e Rpthnfntdnba o8 tallAGEOAR] IGLRSR AN RIS, 6R! Wiay be
chr omat ogra&@y. The results are shown in FIG 21, i dentified as cuts 1, 2
and 3. desifablygo Setherfractipnate the dilIfn pradycta obtpined is drepla htep heThis can

L A

fart heRtepepparated and purified the tetramantanes and then sent theminto
I ndividual vials (traps 1-6). GC trap fractions 2, 4 and 6 were col |l ected

~and f-uh{gﬁer processed. 10 [000233] - The highly concentrated tetramntanes -
ver e t HO9227] odba felipvapg bigler dizmondeidcomppintpyeraipeiaied ppd cristalligsd ol at

30X magpiti ' L Sl [ SR t fractions
2, 4, gﬂﬂgfeé Eseagl@ﬁegéiﬁx%@tﬁ\Rﬁgdrsgoc}%%‘c%ﬁlﬁ’étﬁ%p%%s m%ﬂeﬁg?om'hgﬁgough for
cryst alsblatat from Reedstadii;, twiolrek maantemnagsitis dtioh nwib §9 ¢risgl aed frioweF 8dstoeals
necessary., FIG's 22A, B and i1 1us t.e .phot.om ¢crographs of tetranmantane
crysta 75%‘56‘?’&!‘8@@?’6@??%‘3&@?&8191»&“% i‘FPIEfF‘gﬁfonﬁlg?edgﬁ’cg%do%méB‘?PEspondi ng
4o t et EERNERSICWT446)01aRl BrolPFdISDRE Bl | ASL¥ as b HOPASMarl drfaltRbRIWY NY
crystal§ of suitablé size, nmaterial could be sent for structural

det er idftand a desimaptaceraystali (fiol.axt #66). isdatad ficonBeddstock . difenitherdsgican

underge further separations to resglve.their t conponents_as di scussed
br evi oUERPRISE comRuRRES squid B Be FRd Ciner e PIRSHIRGR 100T St of yoi s
[ 00023§amfléss exanpl e shows that pyrolysis (Step 5, Exanple 1, FIG 12) can
be useful 'in the isolation of tetranantanes.

15 EXAMPLE 5SA: Isolation of Tetramantanes

[000228] The general processes of Examples 1 and 2 were used to enrich and isolate the

tetramantanes,

1000229] In this example, pyrolysis Step 5 (FIG. 12) was not employéd and the product of
Step 4 went directly to column chromatography (Step 6 of Example 1). The column
20 chromatography product was then treated as follows:

{000230] The eluent from the column chromatography of Step 6 was analyzed by GC/MS
to determine the approximate GC retention times of telramantane isomers. Individual
tetramantanes were assigned a number according to their elution order in the GC/MS
analysis. This re_ference number was used to identify individual tetramantanes in subsequent
25 steps. Note that enantiomeric pairs are not resolved in this analysis and so these enantiomers
(racemic mixtures) were assigned a single number for these purposes. GC retention times
vary with changing columns and GC conditions and new reference retention time tables were
prepared as needed using this procedure. Below is a table ﬁsed in Example 5D procedures

below.
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[ 000236] Prior to pyrolysis, nondi anondoi d conponents are present (FIG
23A) in a tetramantane-containing fraction (distillation hol9dhulp208%ction
simlar in conpositionto Cut 25 1, FIG 17). Pyrolysis degraded the '
nondi an®¥AddPI2¢onponents to easily renovabl e gas and colR&IYWEIEEF| ds. As
shown in FIG 23B, the nondi anondoi d peaks are gone after pyrolysis. 42 19
Jul'y 2005 TR dRkdddde 7202 PCIT7 1JS027 00505 [ 000237] Pyrolysis was conduct ed by
heati ng t h®efehécadant anetrich distill atji on cut zunder lacuum Bn the reactor
at 450 C [ eCM¥Retedtionr s. | EXAMPLE 5C. 1 slol ati on of Tetramantanes Using| a
Single HPLTiBy§¥iavh 5 | 50l at i @h?8 of dilanondolld® usingl HPLC [H¥0238] | n
addition to the gas chromatographi c and pyrol ysis nethods descri bed above,
HPLC was al so shown to provide sufficient enrichnents of the tetranmantanes.
to all their crystallization. Suitable colums for use. ar |1
cnonn {0125 Bhs & Bie-pols preserpSiory iy cntencaatt v AR g, ¢

Wi th aqRLARBNASHERDIME 8iRNaR S ERMhsRTcans@dp by c@id;ﬁg&hﬁoﬁiaﬁodgr@w. fTegati on. A
~-preparative HPLC run of a Feedstock ‘A -gas condensate, distillate fraction-
cor r esgsolisiineghown auFIGol lnidentfiglas omts LA @A 317) was performed and the HPLC
chromatogram recorded. N ne fractions where taken during the run. The HPLC

olu re. two. 25cm x . b col umms
per gﬁo&ﬁ?ﬁds\gﬁekﬂ(@}% & fl%e#&(rsmé egtgr%tgﬁ%%{;é%r g@%@%@%%@é&g@%& i ons
G oupswetditien séafvto AEcor ctfurith (0 FIE £11) s IMip keconfl calunsyiphthyimethyt he
t et ramant ane-containing fraction at a concentration of 55

[ mL was
| nj eosdiEond #D8- 1 hequvlams Srivhpalad g AHEAS 18 CHRMARERE WERTHEDE! 2. 00

m/m - B s Py 0 F r e gas
cr omeEPE PR R RAS frepk T G PG P R 27 Sy Lo RRIERTY T
HPLC praredse@n #6 is significantly enriched in tetramantane FIG 24B
conpared to the starting material (FIG 24B conpared to the starting.

terial (FIG 24A)). Tet tane #2 in HPLC Fractjon #6 i. hi
Bonce Mg Hon The SNk Pemeugon Figeaan Wrdich giard PEagfite BBREGNPLE.

oD | SO O0nddr hOfitofUBE al RN ABATRAG, SARRASwE iibfe ibphéparadil L1 Pl €

Col ums with er ent ectiviti )
GC trap fractions 2, 4, and 6 (see FIG. 22). Where concenirations were not high enough for

crystallization to occur, further concentration by preparative GC was necessary. FIG.’s
22A, B and C illustrate photomicrographs of tetramantane crystals isolated from Feedstock A
15 in trap, #2, #4 and #6 corresponding to tetramantane #1, #2, and #3 (respectively).

[000234]  After obtaining crystals of suitable size, material could be sent for structural
determination using X-ray diffraction. Enantiomeric tetramantanes can undergo further

" separations to resolve their two components as discussed previously.

20 EXAMPLE 5B: Enrichment of Tetramantanes Using Pyrolysis.

[000235] This example shows that pyrolysis (Step 5, Example 1, FIG. 12) can be uscful n

the isolation of tetramantanes.

[000236] Prior to pyrolysis, nondiamondoid components are present (FIG. 23A) in a

tetramantane-containing fraction (distillation hold-up fraction similar in composition to Cut
25 1, FIG. 17). Pyrolysis degraded the nondiamondoid components to easily removable gas and

coke-like solids. As shown in FIG. 23B, the nondiamondoid peaks are gone after pyrolysis.

42



[ 0002401 As shown in Exanple 5C, tetramantanes can be isolated using HPLC
nmethods. In this exarrpl e, HPLC columms of different sel ectitgdulg200®8re
used t ouinsply srnt% single tetramantane isoners. FIG 25 showsy@ahagarative
separation o ﬁe tetramant anes using an 43 19 July 2005 WD 02/057202
PCT/ USOZ/ 00505 oct adec si | ane PLC col um w t etone as.a nobile

I DS
phase [080378i SRyrplysisivats co ?‘H&%‘flswg%} teprampntane-HER E}Sflgﬁthrhc%ﬁeﬁl e 5B
was t% ?xﬁh%%% %Bb ’{2/084 RL&Rar ative HPLC fractionation of the
rac ro ocC

hol dup eeds atnospheric distillation taken at about
650F were perfor rred. The first colum consisted of two What man M20 10/ 50
(x2) 5 ODS colums operated in series using acetone at 5.00 mM/mn as
nobi | e phase (@90 psi), 0.500 m injection containing 56 ng/m of the

hol dup fraction i etone. Th esultin hr o hown on FI G
25. Tetram%%@ Jggl?“f’ iflret'iaé‘fﬂﬁ’g‘ﬁttisd g;t %ﬁﬁ?@téﬁﬁ%ﬁh and
tetramant ane #2 el utes last on the HPLC system (FIG 25). The detector used
—was -a di fferential refractoneter. Fromthis run, fraction 12 (FIG 25) was
t aken for further 10 ur|f| cation. [000241] Fur t her purification of

fract iIsgjatighsyd diad > gimgl typer carb-S HPLC col umms whi ch have a

di fferent speC| fici ty than the ODS col um above to isolate tetranmantane

#2 (FI I sil,

o, 0R0Z38) , TRARAIBGRSH GRL B Pt oo hEBR pORII Sllofiad BREBRIRGED!
L/ m HEISC YWas abishewn Inapmv(@s&ﬁiqient)ennaﬁnmtsoﬁthemrammms toallof for ng/ m in
acetone also using a_differential refractorreter Tetr% a[}f #3 | ut es

first theipesializelion Suitablegalymasiosyge agdvelt Bonghiedhases st on
is t mthis
2 B S T sprya s

Hyper q;anﬁcaﬂrdi?i_ Q\ pruparative B GRInG fa Feclistdck 4, 'g&mctcmﬁemteo flistllkte titagtion

t et ramant anes_ (enanti erers are separ at a rret hods)

[ 000249 resnonding 7 cuiRaiat tofeut é@(ﬁ)%} 170 2725 pgo hfh ?@P}E‘i AGETAN,” HpLC
fracti, g p-Ti1R s BW@[J@Q% its mass
spectrgc%rdﬁpgﬁgg%%g hét t he fé}%ﬁnﬁ %]%etargg P%hg?rﬁ%%t ogrggn(;zl( TIC of an HPLC

fract i26omco mrmnrillhg\fy@zﬂ @t@dcyltsdﬁm&a@%t@hﬁn%@eaﬂdd bedeniss Y GlaczoBmlsows t he

1rga 5SS 1%53.{11[:1] actur2e5d by The Separations Group, Inc., CA, USA). A 20 microliter sample of a

solution of the tetramantane-contammg fraction af a concentration of 55 mg/mlL was injected
into the columms. The columns were set-up using acetone at 2.00 ml/min as a mobile phase

carrier.

{000239] FIG. 24 (A,B) compares the gas chromatogram of the starting material (FIG.
20  24A) and HPLC fraction #6. HPLC Fraction #6 is significantly enriched in tetramantane

FIG. 24B compared to the starting material (FIG. 24B compared to the starting material

(FIG. 24A)). Tetramantane #2 in HPLC Fraction #6 is. approaching a concentration

sufficient to bring about its crystallization.

- 25 EXAMPLE 5D: Isolation of Individual Tetramantane Isomers by HPL.C Using
Multiple Columns with Different Selectivities

[000240] As shown in Example 5C, tetramantanes cai be is_olated using HPLC méthods_.

In this example, HPLC columns of different selectivities were used to isolate single

tetramantane isomers. FIG. 25 shows a preparative separation of the tetramantanes using an
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b5 (Tabl e 3

EXAMPLE 5E: |solation of Substituted Tetramantanes [000243]

Al kyl t et ramant anes can be purified using methodol ogi es descridasly2005 ,
nonal kyl at ed tetranant anes given in Exanples 5A to 5D. ows an

i sol atér fret hyl at ed tetranmantane with nol ecul ar \A/ell'l:(LgﬁPS(%%m?gG yi el d| ng
a nmass spectrorretrl ¢ 30 nolecular ion of mz 306, and shows a nmass

s pectqcmlecynsdam@@%} HPh@ crr3tomy ivithraoeipneyda/s mgbile plasgy Thodistiflgéen

spectro ric fr ' l.me of his 44
19 Jdff 9‘5’% 1'&’(%5858 ? %d%ﬁgha eketh%%ﬂ ?Ec%{r%cou ’cﬁm%gratl‘j-sol at ed
by Hyperc ﬂa@nﬁ%@nw%m BadtRhSFich PoedstdtR E)ﬁtnibbpm&c diitiltites thikenaur GCOMVB
system (FIG 30). It may be necessary to use additional HPLC separations

olr kplraévpatr@wv avapcperdermied. ShafisstoolBnmprnsisfod of tye IV hrtEandykg0 10/50 (x2)
EXAVPLE. 6A: . |
a y é)niﬁ%r anant g«:f'}%gspted(s 812%541]151%% cegon%%hgtop%%ﬁin 43 qﬂﬁlﬁ{%}}é@@@)ﬁ% WBE zjepar ative

repe&tﬁﬂ)mlﬁl STHRA &nﬁ&lﬁg%n@mf@ﬁﬁéh@ﬂhp ﬁBcﬁxﬁDﬁ atetontt Ghs rebnkitrigl | ati on cut
I'lZIG 18) was: éyrol¥zed under : vacu at  450C f oy 6 7 hours.

Thi s Obr@mt@gravm Sllﬁ‘é’ﬁ opfd efrapaing Alj et 146 EhefpEam Belutes000245)

the eluent IEH HRQT@B@ ) y GCMVB 10
to dg"termar?gg e % injélptl on mes o tcgri?gg\?ggﬁg?dgg%ﬁg I vi dual

pent anard differentialfRGracointon Fi’brmﬁheaui, &racamm Ijhﬂ? 16425 weaetabes foyfethe nunber
accordi,n% to their elution order on this GCMVS anal ysis. [000246] The

1% wo- ¢t epar ati ve capillary gas chronatograph was then used to .
| sol at e pent amant anes fromthe product of Step 6 above. An exenplary result

U’\

res
o pa B B ey & Corumn

"I rcokinths BHiah hp0OH AdTeferT lspedificitt thamﬂwrmDﬁ/azghmge@qvg, tedrdelst rate t he

t t t hat th t t h |. Th
E 220‘*%%?‘}8%? G B8 g Forrrot e b bl IRES O iR ™ T
separg@hiuS RS, LEREATBNE 13 firh, bp @M@ Qi RLAL 'a@étﬁne a%fleommhhﬁés i n the 20

peak ‘of intefest i1dentified a5 "peak sent to trap” was sent to GC trap .
15f r actrhahilephabe (@180 psi), éIOsmcmhtgemeQM@%mml aesgione alsedsingde FI G 31B).

O BB BLobe B TS L LS e P RB b chlSepaare

temse for
thi s piraRAiAld HLelHes PIsP6R BHE Bypbld@blHPEC sdterhi(ARG. peint a.‘enﬁthene( #ﬂ)va§ howed

cut from this HPLC run (FIG. 26) and iis purity illustrated in FIG.’s 28A and B. Hypercarb

‘HPLC runs on ODS HPLC cut led to isolation of all the tetramantanes (enantiomers are

.O

20 separatable by chiral HPLC methods).

_[006242] li‘IG. 27A shows the GC/MS total ion chromatogram (TIC) of an HPLC fraction
confaining tetramantane #1; and below it, FIG. 27B shows its mass spectrum. FIG. 29A
shows the GC/MS total ion chromatogram (TIC) of an HPLC fraction containing isolated
tetramantane #3; and below FIG. 29B shows the mass spectrum.

25
EXAMPLE 5E: Isolation of Substituted Teframantanes

[000243] Alkyltetramantanes can be purified using methodologies described for
nonalkylated tetramantanes given in Examples 5A to 5D. FIG. 30 shows an isolated

monomethylated tetramantane with molecular weight of 306 yielding 2 mass specirometric

30 molecular ion of m/z 306, and shows a mass spectrometric loss of the methyl group giving

the m/z 291 mass spectrometric fragment fon (indicative of a teframantane moiety).. This
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aretention time of 16.233 mn. FIGs. 32A and B show the high purity of

pentamant ane #1 25 renoved from GC trap 6. This proecedure ctdJduly2805

repeataﬂ, /o %ate the four other pentanmantanes and t hr e 603R54p8Mer i C
pairs IC(% coul d be separated using chiral HPLC or other resof’ ution

techm [ 000248] The hi %hly concentrat ed pentamantanes crystallize -
eit hera ﬁféépplg&pwm wies isplaeddy W&H‘f&ﬂ%ﬁ Shwwaérreﬁeﬁ%onﬁu@?@%bbﬁ)@ at 30X

magni f | t 02/ 057202
PCT/ U Bgﬁ%égg’ggﬁv\g?y\%l Stgllfne@ﬁ 3%’T:-elpar tlve é%rap %1%%@9 I 3A). These
cryst aleparaoies qrerépacitive @G éaris Eamtpkh 8 wed 4 hiogho laef soact dlkgtctmnlentandst yst al s

of pentamantane #1 had never existed before this 1isolation. Were
concentrations are not high enough for crystallization to occur, further
concentration by preparative GC nay be necessary. FIG 33Bis a

phot om crograph of two 5 pentamantanes that co-crystallized in a

by epar AEYRMKL K 630 IshARfba TP chldifinaRiHy P parittdd 8§ Clivosilidgtpity ST ze.

--non-enanti omeri ¢ pentamantane - material s “‘could be sent for struct.dural
determi nation using X-ray diffraction. Enantioneric ent anant anes can

under J809244 hevtepe rCﬁtEX@mlft b(¥les dP\eere fgieptedwdn & rﬁe?ﬂgs)fFP@ﬂSEXKNPLE 6B:
| sol at 2 t 6A
epeat s8R RERRIONAESE s [Ffe L E7 P BSdeduiler ATRLE 071512

ol ecul5arC feriicahiuira ks Weddicewad Okh eested ReavcanbwithBxandpef efepee # 1 2 3 4
56 GCM5 Retention 13.68 15.26 15.31 15.72 15.85 16.06 Ti rres* (rain )

*(BP-5MS, 0Q.25-mcron film 0,25 mml|.D. x_30 éguellumcarrler a
[ 00023990245 amla%ﬁw%wm ToEBREFPE (VR &) VoR SN GINS i G 34

1‘3@ ;1 te a #‘g ﬁtgﬂg%&leﬂg rfh&gpggﬂeﬁgoy {-H %ﬁhﬁ%&é g hl%y%@rﬁ% a)f'; gtd I%j%a%: gn be used

t oget mempbnentswlithtrmlechﬂalrmghnﬁMgNerp asxigard atrandser addvediOp® thed ekdgipar car b
col ums, can d in reverse order for this isolation. FIG 36
shows AR © &ﬁﬁ/?q/gf% pnaly§is-chr omat ogram (TIC) of the isol ated

[000246] The two-column preparative capillary gas chromatograph was then used to

isolate pentamantanes from the product of Step 6 above. An exemplary result is shown for
15 pentamantane #1 in FIG. 31. The pentamantane #1-containing GC peak on the first column
is identified as “peak cut and sent to column 2” in FIG. 31A.

[000247] | ‘The first column was used to concentrate the pentamantane by taking a cut that
was then sent to the second column. The second column, phenyl-methyl silicone, a DB-17
. equivalent, further separated the pentamantane #! from other materials. The material in the
20 peak of interest identified as “peak sent to trap” was seﬁt to GC frap fraction 6 where crystals
of pentamantane #1 accumulated (see FIG. 31B). GCMS analysis of trap #6 material (FIG.
32) showed it to be pentamantane #1 (in the pentamantane reference GCMS retention time
system set-up for this preparative GC procedure, the first eluting pentamantane (#1) showed
a retention time of 16.233 min. FIG’s. 32A and B show the high purity of pentamantane #1
25 removed from GC trap 6. This procedure could be repeated to isolate the four other
pentamantanes and three enantiomeric pairs which could be separated using chiral HPLC or

other resolution techniques.

{000248] The highly concentrated pentamantanes crystallize either directly in the {rap or-
from solution. Under the microscope at 30X magnification, crystals of pentamantane #1
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pent amant ane #1. The lower half of FIG 36 illustrat es the mass spectrum of
the 20 pentamantane .#1 GCMVB peak. As indicated in FIGs. 14%H4y32805the
vari ousw{)%?%.;g %19 QDS HPLC fractions contain other pent 20635 By using
simlar I o ogy as above, i.e. fractionating pentamantane containing

CDSfractlon ng the per b (as_indicat n FIG 1 anot her

sui t aBicEe Wi ramafe‘fﬂ& rﬁr Té%ﬁﬁé\g %@ryétﬂ?t"i’%ﬁp‘?%%@é’d?aéads to
the i n r in
L1, |35 ik Fl 0P g gl us?%ﬂg?%?iaa PR P e

¢ hr omsptegioamWidr€concetatas aspadtghhemiigh }ﬁermmst’alhzam t@bc&wpfuaﬁled usi ng two
different HPLC col ums;. Fl 38, illustrat Sgﬁzl\/s ofal. ion 8)1 t ogram
(11 O cmiiaias SOpEpralive PUIBRY SHEFOHE wG SaPdt aah0sTgoBRet AE0TS Jul y
3005 Ui i95202: RLTSMNZLOREOB iR GPldPLC col ums; FIG 39 -
Il lustrates GO M5 tot I on chromatogram (TIC) and mass spectrum of

pent anant ane #4 isolated using two different HPLC colunns; FIG 40
i+ 1 us{009249] @ﬁw&bttawag cn@talthanahlogxzmqmr@)m@mdnﬁa@ga@gé@w um of -

penta nta SQ ed, us .fferen _HPL ELG 41
PF o PR A i b S SRl el 5 &-H Rl s BBl
pent ap’ﬁﬂ&xﬁ&ﬁaﬁ& daﬁ%@é@d fhh%&hdi*@eﬁéi\@ndi!ﬂs id Ri6RE tlh:diﬂ-ﬁfdiéﬂmiﬁmﬁnts The

enanti oneric pent anant anes are not resolved in GC/ M5 and therefore, these

enantionmeric pairs are referenced wthin a single nunber. These
enantionrirs can be separated by chiral separation nethods. In addition,
as previously noted, there is a condensed i soner of pentamantane having a

I ecul ar wei ght Xé@ﬁ, h It and this 10
ggpears i n significant L‘wg%rlkoégﬁ%ﬁ{?%ﬁ%gﬁgﬂ%eﬁ%§ lggg’?glnant ane conponent
has been observed i nCC/ M5 anal yses of distillation cut 5 pyrolysis product
cl ean@02§0jus Steps 3t-6 pf Bxarnple E)éawaleeeljca(eﬂl GC/MEY assihirsfepacd murabrra e

conponent. el ute 4.4 tes in nal of Exanple 1, Step 4 and
coul aREROB SRSt U 144 T BOARRBETHDRT SeABIRTS1 15 EXAVPLE 60
Purification of Substituted Pentamantane [000252] Substituted

pent amant @pggamhRiaRE €SeNt 1 n [Feedst qcks A gnd B. Jubstit(ted pentamant anes

can be e rt{gfé@éjmfe%pmthesq f gedsyocks agd gurified using et godal ogi es
descri be g SIUIIolI kKytat-ed—pentamentjanes 1 Exanphtes—1=4The

nononet hyll &h T@lgent aw;n]éa#ase{‘nsr&ghedlggl t-Hi fs_j@St ance. haslé%éml ecul ar

wei ght of Bl

*(HP-5MS, 0. 25 micron film, 0.25 mm I.D. x 30 m, helium carrier gas)

[000251] Pentamantane #1-containing ODS HPLC fractions indicated in FIG. 34 were

15 further purified using Hypercarb HPLC (FIG. 35) to isolate pentamantane #1. T'IG. 14 shows

‘. how ODS HPLC and Hypercarb HPLC can be used together fo isolate the remaining

pentamantanes. The ODS and Hypercarb columns can also be used in reverse order for this
isolation. FIG. 36 shows the GC/MS total ion chromatogram (TIC) of the isolated
pentamantane #1. The lower half of FIG. 36 illustrates the mass spectrum of the

20 pentamantane #1 GC/MS peak. As indicated in FIG’s. 14 and 34, the various remaining
ODS HPLC fractions contain other pentamantanes. By using similar methodology as above,
i.e. fractionating pentamantane containing ODS fractions using the Hypercarb (as indicated
in FIG. 14) or another suitable column, and collecting at corresponding elution times, leads
to the isolation of the remaining pentamantanes in high purity as shown in FIG’s 37-41.

25 Specificaily, FIG. 37 illustrates GC/MS total ion chromatogram (TIC) and mass spectrum of

- pentamantane #2 isolated using two different HPLC columns; FIG. 38 illustrates GC/MS

total ion chromatogram (TIC) and mass spectrum of péntamantane #3 isolated using two
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20 spectronetric nolecular ion of mz 358, and shows a nmass qpectrom&*tnc
| oss of the methyl group giving the miz 343 mass spect r onettd$uly 2885ent

ion i ndmazmsez{gf a pentamantane noiety). This al kyl at esct/oRgpaesd was
enriched in ODS I TPLC fraction #31 and could be further purified to forma
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30 bottons 'ati on cut #6 18) was pyroly
vacuunead masopettorm b7 péntainantaxﬂe?#ﬁlﬁolhtddwsﬂmo di\&l@ﬁf BBL2C2heaAd. BE2/ 00505 -

[000254 .he eluent fromthe col u hr raph St s anal yzed by
agliiRieEr RPmaERE T BT B S et BRecdnal e

-hex arrap:s@srh@e COBRABRI fhin'¥ it 1O BRGHH qrheg@ér%hoﬁaé MBHE s&SSheNBY cRirUTbeEr

according to their elution order on this GO M assay. These hexanant anes

wer e t faparation nthodsade additos s potvéalistonoted ihas nsean@mde&se@immqrofassays coul d
be prepared for .the othe | ecu Hexa ne,elu times ran
pet wechetngy g teving & 0RlscTRe Rt br 48 MR an M B By S a8y 1ot i
qoCC cohpeaRSn dipdi FRAHy ldvedrTohi®@itthfidirg ]Hﬁ§1@6htarﬁeﬁitﬁﬁtdoﬁ[pohbﬂﬁﬁ13‘b@éry with
changi ng reneasurenent of retention tinmes. FIG 13A |lists another GO M5

assay ¢ssiied in&IC/ Mivansdysanahdisiliation epbh ertodysis prodyc olrase] upusing Seploum
h t
P e SRR k1 28 SHEARRLARE BB H0S LB 2Bl AcE ™ s,

ti'nes dmlysief HexsIBn] SBed aneceuls 8k idodited Bsing prostdeehahitisentapi | | ary GC
colum, nethyl silicone DB -1 equivalent, using the retention tines and
patterns from GC/ M5 assay. The 15 results are shown in FIG 42A, identified
- as "peak cut and sent to colum 2" which contains two of the hexamantane
fractions.

5 EXAMPLE 6C: Purification of Substituted Pentamantane

Jan

[000252] Substituted pentamantanes are present in Feedstocks A and B. Substituted
pentamantanes can be enriched from these feedstocks and purified using methodologies
described for nonalkylated pentamantanes in Examples 1-4. The monomethylated
pentamantane enriched in this instance has a molecular weight of 358 (yielding a mass

20 spectrometric molecular ion of m/z 358, and shows a mass spectrometric loss of the methyl
group giving the m/z 343 mass spectrometric fragment ion indicative of a pentamantane
moiety). This alkylated compound was enriched in ODS HPLC fraction #31 and could be
further purified to form a crystal by an additional HPLC separation, or alternatively by a

.preparative GC procedure (as is Example 3).

25
EXAMPLE 7A: Isolation of Hexamantane Components

[000253] The purpose of this example is té demonstrate procedures which can be used for

the enrichment and isolation of the thirty-nine hexamantane components. The process of

Example 1 was repeated with the following changes. In Step 5, 34.4 g. of Feedstock B 650°F
30 bottoms distillation cut #6 (Table 3, FIG. 18) was pyrolyzed under vacuum at 450°C for 17.3

hr.
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[ 000256] The first colum was used to concentrate the hexamant anes b
taking cuts that were then sent to the second colum (see FSauly200

i1l ust &@629?%9 hexanmant ane #2 and #8). The second col g@q%qsg%&{uﬁ%- met hyl

silico equi val ent, further separated and 20 puri
hexamant anes and then was used to isolate peaks of interest and retain them
i nt o [000254]i dak etueapGorpithapdubnefronGtogiaphy (Stec®) was analwed by1Geded and

furth the .. t] f h t #2 . CC fraction 3
wns OO B TR Teetion (ot Lesummymes; eI R rhbaiare oe.
Subs egit Mol&d YRy @PRd W8I wer@ hsdidRB iRl adodding i feir ehdlorbdidwesh dhis t o be

hexamant ane #2 based upon the earlier run GJ assay. Simlarly, the 25 GC
anal y&iEMSfassayapTHese heraorantdnes weg tha most stomdantiand selepled oy pmpenipnce. .

h t. #8. This | d 9. J th
hexanaPi gusevt egd By pReREaH bty e PEREAHAS, Hielshiinhs chfond 1O
al | owgghet FanWeri$éaH 17.88men. (h@famadian@ ) ¥nd 19.5 henid. (Bgxamiartare#73 ol thid on.  Under

~-t-he m croscope at 30X magnification, crystals - were: visjble in preparative -
CC t r @6 Mbassayo Retertpadimsyary wyth chawgag GG ealumas gird eoqsaiqnsdequiiag c| ear
and showed hi f ' | : f d never
exi strre}@mé%f)uerfz lgggtcg rféﬁé%rﬁe%'(gﬁﬁ \Mg %ﬁé%é@é%tq(g@%@g?ée&gﬁ& @ﬁggh enough
for chesshhtang abinpbndr@s,occur, 48 19 July 2005 WO 02/057202 PCT/ US02/ 00505
further concentration by preparative GC may be necessary. FIG 46 is a
ghotom‘crograph of hexamantane #8 that crystallized in preparative GC trap
18 Crystal s of-hexamantane #8 had never existed before this isolation. 5
[ 000258] After obtaining crystals of suitable size, non-enantioneric

hexaﬂmgpﬁgjacgﬁgﬁgaﬂﬂﬁlﬁ ?%&Qi&%aﬁm%y n%é%foh%rﬁﬁsgﬂd Rhvad @& &iiBsthicOn USi ng

X-ray Enan meric exdnmant anes nust undergo further
separ h¢iannstanes fresnthy distiliste thmoticong caned tup. byExhwen shiptgtographsat Thsrrubf

eoq TBFERE i SR se e 6 WIS AR beratKe ey G SO Bk e

oper agifehde DB ?—rlieﬁlﬁjv(al%ﬁtdgﬁ% tﬁ@fe]g@mﬁmaﬁﬁes%atpfaa@wm By/Visatsean THenc.

USA). A 500 mcroliter sanple of a solution of the cut 6 pyrolysis product
18 at urmselts arh gldovoe iy BiSh 42Aaadentified B “prgk cut ansl spbigureluran 2]?%%%‘;31 @uEIsst ep 6,
was injec ﬁd into tthe calums. The colums were setup using acetone at

5.00 9 ¢ e B8 4PtaRsiaioBhase. Some 15 of the HPLC fractions reached the

purity necessary for individual hexamantanes to
[000256] The first column was used to concentrate the hexamantanes by taking cuts that

were then sent to the second column (see FIG. 42 illustrated for hexamantane #2 and #8).
The second column, phenyl-methyl silicone a DB-17 equivalent, further separated and
20 purified the hexamantanes and then was used to isolate peaks of interest and retain them into
|  individual traps (traps 1-6). GC trap fraction 1 was collected and further processed for the
separation of hexamantane #2. GC trap fraction 3 was collected and further processed for
the separation of hexamantane #8. Subsequent GC/MS analysis of trap #1 material (FIG.
43) showed it to be hexamantane #2 based upon the earlier un GC/MS assay. Similasly, the
25 GC analysis of trap #3 material (FIG. 44) showed it to be primarily hexamantane #8. This

procedure could be repeated to isolate the other hexamantanes.

[000257] - The highly concentrated hexamantanes were then allowed to crystallize either
' directly in the trap or from solution. Under the microscope at 30X magnification, crystals
were visible in preparative GC trap fraction 1 (see FIG. 45). These crystals were perfectly
30 clear and showed high refractive index. Crystals of hexamantane #2 had nevér existed

before this isolation. Where concentrations are not high enough for crystallization fo occur,
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crystallize as shown for Hexamantane # 8 in ODS HPLC fraction # 39 (FIG
47), Hexamantane # 10 in ODS HPLC fraction # 48 (FIG 48) &9uheR8@unt ane

# 6 in QPoddtiee fraction # 63 (FIG 49). Alternatively acHypermsssb col um
(manuf actured by Thernmo Hypersil, Perm USA) or other suitable colum

coul d (R i or
o t ST Ehobr it b brO R AR Uehee s AAT P3N SPRoiERaaTaor,

di sti | hadagnaitsne &3 plydt @ ywedlBzadrio guspharasiat GCitrgel3 hCystalso Doek abraatine 68 hadhs
performed and _the HPLC chr.omat ogram recorded using a differential

r ef r acheEEEpied bpiggs fhahisolelol, | "FI G 50) where taken during the run and
showed t hat nopst hexamantanes display different elution tines (verified by
GC/ M5 anal ysis) from one another on the Hypercarb HPLC 25 system (FIG 20).
49 19 July 2005 WD 02/057202 PCT/ US02/ 00505 EXAMPLE 7C. |sol ation of -
Rexamaut anes Using Multiple HPLC Colums of Differing Selectivities

[ ©§00260D0258ler ddieh obiRining ervstalsof suiighlesiza en-cnsnibnginhoxagamsne i t y

~-hexamant ane #13- nonst pated i-n. ELG .51, O her: 5% ] d-
rypor coraprshie copfGRRL & Bt B midion V3% xR alRRGud. JoLhAReA0
hexamepd:anfatand@usiAndend ﬂﬁMﬁﬁfs@géIBti(ﬁﬁ'tbl paslveahic ab6 ompPenanted i n reverse
order for this isolation. FIG 52 shows the GO Ms total ion chromatogram
(TIC of the hexamant ane #7 containing Hypercarb HPLC fraction. The | ower
half of FIG 52 illustrates the mass spectrum of the GO M5 peak, :
denonstrating the high purity of the isolated hexamantane V. 10 [ 000261]
The vari ouspkafRph I i : F fri her
hexamant aneg' coqu‘ Be 'g)g%é%_@ngb ?ﬁﬁm@ggﬁfﬁ%§%%é§§%sﬁ %g&s%}%lte%r
met hodol ogy as above, i.e. fractionating hexamant ane-contai ni ng ODS
fioact i [906238i nFhe BPLE/ pdnmas bsedrwart e 5S0gmixt20ime Idb I Whatmmndckdbdydct i ng at

correspondi | ution tines .can.l to the isolation of t i_ning

hexarmat e 6B herliRe gupm: i pries s S o TRb ek TR 1h 15
mol ecufral TH)IN $00hmid8R er shibp R 61utiBE YAIRHAD @Srolidiehrodte shftrdteCh | ower
abundance i n” our feedstocks than hexamant anes show ng nol ecul ar wei ght of

396. FhErocarss GadioB454 me)sthaprodscoridinangied, $iop bcweomircstiatmstheor nz 382
2o T3, B5E AL 80581 AN A0y Shing Rt M5 g Wil M phREPSSEY 1 ¥
15 of the HPLC fractions reached the purity necessary for individual hexamantanes to.

crystallize as shown for Hexamantane # 8 in ODS HPLC fraction # 39 (FIG. 47),

Hexamantane # 10 in ODS HPLC fraction # 48 (FIG. 48) and Hexamantane # 6 i ODS

HPLC fraction # 63 (FIG. 49). Alternatively a Hypercarb column (manufactured by Thermo -

Hypersil, Penn, USA) or other suitable column could be used to purify hexamantanes to

20  concentrations necessary for them to crystallize. A preparative Hypercarb HPLC run of
Feedstock B distillate cut-6 pyrolysis product saturated hydrocarbon fraction was performed
and the HPLC chromatogram recorded using a differential refractometer. Fractions (e.g.,
FIG. 50) where taken during the run and showed that most'hexamantanes display different
elution times (verified by GC/MS analysis) from one another on the Hypercarb HPLC

25 system (FIG. 20).
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spectra for these 18.30 mn. and 18.07 m n. péaks, denonstratin thé
presence of 20 hexamantanes with a 382 nol ecul ar- wei ght in t e Wy 20P%t ed

hydr oc f tion fromthe product of pyrolytic procp&s' f . Feedst ock
B di stia‘};}Bg’?’lo?){ﬁafr action #6. The 382 nol ecul ar wei ght hexarégn éoﬁz’eoé’ show

internal bond strain, lower stability, and correspondingly | ower
concent r afRPLHa ACt Heolagan phHexymantages YatngMulipls PG Colymng 9ft ne 382

nol ecul ar wei ght hexanmant ane - ' rred hexamantanes. 25 [0002621
The enanti onmeri c hexamant anes%&%?w&%%?%cg{)vﬁ/%d in GSIMS and therefore,
these enantioneric pairs are referenced within a single nunber. These
enant i [0062&)] c aHypercabdBLE dractiynsohére &lken dpabtain logh petiboldsamattat®# Il y 2005

O Rafda o BTt GhoLORR L Famifi e A Bl SRl L8
a4 kyl NeXaeR i RDRSe BleIOmBnfhoR{cR 2B tahds. _1{%@@@9 Q6 FypeRdrFeoliBS SarnAbd!r al

substituted hexamant anes have uses simlar to the unsubstituted a
-hexamdrtusaé g reversoacder dor thisdsalhtiomtidtredishows therGUAD dafsl kexanmantane 5 -

applications (e. P r praductdon) .and .can be ; l.ated,to yield
the coPrauBiBatn o) RAlie R Rt Sl BRI B BTG YR TS Yor ¢ e
i sol atlb@Br RiIf bMEIY.I URLstRRThé dbPhectity T GUAMBIegk AR chekl he
exenplified by the isolation of al kyl substituted conponents. ubsti tuted

hexamdnghp@sty of s isalateg hekryiprieseihnt anes, can be isolated in high purity
using a single HPLC separation of appropriate distillation cuts as

| fivid by . b5, - hat i . QDS HPLC
SEo AL T s PRI SR L Shelaeled
di sti |Hegtmatahdsaildbe feppjated it SheSsa@ntay. "By asiig shyilatrecthbdoiogpad sboee] n

hi'gh purity, Mpnonet hyl ated hexamant anes have a nol ecul ar wei ght of 410
(yi el dien§aghongting heyupanigweonfaanpg QLXyfastqns ispe the HypegarbM@hdiow a mass

spectr, kG uhﬂf { i 44 Lol (ed OR 18 Z103RRisb1ABABRh ON
(FI G Sgg%% . ]l SO %}C?)grlllteg%%ubé{}%p& e%g%%&hoexggrr%nt ane cgrrpolnsent s by HPLC may
requi rremainknig dxancatannm hgh pudlyf Thisintilsodalcaditha/htyiaamnidnes wethanpl e, t he
ObS and ercarb |l PLC colummg were run in succession to isolate the
Het hy I’E%%@We‘%%% o ﬁ?% dﬁﬁ@ﬂ%n X RERRS: LabTER T [Ber YBHRNE 142
hexangpl §RiobiE O hekdohdrdide® thﬁw&rih% TS ST BDEC Fr1&2E Y5 ah@ 94
hydrocarbon fraction. From the first ODS HPLC run, fractions #23-26 were
conbi reckeainectraitecicioon fhrotdatrzrpus fo me'a 882 showing hexamantanes running at

18.30 min. and 18.07 min., respectively. ¥IG.’s 53 and 54 also show the corresponding mass

spectra for these 18.30 min. and 18.07 min. peaks, demonstrating the presence of
20 hexamantanes with a 382 molecular weight in the saturated hydrocarbon fraction from the

~ product of pyrolytic processing of Feedstock B distillation fraction #6. The 382 molecular
weight hexamantanes show internal bond strain, lower stability, and correspondingly lower

concentrations than the 396 molecular weight hexamantanes, making the 382 molecular

weight hexamantanes the less preferred hexamantanes.

25 [000262] The enanfiomeric hexamantanes are not resolved in GS/MS and therefore, these
enantiomeric pairs are referenced within a single number. These enantiomers can be isolated

by chiral separation methods.

50



20 -on a second HPLC system This conbined fraction (FI G 56) cont ai ned a
m xture of hexamantane (nol. weight 342 referred to as cycli®h8U¥rEdR ane),

el uti ngwanosr2eaC/ M5 system at 12.31 minutes as wel |l aspg&b48e /00505
met hyl cycl ohexamant anes (#1-3) el uti ng at 12.56, 12.72 and 13.03 m nutes,

respectively. Furtheﬁx%t,fm f)éalﬁ Qy Hﬁlﬂtg&?{e&?m%ntgfegb' ned QDS HPLC

fractions #23-26) was |eve “us] ng ercar ronary phase BPLC 25
colum. A 50 microliter sanple of approximately |I ng of this conbined
fract i 990268]acBtitignicdhsxanrpentehching dik@htyqpenemech also latnpreseb®imm | . D. X

erated acet one at O nb/mn s nobi | e phas @80 psi
usmSni?; ceipipric |ﬁ9 naur) ﬁﬁ‘ewute%gwtan@ﬁ m%%sma%f ﬁ'&(systeﬁq )
met hyl &ﬁﬁbﬁﬁ@tﬁ@ﬁ&f&n@dﬂﬁmﬁé cgh4tes lﬁéfu[rﬁﬁérmedia@esﬁﬁ %ﬁw}?exa&a&%n@nd

net hyl cycl ohexanmant ane #Z el utes primarily in fractions 23-25
Met hy| applicatineg 4evgn palyercg prodictzony afid cuhbe de-alkylaitdotd yigld Shd éormspmdmglr ity to

* conpo g Pheg AaSh Al ekl BoR TR PEUR AR B RR AT E S Blodor S

i n phoi@inah@as deRsddvivel hidl Sxenfliffathyafle idoldon? alkhyt MHstifft&Bcdnpaonents.

met hyl cycl ohexamant ane crystal precipitated from Hypercarb HPLC fractions
#19- 215uhsttuber hegamgnipne 0% luding DRy los7REmtPET, 38bR i9t8ed iFhigh pedty wdingst r at es

e act | DHaUE AR AR AN kB Riee BIsE TRt B S I RRRER SV S P35 at s one
1® r esbbwe thidd Grattieh #30AHAREVDS I«vanegep@mti@hr@h?mb sahirstt@h§aRbaboh fablier si ze,
non-enanti onert+c¢ al kyl hexamantanes 5 can be sent for structural

det er iFefa LRtk B, 41%51133?1}' Feellandypaphipis m@@t&y alt@i)h@ecamnta@ﬁ in

(5% op 0 B RERRARA Ral P e s Ry 1L RE L SPRTRASRLREE P07

ti mes miéss hp@m@nmmﬁme&cullaﬂmn\ﬁfwwlbpaa:tdaghmrtmesslsﬁeaﬁim@me Mdss o\tmtmeh
wei ght, 394 and 448 were ass nunber according to their

| |
rer}) ute Fgﬂ%ﬂo%?‘llbﬁ"%th W%@é@}w‘é@@ék&%ﬁﬁﬁ) Isolatignepf baiifitedi ve assay

vl ueshuaVhil g%ué b ﬁﬁ% ﬁﬁa@

hept ama)r%t ant O%F%OH%%E%Z{%E{(&SEE or aﬁﬁ\f}ee?\(%hgﬁ%e I'n ﬁ!ﬁxarrpl e.

Sim | aﬁleawsayss Emwbcainbb meeﬁBS end Hypetchd HPh€colmirsoutra run iesughtssion
A two- col unm paratjve capillar)

hept n'ga ;'f‘ ﬁle Igg 66 aptgne g@pa?%ﬁmﬁp ( methyl-su stltuteg mol. wel)éhg ?EZ

chro

hexamantane) from distillation cut 6-pyrolysis product saturated hydrocarbon fraction. From
the first ODS HPLC run, fractions #23-26 were combined and taken for further purification
20 on a second HPLC system. This combined fraction (FIG. 56) contained a mixture of
hexamantane (mol. weight 342 referred to as cyclohexamantane), eluting on our GC/MS
. system at 12.31 minutes as well as three methylcyclohexamantanes (#1-3) eluting at 12.56,
12.72 and 13.03 minutes, respeétively. Further purification of this mixture (i.e. combined
ODS HPLC fractions #23-26) was achieved using a Hypercarb stationary phase HPLC
25 column. A 50 microliter sample of approximately 1 mg of this combined fraction in acetone
was injected into the Hypercarb column, 10 mm LD. x 250 mm, operated using acetone at
3.00 mL/min as mobile phase (@480 psi) using a differential refractometer detector. In this
Hypercarb system methylcyclohexamantane #1 elutes primarily in fractions 18-22 and
methylcyclohexamantane #2 elutes primarily in fractions 23-25. Methylcyclohexamantane
30 #1 and #2 where isolated in sufficient purity to form crystals. A GC/MS total ion.
chromatogram and mass spectrum of these compounds is illustrated in FIG.’s 57 and 59 and
. illustrated as crystals in photomicrographs in FIG’s. 59 and 60. FIG. 59 iliusfrates a
methylcyclohexamantane crystal precipitated from Hypercarb HPLC fractions #19-21 and
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hept amant anes fromthe distillate fractions cl eaned-up by col um

chromat ography. The cut times for the heptamant anes were set9July 200% first
preparative capillary GC colum, nethyl silicone DB -1 equival ent, using
the ret¥RP7#? nes and patterns from GO Ms assay (from PSFE§H05%0ve, FIG
12). An exenplary result is shown in the top of FIG 61, identified as 20

" peak FtGt 6@ilthsgemrt at wetdglaytlvh2Xandnitale tpsnil prarspitated fbnt Hepdieph MTAIQ anes
from Feedstock B. [000267] The first colum was used to concentrate the
hept afiaRe®3py taking cuts that were then sent to the second col um (see
FIG 61 illustrated for heptamantanes #1 and #2). The second col um,
phenyliodieldy! BidntioRRfic BalrBrhét Gt fitp segbiraﬁ&% toSeR&lRdwand purified
t he hept amant ane conponents and then was used to isol ate peaks of interest .
and 2%ompbadts. t Adnr obtainidi ariystalalof suigdbde {ite, aps-chaljom&® alkplhetaramiinen 2 was
col l ected and .further rocessed for the aration of heptamantane #1. GC
r ap F?%g?ﬁﬁﬁf%%@hﬁﬁh%wt’é’ﬁd’y’ﬂﬁyt@ﬁ sed for the separation of -
~hept-anant ane #2. Subsequent GC/ M5 anal ysis of trap #2 material (FIG 62)
showed it to be heptanantane #1 based upon the earlier run GO M5 assay of
step 4. Simlarly, the GC analysis of trap #4 material (FIG 63) showed it
to be 52 19 July 2005 WO 02/057202 PCT/ US02/ 00505 hept anant ane #2. Thi s
procedure coul d HEXAMRRESA:t Bbolativnafdlepiamgptite Gemparesane conponents.
[ 000268] The highly concentrated heptamantanes were then allowed to

cryst $000268] eiTheesluend ifrose tHeycollwmn blromagqgraphyf(Btam & d1LGt 1 Bnwaumabized bg

mcro t 30X .magni fication, . .cryst.al 5.were.vi.sible i reparative GC
rap TR BrocsmbE e o i el SRy b RlT I B B BRE S
1®hove dofbahent £HIBGhd¥SuTNHIEsht SI4HIdA4S vadre BERERTRNBHer GOOREMRNS tHek had
neéver ' existed before this isolation. Wiere concentrations are not high

enougBluiep. osdey onauriGEHMDasser (segdddr 134 derrapreserbaiberassait YaveshyMolesplrat i ve
GC 65 | ] f
conponcigh 38 BESARaa Qi Chol Sua BRBLATIEAAR; BRLS wJERLBIRIERNS,

hept agaitcaitdice aNPONBERAMME. IShdilnesedysesugttetreired fortthe sthes@bkicilan. [ 000269]
After obtaining crystals of suitable size, heptamantane naterials could be

sent Weight SEptaBRntEaaEs.det er ni nati on using X-ray di ffraction. Enantiomeric
hept amant anes can undergo further separations to resolve their two

150MPOje56] 19 FXONBIEBE cp DUkl d EGRHLY ROl ohH Rl leRhRA La0 I iSAME" S

heptamantanes from the distillate fractions cleaned-up by column chromatography. The cut

times for the heptamantanes were set for the first preparative capillary GC colunmn, methyl
silicone DB —1 equivalent, using the retention times and patterns from GC/MS assay (from
Step 2 above, FIG. 12). An exemplary result is shown in the top of FIG. 61, identified as

20  “peak cut and sent to column 27 which contains two of the heptamantanes from Feedstock B.

[000267] The first column was used to concentrate the heptamantanes by taking cuts ihat
were then sent to the second column (see FIG. 61 illustrated for heptamantanes #1 and #2).
The second column, phenyi-methyl silicone a DB-17 equivalent, further separated and |
purified the heptamantane components and then was used to isolate peaks of interest and

25 retain them in individual vials (traps 1-6). GC trap fraction 2 was collected and ﬁlrthér
processed for the separation of heptamantane #1. GC trap fraction 4 was collected and
further processed for the separation of heptamantane #2. Subsequent GC/MS analysis-of trap
#2 material (FIG. 62) showed it to be heptamantane #1 based upon the earlier un GC/MS
assay of step 4. Similarly, the GC analysis of trap #4 material (FIG. 63) showed ittobe
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[ 000270] HPLC was al so shown to provide sufficient enrichments of sone
heptamantanes to allow for their crystallization. [000271] tehulyR085

col uMmsWisedsiwee t he sane as those given in the ot her eranphE®s(sODS and
Hypercarb). A 500 mcroliter sanple of a solution of the cut 7 pyrolysis

pr Oducm%;tzﬁ@alﬁﬁietﬁzat'ﬁﬁs PydeE@ERQN b Fpehie o (sBlROHHE bR hehRMalianE! G 12) was
~injected into the ODS colums. Pyrolysis of Cut 7 used 25.8 g. heated at

450C feHupeeeniss. Sone of the ODS HPLC fractions reached the purity
necessary for individual heptamantanes to crystallize as shown for

hept a # i ' i 4 a: as

nept anior ] e bk ot cd REldRMudhed Yploiiibaliilea G AStamRdBh ™S o |
ODS HRii€cl$ i theatapan fibnb dol(fidiG. Uhd) theamibrbeppanedianagtitidaiion, OBGtaHPLC
fraction #.87 %Igl G 69,2/, nay equire further se{parati on. on HPLC systens
wi th dVFPaNe R prepriafiyy (Glelap mpﬁg(sw@lcbéé)- flihseq ?raﬁrglsmreperf@e% on a
Hy per s : ¢ . I

e ana? 2R S ROV PR, PV o PRI Ak b b never - onent
# 1 i rexistydeafomrthisiRii@idi Avheoroskcehbatidis@re Z6X)high dndieghi famerysatzatién (oFl G

71). The hi.gher 30 diapondoids ip varjous HPLC fractjons .could be separated
usi ng 9 eéﬁ?%‘i?ﬁh%’@‘?‘h fépﬂégvﬁécm%bﬁzwss% -$57862 PCT/ US02/ 00501

t echnigheesmicRigh 4 dfgle:?faﬁﬁﬁfaﬁ& C¥BpSRt 89 HRIBLRGIBRA N ?H%a?ﬂi% ‘depg 4HPLC
runs using colums of different selectivity as outlined bel ow.

mddi t i onsiplsyof beplamantaoh ndmpesnk#dhad naver ehisted bypfrattis eldtion. art coul d be
utilized including but not limted to fractional sublimation, progressive

recry Jaat i or..zone refinipg.could b sed to purify th

oot alafiaeRT . AReClBG & AT RiSRIE stheFenla it Balrtials Sfvae sot o

f ract ifonghicagalhdidraiRtioanfmg TR AdiM i o DB nhiitdfihér eptah MdaddiRatly per car b or
ot her suitable colums and collecting at corresponding elution tinmes can

| ead tWdenge fudlgrsepantions tp resobvedkginicdrapanentint anes. This is al so true of
t he heptamantanes with nol ecul ar wei ghts of 420 and 434, that are in much

| ower abundance in our feedstocks than heptamantane conponents show ng

mol ecul ar 10 wei ghts of 394 and 448. A heptanmant ane conponent of nol ecul ar
wei ght 420 shows up in ODS HPLC fraction #61 (FIG 73 A) with a very
strong nol ecul EXAMPLE §hePuarifieatipnesfi Single Heptaiansareolenry 420, FI G 73B)
for the mlz 420 conponent running at 16.71 mn. The nmass spectrum wth

Its pr[B(SHZ%Pt I-Tptéwalls%isoi sggwﬁrgg pgo%\lglc%%gceléntaeggcﬁggﬂ]cg%? (s:gmg Leﬁt&x%&'n%‘éss 's

to allow for their crystallization.

[000271] The HPLC columns used were the same as those given in the other exainples
- {ODS and Hypercarb). A 500 microliter sample of a solution of the cut 7 pyrolysis product
20 saturated hydrocarbon fraction (product of Step 6, FIG. 12) was injected into the ODS
columns. Pyrolysis of Cut 7 used 25.8 g. heated at 450°C for 16 trs. Some of the ODS
HPLC fractions reached the purity necessary for individual heptamantanes to crystallize as
shown for heptamantane # 1 in ODS HPLC fraction # 45 (FIG. 66). Others, such as
heptamantane # 2 in ODS HPLC fraction # 41 (FIG. 67), heptamantane # 9 in ODS HPLC
25 fraction # 61 (FIG. 68), and heptamantane #10 in ODS HPLC fiaction # 87 (FIG. 69), may
require further separation on HPLC systems with different selectivities. Running the ODS
fractions (FIG. 13B) on a Hypercarb column resulted in the purity necessary for individual
heptamantane components to crystallize as shown for heptamantane component # 1 in
- Hypercarb HPLC fraction # 55 (FIG. 70) and heptamantane #2 (FIG. 71). The higher
30 diamondoids in various HPLC fractions could be separated using further chromatographic
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characteristic of a dianondoid conponent. is EXAWMPLE 8C. Isol ation of
Substitut ed Heptanmantanes [ 0002731 Substituted heptamant anes!9 #dy280hg

al kyl heopd gipdbganes al'so are present in Feedstock A and pByrpsoz/mosos
Al kyl hept amant anes can be purified by renoval of nondi anondoi I mpurities

from dst ock sin r.ol ysis. as sho above,...Cert ai | kyl hept amant anes
AR s e R R e R g S e

previ gdehms be@iftdrért@electidibitdutitic@betRpt ATBRAMBSothBCletitlifees known in

al kyl hept amant anes can be isolated in high puri tcgtpu& ng a single HPLC

separ tieicoystabzasioart ¢duldbe piglized dnclyding huheetdimijediodtrctepal suplinalids have a
nol ecul ar_wei ght of.. 408 | el di a r rd C r. ion of mz
w08, HigarestRe Sty e ep o i ied PRADSRETIATEV I IRt g e he i -
393 mass spectronetric 25 fragnent ion indicative of a heptanantane noiety
6Fl G [004B8)2] ERANRID Ghilat sethdticiony af atdteaiarftatiendbpieptniamtdne002741 An
oct amant ane-enriched fraction_from Step was subjected to reverse-phase

2 .
- HPLC. cotagiggOs Jestiopeyang e Shpercarh g athgy supfable sphpwsaed salleqtwgdhase can

be us ect. t i i L1 -af i . of
FecdsraspBopdif BBl it i B0 LE ARy B BE SRR 1Ep R G T3 /S050s
pyr ol 3isé supvdthedieptantantaice drithyaslecdubosi ghisad 20 and 434 dhatrardEnanpdle 8A) was
performed and, the HPLC chromat ogramrecorded using.a differenti al

P ef r alomiskabuNangpincor Tedsiaske Uigg BeptamaRlas COmBIss EVIRE BOIGHIF ne
cta lLauki QN L ' ' for

1?epr 2? e t%ﬁf\%gg gg gﬁg'\/%ﬁé}ég. i%%ﬁ%h%ﬁouﬁl%%%é@ﬁteﬁtoﬁgog?‘g lf(QDS and 5
Hy per CBXSHRYEtienrtion #6t (FiG. 78 &y moths: wormisipbegs molecEDO iom inrth¢ sy speatmmbe of an
acet ope ,.sol uti on of t. 7 rolysis product satyrated hydrocarbon

Fr act i s Sseun? Rherich oB dur Yo dhesrebetiol Finni S\WR: flanit TG e HpLc
syst eéﬁgct?&ﬁ?w&ﬁﬁt%%&hﬂ&%?mb%ﬁﬁ?ﬂm%ﬁ'l&% nuRRRASEH Sandhnel o fhgdlents is

octamant anes to crystallize. For exanple, FIG 75 illustrates a GCl M5

t ot al chiapactazistio wfiacligraondondicorapaneshect ra of an HPLC fraction in which

oct amant ane #1 has 10 been purified to the point where it fornmed crystals

16see FIG 76). HPLC Fraction 63 yielded octanmantane.#3 and #5 together

(FIG 77), which co-crystallized fromthe fraction (FIG 78). [000275] For

isolation in high purity of other octamantane conponents (for exanple
gE)B&MPIYE 8C: Isolation of Substituted He]gBimantanes( P

{000273] Substituted heptamantanes including alkylheptamantanes also are present in
Feedstock A and B. Alkylheptamantanes can be purified by removal of nondiamondoid
impurities from feedstocks using pyrolysis as shown above. Certain alkylbeptamantanes
20 survive pyrolysis processing, as do the heptamantane components previously identified.
| Substituted heptamantanes including afkylheptamantanes can be isolated in high purity using

a single HPLC separation as exemplified by FIG. 74. Monomethylated heptamantanes have
a molecular weight of 408 (vielding a mass spectrometric molecular ion of m/z 408, and
show a mass spectrometric loss of the methyl group giving the m/z 393 mass spectrometric

25 fragment ion indicative of a heptamantane moiety (FIG. 74B).

EXAMPLE 9A: Isolation of Octamantane Components

[000274]  An octamantane-enriched fraction from Step 6 was subjected to reverse-phase
HPLC. In some cases, reverse-phase HPLC with acetone as mobile phase can be used to

30 effect this purification. A preparative ODS HPLC run of Feedstock B distillate cut 7
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FIG's 79 and 80), nmultiple colums can be enpl oyed, e.g. Hypercarb. 15
EXAMPLE 9B: |sol ation of ~Substituted Octamantane Conponents 190092083

. Al kyl octayemisarwes can be purified using nethodol ogi es desefileshelg non-
al kyl ated octamantanes given in Exanples 1 and 3. FIG 81(A/B) shows that

oDS HP § & ' ' t ed.oct amantgne in high purjty.

I\/bnomekj ﬁl%sﬁil%g!gdggﬁﬁfﬂg@& a\r/tgona@ %ﬁ%iﬁ%gﬂn' s %{%82{5 ‘ﬁ%sd’e(r‘t??@fg%?ﬁ% g nass

spect r theelPLC chminetedram re@ndedsingf a difiera6ial redackoflReN MPRS Sashest tric

Igss of aéhe t(g h\g o ) i_v?n Iﬁae m; 445r m_as; spectrorr_e&?ri C f“ﬁegégmrrent

ion in &eld\rf’g' (f)5 gt‘b&%‘é‘%ﬁ-ﬂ?% Aeipeg PPLE antiyigyes mdsmonifgpraneity gee e t han
| | ' Pl C f lcon,

one al kioCkanRAASIAVPERSEDRILY. dfle B9 CLotIHRELEAN Tk 4 EODSH 2" e

addi ti onal HPLC separation o ction or preparative

i A Exahppercap sygams yiel ig pévgduspuainpiesalik §0tomicastitos @ingsie o2 BONWRLE 10A:

I sol at | Qn.. of na t ane Co nent s 0277] A preparative ODS HPLC run of

Foodat KRG ofEE BT e 2055 PR Srirated Dydmitioon Kastolh CAS@ehyas Betsison
fractions were anal yzed by l%rh}%hslto detsﬁﬂ?’n% nonam%%%%%&agﬁ i on

ti mes B@dedfasindividualastamaitanss tpoystellize AFSOSanipte, RIGt 25 ilkmtrples aiC/MS

i f_th 755 005 WD 02/ 057202 PCT/ US02/ 00505
oyt of ySra s G SReBebl Pufllies fpactar wiP Yo Toron N wchgpuaratansdeed i nto

the cobecrmarififihes the oHMGLMEE mﬁl@acg@ta@{swmyemnmt Fralfodb4 YeliedS @
nobi | e phase carrier. [0002781 For i'sol ati on of honamant ane conponents in

hi gh piftamgntanedid; ane) 6 tegatker (FHF.UIMswhigh cherstlizaddiiom Toe fibétiost (FAG7Hhi s
met hodol ogy, HPLC colums of different 5 selectivities ODS and Hypercarb

(as d yhed 0. ' . re used in successi.on to jsolate a
si'ngl gﬁﬁgzna n%?dgﬁg{?lg%érng@nﬁm%aéﬁg?ﬁﬁ?aﬁﬂe %%WH‘ESEI(K@ ex@ﬁ’ll?keai ni ng

- fract ilJ6s’sg4-288 30); nGiltidid Bphinvetseas 08 BRI el.0f o f ibpurification on a
Hypercarb HPLC system [0002791 We injected a 50 mcroliter sanple of
approximately 1 ng of ODS HPLC 10 conbi ned fraction (84-88) in nethylene
chloride onto two Hypercarb colums, two 4.6 nm |.D. x 200 nm operated in
series using nethylene chloride at 1.30 nL/m n as nobil e phase.

15 7 EXAMPLE 9B: Isolation of Substituted Octamantane Components

[000276] Alkyloctamantanes can be purified using methodologies described for non-
alkylated octamantanes given in Examples 1 and 3. FIG. 81(A/B) shows that ODS HPLC
fraction 94 contains a inethylated octamantane in high purity. Monomethylated
octamantanes have a molecular weight of 460 (yielding a mass spectrometric molecular ion

20 of m/z 460, and show a mass spectrometric loss of the metliyl group giving the m/z 445 mass

| - spectrometric fragment ion .indicative of an octamantane moiety (FIG. 81B). Also, where
more than one alkyloctamantane is present in an ODS or Hypercarb HPLC fraction, an
additional HPLC separation of that fraction or preparative GC procedure (as in Example 3)
can yield high purity alkyloctamantanes.

25

EXAMPLE 10A: Isolation of Nonamantane Components
[000277] A preparative ODS HPLC run of Feedstock B distillate cut 7 pyrolysis product
saturated hydrocarbon fraction was per_formed (material described in Example 8A) and the
HPLC fractions were analyzed by GC/MS to determine nonamantane HPLC elution times
30 (FIG. 82) and monitor purity. A 500 microliter sample of an acetone solution of the cut 7
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[ 0002801 FI G 83 shows the GC/MS total ion chromatogram(TIC of the
concentrated nonamantane contai ning Hypercarb HPLC fracti ort® JtHe20@wer
hal f of Sos illustrates the nass spectrumof the G5 Mg

Nonanmant ane was isolated by a third HPLC run usi ng 15 the samne percarb

stationar col um sal v consi stin Iene

S or Tae R P et SPGB P ar 0B DY CHIPeL 1At Ao Bttt

resul tddﬁﬂnhssﬁé@ts%ﬂu%ﬂﬁﬁgﬂ@é%% S%Wﬁyﬁbné{' n{b‘Bﬂé ARNdiAg. Mass spect_rum are
shown in FIG 84 00281] By using a sim hodol ogy as above, i.e.

fractionati ng nonamant ane contai ni ng ODS HPLC fractl ons using colums with
di f f erl@AO278}| eleri igplaiiasof munemagtnt hemponadjsiarisgr pumly, nuligrle BRLCab| e

Toi o netbp e heinito fap el i Ehe 1B Mne P ReS IR LR PRt gl %

vei ghtseieefivitie? Ol shd 9p o (R Haangtfeddh pfiviQGWxamplR) gRisudeddn 484 and 444,
which respectively are in | ower abundance in our feedstocks. Note that '

—-enant i SYpLasHIeN folsalaim? sinsls nogpmanigne. r Bogl the QIH BES/G/Rin, Hiskopemaniass e

So0n. DEFLBPERIoBS- RS0, DYRbRHE RRRiR Bk e PR B g Bt
Nonangipleegstern 000282] Substituted iionamantanes. al so are present in

Feedstock A and B. Al kyl nonamant anes can be purified using methodol ogi es
descri bed for non-al kﬁl at ed. nonamant anes. FI.G 855 B) shows rret hyl at ed

nonandRPRTET i NV Ripeist po0amisrolifeictenyie of appEeximptely m&eﬁ?@ﬁ@ One type of
WHOW%bH%k@éd%cﬁpﬂgé?ﬁéﬂg%m fgﬁ Ei'ﬂé@g&*é) 5&@%&&% cOthtnn Wl £l i @ mass

spectronetric no a nmass spectrone ric |oss

of t hd.Ived 200 mgr, opgragidiin sgridshsing meth Ylénerettoridpact. O mil/niin af mabiteplase.on
i-ndi cative of a nonanantane noi ety (FIG 85B). Mre than one

ryper QOERIEI IR 53 RS i o Ras oiphion cibipalom (0T phe6oRrasag: ve ao

to yi elofaribuftinPetidiNind HOHRAPR PN BN S Rion. The EWN R JAMG. 183 Ph@dare o
Decamant ane Conponents [[000283] A preparative ODS HPLC run of Feedstock B

di st i mhass epestrumzofghe 61G/MSspgako dNmmamagtanewas mlel’ugdjb:o ednbbHPLCaunivsimgwas

B fo rthmed & yperca%) 8}15.1'9% a8t (o umn%uty wﬁg a SXIVGC{ consisting of methylene

chloride/acetone (70:30 volume percent operating at 1.00 ml/min). The resulting isolated

nonamantane crystal and corresponding mass spectrum are shown in FIG. 84.

f000281] By using a similar methodology as above, i.e. fractionating nonamantane
containing ODS HPILC fractions using columns with different selectivities, such as the

20 . Hypercarb or other suitable columns, we isolated a molecular weight 498 nonamantane in
high purnity. This method could be repeated to isolate the nonamantanes with molecular
weights of 552, and the nonamantanes of molecular weights 538, 484 and 444, Which
respectively are in lower abundance in our feedstocks. Note that enantiomeric nonamantanes
are not resolved in GS/MS, however these enantiomers can be isolated by chiral separation

25 methods.
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15 to determ ne decamantane BPLC elution tines (FIG 86) and nonitor
purity. The HPLC col urms used were two 50cm x 20mmd. D. Whattaduls2083ecy|

silane @®RoLaums operated in series. A 500 mcrolitgeéreadidaleSeof an
acetone solution of the cut 7 pyrolysis product saturated hydrocarbon

fraction (25 ng) il . knto.the cqol S he colums were set-up
usi ng acetone at mﬁﬁﬁﬁﬂagm a%ﬁ%%ﬁﬁ}gdmta% [ 000284] For
i sol ati on of decamantane conponents in high purity, multiple HPLC col ums

can be[@opB2ly e Gubdittuidilidatmatitnds Alss afiraoahe iroBdedstdBk @ apiBMs of different
selectivities were used in succession to isolate a single decat mantane. The

first AfStnpEapiancs syshapEHicgrusinganatherolagies desrubatsionasrplyiatedr evi ousl y.

From t jji uprt L 1] f; | - re

Conbi necptinck. pla! S andSRARR AN CORY R i B0 03 dabE IS 2 )

r6ns wdistllato faceoret7.afde &fpe of acmvartiaheeCaniagianiang hhs agidl@ntr wWdgmoffhe runs
Thi s conbi ned .fraction contajned a nol ecul ar wei ght 456

- ‘Qﬁggn;ﬂfijh@ﬁgwg A/BRTSSRECTIMSEHT moksular paotan’r o14, Hidshoy 3 WassspREiTaredntpLC

f t _ . , . ] . . . . | . t o
Sl & O R By G R Lo A ymertE BB B Bl Roaol o1
acet onag¢natanidne meoietyl (TG RSB} 7 0@ thanlonselydnaentantaon iopresent Mypthesar b

| 6. 7.19 005 WD.0 2/0 5 7.20 / US02/ 00503 | . D.
200" miohe? P g PPk e A gmar fo i ERe TR PR PO 050 vol e
@@rc%ﬁ@%maﬁvelc@%rﬁamfﬁ@dw%ﬁoﬂﬂﬁaﬁaﬁe@BO psi). [000286] FIG 87 shows

the totar ion chromatogram (TIC) of the concentrated

decamant ane- cont ai ni ng Hypercarb HPLC fraction eluting at 18.55 m nutes.
The lower half 5 of FIG 87 illustrates the mass spectrum of the GO/ M5
peak wth a prom nent geak at mz 456. The resulting [1231241(2) 3]

nol ecul ar wei ght Eg{;&lﬂ Lo lselatiopaf DecapanfaneCompaaeym ar e’ shown in

FI G 88. The 456 decanantane el utes before pentanmantane #3 on the

Hy per cHPBZ4Eh cASYepasa vRADE §18 1 renpid st stosioRdasiinteccart 4 mareplytis produste (FI G
10). Thi f ' ' i t
Fobi ar o iutatcl hYBSChbofl s B8 G- Wi BT CRERIRR \ARC IR LEUICARLS, (o

& aboavelctemmine decantntanatiPhQ detamantsafes. $5)nhdintomigr PhSyHRILE HRTaCt | ons
using &%'uﬂn”é“ tise .“Eer%e | 51:5 én? ?{tEO?nenll ?S[ | iattlingg bctg. eccr;fl saﬁa]fe?%DS) columns |
operated in series. A 500 microliter sample of an acetone solution of the cut 7 pyrolysis

product saturated hydrocarbon fraction (25 mg) was injected into the columns. The columns

were set-up using acetone at 5.00 ml/min as a mobile phase carrier.

20 '{000284]  For isolation of decamantane components in high purity, multiple HPLC
 columns can be employed. To illustrate this methodology, HPLC columns of different
selectivities were used in succession to isolate a single decamantane. The first HPLC system
congisted of the same ODS columns described previously. From this HPLC run, the
decamantane containing fractions 74-83 were combined for further purification on a second
25 - HPLC system. Five such runs were completed and all decamantane containing fractions
from the runs were combined. This combined fraction contained a molecular weight 456

decamantane and various impurities.

{000285] To purify the combined HPLC fractions 74-83 from the ODS HPLC separaﬁon,
we injected a 50 microliter sample of approximately 1 mg of ODS HPLC combined fraction

30 in acetone/methylene chloride (70:30 volume percent) onto two Hypercarb columns, 4.6 mm
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Hypercarb or other suitable colums, we i sol ated a ol ecul ar wei ght 456
decamantane in high-purity. This method coul d be repeated t19 JWpR8B2 the
decama - h nolecul ar 15 wei ghts of 496 (shown in 1 t he
satura{\ggrb? %% on of the pyrolysis product of distill all:éﬁfsrog;g)f' 1%n #7) as
wel | as nol ecul ar wei ghts 550 or 604, and the g m%?(ﬁ)anes of nol ecul ar
vei ghd®- 5390 mmgopgates dpserifh eRg pedtpreoetpy]ape ghio R MO BFRES in our
f eeds ::.‘m; decamant anes are not resolved in GS/ M5,
howevtéifi?tb ese Igﬁ% %ﬂg ?és}’gc(@g%gggll)'sol ated by chiral separation nethods. 20
EXAMPLE 11B: Isol ati on of Substituted Decamantanes [000288] Substituted
decamj@iiegep diGo8askowy ths €E/MhioEd evlstlootatgeand (’BIC) oﬂtkwtmmm anes can

o < et R RIS SoRF o Tarior chhae gt o5 S utudh o b Ratr 1S
di sti 'okﬁt@ PoihEestd @B nthls ﬁfé@&&h’lﬁ*tﬂ@@}w@t&%dﬁﬂﬁ% hAARGE pedlng dugpe of

nononet hyl at ed decamantane = has a nol ecul ar wei ght of 470 (yielding a mass-
~spect 4obeihe cesnibilngc[ﬂ.llﬂruil@ﬁ]aholnﬂzlaﬂw&ﬁht 459 @@anmf@ne crwstad andvamassone

al | kyl decamant ane i s n bHP f.rac an
S ty. K %%mﬁi(?—?ﬁ- e Btier P finsi s GEOR Myl bR ae ' e
cC LighdiuRitg s ot AE o 1@%9«&&@6@{&@&@&@& (F8G. 5@). Thidul y 2005
WO 02/ 7202 PCT/ US02/ 00505 EXA | sol ati on of Undecamant ane

Corpopepesty o866 8Bilcapbar wesgit dpqtamr@&neand@é@ lgffe isodatinsriarvesy fighhi gh
]@UI’I té g}_ll tiple BPLC colums can be enployed. This nethodol ogy was

enon P’F‘ ted using decanmantane with BPLC colums of different

sel ectivities used in succession to isolate a single decamantane 5 (Exanple
11). {o002BPY OBy @i 5 biafilar REtHEAORYyak abbes dls! fadtioBatieh dédataatahen cut 7
pyrolysis,  product 1s shown to contain undecamant anes (FIG_91 [ 000290]

TEe c 6oRiaRine DS HPle fasbensdismercodrensithdiiterent selechytiepEich gy tbe 13B) i s
HPLC usi
shown E—fgﬁ}ex‘z %1% or%%l'é?r-gpitétilg E@iﬁfﬂng Ny& Rsld (f'ecpfxgg}érch{al‘ %i%?l@ t4§6 ﬁé&% 5?%[11% ikl using

a sys exXpl ai ned.
undec aighrpueitg. THib msethet dvadd b@telpelatb@ td@ola&apthaﬂem‘hrﬁmtms Imathanbll&aﬂar

undecanant anes wi t h npl ecul ar wei ghts 656 and/o well as
15 welghts of 496 (shown in FIG. 89 in the s%tmateg ﬁ'act?on otn tge pyro?ysm pro%luct fJ

distillate fraction #7) as well as molecular weights 550 or 604, and the decamantanes of

molecular weights 536, 576 and 590, which respectively are in lower abundance in our
feedstocks. Note that enantiomeric decarnantanes are not resolved in GS/MS, however these

enantiomers can be isolated by chiral separation methods.
20
EXAMPLE 11B: Isolation of Substituted Decamantanes

[000288] Substituted decamantanes also are present in Feedstock A and B.
Alkyldecamantanes can be purified using methodologics described for non-alkylated
decamantanes. FIG. 90 shows that saturated fraction of the pyrolysis product of distillate
25 fraction #7 contains methylated decamantanes. One type of monomethylated decamantane
has a2 molecular weight of 470 (yielding a mass spectrometric molecular ion of m/z 470).
Also, where more than one alkyldecamantane is present in an ODS or Hypercarb HPLC
fraction, an additional HPLC separation of that fraction or an alternative preparative GC

procedure can yield high purity alkyldecamantanes.
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nmol .ecul ar wei ghts 642, 628, 588, 548 or 534 which respecti vel1y are
anticipated to be in | ower abundance in our feedstocks. 9 18oJuWviRG0P005
WO 02/ 0{4280%5P463/ US02/ 00505 WHAT IS CLAIMED IS: 1. An gifyghefess! ected

hi gher di anondoi d conmponent neither including enriched unsubstituted
anti-tetranmantan e c e amant 2. The enriched sel ected
hi gher di anondoi &%@m&# E? q@é??m R, ?‘f%ﬁ“ﬁ‘l"’g%‘an ty of at |east
25% by weight. 3. A conposition enriched in one or nore sel ected higher

di anon@g2RY O NMPeNeshfen oSkleOfharktMetddfpphents BohighphrinhanltifieH®LCs only one
sel ected hi gher dianondoid conponent it is neither unsubstltuted

ant i - telvapwerncheecrplpyesh Stismethodelasy eye Hernensiraias usg depgmantang,with

conpo r t anondoi d
comporIhHE el & lrden) SRk st 50T RuRbss TRl 6 ATER S ERI bRl 718
conposiBxanplef1)ClAai dpploprishedi@ting ilaeerl) Feodstook B, digifbgioaduh’ piretysti armndoi d
conponent s corrprl se at |east 10% by V\%k‘ght of the conposition. 6. The

- conposPrefigt ihshommdfopoBtaeyileeawntgios (- 80)-t 0 100% by wei- ght of one or- 15
nore sel ected hi gher di anondoi d conponents. 7. The conposition of Caim 3,
cont ai ro ?ilﬁ%, PIPLATRAQicHE 95 @8Gh SBps

di amn@gp%tﬂong]é%g%ﬁcgnﬂ-%gy ecmaﬁg[g% ftiklﬁ%gjlg? Cam 31 cont aleﬁl ng from95 to
100% bshowei ig FEG092. oTikeis diractioroseaidied mmiﬁddnngeperdmb&MIldng@ﬁpﬁcmnt s. 20 9.

The conposi n of a n ni. fro 99t 100% f one or
rmr e s@B’é‘i@r cl’ri’l 6’1‘@?‘“8‘%1 H’nﬁ’mqﬂ&@o %iﬂ%tﬁt“%ggcfﬁmn ﬁﬁ%@f‘\e‘i %’r’rﬁ%g C ai ns

gézﬁéd&otzﬁﬁa@,@ﬁe &ideeaﬁﬁltéfés%&ﬁﬁoﬂabﬁ&e@m ts%@@@h@oﬁ@@@%%ﬂfasar e a
SI n | e Sel ected higher dianondoid conponent. Il. A conposition conprising

di ano ndoledulaewmghtseﬁﬂ;&%oﬁ&ﬁ 648 oo ¥t which cespdctiiclihane anfiSipalied trobriia igwer
corrpo 33) rel.ativ @ %SS he total anmount of dianondoid, subject to the
provi SOTPRECCWAEH FREA'E*Fs only one sel ected higher di anondoi d conponent ,
it is
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neither unsubstituted anti-tetranantane nor cycl ohexamantane. 60 19 July
2005 WD 02/ 057202 PCT/ US02/ 00505 12. The conposition of C ai%duld20Qherein
at |ea 5% wei ght percent of the total anmount of di anondqids is
t he oné&gﬁ’gﬁyﬁggsel ected hi gher di anondoi ds. 13. The corﬁﬁgpng@ﬂ“oaf Claim
12, wherein the one or nore selected higher dianondoid conponents are a
pl ur aWBABIS (HeAEPOtSent s in a single dianondoid s fanily. 14. The
conposition of Claim 12, wherein the one or nore sel ected higher

di anopdoi d co B -aé&l | ' ﬁm]% ent.
15. The como%?gﬁkﬁ%ﬂéﬁglﬁe&%@gﬁf n@?ﬁ%nﬁ}o&%@%ﬂ& eg I ghter |gc?mndoi d
conponent suxabptitutd antigetpamamare, het srachat eyvdoleaamoantane.s. 10 16. The
conposition of Claim 15, wherein the one or nore tetranantane conponents

are single tramant ane co nent. 17..The conpositjon of i m 16,
V\/nerg?'n the si e@gﬁeﬁ?cf%?ﬁeﬁfﬁdgﬁé‘% siotd ‘F%nf?oé’g-gt ?%é%ﬂ?ﬁ%ﬁ“&é. The
gonposi ti Oﬁuﬂ?o@aﬁjemt%%wp%re%hﬂ the single tetramantane conponent is 15
—skewtetranantane. 19. The conposition of Caim16, wherein the single -
tetramant ane conponent is a single enantiomer of skewtetramantane. 20.
The cdnpositi dhcohpdidgmenrBhedinerns or mére selected highen dwmmdptshemeoneaispr i se

substituted,tetranmantane o nents.. 20, 21. ri ghed i so-tetramantane. 22.
i ched SR B PR vam ComRant fsiwdr opy oniss S Mg AP Rl At ane
enant i onmer cdgapottent it ienciel GkeBstireled anBdtBmMneRNV @AsuRtitdE@®I s 21- 23,
exhibiting a purity of at |east 25% 25 25. The enriched tetramantane

conponent @iclabezpmsntane.23  in crystalline form 61 19 July 2005

10 4. The composition of Claim 3, wherein the one or more selected higher

diamondoid components comprises at least 1% by weight of the coniposition.

5. The composition of Claim 3, wherein the one or more selected higher

diamondoid components comprise at least 10% by weight of the'composition.,

6. The composition of Claim 3, containing from 50 to 100% by weight of one or
15 more selected higher diamondoid components. ' |
7. The composition of Claim 3, containing from 70 to 100% by weight of one or

more selected higher diamondoid components.

8. The composition of Claim 3, containing from 95 to 100% by weight of one or

more selected higher diamondoid components.

20 9. The composition of Claim 3, containing from 99 to 100% by weight of one or

more selected higher diamondoid components.

10. The composition of Claims 3-9, wherein the one or more selected higher

diamondoid components are a single selected higher diamondoid component.

11. A composition comprising diamondoids enriched in one or more selected higher
25 . diamondoid components relative to the total amount of diamondoid, subject to the
proviso that when there is only one selected higher diamondoid component, it is

neither unsubstituted anti-tetramantare nor cyclohexamantane.
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WD 02/ 057202 PCT/ US02/ 00505 26. The conposition of Clains 1-14, wherei n the

sel ect ed hi gher di anondei'd conponents conprise one or nore Yehld?80% ane
conponem®02/7202The conposition of C aim 26, wherein thepongs@reosmre
pentanant ane conponents are a single pentamantane conponent. 5 28. The
cconposiz.ion of TGk dbmpditioNBLCRIN 11 hehaBs &ﬁeﬁ?ﬁ%n@?@%@ﬂ&?ﬁ@%ﬁ:emc onent s

are isolated optical isoners. 29. The conposition of O afm 26, erein the
one or nor offéamanaimiahanondsdsas dstone ar mors sstestedhighat dlamntdids. conponent s.
[ 30. The conposition of Claim 26, wherein the one or nore pentanantane to

conmpongnts is noni ] entapant ane _conponent represented by the
forrrulgﬁ 025I—IG‘,(L.'Jrﬂng"g1 ﬂ?xéﬁﬁp%ﬁlgﬁn ggh‘fr}’g?{glﬁ'tqﬁﬁgn% Wﬁee??ﬂgcpégg‘.‘g e enriched
pent anant andamoenduid esinpohentd at Bpiikalitg il donijthndn® Wi & biehf didhondo@Bst 25% by
wei ght. 15 33. The enriched pentamantane conponent of aim3l, in '
cPystalli nd®g¥m 34. The enriched pent amant ane conponent of C ai m 31,
wherei n the pentamantane conponent is [1231] pentanmantane. 35. The

conponent is [@?%ﬁﬁgﬁﬁﬁﬁgﬁn@@‘&ngﬁ%ﬁﬁﬁéﬂ%_ g@%%éés_ci#ﬁeg@ﬁ re?ched
pent amant arkamonfoih emhpaien@ ae axidgle salvetedihiglich digpenidaitbcin@daentconponent i s
[1213] enantionmer B pentamantane. 37. The enriched pentamant ane conponent

pent anint ane. - S8 AR EhCATb i AL SHBHOME R NSRRI her oi n

the pent arr&;ameﬁem@éoxﬁgiw&fem rhote behdnthhtRE 3Bhip8AGts. B pentamantane. 62 19

T MOTe
July 2005 WD 92/057202 PCT/ US02/ 00505 39. The enri ched pent amant ane

conponent of C aim 31, wherein the pentamantane conponent is [12(1)3]
Ehant iléner A péit eerapesifian of Claim 15, wherein the one or more tetramantane

components are a single tetramantane component.

17. The composition of Claim 16, wherein the single tetramantane component is iso-
tetramantane.
18. The composition of Claim 16, wherein the single tetramantane component is
15 skew-tetramantane.
19. The composition of Claim 16, wherein the single tetramantane component is a

single enantiomer of skew-tetramantane.

- 20. The composition of Claim 15, whezein the tetramantane components comprise

substituted tetramantane components.

20 21. Enriched iso-tetramantane.
22, Enriched skew-tetramantane enantiomer A.
23. Enriched skew-fetramantane enantiomer B.
24. The enriched tetramantane component of Claims 21-23, exhibiting a purity of at
least 25%. |
25 25. The enriched tetramantane component of Claims 21-23, in crystalling fdnq.
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40.. The enriched pentamant ane cofrponent of Caim3l, wherein the

pent anant ane conponent is [12(1)3] enantiomer B:pent amant art® Juy 2905 The
enri cheg, nt ane conponent of C aim 31, wherein th JRQkane
comonéﬁ?g?’gg?@ﬂﬂ pent amant ane. 42. The enriched pen?arranﬂgne téorrponent
of Caim31l, wherein the pentamantane_conponent is. [1(2,3)4] pentanmantane.
43. THe enrichéw oaermogzﬂﬁﬁpéﬁléﬂ%W&m@ﬁ@r%@t@saleﬁﬁeézlg}%é}am%dﬂ%

pent amant a 0 i ( 44. The enriched

-pent amant aﬁ%l%%n%ﬁl%néegﬁ&%gggﬁgﬁrﬁ%ﬁ%’é@g&ﬁ%ﬁﬁ@%&e}ﬁ%amm ane conponent is
an unsubstituted pentamant ane conponent. 45. The enriched pentanmant ane
conpatient of dhaeiconipbsitioh ef ElaimtAte wherdiaimewing oe moroppdmeaitanes a substitut ed
pent amant ane corrgonent.. 1@ 46, The conposition of Clainms 1-14, wherein the-
sel ect ed hFYARANCHISAHATGE Pe&@W&BWé‘ﬁthg‘é’B?&f‘rti se one or nore hexanantane
conponents. 47. The conposition of Cl aim46, wherein the one or nore
kexamgnt ane q@ﬁ%ﬁ%&ﬁoﬁbﬁcmﬁlzﬁgme&%ﬁlmta@aﬁm@@ﬁmmman%. The
—~conposi tion of C aim46, wherein the one or nore hexamantane - 20 conponents-
ar e i sol at exnppientsadre isshdrapticaldsomérs. conposition of C aim 46, wherein the
one or nore hexamantane conponents are isoneric hexamantane conponents.
50. The conposition of..Cl ai.m 46,, wherein..t mant ane
conpafiént s ar l‘c?r?@n}PPSWB?gkg}alT@g’ W@??%ﬁ]tegﬁgggglﬁg%%‘g%@a&g%e?esent ed by the
25 formlag fits BSisbRhedt byntAANand\PPRAK202 PCT/ US02/ 00505 51. -The
conposition of C aim46, wherein the one or nore hexamantane conponents
are one or nore of the hexamantane conponents represented by the - formul a

C29x3¥ 52, ATberPmpREiion ek alimen ¥ heHb BT ERe OF BN LBEHTBEBY t he formul as
183.0 H36 or cén%%ﬁgsqg th¥ Ja&s@fﬁgﬂ%éﬂ%ﬁnﬁﬂg §$1hf)éﬁe'n9ﬂ:presented by the formula

CasHao.
31. An enriched pentamantane component.
32. The enriched pentamantane component of Claim 31, exhibiting a purity of at
least 25% by weight.
15 33. The enriched pentamantane component of Claim 31, in crysialline form.
34. The enriched pentamantane component of Claim 31, wherein the pentamantane

component is [1231] pentamantane.

35. The enriched pentamantane component of Claim 31, wherein the pentamantane

component is [1213] enantiomer A pentamantane.

20 36. The enriched pentamantane component of Claim 31, wherein the pentamantane

component is {1213] enantiomer B pentamantane.

37. The enriched pentamantane component of Claim 31, wherein the pentamantane

component 1s [1234] enantiomer A pentamantane.

38. The enriched pentamaniane component of Claim 31, wherein the pentamantane

25 component is [1234] enantiomer B pentamantane.
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53.. The enriched hexamantane conponent of C aimb52, exhibiting a purity of
at least 25% by weight: 54. The enriched hexamant ane conpor@dulyR0e§ ai m
52, in exyRtedtdhrne form 55. The enriched hexamant ane canpoe@niont C aim
52, represented by the formula 10 C291136. 56. The enriched hexamant ane

conpopgnt of aim. represent ed by the for. QOH36. 57. The enriched
hex arrgﬁ‘t ane C(():]rLﬁ?o 51%&:101?5: lr%?ﬁ?‘?é{“&’é%%ﬁé&%‘%ﬁ’%he%%Hgkbepp ol agh%lllg Fi ng of
15 [1(2)31&&,m§m{i3qm%ﬂ dnaxaiBe Apentahastdns314] enantioner B hexamant ane
[ 12(1) 32] enantiomer A hexamantane [12(1)32] enantionmer B hexanmant ane
[12(1) 34] enantiomer A hexamantane 20 [-12@%{18 34] enantionmer B hexamant ane

[ 12(148) 4] hexHhesmtighed pensqmantane compepea il Clamhdl SReHsia Hee pepiapmaniang

enant i oner ' r A hexamantane 64 19 July
2005 WO Oﬁ%g%glg%q@?ﬂé’%%f??%g%a%tg’?@enantiorrer B hexamant ane [
12123] enantioner A hexamantane [12123] enantiomer B hexamantane [ 12131 ]
enant #bner A HéhcamenbaigentindniakIbmpenarttaf CiEnB hexeman tlayenidndRas4)
~enanti omer- A hexamam -12134] enanti-omer B-hexamantane [ 12324] -
enant i omer CHPPRIEHHS ﬁ}jp{e t[“ﬁ'%“?&% enanti omer B hexamant ane

42. The enriched pentamantane component of Claim 31, wherein the pentamantane

component is [ 1(2,3)4] pentamantane.

43. The enriched pentamantane component of Claim 31, wherein the pentamantane
10 . component is [12(3)4] pentamantane.
44, The enriched pentamantane component of Claim 31, wherein the pentamantane

component is an unsubstituted pentamantane component.

45. The enriched pentamantane component of Claim 31, wherein the pentamantane

component is a substituted pentamantane component.

15 46.  The composition of Claims 1-14, wherein the selected higher diamondoid

compenents comprise one or more hexamantane components.

47. The composition of Claim 46, wherein the one or more hexamantane

components are a singlé hexamantane component.

48. The composition of Claim 46, wherein the one or more hexamantane
20 components are isolated optical isomers.
49, The composition of Claim 46, wherein the one or more hexamantane

components are isomeric hexamantane components.

50. The composition of Claim 46, wherein the one or more hexamantane
components are one or more of the hexamantane components represented by the

25 formula CsoHs.
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10 [ 12341] enant i omer Ahexamant ane [ 12341] enantionmer B hexamant ane _
[1(2)3(1)2] hexamantane [12(3)12] hexamantane [121(3)4] hexi@nduly 20@56 15
[121211‘,61%9%3? ane [12321] hexamantane [1(2)3(1)4] enap&jr%%?]dgods

e

hexamant ane (2)3(1)4] enantionmerB hexamantane 58. The enrichéd ,
hexangnt ane c¢ . I F , ein t nt %nﬁ 20 conponent is
an u@ﬂbsti tuﬁggﬁ@géﬁg{’] g\giac%%b‘r;]veﬁrt%&%Spngﬁﬁggﬁe?#%he eXanmant ane
conponent ®@mpohanisablonadieli@t vf tHd texb@xaahant @nfoncatiepResiied By thesubst i t ut ed
hexamant ane conponent. 65 19 July 2005 WO 02/057202 PCT/ US02/ 00505 60. The
enri ched dopatlafaeidy- cycl ohexamant ane conponent. 61. The conposition of
Clains 1-14, wherein the sel ected higher dianbndoid conponents conprise
one g, Mor & AR ARRALAAS GRARABESH O £ATHeRE Hrfugic.Ghigl &p 61,
wherein the one or nore ep%?lrant aﬁgne@%m&%%%nem arer&{z}:1 sicr?gi%&p

hept amant dellgomplo mphtvith6@. substdudenposi ti on of C aim 61, wherein the one or
nore heptamantane conponents are isolated optical isoners. 64. The )

~conpqsi ti-on of,, Cl ai. , _Wherein the one nore heptamant ane copponent s
e Boner | o HbPHs H aHSRreR RYaT e SOTGSE FPOHOAH SEIGm 61
wher ei n t B8oPRE wRieHIDr € hept amant ane conponents are one or nore isomeric
hept amant ane conponents represented by the fornmula C301134 66. The
conposition of Caim6l, wherein the one or nore heptamantane conponents
are @fe or noFbe prigghed ibexdraptlantenmpreceio$dniends, inspysealbng Bamby the 15
formul a C32H36. ‘

55. The enriched hexamantane component of Claim 52, represented by the formula
10 CasHis.
56. The enriched hexamantane component of Claim 52, represented by the formula
Caolze.
57. The enriched hexamantane component of Claim 56, selected from the group
consisiing of
15 {1(2)314] enantiomer A hexamantane |

[1(2)314] enantiomer B hexamantar_le

[12(1)32] enantiomer A hexamantane

'[12(1)32] enantiomer B hexamantane

[12(1)34] enantiomer A hexamantane

20 [12(1)34] enantiomer B hexamantane
[12(1,3)4] hexamantane

[12(3)14] enantiomer A hexamantane

" [12(3)14] enantiomer B hexamantane

{121(2)3] enantiomer A hexamantane
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67.. The conposition of Claim61l, wherein the one or nore heptanmantane
conponents are one or nore isoneric heptamantane conponents 19epH¥280d ed by
the fowodseH3H38 68. The conposition of Cains 61, wherpuUsezdososone or
nore heptanmantane 20 conponents are one or nore isoneric heptamantane
conponents repre . Her AHA0. 69. An enriched heptamant ane
conponent. 70. Tﬁl?igﬁrgg g%agggﬁlgg%glﬁ%%%ﬁ%conponent of Claim69, exhibiting
a purity of at [|east 25% by weight. 25 71. The enriched hept anant ane
conponent of C a[In1@9] enantiompshdkckamatifrer m 72. The enriched hept amant ane
conponent of Cl aim 69, wherein the heptamantane conponent has a nol ecul ar
wei ght - of 394. &%ﬁz Jul y. 200 h WO 02/ 057202 PCT/ US02/ 00505 73. The

enri ched heptana }WF?%‘BWS F4 % 69, wherein the heptamant ane
conponent is [121321] heptanmantane. 74. The enriched heptanantane conponent
of Caim69, whe[giini}aemisReANMRkafMmtargonponent is [123124] hept anmant ane.
5 75. The enriched hept amant ane conponent of C aim 69, wherein the

~hept-amant ane - conponent- i s- an unsubstituted conponent. - 76. - The enriched -

hépt anant ane co Shi enpptiomst BbeXamyREei n t he hept amant ane conponent i s
an substituted conponent. 77. The conposition of Cains 1-14, wherein the

sel ect ed hi gher %%@g&%ﬁom%pz&%%?ﬁ%ﬂﬁﬁé conpri se one or nore octanantane

conmponents. 78. conposition o alm 77, wherein the one or nore

oct amant ane conponents are a single octamantane conmponent. 79. The
conposi tion of (EiddYV@manhmeeBhetdmarda® or nore oct anant ane conponents
are isolated optical isoners. 15 80. The conposition of Claim77, wherein

the one or nore nt ane connonent are i soneric octanantane
conponent s f&%ﬁgji enantiomer K%examan ane 7

{12324] enantiomer B hexamﬁntane
10 - {12341] enantiomer A hexamantane
[12341] enantiomer B hexgmantane
[1(2)3(1)2] hexamantane
[12(3)12] hexamantane
[121(3)4] hexamantane
15 - [12121] hexamantane
[12321] hexamantane
[1(2)3(1)4] enantioner A hexamantane

[1(2)3(1)4] enantiomer B hexamantane

58. The enriched hexamantane component of Claim 52, wherein the hexamantane
20 component is an unsubstituted hexamantane component.
59. The enriched hexamantane component of Claim 52, wherein the hexamantane

component is a subsiituted hexamantane component.
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81. The conposition of Caim77, wherein the one or nore octanantane
components are one or nore isoneric octamantane conponents 19epH¥300f ed by
t he forul 6. 82. The conposition of Caim 77, erej he one or

mor e oc@ﬂg/ﬂ%ﬁgacorrponents 20 are one or nore isomrimﬁ{éﬁﬁmﬁ’ﬁe
conponents represented by the fornmula C34H38. 83. The conposition of Caim

77, W ei n t héhsgangied shbsdityed eyriohaamagnpeoePRet.ar e one or nore
i soneri c octamant ane conponents represented by the formula C36H40. 84. The

conposggition of 74laj rY‘@‘f‘é s 1 hEREIE t&fﬁ%ﬂ@f'&‘ Spggaponent s
are one or nor gﬁeso]%;%%ooc a%ahiﬁh gﬁg’gioqgr%%{ntents crepr sentlglgx By the formul a
C37H42_ 2%o8tpondins comppissartci camat héptaimamfanc codpoeints. t he one or nore

oct amant ane components are one or nore isomeric octanmantane conponents

represented by, the fornul a C38H4 7 19 July 2005 02/ 057202
pCT/ U832/ 00505 T %Poﬁﬁogﬁ?ﬁ%ﬁdl‘%giaﬁ‘fﬁ?f%ﬁ&e% fR DEPEMAIRS oy i ched
ogt amant anoRHBASRS Ate Hlingk Abtadbntafx Bbhipéddafl @ purity of at least 25% by-
—wei ght. -88.- The enri ched oct amant ane -conponent of Claim86, in crystalline
form 5 89. The enriched octanmantane conponent of Cl aim 86, wherein the
oct an®At ane cdhporapesifien efClaim Obsvhergingle oot eirmarcdmpiamandnsent . 90. The
enriched o%t arr%ng ne eclor{gtocrfen{i‘:‘:‘aﬁjﬁé Gl ai m 86, wherein the octanantane
conmponent iSRS % ot eC 8B it ane conponent. 91. The conposition of
Clainms 1-14, wherein the selected higher dianondoid 10 conponents conprise
one oms4nor e noThAsBmhpRRiGOMTCIaRN bS, whitein khe ot®smasidieptnidntddeai m 91,
wherein the one or nore nonamantane conponents are a single nonamant ane
conponent . COBPOTEHS AAHIRGG haptammantyngicorPPneHper ei n t he one or nore
‘nonamant ane conponents are isolated optical isoners. 15 94. The

npogktion of I ionVb¥arisi : r}f'é?%ﬁ?ﬁ conponent s
gdrje i?g'meri C ng%%ﬁ%r#éoncon&g%%g%’gﬁh‘%@ﬁt@%gﬂg%ﬁngglgit on o & aim9l,
wher ei n t heompeneants aerone 0o NBEAETLAREC boppmaniahe cormpdivats eproserited biptiwnant ane
conponent rfel%eis%ntl_?d by the fornmula C34H36.

ormuia Csgkisg.

06. The composition of Claim 61, wherein the one or more heptamantane
components are one or more isomeric heptamantane components represented by the

.15 formula CisHag.

67. The composition of Claim 61, wherein the one or more heptamantane
components are one or more isomeric heptamantane components represented by the

formula C33H33.

68. The composition of Claims 61, wherein the one or more heptamantane
20 components are one or more isomeric heptamantane components represented by the
formula C34H40.
69. An enriched heptamantane component.
70. The enriched heptamantane component of Claim 69, exhibiting a purity of at
least 25% by weight.
25 71. - The enriched heptamantane component of Claim 69, in crystalline foxm.
72. The enriched heptamantane component of Claim 69, wherein the heptamantane

component has a molecular weight of 394.
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96.. The conposition of C aim 91, wherein the one or nore nonamantane 20
components are one or nore isoneric nonamantane conponents rli@phdydised by

the foiwpihesemsl- 40. 97. The conposition of Caim9l, whegRishhdddes one or
" nore nonanentane conponents are one or nore isonmeric nonamantane

conpongnts re sent ed the fornula C38 . 98. Th onposi ti on of

G gL, " her A5 S P anan e CTORGHAER b LG Er BRI G BPRREREEF ot e

i soneric n%@@g@@@@g@qg@@@gﬁaﬁaﬁ&%esent ed by the fornmula C40H44. 68 19
July 2005 WD 02/057202 PCT/US02/ 00505 99. The conposition of C aim91,
wher re}iézgdithe on%wgghgmo;nag%gt ane co op(glg%r;]ﬁ%r e@glge g h%gmingerreri C
nona ane co AEgEARG EOIBYORTREC aWveIrrHM§e r .
conpositio f . i one or nore nonanantane 5 conponents
ar remone or %ﬁ%fgg%l@é%%%z%%g%gaﬁg conponents represented by the fornula
C42H48 101. An enriched nonamant ane conponent. 102. The enriched

nonandit ane cofhoaeithed hefthmaneiddompatenbof Clagm &9pwhticih e haptamastasd 25% by
~-wei-ght. -10-103. - The enriched ngnamant ane conponent of Caim 101, in - :
crystal | i nECFBPRENM 109 unsy ﬂ@ﬁﬁegéﬁ’é‘ﬂ‘)%arrant ane conmponent of O aim 101,
wherei n the nonamantane conponent is an unsubstituted nonamant ane
conporngnt .  105ThfOiRicBRE heﬁ}&ﬁaﬁtﬁﬁ@s@ﬂ,%&{éﬁt SEORAASD! whkrofd @b Med@hanither ei n

t he nonanmant ane conponent is a substituted nonanantane conponent. 15 106.
The conposicompanest iGinesubstitutci4omposersi n t he sel ect ed hi gher di anondoi d
conponents conpri se one or nore decamantane conponents. 107. The

conposition ofsC aim 106 rei e _one r mant ane. .conponent s
are a%Zi ngl e djél&ea?%?ﬁ:ogﬁédnco @HEE%‘T‘Q %&rel?ﬁée %ﬁﬁ“ﬁ%‘gﬁ%ﬁ nfﬁa‘fm]&ﬁi"é m 106,
lldl_e_f ei n -t heo@penddits dORfiR1dMm8 R Mo 8ctamantane components.

78. The composition of Claim 77, wherein the one or more octamantane components

are a single octamantane component.

79. The composition of Claim 77, wherein the one or more octamantane components

are isolated optical isomers.

15 80. The composition of Claim 77, wherein fhe one or more octamantane components

are isomeric octamantane components.

81. The composition of Claim 77, wherein the one or more octamantane components

are one or more isomeric octamantane components represented by the formula Cs3Hss.

82. The composition of Claim 77, wherein the one or more octamantane componerts
20 are one or more isomeric octamantane components represented by the formula Cs4Hsg.
83. The composition of Claim 77, wherein the one or more octamantane components

are one or more isomeric octamantane components represented by the formula CsgHyy,

84. The composition of Claim 77, wherein the one or more octamantane components

 are one or more isomeric octamantane components represented by the formula Cs7Hy,,

25 85. - The composition of Claim 77, wherein the one or more octamantane components

are one Or more isomeric octamantane components represented by the formula CagHas,
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20 conponents are isolated optical isoners. 109. The conposition of Caim
106, wherein the one or nore decanantane conponents are isd¥elly2005
decama [ onents. 110. The conposition of Caiml j p the one
or nor g*’ﬁ@%ﬁ?éﬂ;toane conponents i s the noni someri c-decaqrrjgni/%%@ frponent
represented by the formula 25 C35H36 69 19 July 2005 WD 02/057202

PCT/ UBD2/ 00505Ad dririchEth ecleonplose cowponsht.Cl ai m 106, wherein the one or nore
decamant ane corrponents are one or nore of the isoneric decanant ane

t t f : et ] f
G itos, wnah B bR St PR R s EALIOR EPERIMILLOEC, e

of the isop®%iks wagkrant ane conmponents represent ed by the formula C411144.
113. The conposition of C aim 106, wherein the one or nore decanant ane
conponents are one or nore of the isoneric decg nt ane conp onent s
repr e®ent ed bylhernechet eriamantans somppgeniof Clpmg @?}Hﬁ@g‘ifqﬂﬁ% 5P O ai m 106,
V\/nerei n the one or nore decamantane . conponents are one or nore of the
Megg C - deca [ ARChELIRARGHAS: CRRIRSAY R afY 36 MRrbiarmdbaa@AdiS 115, -The -
corrp05| tion of ainms 106, wherein'the one or nore decamantane conponents
are one orcomp(menf1stahens&lmﬁﬁﬁectomimna¢amﬂwn@m3@nﬁ;onents represented by 15
the fornmula C45H50 116. The conposition of CI ai m 106, wherein the one or

nore decamant s are one or t nt ane
corrpog nts re?ﬁ’@? @%@M@?Wﬁn Eg “Qﬁ%ﬁﬁ gﬁ?&tﬁrﬂg&%ﬁeﬂcamnt ane
- conponent . ;Zfndnk8t is RibSNuicaRAnREARRBMBORetONPONent of O aim 117,
exhibiting a purity of at |east 25% by weight. 119. The enriched

decamant ahe conponent of Claim 117, in crystalline form

91. The composttion of Claims 1- 14, wherein the selected higher diamondoid
10 , components comprise one or more nonamantane components-
92. The composition of Claim 91, wherein the one or more nonamantane

components are a single nonamantane component.

93. The composition of Claim 91, wherein the one or more nonamantane

components are isolated optical isomers.

is 94, The composition of Claim 91, wherem the one or more nonamantane

components are isomeric nonamantane components.

. 95. The composition of Claim 91, wherein the one or more nonamantane component

is the isomeric nonamantane component represented by the formula CasHse.

96. The composition of Claim 91, wherein the one or more nonamantane
20 components are one or more isomeric nonamantane components represented by the
formula Ci7Hae.
97. The composition of Claim 91, wherein the one or more nonamantane

components are one or more isomeric nonamantane components represented by the

formula CigHas.

25 98. The composition of Claim 21, wherein the one or more nonamantane

components are one or more isomeric nonamantane components represented by the

formula CqoHaq. | _
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120. The enriched decanant ane c'o'rrponent of Caim 117, wherein the

decamant ane conponent ‘i's: [ 1231241(2) 3] decamant ane. ‘25 121.19Thdy @805 ched

decamanyy@ngsegponent of Cdaim 117, wherein the decamant pRgus&@gRANent is
an unsubstituted decamantane conponent. 70 19 July 2005 WD 02/057202

PCT/ Ugg2/ 0050 122. The e ched,decamant ane co f Caim117,
Wnereigg'the dg]ékéer%)ﬁ?%oﬁg%éloo%dolﬁ’é’ﬁg 11\§§e£e1g es?qetodtrg%)r%&g)@éwé% he conponent .
123. The coompshdntPire@he oF BioBisdmbc nvheLitmelddmpdates rgicRhgiey td anondoi d
conponents conprise one or nore undecamantane conponents. 5 124. The
conposi t i oAoHRlE aitks-123, wherein the one or nore undecanmantane conponents
are a single undecamant ane conponent. 125. The conposition of Caim 123,

wher e ot he o Oto R RidHIHRGAIRG] ADRercif PPALR R0 Epbih AL 0Pt cal

i somers. 126. e conposition o arm , Wherein the one or nore
undecanmant an@poicatcarpos enimeraisemesio renintaniideoapant#n ecprenpeddytiise 127.

The conposi tion of aim 123, wherein the one or nore undecamant ane
-conponent 5?@%@4 8'nor e i soneri ¢ undecanant-ane conponents represented by -
the fornula C39H40. 128. The conposition of C aim 123, wherein the one or

nore ypgecamanifBerhddTRNRARRRIS cihforRRE OF nore isoneric undecamant ane
conponents represented by the fornula C41H42. 129. The conposition of

Claim 123, wherein the one or nore undecanantane cor’r_gonents are one or

nore ABAI sonerThe emigbednenrmeantaneepmeaent of ClaimetHn evlgbBing ameity of #ful a
CAZHAA4. 20161513&52'&% 9 osition of daim123, wherein the one or nore
undecamant afe <<dnvon S are one or nobre noni soneri ¢ undecamant ane

conponents represented by the fornula C45H48. 131. The conposition of
@ ai mg23, whelle dhriched aftentntdRI@upotat afOiiane)!, dooyanaiiefomi.e one or
nor e noni soneri ¢ undecanmant ane conponents represented by

104. The enriched nonamantane component of Claim 101, wherein the nonamantane

component is an unsubstituted nonamantane component.

105. The enriched nonamantane component of Claim 101, wherein the nonamantane

component is a substituted nonamantane component.

15 106. The composition of Claims 1-14, wherein the selected higher diamondoid

components comprise one or more decamantane components.

107. The composttion of Claim 106, wherein the one or more decamantane

components are a single decamantane component.

108. The composition of Claim 106, wherein the one or more decamantane -
20 components are isolated optical isomers.
109. The composition of Claim 106, wherein the one or more decamantane

components are isomeric decamantane components.

110. The composition of Claim 106, wherein the one or more decamantane
components is the nonisomeric decamantane component represented by the formula

25 CasHag.
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25 the formula C46H50. 132. The conposition of Caim 123, wherein the one
or nore undecanantane conmponents are one or nore noni sorrerri?-élﬂ!lél@%rant ane
conponents represented by the fornula C48H52. 71 19 July 2005

02/ 0572’(’59"?’@372@‘502/ 00505 133. The conposition of C aim fyg W@P@Pn the one
or nore undecamantane conponents are one or nore noni soneric undecanant ane
conpohént s r efihesentpeditioy of Cheanmf Idcnwhereibbioae b8 hordteapmn@asi t i on of CI aim

123, wherein the one or e undecanantane 5 conponents a%re one or
noni soner | CRRTEREEH PAHY ‘BBE‘?;S’E PR, AT (5 POREN BPHGT R e?:%’éf H56
135. An engkGhedy mant ane conponent. 136. The enriched undecamant ane

conponent of O aim 135, exhibiting a purity of at |east 25% by weight. 10
137. The enriched undecamant ane conponent of Claim 135, in crystalline
form112138. T%leetomp@ﬁeldnoﬁﬂfée@@rﬂé)ﬁt‘Hhereuothgoﬁemme dgcamente8s, wherein the

Hne: onr  cren s RaRanE R e B AR b HFmR ot BRRb A, fprReRRHby 120

~undecanant 4B oGP ONANL. | S -a substituted: undecanantane conmponent. 15 140. A
process for recovering a conposition enriched i n hi gher dianondoid
conponent s, which process conprises: a. selecting a feedstock conpri sing
r ecovEi3abl e aﬂ@ﬁﬁ@gﬁﬁﬁﬂﬁp@ﬁ@ﬁw@ﬂ§ﬁoﬂh®ﬁﬂnh€@ﬁﬁﬁﬁEﬁ?% eqgmapRyi ng a

1 e ciRhicas GATRARGAIGY old QMERCLERHRIRRKONAUhAR: RrPOLhENSy 20

poi nt | ess’ t owest 'i'ng nt o

under commbmmonﬂatmﬁﬁkovrde a treated feedstock fronrmhrch hi gher

di anondoi d components can be recovered; and c. recovering hi gher

di anondoi d copgponent s front |d treate edstock aration technlques
ﬂé i F decitanian

d, f
el ect'éd from ﬁ(—?"EﬁPBﬁBO’&B 198 BRIERY Fr&PS@FB}?

components are one or more of the isomeric decamantane components represented by

the formula CaaHys.

115. The composition of Claims 106, wherein the one or more decamantane
components are one or more of the isomeric decamantane components represented by

15 the formula CysHsp.

116. The composition of Claim 106, wherein the one or more decamantane
components are one or more of the isomeric decamantane components represented by

the formula CssHsp.

' 117. An enriched decamantane component.
20  118. The enriched decamantane component of Claim 117, exhibiting a purity of at
least 25% by weight.
119, The enriched decamantane component of Claim 117, in crystalline form.
120. The enriched decamantane component of Claim 117, wherein the decamantane

component is [1231241(2)3] decamantane.

25 121. The enriched decamantane component of Claim 117, wherein the decamantane

component is an unsubstituted decamantane component.
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25 techni ques, thermal diffusion techniques, zone refining, progressive
recrystalization and size separation techniques. 72 19 Jult? Rdpg8003\0

02/ 0572Q¢o B&dd-5302/ 00505 141. A process for recovering a?c%)&fsh%tﬁﬁ% hi gher
di anondoid of Claim1, which conprises: a. selecting a feedstoc

~conpri §LRQ recoyer abl unts, of a higher .dia o] co nent or
conpondfte sel ebredmiBed IRBRIDE RuRurh on bl Pan pht TR AR e
conponent s RBavibBgend idDédbsti@tddAUeBimh@sse @dilﬁli{{fbr{eﬁ@ | owest boiling point higher
di anondoi d conponent sel ected for recovery; b. renoving fromthe feedstock
a sufficient anpunt of conponents having a boilin poi nt less than the

| owest 1Bdi | i ng Hes sromasyivsrof Gilamsnla bf.avicseip dhreirtectsd lgherglizmendoidcover y
under condi t. Wer i.gher di anondoid 10
conponent o%b]%gﬁ%éﬁsg%@lﬂ%;%glg%ggg%?%ﬁn%%%@%%@bﬁlgpgi ned in the treated
feedstock; and c. thermally treating the feedstock recovered in b) above
t o pyrdR4dze at TheastmpmsiteufofiCiaient 23y mhendin tfe anerdinare nddéd@nzotpenent s
—therefromto permt recove of the  sel ected higher- di anondoi d conponent
or corrponenf%‘gp? Hea YRdecananfang COMRARCE’s £ eedst ock wherein t he
pyrolysis is conducted under conditions to provide a treated feedstock
retai nipg r ecoVEHARNHARIRHMFE18Mm 115 wirtlds iRbnkicd hfire dhasHaRMARHade COMPoOnent
or conponents. d. recovering sel ected higher dianondoid conponents from
sai d treat edomppntsok isolnfedsepbispbispmarst echni ques sel ected from the group
consi sting of chromatographic 20 techni ques, thermal diffusion techniques,
cone ! %«% 0 N9, S hfosiidh of Bent>T A, WakldiPthe RR3r 21EE uRERANZHLED

10 components are isomeric undecamantane components.

127. The composition of Claim 123, wherein the one or more undecamantane

component are one or more isomeric undecamantane components represented by the

formuia C39H40.
128. The composition of Claim 123, wherein the one or more undecamantane |
15 components are one or more isomeric undecamantane components represented by the
formula C41H42.
129: The composition of Claim 123, wherein the one or more undecamantane

components are one or more nonisomeric undecamantane components represented by

the formula CaHya.

20 130. The composition of Claim 123, wherein the one or more undecamantane
comiponents are one or more nonisomeric undecamantane components represented by

the formula Cy5Hus.

131. The composition of Claim 123, wherein the one or more undecamantane
components are one or more nonisomeric undecamantane components represented by

25 the formula CysHso.

132, The composition of Claim 123, wherein the one or more undecamantane
components are one or more nonisomeric undecamantane components represented by

the formula C48H52.
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133.

134.

135.

136.

137.

138.

139.

140.

The composition of Claim 123, wherein the one or more undecamantane
components are one or more nonisomeric undecamantane componentis represented by

the formula C49H54.

The composition of Claim 123, wherein the one or more undecamantane

components are one or more nonisomeric undecamaniane components represented by

~the formula Csolss.

An enriched undecamantane component.

The enriched undecamantane component of Claim 135, exhibiting a purity of at

least 25% by weight.
The enriched undecamantane component of Claim 135, in crystalline form.

The enriched undecamantane component of Claim 135, wherein the

undecamantane component is an unsubstituted undecamantane component.

The enriched undecamantane component of Claim 135, wherein the

undecamantane component is a substituted undecamantane component.

A process for recovering a coniposition enriched in higher diamondoid

components, which process comprises:

selecting a feedstock comprising recoverable atounts of higher diamondoid

componenis;

removing a sufficient amount of components from the feedstock having a boiling
point less than the lowest boiling higher diamondoid component of inferest under
conditions to provide a treated feedstock from which higher diamondoid components

can be recovered; and

recovering higher diamondoid components from said treated feedstock by
separation techniques selected from the group consisting of chromatographic
techniques, thermal diffusion techniques, zone refining, progressive recrystalization

and size separation techniques.

72



10

15

20

19 July 2005

WO 02/057202 ; ) PCT/US02/00505

141.

A process for recovering an enriched higher diamondoid of Claim 1, which

comprises:

selecting a feedstock comprising recoverable amouats of a higher diamondoid
component or components sclected for recovery, nondiamondoid components and

components having a boiling point less than the lowest boiling point higher

diamondoid component selected for recovery;

removing from the feedstock a sufficient amount of components having a boiling
point less thaﬁ the lowest boiling point higher diamondoid component selected for
recovery under conditions wherein recoverable amounts of the higher diamondoid
component or components selected for recovery are retained in the treated feedstock;

and

thermally treating the feedstock recovered in b) above to pyrolyze at least a
sufficient amount of nondiamondoid components therefrom to permit recovery of the

selected higher diamondoid component or components from the pyrolytically treated

- feedstock wherein the pyrolysis is conducted under conditions to provide a treated

feedstock retaining recoverable amounts of the selected higher diamondoid

compenent or components.

recovering selected higher diamondoid components from said treated feedstock
by separation techniques selected from the group consisting of chromatographic

techniques, thermal diffusion techniques, zone refining, progressive recrystalization

‘and size separation techniques.
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