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[00019] Diamondoids are hydrocarbon molecules possessing amazingly rigid structures
that contain carbon atom frameworks that are superimposable on the diamond crystal lattice’
(see FIG. 1). Adamantane, a ten-carbon molecule, is the smallest member of the diamondoid

series, consisting of one cage-shaped diamond crystal subunit. 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
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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[00019] Di amondoi ds are hydrocarbon nol ecul es posse55| ng amazingly rigid
structures that contain;carbon atom franeworks that ‘are sup'b? #99Bi e on
the di apmpeh@ixstal lattices (see FIG 1). Adanantane, gCi/esu®masdaon

nol ecul e, is the smal I est nmenber of the dianondoid series, consisting of

one cage:sh bumt Adama ' 20
avai | abPe® é’j}lcggli eﬁJosfé %glaﬁ ARESIAFTERTS ON EL nt%lgrlgogthg it éﬁ{a%salr[lhg

synt hegingied ofpshsitiic cs@ﬁleb@ncfegge@v@ﬁﬁy wWittosach dighet mmbeabaﬁmﬁma@mt ai ns
two face-fused di anond subunits and triamantane three. These three

mat er i $rigs-hAlse, mhsescymm@%qui eysghenifs<an shag 9re Hhapet Fogle fise maMmAave
t
CFass: HonlBERLAL hifibl Al AHATMATCe, (AR 3ECafMs IRRLERG 4T E

char acinefehsihig csnaﬁm( reaghiugdiiingn mdtdasipk eamstpmsérrm,leautw vadighity farredch above
tetramant ane, multi ple nolecul ar_wei forms) that dif e%ﬁ%cromthe | ower

di anonatseessive highendemondeid fengdy (F 1% Eﬁ’éﬂ lalaé?hiﬁa%?‘ﬂ@gt

structures an |ca properties ave n-set forth. [00020] Wile
adananﬁlaluﬁdeodnmnéane and tri amant ane show no isoners, it is 30 understood
that there shoul d be four different isonmeric tetranmantanes; four different

shapes tai .our nond- cage su its tha erlnposed on
ShaPerelial' 2 Daph doanieidiRe prapftn R e st el st o o o
epant i &Jﬁﬁéﬁ;a{e@ dsTRET1 ASBY Ssur@-roRR eRtrackd, HeThe nBRGANGR chRRidrieFdiABbidyi@Nt anes
each have ten faces to which the next dianond-cage 2 19 July 2005 WO

02/ 057iQRtrPemnysaizs b sodruef magmiluﬂd Forsiostandee methythdipmentape peneraifaliEme s

that of the, t f i b
| mer oabaRa ATy gt ay SHEK Ty Mrcmper wiiey abCHR e dn Ml OATCS
becausgfedi W@?@Phﬂliféﬁ{ﬁdﬁrﬁ} Loy dnSat@rdt! @B%ﬂce@ﬁsmtthamu@sm-agé SmhéeRet N sone
hi gher di anondoi d rogen to carbon ratios, i.e., the degree_of

conderi%cmnabm Gulg Gossto%%hwwn@bﬁdwgwmapmntraﬁi@rsaﬂfﬁon@ PHaBEREE easi ng

riet ecul ar oid fam |
(R o bRl A P 00060 o P ERRT DBt g, | Lom Y
wei ghtmalpewblaﬁ@_d Which haghetdegionseilshtintial cracighggs b randtidfénttesetaatms@anes to

t he undecanzant anes. [00021] Lower dianondoids are_present in virtually
every e mstisidipmaniage serpegiationgn damibenende el pppas. S nefdmgerstogd iio¥e- r ock

exXt 1 agfiSher dlddfordBidd BhiCHBERL BldafRaNys@hRAMRNGOMIS 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.
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in petroleumvaries by orders of magnitude. For instance, nethyldi anmantane
concentrations in relatively lowmturity crude oil Slt)r9ﬁ‘l${]h? pent ral -
valley of California, are on the order of a few parts per m PI on (ppm.
Low mat B¥Q 83/053242s sour ced from the Jurassi c-age SmackovePCTAGHEIIdNn, Qul f
Coast, USA, have nethyl di amant ane concentrations of 20-30 ppm Because 15
di anmongpiss ShAW SR RRk SO, 30 bbink&Bodt IR tRE PREeM GhFRlds Bparately
hydr ocar bons, deeply- buried petrol euns, which have undergone substanti al
cr acki isglated the hizhet diambndeit epslehdrmatantmmy, thhmast pestdepseadi rapmheradhe

concentration in the thousan f . . Lt is.not_.underst how..-hi gher
o Ao atan gt et oot PR AMAR ar BP0 e R b A FTh SR O 9

process requiring mllions of years. 20 [00022] The higher dianondoi ds,

whi ch joppbayde trheuhRidBEBAL AASs diRSBhaTANhARSSot KebL identified er Iselaaidued
conparatively little attention. In fact, prior to the work of jnventors

Dahl  aefliervdss prowided midibe dollawink presntisshtise tarpntangyptyéhasizsh “98di al No.
.......... 60/26284 f | d ] 11arv. ... , . - . S . . 1 | i ;o th o
oo uBsh s f B Aanth? R AN YR g BB Ot N0, DS

synt hesi zed and a few others tentatively identified (but not 25 isol ated).
More specifically, MKervey, et al. reported the synthesis of
anti-tetramantane in |ow yields using a |aborious, nmultistep process. 12
H gher di anondoi ds cannogﬂgﬁhgggggﬁﬁtﬁgg]}E¥ﬁﬁﬁé£) ation isonerization

met hods useful for the | : , | . have suggested the
exi stence of tetramantane, pentanmantane and hexamantane in deep petrol eum

reser yfyno%gf I O} BB SimSRERLHQREAR MiadbRBRs, aNGhrived RQudlaicd Bdnpdldagnpt to isol ate
materials. 3 The 30 possible presence of tetramantane and pentanantane in

pot el elsb providesohe ietividtaldvgher dginpmidpidasemersdrefertell torasrbigher dgmoadaidng
f eedst ock has, been discussed by Ch tal4 . .Agajn,, ..th de.no attenpt to
| ol s GHEREPT &1 Sl e paveaTapT & A g g Bt SoEtBa7 200

PCT/ USH{4e5 Rcb0033h wAsiciagidichiiomsal andasigee higher tlanichdphisnbéighst t hat the
present inventors separately isolated the higher dianondoid

cycl ohdismpadeid sempphentnestbeddaesed menber of the hexanantane series, and
have made that invention the subject of its own patent application.

[ 0002 su rize, the higher .di ndoi ds have not been identified or
| ool at 090801 SR e el Bip P Bl R RS B e B S RSB one
150- t aidanitatileéhigher diymbhds dyadidirgdirarnnsapst pénttwdntayes, berexsanemiesne -
separately discovered bg/nthe present i ﬁventors. . .
heptimantanes, octamantines, 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 prevalent in feedstocks as any of the

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




SUMMVARY CF THE | NVENTI ON [ 00025] An enbodi nent provi des hi gher di anondoi ds,

as enriched or isolated conpounds. 10 It al so provides the individual

hi gher di anondoi d isonmers (referred to as "higher di anondoi d, ﬁgggﬁpﬁnts"
as enriched or isolated conpounds for the first tinme. In add|% on, IS
enbodi ment provides processes with which the enriched and isol ated hi gher
di anondoi ds and hi gher di anondoi d conponents can be obtai ned. [00026] In
one enbodi nent, we have isolated as crystals a variety of previously 15
unavai | abl e hi ghe i anpndoi ds i.ncl udi ng.tetranmantanes nt amant anes,
nexamntancs, . EPELHAAreser  amimearads o SRR R e DR EpRRT
decanmant arempdest neBledr aicluding efirichbthunsiibsghed ahblcaambmine)wi giichéd gher

di anondoi ds ,i.s es §cially unexpected in light of our finding that the
relative éﬁﬂﬂ&ﬁﬁ?ﬁjﬁ? each di anondoid fam |y (tetra vs. penta, etc.) drops
by a factor of about 10 for each crystal sub-unit added to the structure.

This neans that the decamantane 20 we. have, ] sol ated,. for. exanpl e i s about
10-6 t1mes as B BYSPETINh HeSBaSE SURTIOA NS bpopRation rie i PR ere

i ncl udi ng sélfhﬁecﬁlﬁg&if ﬁSmMﬁﬂomﬁoH@&eﬁty,%Bjeaitdmé photisb @t \plzijeinmlliertﬁirs bnlyéniQdJ uly
2005 In a first aspect, the present invention provides an enriche

Sel ected RrgHEFERE ool comBRsaLn eeter epUrd A Em aCaRE

unsubst i t whedstaned cycRhéamami@ne, nor enriched cycl ohexamantane. In a
second aspect, the present invention provides a conposition enriched in one
or nore selected higher dianondoid conponents, subject to the proviso that
when there i s @nhthirdAgectSt peiedtintdngbeprodidesmidepbitichaopprgnd dikthordsidaei t her

unsubstitute nti-tetramantane . nor. unsubstituted. cycl ohexanmantane. In a
Ao ot ptched Rone b A B b S et S e S BT RB R P
di anondoi dsamofdyid,Glitgebt tothORBviey thiGH RN SRteds bidd ol sglRaed Mplraadohdbi€ onponent s

relative to the t.otal.am)unt,ofd di.anondoi d, suq%)ct to the proviso that
when t her §TROTSH} § 15githes wpsus iBtF it e PR a o a YL @B P8ent , it is neither
unsubstituted anti-tetramantane nor cycl ohexamantane. In a fourth aspect,

the present inyentio rovjdes an enriched_ iso-tetramantane. In a fifth
aspect, the pr %h?ﬂﬂﬁggﬁﬂ %ﬂeﬁ?HQWﬂ%%“%ﬂ“@ﬁﬁpfﬁggﬂgﬁ%ﬁﬁ?@?ﬁgﬁhntane

enantionmer A In a sixth aspect, the present invention provides an enriched

skewt et ramant ane i . : .
%n 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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enantiomer B. In a seventh aspect, the present invention provides an

enri ched pentanmantane conponent. In an eighth aspect, the present

i nvention provides an enriched hexamant ane conponent represented by the
formul as Cad- 136 or C29H34 with and wi thout substitution. 'Wgatﬁyﬁsﬁb
aspect, the present invention provides an enriched substitutedJ

cycl ohexamant ane conponent. In a tenth aspect, the present invention
provi des an enriched heptamant ane conponent. 1In an el eventh aspect, the
present inventjon provides an enriched octgmantan component. 4a 19 July
5005 In a twellPLROAEARE U HE<BBsaion PRVGM A S grbUTABE 47 SRk
nonamant ane conponent. In a thirteenth aspect, the present invention
provi des an enriched decanmant ane conponent. .. In a fourtieenth aspect, the
D asent i nvent PaTMRFSU HaSh s tare e an s deGiheRc "1 1 n s
fifteent hcoappedmt., the present invention provides a process for recovering a
conposition enriched in higher dianondoid conponents, which process

~—-conprises:—a. selecti-ng a feedstock conprising recoverabl e anounts of-

hi gher di anondaiadouvrteirhaspedifthe pridsent i@vERMbMErodidssihfeitdhed tindetamktntane f

conponents fromthe feedstock having a boiling point |ess than the |owest
boi | i ng Hpawg?ghiannndoid conponent of interest under conditions to
provide a treated feedstock from which hi gher di anondoid conponents can be
recovered, anqgc. regovering hi gher dLanDndggd co ﬁnents fromsaid treated
feedstock by SEPHFEHH BRT-AAHHPHBIIEvLRPLRIPBESARORPHY TGV &bnsi sti ng of
chr omat ogfoaphiiion dnéichrd i giser dizmedidsid coglipbhidhts, @hich @bk quRgisezone refi ni ng,
progressive reCrystalization and size separation techniques. 4b 19 July
2005&. selecting a feedstock comprising recoverable amounts of higher diamondoid

components;

b. removing a sufficient amount of components from the feedstock having a boiling
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.
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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 recoverabl e anbunts of a
hi gher di anondoid conponent or conponents sel ected for recovgy Yyv 2005
nondi anondoi d conponents and conponents having a boiling point ?gss t han
the | owest boiling point higher dianondoid conponent sel ected for
recovery; b. removing fromthe feedstock a sufficient anmount of conponents
having a boilin int less . than the | owest.boilin oint hi gher .

di amondoi d_compBreit R b e REren PREEDERVeA PR a [ Bt fAL

r ecover abl Rigkdirdisfioadodd oftthefilsi ghet, whichromplédesl conponent or conponents

sel ected for recovery are retained in the treated feedstock; and c.

th Iy treating.the.feedstock e d.i.n_b ol t least
LS aurH o et GRBSIRE BieerR AT b fR S EpldePHhhoNiaan | oo
recovery of cdiifonepeb@oufBnbitg Beectdd Rpstaes, aonfianamnioid compopaaeniis from

--t-he-pyrolytically treated feedstock wherein-the p%%PIysis i.s conducted -

under ~ condi t9mpeents havimgiachoiling paint less thprthedewestk bpidingineiH dishsEover abl e
anount s of i I i.d.. conponent or conponents. d.
recovering g%’é%?é@%%?%ﬁg%gg?%ﬁ%%%%ﬁ%gg%ﬁ%onents fromsaid treated
feedstock by separation techniques selected fromthe group consisting of
chr oneb.ogr aphi aembeing fiomithe, fotdsarchaml sulfidiéni sinoant cfclonipguents hadng abeilingi ng,

rogressive recrystalizgtion nd si.ze.separatiqn. techni ques, 4 9 Jul
5005 %) ozp%i%%’i@tﬁ@@@ﬁ?’/‘é’eaw TR ST @ﬁfoﬁa?‘ér\?o&? i %Eﬁ(ﬁﬁlﬁ%gs [ 00027]
FIG 1ill %&g&@%&&%ﬁ@%ﬁ@ﬁ&% SEEHEIHIE SmSinilbARNEOIH JiaAshdbldel 1

correlation iamonds. Specifically illustrated is the correlation of
t he struct ucaspaientivrovmpsoents stlected fyuredavsriodre rdi@ned mntba dreated Seegistorkit ti ce.
5 [00028] FI 2 is a table depicting the different nol ecul ar wei ghts shown

by each hig di anondoi d series. [00029] FIG 3 illustrates the structure
of the tetranmantanes provided by this invention.
€. 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 diamoundoid component or components from the pyrolytically 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.
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[00030] FIG 4 illustrates that the four tetramantanes have carbon
franeworks that correlate with the dianond lattice and can ¥WeIWyEd®d into

their 1@ badstige plane (FIG 4A), 10 110 lattice plane gftxobds and 111
" diamond lattice plane (FIG 4C). [00031] FIG 5 illustrates the structure

of the pentainantane i.ded. hy IS i ti0on. 032] FIGs. 6A, 6B,
6C and 6D illustrat eﬁm P Pﬁ@ﬁ@ﬁ&éﬁ%}mg provided by this
invention. [00033] FIGs. 7A, 7B and 7Cillustrate the structure of the

hept an@ob2ries PIGVI HRGir-lYs tht2aidiimped¥ithire Bf dAMnd6lde afd dpacldnensbhi omer
is shown. [00034] FIG 8 illustrates the structure of the octamantanes

provi dedligpondsi Speeifieptly Blystratehisyhesqrraiton offthe sichges oidigmondadyind 432

nol ecu i . [00035] FIG 9 illustrates the structure-
of theéu%g%ggngﬁp%ﬁgaggég§v Sgaeiaﬂgg\f/@t his invention. Only exanples of each

nmol ecul ar weight famly are shown. 20 [00036] FIG 10 illustrates the
sfruct [@0628if t REG.dezarabie dopisting theidifédeltynbloedal weightsishown b@ehsh leglanpl es of

—each-mpl ecul ar, wei ght family are shown: [00037] FIG | 1 illustrates the - -

st r uct Yip@opdoid gersfndecanant anes provided by this invention. Only exanpl es
of each nol ecul ar weight famly are shown. [00038] FIG 12 gives a flow
chart fepiqsentidn® fRsyMa! e YtudheRT SR ahAnti&: Prsekad b9 Riflnvesii gher

di am).nl(rjoi dﬁcont al ni nggtfn%acti ons angﬁi ndi vi dua hiﬂgrher .di gnondgfd
conmponents. Note that the steps can in sonme cases be used in a different
sequeni®8030d pBESibillpsisdepihettha fourditeamtangs have ¢rebax@mpewetks$hatg July 2005

WO 02/ 057202 PCT/ US02/ 0 0039] FIG s. A B are j \ations of
e UG iLe Traisansntce b1t o0 2p viedinber D8 iSRG Fal FCrkeEq h
ihis an@zh&gbb;amgﬁ@@@h&ﬁﬁ dibfhon MM cd fiand IGRES: col um strategy used
t0 isolate individual tetramantanes and pentamantanes. 5 [000411 FIG 15

illustrates the size and shape of sel ected hi gher dianondoids relative to
Cho ( HORFInst BIG- 1 illesteates thg seuguiess theseantamnfance REQyededtanbisupeenieBd in t he

devel opment of nol ecul ar el ectronic devices. The carbon framework

Z;g“igﬂb@z]o‘c 1P s S6A &6t ot TP NAREAR thE@hichfe LRk AmEEhS provifed 81 9 -

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



{ [00042] -FIG 16 illustrates the gas chromat ogram of a gas condensate
f eedst ock; one of 10 the original feedstocks used in the Exthyply2005

(Feedst -.showi ng’ minute concentrations of higher g -{hot
det ect abl e 2@)%”%‘% s scale). [00043] FIG 17 illustrates a Eﬁgﬁ erar%er ature
sinmul ated distillation profile of Feedstock B using the atnospheric

di stil liggg3on 69GGF:. 13R0HABE 28 cdiBsilfioas bf thEMGE/MS gud eTRlSopértibust r at es
the targeted cut points (1-10) we used for higher dianondoid isolations. 15
[ 00044 varpus hgher greraengords gnglndadyn s aprjieatiehr onat ograns (FID) of distillate
fraction #6 (Table 3B, FIG 18) of Feedstock B 650 F + distillation

POt L omigo0f! LhAc! €2 Ud e RLORHAELC cAlmRXLBUY heePACORRIMIviadheSe T1 gur es

show t ndi anondol d conponents have been estroyed by the pyrolytic
pr oces sétrmpaarmhes lad pdntghartargdsanondoi ds, especi al | y hexamant anes, have been
concentrated and nmade avail able for isolation. 20 [00045] FIGs. 19 and 20

h il i | uti f i f. . individual
e bnedh S R e R S A B e,
col urmegy kﬁﬂ&ﬁﬁﬂ%&&@a@n@@re@m%@ﬁﬁ&ﬂb@ﬁmﬁ@d the AevdlOPR4GlofFl G s.

21A and-aﬁ Billustrate the preparative capillary gas chronatographi c data
for tetdemiarsheestioais|devicon sl eatarbandionework saxaipesesf tBe selertsl dippapdaida shows

cuts made, o 5 distidl fraction #33, Feedstock A. The bold face
b Bpaftan B 578 e

nurmber §%% tramant anes. FIG 21B shows peaks i sol at ed
and sent to the traps. The circled nunbered peaks (2, 4, and 6) are the

t et r anp@UoRARES . -HIG. i 6 (INGireds fadhs bohatspaah iof s conddnbste daditodt; lope ofict i ve
- tetramantane are contained within one of_ these peaks. 6,19 July 2005 WO

08/ 057 SeporrnTal fsysiogksessd [ B4 emples (Feedstogk A shoswing spiautecopesnirgtigns

phot om g&gi ; | s isolated from Feedstock A by
pr epar gﬂ@gérgdégﬁgﬂé%@g{%égr ap lggfﬂﬁg&ﬁ) . FIG 22A was isolated fromtrap

fraction #2, FIG 22B was isolated fromtrap fraction #4, and FIG 22C was
i sol at geDoBpm tRiGp17 ilastraena dikh (Bepaasee sinmlsted dendatoropeiilcofifeedsdodnt anes

nant ar B e aash e NI R AT rromsge Frisii atis ife oS’ ' ©
c1r TG, 6l ERRIDLAP o7} 07 DRSEL for Bk dldmidbskiom. 1 ract .

exenpl i I n Exanple [ Wwas used as feedstock in
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.



pyrolytic processing. The hold up fraction is the material recovered from
the distillation colum-.after distillation of Feedstock B ak9 4fpe89% matel y
650F. T, AR anes #1 to #3 are to shown. [00049] FIG ' strates
the gas' ¢ ror‘?g%oggr am of the pyrolytic product fromthe %@Eﬂz&g%ﬁat erial

in FIG 23A i.e. the holdup fraction of Feedstock B atnospheric
di stil0804Tdn BEY'sF22A 28 ade’2Csllasiratg phofemigsogranky ofdefrapaniane-crvd#sndoi d

' 4 f
CotT ansibita s P A b7 o paaAE AR GAMIBLEn} (ISR, BTN e
col ummisolated fidPh Gap titactién #E G CIBBIwan isaldiel framardpanetionAipomd FIG. PBO051] FI G

25 illustrates a preparative QDS HPLC isolation of the hol dup fraction of
Feedst %eldspiatadffum fap fRcupnsitq. | Pepapssithe o pnantiontaris ierangigaficn §2¥¢ act i ons
taken - ' : ' ' [ : et ramant ane
comporar AL G Rer B SRR LOR HIGTEE S e <Rl B 800 Manfi QS Lant

i solations steps. FIG 23 above, displays the gas chronmatograph of this

- f-eedst[06648][ 00BER]23A BusizBes the gst elavmsioghan bPEF&@dstoch Beatmgsgheriof fraction 12
(FIL.G %ﬁ r.un.o ercarb stationary phase.w.th acetoneg bi.l e phase
Fesul il Rl v Sho e e i Brknblirc Sustt v G 8 e HPes @ P27A° anc
27B i | Jyesittiabeodesding 1104 Bild 1P RaSiPRBAOSh RNl tEt&eréoBAS dis§ R Um of
tetramantane #1 isolated by using two di fferent HPLC col ums. [00054]

FI G s.cohgwn afick digBldtionwd Fealsocloly MBppuahatehyrb SORF oNetrogardanes ¥l @) #Ante mass
i(gectr m of tetramantane #2 isolated by using two different HPLC colums. 7

Jul§°¥805 WO 02/ 057202 PCTI US02/ 00505 [00055] FIG s. 29A and 29B
illustrate GC/Ms total ion chromatogram (TIC) and mass spectrum of

tetra € #BICt IBBANIRstraNs tHS b b Ra@itnes SRk pPRIRICHbERR Front BRO56]
FIG s.rmg%%}and 30B show t he GC%IVB t ot gl gfon chrgﬁt%cﬁgm Tl 8) and mass

spect rstariing matered iy FiG 23 Annnttbnbkolip fratiiah ofsiasdstelipB rtrapdpheiit dstiBatj@0057]
FI G s. 31B j |l ust ti il h t hi
ata PO Rt RnebmE BT B RS gt e B oRibndRE, L1 °Col e but

cont ai ning one of the pentamantanes fromthermally treated Feedstock B.
The nq0@0503 | AIG.hatd Ac sid MBS cdigRaE 8ietths chromatograms of a tetramantane-

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.



on a second colum. FIG 3 IB, shows the second colum peak sent to the
trap. Pentamantane #1, the first pentamantane to. elute in GIMBHARAIY S s,
was isolated in trap 6. 10 [00058] FIGs. 32A and 32B show the GC/ M5 tot al
i on chMSh¥530am and nass spectrum of pentanant ane #1 PSHUSIEWSEy
preparative capillary gas chromatography. [00059] FIG 33Ais a

phot ojeBoF3]gr apiGef 29y nidPM ilaneateIGCAYS tathison smontasepramd HICFasdsassck B by

preparative gas chronmatography. (FI.G 31 d 3 I 33B illustrates a
pent aﬁ?&ﬁ*ﬂ"&ﬁé’%é@a@?‘%&#_—% I%atf%bﬁ gope W%d%e‘?tl%ﬁk$F§u8§mt he preparative
HPLC Refractive Index trace (wth negative polarity) of Feedstock B

di st ﬂfohﬂécﬂ. CURIAP4T S0 A ShE 30 QO theS@EINIBLEE TV hRmatb ant (TIC) hehmashowi ng
HPLC Tractions taken using octadecyl silane colums and acetone nobile .
phas especthantofmantthyltt apraetane idodrtediuding BygercabfHRfei r el uti on on the GO M5

anal yses. [00061] FIG 35 illustrates the chromatogram of ODS HPLC fraction

R R B0 8% AR TP AR RIS DB R S,

and 3fBpihthishiadé RofdEbMS F10L. 31 Al siibvedthe Mestegluam il keGhtaiminl omssf ths pect r um of
pent amant ane #1 isolated using two different HPLC col ums. [00063], FI G s.

37A aprbtBTBarer from theanaly meiedFegdsiogh Be nbhsrarlegaldmthar ol Wantep 25

spectrum of pent a [=Yo] L i4dPLC col unms.

[ 00062} # BYE™ P&gﬁaﬁygﬁzﬁhp?ﬁgﬁ%ggﬂwéghwgfaggr{tg%%r mat ogr am ( TI C)
and NP&ifam SRS FIUMOfirsppitananiane dide isGICAVSdnalysisgwhssobidd iprtepts. BPLC
colums. 8 19 July 2005 WO 02/057202 PCT/ US02/ 00505 [00065] FIGs. 39A and

39B illustrate GC/MS total i h t TLC d t f
pent a9AEEinG. I oSt i 0B FREF oo CRT TR QP @hto B S TB0G6] FI G s.
40A éBE i A iga[:ﬁ%@ | e OEYTRIQ Bt gﬂﬁ,

spec?gri’%% 0 ‘%éh#g%nt a?le |tésd;$§#reeg%3tslfﬁg t wo %‘lﬁf@fergirﬁ@% L ‘(r:rgiszr'ms. 5

[00067] FIGs. 41A and 41B illustrate GO/ M5 total ion chromatogram (TIC)
and nf@e659]s peFiG LAl aphotamemgad ¢fpentoiatang Hlryjals iwelaed fement HPLC

aus. cHRNEFbgaRPEaRisisaroamaby B1E PLafae P B BRRIR S 0™ e
firstp&RiHiRakitoScyQRL i ning two of the

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. |



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 Hekdngf®ines

were i sglpabee0r! G 's 43 and 44), hexanantane #2, the seqomgd2lbewamant ane
to elute in our GC/MS assay, while hexamantane #8 is the eighth to elute.

[ 0006 G s. A_and illustrat he 3 total io r opat ogr am and
nass ﬂ%gél r urﬁ@?&égﬁé@gfﬁsﬁtlhﬁ@%%@@gé?@% TaH9EAm &éeg%trﬁﬂ?‘?séry gas
chr gk QAHAPWpentatnd AR 1Al;sdThiEH Boind # AiFAABIILE UolukLe the GO M total

i on chromat ogram and mass spectrum of a hexamantane #8 hi ghly concentrated

by ‘preparative capillary gas chromatography. A mnor anount of a

met hyll hnardilére 40A08dHoBdbusteate GV gt tptal wn ghrammaingraim(1ilG) andsungsl e.
[00071] FIG A5 illustrates hot om cr.ogr a f .hexamant ane #2 crystals
sl o tbss o et s ioiel P Sg By g M OE Tyl BRBRRY ogr apny (G 42
and 44). [00072] FIG 46 illustrates a photom crograph of hexamant ane #8
6ryst a00a750! atreds. 40 arand e Basihaeke BOAVSAbRPMhAhiMBaBSHCITIO Ridaraphy (FI G
~-145-and -147) . [00073] FI-Gs. 47A -and-47B:illustrate GC/ Ms total ‘ion -
c hr omSPsEuEhe{ PrREmanaRefdsolated asing e difaret ZHL(r selamws i n ODS HPLC
fraction #39. 25 [00074] FIGs. 48A and 4814 illustrate GC/Ms total ion

chro m (; . M £ 3 '
Fraot Togvenfe. TGS 42 tplTaeB ngaget BB R U R A0S L ey T
¢ hr omédrdgxammithh<dso Buiondra 6. 48 Aestowsrthe firdh ealammntusneittning @QDSE tHel C
fraction #63. - 9 19 July 20 02/ 057202 PCI/ US02/ 00505 .[00076] FIG s.
50A aREREARIAneE Hom ﬁ%eésw és%?g*t 2?%4 fi!ﬁwe OIFEPRGT AR PRESS 159156%&%@
ijpect %aﬁk&tﬁehﬁa@nmﬁﬁﬁs rofe i€ Bl SROLEARL v e HOBRECEIE HTY Gnd et i ON
#53. [00077] FIGs. 51A and 51B il lustrate GO/ M5 total ion chromat'ogram
(Tl C) hexmhaniwss #25 fectcandt hekamentanait cute it oli3GCAGE aswg, whilebexawentding f er ent
HPLCn%gI. utgns. 0q078] FIGs. 52A and 52B illustrate GO/ M5 total ion
chr ontit &Y Sﬁig&‘%%)e'étﬁd mass spectrum of hexamantane # 7 isol ated using two
different HPLC colums. [00079] FIGs. 53A and 53B illustrate GO M5

r econgdgesf ed FGrs. aBAQRBUIBIAMHIS (ha QM iATeSS ciiBifaldgvdih @hd Ragondensed
“irregular” hexamantane (nol. wt. 382) in the saturat ed
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



h'ydrocar bon fraction of the product of the pyrolytic processing of
Feedstock B distillation- 10 fraction #6. [00080]. FIG s. 54A19aﬂd_ y 2005
illustrate reconstructed ion chronmatogramniz 382 _spectrum
of an i@b@é’%‘ép’\éshexanant ane (nol. w. 382) in the ODS Hﬁi@t}%@@ﬁ%n #36.
[00081L FIGs. 55A and 55B illustrate GO/ MS total ion chronatogram (TIC)
and md8@07615 JHERs. S0 B S0Bridlupizate BkdMS o tab iony dhepmatperana {HYC) psdmesed i n' ODS
HPLC f (EPi 0N #E25, TR r %ﬁ% t i on

chr oma?@%cgr arr?{%xanag{ﬁgg%?%ﬁ@ gérrr%'l% %dn%l Ilf%}neg?aﬁ- & ot 2.

met hyl cycl ohexamant ane- cont ai ni ng ODS HPLC conbi ned fracti ons #23-26.

[ 00083075 s.FIGTA sdmdarl B B il lustsdie GICEVSToMB1drodhabmaiograsin (DA tadnass (Tl C)

and mass spectrum of a methyl cycl ohexamant an 1 | . wt. 356) isolated -
usi ng SH?HW“@%@FW@@“%#&@F%@P‘?“%&%O H%{eeer(tgﬁ«@gq%gw@d by Hypercarb).
[00084] FIGs. 58A and 58B illustrate GO Ms total ion chromatograni (TIC)
agnd MaGg)7sT Pe NSl %d’%, G GRENRBIY AecHfembitRlam YEIC) 3R§mak$ 0! at ed
~4-n-hi-gh purity using nulti- columm stationary phase HPLC ((CDS foll owed by
Hy per cpediium $1088GRnEah&GHS. is@oted msing Owe differptidIRIE colypmsphs of crystal s of
25 net hyl cycl ohexamant ane #1 and net hyl cycl ohexamant ane #2 i sol at ed usi ng

two di nt . HPL ol ..1.0008 Gs. 61 nd 1B i|l ustrat he

or epal 0L FETT 22 a S B aRte s reSnaf e sHhmalostith hi 582

i sol atzh@Rfss SPeirufldfa @ROWsed hﬂrefétrasth@@mman@ (h6l. e ey) i 08 shi@ated the 10

19 July 2005 WD 02/ 057202 PCT/ US02/ 00505 hept amant anes from Feedstock B.

FI G éyocethondrachien efibo hbdust ofithe prakiicinretassiag od HeedstnektB distitlaton: r aps.

From thi cedure pure heptamant ane conponents were isolated (FIG8 and
, ﬁéaﬁﬁ%rﬁé‘ﬁt ane #1, the first heptamantane to elute in our GO/ M5 assay,

and heptamantane #2 which is the second to elute. 5 [00087] FIGs. 62A and

ﬁZB | l[boos0] at FIGhe 5|@E{ &?5:)4@1 ialhs&ﬂﬂGﬂﬁM@rmb@gFrlaﬁﬂeéli’tdl dif&Sﬁlatogﬂﬁﬁhr/ﬂHﬁZDf a
ept amant ane #1 isol ate y preparative capillary gas. chro gr aphy.

[ 00088pd mass specEum of fg lepilan heyampanipee (nel. e ) Fbtgap%ﬁﬁ’gﬁ %%@Pagr am and

mass ngpectrum of a heptamantane #2 highly concentrated by preparative

capil l'ary gas

[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 '



chr omat ography. 10 [00089] FIG 64 illustrates photom crographs of
hept amant ane #1 crystals isolated from Feedstock B-by prepa@adily@08%s

chromat Qg @RiY20F! G S. 61 and 62). [00090] FIG 65 ill usid@i@2mnsses
phot om crogr ap2h of heptamantane #2 crystals isolated from Feedstock B by

D1 PRARa B toue SIS Boof 16 Chestab 4 o] colbin® paids S4ed sn@ P L o oy
nopt ARl RN AFRINER b AT b Oeiihen AAGORIFLIRIG H7A and

67B illustrate M5 total ion chromatogram (TI and nmass spectrum of
hept anamt Bndepiompotaant] Hie first DEBaEHRPLtENd foadtitie i oG C/YISEeD3] 4 G s. 68A and

68B il]Justrate otal ion.chr togram (TIC) and nass spectrum of
heptanfé AP, o‘il’\{gﬁ%‘%‘geis%‘”&%"ﬁ%fraction #61. 20 [00094] FIGs. 69A
and 69B illustrate GC/MS total ion chromatogram (TIC) and nass spectrum of

hept afTFIOU&T]e CBIFRNEIN afd 628 (oG it GOV MEBabiabivnidifomiti0gdbindshédss. 70A and
70B illustrate GO MS total ion chromatogram (TIC) and mass spectrum of

- -hept anwselave of ahepaamntane #hisodsediby Arepgistive sepllqupises ehramafasFenis’s . [ 00096] -

FIGs. 71A and 71B illustrate GUMS total ion chromatogram (TIC) and nass
25 SPefijohdf Of pRER! QIR AL PES ifuslraR! il B /US! Bl toNRafbihbBERR ardihbssco! umms.

Hept amant ane #2 “was |1 sol ate rom a on #41 (FI G 67) using
t he HygecwanlofbBkeftampataae¥2 highlPcaickyir&60by phaPatEle 8aillaymaT/ US02/ 00505
[00097], FIG 72 illustrates GO M5 reconstructed ion chromatogram m z 420
showi ngrgmaty 411y condensed hept amant ane conponent (nol. wt. 420) in the
ODS HPLC fraction #61. [00098] FIG 73 illustrates the mass spectrum of

e mojopesdiar pRE atind<dbideMoaRiei ARG hs of hEjtSmartdne #1 bERRARIbolkEiHm 74A and
%QB i Iqogs’t}%]at ep%%/g%[sl t%?aél ion chr onatég%;% gTI (@) %nd %@s %pectrum of a
§

net hy| FreedstackBtiarmepuaipergs chiommtogreph (386 9. 6blegd €4)-i n ODS HPLC fracti on
#51. [000100] FIGs. 75A and 75B illustrate the GO M5 total ion

B S R S LS R e

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



[000101] FIG 76 illustrates a photom crograph of octamantane #1 crystals

i sol ated from Feedstock B by high perfornmance liquid chromet®duly 2895

[ 00010 0%2 _7? 77A and 77B illustrate GO M total ion chromatogram (TIC)
and mas ’ﬁ% 0% um of co-crystalline octamantane #3 and ESQYUdtaiP¥Re #5
(FIG 7&398%” own fromODS 15 HPLC fraction #63. [000103] FIGs. 78A and 78B

i |1 ust® phdtleni72 ibepiraish SGME eenspsicted| ipm chrovtatagran tralad 20 #Bowing a5,

[obo1 aa Y BPutba Rk Rl e GeR A B 2B baRE oS BRI etcbr el (i o
and mass spectrum of octanmantane #1 and octanmant ane #10 cont ai ni ng ODS

HPLC 0@098] on Ff60 73 2WusheRe #05hads!spedrund 0AtNEo188Bar Wéiubt 4t iRptdel Mimdeot al
ion chromat ogram (TI C) and mass - spectrum of an octamant ane (nol ecul ar )
wei ght‘ngﬁ)pcont ai ning ODS HPLC fraction #92. [000106] FIGs. 81A and 81B
illustrate GO Ms total ion chromatogram (TIC) and nmass spectrum of a

Bon a R IS VAR emm it S Rl ARG AR O MR T O S

spect sporimuin of nostuylinpanentoscempoadt dmby. Wi g8 peoltdiaIes HPgd d

chrogg{ao ra%]%/. [000108] FIGs. 83A and 83B illustrate GO/ M5 total ion

chro 8‘8‘?% ‘TIC) and mass spectrum of a nonanmantane concentrated using

two different HPLC columms. 12 19 July 2005 WO 02/057202 PCT/ US02/ 00505

[ 000108H0160)C FIGE4AsANAFH4B ilibdthed HRIGCALR RYLOBH CAQ aif% fan@ AQRamant ane
i ! f i 2% cr ysta%.[ S%ﬁg]ﬁég

crystal and a nmass spectra of the dissolv Gs. 8A

and 8EBcimnwiactaneanG@eNd Highlylconamirated diydtigly penforiBh &) ligmid mass  spect rum of
met amantane (nol. w. 512). 5 [000111]] FIG s. 86A and 86B

1?}I I,usp)r[rlgﬁlglp(’[gﬁaé)héb M5 total ion chromatogram and mass spectrum of

[ 1231241(2) 3], nol ecul ar wei ght 456, decamantane concentrated by high

per f o[00@NOE | FUGI T {Ifuseies LPhaBierobRPR b dktalhidate # B LA saildisSibRd ddist rat e
GC/ M5_total ion chromatogram (TIC) and mass spectrum’of 11231241(2) 3],

mol ecligesdstogk By high perfampsnea figuisechrersptogeaphiisi ng two different to HPLC
colums. [000113] FIGs. 88A and 88B illustrate a photom crograph of

[ 1231%“32]3] FIAR 98M LA 778 iltustrate GC/MS total ion chromatogram (TIC) and mass
spectrum of co-crystalline octamantane #3 and octamantane #5 (FIG. 78) grown from QDS
15 HPLC fraction #63.

[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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wei ght 456, decamantane crystal and a mass spectra of the dissol ved
crystal. [000114] FIG s 89A and 89B illustrate GU-WB sel ect8iJuly2005

chr omat @@ @last%kC) and mass spectrum of a decamant ane (pEtrosvlossed96). 15
[000115] FIGs. 90A and 90B illustrate GC/ I\/S tot al 1on chromatogram (TIC)

of two yl 1ol . 470). mass spectrum of, t he one
o ut 1 noFosly' BESATIA SRES ek Frustomies miolargibro oG B HeRBIE TR 013

i |l ustgates b&&mtﬁggg%igg@c@gaivs sel ective ion chromatogram (mz 508) and
mass spect rum of pyrolysis product of Feedstock B atnospheric distillation
20 fraction #7 (Table 3) concentrating undecamantanes. [000117] FI G s. 92A,
92B ank®0021®]i | F1{g'sr &teand SFB MBistraledeCAES todl e elywatagegram (TH)2nd3g8y and
mass sspectrum of e@ undecartrant(an co%nent (mol. wt. 508) eluting at 21.07
min. %&%ﬂaﬂﬁ% eF e hdecanant ane conponent (mol. wt.
522) eI utlng at 21.30 mn. 25 [000118] FIG 93 is a chart illustrating

di sti | joadine] cBIGsof6Rahd 6B ilLdiraruheGiivISastabioni dchgomitegriat ankmidseedst ock

By -at-nmospheri c di stil] ation resi showi ng cut -sel ecti otgc?k; favor t he
Y

© enri cHiREHIUBO tE8d 241@)Yr melpsular Wﬁl%ﬁéﬁ diesApAanEIconceRiry

ho005 WO
02/ 05 I{Bﬁ] l{ﬁﬁ%{ 9] FIG 94 shows the screwlike structures
(right t %gg%éé‘gg:i%?ﬂl] hexamant ane. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON 5 [0001201 This Detailed Description is presented in the

f ol | ovi0A91 K] bsEEF s 84 and 81B iRkjraeFCMS tasaidor dﬁl@ﬂrmmlgrﬂmdﬂ@)qmdmass

0§11 (o080 230y AL Somotsario peebid dbpom e e B ar st

@l | owrppCtBhisshave the fol |l ow ng neani ngs.

[000113] FIG’s. 88A and 88B illustrate a photomicrograph of [1231241(2)3], molecular
~ weight 456, decamantane crystal and a mass spectra of the dissolved crystal.

[000114] FIG’s. 89A and 89B illustrate GC/MS selected ion chromatogram (TIC) and

mass spectrum of a decamantane (mol. wt. 496).

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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[000128] The term "di anondoi d" refers to substituted and unsubstituted
caged conpounds 15 of the adanmantane series includi ng adamet® &g 2005

di amantane, tri anantane, tetramantane, pentanantane, hm e,

hept angi? A4 728ct amant ane, nonamant ane, decanantane, u /ﬁ&zﬁe, and
the like and also including all isonmers and stereoi somers thereof.

Subst {0029 diFaGOHN ehales the atewaliite/stimotupssi (sight arehtefi-handdd) diftR34d]1 e
preferably 1 to 4 alkyl substituents. 20 [000129] The term "Il ower

di amoAFAREBEponent s" or "adamant ane, di anantane and tri amant ane
conponents” refers to any and/or all unsubstituted and substituted
derivatives of adamantane, diamantane and tri amantane. [000130] The term
"hi gher di anondoi d conponents” refers to any and/or all substituted and

unsubsti tuted di anondoi ds correspondi ng to tetramantanes and above
i ncl udi ng 25 t et r aPEAAIASE) DRSCRIBHON OF THE ENKENREN hept anant anes,

oct amant anes, nonanmantanes, 14 19 July 2005 WD 02/057202 PCT/ US02/ 00505

& or oNUARER . TR PR A B o o i N B 0T D

substituted and unsubstituted tetranmantanes, pentamantanes, hexanmantanes,
hept apeoianes Ddciiagrmnt anes, nonamant anes, decanmantanes and
undecamantanes. FIG 2 is a Table which shows representative higher

di anondoi ds 5 together_w th their nolecular weights. The terns "di anondoid
fam | y900122]e¢ F&ﬁ%ﬁﬁhﬁ%@lwmﬁs and the like are used to define a group of
| i ke "di anobndoi+d conponents", having the sanme nunber of dianond crystal
latti gmogage yebdocids000131] The term "tetramantane conponents” refer to
any and/or "all substituted and unsubstituted di anondoi ds corresponding to
tetramantane. 10 [000132] The term "pent anmantane conponents” refer to any
and/ o0 R4]s ubsslatian RBagcesses unsubstit ut ed di anondoi ds corresponding to
pent amant ane. [000133] The term "non-i oni zed di anondoi d conponents"” refers

o] h‘ﬁih% i a gid conponents which do not carry a charge such as a
1b)osit vei%ﬂar g}gﬂg%ner ated during mass spectral analysis wherein the phrase

"hi gher di anondoi d conponents” is as defined herein. 15 [000134] The term
"non- {o0ei26jd Eehipi@nt ane conponents” refers to tetramantane conponents
whi ch do not carry a charge such as a positive charge generated during nass

Definitions
[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,
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spectr al analysis. [000135] The term "non-i oni zed pentanantane conponent s
and di anondoi d conponent:s- hi gher than pentamantane” refers tJy¥#08%ant ane -

conponewigsy2@AaskoRi gher di anondoi d 20 conponents | ar ger t hamp/peRi@ERNt ane
whi ch do not carry a charge such as a p05|t|ve charge generated during

mass s ectral anal ysi s. £$00136 The t elected i gher dlanDndQ§d
conporffitEantanss. wrlscpmgyancs; gdihe ik s Tudin b FREMETAd Yeieaiomrs ther

unSubsirbiieel o ﬁi;ﬁe dhaepad ﬁéluﬁ@?ﬁ Tsﬁﬁﬁecﬁ&‘rﬁi ifbduie tét&%{a%?;gﬁér

enrich in a uct 000137 he terns "nonsel ect
di ano rp:betamautmps:;denamhntam hmmarkmesmmmesmemn@mes de¢amamtahes ds t hat

are not Iecte hig dla oi ds 000138 The t.erm lenriched" when
e R R LR TR S e e R R o
COMpo rtﬁﬁ\it%rrvﬁﬁﬁlﬁlrtrﬁol%iﬁ& \m%@»sl ghs téﬂns |“Gﬁ§ionﬁ§irdtﬂaﬁ|ll|yy ‘GepAnAiad fromthe
feedstock, and in the case of "enriched" individual higher di anondoi d

conpo rfemily” an@.&ejlécem yseﬁooeeﬁm goup 57 ke “dianouded/cooposeighbaving ficed at

~l-east 25 and é rab E’%Ft 100 t. mes t he ori gi nal- concentration -
exhi bi P& u]mrl? Ei EréFa "enriched" higher diamondoid or
"enriched" higher dlanlond0|d conponents make up at | east 25% especially

at | egq800132y0 (Theeterm5®uhBAiane GOEPoieS " eeRP to/anygdnd/@asl subbdurddnyet nore
preferably at | east 95% or even_at |east 99% by weight of the 5 overall

mat er iweubshipd dismondgida perrespaading tolctpiaBieRer * wor ds exhibit a wei ght
purity of at |least 25% 50% 75% 95% or 99% of such material. [000139]

Td‘e tgbﬁ%ozgedﬁﬁé){é{% éntgxflmﬁﬂ’é:@oﬁaﬂ%\%ﬁ@@kb?eﬁ {5 g eﬁ}%r all Sl ﬁ%t‘éﬁmc}]

ydro ceous nat S conpri'sing recovera amounts o
di anonositdtitutedRliefiendbikly corsespbnding ttspemtdsantael ude oil, gas condensat es,
refinery streans, oils derived from 10 reservoir rocks, oil shal e, tar

sands ce rocks,.and .the like. Such nponent s but not
neceség@l%f iefR e ngfipnized witamo E%Qrcompa %Io‘ie rﬁiﬁ@&héﬁi‘@ as
non- dicg Bﬁﬁi@wﬁﬂiwtcﬁwzlaﬁaﬂgékﬁ&f as'aspdsl/tﬁ’e%knl% %‘ﬂ@ﬂa@&lﬁﬁﬁn ?Qas@s
conprising conponents having a boiling point bot | ow and above the

| owestspéndial amdysiewherein e phraget highendiantongdoid oomponamis(1is a3%iefined hexeimpspheri ¢
pressure. Typical feedstocks nay 15 also contain inpurities such as

ISSedI rm[ﬂ(SOISHF t af‘hse t'enﬁ l“ngll il d%&?an’lan\fﬁl%%%rrﬂ) gnr}g’ %tfgﬁ to tetramantane

components whlch 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,
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I norgani cs. They may al so contain heteronol ecul es containing sulfur, :
nitrogen and the like. Al of these nondi anondoi‘d materi al s!9%J#Yi28@% uded

in "nongi ndoi d conponents" as that termis defined ' 000140] The
term” Wﬁ)gdé}%ﬁ'g&ed material s" refers to the collection OPI?@QSU;(%&% 20
conponents that are not "sel ected higher dianpondoids" and include

" nondic@newdioted at deashohemd preferahly aiclead il Bdbinwsitisoriging coneersietion exlbiiedyher

di ano | dr hese .l er 8. ar defined herei.n. 1000141, The t.erm ' r.enove"
or "r rehgrgt\‘/‘:’l fr?a&%?ci? e?gef?%ﬁlb’r 8‘3%%?35 E*%?r %35?8@?186)1{ ﬁ%qjﬁeéi glrgg"ﬁr oS HPonent s
and/ ofcohiPoBents B RAGH kaSIOTHIO el B Akt wmi_eé.,em@ob%%gﬂ@e preBragiyanondoi d
conponents fromthe feedstock. Such processes include, by way of exanple

onl y, a&ienst BH&pandyponotcaeeisrablicgf leagt 81%0|0r gve#, leasy ARvrbit wesheofither under

r mal r 3 - | 1 . i .
o ookl YR AP Sre Etens (FRDSGRANAL Sliibic AR ity of gt feast.
exanpl28%,Goes 7588, 9% dr 9% off ek datsdiall | ati on processes for renoving :
--adamant ane, substituted adamant ane, di anmant ane, substituted di-amantane, -and

triamp 30, from g _hydrocar bgnaceous feedstock. .$ize separation
techgﬁaéﬁ‘g’%] ncTRfle e figsdsinel” Yo ﬂ‘é’ﬁ“gﬂ%z,‘ceﬂﬁ? ke srP%\‘i%Eo, gel pernmeation,

si ze ' %ﬂﬁé{ | ; : : 02/ 057202
PCT/ qulgg%d&g%gga%‘dg %&%ﬂﬂ e tpeﬁras % I%Et?vse Hﬂlffg?lﬁéi% Jjg}rnhﬁgl?/%ltgﬁg??cﬁgp refers to
t he f Preferabigsiudnfgedsiodsindudaoil,as condeasated, atfmeny siranepmaoni dativied Sman on

di fferences in vapor pressures, with high vapor . pressure materials being
102k en TERPEYHERGKS, Iﬂ%ssthr"ﬁ’b E‘?f FYKscand Sﬁgcéé?‘gﬁse@‘g%f: ]"5% gH FYRBI5BIFac eous

f eedstakal2 Bt Mt debAELHIG SR 0AL BEnRRS Riwke difindo éd}ﬁpl RG8ESINg Of S

hydr ocar bonaceous feedstocks. I'n this context, nost comonly, distillations
are cendoedsdnondoddeonpangotn Oine laties & typighly bharattertadospoapiisingr even

el evated pressures. [0001431 The terns "“fractionation”..and 'fractionating"
et o COBRRPORLLEATE pholREAT hRuraY end pb&r s Fr et B BB BR ac ed 11 om each
ot her iShphhn@eWhidh bbis Sbbat 3 5HPCUPkinidspneriChrbbire Wj}ﬁ&al\f@éa@focpg gagure,
differential chromatographic affinity and the |ike. T0 [000144] The terns
15py r okissicstitaanionpiritess sadh dsrsediniand, rhetals ymadbding hicknl) vedralilsiolead otifeer t o

ei t her - at nos ric, reduced pressure or. el evated ssure heating.of the

F eods TURRALR of Iy gBAL 8 RORPRAE SO SRS AP Uy B AL B BIGE one or
nor e AANHORER DNk dRIoid materials are included in “nondiamondoid components” as that

term is defined herein.

[000140] The term “nonselected materials™ refers fo the collection of feedstock
20 components that are not “selected higher diamondoids” and include “nondiamondoid
. components”, “lower 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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refers to conponents of .15 the feedstock or a feedstock frd&Jun208b ch are
not di iLd in character wherein the term "di anondoi gloriu8eans@ef i ned
her ei n.“i&&ggi% The term "retained" refers to retention o1f at least a

portion of the higher dianmondoid conponents found in the recovered
f eedst[8eK A%henTotepas &distiltationd onfidisiing? refeys khthg B ARRBIWPPGEHA B n t he

original. feedstock. In eferr I : Ht, 10 wei ght
per cerWaI“BlFmtaﬁeé‘ aéﬁg?paaq%sc%%sg PB%%%%@%@#@%F 8%%‘%%%%@5@ P’% the T ecover ed
f eedstpedsure s MG BERE kM ovatheh@aBistilation chtbeninght owemcent of the hi gher
di anondoi d ‘conponents are retained in the r ecov,erggpf_ee stock; .and_.still

more prefasadisngceoas fedsiocksmdian fraptione pstvispeltamed guripg tharatissng Phnondoi d
conmponents._are ' Lt : e Clati Raseddiied he
ot Ak ool ShE BoL, MRE SHAUEL fibet cREAGIOTHCRAMMS IASARIACL

t r eat rgpdtr vAcQORMIHLE blst keulddserat Arhosphatiogr aphylevaefigressawsany of a nunber of

~wel I known chromat ogr aphi ¢ techni-ques including, by way of exanpl e only;

colum or gravity chromatography (&ither nornmal or reverse phase), gas

chr om0 BEphy The feghs ERTIIRAGSIE G| THEROPERE AT G PR =S A A Re || ke, 17
19 JU'rMat%%ﬁ? in %@B%@%zg%ﬁﬁg SP2AARE skAOR MRl hatihrsombirlyky| " refers
to straight an ranched chain saturated ali phat_lca@grou_s typi cally having
f r om Miffereffalompbopressuosysljfisrontinl ghehmtedrpphiq 2wy agddhelike.| ower al kyl s"),
as well as cyclic saturated aliphatic groups typically having from3 to 20

car bo o) ref.erabl y,fr 31 ! | s" as
Wl ﬂo%eﬂie?ﬂge tegfflfkyli’ﬂgg’ﬁ% A @\?\%Pr%ﬁﬁeﬁl@ﬁé %g&’erglé[ggsn%ﬁ llthlg\ggé 6%§¥oups such
as netdyyby atﬁfobﬁmeﬁcpfeqauéd préssinvd or dlewidRsurd Ieating v the feedsiduittorla, t-butyl,
n--heptyl, octyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the
li ke. Wmtmkq}@tiomt@%mdfm@egf oinef enpRimeTs qerpongits |} Bker

di ano&d%sgs are bridged-ring cycl oal kkanes that have 10

car bord® %h"r amewor ks that can be superinposed on the dianmend crystal
lattice (FIGs. | and 4). They are the tetraners, pentaners, hexaners,
hept ameo®145pct hetesm “aondimicndoid components of a feedstock™ refers to components of

15 the feedstock or a feedstock fraction which are not diamondoid in character wherein 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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decaners, etc. of adamantane (tricyclo[3.3.1.13" 7] decane) or CILOHL6 in
whi ch various adamantane units are face-fused. The higher di%Juwnd@8P8s can

cont ai _alkyl ‘substituents. These conpounds have e ly_rigid
struct t%@gogéﬁ%(' ave the highest stability 15 of any com‘g{]ﬁﬁg@%%at hei r
formul a, There are four tetramantane structures (FIGs. 2 and . 3);

i so- t dfPEABht aRee erp SpByT” tefrs to sieishian brechiedeipingiguetid aHphticigsnss of

- skel y-; 1 3 [ ] _ ;e e

momencTEFR SRR L 6] cobborontd ek BrorbB PN o BEREEANPRITLCS,
Bal abas vaill &lcydhc ddmete:dadlghhibngpen igpeatlahedng Blot 3 &) 20 narhen taws ahlie
mol ecul ar forpula C26H32 (ol ecyl ar ight 344), and a ,he 20 nine
t her e BiFiErbRt Eu@nﬁaﬁor%caf -oréﬁfaﬁvi(ﬁﬁw%m%r %%@ﬁﬁﬁ deEfyfeenpgg%l%i%r{lg [gify@a] , .
[s1213] it Bret ' ' r e i 2(3)4], .
iz, 5 e rRplIatt ) B G R, B R eBo P, mebu ™ P ohay
r epr eseerbedl, Bybutenrepiat wictyl, dyoloprdpyl, C&bBatyl, (cyolopenilyh cyvlohgiyl aBBhe. See
~F-G 4., Hexamant anes exi st with thirty-nine different  structures (FIG 6),-
t went y=€i ght havi ng the nol ecul ar fornmula C30H36 (nol ecul ar wei ght 25 396)

and of these, six are achiral; ten npre strai ned hexanant anes have the

nmol ec uhRHich&TMhdniaidE34 (nol ecul ar wei ght 382) and the remaini ng
hexamant ane [12312] has the nolecular fornmula C26H30 (nol ecul ar wei ght

342), also called cycl ohexanant ane because of its highly condensed

ci r cull8901¢9} yAsshewiHadilshdnhigheslismendetistant hridged-gng gydealkancs Hat bavendr ed

nd si posskhl e strugtures: with ei ghty-f] I n . ul qr ,

or mul°d béﬂf?@%"foﬁ%? @‘éﬂ?”gf“%‘i’%‘ﬁ?l’%%)"x(t% é%ng)?‘\ée%% t 011H %WE@& Js ee}ven are
achi r ahd 4navheycard thee BBtk BBéRamert) Hexa0 68, Réptaaek, 6dtabe, hoManRARNt i omer
structures of the chiral heptamantangs is shown in FIG 7. O the

r emai WEFREGTE 5% ok AdaREYana(tsigxplef dgdnl hideeane) 6T futthe dn Frhislbyasions C33H38 18
19 Jul P . ol . V] 34), and si
2"l 6 SRRSO OB g ) 20

hept asualtaweats difické esmpauels $hvaietteiedy SHidwinnghgesaiddiave tichipladst fomditst r ai n,
wth Eorrespondi ngly lower stabilities and are not shown in FIG 7. The

Yemai Rt AYY saiepqd eVithteirdranylpa Therg aps foyr tetpmmmtanssiaetyres (Flfes ghandoa)
FI G 3Y); 1 i "] | its"
o eat o SRaRARALE Ao ORIt Aty Pi21) ph Mo AR, CENBA Co0e UM (S

mlies o erent nol ecular weight core
st r uc tairagmnfaink (1 23 Y FIGQ)ngith the noot gesntldnacketeel mmerttivaler thése nol ecul ar
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(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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~ octamant ane isomers. Qther octamantanes have the nol ecul ar fornul a C38H44
(nol ecul ar wei ght 500):.: The renai ni ng oct anant ane fam | i es, 19SGBHHZ005 -
(mol eculry z‘ﬁ%&ﬂ%t 486), C361-140 to (nol ecul ar wei ght 47g)1/@86h/dedzH36

(ol ecul ar "'wei'ght 432) show greater bond strain and correspondingly | ower

tabiljty. No t ist within si i | f o diff t, |
ner oht Gl CRB Lo v Ciapl iy R CoER oo e TR0 Ser g nt
552), T@é 06 nEpmlaaiah@ iRk Oitve 3883 turds485W tho( SreAtecinkerfial WOh@ Biraih 2dith  C38HA2

(ol ecul ar wei ght nol ecul ar wei ght 484) and 41136 (nol ecul ar wei&ht 444) .
Addi t | omespondingl9&)werGsbilitias apd 36 i shomm imRKT-&x | Biesrepatmhngitwakhaveites of

seven differept | ecul a i ghts.. A d n i.s a
P o e S R R e S TR S A
456) Whk &Biahfondlcii¢d1ehad hnitsC aADagikt Withingha! thoilidsodifferotfiaslecdaantighanes
and has low internal bond strain. The ot her decanantane famljes have the

mol ecutaas stracivnes (B3, 264 SaBme throvasampuianeiepighteen baye themojgondy forptlacul ar

B e
e T i

\Acﬁle:%soweisb\) 291 &he\x@nﬁﬁingm@}nan@ms%@ﬁieen%ivgeyﬁgl%ﬁle@?fgﬁ?ig%)@,\%@ | 4 | ’
(go ﬁf&rgcgécsu%:\yg%]éht 45}@5 dnd @%%@1%%&}1%& {It:lte 4}’%? hdw er HoRd 4R abgo! ecul ar

wei g préferre ess red I gher dianondoids (FIG
2) ar ecdrasgshdmely heier stabliéyndovhomctasdsraxist vathin sixdamdsgsefidiffigerst abi i ti es

which is reflected by their relative concentrati i he. vari
{ cedst DOl NEERIEDS o Yipsne ﬁﬂﬁ%@ﬁfﬁ&%@lﬂ%r@?@@i (g%ot‘iﬁl&ﬂ é@*@?z} hi's
i nventgg i Seilfl Bish W01, SMoFRNEE Weli At iSOME CIFLS Rlidlde@mr dighet r ol eum
f cedst o8 éﬁ%ﬁ%‘@%ﬁ%’é&é 4%“32/0057202 / u@azfg%@& [ op_0151]gh In the
pr oc es4983, ©fHihinsolecwlanteight,484) deklstoctmolscial wegbtd4lic Addiionalini d
feedstock conprises .recqver.abl e anounts of gne.or re sel ected higher
& anorf f‘l&a‘%tﬁ%ﬁ’ﬂé‘ﬁt‘@fm 16 ‘}fﬁﬁ‘ﬁﬂ ‘g‘%ﬁe“? géoggctué)aéwegg%‘r ?‘%Oé.‘ga{ﬁe | east about
1 ppb @fa@RSaRls, MEish GRAE d6HaAABRRME hdving WMPRABRRBLBr fofRies OLBLer abl y, at
| east about 25 ppb and still nore preferably at |east about

(molecular weight 456) which is structurally 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

(molecular weight 656), CasHs4 (molecular weight 642), CagHls (molecular weight 628),

* CagHso (molecular weight 602), Cy4sHag (molecular weight 588), CqzHyy (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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5 100 ppb. It is understood, of course, that feedstocks having higher
concentrations of hi.gher dianondoid conponents.facilitate ri@buhe2q0®Hf

t hese corrponents [000152] Preferred feedstocks include, for exanpl e,

nat ur aMQa¥Y3¥Rdensat es and refinery streanms having hi NCTAENZA05 at | ons of
hi gher di anondoids. Wth regard to the latter, such refinery streans

i ncl udéoryLjr o ratHegacreasof this aaratise advaisadekds felened swhkhatgapdroadssxks, 10

distillations, golfing and the like. Particularly preferred feedstocks
| ncl JGEHWSEQ?HH%WL&%%OWW@P@@W%%W?F@MF%P‘E‘ ‘fgﬂiir‘?a’fﬂPBﬁeni% the @l f
lefRal1Y cﬁ%&cﬁ%ﬁklcgaﬂﬁses let tdh%ﬁt i ggﬁ:@ﬁéﬂ@or ORGP didn@iBid

enbo | ment, e feedstocks use e processes of this invention
typi cmmgomnmpnmepmﬁanaldy,aatwmhﬁutbﬁppmm stilhmwiaygrelrvathly nplepgiahow bot h

bel o d .above 5 the Lowest _boilin er dia d0|d c onent
2ol ccl@Ism At Smsrbigeib of Geiee. 18 e B B ktins WA cancsbaono LoRBnont s.
Thes edlfaﬁ%ﬁ&éﬁ%ﬁlﬁéfn&ﬂts Pa%ﬂﬁht@feéb%ﬁy%ﬂlh@e%iﬁp%&ﬁ?f hi gher di anondoi ds.

------- Dependi ng upon whi ch-hi gher di anpridoi ds are sel ected, sone of t hese - hi- gher
di anondoi ds may have boi I'i ng points bel ow the sel ect ed hi gher di anondoi d' s

boi | i 9§01 nPrefpyed &ad?«tyckstméud@\fersetxamm, nAgrPgancondeghates adanbaeiyi d _ ’

conponent selected for 20 .rec t . of t
C gty WERh b oo ulonp S BlehetinopSs 2uRlcE RS BTl sBca" ©f
di anoREaks repmbiiede rg; 6l StrERAEFcah ¥ afalslh Biokn 2hbkihg @foceﬁuegher

Mor eover as illustrated in FIG_ 18, typical feedstocks conprising higher

19li anohigdliationsaekigaddhelike Rutiprlpde prrserrel fndviadisdndludmeascendenspig90154] | n
such K dj frt ccannot be 25
ef f ecl{ I'v e‘ge%&)ﬁ 8%ot9§§}e§%c}gt%°5 ’“1%98‘? %no‘!r%%@n P&ﬂg%t%%&?ac a%lg’eLeo their | ow
concefdriativAMs Caghdit i ve to the nonel ected conponents. Accordingly, the
processes of this invention may entail renoval of a sufficient anmpount of

t hese contam pants f the feedstock under conditions to provide a

t r eatlgﬁ M dsinese ep IWﬁ% Hetfg scslniheyporcesiey A¥eRtiRponent s can
A
pr oc e TERAAY Gitnprlsy A drimbtiacitiponds el §§‘§§§?§%§” Littag SR e

1are shelaweshbéiliGg pbiht hlgher 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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[ 000156] In one enbodi nent, the renoval of contam nants includes
distillation of the feedstock to renove non-di anondoi d conp®nbdy 208& wel |
as | owegy s doi d conmponents 5 and in some cases otherp b@%ged hi gher
di anondoi ds having boiling points |ess than that of the lowest boiling
poi nt hi gher_ di anondoi d conponent sel ected for recovery. [000157] In a
parti P red-enbodi nent, the feedstock is distilled to provide
cuts above and bel ow about 335C, atnospheric equival ent boiling point and,
more s RIAP! Yae s ARAN S0t PRl RWea BoHshdARafo Al RS RE /hb &1 REFIY.abent _
boiling point. In"either 1nstance, the 10 | ower cuts, which are enriched in
| ower di anondoi ds and | ow boiling point non-di anondoid conponents are

t aken [80@¥36dadmany egitwdimetd dhe ranavaboheaitreninpsh bichiles distilghowpf thg enri ched

in higher dianmondoids, is retained. |t is understoo of ,cqur t hat the-
{ enper SRS PR R dimBi fiPorsnit St IBRAC PamSna Gl R Bau

Py essuind iR B6int Bades biker AbR¥Rcle @6&&@@&@&%@@5 BoitiAg diriolesd MBS HAeT i C
~pressure. ‘A reduced pressure will result in a{ower distillation 15 - - -
t enperaditie lowest hedlingheint higha sigmnaendoiderimpongpicactested far Bcevdbed pressure wil |
result in a higher distillation tenperature to achieve the sane cut point.
The c i . i LSt jon to
oi t horC0BH ot Foar BNET Wiofirl U RicRl-HE, AR ab AP RRHEING FpRid @,

t he skibbye aid bdiewabbut 13600, 1dBbsgBesit elihisthlenrbotlany fdniopel; aiceelpteferiblact i onat e
the feedstocks and provide several cuts 20 in a tenperature range of

i nt er edove andobadow dbowntiP5i°fi atingspherie cawivelent hoilingpoinke| lncithar istghes; the

di anmondoi ds or .gr,oups of sel ect ed. hi gher , di ndoi.ds. The cul.s Lch are
B crieter sy it R spep<ddn St i Biord B0 BOU R ae i her e et dor o

compon@hipofénts Mlehithlovefed bfd dikdtRged AMChERIEhEEEHITAL chtU tihiflis Patidhkd cat i on.
The following Table illustrates representative fractionation points that

may bdnbigher diemendeids, iveatiines thisgmdersiiodnefwyrsihiphtheempeadse for theps
practice. i. b ant. a i t t e _cuts which
hout o 5 Pl ARt S AREBR S oERR R OB id s TREGR A BB [0 0 e
t oget heferdnbed tonfp@esttiic psepat Al educideRsssui kvillSeshif iy a200kr didElIA 057202

PCT/ US02/ 00505 Fractionation. Points Mbst Preferred Preferred. Lower Cut
¥ ghereroperauggdorachigve theggae catpoint whereas an elevated pressure will result in a hugher

distillation temperature to achieve the same cut point. The correlation of
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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Tenperature Tenperature Tenperature Tenperature Hi gher D anondoid (C) (O
CC) (C) Tetramantanes 349 382 330 400 Pentanant’anes 385 4218 .B8p206% -
Cycl ohexamant anes 393 466 365 500 Hexamantanes 393 466 365 500 ,
Hept aneWP4REE72882 504 395 540 Octanmntanes 454 527 420 BEHUSREEHFant anes
463 549 425 590 Decamantanes 472 571 435 610 Undecamantanes 499 588 455
625 Useful Lower XGukctibhgfivar P@ots Tenperature Tenperature Hi gher

D amondoid CO)- (O Tet sajipptapaea300 430 Penprargatsnes 330 490

Cycl ohexamant anes 330 550 Hexanmantanes 330 550 Heptamantanes 350 600

Cct amant anes 375 610 Lowgfasrant Bishe C380 65bowendct ng ftiglie$ 390 660
Undecapant ﬁnes 400 epmwrengturgodesperatpye shz'irl""l“?%g‘“ﬁ?ld']é‘ﬁ”?f et hat substituted
hi gher'ahehiagmastds may Cccordi n§M shift se preftd r%ﬁ cut - poi nt ,
t enper SEHFRENS o hi gher tenp¥ratures e to the BAdition subst it uent

gr oupsteniagtatssonal t enper at¥ire refinBents wil 1381 1 ow f o#%hi gher purity
cuts f@clohamantangi anondoi d3%Bf intere®. FI G 93F%rovi des>®urt her

~ ikl ustHetmongesof how fract3®nati-on c#h- provi de6gut s enr$hed i-n i ndivi-dual L
-or nul Hdpphentdabsgher di anondaizd conpongats. [0001%81 It w $40 be further

under sd@dntddat fracti onatisan can beszst opped befzore a sef@wct ed

Nonamantanes 363 549 425 3940

Decamantanes 472 Byl 4358 610

Undecamantanes 499 388 455 625
Useful

Lower Cut Higher Cut
Temperature Temperature

Higher Diamondoid - (°C) 0

Teiramantanes 300 430

Pentamantanes 330 490

Cyclohexamantanes 330 550

Hexamantanes 330 550

Heptamanianes 350 600

Octamantanes 375 610

Nonamantanes 350 650

Decamantanes 390 660

Undecamantanes 400 675

5
[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.
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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 Jup200% 057202
PCT/ USOR/@D&@aR 720 000161] Ot her processes for the renoval m@r/{§sdnses
di anondoi ds, unsel ected hi gher dianondoids, if any, and/or -
hydr oc ce -l | . n . : . of exanpl e
only, @ng@ep%@g‘%@% ae ﬁ%ﬁg%g?"q’g@g@g{ ;ilgir? Iag!lié{ﬁgrung%i etg\@%ﬁ%l or
r educ ediampndigds) i Bany ayddehidraatiopiceoth homdimgriphyconinents eadude par at or s,
reduced pressure and the 5 |i ke, Renoval processes can utilize the |arger
si zes By P %@mpg%ﬁl%%ﬁ?ﬁerav%tepbmew&‘ee*fap%aéﬁare&b?rdﬁld@f norgiad or gidieshdoi ds
t her ef ;o FeF REY ' L guie ' MR s wil
al | ow% fee(’jstygc relt0 g’l Cr@%ﬂi&ﬂglt%ﬂg} rq?;eéln]bq{r%aaﬁgéékgétg*eér 12:((:1%{ ?évdgﬁgsspas s{dﬁggver
d# anmonlghai. denarabpscedves cantitlian erellarget sivequfahke Higter diamohdddporeffest ze of t he
menbrane parrjer is.selected to differentiate, between conpounds having the
oi 76 oPbragRLet @W&&ﬁf?&&@%%&éﬁmeﬁ%@w O FFECERATEHRT EHEHANAS 388 d oi d
 cONPONgahBrandd@iIPAN Sy § feRisPlk PG hahc nmihYaR t§"§f1@c%\%é)zfé%ls i4wg and the -

|l i ke can also be used to effect size separation. [000162] In a preferred
enbodi demenddidreagressohamembome dsrrisr puivids! tharthaporeettced themdsbome havi ng a
rati o ,of .l ower, di | d.components to hjgher djanondgoi.d copponents of no
0 eat A Sdeded [RNERIsh R PR o b Gl har e HEE S b BHBMIRS o

ps ef ercaBlponeithas Edthpared fo bveN@iatloBAdi8 cotpdhents. IThEVAR sTPR 0 nidi&huirabl v,
after renoval of the | ower dianondoid conponent(s) fromthe feedstock, at

| east sHpyGEsuchomrzenliice apd B dika binyalae be vk to Bfstaint ssparktion.nore preferably at
| east 90% of the higher dianondoid conponents are retained in the

f eedst GQN _ : d in_ the .feedstoc .Lar, to the
+emov APOEE o SR G R d B BB el btk v R e st
conporaning araticlesloved diatbndoidl cskgidntdte td BigHat dekosdid abmponas 6l wondoi d
contam nants, the feedstock will also be generally subjected to pyrolysis
to ef fEEaer YAl more prefaraddymogrepenthyn2ds a%@venmﬁ@é%tjﬁﬁbba&eeor@ 01s

n- di | . l.g..seffectively
{:Sgnceﬁlt% g‘f%%t?ﬁ?gphﬁﬁm‘g# h&g‘%@%ﬁgn g‘? s f?ﬁr%q?ﬁélr %%/‘%ﬁ %P@?lldcal ly treated
f eedstconipotdrfse fynr the derdstogk,tah biast abeaoMEh ympregaeiatably &l 16st $8% and5til1000164]

Pyrolysis is. effected by heating the feedstock under vacyum.conditions or
in an%?rﬁgf‘%erﬁ{’%’[@é??& Qd/ogﬁ the W@}%E%%d@wo@m&on?@ag{e I&kenrd i88eC and,
pr ef efadakthck bé BshARRH o h3ParhSint 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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about 550C, nore preferably from about 400 to about 450C , and especially
410 to 430C, for a period of time to effect pyrolysis of at198dg20Q5
portion_of the non-di anondoi d conponents of the feedsto ecific
condi t iRE¥8H30%Dyed are selected such that 30 recover aﬁﬁg@%ﬁﬁ 3 of

sel ect ed hi gher di anondoi d conponents are retained in the feedstock. The
sel eci000h6df Sufbrablynpymolysisds pentimed foy a ticienoesiediand gt applficigntly 23 19

July 20 VWO 02/ 057202 ..PCT/ US02/ D050 Pr.ef -apyrolysis is

cont i'ﬁ@ggﬂfl%‘?raﬁr%@%?@% t%g%[éa ?8%933533 %‘%tolg)% gfhegroglncﬁ%‘@%%{?%h t enper at ur e

t o t heyrhipdrets{a@rapRiaibly elhstabout 5040 %dtvdmhaorgneftrany adiead abednponent s

(nore preferably at |east about 50% and even nore pref etftﬁbly at | east about
t

9099 ¢ %hﬁpmhgglpmlytiqauamgteﬁ ieedstonk bassdsndbk ISRl dEH PR ¢t al  wei ght of
58802 n %ﬁé@@ﬂ%ﬁg&éﬁ{@@@%HE%C%BQ%%JJIY%@ skock prior to pyrolysis.

prefterre t, after pyrolysis of the
feedstock, at |east about 10% nore preferably at |east about 50% and

—sti |l [odoLeslpr &f getalbbihenprefeeasltenstialihefi0sftergiyraliigs bf iedrediievirpatdeist

conponents are retained in the fee ocC fter pyrolytic .treat o

Corp ARt 165 FISES BAPGIRHLY FblsHR] AbA, LMLl g B Brab b Sy HE i s

treat gRAL b 3%}9, i ATH Al B ock! £ ptolc fri@Ent

di anondol é]lsg]rlaﬂé ovq\llﬁ%%iclbfhﬁgn%{)?%%% ;ﬁ/ldr(_)car bonac%cous ngz%od?tgcnondoilclj
conpocmnpared toothmat dmoine dolsidan khpfeedsdddsprpyrrtopyralytic readeenent . However, it is
understood, that the order of these procedures can be inverted such that

| ysi i or, t | of di i ds f t he f t ock.
BoortBpiefe’ iR sResefi sutbimeraredn 8t st SRERPUR St ek B B, °°
al waygy BEAESBIc¥ous nba-dikkhSndYid é@rﬁ}a@%@dlﬁﬁnttﬁ@ fzaneanpratdapyeslyld gher

di‘anondoi ds can be sufficiently high in certain feedstocks that_ th

t r eat erehtireet SHowkvet df tsamderstnodathabthetorderjob tase prasadMgs Fen bfé@ﬂﬁﬁ%ﬁ@) can
b d directly i | fication.techn . hy,
oryst et Pyt pecls o I ihRlyabE hEGH R lo R B e SRR AP0 o,

when the concentration or purity of higher dianondoid conponents in the
f eedsjouoies)s MOk pdtolydieploatdire, A0hileda pricferrid eantidiracmtpizmos always necessary.

pyrol ytic step should be enp| oyed. [000169] Even en_pyrojysis.is
181l oébu,arms hesapsedheponsantrasion piihgler digmaugodscap Eé‘&%ﬁé@t{ﬁﬁé@ﬂ& ock using

one Oferf feeRULLIL il OBk G MAIGHED (HLE Porfidhat BF SIALAGF dBMOndoid |
crystaef izt on, ermal diTtusion tecluni ques, zone refining, progressive
r ecr yséiapoifeats) 0mn bs used dhepidy ai paifiaridn 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.

24




the like. In a particularly preferred process, the recovered feedstock is
first subjected to 25 gravity colum chromat ography - usi ng silOBHy g98% at e

i npr egna@oh/girhizca gel fol lowed by HPLC using two diffepepuseaosyyns of
differing selectivities to isolate the selected dianondoids and

cryst | e} . | rystals of the highly concentrated target
i oner(000FAl PRabiRUE AT PR Ghell alkien B AT P RO B g1
enoughmébiods @ éffdcalatd faethéaRpAAHOGE High burfbience Q0§68 thfoxbAtograflyy mE®bds
exanpl e, preparative capil]ar as 30 chronmat ography may be necessary. 24

19 Jul3sooiby thewppsihility o gsinpchirtisobenbsosddivperpachicrarispisen eét i ve

(chi raén)anﬁ&?lglispnary phases have been applied in chromatographic nethods to

ef fectuate turther separations. H gh performance |iquid chronatography

met hods al so offer the possibility of using chiral solvents or additives

| t® achi080E71] e sBdnexiample Sepaegimmtaf @martionetic f@H0 bT tHe High daxamibids caebar at i on

| of enantioneri.c for of the high dianondoids can be achieved usjng
~-sever Ci%ﬁf B SV PP é%hanpéoBscbdﬁ%@&aguw%t%lﬁm%ﬂ%n ‘with

resol %éscﬁi@ti@iﬂ&d%@élﬁﬂicﬁﬁéegﬁr%ﬁ@ﬁ.aﬂj@'a prbRbIStoARRARAEG (bR IFAH L FLET

resolution can be enhanced by prepatation of derivatives or by the use of

addi t iepaenced hymatpasaionaafidsrivativey ar by ths: use ppedditfess eldthl solysiis| @ . vadmot her

| ut tjon.is chenical i der . ki net j 0 th d '
cont r dPPGRE QopteBnAnofer EeseBEED PO 5 AR miGeL FPAELIOR YARTIINSHE e ehi r al
sEpar ahé@tslynhiccddngal OfePafifablePrekddsds T8r haBBSmE VeBESOHBRIAE CricsfC) See

C
"Chiral Chron:a%i)ggraphy", T.E. Beesley, et. al, Wley, Johnson & Sons,
Januarsgpara®is, Whiebrogn bapedornishusing bgasrebfemangraphic i hisegh“@ardl or mance

li qui t | HPL C . Ltical flui h t hi
(sho CERATRLER " REE ae e ch B Ry 1QRE Ko BrpadeS ot
Ext r atletedinby rdeddncealby Righbcsith fice BRI GRombiBeRBRRI (P92 and bicor por at ed
herein by references. Uili_ _[0001721 The processes of this invention

pr ovi daresien fividbelsomategrapbis (SHO) teghaiquesd semBingsirtiisal fiwids® hi gher
| ano ' L Q: 1b-C Q7 cular - romic nd 20
%lanot e@ﬁ%‘gﬁ%’%@g%ﬁ‘? g gﬁ%ﬁ’? ’ ]ﬁi}d'par %,ﬁ%@?&# ‘St% eé‘g%’ﬁg‘%“éﬁ%f ?939'?7 r ength,
st abi limdoyporhfediherdin by esfelenddsvi ty, variety of structural fornms and nultiple
attachnment sites shown by these _

Utility

[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-
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nol ecul es nmakes possi bl e accurate construction of robust, durable,

preci sion devices with nanometer dimensions. FIG, 15 shows 1ntul%i2085 and
shapes of sel ected higher dianondoids relative to nolecul ar conponents

( Buckmi WOt0a#57202 er ene and car bon nanot ubes) enpl oyed i n BSV/YHE%N el oprent
of nol ecul ar el ectronic devices. [0001731 The hi gher dianondoids are

t hr eeplinaehdeonhile [IAN3{1B2 Hroctinrmthngns disc-shupei mgth tid, bppeame, dd-alawad | attice

Fheae labeer baRg)s] entemmanese et eug ety 50 o P boRin a0 i3 Bfanlhf one i <
0 o PURRGHe IR 12522413 Rt A0% | BAScEbbgln hanild poIIBI R OUr

ept ntane has a cross-shaped structure while
[ 121234tamatide’is sdvgquedlar phasiRy sinwexanbi?3ahd)48443 landicsanaitaeg 888 uct ur e.

12132]] heptamantane i.s disc- d with . 2519 Jyl» Vo
6521 05 PROEA R DOSUS LA STBB6 oy 8 hspty dinapliodagtith '

di sc- Eﬁlﬂ%gv(fvﬁ]{a %ﬁMonQHﬁ%bf&th@gﬁmrl%o-smb%d hdREAIHEh dggeadunt ane is

—wedge-shap 1(2)32(1)3] nonandatane has a triangular - plate-Ilike:

st r uc tupoe spdcifk3gedsidy3 [hel erbnufitazneavorls suqiiares efthe deragpynancisy fhe

[121231%12 ecaman ane.igccé,e%tta;{gul ar plate-like structure.

[ 123( F95¢ S HFSOANRM BIRSPI044 5 el ongated pyramid. A variety of other
shapes exi st anong the hi gher dianondoids which nay serve in applications

i N naned@TaNol MEKeARamBARAdSilEs Tictided seHELsf rall dikehtrabiugaspdivdryingoon speci fi ¢
geonetries. The carbon-framework structures of the tetr rrantagg s to the

19ndec dengthsa W taranaiavevith the seraenge { b2 1 1is tegidighmembey I foi ds al so

include a series qof d-Like str. r (37 S

The] oeP UM S P L e Sl kAl FoRled SR A LHS AR gnd 5o .

r od- simprdddetdisebad edgeinirbess tel2dgh oprtradrbptboe 1.3 nmextth [1213lowed by
[12121] hexarnantane, and so on. _Each added di anond cage increases the
| engt peplamaptane davipg adensth obabpuhll Bt h [ 1212] pent amant ane having a

|l ength of about 1.1 rim [000175] The [1(2)3] tetranmantane begins a nore
conpa je t&%@, bR, G ! 1£4) Gl Soplplll Pyrahid-
[1(2, ?%‘?ﬁgknghrﬂrgiz}%%h% %e%}}é%ﬁg‘g\%éor%%?fgb%? gﬁ% "bei n I:f'ggptcaér%‘rect

tset r ah@esahctpyer @iGd3). [0 PpetthrgheanedFaGofidbolldws diis trenddicinge pafeetv- | i ke
structures of varying lengths. The first chiral dianondoid is the
tetraﬁﬁFPE‘&ijFéIW’i‘i‘H“%equence 123. W have specified the two :

[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 two

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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enantioners of 123 tetramantane as A and B. Their structures can al so be
inplied by the 20 sequences 123 and 124 by a nodifi-cation 0f19t~hdy890&ban
nomencl gldihfas2hpese two  di anondoi ds have |eft (counter-gdEekisoak, ,
t et ramant ane ,& and ri ght (cI ockvm se) (tetramantane B)- hand hel i x or

Uit or (SRR, HoPR BB PSS RF s e Bt PRl of ©

speci fsis&&alz%hgeéﬁéﬁ ﬁaﬂmrnmgml sh é SRl nah 8B 528 bm@qagfmmﬁdﬂagﬁ hat there
exi sts two |s sequence continues with the progressi on 1234 and

1243 (domponents,aid eBpecﬁ@ithptanolamdm apgeegpres@nd byilding biocks aﬂ@p@agi hgain, A
and B),..for, hexa and so on. ers
conpl &t <gake £oR r{‘%tch?%a% S es‘ﬁlﬁfaélﬁareﬁe(lle? %p‘lﬁ'o&gfé gi%néﬁ-@ ese

SCI eW~SiflaRRChpp N3 REE UE felcRblat Ekéir@dd cothP@ithk/davictb aseuiaticahactines sl al
characteri stl cs set higher dianondoids apart from acycljc, 30 nolecules,

from cemedensdat robotgaad stibreplicaine avam otwmeyysiegsd Alletvshin e ighes. The

L i S e o U R

- at t achyi@fic arfdGABinaN abncbichdﬂﬁbﬁ@éﬁleh €@cobtings) ilm Iwmqganéﬂ etiteramdicafus t o t he
rigidity, specialized geonetry, 3-djnensignal shape gh Inano ({ar si ze of

t he hlt@ﬁég a‘éﬂaafﬁgﬁﬁémf dlé‘@ﬁ%ﬁ%‘?\?@l’emes’l afe. Npuel e ¢fy FERMRIaggr egat es
fpd_PUhgl Tk 18‘?[5@’ﬁé1§ oBthicBEIRrHibd arg RARIGRCEOBSbUEIdRInaRde, Sy Nt hesi s

a unprec array of desir mat eri al s that W |
appl i it n@lﬂ&mtéd ﬁaipﬂﬁﬁnddbgr ccezkiaaﬁre(ﬁims mmtpgraiedg:udeﬂ pa@@gmgelﬂm}bd si ze

machi nes such as nol ecul ar robo a d self- cating ltlf aca‘]beﬁl ng
syst erficleciie lyRgp jRipgrated caropit levelinlgrgns '#Fef?‘“b%é ﬁg&?
MR er | i, @b AALRUAL R T ki pﬁsaeéme Bl SviscaRiassidhtion habf | ¢ and

t her ma tI"vity properties for coatings, filmlayering and other
appl i datepars citcakidegicedi@ny, agkficlf] enfissich catiborts] | ke properties, etc. Novel
uses of higher dianpndoid 10 containing materials in the fiel d of

mcro ni.cs sclased...Enbo nts.i clud imted to,
ther rrgpﬁ'iﬁég oIBc?fjﬁU‘é’ILf Pt erlqﬁsfrg%q(g?%gca&a}sg 5 uSS g‘% mﬁ#

di el eq{lﬁﬂé&t&%ﬂﬁ[cﬁwhﬁhleﬂhi%ﬁé ahegh Vistssiytingdy drid evel 1¢\nﬁaeﬁ1q@diﬁle'ﬁtvshedsh>er mal |y
conductive adhesive filnms, thermally conductive filnms in thernoelectric

cool i regpdexadsthsse faids pormprissrn flvided tgicating visgesatyemddron apeut@eliocds (1 cs),
and field em sslen cat hgdes 15 [000178] In addition, these higher
di anondd é’eﬁa?ﬁ %1 Used in a hi gh qual ity

[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 to 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.
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lubricating fluid which exhibits a high Viscosity Index and a very |ow pour
poi nt. 13 When so

Vi scosi t

Still

in the
ref erence.
i nvention and are not to be
this invention.
Cel si us.

et al. 14,

enpl oyed, these fluids conprise a fluid oftf9Jdilyi28@% i ng
and fromabout 0.1 to 10 weight percent di amondoi ds. [000179]
83720} hese hi.gher di anondoi ds can be used as HJUHIALY%y fuel s

20 manner descri bed by Chung, i ncor porated herein by

[ 000180] The follow ng exanples are offered to illustrate this
construed in any way as limting the scope of

Unl ess ot herw ser |

27 19 July 2005 WD 0 2
[ 000181] As used herein and in the Figures,

tenperatures are in degrees
2 PCT/ US02/ 00505 EXAMPLES
the foll ow ng abbreviations

have fdup18ip! |awhdRd heRADMS th&Mpuabiie Vb idwian abblevidebhabaielibd ow has its
atm eqv

general |y accepted 5 neaning. API

= Anerican PetroleumlInstitute

= at miRljsivang meanings-apamabbisyigion npodalined brlow hasdisgencrally aggepiedn traps 10
Rd = &E%gg i oni zation detector g = grams GC = gas chromatography GC/Ms = -
- gas chro ma?-'og-r aphy/mass-spectroscopy  h = hour 15 HPLC = hi gh-performance
| i quid chromat ography HI D RDG = hydroneter reading L = liter mn = mnute
m. = millilARlers 20 nmmol = dinhdrican/Pstroldum Institorel
atm eqv = atmospheric equivalent
btms = bottoms '
EOR Traps = end of run traps
10 fid = : 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) as its final isolation step. | . L
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pA = pico anps .ppb = parts per billion ppne parts per mllion 25 R =
refractive index SIMDIS.= sinmulated distillation ST = start9 July2e05 ot al

i on curyweydziedez = thin layer chromatography 30 VLT = vamSfubizeses
tenperature VOL PCT = vol urre percent v/v = volune to volune w = weight

var i ol D EsaPRlC BrnsuRet Rl oL prosrory corar'e T BoBle) " Beampl o 1

descr b%%raﬁv@%ﬁclﬁ'&ﬂ@gﬁ@hyr(%ﬂ? fqu | DGkplhbaaTNIORE thalfimrptiaiotstep.,

conponents whi'ch can be applied t'o al | ‘feedstocks. This process uses HPLC -
(Step 7, FIG 40 12) as its final isolation steg . .28 19 July 2005 WO

02/ 05m35’bT/E§S@El€'03)Q%HPEKK)‘![MBOEQE%I%OGZS%@% ¥apels LAngdHeeon of t he

t t St 7,
G DOt RE Fs, 1) Ol PAERRIE (Rt BB ICR T2, SRIBREY LT & 5
gescr chesmatografhi@sibp (Stop 61 . pepﬁzm ophittEk aThése vlanaﬂomfgeuleraﬂydiavq)yr ol ysis

(Step 5, FIG 12) is omtted. own optionally in FIG 12, the |iquid 5
--chr-omapRiihiby enlymdth et f@edsﬁqcé‘ﬁ ag@geqega%g%e%r@m@@m%gggamgpg& ions o

gener %&Xgﬁ&%@%am%&%é &%Qhé{a} Yr &gﬁcycﬁh‘ﬁct ed feedstocks and generally

when tetramant anes pentanan examant ane are the target
hi gher di anondoi ds. [ 000186] Exanple 4 descri bes yet another process

var i a{0086h \Hxiamhpletéhéea‘cﬁhm ygo eoathert goadss vibdioplie svhichathe fBabprededibpect ed to

PT epaiiaglln\lgﬁas Gd %%g Sub (ge(fl E)h;%eppa%ti‘;el g%.g% %&a&oogrgﬂlgrepudﬁcation to give

10 further separation of higher diamondoid components (Step 8, FIG. 12).

[000187] Example 5 describes the enrichment and isolation of the tetramantane

components.

[000188] Example 6 describes the enrichment and isolation of the pentamantane

components.

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.
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10 further separation of higher dianondoid conmponents (Step 8, FIG 12).

[ 000187] Exanple 5 describes the enrichment and isol ation of1%Jhdy 2005
tetramant a conponents. [000188] Exanple 6 descri bes chirent and
i sol at v‘(’)(ﬁmg?“"%%e pent amant ane conponents. 15 [000189] Egifr'rlg%é ELdESCI‘I bes
the enrichnent and isolation of the hexanmantane n?onents [ 000190]
Exanpl®0893jes éfrwﬂblse wislsrséond thitie ipoavibleite srmtthe nrct9f the vmpmSarrant ane

conpo S, 019 e_ 9 .describe i on of
Frer ol AR R TR SR S S0 Sl P G Rt Al
enrichﬁggy@ﬁmgbhggkﬁﬂ&pn of the nonamantane conponents. [000193] Exanpl e
11 describes the enrichnment-and isolation of the decamantane conponents.
25 [ 0001941 Exanple 12 describes the enrichnment and isolation of the
undecamant ane conponents. 29 19 July 2005 . WD 02/ 057202 PCT/ US02/ 00505
[000195] It will be understood that it is possible to vary the order of the

yarious distillation, chromat ogramﬁpyrol ysis steps, although the

------- order-set forth in Exanple 1 -has given the best results. 5 EXAMPLE 1 - -~

[ 0001961 This Exanpl e has seven steps (see Flow Chart in FIG 12).
[ 0001 0P1%%]je p This Foaade baksevet steps Gee Floo0lBa1indflép 12). GCMC assay
devel opment [000199] Step 3. Feedstock atnospheric distillation 10 Step 4.

Vacuu ti on of ri.c dlstlllatlon residue Step S. Pyrolysis
i @@ig@ Sgé’t ‘ons St e%%sg)ﬁg%l\%q of aromatic and pol ar nondi amondoi d

C O rrpo[(}%r(}tISSI 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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[000203] Step 7. NUItl-cqunn HPLC |solat|on of hlgher di anondoi ds a) Fir st

colum of first selectivity to provide fractions enrjched i rf9sphdy200%

hi gher whafisagendoi ds. b) Second col unm of different sel@ghigsichst ©
provi de |soﬁ%ted hi gher dlannnd0|ds 1000204] This exa (ﬁﬁ ?s Written in

t | t les 5-12
it cardORRE MoadE A iRt Bl hectae el are s F%ﬁ?&ﬂaﬁrf??a”psf op 1 -
FeedstaRmSahesrbicdbe 8@;:3[&@339?%5& dizthohadih e asd @ frbiide @E&ﬁbﬁh@gﬁ%&) obt ai ned.

gas

These material’s i nclude condensat e, Feedstock A (Fl and a
gas cdonigptientimes bndbésaitargetpaatenileuihic ornfpﬁn@tmrsls uswb@ctsﬁclmndlﬂdunll tetgst) gh

ot her ndensat es iner uts (Xo! 0 have
peen (LERT RRRLER R ST RE bR Biokefiiet BRE HBAE e FRL o o
aoncenpiadl GOMS apaly doriiein/foP thd heRhEitaRe (GENetdntion ined) lﬁa@mgedztﬁm as
determned by GC and GC/MS. 25 Both feedstocks were |ight colored and had

APl grBeipeulaigion éviia and baseaedlop Thaplablesiis. 1BA) abyy wptaieswipilpe (el Mdnent 30 19

July 2008 W 031 PRI202 ETLHSRALARAD LANR20Rk Fepdslly s anal yzed

using ga ogra romet 1 e presence of

t ar getappioghasteti @ﬂ@uaﬂtoudmab&nteﬂ @Cwueﬂﬁoxgas@ Wit git &plet@mmicadaint | on
times for_these target materials. This information_ is used. to t.rrack

i ndi v |tbf&§ D gespy Vﬁliu@ﬂhb? rogtingky videtad esncelly RV hensae seiemion tiae deifids,
RroceqiLsd FIG 13Ais a table that lists 5 typical GCIMS assay
|nfornat|on for the hexamantanes (GC retention tines, nmass spectral

nol ecul ar ion {M+) and base peak). This table (FIG 13A) al so contai ns

si m | atepGo-MeeddedadinaspbemabistHatiar ot her hi gher di anondoi ds. Wil e
relative GC retention times are approxinmately constant, non-referenced GC

out T IRBRTY X sttt o B kB ERRTET AT bR o SRBrs PR oot et oa.
St ep doilinpgRAESE @fde awwérq;omﬁg pdihAonPonkRQ GLhbliartoRImR Rdebwheedst ock

B was distilled into a nunber of fractlons based on boiling points to

separ &ianqudeidspaed f%éﬂﬂhﬂﬁgowﬁan%mweph@ﬁwwmugm diggaonidevdsr
_ z%' amonde dz&:&’o%?s @a’lﬁgﬁo“rhe”y&m bf SONSSRL AL Ak RICRS 'of RIS Mdpalie BALILEYE AT

i gher™ diranon
Feedstock B are shown in Table 1, below and are contrasted to simulated d1$t111at1011 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.
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15 in various fractions. The yields of atnmospheric distillate fractions of
two separate sanples of Feedstock B are shown i.n Table 1, bU& by 2605 ar e
contrasted to sinmulated distillation yields. As 'seen fromTable 1, the

si mul atW@ %0F0? | ation data is in agreenent with the actRfENUSE{OEIOF| | ation
data. The sinulated distillation data were used to plan subsequent

di still ati onTAWOEas SEislds 49 A¥mosfhehid PistBiafion W2 ORI T RRTREBepltizé 00505
TABLE 1: Yields of Atnospheri qfdsdfifde@ito@BFr acti ons from Two Separate
Runs of Feedstock B Cut (F) SimD s Feedstock B (Run 2) Difference Est.'d
Yields (W Yields (W % To 349 8.0 7. 6 0 4 349 to 491 57.0 57.7 -0.7 491

to 643 3030 6.0 4 643 ar trer—4 & Fipidhithid S [eedst ock
B (Run 1) u#é:@ﬁce Egs % g; S%ﬁ}iﬁ/@ % 10 477 6B.2 59.3.
3.9 477|to 515 4.8 7|39, 649 7 649 and hi jher 3.5
2.1 1.4 55t fgﬁfb —f= aCtn UIlgbl on—of /—\LHprllzﬁl cOrstyttatigy ResTfue by
Vacuum Dijst i‘: 9§L iﬁ""‘l 0602 vt§7c|||c Festrt1Thg g‘fieFAUDL ock B—at llBﬁpllEl e
—resi di-umH-repro —{ecomprSipg—2—4+—wet-ght cent—pf—the,gritgrnmal
491 %0 643 Rk , b . 0,
f eedst ock)—wds A i efd—.LntgF‘ ract-gRs—eontatntng—hgher th'l rendpi ds as
shown i n LES% and higher ) 93)— He £ cedlt ot hi s High—tenberattre—edist | | ation
10 process—was-the-atppspheric 650 F + bottons-—Conplpte_Lfeedstoek B
distillationGuégddts {are %“Péﬂsi n TabFeedsig (%)@;“?é rabludersace; 4l 3p
illustratle the distil|ad®h f/‘é)b‘é & flor Yields (Wt%
) (U]
To 477 63.2 59.3 3.9
477 i0 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 Atmospheric Distillation Residue by Vacuum Distillation
[000208] The resulting Feedstock B atmospheric residium from Step 3 (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 process 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: VacuueJilg2003 ati on
Repor t tock B Feedstock B - Atnospheric distil ' i d 650F +
' bottom{‘g?%‘%ﬁg&ed: Sarnia H Vac TEMP PRESSURE REFLUX @h@%{{gﬁ}% VRl GHT

APl GRAVI TIES ERATURE DEGREES F nl G VAPOR POT TORR RATI O NO OBSERVED 60

F VLT ATM 60 F HYABIBPAENampe PistilngionRepprs fer BealgcRTART 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. FRdsto8dB -oamclpibrit di8lalioh résid 83G° 36bélichds® 0. 400 200 READI NG 336
751.9 @ﬁugnqgggds S:gg,gagﬁ@ra% 12 4 139.0 8.3 391 799.9 468 0.500 4 173 167.7

19 0 i Ql:‘lS al 1E')7n EC[}'[81 167 2 ’)R QO 12 n ’)1 7 %@_%9 8
538 0] 36Rhr6rrlibkak67 . I '3“7'38“3139.“3 B4 O Ad o] 3VBEE o 225 S B34 4
26.2 139.7ararl. 21 39t | do®PRRdi S|t | RAT@ | on NPO jcheck ppt tenper aPERERVER nji 68 (wi t h
custotf Beatred—trap—ratertal—5—3+ranrs—4 L2 IB5—F5760222-55
it |\ Hrit P Y T Ni%%:3 :
315 G0L4 | - 350 5.000 START OVERHEAD
344 636.8 352 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 9.4 1350 | 5.6
333 736.0 419 0.400 200 READING .
336 75191 432 1.300 3 330 334.3 12.4 120.0 | 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 | 217
460 899.5 538 0.360 ¢ 181 167.1 274 1390 | 21.9
484 950.3 569 0.222 _ 7 257 238.4 26.2 139.0 | z1.2
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 80.8 238 | 139.0 | 18.2
527 | 1025.6 624 0.130 10 08 93.3 21.6 139.0 | 16.9
Drained remaining trap material of 16.5 prams {~4 grams of water) | 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 503 621.8 1L 2146 | 3.4
RECOVERED 3298 3311.7
FEED CHARGED 3298 3326.3 18.0 2340 | 8.6
L.OSS | 5 146
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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 186y 2005i ned
remaining trap material of 16.5 grans (-4 ans of water) M D END OF RUN
TRAPS P 8708202nat hematical |y AND conbi ned) VOLUME DI Sfil{YSeR0¢5#91 COLUWMN
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TABLE 4: Elemental Composition of Feedstock B
Analyses on Feedstock B 650+F Resid
Measured ~ Value
Nitrogen 0.991 wt%
Sulfur 0:863 wi%
Nickel |  8.6lppm
Vanadium - <0.2ppm
[000209] Table 4 illustrates the partial elemental composition of Feedstock B atmospheric
distillation (650°F) residue including some of the identified impurities. Table 4 displays the
weight percent nitrogen, sulfur, nickel and vanadium in Feedstock B atmospheric distillation
5. residue. Subsequent steps remove these materials.

Step 5 — Pyrolysis of Isolated Fractions

[000210] A high-femperature reactor was used to pyrolyze and degrade a portion of the

nondiamondoid components in various distillation fractions obtained in Step 4 (FIG. 12)

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 used 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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02/ 057202 PCT/ US02/ 00505 TABLE 4: El enental Conposition of FaeildyaotsB

 Anal yses on Feedst ock ‘B 650+F Resid Measured Vatue Nitrogen 0.991 w %

Sul fur WO®&85W826 Ni ckel 8.61 pm Vanadium < 0.2 ppm [ 000ZHEI02P8H5e 4
illustrates the partial elenental conposition of Feedstock B atnospheric

di stilpgmion (Hoeielle@shéttied fdGidistinpthisioperief hipha dislasiddidsades tpniot ti es.
Tabl e 4 di splays the weight percent nitrogen, sulfur, nickel and vanadi um
i n Feawe BEk(olumips phdifceend seletiviligsilB SUCCSSH1@z| due. Subsequent steps renove
these materials. Step 5 - Pyrolysis of Isolated Fractions [000210] A

hi gh- i@ﬂﬂ%g%ft Yie ﬁr@taﬁf’?& NER R dste8 8?%@ f3h AP as/88 Ok RAfhhon of the
non d STn

nondi cornponen various distillation fractions obtained in Step
4 (Fl operdf) in bdregsalingedteionbiangnablie pHasamd Ad0idE/min. theeriesof HFEC The
pyrolysis process was conducted at 10 45 for 19,5 hours. The ga

Db phauraf B 38 ore CSRBITSA Herlon iR 6
t hese romat ograns shows tHat pyrolysis has renoved maj or nondi anondoi d
hydr ohaxdmmsanea #d, filsasd 8. {F1EAND) alsd seedd@s &8B).he hi gher di anondoi d
concentration, especially the hexamantanes. A 500 nL PARR) reactor from

ot op. 1BE" FurRE bRt rioRas gt remiee PO G IR B e EER S
[ 0002 3kyerbhf, RMIHaYsP Bl Re FIFAYESHmnhaRn@R diffeRsmt BASARAty R HRUGParatis bf Cca- gel

gravity" chronmtography col um (using cycl ohexane el ution solvent) to
10e oV eapeisdrexamapionerban tredDBS shhimedisess@t apve, FEGQO0 sipws elnfionjgresof a

o1 canaf Hgihfinel BoGORLT R f utfont 1By luft i BRESERL o PhlcHR, PrOv! 92

phase).

[000215] The differences in elution times and elution order of hexamantanes on ODS and
~ Hypercarb HPLC columns are seen by comparing these two FIG’s. 19 and 20. For exaxriple,'
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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free aromatic and pol ar conponents. Wile it is not necessary to use this
chromat ographi ¢ aromatic separation nethod, it facilitates 1Subdegoent

st eps. L., Milti-colum HPLC |Isol ation of H gher D hds. 37 19
July 20@99"9&‘1\828’2/ 057202 1' CT/ US02/ 00505 [000212] An excé’ﬁfg}ﬁ}‘??’lr’r@’tﬁ%od for
i'sol ating high-purity higher dianondoids uses two or nore HPLC col ums of
different selectivities in successiw 13] The first HPLC system
consi sted of two Whatman M20 10/ 50 ODS colums operated in series using
aceto ' pha t L fMd Y whr ' HELC ThefthB&kingNS wer e
takenmogzsg gtél%gl)’ Q %?é?ﬁngr?(sbq% ag}jéWIS‘?vél\ﬁgr@%éag%ngiﬁ ﬁg%) artllg1 takenh.%gr

f ur t herriatpuréffSte@f wan then carresdewhd HPLC system This conbi ned fraction (36
and 37) contained hexamantanes #7, #11 and #13. (FIG 19, also see FIG
13B) . 0070_2141 Further purification of this conmbined ODS HPLC fraction was
achie ing a Hypercarb stationary phase HPLC col um having a different
selectivity in the separation of 10 various hexamantanes than the ODS

g0l uMpoEl239L's S valooitn frbfaratRR capilsy @lsihiciatb graph wak ubdtetoiisulatei dual -

hexamant anes on the Hypercarb HPLC colum (with acetgne as a nobile

Ehas e hexqogianes fromhtie gradust effdsanln Levige Porfhe chEIahter S eamapiapet of i
to. PR Tor e HRp gRlea A BELAAY td B b BN ARG Dibvs EURAEhRT these

t oget hsihg tite tchetiODSntdPhad p3ttdinefi ¢l (G&/MS psshy (Example pafiap €).f The tdsolts
(fractions 32 and 27, respectively) on the Hypercarb stem (FI G, 20).
[ 0002 2550w L ¥ ASh: &) G5 Wi BRaLAsS PAHEP Qo LS (CRalEBRGG: WFgHED

| amopdel AR B #R L AtSAPB! 848 pRPulivki Ng hi gher
g’: armn%c%%h s.n%fhtlé @goﬁﬁérés}é@%e ufsaggﬁ?%ﬁ% enove | r?puri ties. Ugfér% this met hod
on” corhpinay EOShidRla draphcised nas 3Gn8f8Tre@By Gpptapne aBealtitgprer Mardand? C
fracti or}!s3 were taken thus providing high-purity hexamantane #13 (FIG s.
51A ahtP 1B). Other ODS HPLC fractions and Hypercarb HPLC cut points could
be used to isolate the remaining hexamantanes. This isolation strategy is

al so (ggebbrabif A9 doBmPhehseits B6hicedirdURIRicHS Ahhbadahs, ehdlf dson sol vent

conpositions can vary. [0002171 The ODS_and percarb colums can al so be
used hexaneanganse bytaddng $uss thahwers then senbiodthr sepond golui (3g° E1GH42% et hodol ogy

4 ab?lYuestra%ed%r ﬂgx%mqaﬁt%qg b 0% %X aﬁ%%&r}ﬁ'column, phenyl-methyl silicone, a DB-

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 tetramaﬁtanes; pentarﬁantanes and

30 cyclohexamantane. In this case the fractions removed in Step 4 go directly to Steps 6 and 7
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containing ODS fractions using the Hypercarb or other suitable colum and
collecting at corresponding elution tinmes can |ead to the itohdy2085 of the
remai ni ng _hexamantanes in high purity. This is also true of the other

hi gherwéﬁgﬂé%ﬂ%i ds fromtetramantanes to undecamant ane8CT VR ENng
substituted forms. 30 38 19 July 2005 WO 02/057202 PCT/ US02/ 00505 EXAMPLE
2 [ 000 Ex8inpkt leprsditectiy to Stepd, mFxanmple? FIGEAANpTRis pragssevarggbonced beFI G 12) .

The folJ.on jiati f Step 7. th ' out . St s -
[ oooseniclo it Boiif S Pufie ioatinie reaf Gl Tud okt asRfh Havevdied o
i sol gyeolydiexaIBnNG ASisatld FHEERBPAEQYEEN AAMEX®TR LEmpondpiLite Hresdite cut timnes

for the hexamantanes were set for the first preparative capillary the GC
colum, nethyl silicone DB -1 equivalent, using the retention tinmes and

pat t 09222} omAdTAiiSn e FEsPoningip cutpeint & agctiyn #ITpeStep dupeeddistdlagioBhown i n
I G . H H f H " . . " !
5 g"aﬁg 3 téﬂw%i‘é P gﬁcﬁ'ﬁﬂ& 1 & %%fs %g%ﬁo% i€ Hea@B SEIRE ﬁ%%@@*@%ﬁqu@a wer e

t ake Vhi'ch*cont'al nst exanant ane conponen eedst ock B.-

-~ The  frepenadd beprepantivt aiplligeyas tiomtagasipisiniecowhs prasssimcdhoradnby -~

CGerstel,_Inc., Baltinore, Maryland, USA. [000220] The first colum was
used St&p Corfdsample & ¥1%e 18)-gher di amondoi ds, such as hexamant anes by .t aki ng
cuts that were then sent to the second colum (see FIG 42B 15 illustrated

S R W T S s e R T e

t hen thmierges tethatuanianed Avm thp dakiaeffracthive ckatedmalby evlaim ¢iirenmiographgi vi dual

trap tra =6)., GC trap fraction contained, c t al s of .hexanmant ane
107" ggsp ﬁaﬁf(f-ﬁést Hsfpeaht loRdHnesy P&F&Hﬁﬁ%%ﬁ@éﬁ@%@ Rquent

G Mg &“’Eﬂaﬁ%&él)?ihéé@ﬁgfé} f%ﬁh@fdr@ét r?ﬁﬁﬁ&do‘i’&%%ﬂ%t@miﬂ&’é@gwbﬁe depfdre high 20

purity hexamant’ane #2 based upon”the GCl M5 assay of Ste Simlarly, the
GC atttz fipst prepafitive eqpilt8y Gt eolumin, feliGl slvonabB- Byquhaeed The reoiltserpri mari |y

hexanmant ane #8. Phot.om cro hs of, hex ntane #2 and #8 crystals
(anaf %OPFP%P%%E?@%’%“%%%C@% ]S’[?O K 1n FIGs. 45 and 46. This
procedure could be repeated to isolate the other _

[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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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 19h#ng@db usi ng
Feedst oGl fyos7digedst ock A is especially | ow i n nondi anonglef,fsylddsdshe

at nospheric residue fraction recovered |n Step 4. The pyrolysis Step (5)
of Exanple 1 nmay be om al | er di anondoi ds bei ng
sought are tetranant a%gﬁggﬁiﬁaﬁ{% S @%ﬂjﬁl}ﬂ At ane. In this
case the fractions renmoved in Step 4 go directly to Steps 6 and 7 39 19
July Z(mﬁ)zz&p Q10 e P tanfaht 4408 S AGRABInLNarkdB PR dm i dolild, 8@t |1fym§§9b§t ep 7

in Exanmple 2 (FIG 12). This process variation can be applied t

| ower - ﬁeﬁqabkgmtf@th@imﬁtlewée eI G brrglupts abtainmdsn SixampldbtSde’. BTbJ§ cRel | .

Howeve | ndl ndoi d

componzhfu Rl Bhe Bt hEo el AR RN Ral BBl AR LA B mt 1o
fsacti Srep#l. of Step 4 (see distillation 5 Table 3, Exanple 1 and FIG 17)
was taken fromthis feedstock. This fraction was further fractionated by

---p-repar t|ve capill ary gas. chromat 08@ phy simlar to the processi ng shown i-n:: -~
Step 7I00922E, aﬁ?ﬂPé‘O@"(lpg bighgpgia dompanenis,wets igohated aap sivatallizedcalbi | | ar y

h f
The di SRR OB ract.omﬁ*ean&%tﬂs pofa%. S Pl LA ahel LR A e
FI G 1lidplatddsirmmg I%b@twcmﬂ;modmxammnamstpht(ml net. 89 @nsdlated GohMVEecdstealy (from
Step 2._of ample 1 thec tige doi ds
tetra '?%ﬂﬁx@g%@?e%%{w Crgiialsinolirt, 300 it Bt bosds RIS o e Gif .
et hyl ¢ 1?61&&:21 %ﬁf‘ﬁeedﬂ&@k BeSAN s a¢ §nox§eﬂﬂémarf&rbr}tréf'ﬁ epwf FIG

21 iden fled as cuts 1, 2 and 3. [000224] The first col umm vvas used to
conceMQSémedardecmnmgme oty vds 466 1g01atedﬁoneFm1mkﬁne’ﬁ)e diberthagfiong cut s

t hat re then sent t sSec he I-neth cone, a DB- 17
equi vareneatl satpnacot oAb Op el s B8 SEeeas B anh n {HESher -
separ ageehaad purified the target dianmondoids and then sent theminto

i ndi vidual traps (traps 1-6). GC traps 2, 4 and 6 contained the sel ected
tetramantanes (FI G 21). [000225] The highly concentrated. tetranmantane

hi gher di anondoi ds were then allowed to 20 crystallize in the trap or

di ssolved and recrystallized fromsolution. Under the m croscope at 30X

negni fication, crystals EMM%LE%Aa'fMQM&’Y‘@{rﬁm‘Ahﬂﬁlse in preparative GC
traps 2, 4, : .

[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 employed 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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and 6 (see FIG 22). Were concentrations were not high enough for
crystallization to occur, further concentration by preparatiowlyZo0as
necessary. The process would also work to isolate other higher dianondoids
from FAEGSEBEROA. 25 40 19 July 2005 WD 02/ 057202 PCT/ BEFAHYEEES EXAMPLE
4: Preparative GC of HPLC Fractions [000226] Wth the heptanantanes,

oct amant afigsraaeddegner pi anondoi ds, etfc., it may be {esirable to fufther
fracti onal ®efeleacdBPLC profducts ohtained jin Exanple 1, Step 7. Bhis can{ be
carri ed opiGOMS Rgempiorpar at i ve capill aryl gas chronat ogriaphy as describged in
Exanpl e 2| TeneS(dm)7' . [ 000227] 11¥e f o] liowi ng HW-3her dianondoi#éonponent s
were isolated and crystallized: all of the tetramantanes from both
Feedstocks A and B, all pentamantanes (not. wt. 344) isolated from

Feeds - two hexamant ane crystals (not. wt. 39 i.sol ated. fr

Feedsm@éz’ ; ‘%ﬂﬂ?"@@ﬂ%ﬁ?%ﬂgﬁtcﬁﬂ@% %tchfoén‘ttﬂ%ﬁa?gsﬁaﬁ%@ Se'?g’o]lsg & from
Feeds tQeknaBianef oML ARG ﬂsaﬁbf@ﬂsaﬂeahe@ﬁa\w HRBdn bEohatadafiyonTieedst ock B.-

~-As -wel-l as a nonamant ane crystal (not. wt. 498) and a decamantane crystal -

( ot . Tesults 456hows ob HIGA Y, idsmiiflebaswidck Bmdthe ot her hi gher  di anondoi d
conponents could al so be isolated using the procedures set forth in these

xanp E S5A |sol ati f 9 ner al

S ocoliesdy ahstiraotn h3Rh RS BoRend iR AR AR RD okl THEP

t et r R B Sent O B22280nd ddlihh e FEGIA19. Thy sedondics luthug phénylfrhéthyll2) was not
enpl oyed and the product of Step 4 went directly to columm chromat ography

( St ep sibicoe ERBnbT equiyalenthfirther seipraied asd Pyrbied Hrelphympniaaciand e sRkn

treat I ok h y of
st op. BegRibed R gaEa i RERRE Or SHERictchOF, k0B ERUPMBUMGRIIRERRT |
timespficedsedlr amant ane i sonmers. |ndividual tetramantanes were assigned a
nunber according to their elution order in the GO M analysis. This .
reference nunber s used to identify individual tetramantanes.in

190 bscJRE3Ls Thedpely Retcentrad AR BROVFE (el PO B 98y i n this
anal y §h 580 dURQor the e BARBE LCIBE fhagnification, crystals were visible in preparative

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.
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(racem c m xtures) were assigned a single nunber for these purposes. GC

retention tinmes . vary-wth changing colums and GC condi t it@nfulp2dohew
referenge, @le&l on tine tables were prepared as needec{,dﬁﬁmmt)g},gs
pr ocedure elow is a table used in Exanple 5D procedures below. 41 19

July 2005 WO 02/057202 PCT/ USQ2/ 00505 Tetrar nanta lL}grenc #dl 2 3
covs ARORTI orPyrplyeis as conquasel by hepling shefstr a‘f‘é%%&lf R dsilialiqin i hdet

prepa A ph was then used to isolate-
tetrar‘r%%'t“éﬁelg&]?rr%grﬁ ratg'gés?%ﬁomﬁﬁgﬁrgctlons cl eaned-up by col um

chromat ography. The results are shown in FIG 21, identified as cuts 1, 2
and 3. 5 [000232] The first colum was used to concentrate t he

tetramant anes by taking cuts that Were then sent to the second colum (see

FIG 21) th silicon =L/ equi val ent,

further segg‘%ﬁﬁﬁg%@ %ﬁmpﬁﬁ?ﬁﬁ\é %&?Rﬁ%gﬁmﬁeﬁﬁﬁgﬁeﬁlt heminto
iydividual vials (traps 1-6). GC trap fractions 2, 4 and 6 were collected
—and further processed. 10 [000233] The-highly concentrated tetramantanes
wer e then allowed to crystallize from solution. Under the m croscope at

30X mdspiationsattidine sing Wl visible in preparative GC trap fractions
2, 4, and 6 (see FIG 22). Were concentrations were not high enough for

R T R S
cryst afBLC %@k alsedhbiwate fretkisatkcidnt chficlmeiits apthe#ranivhtard tt#ﬁl(ﬁ@ farespondi ng

to tetramantane #1, #2, and #3 (respectlveL%_‘ [00}91234 fte bt a]1nn| ng
cryst dhar WS@UtZﬁ%‘P eSwifable columas fox|use #rg| el g

get erng, élté%ﬂa& éa;e%ﬁ@fv{tﬁ%et ERak haﬂﬁ'é%rdaﬁ bt%té@wfeem can

under go arations to reso ve t he two conponents ‘as di scussed
previ qmslwamﬁﬁ Wvﬁmmmmdﬁmedﬂbcﬂm ganamtlemsats, Ustitlafe Pyacodysi s.

R T Pt TR i 2)

recorded. Nine fractions where taken during the run. The HPLC columns used were two

25cm x 10mm 1.D. Vydac octadecyl silane ODS columns operated in series (Vydac columns
15 are manufactured by The Separations Group, Inc., CA, USA). A 20 microliter sample of a

solution of the tetramantanc-containing 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 chromatograrxt 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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[ 000236] Prior to pyrolysis, nondi anondoi d conponents are present (FIG
23A) in a tetramantane-containing fraction (distillation holgJulp2b0mcti on
simlar in conposition to Cut 25 1, FIG 17). Pyrolysi ed the

nondi amﬂf@?@%gorrponents to easily renovabl e gas and col%eﬂﬁ%zb%%"& ids. As
shown in FIG 23B, the nondi anondoi d peaks are gone after pyrolysis. 42 19
Jul y o2@@dscyl\witea2(@BFPERLECT sy h 0808 p00mRBIE Pimseo[Tsidistilgdoiz onduct ed by

heating,the tetr ntane-rjch.distillati ut, .U i react or
- aBoRser ety PTRge el lpraTit o ety PSR Fonee Ry Irebert® 2
Si ngligpHPlsac@Y SR of (R Hol@lPlh Qs Fim TeciBeRd® simosphay HEiGHAQARE8] | n
addition to the gas chromatographi c and pyrol ysis_nethods descri bed above,

HPL C ahaut &i0SB wiroperforoedr dibiedusteohinie penststesdpf R RetsnagrM2 d 0658k Bnant anes

to al for their crystallization. [ le- cal wel |
cnow P05 s s Ci P it e oY oI 8 IR iBke tSOTRE "1
Wi t h (eSS0 R @ioRRBhiatifhs6 1ghalo e UsKdp facksd @cicetohe s Thpwsftingat i on. A
~—-preparative HPLC run of a Feedstock A, gas _condensate, distjllate fraction
cor r pBRYPEET i§ skowvn paifhe. 2o &Eﬂ%@@%@ elytpy 9@&§6‘5@P%F%%3 elHtFSt he HPLC
chro ' | Uy . The HPLC
col uﬁé&%ﬂ;‘%{? t&%r%ég‘ﬁ*\%‘ged#%@é%gi&ﬁgﬁme&fﬂ%@%ﬁ’%@??ﬁz‘c3’39g?ﬁ%’gﬁreﬁéc%s col umms
oper avedth diffetRtiabRibMpaeterCldmids hn, AretiomR{RIGt B estadtakahfor Seylaarat | ons
G oup, Inc., CA USA). A 20 mcroliter sanple of a solution of the
10; et r AVERCAYRN. cont ai ning fraction at a concentration of 55 ny/nL was
injected into-the colums. The columms were set-up using acetone at 2.00
m / m rmjsg : ef - ; copeees the gas
chr or!g?%‘%rlim 0 ?ﬁé%‘?ﬁ%ﬁﬁg’%%ﬁéﬂ g?@‘(&%lé%l{e@ggs Eﬁ%@rﬂmc fraction #6.
HPL C et whick Gaisa diffpnérftispeoifi¢ity tham theH @3S icnlupet sbavartodpdateFl G 24B

dto th ' i al I 24 tath t .
ot Spamane2 B4R 201 Fot Haarae Bure (re Ry b gt I achi ng
concabhatis 8N 4. 8Mbd 161 €MsoRmPEHRSed pOMrick USing hYSbEE At 260 hImis EXAVPLE

S5D: Isolation of Individual Tetramantane |soners by HPLC Using Miltiple
15Co| unmebilei Has{@1 80 psi), S8ahizvaliter injeetion of 4 mg/ml in acetone also using a

differential refractometer. Tetramantane #3 elutes first, tetramantane #1 elutes second and

th

tetramantane #2 elutes last on this Hypercarb HPLC system (FIG. 14). Tetramantane #2 was
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

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 SE: Isolation of Substituted Tetramantanes
[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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[ 0002401 As shown in Exanple 5C, tetramantanes can be isolated using HPLC
met hods. In this exanple, HPLC columms of different-'sel ectitdJulp008re
used towispldtf,Single tetramantane isoners. FIG 25 SW eparative
separ a?‘INIOI’l of the tetramantanes using an 43 19 July 200 6@% 7202

PCT/ USQ2/ 00505 oct adecy] silane (ODS) HPLC colum with acetone as a nobi-le
phase.alifylated cempoung wemisolsied dydiynesweb HELSandishays gdelepiion tmpoflhf®l e 5B

was t he: £ p ' ragt. ' of the

ot dup S S C /B RG G RG A0 DIRA B ek foea iaab WRBHLAIRI" 7 bau
650F vgeparapeisiampigdratiMeds € (#s5t Erabhplhn 3 andd) st iecatfsomeoalMyictmmanths:. 10/ 50
(x2) 5 ODS colums operated in series using acetone at 5.00 m/mn as

nobi | e phase (@90 psi), 0.500 m injection containing 56 ng/m of the

hol dup fraction in acetone. The resulting chromatogramis shown on FIG
25. Tetramantane #1 elutes first, tetramantane #3 elutes second and

tset I AR RARIHZE Sla4t BSL iRl fPRnidiBatiREG bs_,_ypf@awrﬁmf@ca;@hm;ﬁmofgs%@}ct or used
—was-a differential refractoneter. Fromthis run, fraction 12 | 25) -was -
taken for further 10 purification. [000241] Further purification of

f r act i1880244] waStepst hiteof dixamplany (o &2 )cwiers rpepipdC In S giafFacdstork a

di ffe i.fiCi bV ; ¢
G (PIEOSORAo Skl an S (HRR SR TR AIE Rrol fed BBt ST AN
Penn; 4384 ford.66htiours. Dlhi pP&lciivas pe fraitedid avceRl wib Bxaiopl: BSepane at 1. 00

m./mn as 15 nobile phase (@®80 psi), 50 mcroliter injection of 4 ng/mM in
acetone al so usi refractoneter. Tetramant ane_ #3 el utes

diff I al
first 100431, e resslucns o (he s hgw GHEERETaDRE(S i) P ez LGS WS or
pre HREGHRRS o SURHGTIES OF pebimenl e ARAL R fn i Blihuchf o 111

Hy per caniponti®t @ithuinsdeaniaGRSghtPl4@ veart adseghetl @ nusdieahcandiaf tatheirtehgion

t et ramant anes. %%&g}sr_s are 20 separatable by chiral HPLC net hods).

[ 000225FCtPRELS Y¥fHe G M5 total ion chromatogram (TIC) of an HPLC
fraction containing tetramantane #1; and belowit, FIG 27B shows its nass
spect moe0246| G’i_“l?e?cﬁro—c_%‘l&ﬁﬁtﬁégﬁxa%é%ih ghs LROnRAS LR Ras 88h uddde of an HPLC
fraction containing isolate tetramantane #3; and bel ow FIG 29B shows the
mass d§dafe pertpmaganes from the product of Step 6 above. An exemplary resuit 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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EXAMPLE 5E: Isol ation of Substituted Tetramantanes [ 000243]
Al kyl t et ramant anes can be purified using met hodol ogi es descriSddy 2805

nonal k < ramant anes given in Exanples 5A to 5D. K OWs an
I sol at )e‘gatogrlgbn%‘?riet hyl at ed tetranmantane w th nol ecul ar miﬂgg(“g?’“‘%g% yi el di ng

a mass spectrometric 30 | ecul ar ion_of nlz 306, apd sho SS
spect P& Ylﬁlitb@ WJYEPFRIY P e%?%é—”éﬂvi"ﬁ?e ¢rpata ‘WEQQ&F@%’;?W

spect Vi il jvé ek OAIEAL L 4 AR RS R B e 1l S 44
19 July %v%&}%\éq 2 0£51¥é2 2ep§%§%§fé%gg%n%ﬁ%§|%?{é§ corrp()){un vvasre.lﬁisol at ed
by Hy petatmnb WiRk€ canctnshions aze nalttagh crongh ifoecrpstalhizatitd: tomcawnt sthen our GCMVB

system (FIG .30). It ma necessary to ~addi tional HPLC . separations
or° pr Eptea A RicpreRete BERY Bang by, 51t G b P ana Ly Hastaph of Bvo -
al kyl {elthRIRBhANRSE coc LEiBprep22hiad GOl Pentamantanes by Preparative
Gas romat ogr aphy (000244] Steps 1-4 of Exanple 1 (FIG 12) were
repeated. In Step 5, 5.2 g. of Feedstock B 650F + bottons distillation cut

- 5 ( Tal109249] FiAdteri®faming cpyptadd 9izaitabladige, vacenanfiomeriq BEUAMYHAKS. 7 hours.

Thi s product then treated.i,n accor.d w.th a . St . .000245]
he e oS sl pr a0 st b Bl RiPBERLR St er st ST thclion BRyBiomat coms 10
t 0 dep&tiimaatdieaFandediss Fhited stpiBiond o RASIvVe TR BREcdnyfuieAs. | ndi vi dual

pent amant ane conponents wi th nol ecul ar wei ght 344 were assigned a nunber
according to their elution order on this GCMVS anal ysis. [000246] The

t wo- col umm preparative capillary gas chromat ograph was then used to

| sol ate pentamantanes fromthe product of Step 6 above. An exenplary result
ks shown for 15 peALERR e P t ane #1-cont ai ni ng
lgcr peak on the first col trJErrﬁﬂl' sryfgl?iié%ﬁ?ee%gg@ﬂ%%g@?%?ﬂgd sent to colum
2" in FIG 31A [000247] The first colum was used to concentrate the

pent afi@i23bie Byepsdkd nfEzampit Sihatre ropestedh €5CAHED tsshp refhensemonikbre abdirm.  The
second, col um, phenyl-methyl .silicone, a DB-17 ui val ent, further

separ 5t OPﬁ‘é“‘?fetgfg%éﬁgE%&g%MfWB Frors Wit g ‘gTVS:The material in the 20
peak of interest identified as "peak sent to trap” was sent to GC trap
fraction Bpyfigméntahystdl S of[ pentamantane [#1 accynmulated (see HIG 31B).
GCMVS anal ygbficety ap #6 materiab (R G 3 33) showed i§ tq begpentamant ane
#1 (in tmaggtﬁ”‘ amantamg—reference—GGME Tetgntion—time—systenrsgt - up for

thi's prepafgkie, O pricedy 9 145 i {4y ellujd g nent gomitgngs (A1) showed
Times* (min.)
*(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 pentamantane #3 isolated using two
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aretention tinme of 16.233 min. FIGs. 32A and B show t he hi&mpuritg of
pent amant ane #1 25 rerdbved from GC trap 6. This procedure cBiylyi2a0
repeat egyd gz4382at e the four ot her pentanmantanes and t hrgerepandos@neric
pairs which could be separated using chiral HPLC or other resol ution

t echni gy i ghly. ) '
ei t hor et EINE ClanlRPich 90 ikusfiaRE ORI, Bl RATLARRRBRET (BIAShEE?
magni f seatruonef pentesiaatsicd# ipdattdoging anedifferend BIP1Y dolluym@ (06, 40DLBRAR57202

PCT/ USQ2/.00505 were visible | reparative GC trap 6 (see Fl 33A). These
cryst NER totghiay ?Wfoaaé%\dlc_iﬁ’af EHEVRGCRTG IR PR PRaRRDR ks 5t al s
of  penLABaHAe HALM @tﬂuﬂﬁ Shd PIGSE Fﬂlu@ﬁﬁt@é @C‘H]Q;S_Stotal 7R Ao %%@f(lgcg
concentrations are not high enough for crystallization to ocCur, fufther

c 6nc entndmagrspesinpn e pertnosaGCihmayldre uwsegesealifferef EP1.83BIursnsa The

phot om cragraph of two 5 pent amant anes co-crystallized ip a .

Dt epar T BER pPRlA A IR BHS PO ERLT oo G Gk e bt SanfaBrs oi ze,
non- engiitd KEREEEn BNV ARRY 3ife n¥RbE! ITHee &RMULSMBR AR BE séirarsd by ehivdlal
determnation using X-ray ditfraction. Enantioneric pentanmantanes can
under géephratioh encthadsadn tildifion,tas pravsoisiienatbdithere vior emdpusedrisanerkd EXAMPLE 6B:

o0l R SRS R Bl ER0RTR R S ORERAT o, "S

Mol eculsfealRdn siiBidagil oWk cBndhtrh@brlsO Vihis gﬁwﬂmﬁm@oﬁeﬁﬁm Begh# 1 2 3 4
56 Retention 13.68 15.26 15.31 15.72 15.85 16.06 Tinmes* (rain.)

* ( BP- 5SNBergd s Gh/Momatysenpt dstibitioment DpyselBe prodyssicleanedup Hiivg Stad)

[ 00025 P #1e cont ai ni gns indicat,ed in FIG 34
were 15 PLRHET tEIP R cdnG Py Bae St ionr bl 03 T UG, o

pent ananatyaio fkaniplésl, Sidp 3 hadsoult @widdBediiits pRadeddrpemaBlstERigle.can be used
together to isolate the renmaining pentamantanes. The ODS and Hypercarb

colums can also be used in reverse order for this isolation. FIG 36
- shows the GO Ms total ion chromatogram (TIC) of the isolated

-

5 EXAMPLE 6C: Purification of Substituted Pentamantane

[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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pent amant ane #1. The lower half of FIG 36 illustrates the nmass spectrum of
the 20 pentamantane #1 GCMVB peak. As indicated in FIGs. 141%#y34051he
vari ou I.ni,ng ODS HPLC fractions contain other pen By using
siml a%@%&@&l ogy as above, i.e. fractionating pent atﬁgmﬁ%@%t ai ni ng
ODS fractions using the Hypercarb (as indicated in FIG 14) or another

sui t affl06284]| ufthe chmedt fohlteecolmpnatravrtogepuniterolevet imtyzael by HCMRAds  to

the isolation of e _remai ni ng pent amant anes.,.i I.gh. puri.t in
G st Bo gy oo fye behen g, g ull B REblhY ARp SN

chr ong4 A ARl Wi s HD GRS S o HiaUinter ab@Rtiapes thatiestit?on Grabiediethisisi ng t wo
different HPLC columms; FIG 38 illustrates M5 total ion chronmatogram

(Tl C) GESrasay. SPest hewanoitapenwaredhe apst fiawdsw|aad selegisf fof copseMencey Jul y

005 WD 02/ 057202 .PCT/ US02/ 00505 .di ff ar c : 3
F oSSR 852 R BE Rronre oS nit s g TR e e Bl
pent afmes AcbetifedSOl 88 Rih. (Bdathahwe ¢l § fie) ENS1 Mk Chexainwmitaie #7) G thd
~i-I-lustrates GC/ M5 total ion chromatogram (TIC)- and. mass  spectrym of -

pent afEMEmssas Refentwndimessyany withehapging &Cesnlupps andepnshitiens ISEHIRE G 41
il trat i t f
ot slraRbS ket 0 b B, iRl Pl TR0 Mddle GRS S FRaRUTRERET UM ©

enant h@aRizhGinpebinpoRdiranes are not resolved in GO/ M5 and therefore, these
enantionmeric pairs are referenced wthin a single nunber. These
enantionrirs can be separated by chiral separation nethods. In addition,
1@s previously noted, there is a condensed isoner of pentanmantane having a
nol ecul ar wei ght of 330 which is nore sterically strained and this 10
appeafgpohfsiS| ANiud- ggm tdnfs bE vRgRtaR1tame conponent
has bgao?rqtggébs%rw\y&edd&?}%bré angvle%ggfs;ﬁ%]&é%i sti |e|1tg ign cut 5 pyrolysis product

cl eankekanpntisenfrofit thp dBtillate fExtiond dednedfipdy codymn Thiosasesreplra itheat
coul o fe b eatinatings Whsceutn e s e SR Ripuly o B0Rh Aama ¢ 2
Puri f ;;684deann 0fi eguRaldnt, WsRE (RERkGHIRAUARS anlYRALRL FroBubEyMSuises). The

pentanmant anes are present in Feedstocks A and B. Substituted pentamantanes
18an breselby drc Weavih iRIG. Hede identified os Knrakiott gndk dent toroliynn g™ MRS es

descrj bed. for nonal kyl at ed pent amant anes in Exanples 1-4. The
mnon@%?ﬁt&?hﬁm%@ﬁ%‘éﬁaﬁﬁﬁﬂg enriched in this instance has a nol ecul ar
wei ght of 358 (yielding a nass

[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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20 spectronetric nolecular ion of mz 358, and shows a mass spectronetric

| oss of the nethyl group giving the miz 343 mass spect r omet¥9 My 28@fent

i on i ndive@bdnszef a pentamantane noiety). This al kyl at epcr/osgumessd was
enriched in ODS I TPLC fraction #31 and could be further purified to forma
cryst ' o] ' I '

or epar S A B onH rop b SR AN tne by S I Ml Bldfoflerfhramhof

Hex amahé:anemfzas e nien csysi-DRAAS8 brepamtive (3iDsgp Bf Cryitds ekKleyabmantase #8 had
denonstrate prqocedures whjch can be used for the enrichnent and isolation
of t hel§¥sT pEylef baore Busisalstiafe components. The process of Exanple 1 was
repeated with the follow ng changes. In Step 5, 34.4 g. of Feedstock B 650F
30 bottons distillation cut #6 (Table 3, FIG 18) was pyrolyzed under
vacuum at 450C for 17.3 hr. 47 19 July 2005 WD 02/057202 PCTI US02/ 00505 -
[ 000254] The eluent fromthe col um chromatography (Step 6) was analyzed by
QT M5 [(00258]t e Afien eblaimingaaysialsenfisiitable sine sopfenpetiemenn kaxemantaneli vi dual

 nccor g RRBRR et B Gpeiet SRl e B e G SR B s

were t iéxaiRsianadmastiaideiddufRtaehadtidBto eaoURThe e cobp@iditsl ar assays coul d
be prepared for the other nol ecul ar wei ghts. Hexamantane elution tinmes ran

between 17.88 m n. (hexamantane #1) and 19.51 min. (hexamantane #7) in this
g GC colums and conditions requiring assay. Retention tinmes vary with
changi ng reneasurenent of retention tinmes. FIG 13A lists another GC/ M5

| JsingQ di 1.c0!
g e e T

preparative capli was us to I solate” hexamant anes
fromthe distillate fractions cleaned-up by colum chromatography. The cut
tomes f0902i%e MbxAPLG crlemnsesed wat twobOdmhe Z0mmd.Ihrhatmeniogadepi | | ary GC

col umm,.. et hyl ilicone -1 equiyal ent, using the retentio i.nmes and
ot ¢ or g (oS ees s SR roain eies RS boltand Resan it oasria b bR 71T e

?f a'(':ltoie‘%ﬁ.s, WA)MQ 566 AicroBtct QPRI oF 2 sWIMtiGH of it B Hyrdls plodhifieatieataimant ane
hydrocarbon fraction (54 mg), the product of Example 1, Step 6, was injected into the
columns. The columns were setup using acetone at 5.00 m!/min as the mobile phase. Some

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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[ 000256] The first colum was used to concent rate the hexamant anes bg
taking cuts that were then sent to the second columm (see Fi9a)uly 200
illustr f hexamant ane #2 and #8). The second col lm -~ et hyl
sili con‘gbz’g"ﬁéﬁ&z] equi val ent, further separated and 20 puri /Pg{g%{a%dé

hexamant anes and t hen was .used to isolate_peaks of interest and retain them
into i ndERANMELE /Gpdselation ef Heggmapganes ngrgrw*ilﬂﬁ BPLGLolgmns ot ed and
further processed for the se i ﬂﬁ)ﬁ amantane #2. GC trap fraction 3
was col |l ected and further pr o%@%&g&f@&?&tt e separation of hexamantane #8.
Subsequent GC/ M5 anal ysis of trap #1 material (FIG 43) showed it to be
hex andff 2] # 2HyasedbUpBIhC tfheti@smrydre takeu o Ci¥akBhigh payity 1Sixainaniahy 113 he 25 GC

noxanairaansciiad B bl T b abS Tk Heplomem im0 FUBIG P roinks s
hexamapt @eg o isb20#e femdie ot edMh)ntGRRC GHe @D S dnd EKAERAHARRSMNEES J188N

allowed to crystallize either directly in the trap or fromsolution. Under
--t-he - merused speeverse 30der fenihisfisalation FIGe by shews theeCdMyitgipbibe i n preparative

cC t fracti FI G 45). . | fectly.30 cl
and srORRBRREERT e SE i mdaie & SR e s AR R B i ever
exi st qdwePRiIPSEFIRISD iilaQtaadsithdima REEY GENVS Rl E@nvabtritiighthenough

for crystallization to occur, 48 19 July 2005 WD 02/057202 PCT/ US02/ 00505
f ur t hdhigle prrdlgadithe isolatadyheppapaipag ¥se GC may be necessary. FIG 46 is a
phot om crograph of hexamantane #8 that crystallized in preparative GC trap
Cry of = ; I f -t-his;isolation. 5
oot OAH o THEFARRRYHEAGE, OB PO Bhe EHIFES, B BhRulbl Spks T
hexamdizgkanent2eagoaneby sepeatdddn bigs satwinr Bg ustagtsihiddr etheddlogadd abovesi ng
X-tay diffraction, Enantioneri¢  hexamantanes nust undergo further
separ dt6 HAGIqgtipg Ssxapeantae-qoptag S hefagionsuamethe Hygercpbarofhegn of

Hexa ' ' - 105 : : S
used B SotEkT b Lol i g oK S Bl AR, o IRG om BT
oper atregainmgslesiaesn{baintaph palitgmThisis alsoanuef dchehedniptanbatithn - | nc. ,
USA). A 50Q microliter sanpl f a solution of the c 6 rol ysi s product
Eat ur 4p¥ace Wﬁ%ﬁ@ﬁé&ﬁ% Rgeiley, besamerganes fat apfﬁa'aawﬁ@w@%ﬁﬁ@%wi}ﬂ Step 6,
was i e edelstobitd fah B@xarﬁé?dtﬁi&@hmﬁhg nﬁﬁédﬂim%vé&gﬁ%f%%y PIaSt B9 aA§S4 ONe at
5.00 Mm/mn as the nobile phase. Some 15 of the HPLC fractions reached the
pur i t ypreseoiessansyruted idm divendtegranhefon men 882 ebowimg 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.
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crystallize as shown for Hexamantane # 8 in ODS HPLC fraction # 39 (FIG
47), Hexamantane # 10 in ODS HPLC fraction # 48 (FI-G 48) a%/ulsR8nt ane

# 6 in Qpoddfide fraction # 63 (FIG 49). Alternatively porieen®assd col um

(manuf actured by Therno Hypersil, Perm USA) or other suitable colum
could be used to puré?@ﬂ t o) Lonae | cessary for
themto crystalli ze.E prglég?@j}i %?%Ogle?fgsglr[ﬁu Hr‘%tr'%hﬂo ali}’gedst ock B

distillate cut-6 pyrolysis product saturated hydrocarbon fraction was
per f or 80263 ndStisitHEL Bxahaotmeogic Arlingedbyld exhrmiangs alsdiafd messnit ial

refractoneter. Fractions (e.q.,. FIG _50) where, taken durjng the run and

s homedlg‘?eﬁgt?"]fréﬂnd s el Sehisray SRR B GCH LT RS ver i i ed by
GO/ M5 @nabsiited hEf SMeNLs 290 hiel 186l erMREEGah RaliRtshdanayshem (FI G 20) .
49 19 July 2005 WD 02/ 057202 PCT/ US02/ 00505 EXAMPLE 7C. [sol ation of

Re x aneanpinationsiée. gg pMyinter progustiind a@d cembe deotlkyBitéd toniicld tBet@ntspondings

[ 0002601, Hypercarb HPLC fractions wer aken t.o obtaip. hi urit,
 hexamaiiHiRTZed Reguisraier A Gordny taetieds opfhe folepes o pd il Srtstitiveh
Hy per ciaskbmblRlabe Gdfe RIIRE Snd Stnthli A, HS Bl 1dtRnict Akt SutshfitéPERhPIHRbs.
hexamant anes. The ODS and Hypercarb columms can al So be used in reverse

or der Fustitwgdhexgmpatenesninchudmg Blylbeaeantings,oan B isodated in bigh purignesingr am

hal £ cf PP TLE AFRRBRS s Alrbii R R A GRS 0, B FIO Ss | O
de monsthb et itig fabiton #5 Vo WaiOYS PIPTIM Sepafilon o thanamBa hadR cMbon Grab RGP 26 1]

The vari ous refui nidg‘g. ODS HPLC fractions (FI.G 19) containing other
hexamdFm heedstash By didillabom frastiom ¢ pyrohesissophinings metbylajed hexaiagtangin

met ho . Slﬁcﬂﬁ ' ' ' - I [y DS
fract ﬁ-g%lis)g%ns ng the 6%?%%? é%%kégt%ﬁg%%n%ﬁ%fggg e%ﬁﬁgﬁﬁgg&f@h@g et | ng at
cor r espasdpagroaictii¢ moldcieRnadinAedd, i shoe 4 edsapeaiforaftrit iéss ofgiigi ni ng
hexamant anes i n high puriggﬁ. This is also true of the hexamantanes with 15

mol ecUPRERYNBPYhEY i the gyz 397 fragmemtden (HEK Ar8N: drriation ofaqubai®tadn nuch | over
?@und%ﬁﬁnmmmmagﬁéﬂé%gmé H?d&gﬁéﬁ%@?%@%%ﬁﬂﬂw dimlequl ar wei ght of

396. FIG'"'s 53 and 54 present I on chromatograns for mz 382
show rsglehigvitiesn rfarssmplenthie DS and Bypa@arh HPLErdluhthsOversiran in sues@siohi vel y.
FIG” Yo ?s%laetlg Hw?ﬁ'et j!fl?:)?clglrx]eg:\évm%rrl]t%ng 851:5153 e?ltnsdgn?e%hyq?slslgstituted mol. weight 342
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 #1 9—?1 and
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spectra for these 18.30 mn. and 18.07 mn. peaks, denonstrating the
presence of 20 hexamantanes with a 382 nol ecul ar -wei ght in t1¥eun2dfat ed
hydrocarbon fraction fromthe product of pyrolytic processing of Feedstock
B di sti VP57 % racti on #6. The 382 mol ecul ar wei ght he?ﬁﬁ@ﬁ%&%@%’ show
internal bond strain, lower stability, and correspondingly |ower
concefiGatd iihstrhiean inbdyRIOlobetacaitiale avpitg predipikachfibandgpereak i HIY.G he 382
nol ecul ar. wei ght hexanmantanes the | ess preferred hexamant anes. 25 [0002621
The eBRUPBTS ¢ hexamant anes are not resolved in GSIMS and therefore,
these enantioneric pairs are referenced within a single nunber. These
enant i C i L PfurtB b 19 July 2005
w0 0 A B s B E o K R e e et Ty et
| | exacampenass. AGSO@E iR drgstals wif sdidbéxsinen mparpasntioménmaliglhexamantanes

al kyl hexamant anes al so are present in_ Feedstock A and B. These natural
Jubst FEnpeao it bty s e g . tnsubst ¢ ut ed
~hexamant anes, - can act as useful internediates in various hexamantane 5
applications (e.g., polyner production) and can be de-alkylated to yield

t he corresponding underivatized hexamantane. Accordingly, nethods for the
i sol ation of individual substituted hexamantane were devised and
exenplified by t HEXAYPRES: Holationof BepiamaptpneCompeBpist s.  Substit ut ed

hexamant anes, i ncludi ng al kyl hexamant anes, can be isolated in high purity

usi ng [060265h gl Ehet¢buchit Seopa theet dobrmo thrapytagparihat (Stapi 6 (HIGH 52) was analyged by

exenpld £ 4 by-FI G 55. Fl 55 10 shows that fragtj.on #3535 from an ODS HPLC
S opar SRS s IR GEsenith et ENpITaR s i SR sl AR

@i sti bbabbidntd wastrh&lBolaPyEight/ P 4SanROnIBaidrs aski gRidyahing A0eorai@n ae i n

hi‘gh purity. Mononet hyl at ed hexanmant anes have a nol ecul ar wei ght of 410
(yi el glulignrdereapus oasey (Eehdbebit &1 wongsattatijeasaaiovalugsy Medsgulitnass

spect [ QARL i i Vi i nt ion

(P G 8 poffefin b fu BBl M Mt Bl e R B PRIT b € rmy

requi eenveridncd irethioRvampleWSimilsh dsk8iseotild tRgIregired fdriths otheomokxalpl e, the

ODS and_ Hypercarb |11 PLC colunms were run in succession to isolate the

met hy We{alit apizmsataighe conmponents (nethyl -substituted mol. wei ght 342

hexamant ane) fromdistillation cut 6-pyrolysis product saturated

ydr o fr I ( I 1 i . wer e

SR80, LEEYL Ol (b bl R gl Ohiatdghibh WASeh 8651 d3sb1al

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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20 on a second HPLC system This conbined fraction (FIG 56) contained a
m xture of hexamantane (nol. weight 342 referred to as cyclBhil¥R80% ane),
el uti ngWsht2¢037208C/ M5 system at 12.31 minutes as wel | asPthUsE/00505

met hyl cycl ohexamant anes (#1-3) eluting at 12.56, 12.72 and 13. 03 m nutes,

I espechdptghantareUfs. NEtis pratédurs 8818 Be Ripehtdt $o Holatdhe ofherhiepfafiiitiaged ODS HPLC
- fractions #23-26) was achieved using a Hypercarb stationary phase BPLC 25

col unmcempaReNigi crol i ter sanple of approximately | ng of this combined
fraction in acetone was injected into the Hypercarb colum, 10 mm1.D. x

250 at j ) hle y 0 psi)
usi ng SVRR S 2fe NN PEEHORE htantbitel tld Ref TR0 | LB (OIS

met hy| diyeetl e ftarteapt arfeond doletion. eBndyr itterhidryscope &t 30N imagRi 86 cByathis

met hyl cycl ohexamant ane #2 el ut es prirrari}lﬁ/ in fractions 23-25. -

Vet hy | E5E VSRR AP e ve G Gtantiertion 2(pes G- 4 atldigss srystalsrves eprfecthyr i ty to

form ciys ; i iqen ﬁﬁg}%ﬂg t t hese
---conpou-ndsta?lslﬁﬁﬁétﬁlgg&%&P%-Eild(%g'g gaqgﬁfdﬂ%é and il stn}%gﬁ%dﬁ%rsﬂegrrystal s
i n phoxastéchafgreghisssalatidel GVhercsOn@antiatdths dré ot Hhgh Ehdught foatwstatlization to
met hyl cycl ghexamant ane . cryst al .eclpitated from Hy carb HPLC fractions
#19-  ORffa PR GOTKeIRTERY PRpROBY TS5 I08 BOIcEsTsy- BDDHRE 60 11 | st rates
a et HoRRICRRLHA B AR G 18 LatpHiAEHP R LA AT RM; .
fract r%ﬂr?s #23. [000263] Enantion%ri C %ai rs Iﬁrﬁs?t %ﬁ]ﬂg%;a%ﬁ?%?ﬁ%egar ations

t® r esolystelsididepiamantiperpompenent #Nhaceneveb existed bgfore thds mokation. sui t abl e si ze,
non-enanti oner+c al kyl hexamantanes 5 can be sent for structural

det er Walyl X-r.ay. crystall ogr . LE 8A: |sol ation ,of
opt sl " Bheto M RS bR oo R bt re BBl RRt 0gr aphy
('St ep 16r sthuctaralldbterasatdnalsigerydifidetive. ERatiedesdn Rptihigntidesicat ention

ti mes of heptamantanes. |ndividual heptamantane 10 conponents with

nol ec iindergadingher sgparatiens ta agolyeiteeingel epvarprgntsuber according to their
elution order on our GCIMS assay (see FIG 13A for representative assay
val ues). Mol ecul ar weight 448 heptamantanes, the nost abundant

hept amant ane fanmily, were selected for convenience in this Exanple.
Sim | ar assays could be prepared for the other nolecular weight

Bept amant anes. HEXAMPDESH: Putification efiSingledieptaianearokyoiess y gas
chromat ograph was then used to isol ate _

[000270] HPLC was also shown to provide sufficient enrichments of some heptamantanes

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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hept amant anes fromthe distillate fractions cleaned-up by col um
chromat ography. The :cut tines for the heptamantanes were set? 46y 208 first
prepar d ¥Hosapi | lary GC colum, nethyl sili cone DB -1 p@qihd %@3& using
t he retent?oan times and patterns from GCI M5 assay (from Step 2 above FI G

| t h t dentified 20
" bk e it 0 S bt logian AR Al PR e mnt anes
from kagpat 8fKifBrent [591@9@‘%] asmaﬁeurbaxov@ O HaRioNASy @tﬁacke&mu@maqaemaﬁe t he

hept amant anes by t aki cuts were then sent to the second colum (see
FIG e crystalBeationcat sald hep@lazednn@n@mg#mt avidimiy o igtond e,

phenyl - net h silicon | purlfled

Phe  MeisEErae sRevaiaTel or ok oM OUE D ekl I RORUR AN, Phiereat

and 25 retain themin individual vials (traps 1-6). GC trap fraction 2 was

sol | efoneg7znd Byuisidiesimilar aedndedel as abdve, Redaictibhamgdiepb@phamant ane #1. CGC
trap fraction 4 was coll ected_and furt her processed for the separation of

~ hept afifuERg QDS fB\?BQ%‘Eq%Fé‘P& thed)ymercannerather sutaple gsglumns andicgllectingag) g - 62)
h f
ot op. Piteepoyibl phABh AR AN fall ], BRSSO R BhirdeSep A SINESCEY D)

to bealwuﬁéoﬂtﬂeme@%ﬁmte\f& ﬁ%ﬁﬁ&@ﬁﬂ%@hﬁwm05%4mmhaimmm]#2 Thi s

procedure cou be repeat ed t oI ate the ot her heptanpanta onponents

[ 00025]er P@%W‘Eéﬁ‘?ﬁ% ﬁ@ﬁ%ﬁ?&%&"w e 3P e&VJé‘H

167 YSt @hiol Es%f%bh%%ﬁ 444! reﬁ éinéd’t‘ ﬁ@nt%fzﬁ&l@éﬂiﬁ%&%hmo HBGE . 1He :

m crosc pe at nagnl ation, crystals were visrble in pre arative GC

trap OPSAHPDO Riclior #GFI(HG G3A) thhﬁsmry strengtmolavelae ipenftee tilays speemmand

5o o tn B¢ Grse v 2y K 1SS fagf 176 20 oovap SRRb AR B 6 TR ciegtan; g

€ n0Ugﬁ)ef:ﬁ’tﬁmc‘ﬁv?/tﬁtn%lﬂrbn%ﬂ{ehpﬂloie@ulaf)ﬁfﬁ%d 168 Huifer GRNSIRMIERE FTrdhaRispar ati ve
GC may be necessary. FIG 65 is a photom crograph of heptamant ane

conposharacteriatic lofitn diayendaiid corapbrient. pr eparative GC trap 4. 10 Crystal s of
hept amant ane conponent #2 had never existed before this isolation. [000269]
(After obtaining crystals of suitable size, heptamantane materials could be
sent for structural determ nation using X-ray diffraction. Enantioneric
hept amant anes can undelg]gao further segaratlons to resolve their two

conponent s. 8CpJsolnatien of sHbgitugsd Heptamantangsnt ane |soners
{000273] Substituted heptamantanes including alkylheptamantanes also are present
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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[ 000270] HPLC was al so shown to provide sufficient enrichnments of sonme
heptamantanes to allow for their crystallization. [000271] thduly@0e5

. col umswuserbsnmne the same as those given in the other exaRkeSisdsCDS and
Hypercarb). A 500 mcroliter sanple of a solution of the cut 7 pyrolysis

pr oduc ; i-on ;¢ produc f.. Ste . FILG ,12) was
i nj ect gﬁrﬁﬁéﬁﬁ%ﬁé&%@%ﬁdﬁﬁga r%{c@gléu%fﬁ TE P 382\3 e &’rg’.rmﬁ‘iﬁ?%d at
450C f the HBLE chronBoogamfredcnéediBthg HAEGdotiaCicfaaemeeaC P ¢ Becititsvidle
necessar f@rb @8}1\#% hept amant anes_to crystallize as shown for

hept an&%%i%?_ ¥ 44 pplee priaveniape HPLE qlitjag ey andanpeites, pusitc (seas

hept amant.arme, & L ti N/ man e 9in
ODS HPLC 25 fréﬁ%rgﬁnﬁ@gﬁbgh S e mgr% Iﬁ%@%?%ﬁ)ewﬁ%gﬂ%% bBRrd
ffact i Hipercgd systpi@s usd)in prewousraxqumipies. AUSAtheicrslitpasaaiplobf anaddihfe Syst ens

ith difife lectivities. Runni he ODS f ti FIG  13B
1 o CHBRBER bt e Lt cuBontfon kb " °
ept ankifd 8REODVOOBRALATL WHIR BingSthR IPEE %ﬁ%@aﬂ%ﬁ%&%ﬁ%&%@sg onen

#1in -Hyﬁgerqar_b_ HPLC fraction # 55 ( (FIG
71) . TRRedpd g1 andigigiual eotasnansings td erystallizeuFoRla@iple, FGi 05 ilusauied alGC/Aepar at ed

usi ng ’ r tographi c 53 005 WO 02/057202 PCT/ US02/ 00501
Fecnni ULt AR TR AR Spedth cran b YC TRGRon iyhish o fRmmians A bR L C
tuns Ussen@urified 678 pofnt dihkfeat fitned @ Rfld gébé FICRS7 69 UHIPL REF-RELLYS yieldeld

Addi tionally other techni ques known in he crystallization art”could be

uti | i ZSPRHEE S dEth togeshen (FH+ B0, which cactystribitedsubh ithafriaction (FPGoessi ve
recrystalization or zone refining could be used to purify the

hept a S. : 72T ' im lar nethodol o above, i.e.

fract irtgggti g iéﬁé(ggn@(ﬁ}%r%gy %@g?ﬁ%ﬁb%@g@%%%%ﬁgﬁa@g FABPI per carb or
- ot her H@is&8laad 86), muitipiardhanislcas bk Baphiyed COg TeaRaREH.NY el ution tines can

|l ead to the isolation of the renmaining heptanantanes. This is also 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 heptamant ane conponent of nol ecul ar

wei ght 420 shmmm@s:qg&a%h%ffshﬁ%hﬂéu 6?&:&5%%'3 E%ngﬁo k) 2 very

strong nol ecular ion in the mass spectrum (i1n this eas Z 420, FIG 73B)

for tfieoow7s] 4 RERANERh S %@é}ﬁuﬁied%ﬁjgé%&h@do& ﬁsa@@s%ﬁbefpo?%ﬁ){lym with-

its prom nent nolecular ion and 'l ow nu ran ance 0 ragnents is
alkylated octamantanes given in Examples 1 and 3. FIG. 81(A/B) shows that ODS HPLC

fraction 94 contains a methylated 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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characteristic of a di anondoid conponent. is EXAMPLE 8C. |sol ation of
Substi t ut ed ‘Hept amant anes [ 0002731 Substituted heptamant anest$ 4y 889hg

al kyl heﬂbad%g.{ﬁpes also are present in Feedstock A and Bepuse 00505
Al kyl heptamantanes can be purified by renoval of nondi am)no{m i mpurities

20 ST OSSP E T SR o deCtion CamRepes B N e o hEmse The o
Previ Qibhlaind Hertski. uﬁqsm%awéﬁé U M&%Q«ﬂ@ﬁ{o@n@ hh&vdaﬁ%rng

al kyl hept amant anes can Be isol ated in purity using a single HPLC
separation as exenplified by FIG 74. anorret hyl at ed hept amant anes have a
nmol eculba927&i gher 1@¢1amsoi(1}qr@nmntﬁgeaomms®mdﬂgbmm e BL&F i on of mlz

408, h ect t | the m
303 bR B ARPTo g IR (o BREARIogk b Lo RS A ane. moi ety
(1 G sérbBbwm@@M%Lﬁﬁé\ypdr@e@b 24 d¥RcitedGR haRlsaRempRp AReMiRd [¥002741 An

oct amant ane-enriched fraction from Step 6 was subjected to reverse-phase

~HPLC: supcessinp ioiselate a singlemopampnises. FpnchgQDS FPdiGnum, the mbmlaétapﬁase can

PecdsrubRingffl bR b ER Rbindd B! AGHBhIASSRS i TulrBs s
pyr ol MSPISC gysdetict sat urated hydrocarbon fraction (used in Exanple 8A) was

performed and the HPLC chromat ogram recorded usi ng a differenti al
refractoneter. HPLC fractions were analyzed by GCIMS to determ ne

oct ardAPOZTET BPVE iBlegier ¢ Ormiceaditarwanmba ok Wrcaamawy L sgpof @D§ HHBQ 1 or
,R‘jpr e%6 ﬁ{éd\ﬁcﬁaﬁ Y4 g@i lﬂ%ﬁé LEHécﬂB’h&% }1@%@%&“@&%@@%%&?5 and 5

perca syst ens Jrous exanp mcroliter sanple of an
acet odd. xs2(0uhivg opeahtethie smﬁs uzmg;methytenm}pibndmaitl 3@amiy/atieds mpbilopkasbon
fractlon(25 ng) was injected into the ODS columms. Wile using this HPLC

oet amiERIE I RIShaRT el SCRAS teutipp ebrommsfearana 1) ol foiilrntg v

total pofiinSAhSIRahRY +d5R5 BIPERERAGRNC Th Tovwilifaif 681G, @1 iftibebs ke

oct anant ane #1 has 10 been purified to the point where it -forned crystals
(see MmaSs siy@irnmHHE e GCGIMS peako Nopamatade was isataied by e thisd HRE.Crantusiget her

Pocol it AR AR et nt Pubui ant b munNite of Phiisttp ¢

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.

56



FIG's 79 and 80), multiple colums can be enployed, e.g. 1|oercarb 15
EXAVPLE 9B: |Isolation of Substituted Octamantane Conponents 98092003 -

Al kyl octyppandsaaes can be purified using nethodol ogi es deggfihefheksy non-
al kyl ated octanentanes given in Exanples 1 and 3. FIG 81(A/B) shows that

ODS HPLC fractio met h e ntane in high purity.
Mononet hyl at ed ocﬁmzﬁﬁa\%ﬂ% tjé%{h g@‘ﬁé%ﬁ‘ %ﬁ B8 (yielding a mass
spectronetric nolecular ion 20 of mz 460, and show a nmass spectronetric

| oss ofonas2jnetSupktitgteduPnghitigstahe ard @eé&‘h&ﬂ@@ﬁsﬁo&l@@ciﬂmt ric fragnent
lon indicative of an octamantane noiety (FI.G 81B Al so, where nore than

one al KYFORFSE casb epli“é’éfl,fr‘iltusmrg%f‘ﬁh gies dgpprabechion nppplsyatedt i on, an

ddi ti d
" Exarar s S BROT YA o Bt O b R R ORI ol o
| $ol at dhllat fiotian#iint Gne tﬁierqumnmﬂ{ym&ﬂﬂcﬁianﬁnmnerbﬁs amoleu@S et 6f r un of

Feedst B distillate cut pyrol ysis product sat yrated hydrocar bagn
fracti gfé((%%% @flaﬁ%?éaeqwef‘éw Molegllg itz 1 %x%hewwa%me%tﬁénemﬂc

fractimomeen%@ %ﬁﬁﬂ n%a%h@wyaggs%gagﬁ 103 rmﬁﬂ%ﬂlﬁi_‘l:)c*[ %%%hon

times 30 (FIG purity ter sanple
acet ongoswiantane maetyt (FEG cA5iB)7 M6 tid ohe lalkyR@0Emadnd 2 f6#A02ndBF4US02/ 00505

pyr ol ysi roduct ., sat urat ed drocarhon fracti was.injected into
Phe oot Be Bolfice St HR G etais el iur. o e dPahETa hopsrian bt B a5
pbi | ePﬂéijﬁaﬁ'V&@Utbeﬁe]d a@hohﬁﬁérﬁgﬁégn of nonamant ane conponents in
high purity, miltiple B co ums can be enployed. To illustrate this
met hodol ogy, HPLC columms of different 5 selectivities ODS and Hypercarb
(as described in previous exanples) were used in succession to isolate a
si'ngl e nonamant anﬁ Fromthe ODS HPLC run, the nonamantane contai ning
fracti ons 84-88 ( ?*éMi'@@)llvﬁer@Wéwmfébpwmaﬂmﬂq%mpguwtﬁ| cation on a

perc‘af;}ﬁ:E HPLC system 0002791 W injected a 50 microliter sanple of
appr oxi0REF&y 4 prgpagatl PRIE-G puetfdiseddecks B slistiliste queZ rawlysinpieguely| ene

chl ori de,-o4 ﬁ%%ﬁ%a:{%ﬁ?ag Pwio d%éf pd %@@ﬁl@ﬁ fRtiohs Q@r{a&%ﬂzaﬁ% @PgEgted in

seri es usl ng OI’I mn as no ase
15 to determine decamantane HPLC elution times (FIG. 86) and monitor purity. The HPLC

columns used were two 50cm x 20mm 1.D. Whatman octadecyl silane (ODS) 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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[ 0002801 FIG 83 shows the GCU/ MS total i on chromat ogram (TI Q of the
concentrated nonamantane contai hi ng Hypercarb HPLC fracti onl9 JH¥ 208%er

hal f ofwglog;‘0 7%%2 illustrates the mass spectrum of the Cﬁé\@%&%ﬁ’hﬂ?"
h percarb

Nonamant ané was™ i sol ated by a third HPLC run using 15 t
ase colum but with a solvent con t hyl ene

t at h
ih?olronar &éﬁrémomcf@teé@lwea%ngé?%?ﬂfms leagic Eﬂ&ﬁ?%) 68 VRIUmA BEFeenPhe
|
Chown " heRREOHE, g B R RSO B 2 T A et hodol ogy as above. |6 o
gy

fractionati ng nonamantane containing ODS HPLC fractions using colums with
di f f e{@ 286k G 87 shegs ths lﬁiﬂﬁ%totzﬂéorﬁéhrmmgwn bTXT) dtthecorsenitaed e

| , i sol at ed | ecyl ht 49 t i gh ity.
Thi o e o sng Hpgcan 154 Tt ave cbhint AbEmahtates T ko RaE.
\@en OhLeFRE. PO RusBRE thb erROHRIR M ITRe GbﬂOIB'&ﬁlé'v@th Prothhsnt ped atdB4 and 444,

which respectively are inlower abundance in our f'eedstocks. Note that ‘
-enant 466kl he rasoiagd h2 3743(2)3rmolwotlar wsaht/@‘iﬁ q‘iwawme cmteéa@d mtdﬁﬁes e |

2005 "B 58 050 UG 08 delmmie e Pebd P Bithis 2N Pt o”

Nonanayparash }@9@%&8& s itk chhhﬁﬁ’ctl Ibwamaé anasHatee: @16, POESEH i n
Feedstock A and B. kyl nonamant anes can be purified using nethodol ogi es

descr iptapgrty of 460 mcéd:qu;aram@ht dacmandancandess prssthle gs ismisiondRawey gk hy| at ed

1r%‘c))namamt ne in a pyrolysis product of 5 distillate fraction #7. One type of
no g'l'at ed- nonamant ane has a nol ecul ar wei ght of 512 (yielding a nass

spectronetric nolecular ion of mz 512, and show a nmass spectronetric | oss

of thepouashy! Eghﬁlhhﬁ)g @hmhmgrﬂdt@dmdgyégabmsesmimmﬁ@ décarrhn@ageent ion
i nidi cati ve_ of nonamant ane nmoiety (FI G e than aone

al kyl ﬁ%‘ﬁa’ﬁ*ﬁ%& ‘aﬁé HRLG fastons usig aofiaes with d}féer% Sﬁ%ﬁ“&i‘@ﬁ sk agthens or

Hyper LhQe gRRNAL ive GC
to yi g}@gﬁ ' &%l?elrtﬁﬂa gg‘%lnona?‘rxa%lgg}rlageéégﬁgﬁ E)?%I\/Igtﬁﬁf?ﬁd o) at I on of
Dec an‘hrghmtﬁom@ Mgarked cﬁdi)ﬂm%&bea‘te@ [cepalatd thy de@&nﬂﬁ’le@mthmo]fecﬂeed stock B
distillate cut pyrol ysis pr.oduct satgrat droc rbon fraction was

Ber f oMekht %Mﬂ%@@w HEK G 82 ipthesafpatey Tysis product o

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.

30
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15 to determ ne decamantane BPLC elution tines (FIG 86) and moni t or
purity. The HPLC col urms used were two 50cm x 20mm 1. D. What¥Pahiv20@@ecyl

sil ane ﬁgyﬁmﬁgﬂbunns operated in series. A 500 microlitgirsanRbfHsof an
acetone solution of the cut 7 pyrolysis product saturated hydrocarbon

fraction (25 ny) -0 ed into t olums. The colums were set-up
usi ng acetone at Wﬂrf%nqﬁéﬂ%%‘gﬁ&%ﬁ?@% PIORORCHS 1 000284] For

i solation of decamantane conponents in high purity, mltiple HPLC col ums
can beoaordsyy eHor ifSlatibit BSiddeé @ndntire ddRIpbASRL RObigh PG, anlipImEPOC di f f erent
selectivities were used in succession to isolate a single decatmantane. The

first egbponscanhemmployes. Sthismethodelesy Firs dopendaicdhstneriesamanane WiHBvi ousl .

From thj PLC rumn, . s . I . [ P e

conbi rAHEF P S #REATRE: 08 i SR AL BE BYle ddbalb i
rsns wWEsanpapl)e tedappishriztd stating randral Feedunbdaki By dighlfatiaatcibhpyrofysism t he runs
were conbi ned. This conbined fraction contained a nol ecul ar wei ght 456

- decandifedwd Inshevrdeiconem wslgpamanganes (§60285] To purify the conbi ned HPLC
fractions 74-83 fromthe ODS HPLC separation, we injected a 50 microliter
sanpl e prexi %ﬁéh Glip} Lo . :
acetonoﬁﬁg?ﬁylgﬁ% c‘%%%?é%ﬂg¥%%§ vgﬁﬁhgcggrcenﬁ?ﬁ%ﬁ$§l¥&g g%%%%}%

col unmshow. ifi Filgh 95 7THiS fiulign @G0bbe MEIfd2i0e Byferg@b HIMET115i80 2508603 | . D. X

200 _operated i ' i t gne/ net hyl i 70: |
or comeimaS b leiba tr Dethaip 1 EogINs s srataneny- | Bosm R 32 Shovs
}j@e CHepBitt Ploabolh@IhE M RORhAFEAIWGH EdleBilat WEighRNTEBE LAURH602, as well as

ecamant ane- cont al ni ng Hypercarb HPLC fraction eluting at 18.55 m nutes.
The | onelectlat weightsaf42[i28, 587 548 busi4 whish respectivetsarspuaeipaind &f be wdowey VS
peak wi.th.a prom nen ak at mz 456. The resulting [1231241(2) 3]
nDIecJﬁgpdﬂﬁgé%Puﬁéﬁaﬁgﬁﬁnantane crystal and nass spectrum are shown in
FI G 88. The 456 decamant ane el utes before pentanantane #3 on the
Hypercarb HPLC system due to its conpact, |ow surface area structure (FIG
10). This property of 456 nol ecul ar wei ght decamantane nmakes possible its
isolation in very high 10 purity. [000287] By using a simlar nethodol ogy
as above, i.e. fractionating decamantane- containing ODS HPLC fractions
using colums with different selectivities, such as the '
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Hypercarb of ot her suitable colums, we isolated a ol ecul ar wei ght 456
decamantane in high purity. This method coul d be.repeated t®¥® JH¥RB%® the

decama _with nolecular 15 wei ghts of 496 (shown in E 89 in the
satura3%§%$§5%$%on of the pyrolysis product of distilld?tg%$36?w8n #7) as
wel | as_nol ecul ar_wei ghts 550 or 604, and the decamantanes of nol ecul ar

wei ghtWHaEgB IS CEAME , which respectively are in | ower abundance in our
f eedst ocks. Note that enantioneric decamant anes are not resolved in GS/ M5,

however these | 3 | i al : ods. 20
EXAVPLE 118 125 F%%%@?ﬁ%@%@? 3@@“@%‘?}@& t(’g%}é{s@é“thg’gg%@]g’{ggu St {x?ut ed
decanmant anassubbtstotedraatipeieaenitaiennéieatshat &ycfolmmdmBntandl kyl decanmant anes can
be purified using nethodol ogi es descri bed for non-al kyl ated decamantanes. -

FIG 90 shows .that satuyrated fraction of.fhe ro I.S. pr.oduct. of
distiflate 25 aeélﬂcg?&%f’?%@girﬂ‘ﬁl?ﬁﬁ ‘%?W?é?@%’?ﬁgﬁgﬁﬁﬁ&?ﬁéimﬁpe of
roNoMet hylﬁﬁlﬁgoq%g:%@g@@gywlg@ta nmol ecul ar wei ght of 470 (yielding a mass -
—gpectronetric nol ecular ion of - nz 470). ‘Al'so, where nore than -one -

al I kyl decamantane is present in an ODS or Hypercarb HPLC fraction, an

addi t3-onal HPLACcempesien emiched irhene drrporeiselsciod highen diasramaoid congiromprisat i ve
GC procedure n.vield high purity .al kyl dec t.anes. 30 58 19 July 2005
VD 0b) 05 7 20RSSE R 589 Bt R 1§ o AT G B Rl ane
Conponent sedr$he8Pit ifwithbs@lsabitRited hntiiseeanbiicade vaimpangat s i n hi gh
purity, nmultiple BPLC colums can be enployed. This nethodol ogy was

denonst r at e¢labsxpgageeanant ane with BPLC col utrms of dif f erent
selectivities used in succession to isolate a single decamantane 5 (Exanpl e

1). An appro arli teri : t LSk ion cut 7
%y‘%_ol?si s pr ?g@%ﬁ@&@%ﬁ@%ﬂﬁcﬁa{ﬁgw E%E%%gr?mn rgﬁgléd‘b%ﬁ?“gﬁgl). [ 000290]
The concendizabadoidrdapanaing eoigprises at ISR 1IMPhCwleighe bf dre cbfbositiohG. 13B) is
shown in FIG 92. This fraction could be purified on a Hypercarb HPLC usi ng
a system (simlar to that _explained in Exanple 11) to isolate
| Cindechmant ane TReRPEDRSHROAT I BERR e e dnqte selseied fighehe

u nd ecamant gnes,dbili Qoﬂfﬁbﬁ&ﬁg @c{mlyiﬁegllﬂ {e2sOfook ﬁ? v@fﬁﬂt of tl@p&)mﬁos.sitw, I as

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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nol ecul ar wei ghts 642,628, 588, 548 or 534 which respectively are
anticipated to be in | ower abundance in our feedstocks. 59 Wy2003005
WO 02/ OSWiR@dsP©E/ USO2/ 00505 WHAT IS CLAIMED I'S: 1. An epri/chrsosel ect ed
hi gher di anondoi d conponent neither including enriched unsubstituted

anti -t gl ramant gRe com®bsi8hf bED aass o i | ect ed
hi gher di anondoi d c%@ onent o?ﬂ%ﬁg?ﬁgﬁ?%%xhib???ﬁ%ggﬁmgﬁgﬁ:F#%ﬂggkg? | east
25% by wei ¢fatal apount efcharpendoidsyis Beroine loethors sdesedhighor dasetdsidsed hi gher

di anondoi d conponents, subject to the proviso that when there is only one

sel ect hi gher., di ndoi : ent it .is neither unsubstituted

anti-t g%r amant gr rlll g Cﬁ‘o%()%ﬁg% Bts‘ﬁlpaé&gﬁ gdel%)%‘I B8R QRR RENPEHE ec%gﬁaghe”l"he

conposi t i ordiathokddd GoBpoidied &t & phiiit) BE i coiohen e 6 kadldtigheddojdll amondoi d
conponents conprises at |east 1% by weight of the conposition. 5. The '
conposi ti of¥¥yC ai m 3, wherein the one or nore sel ected higher di anondoid
conponents conprise at |east 10% by wei ght of the conposition. 6. The

nore sel ected Eﬁ%hé@bd?énnﬁgg#' goﬁ%%%gﬁﬁg?ggg igé%%%#%%?%%lgﬁ of Claim 3,
cont ai ni ng dizmnondodd tempOBtsnre weinghtsclatted hégler diamomlosidaegioadnthi gher

di anondoi d conponents. 8. The conposition of Caim3, containing from95 to
100% wei ght..of one or. .se|l ected hi gher di appndoi d conponents. 20 9.
The cotpositi oﬁﬁ%?oréi’%ﬁlﬁ?‘kgp@g‘mi'ﬁ%n‘&hefr? @961%%'@3%@3%% of one or
mor e sel ecteahpBhahe bohARAQ t o TRAREALSe cAipollifis COMPOsi tion of O ai ms
3-9, wherein the one or nore sel ected higher gl anondoi d conponents are a
singl e sel ected higher dianondoid conponent. 11. A conposition conprising
& anor@ei ds enfhee@apositionel Grimbf.evisetia theondnhere te@nditearondoi d
conmponent s l.at | Q th tal anmpunt of dianondoid, subject to the

provi so thgéﬁxﬁﬁ%ﬁl\{?%}graem?%e%en ai}‘aB © SUPRUBY hi gher di anondoi d conponent,

it is

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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nei ther unsubstituted anti-tetranmantane nor cycl ohexamant ane. 60 19 July
2005 WO 02/ 057202 PCT/ US02/ 00505 12. The conposition of O ai%duly 20¢her ei n
at | eas}; 5% wei ght percent of the total anount i ids is
t he onék(g??@m%%;sel ected hi gher di anondoids. 13. The co(rir)ff):om '?}g{r;lg%gf Claim
12, wherein the one or nore selected higher diamndqQid conponents are a

pl uratb-ty of (e commesitien et Claima 1sh4sgiherein thesalssted higher digmopdoify  The
composi t i Oeongé%n%h?s' ise SPGB R ARfEnge eCt ed higher

.di anondoi d"C onénts*aré a sing Selected higher di amondoi d conponent .
15. The conposition of Cains 1-14, wherein the sel ected higher dianondoid
conpatient s cofheiceenposidionnf Gtiie 2oe tvhareanthamae oo nponpeittamaianc 6. The
conposition of Claim15, wherein the one or nore tetranmantane conponents
are a si ngFPERUCHE AR SHElCHSHIBHRBRNE CPPPORHYE: conposition of O ai m 16,
wherein the single tetramantane conponent is iso- tetramantane, 18. The
gonpogg tion OfThgc%kr?oéﬁonwéfa%h@@ bcsid@le@nt oF hdf@péARaagemponent is 15
~—skew t-et ranant ane. 19. The conposition of C aim16, wherein the single -
t et r anmant asrenpowprenisolatedaptiselngdmersnant i oner of skew-t et ranant ane. 20.
The conposition of Caim 15, wherein the tetramantane conponents conprise
substjt uted tetramantane c onepts, 20 . |.C 1Sz amant ane. 22.
Enricfred skew tCPMﬁwgﬂgggﬁaérﬁﬁéovn‘%lFm ?%%fg.gra&%nropgﬁ%déé@%t\%{ et ramant ane
enant i omer cdnpottbnts Hi@isemetic badatshthaeashpieneonponent of dainms 21-23,
exhibiting a purity of at east 25% 25 25. The enriched tetramantane

conponent of Crains 21-23, in_crystalline form 61 19 July 2005 -
30, The composition of Claim 26, wherein the one or more pentamantane

10 .- components is the nonisomeric pentamantane component represented 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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WD 02/ 057202 PCT/ US02/ 00505 26. The conposition of Clains 1-14, wherein the

sel ect ed hi gher di anondoid conponents conprise one:or nore Weltnded ane

conponewtossz/ed 02 The conposition of C aim 26, wherein thecmesoenoswmr e
pent amant ane conponents are a single pentamantane conponent. 5 28. The

conpogition of..C ai.m 2 erein the on [ YOI t nt an C onents
are ié%‘l at ed o%t"’.eé%‘&?‘g% an %.GG‘F}PQH%@&%%?‘H j;ln%g%r%‘a erﬁe?%,m % Fein the
one or mr@alﬁgﬁﬁ@ﬁmr{q@(ﬂ?] SORRAREN PeRthiBahtSMTETr i C pent amant ane conponents.
[ 30. The conposition of Claim26, wherein the one or nore pentanantane to

conponents is the noni soneric pentanmantane conponent represented by the-
formuffd  C25H3thePnrichgd penaBIRiRNeFOMPEREH A feaTE I FrsHID tappentaygantsiei ched

pent amant a9@‘5%@@3%@ﬁig%#ﬁ‘%%ﬂ@ﬁﬁh%&wg a purity of at |east 25% by

wei ght. 15 ane conponent of Claim 31, in
crystalline form 34. The enriched pentanmantane conponent of C aim 31,
sher edh t he périteamanbaingentaomarenimposctithf E1dimpdh tvdreeait dreepenBinarnitine
—enri-ched- pent amantart cqomponent of C aim-31;, wherein the pentamantane - -
conponent PYMPATSHLIS g%]a?atﬂeBWB}anﬁnﬁent amant ane. 20 36. The enriched

pent amant ane conponent of C aim 31, wherein the pentamantane conponent is

[ 1213}p enant i offRfenBcRRIS MIBRIAAR cotrpondit®f CMiCNE GviRedth FPRindReargARrPOnent
of Claim 31, wherein the pentamantane conponent is [1234] enantionmer A

pent amant apanp@Bnt FH&2ehd| pindainpdacamant ane conponent of C aim 31, wherein
t he pentamantane 25 conponent is [1234] enantioner B pentamantane. 62 19

Jul 05 WD §2/ 057 PCT/ US02/ 005 9. . j
cgn%oég‘nt of ieﬁ{lﬁlizle%z%’?g%%? e ng’g’ﬁ?nﬁr?af&-{%%]e?ﬂ E‘:%I%B%ﬂ g%te&igl %%@?3]
®nant i Omer cdinpsish O 1A(34 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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40.. The enriched pentamantane cormponent of O aim 31, “wherein the _
pent amant ane conponent is [12(1)3] enantioner B pentanmant arf@.Judy 2005 The
enrich PER nt ane conmponent of Cl aim 31, wherein th AR ane
corrpong‘;rh |s°9fbg?212] pent amant ane. 42. The enriched pen?g%ﬁ[}ané&iomonent
of Clgi m 31, rel . ARt . C opent | ng ] pent amant ane.
43. The enri cﬁggc%ﬁ?%ﬁg%gggg coﬁpﬁﬁgl}?{nt@g‘%@%%ﬁﬁoﬁ?& e gai)n t he

pent anant an@pohbnis @rPRRaITtmaérs off I kkddaiend edmpdRAe. refrésentbEbeniki ched

pent amant ane cogponent of Claim 31, wherein the pentanmantane conponent is
an unsubstfPmule 2§3ﬁt amant ane conponent. 45. The enriched pentamant ane
conponent .of Cl aim 31, wherein the pentamantane conponent is a substituted
pent agant ane_ AAMRARRAL horkmatfine EOEREMRABHIL:LRABY fd MRt diirferein the:
sel ect ed hi gher |am)ngleb| %g?rpongnts g%lrrrpslre?%g é’ne orr@rlor eé%e%\é@rrgnt ane
Tonponent a7 willhend withoti substitutién.Cl ai m 46, wherein the one or nore
hexamant ane conponents are a single hexamant ane conponent. 48. The

~conpqsi ti-on of,, Cl ai. , _Wherein the one nore hexapant ane 0. conponents -
" ol at ed_ Bt PR HstERE o SR ETE b or PTG A, SRR RS ¢ he
one or norgeoligyBgtane conponents are isonmeric hexanmantane conmponents.

50. The conposition of C aim46, wherein the one or nore hexanmant ane
conmponents are one _or nore of the hexamantane conponents represented by the
25 f &fnul a C3bkperridrd hexgugntarzogsnpopenior/(Gaire 62, ipcrystidting Hom05 51. The
conposition of C aim46, wherein the one or nore hexamantane conponents
are qpe or . conno ; r t ornul a
G203 52, " Adte SRS O O R e SE LB Gl Db i e
10C30H36 or C,§H4291134 with and w thout substitution. :

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 hexamantane
[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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53.. The enriched hexanmantane conponent of C aim52, exhibiting a purity of
at least 25% by weight: -54. The enriched hexamant ane conporiniuly0¢F ai m
52, in qa/st@biozne form 55. The enriched hexamant ane copproseeosds Cl.ai m
52, represented by the fornmula 10 C291136. 56. The enriched hexamant ane
conponent of d aj a1 Lepk: , formula C30H36. 57. The enriched
hexamant ane conp ln@é}@:%]) e gﬁﬁ?%%&%ﬁ%&ed fromthe group consisting of
15 [1(2)314] enantioner A hexamantane [1(2)314] enantiomer B hexanmant ane

[ 12(1) 32] enantii prde3Perdmaiiament depamfrid(el) 32] enanti omer B hexamant ane
[12(1) 34] enantiomer A hexamantane 20 [12(1)34] enantionmer B hexamantane -

[12(1, 3) 4] hexa t 1 %3) lég‘fenanti gner A hexamantane [ 12(3)14]
enanti omer B he%%ﬁﬁ%ﬂ% P50 SPANANAG | omer A hexarmmnt ane 64 19 July
2005 WD 02/ 0-57202 PCT/ US02/ 00505 {121(2)3] enantionmer B hexamantane [

12123] enant i one[1A3p4aEciens hekdddt@le enanti oner B hexamantane [ 12131 ]
enantioner A hexamantane 5 [12131] -enantionerB hexamantane [ 12134]

~enanti-omer - A -hexamant ane [ 12134] -enantiomer-B-hexamantane [ -12324}-

erfanti omer A hexbidat herantiopepB heXae®EMG oner B hexamant ane
{12134] enantiomer A hexamantane
[12134] enantiomer B hexamantane '
' [12324] enantiomer A hexamantane

{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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10 [12341] enanti onmer Ahexamantane [12341] enantionmer B héxamant ane

[1(2)3(1)2] hexamantane [12(3)12] hexamantane [121(3)4] hexiOndily30@5 15

[ 12121] X nt ane [ 12321] hexanantane [1(2)3(1)4] enanti roA _
Gsap JePiantys

hexamant ﬂ 2)3(1)4] enantionerB hexamantane 58. Th

hexamant ane conponent. of C aim 52, wherein the hexamantane 20 conponent is
an und¥ost i t ut &l kesiched subshiduted pyrdelsremasane WwaPRf.ched hexamant ane
conponent of C aim52, wherein -the hexanmantane conponent is a substituted
hexanmgit ane co . 0 / : . 505 60. The
enri (r:rﬁggd subst Fﬁtl-{gtE g%bgﬁg%@%ﬂn%%% ég’e‘%g%r\rep@otﬁé ﬁ‘igé&%@ﬁlgﬁ geélggl%é%?ti on of

G ai ns 1- 14onyhacsis tombascsaleat tnadle hiepiaemntina tompaiadts. conponent s conpri se
one or nore heptamantane conponents. 62. The conposition of C aim®61l,

wherein the ong,or nore.he mant.ane. 5. conponents are. a single :
hept aifint ane. c O GABRYSUR! GHER orBBSPE R 0BT SCPRI B RIGB e  n t he one or

npre hept arb%ﬁifp%ﬁ@nt_s%@H’ﬁﬁ‘ﬁ@h@pt&hﬁnﬂaﬁ@b&ﬁﬁ&eﬂ@tiCa' i sonmers. 64. The '
—-conmposi tion of Caim6l, wherein the one or nore heptanantane conponents

are isoneric heﬁt amant ane conponents. 10 65. The conposition of Caim6l,
wher eifd- t he onéherompesitidregh Glatm baneherciortho panesmarcdheptranantengor e i someri ¢
hept amant ane c%gqge%t.solggﬁretseaﬂt ed b% the fornula C301134 66. The
conposi tion o P MBI NP AT R e or nore hept amant ane conponents
are one or nore isoneric heptamantane conponents represented by the 15

f or nuled. C32H36The composition of Claim 61, wherein the one or more heptamantane

components are isomeric heptamantane components.

10 65. The composition of Claim 61, wherein the one or more heptamantane
components are one or more isomeric heptamantane components represented by the

formula C30H34.

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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67.. The conposition of C aim 61, wherein the one or nore hept amant ane
components are one or nore isoneric heptamant ane conponents 19epe2@dH ed by

the foiypihdeseh3H38 68. The conposition of dains 61, V‘“FE?)U@OMB@()SO”G or
" nore heptamantane 20 conponents are one or nore isoneric heptamant ane

conponegnt s represent ed the fornula 4{&% . An enriched hept amant ane
conborant - 70" TR EHSTEr Bl ARRE EPRET EbigRa: vBroe) (e BERGmABRE by 11 no
a purity ofceat onéﬁa§g225ﬁ@]%pmiagﬁle_ 25 71. The enriched heptanmant ane

conponent of gl aim69, incrystalline form 72. The enriched heptanmant ane

conmponent of Cl aim 69, wherein the heptamantane conponent has a nol ecul ar
wei ght’4of 394, Theenriohed hegtamausne wWanpgegbORipGP) wherinhs dsptrmantipe

enriched h - ai m 69, wherein the heptanant ane
conponent %@%ﬁg‘?%gﬁp@%ﬁ%ﬁ%{e@%A The enriched hept amant ane conponent

of Claim69, wherein the heptamantane conponent is [123124] hept amant ane.
5 75. 7%he enr i Theehrdvhpd opaihanene compnent o OFalth @9nwhSreinhe hepiamizhiane
~hept-amantane conponent i-g an -ynsubstitut ed conmponent. 76. The enriched
hept anant afe PERPY ALHt "HPOTBEACEHPONr ei n t he heptamantane conponent is
an substituted conponent. 77. The conposition of Cains 1-14, wherein the

sel ectygd hi ghetydiimed ﬁéﬁm&ﬁaﬁ&é@%ﬁkﬁi&hﬁof@ﬁﬁﬁi@?wﬁ&%hpﬂhe KepEmakiaAdant ane

conponents. 78. The conposition of aim77, wherein the one or nore
oct amant angonpapu shamssubaiituted commpghentoct amant ane conponent. 79. The
conposition of Claim?77, wherein the one or nore octamantane conponents

gk T A S S Rk e

monpone Nt S components comprise one or more octamantane 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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81. The conposition of Caim 77, wherein the one or nore octamantane
conponents are one.or nore isomeric octamantane:conponents YelHe2@h ed by
t he for mul H36. 82. The conposition of Caim77, V\/{]%’ j @“one or
nore oc &gfﬂ%ﬁ’e conponents 20 are one or nore isomeric og?g#é}ﬁ" Re
conponents represented by the fornula C34H38. 83. The conposition of Caim

77, wifer ei n t e onhed optemenigoe apmpeendt conponents are one or nore
i-'soneric octamant ane conponents represented by the formula C36H40. 84. The

conmpogi tion of .G ai.m 77, wherein th e ; CPaPRRgNt s
are one or rmrTéleieggﬁ]%?‘% %Ctad'%%natgrr%en%otén gmg%{r%g%%l%g&regg}r es %g'g&gy Eﬁ% %or mul a
C37HA2_. 2358y wWdighiconposi tion of Caim 77, wherein the one or nore

oct amant ane conponents are one or nore isomeric octanmantane conponents

represented by the forpula C38H44. 67 19éjJu.I Q05 .02/ 057202
PCT/ Udb2/ 00505 hgenrighedspriammtancs oo antat 1&‘6%% A8 SEYSIRIC PR anr i ched

oct amant ane conponent of C aim 86, exhibiting a purity of at |east 25% by-

~uei ghge 88. Thg.enrif gﬁsﬁm@é@ CRBINSR 86 whdrainhS8etamhBnehy St al Ii-ne
?ﬁr mhé95 89. T@eenrl c‘ﬂﬁ toct amant a encorrponent of Claim 86, wherein the
oct amant aneomparepbientunssbsiuterhgetisantang @onpueahant ane conponent. 90. The

enri ched octamant ane conponent of Cl aim 86, wherein the octamantane

conmpogent is a,substjtuted octamantane camponent. . ition of

d ai me’1- 14, F@F’ﬁh?ﬁ%‘ﬁ?@%ﬁee‘i?@ﬁoﬁﬁ%tromgﬁgéo?%eTgﬁggﬁpgifognEféeiétné ‘Itlés conpri se
- one or rmré‘orﬂﬁd}ﬁﬁﬁﬁtaaé&%stﬁﬁiéﬁ%ﬁﬂi@tang%omﬁbﬂeﬁpWDOSi tion of Caim91,
wherein the one or nore nonamantane conponents are a single nonamant ane

conponent. 93. The conposition of Caim91, wherein the one orifgore
nonan®ht ane  ddwsonwesisionros Clajmisdt M vdstain Hie selsstadriggher diagaonde

>onposi tion_ of im9l. wherej ggg : amant ane conponents
1ﬁre i sonerF°@%°d%?3%é’ﬁ?£ﬁée8%§8§£ﬁ§ﬁ%®% taﬂ%&%@ﬁ%@%ﬁtl on of Caim91l,
wherein the one or nore nonanmant ane conponent is the isoneric nonamantane
compogient r eprEgenhgdsitontol €ldinr 9y kdefddd tidtone 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 CyoHyq. -
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96.. The conposition of O aim91, wherein the one or nore nonamantane 20
conponents are one or nore isoneric nonanant ane conponents répddy@ae®d by

the fowddmsesZ1l-40. 97. The conposition of Caim9l, wherekiydohg one or
Mor e nonamant ane conmponents are one or nore i someric. nonamant ane

conpopegnt s represent ed. by t . f | a .C38H42. 25 . The conposition of
d ai mggl, wher lil%ccfrﬂ%o gh&éom%?gi%%% ea?%”&%%%%r?&%‘f]gné?ee one or nore
| SOMeri ¢ NesaPBing &e ©AEPORRNE BofRAE A5&M LR\ ohipRnehio FdpitRncd®dys 68 19
July 2005 WD 02/057202 PCT/ US02/ 00505 99. The conposition of Caim91,
wher ei n t hdoHda 6mthwr e nonanant ane conponents are one or nore isoneric
nonamant ane conponents represented by the fornula C41H46. 100. The
conpogphi on ofyfd %m&?@eo%iltionv}ﬁ%lgfrﬁﬂ,hﬁhé?&ﬁﬂ?é oﬂ%r%&i%’h%ﬁ%%ﬁ'@‘?f conponents
are one or nore |IsoOmnMeric nonamant ane conponents represented by the fornula
G42HA8 101 corpommits arb etle pon@o@isbaleec comnoanearts.cofipdnerih ecpreseniet dg the
nonamant anef- coriry%p?gﬂt of Claim101, exhibiting a purity of at |east 25%
9G4 &nri ched nonamant ane conponent of Caim 101, in - -
crystalline forma 104. The enriched nonamant ane conponent of C aim 101,
wher eijp1t he NORRBRALRESnSATRACEEmpéheaf) UNsubstituted nonamant ane
conponent. 105. The enriched nonamant ane conponent of C aim 101, wherein
t he nonamantane conponent is a substituted nonamantane conponent. 15 106.
The céfpositi ohhepmriched nenamantanegesmenent vf £l ¥ eghihityrarpugitaabiidoi d
corrponentsk%or%%ge ong .or nore decamant ane conponents. 107. The
conposi tion Stf* YMAYE; wherein the one or nore decamant ane conponent s
are a single decamant ane conponent. 108. The conposition of C aim 106,
wher eil03.t he orEheMnrighéEndle@medicanaponent of Claim 101, in crystalline form.

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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20 conponents are isolated optical isoners. 109. The conposition of Caim
106, wherein the one_ or nore decamantane conponents are i sctieduly 2005
decamant ane conponents. 110. The conposition of Caim 106, wherein the one
or mor ¥BEY4WEM ane conponents i s the nonisoneric decarfMYE 8 ponent
represented by the formula 25 C35H36 69 19 July 2005 WD 02/057202

PCT/ US02/ 0050 hekbmpbhition @fiptsnt i06nwbéreldl thiewnd 06 monhédoimantane one or nore
decanant ane congonents are on? or. nore of the isoneri clgecamant agﬁ
conponent sCYRRRNEEE A S QB9 P&t s INomeri e deanynians SOmpRRCHS HRLSEICE §Y of

G ai m 106, whshalil cL{ig,one or nore decanantane 5 components are one or nore
of the isoneric decamantane conponents represented by the fornula C411144.
113. The conposition of Caim 106, wherein the one or nore decamantane
conpohent s ar d herremposition of 6laimH&6; whereti begae anmwradecagyntsdnent s
r.epresente e formula CA 6. 10 114, T L1 f iy 106,
Zhor ern 1 reaeeebP i SR I medd el N TR A i B By
~t-someri ¢ dpedsmnilacg, genponents represented by the fornula C44H48 115. The
conposition of Cains 106, wherein the one or nore decamantane conponents
are one or nore of the jisoneric decamantane conponents represented by 15
the fbdaul a CAbpsempesitioneé Cimids; Whersinohe ong OFPIGICCARBARNE t he one or

Component o FUAPEniAPERAS el rin e TRl Bl SR R e

conponent . the@riiiBa CHIggenri ched decamant ane conponent of C aim 117,
exhibiting a purity of at |east 25% by weight. 119. The enriched

decangnt ahe cqpponent of CL.aim 117, jn crystalline form
10 nPI/-L %‘%B composition of aaimjl:b& wherein t¥le one or more gecamantane
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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120. The enriched decamant ane conponent of Caim 117, wherein the
decamant ane conponent i-s [ 1231241(2) 3] decamant anei 25 121.19%hdy 8683 ched

decamant@g g gosponent of O aim 117, wherein the decanant @S@U gg@ﬂg@snent i's
an unsubstituted decamantane conponent. 70 19 July 2005 (§ 202

- PCT/ US 00505 ..122.-The ,enri ched decamant .C onent .o aimll7,
whor 61 12the. docBRegichae aBbsRRge SERANRR bR G TR BERk e S ibnen:
123. The Comgbﬁérﬁlﬂs@ﬁuﬁi@tﬁme&aﬁ&tmf@dﬁeﬁ@e sel ect ed hi gher di anondoi d

conponents conprise one or nore undecamantane conponents. 5 124. The
conposition of Claim 123, wherein the one or nore undecanantane_  conponents

are a 3fthgl e unHescemansHve of SlpBwenid, wipsein fhgsedesigddugherghamendoid m 123,
wh inth i sol at ed tical
Moners. 1580 p R R B0GE BRI facob IR b dticfie, °0 21 O v e’

undecamant ane to conponents are isoneric undecamant ane conponents. 127.

The cod@dsi ti orllef caBmisinob 23 Claihet 24, whichan dreeoneror mure nndetaoanant ane

--conponent are one or:- nore i soneri ¢ undecamant ane conponents represent ed by
the fornul §°%¢8 .ariﬁg!“gil%‘él FPHURRG PRORHOCE: ai m 123, wherein the one or

nore undecamant ane 15 conponents are one or nore isonmeric undecanmant ane

CONMPONEPS.S I ePrERRitnSfbsiivnof€laifO1 I8 vthefedd tibdne be bhord RBASAMRARLE | ON Of

Claim 123, wherein the one or nore undecamantane conponents are one or
nmor e noni sofeRpenaifde invlattdoendicabisponsnt s represented by the fornul a
C4zH44. 20 130. The conposition of Caim 123, wherein the one or nore

d [ ' d
componin's 1 epr ey SF FRC AR e pET & nhBERARER: on o

Qoai m 123, vhep&icnts d1€isonRrio ind@amhauiEeeafpoiaie conmponents are one or
mor e noni sonmeri ¢ undecamant ane conponents represented by

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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25 the formula C46H50. 132. The conposition of Caim 123, wherein the one
or nore undecanantane conponents are one or nor-e_noni somerit® 4HnEe8hant ane
conponents represented by the fornmula C48H52. 71 19 Jul WO 7
02/ 057369 YBBFRIEN2/ 00505 133. The conposition of Caim 1'%'3‘,2’8\9/\9?%@#’%% the one
or nore undecanmantane _conmponents are one Or -nore noni soneric undecamant ane
conpohdht s r epFhsermpaition ofi(Heint b2 mytheran Shsaneigsnoreiadecis@éingi on of O ai m
123, wherein_the one or nore_undecamanta 5 0 [ re
nont soner | EOTRASIINARCARE RORT BHEN Lo e e et Seftfen®iae S
135. An engichedulddgeamant ane conponent. 136. The enriched undecamant ane

conponent of Claim 135, exhibiting a purity of at |east 25% by weight. 10

137. The enriched undecanmant ane conmponent .of Claim 135, in crystalline :
form 13438, ThERGHITRIFEPIH EdeEmmbit. SO fos T BereEndeeamesiineher ei n t he

ndecamant [ [ it 139.
e onr | choa RaREReRE the bE Bl AR AT e SRR AR oy
~~undecamant grefoaaniacDgHts. | S a substituted undecamant ane conponent. 15 140. A
process for recovering a conposition enriched in higher dianondoid
components, which process conprises: a. selecting a feedstock conprising
recovég bl e an%ﬁﬁ?ng?‘W§3W€P' FOPESPEEE components: b. removing a

suf ficient anount of conponents fromthe feedstock having a boiling 20

poi nt 13&ss t hamd H8ichedesdecRBbhibigcdthpdifit Qf@mclgs,deﬂﬁaﬁﬁﬁ%e@ﬁmgf of it er est
under conditions to provide a treated feedstock from which hi gher

di anmondoi dlessigfSadntwcigidan be recovered; and c. recovering higher
di anondoi d conponents fromsaid treated feedstock by separation techniques

I%el ecif’fi. from "h;]eee rc%t‘é'c? uﬁ&%zsninaslﬁtiaﬂgc(%ﬂpocl{%h? gP&Pa%ﬁ@@,' fn crystalline form.

138. The enriched undecamantane cornponent of Claim 135, wherein the

undecamantane component is an unsubstituted undecamantane component.

139. The enriched undecamantane component of Claim 135, wherein the

undecamantane component is a substituted undecamantane component.

15 140. A process for recovering a composition enriched in higher diamondoid

components, which process comprises:

a. selecting a feedstock comprising recoverable atounts of higher diamondoid
componenis;
b. removing a sufficient amount of components from the feedstock having a boiling
20 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

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

and size separation techniques.
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25 techni ques, thérnalrdiffusion t echni ques, zone refining, progressive
recrystalization and size separation techniques. ~72 19 Jul 182 ;dp20050

02/ 05738 oRled/4S502/ 00505 141. A process for recovering 9?1‘&@5}[/&'33 “hi gher
di anondoid of Claiml, which conprises: a. selecting a feedstoc

conprisi ng recpverable amunts of a ,higher di anondoj conponent or
corrpokztﬁt s sel’ gfogassffg?ref%‘?&@f?,“ﬂ%%&%ﬁ%ﬁﬁ%“% r%lﬁ]tr% a‘ﬁB‘ChS. .
conponent schaptides: @ boi ling point |ess than the |owest boiling point higher
di anondoi d conponent sel ected for recovery; b. renoving fromthe feedstock

a sufficient anmpunt of conponents_ having a boiling point |ess than the

| owest boi | i ngelseinga Fredsierk @impristngdes embboarepntsef kighar dismondoetover y
under condjt.i ' t f the hjgher di amondoid 10
conponent %élhﬁé%%&gﬁﬁlg Ialsléerﬁgg%{%%&%)? r}&gg%@éﬁ%n%é%% 3 a‘?omqeﬂ%taﬂ treated
$ eedst ock; compmhents hh*?ﬁﬁgﬁ&ioliljﬂgtﬁcﬁﬂﬂb@@hﬁd’lﬁei@%ﬂﬁb(ﬁﬁhgp@ﬁx@ﬁ%ﬁ&d in b) above
to pyrolyze at |l egst a sufficient amount of nondi anondoi d conponents
~theref -rom-&@mﬁg ?@PO‘PE%P\P@F?G‘S@ fmecco¥@Vect ed hi gher di anondoi d conponent
or .conponents fromthe pyrolytically treated 15 feedstock wherein the

pyrolysis is Q&ﬂgﬂﬁé GO REFEedsR Egﬁﬁa%Pg%%ﬁ\#?gﬁrgﬁoﬁng%aﬁguﬁ %ﬁoqgﬁoéTng

retaining recoverable anounts of the se onent
or conponepaist legk tharcthelewesh hoiding poiné Highentiemondadooopbnent setpaadfirs from

said treated feedstock .. separation techni ques | ected fromthe group
consi sti ng" 6P ChHY F8’§)‘P§ ke Lo st (i ] eaél?‘ﬂ’t“ﬁ%?ﬁ_ﬁ? ﬁ’tﬁﬂlﬁf Yamerdaidchni ques,
1gone 1 ef i nédiponRhRAcBEDbNEtE RISNSE B tkBldr9Are RBheH i S ELA P @iock:
techni ques. 73
and
C. 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
15 ~ feedstock wherein the pyrolysis is conducted under conditions to provide a treated
feedstock retaining recoverable amounts of the selected higher diamondoid

compenent or components.

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

and size separation techniques.
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