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report directed to processes for polymerizing such derivatives, to chemical intermediates

useful for the synthesis of such derivatives and to polymers based upon these

derivatives.
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All of the above publications and patents are herein incorporated by reference

i their entirety to the same extent as if each individual publication or patent was

specifically and individually indicated to be incorporated by reference in its entirety.

State of the Art

20 ‘ Diamondoids are cage-shaped hydrocarbon molecules possessing rigid
structures resembling tiny fragments of a diamond crystal lattice as described by Fort,
I, etall Adamantane_; is the smallest member of the diamondoid series-and consists
of a single cage structure of the diamond crystal laitice. Diamantane contains two

7 adamantane subunits face-fused td each other, triamantane three, tetramantane four,

25  and so on. While there is only one isomeric form of adamantane, diamantane and
triamantane, there are four different isomeric tetramantanes (i.e., four different shapes
containing four adamantane subunits). Two of the isomeric tetramantanes are
enantiomeric. The number of possible isomers increases rapidly with each higher

member of the diamondoid series.

30 : Axmong other properties, diamondoids have by far the most
' thermodynamically stable structures of all possible hydrocarbons that possess their
molecular formulas due to the fact that diamondoids have the same internal
* “crystalline lattice” structure as diamonds. It is well established that diamonds exhibit
extremely high tensile strength, extremely low chemical reactivity, electrical



Chem Rev., 64:277-300 (1964). 2 Capaldi, et al., Al kenyl Adanmantanes, U.S.
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5,017,734, issued May 21, 1991. 5 Ishii, et at, Polynerizabl e Adamant ane
Derivatives and Process for Producing Sanme, U. S. Patent No. 6,235,851,
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Deep Petrol eum Reservoir, Fuel, 74(10):1512-1521(1995). 8 Chen, et at, ‘
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Art 20 Dia ds are cage-shape ecu €88 ng rigid
structures rEsayitdamgnthnesy” TiSagaent No.f,832, 38 adesodb&r ajsdlgdmide pbiymgeras
descri bed b¥ Fort_, . .3 ]
ormed from alkyladamantane diamine;” U.S. Patent No. 5,017,734 discusses the
10 formation of thermally stable resins from ethynyl adamantane derivatives;* and, U.S.
Patent No. 6,235,851 reports the synthesis and polymerization of a variety of

adamantane derivatives.’

The higher diamondoids, which include the tetramantanes, pentamantanes, etc.,
have received comparatively little attention. In fact, prior to the work of inventors
15 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 nearly
hypothetical with only one such compound having been synthesized and a few others
tentatively identified (but not isolated). More specifically, McKervey, ef al. reported
the synthesis of anti-tetramantane in low yields using a laborious, multistep process.’®
20 ' Lin, ef al. have suggested the existence of tetramantane, pentamantane and
hexamantane in deep petroleum reservoirs from mass spectroscopy alone and without
any attempt to 1solate mate;ials.”’ The 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.®

25

SUMMARY OF THE INVENTION

Embodiments are directed to higher diamondoids that have been derivatized to contain

moieties which are capable of undergoing polymerization reactions or being



Jr., et al" 1 Adamantane is the smallest nmenber of the dianondoid series
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triamantane three, tetramantane four, 25 and so on. Wiile there is only one
i someric formof adamantane, diamantang and triamantane, there are four
different isoneric tetramantanes (i.e., four different shapes contai ning
four adamantane subunits). Two of the isoneric tetranmantanes are

enantiomeric. The nunber of possible isonmers. increases rapjdly with each
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such as ther mc stabilit. 5 functionali,zation. roperties of
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descri be adamant ane derivatives and adamant ane-based polyners. U S. Patent
No. 3,457,318 t.eaches the prepargt on,®f polyners from al kenyl

adamant anes; 2 U S. Patent No. 3, 25232 descri bes a pol yam de pol yner
formed from al kyl adanmant ane dhgnin X3 W& Patent No. 5,017,734 discusses
the to formation of thermally f?ﬁﬂ resins from et hynyl adanmant ane
derivatives;4 and, U S. Patent 235,851 reports the synthesis and
pol ymeri Zation of a variety of andnt ane derivatives 5 The hi gher

di anondoi ds, which include the tetranmantanes, pentamantanes, etc., have
received conparatively little attention. In fact, prior to the work of

- inventors : I

10 wherein D is a higher dia_mondoid nucleus; and RL Rz, R3, R4, R’ and R are
independently selected from a group consisting of hydrogen and one or more
‘polymerizable moieties; provided there is at least one polymerizable moicty on the

compound. Preferably, the compound may contain either one or two polymerizable

moileties.

15 : Another embodiment provides intermediates useful in the synthesis of such

higher diamondoid derivatives. These higher diamondoid intermediates may be

represented by Formula 11 below:

R'EO R11
\/

R‘I/4 \R'l 3



15 Dahl and Carlson enbodied in United States Patent Application Serial No.
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at least about 10 ppm and espécially at least about 100 ppm. Mixtures of these

mtermediates may be used as well.

Another embodiment provides methods of obtaining polymers which comprise

~ higher diamondoids. These methods may comprise: a) selecting one or
15 more higher diamondoid derivatives of Formula I, alone or in combination with other
polymerizable materials; b) subjecting the materials selected in a) to polymerization
or coupling conditions thereby forming a higher diamondoid-containing polymer; and

' ¢) recovering the higher diamondoid-containing polymer.

Yet another embodiment provides polymers which contain higher diamondoids |

20 as recurring units.



pol ymeri zabl e noieties; provided there is at | east one polynerizable noiety
on the compound. Preferably, the conpound may contain eithet8 dualy 2005t wo
pol ynmeri zabl e noieties. 15 Anot her enbodi nent provides internediates
useful in the synthesis of such higher dianondoid derivatives. These

hi gher di anondoi d internedi ates may be _represented by Fornula 11 bel ow
Rio RL1 R15-D-R12° R14 R13 || 18 July 2005 WD 02/ 057201 PCT/ US02/ 00504
wherein Dis as set forth in FormJIa and at | east one of RIO - R5is a

covalently att can be erte a.po rizabl e

noi ety or whi cﬁéﬁm&sge”?og}lé/ gsggt m"ﬁBKP“t?éO"é \éggi}gcflj fj%}d Er?ﬂ%ge Fas well. The
remai ning R's can be hydrogens 10 11 12 13 14 15 In the internedi ates
represented by

| hependent |y <orElPH SRS My dBri F%Eﬁgﬁ%ﬁ&%@#’h@m&% fife.

-Br, -1, -OH, -SH, -NH2, -NHCOCH3, -NHCHO -CX2H, -CO2R, - CHO -
CHZO—| =0,

- b
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noi eties and.the.re ni ng R be dro Q These inter ates can
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intermedi ates may be used as well. Another enbodi nent provides nethods of
obt ai ni ng pol yners whi ch conprise higher di anondoi ds. These nethods may
conprise: a) se&&uﬁﬁ:ﬁngeannﬁthepres]eﬁt inahaotprgtiass adiighepdisadrdoid @plywit | ves of
Forrmula 1, al conbi nat.i.on,w t le materials; b)
Subj ecti g PR P e ot B R B A 4Bt PRGh | ng
condi t i onsttidhet whahigher diamendaid iaigdliefivatziagenito avslenlydondifghebiekder ; and

diamondoid into the polymer.

A fifth aspect of the present invention provides a polymer having at least two higher

diamondoid components covalently bonded to each other.

A sixth aspect of the present invention provides a polymer of the fifth aspect represented
by formula
(D)L
wherein each D is independently a higher diamondoid group; L is a linker; and g is an

integer from 2 to 100.

A seventh aspect of the present invention provides a polymer of the fifth aspect
repreéented by formula
D);
wherein each D is independently a higher diamondoid group; s is an integer from 2 to
1,000.

An eighth aspect of the present invention provides a polymer of the fifth aspect
represented by formula
D-(L-D-L)-D
wherein each D is independently a higher diamondoid group; each L is independently a
linker; and » is an integer from 1 to 1,000,000.
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cage- shaped structure of dianondoids and their correlation to I anonds.

Specifically, illustrated is the correlation of the structures of

di anondoi ds to subunits of the diafond crystal lattice. FIG 1B
illustrates a variety of representative higher derivatized di anondoi ds
carrying one or two polynerizable nmoieties. 18 July 2005 WD 02/057201

PCT US02/ 005035 £, 4 GhusBftct o hlchd! @mbliaial 16 M2t cAlbAOIIOLAEmbitnhi S Case |
[1(2)3]-tetramantane) have quaternary (4), tertiary (bridgehead, 3) and

secondar yhgv2)quetripoy 4 °) AkEary (ratgohwdad O and eccondary 2T rgitsmguence we used
for the four isomeric tetramantanes. 5 FIG 2C shows the nunbering schene

f tali t ., FILG 2D sh t ' h f
Ceprosont at 1 vel b aRT oo et s e R TG U SLHOETel 8

~r-epresent girhiweniagésamant ane. - FI G 2F shows the nunbering schene of a-
representative undecamantane. FIG 3A shows representative pat hways by
whi ch hi gher di anondoid 10 carbocations are generated during the synthesis
o di anondoi d H¥ri2fathoyesdhe mupberdgs schens of 8 persessptabive pentgaeniaass by whi ch

hi gher di anondoi ds are derivatized via higher dianondoid carbocations (SN

ti . FlI , [ ' i ah
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reactions). 15 FIGs. 4A-4H are eight schematic chem cal fornul ae and
equat i ons showrlitg 2R dhewstthemdmbamgasttiepe eparapréesentatiize ecightintangr esent ati ve
hi gher di anondoi d-contai ning pol ymners. '

FIG. 2F shows the numbering scheme of a representative undecamantane.

FIG. 3A shows representative pathways by which higher diamondoid

10 carbocations are generated during the synthesis of diamondoid derivatives.

FIG. 3B shows representative Iﬁathways by which higher diamondoids are

derivatized via higher diamondoid carbocations (Sy1 reactions).

' FIG. 3C shows representative pathways by which higher diamondoids are

derivatized via eletrophilic substitution reactions (Sg2 reactions).

15 , FIG’s. 4A-4H are eight schematic chemical formulae and equations showing

the structures and preparation of eight representative higher diamondoid-containing

polymers.

FIG. 41 is a table of representative polymerizable higher diamondoid

derivatives and representative polymers they enable.

20 FIG’s, 5A-5C illustrate exemplary polymer materials that contain higher

diamondoids as recurring umnits.

EIG’s. 5D-5F iltustrate the variety of carbon aftachment sites'on a
decamantane molecule and how attachments to different sites in a polymer may result

in-cross-linked materials of varying rigidity;
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sel ect i ons ané pessitdy skippedoan disdussedtin dfe Bpawldsi c gr oups of hi gher
di anondoids. FIG's. | A and 11B illustrate gas chromatograns (FID) of

di,stillate fracthan, .#6 abl e 5B) ,0of Feed B + distilldation
b(%t§t ons, and thtgllg‘e%‘ﬁ*laflfiﬁg aﬁ? B%E%am%oﬁ&leg%ﬁ%ﬁdgﬁ%{@@ég@rﬁﬁoﬁhese
figures shoutidisatighedcinaemiditiitclcasinaman beplidanen.

FIG. 9 illustrates a high temperature simulated distillation profile of Feedstock
B using‘the atmospheric distillation 650 °F + bottoms as feedstock. This figure also
Hlustrates the targeted cut points (1-10) we used for higher diamondoid isolations.

is - - FIG. 10is a chart illustrating distillation of cuts of a higher diamondoid-
containing feedstock (Fedstock B, atmospheric distillation residue) showing cut

- selections to favor the enrichment of specific groups of higher diamondoids.

FIG’s. 11A and 11B illustrate gas chromatograms (FID) of distillate fraction
#6 (Table 5B) of Feedstock B 650 °F + distillation bottoms, and the resulting product
20 of pyrolytic processing. These figures show that nondiamondoid compbnents have
been destroyed by the pyrolytic processing and that higher diamondoids especially

hexamantanes have been concentrated and made available for isolation.

FIG’s. 12A and 12B are charts illustrating elution sequences for a variety of
|  individual higher diamondoids (hexamantanes) on two different HPLC
25 chromatography columns: ODS and Hypercarb.

B33 ichrosiabesTas O a @At eondsneptp Bedstenky ok phped as -



been destroyed by the pyrolytic processing and that higher di anondoids
especi al |y hexamant anes have been concentrated and nmade avai$ ablye2obsr

i sol ati WO 0K 2. 12A and 12B are charts illustrating el eCrwsozegoences for
a variety of individual higher dianondoids (hexamantanes) on two different
B PLC 25 chromat ography colums: ODS,and Hypercarb. 18 July 2005 WD 02/0 5
72 0 1 PCT/US02/00504 8 FIGs. 13A and 13B illustrate GO/ Ms total ion
chromat ogram (TIC) and nass spectrum of hexamantane # 13 isol ated using
two different HPLC colums as shown in Exanple 1. FIGs. 14A and 14B
‘illustrate the PHejpar® anblihflustrate GBS total domclvgmapigran (Bl and nhass

hexamant ane i sol ations carri 0 i,n EXx I .k 14A shows.the first
col um cut%’,ecﬁ%‘ﬁtoaf:hﬁ?(%m%% #‘g& Fﬁ‘éteﬂéﬁaﬂ%%éﬁﬁémﬁféﬁﬁe"é’ K BOPRat were -
sent to thaeeged colum. FIG 14B shows the second col um peaks isol ated
and sent to the traps. Using this procedure pure hexamantanes were

i sol ated. Hexanmantane #2 was the second hexamantane to elute in_our GO M |
—assay,  whi | e heR¥mantdhandbiRghisirafe themyeparativacapdlasy geechrpmaographisn and 15B

nekanant ard g P ol AN M ARLAN ATIAE, LIRS B | o1
i on chr onatcdghaRuaNcomEsHg t&P of thHelrk ahaltexafesih Feedstisck B habtvere skt to

il ustratetilét he preparative capillary gas chronatographic da(i:a for
t et r amant ahé speomdgoiwsHg 14k B shews tiesewmpd folunn peaksasqlated end3ank imthg hows

cuts made ¢ %s?ﬁ% ﬁksaﬁr&é’d ur@Be:dth EQ%P&fé%ﬁtedTﬁfeﬁR{]aﬂmL@ﬂfv&E”ber S
refer to peaks 0 e ' tetramant anes. e second col umm shows peaks

i sol at ed athd ssintl Hegartringarterta phute ihew GI/MS edapuninbr kekapeatose 2 wad thand 6)
are the tetr ntanes. It is noted that both 20 enanti oners of the

o}ﬂi cal l y-%’(ﬁﬁgg e&éff'r amant ane are contained within one of these peaks.
FIGs. 17-34 relate to the preparation of brom nated hi gher di anondoi ds

FIG’s. 15A and 15B illustrate the GC/MS total ion chromatogram and mass
spectrum of hexamantane #2 in FIG. 13. '

FIG’s. 15C and 15D illustrate the GC/MS total ion chromatogram and mass
spectrum of hexamantane #8.

15 FIG. 16 illustrates the preparative capillary gas chromatographic data for
tetramantane isolations carried out in Example 3. The first column shows cuts made
on distillate fraction 33, Feedstock A. The bold fgce numbers refer to peaks of the
tetramantanes. The second column shows peaks isolated and sent to the traps. The
circled numbered peaks (2, 4, and 6) are the tetramantanes, It is poted that both

20 enantiomers of the optically-active tetramantane are contained within one of these
peaks.

FIG’s. 17-34 relate o the preparation of brominated higher diamondoids
(tetramantanes and alkyltetramantanes).

FIG. 17 is a total ion chromatogram of a tetramantane and alkylteframantane-
25 containing starting material.

FIG. 18 illustrates the GC/MS total jon chromatogram showing mono, di dand

tri brominated tetramantanes.



(tetramant anes and al kyltetramantanes). FIG 17 is a total ion chromatogram
of a tetramantane and al kyl t et ramant ane- 25 contai ning start{&gu 5i al .
FIG 18 WOW3#F728tes the GO/ MS total ion chromat ogram shoWCH§S#eHE%4 di  and
tri brom nated tetramantanes. 18 July 2005 WO 02/057201 PCT/ US02/00S04 9
FIG 19 shows the presence of nonobram nated tetramantanes in the total ion
chromat ogram of the reaction product show ng that these conpounds are the
maj or - conponents within this GO M retention time range. FIG 20 shows the
presence of polybrom nated tetramantanes_in a bromnated 5 éﬁg%‘gﬁmnt ane

product as the Mol shnwoiertasergeofmpnoRiamingtet (At aBREeE It Phnge.

FIG 21 sh e 1P VBRG ‘?‘%G Nge BleWhdimg at
12.038 in t eoéﬁﬁgﬁﬁﬁ%tﬁﬂgﬁ?gﬁ%?%gramg% t gﬁég%%ﬁﬁg%g%%%uct. FI é 22 is

t he mass speaipouentotvitirmbixoBCOME netEohnttohe samgat ane with GO/ M5 10 retention
time of 12.038 m nutes. The based peak in this spectrumis the 371 mz

nol ecul ar ion. ELG .23 sho t he presence of br om. nat ed . :
~met hyl t et ramant al‘lr;[gs 25 AR GPBGLSQTC% QﬁogﬁFW%E%ﬁ%@tWE R %%te%r oduct .
FIG 24 is e, MR 508Gk b mdBniii-ne bathineidEyRSerBRtenes W th 15
GC/Ms retention tines of 11.644 and I1.992 mnutes. The base peaks in these
spectra argatgt h the 385 niz nolecular ion. FIG 25 shows the presence of
brom nated dinmethyl tetramantanes in the total ion chromatogram of the

reacti on product 26 j S nRaRbLaRh At ed

di met hyl t at rannfr:f?;hgs}l%‘gs %%tphég%ﬁ%ar epgﬁrﬁ%gna?%dn%ﬂg? at 1 %% m nut es.
FIG 27 showsp3shs ilny o8e Msitcibmalopraand Mt eshetiot pavdipat anes in the total ion
chromat ogram of the reaction product.

FIG. 22 is the mass spectrum of a monobronﬂnated tetramantane with GC/MS
10 retention time of 12.038 minutes. The based peak in this spectrum is the 371 m/z

molecular ion.

FIG. 23 shows the presence of monobrominated methyltetramantanes in the

total ion chromatogram of the reaction product.

FIG. 24 is the mass spectra of monobrominated methyltetramantanes with
15 GC/MS retention times of 11.644 and 11.992 minutes. The base peaks i these
specira are both the 385 m/z molecular ion.

FIG. 25 shows the presence of brominated dimethyl tetramantanes in the total

ion chromatogram of the reaction product.

FIG. 26 is the mass spectrum of the monobrominated dimethyltatramantane
20 ~ with GC/MS retention time of at 12.192 minutes.

FIG. 27 shows the presence of dibrominated tetramantanes in the total ion

chromatogram of the reaction product.

FIG. 28 is the mass spectrum of a dibromminated tetramantane with GC/MS
retention time of 15.753 minutes. The base peak in this spectrum is the 447 m/z

]

25 _ molecular jon.



FIG 28 is the nmass spectrum of a dibronmi nated tetramantane with GC/ M5
retention time of 15.753 minutes. The base peak in this specig yanyi2sos he 447
mz 25woheewhoar ion. 18 July 2005 WO 02/057201 PCT/ USi@d2Rdsed0 FI G
29 shows the presence of dibrom nated nethyltetranantanes in the total ion
chromat ogram of the reaction product. FIG 30 is the mass spectrum of a

di brom nat ed net hyl t et ramant ane with0 GO/ MB retention time of 15.879

m nut es. The base peak in this spectrumis the 5 461 m z nol ecular ion. -
FIG 31 shows the presence of tribromnated tetramantanes in the total ion
chr omat ogr am offFi3he9 Eiaed the Preénd WEdibrbhimatedin éthylidtRnimssnes peticrtoml of a
tribromnated tetramantane with GCOJMS retention tinme of 17.279 m nutes.
The base peafhrpmatdgram shdetreagheneradyet.-527 nfz 10 nol ecular ion. FIG 33
shows the presence of tribrom nated nethyltetramantanes in the total ion

chr omat 0gr am ofp g0 FARE LA REAEHGr dhGnifed ScbhRelBAmSREG A UM Of 2

tri brom nated methy ramantane wth retention tine of 15.250

~-m-nut es. - THeMDieentioarninoel 15584himite. Thb bhieGBak abthi@spepinatis thevar i ety of -

addi ti onal Eolyrrers hat may be prepared in accord with this invention and
r épr esent 401 PyZ ¥ for incorporation into such polynmers. DETAILED
DESCRI PTION OF THE | NVENTION This Detailed Description is presented in the

fol I owi ng subseqti 90 showdhPsfdsBickio?Asbrbhaftd PrANRRIROS tR@tldheir Recovery
The H gher Dianondoid Derivatives The Hi gher Dianmpndoid Internediates 18

Jul y 2005 chromatogram of the reaction product.

FIG. 32 is the mass spectrum of a tribrominated tetramantane with GC/MS
retention time of 17.279 minutes. The base peak in this spectrum is the 527 m/z

10 molecular ion.

FIG. 33 shows the presénce of tribrominated methyltetramantanes in the total

ion chromatogram of the reaction product.

FIG. 34 is the mass spectrum of a tribrominated methyltetramantane with
~ GC/MS retention time of 15.250 minutes. The molecular ion is 541 m/z.

15 FIGS. 35-42 depict a variety of additional polymers that may be prepared m

accord with this invention and representative components for incorporation into such

polymers.

‘ DETAILED DESCRIPTION OF Ti’:IE INVENTION
This Detailed Description is .presented in the following subsections:
20 Deﬁnitions
Higher Diamondoids and Their Recovefy
The Higher Diamondoid Derivatives

The Higher Diamondoid Intermediates =~ = = o



WO 02/ 057201 PCT/ US02/ 00504 11 Methods For Preparing Hi gher D anondoid
Derivatives and Internediates Polynerization of H gher D arrmglm'ycioos

Deri vat waag2édrgher Di anondoi d- Contai ni ng Polyners Uil iegr/Bsdabsoai ti ons As
used herein, the followng terns have the foll ow ng nmeanings. The term

"di anondoi d" refers to substituted 2"tqd unsubstituted caged conpounds of

t he adamant ane series including substituted and unsubstituted adamantane,
di amant ane, triamantane, tetranmantane, pentamantane, hexamantane, 10

hept amant ane, oct amant ane, nonamant ane, decamant ane, undecamantane, and the
li ke and al so MuthaddiFogPepaiiogiBighet BouhendoiddD gintatives asl fertolhéistes conponent s
and including isoners of these forns. Substituted di anondoi ds preferably

conprise from1l,t.0 10 and syor eferably I. to 4 al kyl substituents.
“Di Brondoi ds* i ROVEFEZa e b anamaniald Desisatvey gher di anondoi ds". 15 The

term "Il ower di anobndoi ds" or "adanantane, di amantane and tri amant ane"

refers to any AR Dadrhondds 0shtalniicRbIgmMerssubst i t ut ed deri vatives of
--adamant ane; - di amant ane or tri amant ane.. These | ower -di anondoi ds show no

isoners and are__readily synthesized, distinguishing themfromthe "higher
di amondoi ds”. THE#%er m " hi gher di anondoi ds” refers to any and/ or all
substituted and 20 unsubstituted tetramantanes; to any and/or al

supsti t ut efleghdopisubstituted pentanmantanes; to any and/or all substituted
and unsubstitutéd hexamantanes; to any and/or all substituted and

unsubsti tuted heptamantanes; to any and/or all substituted and
unsubstitut ed obs asmieasinsthetigllowing temis bavedht falldysing meapmgand unsubsti t ut ed
nonanmant anes; to any and/or all substituted and unsubstituted decanant anes;

B e
reference ¢snfiRndgonthe@difamiae: Btiedfclliding saBfuted@n 268MHEAREdPCT/ US02/ 00504
adamantane, diamantane, ﬁiamantz_me, tetramantane, pentamantane, hexamantane,
10 heptamantane, octamantane, nonamantane, decamantaﬁe, undecamantane, and the like
and also including various molecular weight forms of these components and including
isomers of these forms. Substituted diamondoids preferably comprise from 1 to 10
and more preferably 1 to 4 alkyl substituents. “Diamondoids” include “lower

diamondoids” and “higher diamondoids”.

>

15 The term “lower diamondoids” or “adamantane, diamantane and triamantane’
- refers to any and/or all unsubstituted and substituted derivatives of adamantane,'
diamantane or triamantane. These lower diamondoids show no isomers and are

readily synthesized, distinguishing them from the “higher diamondoids”.

. The term “higher diamondoids™ refers to any and/or all substituted and
20 unsubstituted tetramantanes; to any and/or all substituted and unsubstituted
| pentamantanes; to any and/or all substituted and unsubstituted hexamantanes; to any
and/or all substituted and unsubstituted heptamantanes; to any and/or all substituted
and unsubstituted octamantanes; fo any and/or all substituted and unsubstituted
' nonamantanes; to any and/or all substituted and unsubstituted decamantanes; to any
25 and/or all substituted and unsubstituted undecamantanes; as well as mixtures of the

above as well as isomers and siereoisomers. When reference is being made to one or




12 nore specific higher dianondoid isoners,'they will often be referred to
as "conponent" or "conponents", for exanple a “tetramant ane1g9GiyPoest . |

The ter ? di anondoi d derivative" refers to a h'ghﬁéﬂﬂk qﬂord whi ch
has had at [east one of its hydrogens replaced by a pol ynerizabl e noiety.
The portion 5 of the higher dianondoid present in a higher dianondoid
derivative is referred to as a "higlfer di anondoid nucleus." The term

"pol yneri zabl e noiety" refers to any chem cal functional group that, when
covalently attached to a higher diannndoid can participate in a

pol yner i Zaﬁlbl%@ﬁ@&ﬁ@@ﬁ#k%?dfa&%@%@@o& g%{%vﬁroﬁm@eréﬁéa'te%e in the

coval ent attachnent o am)n pol ymer substrate. Such
groups i nclconponaitt otitonhpomntat, |f01n¢xampée a f‘elrhmantage compaitent.’at ed esters,
am des, epoxides, al kenes, al kynes, am nes, hydr oxyls, and carboxyls.

Preferabl , e ab . _no s .an,,al sat ur,at.e ester or

an ani de. yThe ?E‘?#f%‘ﬁ [Bﬁ’i‘P %‘F@%@‘H@ﬁaﬁﬁﬂv& 8583?8 hlﬂr'}{ff @F‘?"ﬁf} ’g‘ﬂfl&]her :

-~ di-anondoi %aslaﬁdﬁf‘leﬁ&dﬁ%%fﬂ@ﬁy&’bg&%& I%Ia&ia%aﬂi olymellysAb10 8RSy  The peEenby an
"internmedi ate noi et The term"interne ?e noi ety" refers to any

cliem cal fafribe highet g!gmu@old pEasentin ehighsy érammdyldaierlafehwsweﬁeqlﬁcg%&

di anondoi d;hlegchan erthréeig? erye as a polynerizable noiety or as an

i nt er nedi at 65 e of a pol ymeri zabl e noi ety on the higher

di anondoi d. 20 The terns "conditions suitable for inducing a polynerization
reaction", "suUlkeadehe "polytigErabiairiodsty Casids to anscheatichl thetiohXerowf @at,t o any
chem cal reaction araneters that wll allow at | east, one poI yneri zabl e

hi gher di diksrdsivaleady iaitaghed & 2 Bigbepdiamandejdatammartapaic i 2 BOlXMSHREIN or with
a pol yner r anrﬂ_@mré{ gheli agfu? cont ai ni ng
pol ymer' é@@htgtﬁg%u %?Egh%;?gr to a tFecﬁ%e Rglvr ng tg@%?gﬁfgopr es of the
sane or didifaomidid e gbamedsmworaﬁchgmwamclmywhthnuﬂ lym#gitomctbed t o each
ot her or. a. backbone, chain. udes nmer s wher he .hi gher

G aondoi doflewings ShsgisA sagt. PR Ra gt Al HY e pobs by beRgs) 057001
PCT/ US02/ OfaQérboxyls. Preferably, the polymerizable moiety is an alkene, an unsaturated

ester or an amide.

The term “higher diamondoid intermediate” refers to a higher diamondoid

15 which has had at least one of its hydrogens replaced by an “intermediate moiety.”

_ The term “intermediate moiety” refers to any chemical functional group that,
when covalently attached to a higher diamondoid, can either serve as a polymerizable
moiety or as an intermediate in the synthesis of a polymerizable moiety on the higher

diamondoid.

20 The terms “conditions suitable for inducing a polymerization reaction”,
“suitable polymerization conditions™ and the like refer to any chemical reaction
parametefs that will allow at least one polymerizable higher diamondoid derivative to

form a covalent bond with another, or with a polymer substrate.

The terms “polymer’” and “higher diamondoid-containing polymer” and the
25 like refer to a molecule having multiple copies of the same or different higher
diamondoid nucleus, covalently attached to each other or to a backbone chain, This

includes polymers where the higher diamondoid nucleus is pendant from and not part



13 of the polynmer chain including atactic and isotactic polynmers and

pol yners where a higher dianpndoid nucleus is part of the pg yggroe8ai n.
FI GS. 4 wod2@526l - show a variety of representative pol yper/usézossisur es of
this invention. "Polyners” include "honopolyners” and "copol ymers" and
"terpolyners" A unit or group, whet 5 hi gher di anondoid or other, which
reports in a polyner is said to "recur” to be a "recurring unit" of the
pol ymer. The term "honmopol yner" refers to a pol ynmer having only higher

di anondoid recurring units. For the purposes of this specification and

d ai ms  honoftheypetmserwhhin inclbhdiog rtacticiatel ipathgtivgrodyhers iand polyoiecy whee e

di fferent higher. dia doid recurri 10 units. term:” oJ]ymer" refers
to a poly 0%;16451@811&?1&1?}161%3 1§ parkgf g‘%iﬂogﬂ%?r Cﬁlﬁﬁnaﬁﬁﬁofaur%g%@ﬁ{l W& and an
addi ti onal vResdbarapRcehEn PORIREr kT (18 Wydtiod)! disafndei d and
nondi anondoid recurring units. The term"terpolynmer" reters a pol yner

formed fromenepadymanst endhiegppelymets agil S teppadpingrsde A widt anaseuma mchethso or nore
‘'refers to

nabing ai T AR of s S bt hadefitais e PRBR ATt i onal

groups. At “dee@sing@ne” of thelpelymbrct i onal groups reacts with at | east one
pol yneri zabl e nolety or internediate noiety on the higher dianondoid

derivative. At |east gpe additigpal functional group takes part in 20 the
pol yneri zati on fB&&MoRompRalypist iefes ot Rekiserbavinghonly fighepdtemopdails to t he

reaction ﬂnﬂgq[}g"rs i k& Sl | : '

pol yneri zg{eicon ondi t ;Fgllnglg?gq)?’ (%%m a %@‘f"@f@‘g&%‘gb@?‘ %H%gé%@%ﬂgc%pmgr

" hydr ocar basatehde gobenat hakilg tved er motealifipdnohigha dianheolhédmousingat eri al s
conpri sing r.ecoverabl e anounts of higher dianondoids. Preferably, such

f &edst ocks™ el ude oil, gas condensates, refinery streans, oils derived
fromreservoir rocks, oil shale, tar sands, and source rocks, and the |ike.

Such 18 July 209he R “@dp i@ ke st USRI -1884ed from one or more higher

diamondoid derivative and an additional nondiamondoid monomer and thus having

higher diamondoid and nondiamondoid recurring units.

The term “terpolymer” refers a polymer formed from one or more higher

15 diamondoid derivatives and two or more nondiamondoid monomers.

The term “linker” refers to a nondiamondoid moiety having at least 2 and
preferably 2-10 identical or different functional groups. At least one of the functional
groups reacts with at least one polymerizable moiety or intermediate moiety on the
higher diamondoid derivative. At least one additional functional group takes part in

20 ~ the polymerization reaction.

The term “a polymerization reaction” refers to the reaction of a higher

diamondoid derivative performed under suitable polymerization condiﬁons to form a

polymer,

The term “feedstock” or “hydrocarbonaceous feedstock™ refers to hydro-
25 . carbonaceous materials comprising recoverable amounts of higher diamondoids.
Preferably, such feedstocks include oil, gas condensates, refinery streams, oils derived

H

from reservoir rocks, oil shale, tar sands, and source rocks, and the like. Such




14 conmponents typically, but not necessarily, conprise one or nore |ower

di amondoi d conponents as well as nondi anondoi d conponents. {&gulydlobsr is

t ypi cal iwo ogtsap@ct eri zed as conpri si ng conponents havi ngparkRbdeo3@y Poi nt

bot h. bel ow-and above the |owest boiling point tetramantane which boils at -
about 350C at atnospheric 5 pressure,, Typical feedstocks may al so contain

I mpurities such as sedinent, netals 14 ncl udi ng ni ckel, vanadi um and ot her

i norgani cs. They may al so contain heteronol ecul es containing sulfur,
nitrogen and the like. Al of these nondi anondoid materials are included

I n " nondi acenploieiitscopiosline busiotagcdshatlyf @nipriss odebr mert Josvree diamohideid er m

"nondi anondoi d conponents" refers _tq conponents of the feedstock 10 from
whi ch di anBHEREEEAsevsliasmep deidgrmprBenty; i%ﬁ%qlafmcﬁ aract er wherein

the term cih2n00daid comBridfs 86hbagRANER Il bdilifis bELTbothHeRRRLADIRRBY
refers to gmy of a r?uﬁ%e?n%?gv\gﬁfn?&g%om c%r'horrat% ragh?c teggﬁni gues

I ncl udi ng, theyowmest boflingp@im tetrannyane odlichirboiby at gbanti359°C ahatomvaplogicaphy

~(ei ther -normal or_reverse phase), gas chromatography (GC), high 15 -~

pet f or mancBFFSU | Ema@é%@gﬁ%w at%mpe@?w R iR chias SSinent JReH o kyl "
refers to “ﬂi‘%hé? nghed I . | Leosgroups typically
havi ng fro%rcg t 8@32‘?3%%% atom‘ﬁﬂ&&o@%@%ﬁga l]ﬁf;ﬁﬁ?@&%ﬁg{l ons ("Il ower

al kyl s"), bseaidlecatescpniainingatl fur atitrdgel Andhthe like. ghth i shesy powdikingndmad i ng
from3 to 20 carbon atons and preferably from3 to 6 carbon. atons.("lower
al kyl s" asTReFpls aroge %rwdiﬂgrwpﬁbcgﬁramﬁ%wﬁ%m 1%$%D€Qg‘ﬁ‘iﬂ‘lﬁied by
groups such as nethyl, ethyl, propyl, butyl, isopropyl, isobutyl,

sec-butyl, t-butht terayebAREABNdoid S¥BbORINY ! referEb ToRpRREME of MrabeReXK! and
the like. The term"substituted alkyl" refers to an al kyl group as defined

abbve, havirog which diamando@s srehiselpted drt are o dligmaentdeidaip| ohatactes véherein the
substituents. .sel ect.ed,.fro he.group 25 consisting of al koxy, substituted
al koxy, cyt%f%aﬁ'kamqndgﬁbésﬁsﬁ?ﬁad gV(GﬂnOal kyl, cycl oal kenyl, substituted
cycl oal kenyl, acyl, acylam no, acyloxy, am no, substituted am no,
anl i noacyl, am TheRyhOxonAXREPHYO a&lits to AAY 60a nEMB&f Wil bgsim hydr oxyl,
ket o, thioketo, carboxyl, carboxyl al kyl, thioaryloxy, thioheteroaryloxy, 18
July 2005 chromatographic fechniques ncluding, by way of examiple only, column or gravity
chromatography (either normal or reverse phase), gas chromatography (GC), high

15 performance liquid chromatography (HPLC), and the like.

The term “alkyl” refers to straight and branched chain saturated aliphatic
groups typically having from 1 to 20 carbon atoms, more preferably 1 to 6 atoms
(“lower alkyls™), as well as cyclic saturated aliphatic groups typically having from 3
to 20 carbon atoms and preferably from 3 t0.6 carbon atoms (“lower alkyls” as well).
20 The terms “alkyl” and “lower alkyl” are exemplified by groups such as 'mcthyl, ethyl,
propyl, butyl, isopropyl, iéobutyl, sec-butyl, t-butyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and the like.

The term "substituted alkyl" refers to an alkyl group as defined above, having
from 1 to 5 substituents, and preferably 1 to 3 substituents, selected from the group
25 consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl,
- cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted
amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogep, §1.yd;r_9xy=1,'

keto, thioketo, carboxyl, carboxylalkyl, thicaryloxy, thicheteroaryloxy,



WO 02/ 057201 PCT/ USO02/ 00-504 15 thioheterocycl ooxy, thiol, thioalkoxy,
substituted thioal koxy, aryl, aryloxy, heteroaryl, heteroawbgpgmgs

het er ocyQI02/05Met er ocycl ooxy, hydroxyam no, al koxyam no, PAaTIUSE2/00560- al Kyl ,
-SO substituted al kyl, -SO aryl, -SO heteroaryl, -SO2-alkyl,
-S2-substituted alkyl, -SO2-aryl apgl - SO2- heteroaryl. 5 The term

"al kyl ene" refers to a divalent (branched or unbranched) saturated
hydrocarbon chain, preferably having from1 to 40 carbon atons, nore
preferably 1 to 10 carbon atons and. even nore {l)@ef erably I to 6 carbon

atoms. Thi $hicketeropeclocaye el fhieslkdyy, spbsiipeedshionikesy nmsvhpizdore, hetoraaryy,,

et hyl ene ( R2CH2CH2 -

"ot ooy o B, BB Rl RP s e AR P s 1o an
al kyl ene gntityf),-Sossubgitiird dllahoRO-aryh) a¥ON@tcks2M, ISOLalkyE UDSS-kibsgats and
preferably ﬁo 3 substituents, selected fromthe group consisting of

al koxy, su rﬁ@@%&%;&pﬂ?@%@ﬂ kyl, substituted cycloal kyl,

--cycl-oal kenyl , - substituted cycl oal kenyl ,- acyl, acylam no, -acyl oxy, am no,

subst i tuted —anigg A %fefptagméﬁ%ggx 43 008GUhe 1Pl oY ane

hal ogen, hydroxyl, 15 I oket o, car , carbox
t hi oaryl ox}uydlloharbmeclmmmrqﬂembw havimg)fnexndrtodjbmhﬂmnw,tomm::odnﬁ ptéfemb]ykld:@y

substltute t hi oal koxy, . ro het.e aryloxy,

het er ocycl i 8,‘3 ;'?8]98 W&B’ moﬁ?/éﬁﬁg‘“{%@%\qg% Cﬂ%ﬁém thl SO al kyl,

- SO substi ¢ | pg(gu tt@@h

- S02- subst i ﬁlﬁlgh@d Igcf?/? - %E&)éhz;lrey ESI@JI @M#g%eélregar y?i‘ﬁAddl tionally, such

substi t ut eﬁr(@M@Wlmm%?(@ngas—%%@&dm&ﬁi{@fw{éﬂﬁ) andthedikiet uent s on t he
al kyl ene group are fused to formone or rmre cycl oal kyI substituted

cyFLoal o R SRR PSRBT P o BBRTERLE © ©

groups conhadifg fromem &b § ﬁlb@tlfdéﬁt@chﬂdl préfefibl ULt Sisbstifutartst @éléﬁte@ﬁ&ﬁ&h/d refers
to the groups -al kyl ene-ary and -substituted 25 al kyI ene- aré where

al kyl ene, gIS’HEtCPWﬁt@& 05@!4%& @ibglifytegralifoxyy ¢y al karyl

groups ar e an T "al koxy
refers to t e gro ﬁs%%t%#@gyag%?(%%gﬁ Mlcycgb %ﬁ%ﬂ,gﬁl‘m (Q:@%: oa enyl -
and al kynyamido, amineney]sdritinloacyddikse oy yamiayadyd alidp! cyailwphﬂggéighydroxﬂnd

15 keto, thibketo, carboxyl, carhoxylalkyl, thioaryloxy, thioheteroaryloxy,

thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl,
heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-
alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO;-alkyl, -SO;-substituted

_ - alkyl, -SOy-aryl and -SO,-heteroaryl. Additionally, such substituted alkylene groups

20 - include those where 2 substituents on the alkylene group are fused to form one or

more cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl,
heterocyclic or heteroaryl groups fused to the alkylene group. Preferably such fused
groups contain from1to 3 fused ring structures.

The term "alkaryl" refers to the groups -alkylene-aryl and -substituted
25 alkylene-aryl where alkylene, substituted alkylene and aryl are defined herein. Such
alkaryl groups are exemplified by benzyl, phenethyl and the like.

The term "alkoxy" refers to the groups alkyl-O-, alkenyl-O-, cycloalkyl-O-,
cycloalkenyl-O-, and alkynyl-O-, where alkyl, a]kehjrl, cycloalkyl, éyéidéﬂceﬁyl;'and



18 July 2005 WD 02/057201 PCT/US02/00504 16 allcynyl are as defined

herein. Preferred al koxy groups are alkyl-O and include, byqgyay 2005
exanmpl e w@eia%r et hoxy, n-propoxy, iSo-propoxy, n-but opyrikeldosist oxy,
sec- but oxy, n-pentoxy, n-hexoxy, 1,2-dinethylbutoxy, and the |like. The term
"substituted al koxy" refers to the groups substituted alkyl-O, 5
substituted al kenyl -0, substituted E@/cl oal kyl -O, substituted

cycl oal kenyl -O-, and substituted al kynyl -O where substituted al kyl,
substituted al kenyl, substituted cycloal kyl, substituted cycl oal kenyl and
substi t ut edn@hﬁo&an& défidderdef PRRegrdd ey gmuplarwe AIRYPO" ahdinkhidkbey " refers
to the groups -al kyl ene-0O al kyl, al kyl ene-O substituted al kyl, substituted
al kyl ene- ow@pxanﬁlesmbﬂlpmwﬂwmwwp@mrz@@wwub’éfexyafeﬂ V> wherein -
al kyl', subg al Iene are as defined
her ei n. Pre eﬁ%’g’g éé?‘aﬁykoxﬂ)%%}ggﬁgg&%e a b éne gé and include, by
way of exanple, nethyl enenethoxy (- CI—|ZOCH3) et hyl enerret hoxy ‘

et hyl eno- bt oxy (- G2 O G "“Wmﬁ’%‘if"*gfd’*?@‘@ The torm

U X e I Ke r
" ab kzl hi oantefed ?Jgf?@flsor wﬁ%@tﬁﬁﬁ)ﬁb’ k-efibsiguindgypelo eRflr‘glné‘n%-
substi t ut edyabily o u&g@ﬁtetthfr@ V\ﬁesbg?f%@{ﬂl sishidrePiIRersl 0ebidiead

al kyl ene- S— subst It substituted al kyl, al kyl ene
and subst i tutlealkyl, kqbs&hﬂe(hm}&lcaﬂcedﬂandedbsthmémkynﬂm‘éesdﬁhedlhepdlm hi oal koxy
groups are al kyl ene-S-al kyl and include, by way of exanple,

nmet hyl enet hi onef hox 2 . et h net hi one X
n- pr opyl ene-i so- 't%'ﬂ %&&BQYO—Q%}%&%H ;l?'()f I}é ta%%’gzlfji%ﬁ???l obut oxy
(- CH2SC( Ck@sﬁiut@d‘ﬂk&h @uﬂsh&ﬁed AR et LMk e Ritbstinited 8lk§ldne-Rsubtiaied ent  of

a branched or unbranched unsaturated hydrocarbon group preferabl havi ng

fABm 2 to 4&)’1:%(}1@@111 akplrsubshiites aligyleglisylang %ﬂdzsutbétl d@ék}ﬂ@m age ahde even
nore prefe referably
from,1l-6 é‘ 4%1 %&%ﬁfﬁ@éﬁ@%ﬁ&ﬁﬁ glllgﬁgfler re 1%1@219 bé"g%}gsipl ncl ude
et henyl (- ckirfpte) methyRheReMyky (- Gf@@ﬂ}gj%ihyw@mam@pe{mzcmomg n-
propylene-iso-propoxy (-CHCH,CH,OCH(CHj),), methylene-z-butoxy (-CHz-O-
C(CHa)3) and the like.

15 . The term "alkylthioalkoxy" refers to the group -alkylene-S-alkyl, alkylene-S-
substituted alkyl, substituted alkylene-S-alkyl and substituted alkylene-S-substituted
alkyl wherein alkyl, substituted alkyl, alkylene and substituted aikylene are as defined
herein. Preferred alkylthicalkoxy groups are alkylene-S-alkyl and include, by way of
example, methylenethiomethoxy (-CH,SCH;), ethylenethiomethoxy (-CH>CH>SCHz),

20 n-propylene—iso-tbioisropoxy (—CH2CH20H23CH(CH3)2), methylene-z-thiobutoxy (-
CH,SC(CH)s) and the like. |

The term "alkenyl" refers to a monovalent of a branched or unbranched
unsaturated hydrocarbon group preferably having'ﬁfom 2 to 40 carbon atomns, more
preferably 2 to 10 carbon atoms and even more preferably 2 to 6 carbon atoms and

25 baving at least 1 and preferably from 1-6 sites of vinyl unsaturation. Preferred
alkenyl groups include ethenyl (-CH=CH,), n-propenyl(-CH,CH=CHy,), iso-propenyl
(-C(CH:)=CH), and the like. |



(- C(CH3)=Cl112), and the like. 18 July 2005 WO 02/057201 PCT/ US02/ 00504 17

The term "substituted alkenyl" refers to an al kenyl group asiglghiynedsabove
.havi ng fwomepstor 5 substituents, and preferably 1 to 3 s®OItUsereesds,

sel ected fromthe group consisting of al koxy, substituted al koxy,

cycl oal kyl, substituted cycloalicyl, . cycl oal kenyl , substituted

cycl oal kenyl, acyl, acylam no, acyl o}<y, am no, substituted 5 am no,

am noacyl , am noacyl oxy, oxyani noacyl, azido, cyano, hal ogen, hydroxyl,
ket o, thioketo, carboxyl, carboxylal kyl, thioaryloxy, thioheteroaryl oxy,

t hi ohet erocycl odhe terhisubstituthd elekd yefers i sn plkgnddretn adefiord abasiey| |

aryl oxy, heteroaryl et.er.oaryl ox etLer |iC,e: er

i oyarm B8V ETIER ] AeosREr o nep R P S sl pAGHELBGe
-SO-aryl, g%&ﬁwnefs@@grufralko@amaﬁm&d alk G2 cydlbak 1 sibetuidd Bicloglicyl - SO2- ar y|
and -S02-heteroaryl. The term "al kenyl ene” refers to a divalent of a

branched ocyelapkemndnudstituicd sydpalkenrylinpyl sedansne. ge o9 srire sabiutedyi ng

—from-2-t0 - .car . nr . .10 - C \F and even -
mofe or of er atS T RoRL WindliG REFARIBR, £1d8 ool RO, BGBRETNC VP
f r'ohm 1-6 sifl}deﬁﬁ lﬂﬁcfakstd»,ra;yibouyb?drb@ﬁﬂi}laﬂ, ﬂﬂ'dsdrlﬁlokﬁ,rthidhsteicﬁr%mey;pl ified by groups
such as et henyl ene (-CH=CH),.the propenyl ene. i somers (e.qg., ,-CH2CHCH
and - C( CH3)th—4€ﬁP foﬁ)‘fé‘)‘f?‘lfi’eﬂ!l‘i’lk@.maﬁ%?’t ﬂ%ﬁ‘r‘ Echrgh E@ﬂWeh%meBil’er s to
an al kenyl ' ' 1 ituewis, and
y %?Fer(glrrﬂd?)&a}%tegﬁ%’kﬂﬁ %ete?&??ﬁogg,ﬁiggﬁé%&%& all@xyaritiBShito LS

preferably from stituent fromthe” group consisting of
al koxy, sulafityilt-8Oeshbalitktmd\alkyt,y-8 Demyk y$ Q-H2Groanpk +3 O1ralill, e§Ot-odiskintcd

cycl oal keny| , .substitut.ed, cycl oal kenyl, acyl, acylam no, acyloxy, am no,
suBstitut 'eéh‘é’llei“g& 'a%aﬁgé%@ ‘l}et%rﬁi”ﬁiacyl oxy, oxyam noacyl, azido, cyano,

hal ogen, hydroxyl, keto, thioketo, carboxyl, carboxylal kyl, thioaryl oxy,

thi ohet er oaryl oxhe b OMEINGIASYRERIYVa divhieht of 4 YaRdlc @¥ YmbaH&Rdi t ut ed
t hi oar koxy, aryl, aryloxy; heteroaryl, heteroar Io§y, het er ocycl i c,

het er Of, ycl @GWETaﬁ’lﬁdwldwavbpn @,rou'm)raﬂer@bir?ybaﬁmmﬁom 00 cagppnggteaps, more
- SO i - SO - SO ) :
- S0 2-S g u Ets!t :plfj %ﬁ%’ag{ajf%) 0 caﬁ?@%&%?ﬁ/fm‘gﬁvg n%éi% %ﬁéet&é‘ Pg[afﬁ% c%h%?%tlnglﬁ ar 11 y, such

having at least 1 and preferably from 1-6 sites of vinyl unsaturation. This term is

15 exemplified by groups such as ethenylene (-CH=CH-), the propenylene isomers (e.g.,
-CH,CH=CH- and -C(CH;)=CH-) and the like.

The term "substituted alkenylene" refers to an alkenylene group as defined
above having from 1 to 5 substituents, and preferably from 1 to 3 substituents,
selected from the group consisting of alkoxy, substituted alkoxy, cycloalkyl,

20 substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino,
acyloxy, amino, substitited amino, aminoacyl, amiﬁoacyloxy, oxyaminoacyl, azido,
cyano, halogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryl_oxy,
thioheteroaryloxy, thicheterocyclooxy, thiol, thicalkoxy, substituted thicalkoxy, aryl,
aryloxy, ﬁetero aryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydxo_xyamino,

25 alkoxyamino, nitrc;, -80-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO»-
alkyl, -SO,-substituted alkyl, -SO»-aryi and -SO,-heteroaryl. Additionally, such
substituted alkenylene groups include those where 2 substituents on the alkenylene
group are fused to form one or thore cycloalkyl, substituted cycloalkyl, cycloalkenyl,
substituted cycloalkenyl, aryl, heterocyclic or heteroaryl groups fused-tothe =

30 ‘alkenylene group.



substituted alkehylene groups include those where 2 substituents on the
al kenyl ene group are fused to formone or nore cycl oal kyl, ?ybél&'zwfed

cycl oal g o2/08¥%k 0al kenyl ,  substituted cycl oal kenyl, ar Yoy, %ﬁ,&%yc ic or
het eroaryl groups fused to the 30 al kenyl ene group. 18 uﬁf

02/ 057201 PCT/ US02/ 00504 18 The term "al kynyl" refers to a nonoval ent
unsat ur at ed hydrocarbon preferablylBaving from2 to 40 carbon atons, nore
preferably 2 to 20 carbon atons and even nore preferably 2 to 6 car bon
atons and having at least 1 and preferably from 1l-6 sites of acetyl ene

(triple bond) WEH:E %ﬂ:ﬁﬂz‘l" P&&§%£%n@bﬂ¥ﬂﬁhszﬁﬁﬁwﬂ%ﬁmd§£ﬂdﬂde et hynyl
(-G-CM pr %W-CHIC and the |like. The term™"substituted al kynyl"

refers to m ngyfrony. astidefbonedomyavae pha’wahb' 3 t002ﬁ darlpan Homs

bstit d f 1.t 3 hstit { f th
Sone st T’ﬁ%ﬂ@fe‘f%}”ﬁne ¢ SRS 0 GLlmdnr iR A T ety g 9" o1
cycl oal kylfrom ¢y&dines ok esstylens@hple botll Pehseiviedtionl B?iaémlred Q]ﬂ‘(yhyl @a&usam no, ‘

—acyl oxy, am no, substituted 10 ami no, am noacyl, am noacyl oxy,

ofyam noacgtdludeﬂhWI (€yrid), pt@arg;éﬁ-ﬁhﬁbﬁ@ﬁydndth«hk& t hi oket o, carboxyl,

car boxyl al kyl , thi oaryl oxy, thiohet eroaryl oxy, t hi ohet erocycl ooxy, thiol,
t hi oal koxy, su tute [0):4 | ox het er.0
het er oar yl oxy, %%Mb WWBW HSEH%% P8¥§ ani no,

hitro, - S@avﬁglﬁﬂm 11§@sﬁb§@§ﬁdnwhﬁtﬂ @lféfxm 1't§@sﬁ5§ﬁmem§@efé@ﬁe&'ﬁ%i He:
- SO2- aI kyl 2-substituted 15 aE % ar and -SQ2- heteroaryl. The

term"al kwpmsmﬁ@g ef dkoxy, aulptifuie aikoxmgaelu haubsy@tgtequﬂqﬁr eferably

having fr pr.ef er.abl to 10 ca tonms and
even nor bk AR S OTReR i RET AR ks er Sh O

poef er abl wifiig mrﬁn&cyg ial@SoalfloR e ebxyheii®alll b6 J9ans]halopeatiydeddydn.
Preferred_al k nyI en s 1 nclude 20 ethynylene (-C=C-), propargyl ene

(- CH2C=C- Jetgn om%g ls)'ﬁ%fbf)?@r‘lﬁlky]s tyeryloxy ctidicroyeRrIONE’ refers to an

al kynyl en mnélc o and

pr ef er abl @gﬁ%&%@u@g Pﬁuéﬁ?g%i@s/@l’ gl&sgﬁﬂe{i{rhgm x&, g dg‘#agi%m s?‘gﬁ'ﬁl

al koxy, stbistdakylbey Hetdovyylichetdroaldiooky, Brdbsttaiiihe dikoxyamino, nitro, -SO- '
alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO;-alkyl, -SO,-substituted

15 allcyl, -SO,-aryl and -SO;-heteroaryl. ' -

- The temm "alkynylene” refers to a divalent unsaturated hydrocarbon preferably -
having from 2 to 40 carbon atoms, more preferably 2 to 10 carbon atoms and even
more preferably 2 to 6 carbon atoms and having at least 1 and preferably from 1-6

_ _ sites of acetylene (triple bond) unsaturation. Preferred alkynylene groups include
20 “ethynylene (-C=C-), prbpargylene (-CH,CZ=C-) and the like.

The term "substituted a]kynylene“ refers to an alkynylene group as defined

. above having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected

- from the gfoup consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino,

25 substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, ¢yano, halogen,

hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thiohetercaryloxy,
thicheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl,

| heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino; nitfo, *SO-



cycl oal kyl, cycl oal kenyl, substituted cycl oal kenyl, acyl, acylam no,

acyl oxy, amno, 25 substituted am no, am noacyl, am noacyl oxyg july 2005
oxyam no&oy2/oszei do, cyano, hal ogen, hydroxyl, keto, thipghatsazesas boxyl,
car boxyl al kyl , thioaryl oxy, thioheteroaryloxy, thioheterocyclooxy, thiol,
t hi oal koxy, substituted thioal koxy, aryl, aryloxy, heteroaryl,

het er oaryl oxy, heterocyclic, het erocagl ooxy, hydroxyaniino, al koxyam no
nitro, 1'SO 18 July 2005 WD 02/057201 PCT/ US02/ 00504 19 al kyl,

-SO substituted al kyl, -SOaryl, -SO heteroaryl, -SO2-alkyl,

. - S02- subst idlgleGO-attsiituted HOR; HObranSO- SR o1, 08 Oaallyl, -Fide stikstintidcy| "

refers to the groups HC(O,-, .al kyl-C(O -, substituted alkyl- C(O-,
cycl oal kyl -a@(%‘-%?&ﬂsﬁnﬁt"épé'&e@mal kyl -C(O -, cycloal kenyl-C(O , 5
substituted cycl oal kenyl -C(O -, aryl-C(O-, heteroaryl-C(O- and

heterocyclic- C( Qe (WheF £y ks 1o3HE SHdub HEOR! KaVibyl- G, Qabdtitlted sithst | t ut ed

cycl oal kyl 2§cloalken |, substituted cycloal kenyl ,” aryl, heteroaryl and
A, syeloaliphk-C((), swbstitnted cyhloalkpk-G(Oncgickuillraayl-6X0)-ani nocar bonyl "

refers tot ro - N er h IS I endently hydr n,

al Ryl subsﬂqlgsttg’t‘tg‘g ggﬂ%@wﬁ-@f)}‘@ (O 95?0%‘[&?@5@%"?@%?’%83’%"”@@3? e both
R groups argher@hlker sﬁ&ﬁﬁﬁédﬁlﬁylb@%@ézﬁﬁjﬂ?édbﬁﬁﬁfeﬁ clogik§, cyRaIRERY1 No) wherein
al kyl, substituted alkyl, aryl, heteroaryl and heterocyclic are as defined
her ei h.  Theubsiwed aysloRllamyl arylohelproaryd andbetgosyelic. aper dyfaciberaneach R i o

I ndependent |y hydrogen, alkyl, substituted al kyl, aryl, heteroaryl, or

heterocyclic 1 e E: ko7 orsHRhd :}t.%H} " h A8k yl and
het er ocyclic ar grh\gs} efﬁ{&Xe (%lue(r)IZi n. eogglr %ﬂéﬁnﬁbr%%%ﬂugx;e/k@)r
" al koxycar lydreyd eaeh Rois inddpendently hiytieggn,cilipy]-subiE( ()i QRoydf @y heeearR i S
i ndependent |y hydrogen, alkyl. substituted alkyl, aryl, heteroaryl, or
héf er ocycl hethrar s %ﬂé{h?{g poth, sEaups gedamss k3 forzg W?mﬁ&l@r%awy%-%m 20
het er ocycl inGrAhQirRds wiefdil Rkifited Dy &N % iR 1k € groups
al kyl -C(O O ,rﬁléubs?i t ut edgg?,‘tl!gl?- C(%%%E?’%{ydl ggb%y - d(%eg }z:tl}bg%eiqtgut ed
cycl oal kyl deﬁl@)cths;reiar yl -C(O O, heteroaryl - ' |

The term "aminoacyl" refers to the group -NRC(O)R where each R is

independently hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, or heterocyclic
15 wherein alkyl, substituted alkyl, aryl, heteroaryl and heterocyclic are as defined

‘herein.

The term “aminoacyloxy” or "alkoxycarbonylamino” refers to the group -
NRC(O)OR where each R is independently hydrogen, alkyl, substituted alkyl, aryl,
heteroaryl, or heterocyclic wherein alkyl, substituted alkyl, aryl, heteroaryl and

20 heterocyclic are as defined herein.

The term "acyloxy" refers to the groups alkyl—C(O)O-, substituted élkyl—
C(0)O-, eycloalkyl-C(0)O-, substituted cycloalkyl-C(0)0-, aryl-C(O)O-, heteroaryl-
C(O)O-, and heterocyclic-C(0)O- wherein alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, arvl, heteroaryl, and he.terocyclic are as defined herein.

25 _ The term "aryl" refers to an unsaturated raromatic carbocyclic group of from 6
to 20 carbon atoms having a single ring (e.g., phenyl) or multiple condensed (fused)
- rings (e.g., naphthyl or anthryl). Preferred aryls include phenyl, naphthyl and the like.



C(O O, and heterocycli c-C(O)O- wherein al kyl, substituted al kyl,
cycl oal kyl, substituted cycl oal kyl, aryl, heteroaryl, and hﬂ;_qmggngg! c are

. as defi wagogrmin. 25 The term"aryl" refers to an unsatpgpheseaiQmatic
car bocychc group of from6 to 20 carbon atons having a single ring (e.g.,

phenyl) or multiple condensed (fused rings (e.g., naphthyl or
anthryl)..Preferred aryls include phenyl, naphthyl and the like. 18 July
2005 WD 02/057201 PCT/ US02/ 00504 20 Unl ess otherw se constrained by the
definition for the aryl substituent,. such aryl groups can optionally be

substituted w tinfsosmbrwiee GnStidaiéd bpevidefinfionlfor blayyl kubfituedt, Sidlst i t uent s,
sel ected fromthe group consisting of acyl oxy

hydr oxy, thiol, aryl,

al kyl , al k¥ eroupscamaptioppliy/hrsubsigiped yehidrpm fcswcfl @&sﬁ%‘ﬁw,, prefgebly {Eﬁ ed
al kyl, su i 5 i : i nyl ,
Subst | 1 ut oLy E rptet o TGN Uil (Rl SOSIAYER BV
ami Bo, fanjamfdpa/lkoxwaﬂieam, atcyngl, kwig‘dlkylmyy:loalleanyl _L,Quystituted :aﬂtgl, sutatitmed/| | ’
—carboxyl al kyl , cyano, 0, .nitro, heteroaryl,. heteroaryl oxy, . SRR

hét er ozym XY @PB%?/@%%, ERAH gebql@xﬁﬁﬁwwe@fzﬁw L, %ﬂﬁﬁf&aieéoxy,
substitut ' ki , | t ¥ho
°S0 al kyl %%%-Egdﬁggﬂf ?‘?’ﬁ‘%"éé‘t‘“ﬁﬂﬁﬁf‘?’*@%‘é ﬁ‘%&??@f‘ Rk ity AL Aoy ol kyl
- S2- substazidat eatbakytarbe:S0dkyr stano; 108, wikeo redaroatyl, batetbaryloisal onet hyl .
Preferred . aryl substituents include al kyl, al koxy, halq, cyano, itro,
r1 hal onediACsZG HeBaTARRY: SHAGs LV, oy iAo, Brekod supHinfoup
aryl - O WhfogikBxl hBidaiibx HaHRe it affoxyd&h A8d 1 Ake) qibsREtdadingg, -ap).i onal |y

substituted aryl  groups as al so definéd above. 15 The term™aryl ene"

rléf er s t o aye-SP-hateernryld ¥Oralliyl +SPa-subylitufadredkyldiS(y-aub s3I0+ batedaat y| )  as
defi ned above.and i X lified b 2- phenyl ene - enyl ene,

1° - pheny 1t cigomefy BB bty eiie RIS ol FR YR et o s o the
group - NHaigrd,REhilef@hys Uhdthibbikegy.am no” refers to the group -NRR where
each Ris 20 i-ndependently selected fromthe group consisting of hydrogen,

al kyl, substituted alkyl, gycloalkyl, substi tut ed cycl oal kyl , _ al kenyl,
substituted al kdmyterm carylasy! kadery lto theguein ayirOs vheyein g qaskgrpup iRy nyl |

substi tut eflsald S0 inciBlith opfi&il-Ry2absHmtBR 9oyl groups as also defined above.

15 The term “arylene” refers to the divalent derived from aryl (including
substituted aryl) as defined above and is exemplified by 1,2-phenylene, 1,3-
phenylene, 1,4-phenylene, 1,2-naphthylene and the like.

The term “amino” refers to fhe group -NHj.

The term “substituted amino” refers o the group -NRR where each R is
20 independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, cycloalkenyl,
substituted cycloalkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl and
heterocyclic provided that both R’s are not hydrogen.

The term “carboxyalkyl” or "alkoxycarﬁony " refers to the groups "-C{(0O)O-
25 alkyl", “~C(O)O-substituted alkyl”, “-C{O)O-cycloalkyl”, “-C(Q)O-substituted

| | cycloalkyl”, “-C(Q)O-alkenyl”, “-(0)O-substituted alkenyl”,“-C(0)O-alkynyl” and -
C(O)O—substimted alkynyl” where alkyl, substituted alkyl, cycloalkyl, substitited



het erocyclic provided that both R s are not hydrogen. The term
“carboxyal kyl - or "al koxycarbonyl" refers to the groups "-C({9 $dy2b05

al I cyl " , wH-000€p6> substituted al kyl", "-C(O O cycl oal kyl " perusozoosos
"-C(O) O substituted cycloalkyl™, "-C(O O al kenyl", "-(0O O substituted
al kenyl","-C(O O al kynyl" and "- C(O 0O substituted al kynyl" where al kyl,

substituted al kyl, cycloal kyl, subst fluted 18 July 2005 WO 02/057201

PCT/ US02/ 00504 21 cycl oal kyl, al kenyl, substituted al kenyl, al kenyl and
substituted al kenyl are as defined herein. The term "cycloal kyl" refers to
cyclic al kylycigalyhalkehylf subatiRitdduliZdyt alibag] art oibstittdialigng] stnglefitdc! i c
ring or multiple condensed rings. Such cycl oal kyl 5 groups include, by way
of exanpleﬁe§mﬁgle ring structures such as cycl opropyl, cyclobutyl,

cycl opentyl, cyclobutyl, and the like, or multiple ring structures such as

adamant anyl , aneychgn] *@@loa@?’l&%ﬂo"%ﬁéEl.kﬁj%xgﬁ?és: Qe 3k |2¥) cﬁﬂ%ﬁr s to

cycl oal kyl groups having from1l to 57subst and preferably | to 3

~substi t uentmssving esingle opwlidwEngeoupltiptewindtnsed ringp  Sichadyklmalkyl subst i t ut ed
al koxy, cycloal kyl.. . substituted cycl.oal kyl, cycloal kenyl . substituted
YT onl kempFouts iyt By Maiioh Sty YR THERRSESS Lgh FAERPERD ho,
ani noacyl , cQabREFE KyaYont AXKRBRBACHU, theBksl Or nidt@HE rinBakBERRs shHsOXY!
keto, thi o%?@ca#bo%ﬁfﬂ}%r bo%l al kyl , thiIoar?“lﬂog},E t hi ohetseroaryl oxy,

@ 1)

t hi ohet er o@J&PyBRYy], and e.t hi oal koxy, substituted thioal koxy, aryl,
acyl oxy, heteroaryl, heteroaryloxy, 15 heterocyclic, heterocycl ooxy,

hydr oxyam no, a A . OLET Sk l,, - |t I

-SO aryl, - SO he?é%%ﬁ{nsg&pggsé gﬁo ‘ﬂ%&& W&%%&%ﬁ?@%é@i}%%%%x tgr yl and
- S02- het er Sanpidtituchte ahé proferadlg|1aaBkabytitierts; fselestet Grony el g dodBidtingr oups of
from4 to Zggiarbon atons_having a_single cyclic ring and_at | east one

péfnt of iA Y, subrdidyied alkpsn cydloalisth spbsituted cxqloaliap) evedqadiemal. kenyl groups
i ncl ude, f e ts , | opent -.3- Gy cl ooct - 3- |
and the 11 PosRGPRoalRHEL S, SrSLEMAG, goy kT, BRER! subsBla i P00 0T

and the |i term”s ers to cycl oal kenyl
gr oups havemgpndacyliraminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto,

thioketo, carboxyl, carboxylalkyl, thicaryloxy, thioheteroaryloxy, thioheterocyclooxy,
thiol, thioalkoxy, substituted thioalkdxy, aryl, aryloxy, heteroaryl, heteroaryloxy,

15 heteroc};clic, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-
substituted alkyl, -SO-aryl, -SO-heteroaryl, —SOz~all_{y1, -50;-substituted alkyl, -SO,-
aryl and -SO;-heteroaryl.

The term "cycloalkenyl” refers to cyclic alkenyl groups of from 4 to 20 carbon
atoms having a single cyclic ring and at least one point of internal unsaturation.
20 ~ Examples of suitable cycloalkenyl groups include, for instance, cyclobut-2-enyl,
cyclopent-3-enyl, cyclooct-3-enyl and the like.

The term "substituted cycloalkenyl" refers to cycloalkenyl groups having from
1 to 5 substituents, and preferably 1 to 3 substituents, selected from the group
consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl,

25 cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted
amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl,
keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy, -
thioheterocyclooxy, thiol, thioalkoxy, substituted thi'ba]icbxy, aryl, aryloxy, héteféaryl,




| to 5 substituents, and preferably |I to 3 substituents, selected fromthe
group consisting of. al koxy, substituted al koxy, cycl oal kyl , 18 g 2ob4it ed
cycl oal Wy o20820gyCl 0al kenyl , substituted cycl oal kenyl, a@@ms@ﬁm @m no,

acyl oxy, am no, substituted am no, am noacyl, am noacyl oxy, oxyam noacyl,
azi do, cyano, hal ogen, hydroxyl, Kketo, thloketo car boxyl, carboxyl al kyl,

t hi oaryl oxy, thioheteroaryl oxy, th?%heterocyclooxy t hi ol , thioal koxy,
substituted thioal koxy, aryl, acyloxy, heteroaryl, 18 July 2005 WO

02/ 057201 PCT/ US02/ 00503 22 heteroaryl oxy, heter ocycl ic, heterocycl ooxy,
hYdr oxYanpe@rodk ey yiaiér ch@'ﬁe‘i:&oc cﬁ%‘x h¥dfbxyamdfd,Sdies alﬂﬁi@%lt?d kgO-
-SOCaryl, - Soﬁgt e?oar yP@y Y -ygo};dtsubstl t'ut ed 4 al ky -S2- aryl
and - S02- Hdds-S41-5ubstitpkes ‘ctﬂé}rlmSQwMYz) S@rhetﬁmlﬂﬁ’é}eﬁ%ﬁgﬂér§%§ub$t%ﬁeé chl oro,:
brono and j| e aryl" refers to an aromatic group of from
1 to 15 capgghsogt%ﬁsmg 561141 Zilrsﬁet eroatons sel ected from oxygen, ni trogen
and sulfur within at least one ring (if there is nore than one ring).
~Unl-ess—ot-herw sghecoms thiadherd' bl gédarefted tonfldore chies, bidvendwiddodar vl e
substituent, such het eroaryl groups can be optionally substl tuted with 1

to 5 substltuents r ef er 1 to 3 substituerF]Lf[s, iel fromthe
gPoup consi sti gt t‘?ﬁ? %ggfnar?qq%?gmggy OF} al kenyl ,
1 n‘hﬁl@&&@' koxy,

al kynyl , cdy&dl@ﬁwy{o4ﬁé&eﬂoa@nﬁ%l&mdmak %Egbst . ?&y hnd snﬂfﬁ?%

substltut ed al kenyl, substituted al kynyl, uted cycl oal kyl,
substi t ut @demgl(ﬁahérewhpreﬂhamonemg)stl tuted ami no, ami noacyl, acylam no,
al karyl, aryl, aryloxy, azido, carboxyl, carboxylallcyl, cyano, hal o,

nitro, het er oar het er oar ete acycl.i elerogyc

ami noacy! oxy, é@%ﬁ?ﬁ%ﬁﬂ”ﬁ& Onst%iuifquyo% é’ﬂfﬁé’? F?r&{l% et[eﬁqagé% %%%&t

t hi oaryl oxyech hdtb@aBi efd Pg Mww@pu&%ﬁhmshme@@mattbstsutbuﬁte@htal kyl,
-SOaryl, -SO heteroary kyl, -S02-substituted al kyl, - SOZ aryl,

182- het emsefessblahtd 3 WHSEWGW@I Wctedpfr@ﬁ éhq geup consisgngafiacyiony.duidsetude

et ot oar yitg Singe e aB¥RG R Bflrmid, cDAGAREL BYdioaRifin b o SUCE
mul tiple @ﬁb\ﬂﬁﬁt&@d}kﬁkﬁg&bﬁﬁm@d a]kbﬂﬂpkﬂb‘étlﬁiféd alﬁynﬁestlbﬁﬁmalnyb])oaﬂd?ﬁ eferred

heteroaryls i hcl ude pyri pyrrolyl and furyl.
substituted cycloa eny ammo substituted amino, aminoacyl, acylamino, alkaryl,

aryl, aryloxy, azido, carboxyl, carboxylalkyl, cyano, halo, nitro, heteroaryl,

.15 heteroaryloxy, heterocyclic, heterocyclooxy, aminoacyloxy, oxyacylamino,
thioalkoxy, substituted thioalkoxy, thioaryloxy, thiobeteroaryloxy, -SO-alkyl, -SO-
substituted alkyl, -SO-aryl, ~SO-heteroaryl, -SO,-alkyl, -SO,-substituted alkyl, —SO;_~
aryl, -SO,-heteroaryl and trihalomefhyl. Preferred aryl substituents include alkyl,
alkoxy, halo, cyano, nitro, trihalomethyl, and thioalkoxy. Such heteroaryl groups can

20 havea single ring (e.g., pyridyl or furyl) or muitiple bﬂnden-sed rings {e.g., indolizinyl
or benzothienyl). Prefei;red heteroaryls include pyridyl, pyrrolyl and furyl.

The term “hetercaryloxy” refers to the group heteroaryl-O-.

The term “heteroarylene” refers to the divalent group derived from heteroaryl

(including substituted hét@roaryl), as defined above, and is exemplified by the groups

25 7 2,6-pyridylene, 2.4-pyridiylene, 1,2-quinolinylene, 1,8-quinolinylene, 1,4-
| benzofuranylene, 2,5-pyridnylene, 2,5-indolenyl and the like.



The term "heteroaryl oxy" refers to the group heteroaryl-O. The term
"heteroarylene” refers to the divalent group derived from hejgelaabyhs

(i ncludiwg mobrbdituted heteroaryl), as defined above, ancedBuesessli fied by
the groups 25 2,6-pyridylene, 2,4-pyridiylene, 1,2-quinolinylene,

1, 8-quinolinylene, 1,4 benzofuranyleag, 2, 5-pyridnyl ene, 2,5-indol enyl and
the like. 18 July 2005 WD 02/057201“PCT/1JS02/ 00504 23 The term

"al kheteroaryl" refers to the group -al kyl ene-heteroaryl where al kyl ene
and heteroaryl are as defined herein. The term "al kheteroaryl ene” refers to
t he group - al kyllBwredeinetdkluderpigiiacinendhe gicapl-eltglecandectredayiodheort ene are as

defined herein. 5 The term "heterocycle" or "heterocyclic" refers to a
nmonoval ent a@%’ﬁ?ﬂe@g&‘etm%?ﬁ‘gﬁgﬁﬁ Thaving a single ring or multiple
condensed rings, from1l to 40 carbon atons and from1l to 10 hetero atons,

preferably 1 to Fheheherptdbaryipbesrd§s o the Qo Iamgg%h&étb&grene ggphor us,
and/ or oxygen within the ring. Unl ess otherw se constrai ned by the

~def i-ni-t-i-on-alkylenetaad hetcepasylpes tte as dpEngdthgsein, 10 such -het erocycli c groups
can be optionally substituted with 1 to 5, and preferably 1 to 3
i tuted
|

t [ t t y " " .r . f
2 Boxy. - Coyel oantpreit HABEAAR B BUBEREN Htehio SmBickibhe s L{ oq
cycl oal kenyhsataidd, grogeiydvaig nsingRaitgax youldplcvondaisbd tinps) tfath o 4D,

am noacyl, am noacyl oxy oxyam_ noacyl, azi ano, hal ogen, hydroxyl,

o, C
keto, thi o&8n afoR qmiéoéarhsmafawwrﬁgeﬁhlﬁﬁﬁy Aoiserogtpms slegicdar yI oxy,
t hi ohetero .t | k%’% ' | oal koxy, aryl,
acyl oxy, hg%bgdr oar éfr,[’ SEleftﬂllé ](:)1% yglgify, (gtog?%égflﬁt%%‘%ﬁgﬁ%?érocycl 00XY,

hydr oxyam no, al koxyam no, nitro, -SO al kyl, -SO substituted al kyl,
-SO aryl, - SO hélmdessatherwise 0Rstraired|by the@girmtites fortthe betemickglic, subSi@emdyr vyl and

- - het | . Such het 11 h I ngl '
Pt 1 plle. COREIRTETe Emtze cappepero Bl i iR SR B fePladroandri no.
pi per i di Ny sy, sickid froBX eIk, hsifing OLARoAL kAL HEA TRod

heteroaryls include, but are not linmted to, pyrrole, imnmdazole, pyrazole,

pyri di ne, pydlestkesubstituiedesicinalkybyayclvalkend, substituted cycloalkenyl, acyl,
acylamino, acyloxy, amino, substituted amino, aminoacyl, aminoacyloxy,
oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo, carboxyl,
15 carboxylalkyl, thicaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy,

substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic,

heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl,
_SO-aryl, -SO-heteroaryl, -SO-alkyl, -SO,-substituted alkyl, -SOp-ary! and -SO;-
heteroaryl. Such heterocyclic groups can have‘ a single ring or multiple condensed

20 rings. Preferred heterocyclics include morpholino, piperidinyl, and the like.

Examples of nitrogen heterocycles and heteroaryls include, but are not limited
to, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine,
indolizine, isoindole, indole, indazole, purine, quinolizine, isoquinoline, quinoline,
phthalazine, naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine,

25 carbazole, carboline, phenanthridine, acridine, phenanthroline, isothiazdle, rhenazine,
isoxazole, phenoxazine, phenothiazine, imidazolidine, imidazoline, piperidine,
piperazine, indoline, morpholino, piperidinyl, tetrahydrofuranyl, and the like as well

1

as N-alkoxy-nitrogen containing heterocycles.



i ndol i zi ne, isoindole, indole, indazole, purine, quinolizine, isoquinoline,
qui nol i ne, phthal azi ne, napht hyl pyridi ne, qui noxaline, qU|nﬁ;9qugos

~ ci nnol i MO opaseraidi ne, 25 carbazol e, carboline, phenanthr pdifiQe2/d&64 di ne,
phenant hrol i ne, isothiazole, phenazine, isoxazole, phenoxazine,
phenot hi azi ne, i m dazoli di ne, |n1daz§4|ne, pi peri di ne, piperazine,

i ndol i ne, norpholino, piperidinyl, rahydrofuranyl, and the |ike as well
as N-al koxy-nitrogen containing heterocycles. 18 July 2005 WD 02/057201
PCT/ US02/ 00504 24 The term "heterocycl ooxy"” refers to the group

het er ocycl i c- O The Térm Tt&tmd&btﬂoaja’étﬁr@&ythle(g@m;ﬁ'hdtﬁbey(ﬁict(c}-.t he group
heterocyclic-S-.  The term "heterocyclene" refers to the dival ent group

formed froma h ocy.c asdflned erein, and is exenplified by the
groups 2, 6- mor pﬁh eﬁBly i?og‘:’te‘{oc?‘nc ASPHHBISFSHS tﬁ‘?]gmﬂlﬁéleﬁrwcpg‘ﬁé term
"oxyacyl am no” or "am nocarbonyl oxy" refers to the group - OC(O) NRR where

each Ris |ndep@'ﬁ§'ﬁ%ﬁd‘¥m&¥&*y@&ﬁ@’ refér&dtheﬂ%féﬂt?ﬂ% Cfo%&i’ﬁ‘omaaryl

-het-eroaryl-, het er ocycli c "wherein -al kyl, subs uted al kyl ,- aryI
het er oaryl %tmcwietaérd@ﬁy@d heseiny andis cyemplifaal bietheignoups®, GRmemimiin, 2,5-

" §pi r.o- attﬁg&%ghﬁg%%g@]a%hgr oup” refers to a cycloal kyl group attached to

anot her ri'ng*via o atom common to both rings. The term"thiol"
refers to the group -SH The term "t hi oal koxy" refers to the group

-S-al kyl . The t Ehencimuiosiadyldnsido bi ‘RalikevaybonyhbET Seft th ke SHAHP
-S-substi té&gg al k |. 15 The_term "t hi oaryl oxy" refers to the group aryl-S-
wher ei n t H vohee pachdt is indenendentiydydeozencalkids supstpredoiiayll gryl,

substi tut %t@}[, lg; a T erm " oaryl oxy"
refers to the g ouﬁ et e"ygar yﬂ&fgw%lf gﬁ)\éﬁ?ﬁ%dq%lf élgp(l)’aﬁreg%rg %lﬁnﬁl is as

def i ned abwéwocyunticudé agdefpicd halid.y substituted aryl groups as al so defined
above. 20 As to any of the above groups whi ch cont ain one or nore

substituents, it | yndersto of rse, t such s do not contain
altqy substituti o#%%“?uﬁ@?‘?“ ﬁ?‘iﬁﬁﬁcydoaﬁﬁy group” re fors toacyc d qETO“P

attached to another ring via one carbon atom common to both rings.
The term "thiol" refers to the group -SH.
ﬂc term "thioalkoxy" refers to the group -S-alkyl.
The term "substituted thioalkoxy" refers to the group -S-substituted alkyl.

15 The term "thioaryloxy" refers to the group aryl-S- wherein the aryl group is as
defined above including optionally substituted aryl groups also defined above.

The term "thioheteroaryloxy™ refers to the group heteroaryl-S- wherein the
heteroaryl group is as defined above including optionally substituted aryl groups as
also defined above,

20 As to any of the above groups which contain one or more substituents, it is
understood, of couxse, that such groups do not contain any substitution or substitution
patterns which are sterically impractical and/or synthetically non-feasible. In
addition, the compounds of this invention include all stereochemical isomers arising

- from the substitution of these compounds. S S



patterns which are sterically inpractical and/or synthetically
non-feasible. In addition, the compounds of this invention {§gdiydeos! |

st er eochwoiscat72zosoners arising fromthe substitution of pcirasezasapounds.

18 July 2005 WD 02/057201 PCT/US02/ 00504 25 Hi gher D anondoi ds and Their
Recovery As shown in FIG 1A, higher ?i anondoi ds are bridged-ring

cycl oal kanes that have car bon-atom% amewor ks that can be superinposed on
the dianond crystal lattice. They are the tetraners, pentaners, hexamers,
heptaners, octaners, nonaners, 5 decar ners, etc. of adamantane

(tricycl o[ 313 ) The Ar§ i n whi ch various adamantane units
are face-fused. The h| gher di am)nd0| ds can contain many al kyl

substituents. aye extre cture ave t he
hi ghest st abi |p} Sﬁ.g@%ﬁaé‘ﬁﬁ it “EE‘QX ‘%%‘?%‘3 iy glogcn CLF‘

t et ramant aﬂi@v&éd’rﬂ&ﬂ~%ﬁ§ﬁm¢xﬁ&k§ Hat QTR superidn 6s”e)13inﬂlaﬁiamdnatci~yestmnt ane [ 121]
and two enantioners of skew 10 tetramantane | 123] with the nore general

- bracket ed- tsiem cTieyare thedetrankss @enigingro AERPSS, TP EESHT QEHEETS; BORERShHvent i on -
by sBal aban g@&% Lo TP éa?na%%e @*&ﬁﬁ?‘é BALANGS of ﬁéﬁhﬂl"ﬁmfcfg%ﬂ&lsecu' ar

forrrul a ecu ar werg ‘and - anong nine there are

t hree pai r adohastmenidimes Bc-apseSEhé m@h&ydlalﬁlﬂxﬂddlﬁlﬁ}an dohiaif fﬂﬁﬁﬂhlkyl 12 13]
with the nor&gnant i oneri ¢ pent amant anes repre ented by

[1(2, 3) 4] fuepts. Trhesecompayndshayesxgenslydig ﬁgv%ws ﬁ%‘i‘\i‘%‘%ﬁ? a%géest[ 1231],
r epresent egtaﬁﬂni W&&:ﬁd&lﬁ b whirh Pongl%ﬁ'@ﬁ]e(‘m‘e%ﬁij RfrattBhe Y stddbes;

Hexamant anes Irty-nine erent structures, twenty-erght
havi ng t heisoetbeembmend d(2)8], azntz@ﬁdrlﬁ}a&ltz(mdﬂét]udndmm@hﬂom&)f #ed-of these,

hi | te d h | | f |
840 (el H s Sioe e S B PR e R o [ 19312 has
t he nol eculjgindnabiildlif alcdRiFR0: {orgﬂo%%ﬁtﬁfnwgesﬂ%an A42)° Tﬁé&%&@h' ed

cycl ohexamant ane because of its highly condensed circular structure.
Hept amant apesameetapess bk dresitht onadsdudar fomm@mé?zﬁimﬂmelﬁcdﬁuwslght $#9oadl bl e

structures h ei f|v havi.n | ecul ar

(ol ecul ar %P%%Hesﬁﬂ%e ﬂi‘:’f]iﬁ NGf hre? R%E‘gc’it S’iﬁée%FEﬁ?“?%%‘l@Y m? no

enant i omer p123@), (1 PE3 |ReH RIROH-3R8FionfkX inénGMaBiines represented by: [12(3)4],
15 [1(2,3)4], [1212]. There also exists a more strained pentamantane, {1231],

represented by the molecular formula CysHso (molecular weight 330). Hexamantanes

exist with thirty-nine different structures, twenty-eight having the molecular formula
CioHss (molecular weight 396) and of these, six are échiral; ten more strained
hexamantanes have the molecular formula CaoHs, (molecular weight 382) and the

20 remaining hexamantane [12312] has the molecular formula CyHap (molecular weight
342), also ca]ied cyclohexamantane because of its highly condensed circular structure.
Heptamantanes are postuleted to exist in one hundred and sixty possible structures;
with eighty-five having the molecular formula C34Hyo (molecular weight 448) and of
thesé, seven are achiral, having no enantiomers. Of the heptamantanes, sixty-seven

25 have the molecular formula C33Hs (molecular weight 434), and six have the
molecular formula Cs;H34 (molecular weight 420). These two heptamantane families
have structures showing greater internal bond strain, with correspondingly lower
stabilities. The remaining two have the molecular formula CaoHaq (molecular weight
394). Octamantanes possess eight of the “dlamond crystal cage units” and exist

"1

30 within five families of different molecular weight core structures. Among the



25 have the nol ecular fornula C33H33 (nol ecul ar wei ght 434), and six have
the nolecular formula C32H36 (nol ecul ar wei ght 420). These {g\ui 2005 '

hept amegpappsfeii | i es have structures show ng greater igg@GdiRloo
strain, with correspondingly Iower stabilities. The remai ning two have t he

nol ecul ar fornula C30H34 (nol ecul ar wei ght 394). Cctanmant anes possess

ei ght of the "dianond crystal cage dAi ts" and exist 30 within five fanilies
of different nolecular weight core structures. Anong the 18 July 2005 WO
02/ 057201 PCTI U802100504 26 octamant anes, ei ghteen have the nol ecul ar

fornul a C3at3@mnidmeh, SHh 140 B méKBllar fothbRIC PR afeiltanasydighiedshe

nol ecul ar fornul a C38 4 (nol ecul ar wei ght 500). The = renmi ning octanmant ane

famlies, Qﬁhmocimaqtm@s bevd the medeqpar fagayla Cogbmimoleryrewaiehi S00ei gt 472)

gg?rgggﬁi ngl?'k%comer S Mﬁlfl?egzéﬁoig%\%%@%%?eelg@st ?int(%ﬁil{?? [ xe %m’ lies of q

di fferent wdightelva) add @gﬂgﬂhﬁ)léta&dmge@helmptﬂm@m@enbdmmﬁm afidr mul as:
- C42HA8 (ol ecul ar ght 552& CA1HA6 (nol ecul wei %ﬁ%}_@ C40H44
(frol ecul arcovcémﬁfm@mlpwetﬁalﬂ N@Wﬂ@é@ﬁ&? @H{l

ht 48 t
oxi ors wi thoiBella e B UEA O bta f*’ﬁ%“%aé\ﬁ@%mﬁ%‘““‘a‘diﬁﬁnt he
decanant arvesghttS5ay, &1 fmelenglae weipha A38); @mﬁhh&umlagllamexghbi%bmﬁ&j‘ ormul a
C35H36 | whi ch t t t
Che ot hor (ESISHE PR JOMC REs (B olerHRr Hant i ot o i CachetiBy pereht " *°

decanmant a | wei ght
e e A A i A S e R P i IR

(ool ecul amﬂ@thgiﬂngﬁlﬁO@ecmﬁmm ME@LHH@G dmagiantaﬁsh)mag(ﬂhﬁm 140

nmol ecul ar t 49 ec ane | e r for Ias C501156
gm)l ecﬂl atm%;ﬁ‘?"gﬂt 'g%l C3(I¥9&§]L??e°(1 @56 P’gﬁfs‘w @4 il ecul ar-
wei ght. 62§élau%ﬁ@oﬂﬁp&&@ﬂﬂaﬁfan&@mm 1&9%item@éiﬂﬁ%u(aiﬂ)lﬂ%tﬁér wei ght 588),
C42H44 (nol ecul ar wei ght 548), C41H42 (nol ecul ar wei ght 534), C39H40

(ol ecul adempagtiancsb@jlies mVaeﬂxpmecﬂewlarofoamlase éézsﬂﬁdﬂpﬂ@ﬂlﬂfmfﬁlﬁgﬁbr

di d di '
Stabiii o edtnmOnene PRiebeed, Cogts RRReoRa W ERhE By Car GROETIETY [he
15 weight 550), C4Hy (molecular weight 536) and Csslyy (molecular weight 496).

Undecamantanes exist as molecular formulas CsoHss (molscular weight 656), CasHss

(molecular weight 642), CsgHsz (molecular weight 628), CygHso (mmolecular weight
602), C45Has (molecular weight 588), C4Has (molecular weight 548), CqiHsa
(molecular weight 534), CsoHyo (mmolecular weight 508). More preferred and less
20 - preferred higher diamondoids are based on their internal bond strain and
- corresponding stabilftif:_s which is reflected by their relative concentrations in the
various feedstocks. FIG. 1B shows examples of higher diamondoid monomer
structures (tetramantanes to undecamantanes) that contain one or two derivative (R)
groups useful for polymer preparation. FIG. 1B gives examples showing that higher
25 diamondoids have a great variety of shapes, dimensions and attachment sites for R
| groups. These variations will have signiﬁcant effects in determining the properties of
the polymers they will form. Also, FIG’s. 5D-5F indicate that the rigidity of polymer
structures formed from higher diamondoid monomers will vary greatly with the

attachment sites of R groups on the monomers.

§okMbl ecul ar



vari ous feedstocks. FIG |B shows exarrpl es of hi gher di anondoi d nononer
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FIG. 2C-2F show some examples of pentamantane, hexamantane,
octamantane, and nndecamantane diamondoids, respectively, and the numbering of

15 their individual carbon atoms.

" The higher diamondoid families contain multiple isomers (including
stereoisomers) and substituted or derivatized diamondoids will typically contain one
or more chiral centers. Higher diamondoids larger than tetramantane exist in forms
with more than one molecular weight. If desired, such compounds can be isolated as

20 ' pure isomers or stereoisomers (e.g., as individual enentiomefs_ or diastereomers, or as
stereoisomer-enriched mixtures). Pure stereoisomers (or enriched mixtures) may be
prepared using, for example, crystallization, optically active solvents or stereo-
selective réagents well-known in the art. Alternatively, racemic mixtures of such
compounds can be separated using, for example, chiral column chromatography,

25 chiral resolving agents and the like.

Higher diamondoids can be recovered from readily available feedstocks using
the following general methods and procedures It will be apprec1ated that where

typical or preferred process conditions (ie., reactlon temperatures, tlmes solvents



20 pure isonmers or stereoisonmers (e.g., as individual enantiomers or

di astereoners, or as stereoisoner-enriched mxtures). Pure §f fFobeHPMers
(or enwiccéradsaw Xt ures) may be prepared using, for examp&Eewso2o0504
crystallization, optically active solvents or stereo- selective reagents
wel | -known in the art. Alternatively, racemc m xtures of such conpounds
can be separated using, for exanpl e&® chiral colum chronmat ography, 25
chiral resolving agents and the |ike. Hi gher dianondoids can be recovered
fromreadily avail abl e feedstocks using the follow ng general nethods and
pr ocedur gsresshfesyétb)) aftBei 08 0B ptoedsstdoatlitivhe can aky bt asdd wilessbefegwised process
conditions (i.e., reaction tenperatures, tinmes,. solvents, 18 July 2005 WO
02/ 05720 1stabedk| Optimuppisaciiongcongd{ions may §%Wéh)fe€é18@°l§$a\bé% suchcadiligRd cess
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by one skilled in the art by routine optim zation procedures. A feedstock
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f eedst ockfiefeRBE #ddsRBRY B¥IuAB COhdenthts foddbigbks ResReal iBindhe Noghrasondoi ds, as
determ ned by GC and GC/ MS. These feedstocks are light colored and have API
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The general isolation processes of higher diamondoids are shown in FIG. 7.

15 , In one embodiment, the removal of contaminants includes distillation of the
feedstock to remove non-diamondoid components as well as lower diamondoid
components and in some cases other nonselected higher diamondoids having boiling
pomts less than that of the lowest boi]jng point higher diamondoid component

selected for recovery.

20 In a particularly preferred embodiment, the feedstock is distilled to provide
cuts above and below about 335°C, atmospheric equivalent boiling point and, more
preferably, above and bt_zldw about 345 °C atmospheric equivalent boiling point. Tn
either instance, the lower cuts, which are enriched in lower diamondoids and low

" boiling point non-diamondoid components are taken overhead and discarded and the

25 higher boiling cut, which is enriched in higher diamondoids, is retained. It is
understood, of course, that the temperature for the cut point during distillation is a
function of pressure and that the above temperatures are referenced tQ__ﬂt]lle?ph@Ii(}s

pressure. A reduced pressure will result in a lower distillation temperature to achieve




selected for recovery. 20 In a particularly preferred enbodi nent, the
feedstock is distilled to provide cuts above and belom/abouf_ﬁﬁgfbos

_at nosphayo@egubival ent boiling point and, nore preferabbyTﬂékgM @nd bel ow
about 345 C atnospheric equivalent boiling point. In either instance, the

| ower cuts, which are enriched in | ower dianondoids and | ow boiling point
non- di anondoi d conponents are taken erhead and di scarded and the 25

hi gher  boiling cut, which is enriched in higher dianondoids, is retained.
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interest, are.retained and reguire further purification The fallow ng
Tabl e 10 i PrEcieflas o prampie selifiet diamendadsion s pertiilas diamtrdB qompboenty ded
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Tenper at ur emipesyiercatngecculenpieh atoui®often contain groups of higher diamondoids

which could be separated together in subsequent separation steps.

15 Fractionation Points
Most Preferred Preferred
Lower Cut Higher Cut Lower Cut - Higher Cui
Temperature Temperature Temperature Temperature

Higher Diamondoid ('C) ‘C) *C) 'O
Tetramantanes 349 - 7] 330 400
Pentamantanes 385 427 360 450
Cyclohexamantanes = 393 466 365 500
Hexamantanes 393 466 365 500
Heptamantanes 432 504 395 540
Octamantanes 454 527 420 560

" Nonamantancs 463 549 425 590
Decamantancs 472 : 5N 435 610

Undecamantanes 499 588 455 625



Hi gher Di anondoid (C) (C (C (C Tetramantanes 349 332 330 400

Pent amant anes 385 427 360 450 Cycl ohexanmantanes 393 466 365g5§ifly 2005
Hexamanign@ss3gd 466 365 500 Heptanmantanes 432 504 395 BpéPyséRdeasmnt anes
454 527 420 560 Nonamantanes 463 549 425 590 Decanmantanes 472 571 435 610
Undecamant anes 499 588 455 625 18 July 2005 WD 02/057201 PCTI US02/ 00504
30 Useful Lower Cut Higher Cut Terdrature Tenperature H gher Di anondoid.
CC) CC) Tetramantanes 300 430 Pentanantanes 330 490 Cycl ohexanant anes
330 550 Hexamant anes 330 550 Heptamantanes 350 600 Cctamantanes 375 610
Nonanant anes 380 650 Decamantanes 390 660 Undecamantanes 400 675 It shall
be understood that substyti,ed hi gher di anondoids may accordingly shift
these preferred cut-point tenperatures to higher tenperatures due to the
addition 5 of substituentotirdips. Mabriubnal tenperature refinements will
al l ow for _higher purjty cieeergwre + Fe"praiiiSndoi d of interest. FIG 10

provi des HEFEHRAMPRdest [ at é;% of ho '43(; '

.. Tetramaantanes '
Pentamantanes 330 490
Cyclohexamantanes 330 550
Hexamantanes: 330 550
Heptamanianes 350 600
Octamantanes ' 375 610
Nonamantanes 3380 650
Decamantanes 390 660
Undecamantanes 400 675

It shall be understood that substituted higher diamondoids may accordingly
shift these preferred cui-point temperatures to higher temperatures due to the addition
5 of substituent groups. Additional temperature refinements will allow for higher purity
cuts for the diamondoid of interest. FIG. 10 provides further illustrations of how
fractionation can provide cuts enriched in individual or multiple higher diamondoid

components.

10 Tt 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 bottoms.

Other processes-for the removal of lower diamondoids, unselected higher
diamondoids, if any, and/or hydrocarbonaceous non-diamondoid coniponents include,
15 by way of example only, size separation techniques, evaporation either under normal
or reduced pressure, crystallization, chromatography, well head separators, reduced
pressure and the like. Removal processes can utilize the larger sizes of the higher
diamondoids to effect separation of lower diamondoids therefrom. For example, size
separation techniques using membranes will allow a feedstock retained in the
20 | membrane to selectively ﬁass lower diamondoids across the membrane barrier .

provided that the pote size of the membrane barrier is selected to differentiate



fractionation can provide cuts enriched in individual or nultiple higher

di anondoi d conponents. 10 It will be further understood thafg jiyipebssnation
can be swompsdizhef ore a sel ected higher dianondoid is takewseyv@stead. |In
this case the higher dianondoid can be isolated fromthe fractionation
bottons. O her processes for the rerr%val of | ower di anondoi ds, unsel ected
hi gher di anondoi ds, if any, and/or dr ocar bonaceous non-di anondoi d
conponents include, 15 by way of exanple only, size separation techniques,
evaporation either under normal or reduced pressure, crystallization,
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the 20 nenbrane to selectively pass | ower dianondoi ds across the nenbrane
barrier provided that the pore size of the nenbrane barrier is selected to

differentiate 18n3prsfergbgnbadineny tsrangvabemoesuEryUsePrafreaisdt veen
cogpounds aiag hARnS b 25 ik G ALl ARPOARLSHAATRINANE FifBofogPar ed - to
ower di anondol d conponents. € pore size nol ecu sieves such as
zeolites aompbimatd otid gedterctha&od emosestefetabty, fidcirestbizthag efdamai¢éven. I n a
preferred enbodi rtrent, t,thge renmoval process_provides for a treated 5
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t he feedstqck, at. |east about 10% _nore referably at .| east 50% and still
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retai ned i fodnlign fiREESIRIN Rr fPIRAERGAO that amount  found in the
feedstock prior to the renoval. Wen recovery of hexamantane and hi gher
di anondoi d conponents is desired and when the feedstock contains

non- di anondoi d ¥3wnanatavant of hexaanterainddy ghanidigmondoid components is desired
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

15 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. 11).

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
20 about 400 to about 550°C, more preferably from about 400 t6 about 450°C , and
especially 410 to 436°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 recoverable amourits of selected higher diamondoid
| components are retained in the feedstock. The selection of such conditions is well
25 within the skill of the art.

Preferably, pyrolysis is continued for a sufficient period and at a sufficiently
high temperature to thermally degrade at least about 10% of the non-diamendoid _

components (more preferably at least about 5 0% and even more preferé.blif at least
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The pyrolysis procedure, while a preferred embodiment, is not always
necessary. This arises because the concentration of higher diamondoids can be
15 sufficiently high in certain feedstocks that the treated feedstock (after removal of the
lower diamondoid éomponents) can be used directly in purification techniques such as
chromatography, crystallization, etc. to provide higher diamondoid components.
However, when the concentration or purity of higher diamondoid components in the
feedstock is not at the level o effect such a recovery, then a pyrolytic step should be
20 - employed.

‘Even when pyrolysis is employed, it is preferred to further punify the
recovered feedstock using one or more purification techniques such as
cbromatdgraphy, crystallization, thermal diffusion techniques, zone refining,
progressive recrystalization, size separation and the like. In a particularly prefeﬁed

25 - process, the recovered feedstock is first subjected to gravity column chr.omafography
| using silver nitrate impregnated silica gel followed by HPLC using two different
- columns of differing selectivities to isolate the selected diamondoid§ and

crystallization to provide crystals of the highly cbncehtrated target hlgher |



The pyrolysis procedure, while a preferred enbodi nent, is not always
necessary. This arises because the concentration of higher digamggisds can
be 15 swidéxdse! y high in certain feedstocks that the tﬂ@ﬁ&@@{%gdstock
(after renoval of the |ower dianondoid conponents) can be useél' irectly in
purification techniques such as chromatography, crystallization, etc. to
provi de hi gher di anondoi d conmponent 33 However, when the concentration or
purity of higher dianondoid conponents in the feedstock is not at the
level to effect such a recovery, then a pyrolytic step should be 20
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derivati veslwhisbyr vdtiub $Hed bf adddickysvas, AGbthémlesolution option is chemical

separation under kinetic or thermodynamic control. Other suitable processes for

enantiomer resolution include chiral separations, which can be performed using a gas

15 chromatographic (GC) see “Chiral Chromatography”, T.E. Beesley, et. al, Wiley,

Jobnson & Sons, January 1998, incorporated herein by references, by high

performance liquid chromatographic (HPLC) and by supercritical fluid

chromatographic (SFC) techniques, see Supercritical fluids in Chromatography and

Extraction”, R M. Smith, Elsevier Science, December 1997, incorporated herein by

20  references.

The examples illustrate methods for recovering various higher diamondoids

_ from the tetramantanes to the undecamantanes.

The Higher Diamondoid Derivatives

25
A higher diamondoid derivative is a higher diamondoid which has had at least
1 and suitably from 1 to 6 of its hydrogens replaced by a covalent bond to a
polymerizable moiety. . o
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sol vents, or various types of seed crystals. Another resolution option is
chem cal separation under kinetic or thernodynam c control .1gdhgpogsitabl e

processego §Ms720@nant i omer resol ution include chiral sepapatiR6spsgyhi ch can
be perforned using a gas 15 chromatographic (GC) see "Chiral Y

Chr omat ogr aphy”, T.E. Beesley, et. al, Wley, Johnson & Sons, January

1998, incorporated herein by referentes, by high performance |iquid ,
chromat ographi ¢ (HPLC) and by supercritical fluid chromatographic (SFC)
techni ques, see Supercritical fluids in Chromatography and Extraction”,
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ref erences. The exanples illustrate nmethods for recovering various higher

di anondoids fromthe tetranmantanes to the undecanantanes. The Hi gher

D anondoi d Derivatives 25 A highersdi ndoi d derivative is a higher
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hydr ogens repl aced by a coval eanebo e@g pol yneri zable noiety. 18 July

34} hi gher di-anmondoi d deri vati ves -
can be represented by Fornula I beg\w\ Rl RR3 R6-DDRR5 R4 | wherein
D is a higher dianondoid and, Ri, , F@ R4, R5 and R6 are independently 5
sel ected froma group consisting of hydrogen and one or nore polynerizable
noi eties; provided there is at | east one polynerizable noiety on the
compound. Preferably, the conpound cgntains either one or two
pol ymeri zabl e noi eties. These preferred materials may be represented by
Forrmul ae | A and | B bel ow '

wherein D is a higher diamondoid and, R}, R%, R}, R%, R® and R® are independently

5 sefected from a group consisting of hydrogen and one or more polymerizable
moieties; provided there is at least one polymerizable moiety on the compound.

Preferably, the compound contains either one or two polymerizable moieties.

These preferred materials may be represented by Formulae IA and IB below:
10
R! R! R2

\ \ S
D . D

15 ) IA ) B

in which R'or R! and R? are the same or different pdlymerizable moieties. such as
alkenyl, alkynyl, -OH, -C;H30, - SH, -NH,, -CO:H, -CgHss, -CsHNHa, -CetlsCO-H or
20 -CeH4OH.

The higher diamondoid, D, may preferably be selected from the:
tetramantanes, pentamanianes, hexamantanes, heptamantanes, octaﬁlantane's,
nonamantanes, decamantanes, and undecamantanes. These higher diamondoids may

25 " be substituted or unsubstituted. Individual isolated higher-diamondoid components
may be used as well as mixtures of isomers from a single higher diamondoid family
as well as mixtures of materials from several higher diamondoid families.



IOR R R \'\/ DD15 1A IBin which Ror R and R2 are the same or

different polynerizable noieties. such as aikenyl," al kynyl,1g Sy 2068 H30,
SH, - NHAVO-0g0R1301 - C6115, - C6HANH2, -C6HACO2H or 20 - Co6HAOH/UStastd gher

di anondoid, D, may preferably be selected fromthe: tetranantanes,

pent amant anes, hexamant anes, hept amapf anes, octamantanes, nonanmantanes,
decamant anes, and undecanmant anes. TheSe hi gher di anondoi ds may 25 be
substituted or unsubstituted. |ndividual isolated higher-di anondoi d
conmponents nmay be used as well as m xtures of isomers froma single higher
di anondoi d f am |9f thadighet diamendnids, thectstrahantanasand psntemaniagesase tic tosgher

i gher i a RStk B el P b R iy are e o |

plentiful. uhiecavigmanbs 88 thDlegs Pleakifine FatH faifityedandfer Stiitfie aGudt@easmnt anes
and undecamantanes are the least plentiful. Each famly can offer unique

_struct ur es PAPRETIGH Bereover-e Ehus Bl eyailabiily favars the teivananiincs mdpetapinianche
tetramantangg e e&ﬁﬁ&%%e@dﬁ%ﬁ%ﬂg@%ﬂg ?ons%géict bibgSs Wy, be conpel ling

reasons to select o r’'s as ol'ynerizabl'e noieti es which make up
R - R6 can be selected from groups which can ' a 'reaction. These include

vinyl s e parti cietpelynmerjzably meoibtiatwinch fakdem R S')R6 ablypylested poixi des,
cyclic ethers such as ethoxites, hydroxyls, aldehyde, cyanogs,. sjloxyls,
cyanat es, é”ﬁ‘ﬂlptsﬁé“?}f ??Q.Pai‘ﬁlﬁaﬁ"eg’eabgimﬁ’%ga&‘f’@ reagHoB] 3%833 %SIP&T ‘é‘F%féti ng in

addi tion p?ﬁlﬁ&ﬁ)ﬂ)?ﬂ%ﬂs, epSAAEE BAcI AR PAIK TR re{h_%%t{as? ﬂggrlo;% Syt ke In

sone cases, such’as Vinyl™ polynerizations, a single T1zabl € group
can f or m awyamhdi siloaplspoglapates, and thedideer cases, two different pol yneri zabl e
groups may need to react with one another to effect

10 These groups are capable of participating in addition polymerization,
condensation polymerizations, and the like. In some cases, such as vinyl
polymerizations, a single polymérizable group can form an addition polymer. In other
cases, two different polymerizable groups may need to react with one another to effect
polymerization, for example an acid and an amine reacting to form an amide-hnked

15 polymef.

Other examples of covalent bbnds formed from complementary reactive
groups are documented in the art. Representative complimentary groups are depicted
in the Table 1.

TABLE 1: Complementary Polymerization Chemisiries

20
Diamondoid Reactive Groupon || Covalent
Polymerizable Second Diamondoid | Linkage
Group Or Linking Group
Hydroxyl Isocyanoate Urethane
Epoxide _ Hydroxyl : Ether
Carboxyl Amine : Amide
Amine Carboxyl o Amide
Vinyl | Vinyl Alkylene
Thiol Epoxide - ~ {-°  Thioether ~ | -




pol ynmeri zation, for exanple an acid and an ami ne reacting to forman
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2005 WO 02/ 057804 dRehl th/'8dé BQEOuhs3 the polyraghilisblcomnoietied hi@drcliriggoups, the
pol ynmeri zabl e noi eties_can include 3roups that are capable of |inking the

hi gher di alfatigecarableoninking the bigher Jiawpadoidpfo prsioamst 8O Y RL- R6
group coul gbGA¢ b iR ANRATIRE Bl aFedde WA ifin8 bl AP Ixncr ) it £11 anondoi d
I NK. e erve t

t hrough an am A W ange of noieties can IS 5 role.
Exanpl es ofighdreBambmddi®thrdigh-anRhide Hnfs Aj widk wateze-of moi@ies calBserve this - OH, - SH,

G, oo e WRER 4 7o R ook by -OFhs P AR kbl o

R - RS 98RO %ﬁgﬂhﬁ ricess szd@e-d;ﬁu QWIISETSLO USIRY e
-(X),-(Y).-Z, m@%éi n X i3 @%ﬁ% U@? -0 O -, ’-NR%%({’O)-’, -C{O O or
- C( O NR9- , -CH:ECH#) eCeCH 48, -CRS;; antdrdRR’ sradkyl ipefenidertiyy). hydr ogen or al kyl; Y
is allcylene, arylene, alkarylene, heteroarylene or al kheteroarylene; Z is
| kenyl | kynyl ,. - - .
alkenyl, atxy nySliitaI:.%_lR1 - 1%3 Er%gi)s may also be described by the following structure:
A(X)u-(V)a-Z, wherein X is -O-, -NR-, -0C(0)-, -NREC(0)-, -C(0)0- or -C(O)NR’-,
10 wherein R”, R® and R? are independently hydrogen or alkyl; Y is alkylene, arylene,
alkarylene, heteroarylene or alkheteroarylene; Z is alkenyl, alkynyl, -OH, -C,H;0,
-SH, -NHz, -COH, -CHs, -CsHaNH>, -CsH4COoH or -CaH,OH; misOorl; and nis

O orl.

Prefefably, X is selected froml a group consisting of -O-, -NR'- and -C(0)O-.
15 Preferably, Z is selected from a group consisting of ethenyl, ethynyl, propenyl,
propynyl, isobutenyl, butynyl, -NH,, -CO,H and -OH.

In one preferred embodiment, 7 and n are zero and Z is selected from a group
consisting of ethenyl, ethynyl, propenyl, propynyl, iscbutenyl, butynyl, -NHo,, -
CoH:0, -COsH, -OH and -SH.

20 In another preferred embodiment, Z is ethenyl, ethynyl, propenyl, propynyl,
isobutenyl or butynyl, and X is -O-, ~OC(O)- or -C(C)O-and mis 1 and n is 0.

In another preferred embodiment, Z is -OH, -NH, -CzH;0 or -CO;H, and
more preferably -NHj, -CoH;0 or -CO,H, while s is 0, and Y is alkylene or arylene.

In still another preferred embodiment, Z is -CoH30 or -SH, mis 0, and Y is
25 alkylene.

Other preferred embodiments include, for inéthnéé: where Z is "—C&i—k, -
~CgH4NH,, -CéH4CO-H or ~CsH4OH, m is 0, and # is 0. In another preferred




-SH, NH2, -CO2H, -C6H5, -CoH4NH2, - CoH4CO2H or - C6HAOH; in‘is 0 or 1; and n

is Qorl. Preferably, X s select ed froma group consisting qfahmyzoog\lm-
~and - C( @Qyé¢baos7dh Preferably, Z is selected froma group genes&idosd Of

et henyl, ethynyl, propenyl, propynyl, isobutenyl, butynyl, -NH2, -CO2H and
-OH In one preferred enbodi ment, i nd n are zero and Z is sel ected from
a group consisting of ethenyl, eth yl, propenyl, propynyl, isobutenyl,
butynyl, -NH2, - CH3O, -CX2H, -OH and -SH. 20 In another preferred

enbodi nent, Z is ethenyl, ethynyl, propenyl, propynyl, isobutenyl or

but ynyl , aﬂﬂbéﬁmﬁnt-ﬂis, eth@fl @)hynglr prcﬁeﬁ)fl)pm@ljrdyll, ﬁohﬁtehyla)’tdmfymyli mPis oha

anot her preferred enbodr ment - C2H30 or H and nore
pr ef er abl y2nd3 1s (@2 paef &@-)IO WI’@SWFéﬂ‘bY igngHy ‘i’IS‘(% - ene or
arylene. In still anot her preferred enbodinent, Zis -C2H3O or -SH, mis
0, and Y'is 25 alkylene. OQher preferred enbodi ments include, for
instance: where Zis tCJI5  C6HANH2, -CO6HACO2H or -C6HAOH, mis O, and. n
~ig0: - bn-anot hqumpﬂeéarreddﬁgk&rdiahwnﬁﬁﬁﬂermmﬁﬂ@ﬁ@@mmﬁﬁlslﬁ@@mﬂw 37 -

gtr}tbsgiyln?nit?f‘ fsfﬁqefie&e‘ﬂﬁﬂe% lh%%éiz’ Qﬁ@%}% B‘ily %%%5# maﬁpb@t ﬁlyolne and Y is
-CH2- or -ORHAR- MMbqq{eoe&gr INHCH(gh@OZHI AOROLCOAE -CHY, LgBsoHNC| ude

materials of fornulae | 5 and IA a er_ernRI and R2 are
i ndependentOy-N@4, eCHeH,s -€mCHand &'¢Hs; Bhere R’ is alkgHprefSrably ethigl). - NHCOCH3,
- NHCHO, - CO2H, COZR‘ -COCl, -CHO -CH2OH, i =0, -NO2, -CH=CH2, -C=CH and

- C6H5; where |y .ethyl). The H gher D anondoid

| nt er nedi ates—1 S B OHEdI d derivatives may often be forned
going thr ough internediates referred to as "higher di anondoid

intermedi ates". In sonme cases an _internediate may be polynerizable in its
o¥n right. The higher diamondoid derivatives may often be formed going through

intermediates referred to as “higher diamondoid intermediates”. In some cases an -

' intermediate may be polymerizable in its own right.

The higher diamondoid intermides may be represented by Formula II below:

15- T - gl .
wherein D is a higher diamondoid nucleus and at least one of R"* —~R"is a
covalently-attached moiety replacing a hydrogen which can be converted to a
polymerizable moiety or which, in some cases, may be a polymerizable moiety as

~ well. The remaining R’s are hydrogens. Preferred intermediates have one or two

20 nonhydrogen R’s and are repres.ented by Formulae HA and IIB: -
R Rl® Rl
A \ o/
D D
.25

TIA and B



The hi gher di anondoid interm des may be represented by Fornula Il bel ow
Rio RI1 R15 DR 12 RI14 R13 15 Il wherein D is a higher di afpondpkgogucl eus
and at e of RRo - R5is a covalently-attached lacing a
hydr oge‘*{ns\?ﬁ%ﬁﬁcan be converted to a polynerizable noi etp‘?hf\ostrmg\(/{?lgh in
sone cases, may be a polynerizable noiety as well. The remaining Rs are
hydrogens. Preferred intermnmedi ates B&ve one or two 20 nonhydrogen R s and
are represented by Formulae IlTAand IIB. Ro RoRu\\/ DD 25 ILA and
1B 18 July 2005 WD 02/0-57201 PCT/US02/00504 38 wherein Rio and R11 are
nonhydr 0gghef@i R G%1 RERADAGINGfro %%%Eéﬂe?ﬂaﬁa%le&ﬁoﬁ@@x&i‘oﬁ%@' e noieties or
capabl e of serving as polymerizable noieties. In view of the broad

def i ni ti opobfmarizelsle naaitkesme diprbbsof schayg asxpolymetizabde miotetiepol yneri zabl e

noi eti es defined above but al so can incI ude a vvi de range of hal os 5

al dehydes, am hols,. thiols, n h

Fornmul ae It, Vifﬁrdoftgg%é%?gr‘#ﬁ OBfOf ﬁ?[ altei? egﬁgm udlé , - Br -1,
S OH "S'Hpohﬁﬁéﬁzabllélﬁﬁﬁgﬁﬁ deﬁhl&d@@veb@ﬁﬁkﬂ; canGEfde aviBanze 6PAlos,COCH =0
-NO®2, -CH=CH2, -C=CH and -Ca5; where R is alkyl_ (prefer abI y et hyI )

p? ovi ded ﬁk@bﬂﬁsa angnes, RlgholRy thiolReliydn arite sndiibe 8t al | hydrogens. 10 These

I nt ermedi ates may be synt hesi zed and i sol ated or may be present in

reaction m xtu ' r 10 resent_
concentrati onsmfoglﬁlﬂaggﬁég?‘ %@gﬁ'kﬁé %Sp%ﬁgn usu E‘ny—jglt P’I ?glstBlrl&OO ppm or
even grealdi, -SHUAHasNHCOEHSI-NHCHO, -CO,H, -CO,R’, -COLl, -CHO, -CH,0H,

=0, -NO,, -CH=CHa, -C=CH and -C¢Hjs; where R’ is alkyl (preferably ethyl)

provided that R'°, R™, R'2 R R and R' are not all hydrogens.

10 These intermediates may Be synthesized and isolated or may be prese_ilt in
reaction mixtures. In either event they are generally present in concentrations of at
least about 100 ppm and uwsnally at least 1000 ppm or even greater, such as at least
about 1% by weight.

Methods For Preparing of Higher Diamondoid Derivatives and Intermediates

15 There are two major reactions fdr the preparation of higher diamondoid

| | derivatives and intermediates: nucleophilic (Sy!-type) and electrophilic (Sg2-type)
substitution reactions (detzails for such reactions and their mechanisms for lower
diamondoids, see, for instance, “Recent developments in the adamantane and related
polyeyclic hydrocarbons™ written by R.C. Bingham and P. v, R. Schleryer as a part

20 of the book: “Chemistry of Adamantanes”, Springer-Veriag, Berlin Heidelberg, New
York, 1971; “Reactions of adamantanes in electrophilic media” by I. K. Moiseev, N.
V. Makarova, M. N. Zemtsova published in Russian Chemical Review, 68(12), 1001-
1020 (1999); “Cage hydrocarbons” edited by George A. Olah, John Wiley & Son,
Inc., New York, 1990).

25 Sn1 reactions involve the generation of higher diamondoid carbocations,
| which subsequently react with various nucleophiles. - Such nucleophiles include, |

without limitation the following: water (providing hydroxylated higher diamondoids);



about 1% by wei ght. Methods For Preparing of Hi gher Di armnd0| d Derivatives

and Internediates 15 There are two nmajor reactions - for the 4y aparghs on of

hi gher d&vanpexdiedid derivatives and internedi ates: nucl eopbirfusez/¢ -type)
and el ectrophilic (SE2-type) substitution reactions (details for such
reactions and their nechanisns for | r dianondoi ds, see, for instance,
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the generation of higher dianondoid carbocations, which subsequenfly react
vm th vari ocaberumosopide (‘dSochSdedf reastibrd ;pmxnémglcmbpwl@ted dysmonsioids| afier t at i on-
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depr ot onat f¥ipher diittoRddidedre Coidipabn dforé PraoNveihag seoylal eglbbhgheder

di anondoi ds after deprotonation The reactions occur simlarly to those

of® open chiirhreastian conditionsesubstiition aidhe testianyicarbong iffpyorsthd cycl oal kyl
systems. Since tertiary (bridgehead) carbons of higher di anondoids are

consi derably mOjg if1&&kbLYSF %Fa]& ETyctalglakeT ﬁq{;b@ l}!ﬁgﬁf 2hbiar eacti on
condi tions, sub%tﬁllt uti (E)ln at% et eﬁt | ar y%%ar ons 1s voreé’ Nﬂ
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hydroxylated higher diamondoid intermediate or a halogenated higher diamondoid
15 intermediate. FIG. 3B shows representative Sy1 reaction pathways by which these
higlier diamondoid carbocations can react to form higher diamondoid derivatives and
intermediates. Intermediates expressed in the figures can be further derivatized (e.g.,
amide from amine or ester from alcohol) or reacted under appropriate conditions to

provide desired derivatives.

20 - Sg2-type reactions (i.e., an electrophile substitution of a C-H bond via a five-
coordinate carbocation intermediate) inchide, -but- are not limited to, the following
reactions: hy&ro gen-deuterium exchange upon treatment with deuterated superacids
(e.g., DF —SbF5 or DSO5F-SbFs); nifration upon treatment with nifronium salts, such as
NO,'BE, or NO{'PF{ in the presence of superacids (e.g., CF3SO3H); halogenation

25 upon, for instance, reaction with Cly+AgSbFs; alkylation of the bridgehead carbons
under Friedel-Crafts conditions (i.e., Sg2-typé o alkylation ); carboxylation under
Koch reaction conditions; and, oxygenation under Sg2-type ¢ hydroxylation
conditions (e.g., hydrogen peroxide or ozone using superacid catalysis involving

H:0," or HO5', respectively). An illustration of representative pathways by which
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i nvol ves direct bro tion of her di anondoi ds 10 or substituted
hi gher di efigrddendatedhigheediemendaitls with ydwbiremicheeidor esence or absence
Direct bromination of higher diamondoids is highly selective, favoring

substitution at the bridgehead (tertiary) carbons. By proper choice of catalyst and

15 " reaction conditions, one, two, three, four, or more bromine moieties can be introduced
sequentially into the molecule, all at bridgehead positions. In the absence of a
catalyst, the mono-bromo derivative is the major product with minor amounts of
higher bromination products being formed. However, by use of suitable catalysts
(e.g., boron bromide and/or aluminum bromide), di-, tri-, tetra-, penta-, and higher

20 bromide derivatives of higher diamondoids are isolated as major products in the
bromination reaction. Typically, the tetrabromo or higher bromo derivatives are

synthesized at elevated temperatures in a sealed tube.

Bromination reactions of higher diamondoids are usually terminated by
pouring the reaction mixture onto ice or ice water and adding a suitable amonnt of
25 chloroform, or ethyl ether, or carbon tetrathdride, to the ice mixture. Excess bromine
is then removed by distillation under vacuum with the addition of solid sodium
disulfide or sodium hydrogen sulfide. The organic layer is separated and ﬂ;e aqueous

layer is extracted with chloroform, or ethyl ether, or caf_bén tetrachloride. ThlS jis .,
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acid. Hydroxlyation of higher diamondoids is less selective than bromination,
15 allowiné the preparation of compounds functionalized at secondary carbons. |
Preferably, higher diamondoids hydroxylated at secondary carbons are prepared by

the reduction of the corresponding keto derivative.

7 For the general synthesis of higher diamondoid compounds substituted at
secondary carbons, free radical reactions are often employed. These types of
20 reactions provide a higher ratio of secondary to tertiary substitution than do the
nﬁcleophﬂic reactions. Photochlorination is a particularly useful free radical reaction,
since chloro higher diamondoid derivatives are similar to bromo compounds in

reactivity.

Notwithstanding the above, several other reactions can be used to
25 functionalize higher diamondoids. The following reactions are illustrative of some of
these methods. For instance, higher diamondoids can be halogenated in the following
manner. As an example, fluorination of a higher diamondoid is carried out by

reacting the higher diamondoid with a mixture of pdljrhiydrogen fluoride and pyridine
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functional ized by other groups, they are nitrated .
higher diamondoids at the secondary carbons. 2,2-bis{(4-hydroxyphenyl} higher

diamondoids or 2,2-bis(4-aminophenyl) higher diamondoids are directly synthesized

15 by the acid-catalyzed (HCl-catalyzed) condensation of higher diamondoidones with

excess phenol or aniline in the presence of hydrogen chloride.

Reaction of the brominated derivatives with hydrochloric acid in
dimethylformamide (DMTF) converts the compounds to the corresponding
hydroxylated derivatives. Brominated or iodinated higher diamondoids are converted

20 : to thiolated higher diamondoids by way of, for instance, reacting with thiqaceﬁc acid
. to form higher diamondoid thicacetates followed by removal of the acetate group
under basic conditions. The amino derivatives are also synthesized from the
broniiﬁated derivafives by heating- them in the presence of formamide and

subsequently hydrolyzing the resultant amide.

25 Direct hydroxylation is also effected on higher diamondoids upon treatment
with N-hydroxyphthalimide and a binary co-catalyst in acetic acid. The hydroxylated
derivatives are esteﬁﬁéi for example, ﬁndér standard cdnditions such as reaction

 with an activated acid derivative (e.g., CH;=CHCOCL, CH,CH=CHCOQClor - .
(CH3),C=CHCOCY). Alkylation is performed on the hydroxylated compounds



by concentrated nitric acid in the presence of glacial acetic acid under
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2, 2-bi s(4-am nophenyl ) higher dianondoids are directly synthesized 15 by

t he aci d-catal yzed (HCl-catal yzed) condensati on of higher di anondoi dones

w th excegsopiieneleophilianfidpladement dnhe appageiateaibénydyialidger..chl ori de.
Reaction of the brom nated derivatives with hydrochloric acid in

di met hy| f of-Fant-HE By Helovert-SaBher %&ﬁﬁﬁ(}wahe correspondi ng

hydr oxyl at ed derivatives. Brom nated or iodinated higher dianondoids are
converted 20 to ' | '@d}ggg@{ﬁjd S ; lonl ance,
reacting with t ﬁ??é%!aﬁ?g\%@cggﬁ{hgg% orm hi g%’er diaégan%%]gg{gf g{a?ﬁingg?gt at es

~f ol I-owed -bgcylardvnilkyiatedh Foninetante rgcbepot amatwinojuglicr dewweidpidowih afhe ani-no

derivatives are al sp.synthesized fromthe .bromnat erivatives, by

est | ng t haSHRI BN B Bt rdiie s SIRaRi S KR 31 ng ¢ he

resul tant aeftsleheddy r&dtﬁg&héufﬂh@wﬂ@sugﬁbma&bﬁg &fnt86hE oRPolidRRes, |

di anondoi ds_upon treatnment with N-hydroxyphthalim de and a binary

co- cat al ystHnCH{eHp)sCHE) dn thepeeshnasradieyeditcang agret (a/mi sodégnare esterifi ed,

for exanpl g Hggreé tda\r}dard conditions such as reaction wth an activated
aci d deri vaIiy Y‘g‘? ‘©FCH2=CHCOCI, CH3CH=CHCOCI . or ( CH3) 2C=CHCOC ) .
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Ethenylated higher diamondoid derivatives are synthesized by reacting a
brominated higher diamondoid with ethylene in the presence of AlBr; followed by |
dehydrobromination with potassium hydroxide or the like. The ethenylated
compound is transformed into the corresponding epoxide under standard reaction

20 - conditions (e.g., 3-chloroperbenzoic acid). Oxidative cleavage (e.g., ozonolysis) of
the ethenylated higher diamondoid .affords the related aldehyde. The ethynylated
. higher diamondoid derivatives are obtained by treating a brominated higher
diamondoid with vinyl bromide in the presence of AlBrs. The resultant product is
dehydrohalogenated using potassinm ¢-butoxide in dimethyl sulfoxide (DMSO) to

25 provide the desired compound.

The following table (Table 2) provides a representative list of higher
diamondoid intermediate groups that are used for the production of polymerizable .

higher diamondoid derivatives.
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eitanaiRNendeddntmemaant ane Coo.ket ramant ane -
tetramantane - undecamantane CO,CH,CH3
tetramantane ~ undecamantane COCl
tetramantane - undecamantane SH
tetramantane - undecamantane CHO
tetramantane - utndecamantane CH,OH
tetramantane - undecamaﬁtane NH;
| tetramantane - undecamantane NO,
tetramantane - undecamanfaﬁe =0 (keto)-
tetramantane - undecamantane CH=CH,
| tetramantane - undecamantane C=CH
tetramantape - undecamantane CeHs
teéiramantane - undecamantane NHCOCHS3
tetramantane - undecamantane NHCHO

Polymerization of Higher Diamondoid Derivatives

Polymerizable higher diamondoid derivatives are subjected to suitable reaction

conditions so that polymers, e.g., homopolymers or co-polymers, are produced.

Polymerization is typically carried out using one of the followmo different methods:

free radical polymerization, cationic polymenzatlon, anionic polymenzauon or '

10

polycondensation reactions.
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t et ramant ane undecanant ane C -=CH tetramantane - undecanant ane C611s

t et ramant ane - undecanant ane NHCOCH3 tetramant ane - undecamant ane NHCHO 5
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different nethods: Tfree radical polynerization, cationic polynerization,
ani oni ¢ polpaefptensuchrasperokdlepoizg comgemsia Lowis mells ehd nrgane@etailioy 2005 WO

02057201 P 2/ 00504..45. Free, radi cal  pol. rizati.on .occur
S pont aneoulEStt OFAPRE ahiCm BRLKE wiifbu BRPR GR skt BE el e
ul travi ol ebehdo@hperokide] ARylgrReNEIes sach @&lduaiid ald Pbesi, hydroderoxiipgever, this

pol yneri zation process is induced by the addition of a small anmount of
peresters, azobisisobutyronitrile, di-+-butylperoxide and benzophenone.

Free radical polymerization can be conducted either on the underivatized or
derivatized higher diamondoid provided that the derivatized higher diamondoid
10 ‘conta:ins a functional group amenable to free radical polymerization. In the case of
the underivatized higher diamondoid, or preferably using a higher diamondoid
derivative as the starting material, such as a monobromo or dibromo substituted '
higher diamondoid, a covalent bond is formed between two of the higher diamondoid
components. Such a polymer formed can be represented generically by (D)-D where
15 D is independently one or more higher diamondoid groups and r is an integer from 1

to 1,000,000, and preferably from 1 to 1000.

For cationic polymerization, a cationic catalyst is used to promote the reaction.
Suitable catalysts are typically Lewis acid catalysts, such as boron trifluoride or
aluminum trichloride. These polymerization reactions are usually conducted in

20 solutions at low temperature (e.g., -80 to —100 °C).

Subjecting the derivative to anionic polymeﬁé;ation typically hlvblves the
addition of a strong nucleophile. Such nucleophiles include, for example, Grignard
reagents and other organometallic compounds. Anionic polymerization reactions are

- oftentimes facilitated through the removal of water and oxygen from the medium, as

25 those substances tend to terminate the polymerization reaction.

Where the polymerizable moiety is a snitable nucleophile (e.g., alcohol, amine
and thiol) or electrophile (e.g., activated carboxylic acid derivative and epoxide),

polymerization typically occurs through a polycdndehs_étion reactioﬁ, "Eiémpies“:af



an initiator such as peroxides, azo conpounds, Lew s acids and
organonetal lic 5 agents. Exanples of initiators include, w t{®uily 2005

| i mtat ivadmo24dd1801f 0l | owi ng: aceyl and benzoyl peroxide, abi}lsoPgisgxi des
such as cunyl and t-butyl, hydroperoxi des, peresters,

azobi si sobutyronitrile, di-t-butyl peroxide and benzophenone. Free radical
pol yneri zati on can be conducted eith# on the underivatized or derivatized
hi gher di anondoi d provi ded that the derivatized higher dianondoid 10
contains a functional group anenable to free radical polynerization. In the
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those substances tend to term nate the polynerization reaction. ere the
pdd yrer i z adiamondoididerivatives svith agiiebledinken pbadtion of digpoxnhigbhodiamgndesid  and
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react i on. Gyl R5d Sndlonkith Yor2Otyets ORAOSARS bIGEELHRIREGG504 46 hi gher

di anondoi d-cont ai ni ng pol ynmers that are formed using such a nethod include

pol yest er sdiapongeididsayatiyeswithvremstic dishgpaxphe a¢ids ercactivpie Wisertaylii des,
pol yethers, s (e.g., acid chlorides) using pyridine as an HCI quencher at a relatively high

15 temperature to form polyesters; reaction of bisphenolic higher diamondoid derivatives
with activated aromatic dihalides (i.e., nucleophilic aromatic substitution
polymerization) in N,N-dimethylacetamide (DMAc) in the presence of potassium
carbonate under reflux to form poly(éryl ethers); reaction of bisphenolic higher
diamondoid derivatives and aromatic bisphenols in different molar ratios with

20 activated aromatic dihalides to form co-polymers; reaction of diamino higher

~ diamondoid derivatives with aromatic dicarboxylic acids in the presence _6f triphenyl
phosphite and pyridine to form polyamides; reaction of diamino higher diamondoid
derivatives with aromatic tetracarboxylic dianhydrides in the presence of DMAc and
an equimolar mixture of acetic anhydride and pyridine to form polyimides; reaction of

25 . diamino higher diamondoid derivatives with aromatic tetracarboxylic dianhydrides in
m-cresol under reflux to form polyimides; reaction of diamino higher diamondoid
derivatives with bis(3-ethyl-5-methyl-4-maleimidophenylymethane in m-cresol in the

- presence of glacial acetic acid to form linear polyaspartimides; and, reaction of
dicarboxyl higher diamondoid derivatives with diamines or dialcohols under suitable .

30 ~polycondensation conditions to form polyesters, polyamides or polyamide-imides.
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15 with the diamondoids pendant from it.

As shown in FIG. 4H, the higher diamondoid derivatives can function as a
cross-linker, in which case the higher diamondoid links two polymer chains.

A range of polymerization reactions are depicted in FIG. 41 where
prepresentative higher diamondoid derivatives are shown together with reaction

20 routes to polymers.

Higher Diamondoid-Containing Polymers

As just described, the polymers contain higher diamondoids as recurring units.
They may be present as part of the polymer backbone, as sidegroups or as branches
off of the chain.

25 In one embodiment, the polymer comprises multiple copies of !:he_,_;ains or

different higher diamondoid covalently bonded to each other and preferably attached
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preferably attached 18 July 2005 WD 02/057201 PCT/ US02/ 00504 48
g 1s an integer from 2 1o 1000 or higher.

In yet another embodiment, the polymer comprises multiple copies of the |
10 same or different higher diamondoid attached to multiple copies of the same or
different linker, these polymers also may be homopolymers or heteropolymers. Such
a polymer is represented by fofmula:‘

D-L(-D-L)-D
15 wherein
each Dis independently a higher dimnondoici group;
I 1s a linker; and
T ié an integer from 1 to 1,000,00.0 and preferably from 1 to 1000.

_ In yet another aspect of this invention the higher diamond derivatives can be
20 covalently bonded to each other through their derivatizing moieties (R) without the

use of a linker, accordingly such polymers formed can be represented by



through a linker. Such resulting polyner nay be a honopol ynmer or in another
aspect, a co-polyner. Accordingly, one such polyner represets galyl2905 or nul a
(D) g-L - wbapresnob D is a higher dianondoid; L is a |inkepchagohésed | east
two conpl enentary functional groups wherein at |east one functional group
is covalently bonded to the higher di grmndoi d; and g is an integer from 2
to 1000 or higher. In yet another ent) di ment, the polyner conprises

mul tiple copies of the 10 sane or different higher dianondoid attached to
mul tiple copies of the same or different |inker, these polyners also may
be honopol ymers or heter@pR),yners. Such R-gR).yARr is represented by
formula:. D-L(-D-L),D 15 wherein eagh D i$ independently a higher

di anondoid group; L is a linker, ang ryspan integer from1l to 1,000, 000
and preferably from1l to 1000. In yet another aspect of this invention the
hi gher di anond derivatives can be 20 coval .entlgl. bonded to each ot her

t hrough t hévhergieachuhisi indengndentiyisplested fyomyp hisher digmendeid &reyp, B i Rnker ,

R e AP Y IR A G L0 205 e

i s independently selected froma higher dianondoid group, Ris a 5
derivati zi ng gr Gupnathel sinbRliraent] thi: dfher fixaondoit aefiOfveoronbbighedinglé n anot her
enbodi ment, the higher di angngg d derivative contains a single .

pol yrer i zaPCemEizably malefyiand islopmeed i & dugicRpricEalRy Erriam wih 2 sigle on with

a singl e finker. For example, a dimeric diamondoid structure of the formula:

10 _ R -R

which could be prepared by reaction of a carboxyl containing higher
15 diamondoid derivative with ethylene diamine to provide e.g. [higher diamondoid]-
| C(O)NHCH,CH,NHC(O)-[higher diamondoid]. In another aspect, there are multiple
higher diamondoids attached to a common linker or backbone.

The variety of polymers formed from the polymerizable higher diamondoids
_ derivatices is shown in FIG. 4 which illustrate representaii{re types and classes of
20 polymers. In these formulae, D is a higher diamoindoid derivative and CP, etc. are

copolymerizable materials. |

Many of these polymers include a linking group which can react with two or
more diamondoid derivatives. Such linking moieties can for example, be derived
from diacids, dicarboxcylic acids, disulfony! halides, dialdehydes, diketones,

25 dihalides, diisocyanates, diamines, diols, dithiols, and the like or mixtures of

carboxylic acids, sulfonylhalides, aldehydes, ketones, diols and the like.



| i nker. For exanple, a dineric dianondoid structure of the formula: 10 R-R
or D-L-D D D which could be prepared by reaction of a car btsxyhity@008 ai ni ng
hi gher 3o gi/randoi d derivative wth ethyl ene di am ne t op@f/BYsMRdsE -
[ hi gher di anondoi d]- C( O NHCH2CH2NHC( O) - [ hi gher di anondoi d] . 1 n anot her
aspect, there are multiple higher dianondoids attached to a common |inker
or backbone. The variety of polyners3fiornmed fromthe pol ynerizabl e hi gher
di anondoi ds derivatices is shown in FIG 4 which illustrate representative
types and classes of 20 polyners. In these fornmulae, Dis a higher
di anoi ndoi d deri | rials. Many of
t hese pol yners |Mn H%‘ze ﬁ%n fm%g)%%ﬁgsvﬁ%gﬁggg%ﬂﬁé%ﬂ a'(tawo or nore
di anondoi d derivatives.. Such Iinking noieti s can for exanple, be derived
from diacids, dicarboxcylic aci-&s; Za(]f(sm)ziléﬁyl -K&t i des, di al dehydes,
di ketones, 25 di halides, diisocyanates, diam nes, di oI s, dithiols, and the
| i ke or m xtures of carboxylic acids, sulfonyl ha_I‘i des, al dehydes, ketones,"
~cdi-ol-s-and-the like. 18 July 2005 WD 0 2/05 720 1 PCT/ US02/ 00504 50 A
preferred li.nker L, nmay be represented by the follow ng formul a:
- Xa- Za( Ya- Za)whicl(r ¥an)ifiegér from 9hb SO, plefefab@nfromt R0, iX° aneddhisepirte
preferably fromO to 20, Xa at each separate 5 occurre ce is selected from
t hé group é\ﬁﬁgr%qcm@seéﬁrctedoﬁomﬂ@smmmmmg@(foy = =S~ dﬂﬁ% C(OF{ ©) NR20- ,

-S), - al il at each
separate occ@re’nggéj are |%@p§§gfle®h@n%a\g§€§e %‘H Hﬁpﬁ group
Con|SI slt |k nlg Ri”i’sl Ewbrc}igqm%talolemnguhﬁ( mthiaﬁde@tl;k&dflmedm hﬂa&tk%ﬁomhbsé ituted
cycl oal kyl, al ken substijtuted, al ken oa substitute
cycl oal kenﬂmupl@naxsk%g;f hydrogra; plicyh é%b%hw%lﬁyi SY“;?QIV‘ﬂef and
het er ocY ! lfclofifl S1dhy L AHRERPHELS ! ECHIERNC itsfinddl afaio%ﬁ{ewpm the group

consi st ng st
10 alkynyl, substituted alkynyl, aryl, heteroaryl and heterocyclic; Z* is at each separate

oceurrence is selected from the group consisting of alkylene, substituted alkylene,
cycloalkylens, substituted cylcoalkylene, alkenylene, substimtéd alkenylene,
alkynylene, substituted alkynylene, cycloalkenylene, substituted cycloalkenylene,
arylene, heteroarylene, heterocyclene, or a covalent bond; Ya and Y at each separate
15 occurrence are selected from the group consisting of -C(O)NRH-, -N RZIC(O)—, -N
| RZC(O)N R, -C(=N RPN R, N R CEN RY)-, N R-C(0)-0-, -N=C(XY)-N
%, P(0)(O R™)-0-, -S(0).C R¥R*-, -8(0)a-NR?!-, -8-8- and a covalent bond,
where nis 0, 1, and 2; and wherein R*"'and R* at each separate occurrence are
independently defined as selected from the group consisting of hydrogen, a]kﬁ,
20 substituted alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl,
cycloalkenyl, substituted cycloalkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl
and heterocyclic; provided that at least one of X, Y*, Y?® or Z? is not a covalent bond.

Some of the preferred linkers can be derived from mono or polyamide, mono
or polyimide, mono or polyurethane, mono or polyacetal, mono or pdlyethylene,

.25 mono or polyisobutenylene, mono or polyacrylonitril, mono or polycarbonate, mono
or poly(vinyl chloride), mono or polystyrene, mono or polyvinyl acetal, mono or

poly(methyl metharcylate), mono or poly(vinylidene chloride), mono or pqui_so_prene,




cycl eal kyl ene, substituted cyl coal kyl ene, allcenyl ene, substituted

al kenyl ene, allcynyl ene, substituted al kenyl ene, cycl oal kemg &ig.2005
substi t wedzeoyrbpal kenyl ene, aryl ene, heteroaryl ene, heperagygdRhe, Or a
coval ent bond; Ya and Yb at each separate ~ 15 occurrence are selected from
the group consisting of -C(ONR21-, -N RZLC(O -, -N R2I1IC(ON R21 -C(=N
R2)-N R21-, -N RZ1C(=N R21)-, -NW-€&O-0O, -N=Cw)-N R21-, -P(O (O
R2')-0, -S(OaC R1IR22-, -S(O S NR21-, -S-S- and a coval ent bond, where n
is 0, 1, and 2; and wherein R2' and R22 at each separate occurrence are

i ndepen d e ntohgnodefrohedyastisiinechenb birmiydshartigtidesppadgnnidetintidesaind ityedr ogen,

al kyl , zmgstituted al kyl, cycl oal kyl, substituted cycl oal kyl, al kenyl,
substltute 1 kynyl, cycl oal kenyl, substituted cycl oal kenyl, al kynyl,
substituted al kynyl, aryl; heteroaryl and heterocyclic; provided that at

| east one of Xa g 1a¥pd&ho§amusc ?ﬁ:s%%ﬁgl‘{/ﬁle%e l;mqate&eﬁen@iua mor ef erred

linkers can be deri ved fromnono o yam de, nono. or polyim nono or
------------- pol yur et haﬁ“éGSn%thé(er?fm&@Fgﬂ 5 Ayprdiamondnid-genthiping e lymer Imshtnwmr =

ot ST u B e shEbalF R b SRR M R A L PE s, e
nmono or p@ihkécrr&& h diRioRah Gitah &hvalBHRnes 200! THodiambhdia sdebhefd de), nono

or polyi soErene July 2005 WD 02/057201 PCT/US02/ 00504 51 nono or
pol yoxymet R)L.e34, 2%%%@9@%@%&6@%0@@@hlgmr)dmwﬂmﬁa@s and the |ike.

rros s sEPERPERL AR Bl htdie "Bl coRhint iptd3h o) EenBSS I " <" shown

5 gener al | eateeR O®o cidbet atohtzavipnd yaohrof ¢coMph iatass @tﬁﬂb@dﬂm@ﬂ@ﬂf&ﬁ@&ﬁﬁ 201,
202, 203 l.i nked thro h carbon-to-carbon coval ent bonds 204. The
dit&moridoi dtedWEradiacentxiiamondysds. ﬁ@ewtwﬁm@@wwmﬂn@ppph@%her

di-amondoi d g8} LS ARK | i nkage
204 conpri ges a b%lﬁegﬂgr et ween %m%hgeggggﬁgg?%ﬁn%m@v?ere gaagﬁkﬁoﬁﬁié%{@%(% at ons
of the bonpampta diamyewsidafuclis {drgathud andiansnimetiubomiidoi ds. St ated anot her

way, two dianondoids in the polyneric

-~

Alternatively, two adjacent diamondoids may be covaflently linked throﬁgh
carbon atoms that are not members (part of the carbon nucleus) of either of the fwo
15 diamondoids. Such a covalent linkage is shown schemaﬁcally in FIG. SA at reference
mumneral 205. As discussed above, adjacent diamondoids may be covaiently
connected through, for cxample, an ester linkages 206, an amide hmkages 207, and an
ether linkage is 208.

Tn an alterative embodiment, a diamondoid-containing polymer shown
20 generally at 220 in FIG. 5B comprises a copolymer formed from the monomers
ethylene and a higher diamondoid having at least one ethylene substituent. The

diamondoid monomer shown at 221 contains one substituent ethylene group, The

diamondoid monomer shown at 222 cornitains two ethylene substituents, and could
have more than two subétiments. FEither or both of these diamondoids may be

25 copolymexizéd with ethylene 223 itself, as a third monomer participating iﬁ the
reaction, to form the co-polymer 220 or subunits thereof. Because the diainonddid
monomer 222 has two substituent polymerizable moieties attached to it, this particular
monomer 1s capable of cross-ﬁnking_chains 224 and chain 225 together. Sucha |
cross-linking reaction is capable of producing polymers having properties other than




chain are directly linked such that there are no intervening carbon atons
that are not part of a dianondoid nucleus (or part of an ad@sQapPReEE
subuni two @losewpat i vel y, two adj acent di anondoi ds may ber@ousthemoiy |i nked
t hrough - carbon atons that are not rrenbers (part of the carbon nucl eus) of
either of the two 15 di anondoi ds. h a coval ent |inkage is shown :
schematically in FIG b5A at referen nunmer al 205. As di scussed above,
adj acent di anondoi ds maybe covalently connected through, for exanple, an
ester |inkages 206, an am de |inkages 207, and an ether linkage is 208. In
an al t er nahesesfahbpalynendcpicted iiioch dai, slmc:@fttraheiF]@ Sopylymer tikown 20
generally gt 22 |n FI G 5B cqonpr| ses n:er forrred fro he nononers
hemap IhpbpahE ot

et hyl ene H'é?le‘&ﬁ HEBANBIREdTRTR ShECISERYAER bstituent.
The di anqgpgl t § uRstidraie et A0y ene
group. The | armn o%{nn}tq)gg\rrgr a&hdgﬂ\;\ﬁnlsg{mzlg%rﬁ?g%?gfns tV\I% et hfl ene

substit uerﬂiemerﬂs;@aﬂml&sdanmvbsm &llusteuted a&d\dé mch?a) fowemestmﬁh@mantodhe bot h of

~t-hese- di-ano d0|ds 5 co rlzed it as-a
tRird non %X?Fgﬂ“ﬁé’r‘?sﬁ ?IEE’SPF o@%?eiﬁ Vﬁéab°(§ ?/rrer 220 or

subuni t's txﬁs‘ﬂcﬁﬂ.&cuo%@ﬁﬁh&%sn&dl@ offindHRA ded &tﬁlﬂmaﬁmanz&ﬂokwﬁmhm@ﬁua@t i tuent

pol ymeri zabl e noieties attached to it, this particular nonomer is capable

of cross- Ithaithplene ionomep iuthg excraplehapalymesotGe SRanay s{roirse be |

ot her t harRBesTP pros 1 GRS e Ss hE B FEBRG SoRPieB LR

pol ymer d@@g@@,ﬁﬁob@sﬁ G 5A since for the FIG 5A polyner the di am)nd0| d
nucl eus are positioned within the main chain. A consequence of the
structures forned in FIGs. 5A and 5B is that it is pOSS|bIet0|ncorporate

Metal lic el enskhescxemplary ppivamidgramerdoid polimef shqvs esngrally 9&% WMto MB) by
t t |

Chat ns. | THICE S iBhBalEpnehd LFbihmidEnahs kR ARty fieRnarLs e 00 YTl

di funct i onsalectdt asiihgaawd cerin@relatiosshibs Hetveeeﬁtshgabmmeaﬂdmopﬁhes,mt he exenpl ary

polymer of FIG 5B may of course be d to produce the desired
properti es}?’aﬁﬁct‘liﬁrr}é‘@‘éfllf RIgPEI{ies ¢lfhe gxetgxg }qugrsre{) ﬁe processmg 1tll’1

undergone. The dianhydride PMDA {pyromeliitic dianhydride) shown at 231 and the
15 diamine diaminofluorenone 232 are introduced into the chain for rigidity. The
| dianhfdride BTDA (benzophenonetetracarboxylic dianhydride) shown at 233
provides the capability of further reaction at the carboxyl site, possibly for
cros-s.linkjng purposes, and/or for the potential inclusion of metallic moieties into the
material. The dianhydride oxydiphthalic dianhydride (ODPA) shown at 234, and the
20 diamines oxydianiline (ODA) at 235 and bisaminophenoxybenzene at 236 may be
introduced for chain flexibility and ease of processing of the material. Additionally,
finorinated dianhydrides such as 6FDA (not shown) may be introduced to lower the
overall dielectric constant of the material.

'I‘he diamondoid components of the exemplary polymer illustrated
25 schematlcallym FIG. 5C comprise a pentamantane diamondoid at 236, which is
positioned in the main chain of the polymer, and an octamantane diamondoid at 237,
‘.Whib'l.l- comprises a side group of the diamondoid-polyimide polymer at a position of 2
diamine (in this 'exemplary case, diaminobenzophenone) component. A diamondoid-
component 238 may be used as a cross-linking agent to connect two adjacént chalns,

30 through covalent linkages, or diamondoid component 238 may be passively present as



ease of processing. 10 The exenpl ary pol yi m de-di anondoi d pol yner shown
generally at 230 in FIG 5C contains segnents of polyimde mﬁjlpgod@r'i ved
from repyvosenizati ve groups selected to illustrate certaPaTashaEdosenshi ps
bet ween structure and properties, in particular, how the properties of the
exenplary polyner relate to the procgssing it has undergone. The

di anhydri de PVDA. (pyronellitic dianhydride) shown at 231 and the 15 di am ne
di anvnof | uorenone 232 are introduced into the chain for rigidity. The

di anhydri de BTDA (benzophenonetetracarboxylic di anhydride) shown at 233
provi des t ke ucApativdalizyd tdpatafiidrd wheedcitisevento deherabambiopplymsdricechamessi bl y

f | j nki . and for th tential .inclusi f. metallj
ol et e AP Y e RGraice Fhidhtg Atk BETBo EgtP EhERRE PN do
(ODPA) - showhn@inddRrkfijfne 139%@19”:59&1%;&&3?%%3061@?391 Which F)seAte 1835 and

bi sam nophenoxybenzene at 23 introduced for chain flexibility and
ease of pr ozlssilepvefall didedtsic epidant ofthgimaterial, $ipce the|digdeqtriaewaytagt ehhydr i des

~such-as 6FDA (ot shown)..may, be.i.ntroduced to | ower the--overall dielectric-
cogstant ofugﬁgt’ﬁéﬁ%qsé%‘@%ﬁbﬂﬁ@hﬁﬁ&& d conponents of the exenplary °

polymer illustrated 25 schematically in FIG 5C conprise a pentanmant ane

di anondoi d at 236, shélhGRFIG. 1B i&ididreaeichandcdyballived (highea dianohdsids) thad yner,

and an oct amant ane di anondoi d_at 237 whj ch conprises a IP&E{I%QE oup of the
di anondoi d1¥IbyisaRostsdyRiera daman Puigngymaterial ’Hrﬁeﬂ%‘ag s exenpl ary

case, di am ; : ; . i )| y be
used as a%?@g{:@% %ﬁ%@@&%ﬁ%@%@%&e@fﬁ?m a%?ggg%t cﬁa?‘%gs}fs%%%{ f ough
coval ent | bnkégesheyahagbauntrted th eacipihoe atta@id toamdie pphyssr viediy, ysedsent as
18 July 2005 WD 021057201 PCT/US02/ 00504 53 an unfunctionalized "space
filPler” whatepps-linkiagpgeds, et JB garet Xadly L ¥8¥Sneri ¢ chains sinply by
steric hindrance. Folding of the main polyneric chains; particularly when
di amondoi d "fi | hgE $10183Bnalies MRS BlomdAYs 6188 hRacRdEs A3ighti ch may serve

to reduce the overall dielectric constant of the naterial, since the

di el ect ri ¢ domsilait toghothendiampndoids anddo aipelyyaer chpinhwill alse alfedtdhe is one.
properties of resulting materials. For example, the interconnection of higher
diamondoid units through tertiary “bi'idge-head” carbons, as illustrated in FIG. 5E,

15 vﬁll result in sironger, more rigid materials than those which result from
~ interconnection through secondary carbons, as in FIG. 5. Furthermore, attachment

through tertiary carbons that are themselves bonded to the highest namber of
quaternary carbons in a higher diamondoid (nanocrystallite) will provide the

strongest, most rigid materials, as in FIG. 5D.

20 There are other properties of higher diamondoids that may be exploited to
design new materials with desirable properties. Higher diamondoids display classical
diamond crystal faces suc]i as the (111), (110), and (100) planes. These higher
diamondoids may be oriented in materials such as polymers so thai’:_ihé resulting
diamond nanocrystallites may have co-planer diamond faces. The diamondoids with

25 chiral sturcture, may be used to fabricate the exemplary chiral polymers illustrated in
FIG’s. 5G-SH. The kinds of chiral polymers have potential uses in photonics, and for

the integration of photonic and electronic devices.




| As shown in FIG 1B the dianond nanoerystallites (higher dianondoids)
that may ‘be incorporated into a di anondoi d-contai ni ng mat erigdulyzogener al ,
and intevopmdsyp@Aric materials in particular, have a vari gtyyeézoesd - def i ned
nol ecul ar structures, . and thus they nay be attached to each other,
attached to a main polyner chain, used 10 as cross-linking agents, etc., in
a great variety of ways. The nol ecul #t sites and the geonetries of -the
attachnments of a higher dianondoid to another dianondoid, and to a pol ymer
chain, will also affect the properties of resulting materials. For

exanpl e, t{glityht erconnection of higher dianondoid units through tertiary
"bridge-head” carbons, as illustrated in FIG 5E, 15 will result in '
stronger, nore rigid materials than those which result from

i nt er connect i on ThAPBLEIFrseiBABEFINIARYHHAR can ke 4 Veriely of forms andcan fofe,
att achient  houe Q%%ﬁaﬁb&t R ERAGIS B@hd@%@gxhgrﬁ[?aﬁkﬁ‘&%eﬁﬁga deskihr t he

hi ghest nunber aternary c ons 1n a hi I anondol

~~(nanocryst-adHekiveg amd turfoe Glmsithat fve used foongmspacentrattural gpplicatons: i al s, -as in-

FIG 5D. 20 There are other properiies of higher di ndai ds that nay be
exbl oi t ed YR FOHEE Kare P Mmgweiefiagiop ?"%?W@Qf eﬁCf}ﬂ%‘P

di amondoi dgnfixg Ay bARA Forcdk $h Bptid A GBS Sptdhordsistt he (111),
(110), and%%ogﬁcﬁg@&%he?g% gher di am)n_goi ds msy_ be or?ent ed in

mat eri al s swuposisonsotomBctingswatctials, pamt copypesitions andipamimgdokfanocrystal l i tes
may have co-pl aner di anond faces. The di anondoids with 25 chiral sturcture,

may be used to fabrj.cate.the.exenpl.ar hi.ral _pol LS 1) Lust in
FIGs. 5G 5H. Thba({dnii% GEWHH%@I ‘%’H@FE“%QQ@%%{@H??A&':S e%‘%%t‘%’q
phot oni cs, stasiftf Ahkinker BlieBIAor a5 Bfenpheinnbhe rafuitiel £eh t@pilgy devi ces. 18

July 2005 WO 02/057201 PCT/ US02/ 00504 54 Utility The polyners of the
piesent i ninehditgnfor sramplredeyioga pradt 38 sepigondnelomsn g0t fargefracioyar j ety of

applicatio eri.als i . OS: LX: @Sl - structural
athesi ves oS POl Aubenlf 4TiGRR° MRl e g M
appl i cat i opdymers will also have improved wear resistance coatings which can could mean

improved protection and extended lifetimes for metal or plastic tools, autoparts etc.
EXAMPLES

15 ' Asused herein and in the Figures, the following abbreviations have the

following meanings. Any abbreviation notf defined below has its generally accepted

meaning.
APL = American Petroleum Institute
o atm eqv = atmospheric equivalent
20 btms = bottoms
DMAc = - N,N-dimethylacetamide
NMP = N-methyl-2-pyrrolidone
DMSO = dimethylsulfoxide
DMF = dimethylformamide
25 EOR Traps = end of run traps
fid = flame ionization detector
g =  grams
GC = gas chromatography
' GC/MS = gas chromatography/mass spectroscopy
30 h = ~hour
HPLC = high performance liquid chromatography
HYD RDG = hydrometer reading
L = liter



5 Furthernore, coating |ayers or noldings with excellent optical,
el ectrical or electronic and nechanical properties are prodgady2005 use in
opti cal wobenszophot oresi st conpositions, conducting nmaperidgbsoospai nt
conpositions and printing inks. In addition, higher dianondoid-containing
polymers will have high thermal stability making them suitable for use in
environnents requiring such stability 10 including for exanple, devices
such as sem conductors, coatings for refractory troughs or other high
tenperature applications. Hi gher dianondoid containing polymers will also
have i nproved wedn resi stance eoati ngsmamiteh can coul d mean i nproved '
protection and extended |ifetimes for nslidteror plastic tools, autoparts
etc. EXAMPLES #hndis used herein and i miltik@idi gures, the fol |l ow ng
abbrevi ati ons have the follow.ng nmeanji@m Any abbreviation not defined
betow has its ggperally accepted neanjagq. AP = Anmerican Petrol eum

Institute atn1§ = at nospheric equivVv S0 vi% e%@gg = bottons DMAc =
~N;*N--di met-hyl ace 1 de - NWP-N-net hyl-2- T OY o
DMVF = di met hyl f 8Pfani de 25 FOR Traps =L8nd’br-JUh traps fid = flane
i oni zati on detefP = grans GC = gabB*CHOMAY8Gr aphy GO/ M5 = gas

T

B g
chr omat ogr aphy/ Bdss spectroscopy 30 hreagly& e c = hi gh performance

| #Qui d chronat o HYD RDG= hydr oﬁ@@@&@%@% = liter 18 July 2005
' = st
TIiC = total ion current
L TLC = thin layer chromatography

THF = {etrahydrofuran

15 : uv = ultraviolet
VLT = vapor line temperature
VOL PCT = volume percent
\7a'% = volume to volume
wt = weight

20 WT PCT = weight percent

Introduction

The steps used in the various Examples are shown schematically in FIG. 7.

25 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. 7} as its final isolation step.

Example 2 describes a variation of the process of Example 1 in which
preparative gas chromatography (Step 7, FIG: 7) replaces HPLC as the final isolation
30 step. ' |

Example 3 describes a variation of the process of Example 1 in which the
pyrolysis (Step 5, FIG. 7) 1s omitted. ‘As shown optionally in FIG. 7, the liquid
chromatographic step (Step 6, FIG. 7) is also omitted. These variations generally
have applicability c;nly with selected feedstocks and generally when tetramanianes,

1

35 pentamantane and cyclohexamantane are the target higher diamondoids. B

BO =-di met hyl sul f oxi-de- -



WD 02/ 057201 PCT/US02/ 00504 55 min = minute nL = nilliliters mmol =

mllimls N = normal 5 pA = pico anps PEG = pol yet hyl ene gl yecally 2p0p parts

_ per bi | W@oospn = parts per nillion R = refractive ingexytfydaki DI'S =
sinmulated distillation ST = start TIC = total ion current TLC = thin |ayer

chromat ography THE = tetrahydrofur 15 W = ultraviolet VLT = vapor line
tenperature VOL PCT = vol unme perce v/iv = volunme to volune wt = weight
20 WI PCT = wei ght percent Introduction The steps used in the various

Exanpl es are shown schematically in FIG 7. 25 Exanple 1 describes a nost .

uni versal route fBtanieolacidibehighabthedbrabasdatigdsorcmnphiok tiiesfinddi ch can be
applied to all feedstocks. This process uses HPLC (Step 7, FIG 7) as its

final isolefess ¢t Brmpgnhnd3 arefubiorict 3 PEePYRFVe BROHIEMHAE N ocess of
Exampl e 1 in-ani: ' : c 7)
EcamLe DB B SRR 45 BER PRI BB s 54
FIG. 7). : '
5 Example 5 describes the Bromination of a mixed tetramantane-
alkylietramantane feed and shows the preparation of a variety of mono- and

polybromonated {eframantane derivatives and intermediates.

Examples 6-45 describe metﬁods that could be used to prepare higher

diamondoid derivatives and intermediates.

10 Examples 46-61 describe methods that could be used to prepare higher

diamondoid-containing polymers.

Examples 62-72 describe methods that could be used to prepare higher

diamondoid derivatives and intermediates.

Examples 73-79 describes additional methods that could be used to prepare
15 higher diamondoid-containing polymers. |

It will be understood that it is possible to vary the order of the various
distillation, chromatography and pyrolysis steps, although the order set forth in
- Example 1 has given the best results.

20 : " EXAMPLE 1

This Example has seven steps (see Flow Chart in FIG. 7).
Step 1.  Feedstock selection
Step2. GCMC assay development

Step 3.  Feedstock atmospheric distillation



Exanpl e 3 describes a variation of the process of Exanple 1 in which the
pyrolysis (Step 5, FIG 7) is omtted. As shown optionally i18 k{2005 t he
i quid wbrewstegr aphic step (Step 6, FIG 7) is al so onmpdratkez/é658$e

vari ations generally have applicability only with sel ected feedstocks and
general |y when tetranmantanes, 35 penggmant ane and cycl ohexamant ane are the
target hi gher di anondoi ds. 18 July 2005 WO 0 2/05 7 201 PCT/ US02/ 00504 56
Exanpl e 4 describes yet another process variation in which the final :
products of Exanples 1 and 3 are subjected to preparative gas

chr omat ogr 8pipyd. pMactumdtdctondtion @i wendsphéredisSidgmnatsidme of hi gher

di anondoi d conmponents (Step 8, FIG 7). 5 Exanple 5 describes the

Brom nat i o%tof a ? eid te{; aﬁ%ﬁt an al kyl tetramant ane feed and shows the
preparatio AFQLETEy ObrolisH ftac o pol ybrononat ed t et ranant ane
derivatives and i nternedi ates. Exanpl es 6-45 descri be nethods that could be

. used to prs&%r@ hiRghfyval 6if pmaEtoird shdrincatiiawendaiad | nternedi ates. 10
-Exanpl es 46 descri be nethods that could be used to prepare higher

di anondoi dce@aerants ng pol ynmers. Exanpl es 62-72 descri be nethods that coul d

be used to prepare higher dianmondoid derivatives and internediates.

Exanpl es 7§ %)97 de coW%tmgﬁknﬁﬁmgﬁ?rt@mﬁn?&%gé%nbe used to prepare

15 hlgher nDnd0| I'ni ng pol'yners derstood that it is
possi ble to vary the order of the various distillation, chromatography and
pyrol ysis steps, althoughajt heFosidelusebf fict s¢lectivitylin pnphide fradimas gi ven t he

best results. 20 EXAMPLE 1 Th| S, | e .seve (see Flow Chart in
FIG 7). Step 1. Feedstock s gﬁ lke%"’ %éiﬁ“&%‘g’ 45 devel opnent
b)  Second column of different selectivity to provide isolated

higher diamondoids.

10 This example is written in terms of isolating several hexamantanes.
Step 1 — Feedstock Selection

Suitable starting materials were obtained. These materials iﬁcluded a gas
condensate, Feedstock A (FIG. 6), and a gas condensate containing pétmleum
components, Feedstock B. Although other condensates, petrolenms, or refinery cuis

15 and products could have been used, these two maferials were chosen due to their high
diamondoid concentration, appfoximately 0.3 weight percent higher diamondoids, as
determined by GC and GC/MS. Both feedstocks Wére light colored and had API
gravities between 19 and 20° APL

Step 2 — GC/MS Assay Deifdc)pment

20 : Feedstock A was analyzed using gas chromatography/mass spectrometry to
confirm the presence of target higher diamondoids and to provide gas
chromatograp.hic retention times for these target materials. This information is used
to track individual target higher diamondoids through subsequent isolation
prodedures. FIG. 8A isa table that lists typical GC/MS assay information for the

25 hexamantanes (GC retention times, mass spectral molecular ion (M+) and base peak).



Step 3. Feedstock atnospheric distillation 18 July 2005 WD 02/057201

PCTI US02/ 00504 57 Step 4. Vacuum fractionation of atnospheriggiyebosd ! ation
resi dugyo $i/¢43248. Pyrolysis of isolated fractions Step 6pcRRiGeYadsoff

aromati ¢ and pol ar nondi anondoid conponents 5 Step 7. Milti-colum HPLC

i sol ati on of higher dianondoids a) First colum of first selectivity to
provide fractions enriched in spec5$ic hi gher di anondoi ds. b) Second
colum of different selectivity to provide isolated higher dianondoids. 10
This exanple is witten in terns of isolating several hexamantanes. Step. |

- Feedst otkis$a1e ¢FIR B AYMIsodoh ikt siinlhNGCIME QbdaglisforBiorORi athiglighthese
materials included a gas condensate, Feedstock A (FIG 6), and a gas

condensat Siagenteids NGilsaelabive (Y raéeien s sre IMpsRIdmataky pOnsEHgh ot her

condensat ts o€ el ! 2 ?Egi r have been
used, thegezerteg%dn%:é-%@?%n%m‘/’ea{r_}g&%tﬁgé%eﬁCIELSZW%O' ele’Ei ‘ﬁ%ﬁ&ﬁ‘é?%%‘ doi d
concent r avlaes beafomtif Bcrg?aﬁb&e@eaiav@iv@ﬁh e rgentionhtinghérifids dsrestekdi ds, as
gravities_between 19 and 200 APl.. Step 2 - GC/ M5 Assay Devel opnent 20
ﬁeedstocksteﬁ%‘\age%‘ﬁﬁcgfé’amﬁ@}eﬁﬁ%‘é mat ogr aphy/ mass spectrometry to

confirmthe presence of target higher dianondoids and to provide gas

chromat ogr aphi g 4@l #0bf PeedkiofER &2 dibieAanioPd SIRALAIRE BatAbrE badéd &n
information is use to track 1 ndividual target higher dianondoids through

subsequenboilisg pairitoie separetcdhieforer bblldg Pticomponeitd montdmadnideids ang pi cal
ST TR AR R AT R NN T
diamondoids in various fractions. The yields of atmospheric distillate fractions of two
10 separate samples of Feedstock B are shown in Table 3, below and are conirasted to
simulated distillation yields. As seen from Table 3, the simulated distillation data‘is
in agreement with the actual distillation data. The simulated distillation data were

used to plan subsequent distillation processes.

MS.  Both:feedstocks were |ight  colored and-had APl - -



WO 02/ 057201 PCT/ US02/ 00504 58 This table (FIG 8A) also contains simlar
GC/ M5 assay information for other higher dianondoi.ds. Wil elgraliposse GC
ret ent i swo d2/0semiare approxi mately constant, non- referengetuSé3sosienti ons
vary with tinme. It is recomended that GO M5 assay values be routinely
updat ed especially when GC retention tine drift is detected. 5 Step 3 -
Feedst ock Atnmospheric Distillation A sanple of Feedstock B was distilled
into a nunber of fractions based on boiling points to separate the |ower
boi l i ng point conmponents (nondi anond¢y ds and | ower di anondoi ds) and for
further concentration and enrichnment of particular higher dianondoids in
various fractions. The yields of atnospheric distillate fractions of two [
10 separate sanples of Feedstock B are shown in Table 3, below and are
contrasted to sinulated distillation yields. As seen from Table 3, the
sinmul ated distillation data is in agreement with the actual distillation
data. The sfnul ated distillation data were wused to plan subsequent

v d d kt8 w 0 CAAa. m C
=

Difference
0.4
-0.7
0.4
0.1

Difference
3.9
2.5
2.7

1.4

Feedstock B (Run 2) -
Yields (Wt %)
59.3
7.3
31.2
2.1

Yields (Wt %)
7.6
57.7
30.6
4.1
Feedstock B (Run 1)

28.5
35

63.2
4.8

31.0
4.0
Sim Dis
Est.’d Yields (Wt %)

Sim Dis
Est.’d Yields (Wt %)
8.0
7.0

ot o
= o=

—ifen wy
el PR RN RN & |={r i
Y <= {[C{q o, ~l=]ielg
S ol ol Sl Rt trco,v
RN P hat - R I A A
ot |en || o
<r ~f
A= D

TABLE 3: Yields of Atmospheric Distillation Fractions from Two Separate Runs of Fee

~di-stitl-ati-of processes: 18 July 2005 WD 02/057201 PCT/ USO2/-00504 59 0w - - -



gVF~Ht (nmlt nWIt N7 h 18 July 2005 WD 02/057201 PCT/ US02/ 00504
60 Step 4 - Fractionation of Atnospheric Distillation Residue by Vacuum
Distillation The resulting Feedstock B atnospheric residiumfromStep 3
(conprising 2-4 weight percent of the original feedstock) was distilled
into fractions containing higher 60

Step 4 — Fractionation of Atmospheric Distillation Residue by Vacuum Distillation

The resulting Feedstock B atmospheric residium from Step 3 (comprising 2-4

| Welght pércen.t"df. .fhe..dﬁginé,l.feedsto.ck) wasmstﬂledmtoﬁactlonscontaml ng h'igher'

5 diamondoids as shown in FIG’s. 9 and 10). The feed to this high temperature
distillation process was the atmospheric 650 °F + botioms. Complete Feedstock B
distillation reports afe given in Tables 4A and 4B. Tables 5A and 5B illustrate the |
distillation reports for Feedstock B 650°F + distillation bottoms.
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5 di anondoi ds as shown in FIGs. 9 and 10). The feed to this high

tenperature distillation process was the atnospheric 650 F 18 hdyR0065.

Conpl et av@emastaack B distillation reports are given in Pabluesbsdosand 4B.
Tabl es 5A and 5B illustrate the distillation reports for Feedstock B 650F
+ distillation bottons. 18 July 2005 WD 02/057201 PCT/US02/ 00504 61 a F N
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B Anal yses on Feedstofk BniRUddn Res{d Mpasuweq Vallue

10

15 .

20

20 1 PCT/ USO2/ PO50iefsured ABLE 6: RKragiigent al {Conposition of Feedstock

Sulfur 0.863 wit%
Nickel 8.61 ppm
Vapadium < (.2 ppm

Table 6 illustrates the partial elemental composition of Feedstock B
atmospheric distillation (650°F) residue including some of the identified impurities.
Table 6 displays the weight percent nitrogen, sulfur, nickel and vanadium in
Feedstock B atmospheric distillation residue. Subsequent steps remove these

materials.
Step 5 — Pyrolysis of Isolated Fractions

A high-temperature reactor wés used to pyrolyze and degrade a portion of the
nondianiondoid components in various distillation fractions obtaﬁned in Step 4 (FIG.
7) thereby enriching the diamondoids in the residue. The pyrolysis process was
conducted at 450 °C for 19.5 howrs. The gas chromatogram (FID) of fraction #6
(Table SB) is shown in FIG 11A. FIG 11B is the chromatogram for the product of

pyrolysis. A comparison of these chromatc;grams 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, Illinois was used in this pyrolysis step.

Step 6 — Removal of Aromatic and Polar Nondiamondoid Components

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. 7). The use of a silver nitrate impregnated
silica gel (10 weight percent AgNOs) provides cleaner d13mond01d~contammg

d

fractions by removing the free aromatic and polar components Whlle it is not




Ni trogen 0.991 wt% Sulfur 0.863 wt% Nickel 8.61-m Vanadium< 0.2 m Tabl e

6 illustrates the partial elenental conposition of FeedstockigBidy 2005

at nospheii@ueieti | | ati on (650F) residue including sone afcridsezoskentified
inmpurities. Table 6 displays the weight percent nitrogen, sulfur, nickel

-and vanadiumin Feedstock B at rmsp't%gri c distillation residue. Subsequent

steps renove these materials. Step Pyrolysis of Isolated Fractions 10 A
hi gh-tenperature reactor was used to pyrolyze and degrade a portion of the

nondi anondoi d conponents in various distillation fractions obtained in Step
4 (FIG Mecedsarydbysetiis dhomglogtiphii saeraitioiegeratinn mvshade 8ifaibtatefhe pyrol ysis
process was, condu ted at 450 C for 19.5 hours. The gas chronmat ogram (Fl D)

of fracti o ¥ U Fa#e 5B) is shown in FIG | IA FIG 1113 is the -
chromat ogram for the product of 15 pyrolysis. A conparison of these

chr omat ogrgeE 7 s ansi-édladn BYPIAE Jsiasioh as HigHee Vasmotdiidy nondi anondoi d
hydr ocar bons and has significantly increased-the higher dianondoid

--concentrati-on, especially the hexamantanes.
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Step 6 - Qﬁ%\gg{,}é_ggol h felaf sgigét?sfitisgqﬂ%@&?ﬁ&@ d Conponents 20 The

pyrol ysate pr tep was passed through a silica-gel gravity
chromat ogr aphy col um (usi ng cycl ohexane el ation solvent) to renove pol ar
conpounds and dEghiaist HREE syStmrofsisted 6f tw) Whnteaw b2 0050/ €DISveetummist r at e

I npregnated siJica.gel (10 wei ght rcent AgN r.ovides. cl
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necessary to use this chromatographic aromatic separation nethod, it
facilitat der figihospepiferation bapsecond HPLC system. This combined fraction (36 and

10 37) contained hexamantanes #7, #11 and #13. (FIG. 12A).

Further purification of this combined ODS HPLC fraction was achieved using
a Hypercarb stationary phase HPLC column having a different selectivity in the
separation of various hexamantanes tﬁan the ODS column discussed above. FIG. 12B
shows elution times of the individual hexamantanes on the Hypercarb HPLC column

15 (with acetone as a mobile phase).

The differences in elution times and elution order of hexamantanes on ODS
and Hypercarb HPL.C columns are éeen by comparing these two FIG’s. 12A and 12B.
For example, Hexamantanes #11 and #13 elute toéether on the ODS HPLC system
(F IG. 12A) but in separate fractions (fractions 32 and 27, respeciively) on the
20 Hypercarb system (FIG. 12B).

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 to remove impurities. Using this method on combined ODS HPLC fractions 36
& 37, appropriate Hypercarb HPLC fractions were taken thus providing high-purity
25 hexamantane #13 (FIG’s. 13A and 13B). Other ODS HPLC fractions and Hypercarb

HPLC cut points could be used to isolate the remaining hexamantanes. ThIS isolation




Step 7 - Miulti-colum HPLC Isolation of Hi gher D anpbndoi ds An excel | ent

met hod for isolating high-purity higher dianondoids uses twol®duly2006re

. HPLC colwé@mzesstoidi fferent sel ectivities in succession. TherAmiesdosdHPLC
system consi sted of two What man M20 10150 ODS colums operated in series
usi ng acetone as nobile phase at 5.00 nL/mn. A series of HPLC fractions
were taken (see FIG 12A). Fractions 36 and 37 were conbined and taken for
further purification on a second HPLC system This conbined fraction (36
and 10 37) contai ned hexamant anes #7, #11 and #13. (FIG 12A). Further
puri fi cati SfeleFy ERise appligsbiele thpahprhigherrdiemerdrididithoush elbion spdveny  a
Hypercarb | OF e BPLC colum having a different selectivity in

t he separg‘%l?%(lﬁsﬁ)%@{s&gl?iqo S$ hexamant anes than the ODS col unmm di scussed
above. FIG 12B shows elution tinmes of the individual hexamantanes on the
Hypercarb HPLC ¢bét OIS arkibHypértdrb aclahms eamslsa bambed @ phase)rderfoeitdsd f er ences

HPLG ool anirclaliBEs. S8 pSink Mo Sidiido g s SP, Ep Grectionane e et oy -
exanpl e, HexAABREANeS ﬁ%ﬁoﬁnﬁi&ﬁgée LR alb D suib it BSfSndEbfiechikst €m

(FIG 12A) but in separate fractions (fractions 32 and 27/, respectively) on
the 20 Hypeireomespaylatgesintida iBned @B)leadlinehalisblative of thel ratihmimgor der s and ti mes

f selected h di doi. d t h t t h b t
Separ ate. CHPQMURERG: 11 BROPIHYa s RS rupiot dup SR nE Yamadors tshove
i mpuri ti estetraihbfi@ndshbSmABlakest R8s, GRiTRiine SutfbRitsPlemkr actions 36 & 37,

appropriate Hypercarb HPLC fractions were taken thus providing high-purity
25 hexamantane #13 (FIGs. 13A and 138%. Q her ODS HPLC fractions and
Hypercarb BPLC cut points coul d b& I#p2j sol ate the remaining

hexamant anes. This isolation 18 July 2005 WD 02/057201 PCT/US02/ 00504 67

sigategy is als |4 qalpl H I i h
e%({Jti on sol vent&eggﬁbidg)f "?’l %%%&)%gﬁﬁ\(/%@g lfﬁéerggﬁ{ga%ﬁm'gﬁ'r gg? gthf(?g‘ﬁﬂ s can
al so be uswethatinn pESEpewar ihen chimied blsese

Step 7°:

A two-column preparative capillary gas chromatograph was used to isolate

hexamantanes from the product of Example 1, Step 6. The cut ﬁmes fér the |

15 - hexamantanes were set for the first preparative capillary the GC column, methyl
silicone DB —1 equivalent, using the retention times and patterns from GC/MS assay
(Example 1, Step 2). The results arc shown in FIG. 14A, two cuts identified as
“peaks cut and sent to column 2”, were taken which contains two of the hexamantane
cbmponents‘ﬁ'om Feedstock B. The preparative capillary gas chromatograph used

20 was manufactured by Gerstel, Inc., Baltimore, Maryland, USA.

The first column was used to concentrate the higher diamondoids, such as
hexamantanes by taking cuts that were then sent to the second column (see FIG. 14B
illustrated for hexamantane #2 and #3). The second column,- phenyl-methyl silicone,

. a DB-17 equivalent, further separated and purified the hexamantanes and then was
25 used fo isolate peaks of inferest and retain them in individual traps (traps 1-6). GC
trap fraction 1 contained crystals of hexamantane #2. GC trap fraction 3 qonta‘ined

i

crystals of hexamantane #8. Subsequent GC/MS 'anzilysi.s of trap #1 fnét_eﬁal |




i sol ations. By using simlar nethodol ogy as above, i.e. fractionating
hexamant ane 5 cont ai ning ODS fractions using the |ypercarb org akip@oos

sui t ablwo®glosa; and col |l ecting at correspondi ng el uti opcingesoeay | ead to
the isolation of the remaining hexamantanes in high purity. This is also
true of the other higher dianondoids_from tetramntanes to undecanant anes,
I ncl udi ng substituted fornmns. EXAMPLES2 10 st eps 1, 2, 3, 4, 5 and 6 of
Exanple 1 were repeated (FIG 7). The following variation of Step 7 was
then carried out. Step 7": A two-columm preparative capillary gas

chr omat ogr(BEh. s and ETB ) sbowsditae be highraminbewvomntane #2 basedmpod e of Exanpl e

1, Step 6. cut ti.ges faqr th anant anes re set { first
prepar at i \fég)@i% PFey of gfaﬁg : g.’imbl?ﬁ}(r#ﬁ? Eﬁgﬁ%&s'%&?\é‘%ﬁgﬁ%ﬂt@f@ﬁ%ﬁe nt,
usi ng t he ji58f) @RbkEMitlb B sridbdylRkhkMEnd #OMPEEbMRreGas of lEXanMitenel, St ep
2). The results are shown in FIG 14A, tw cuts identified as "peaks cut

and sent t2 and|iSranystals. Fhis pracathan caniddte repenied fodsalste thsfothete hexamant ane

from Feedstock: B. . The:pr.e; ti.ve | 1l ary gas chromat ograph - -
1968 20 DS RIS i Blo te of B TRRBAG SRERgoBEY \BTS ) anc LA The
first colum was used to concentrate the higher dianondoids, such as _
hexamant anes by taking cuts that EXAaMPEE 3ent to the second colum (see

-FIG 14B illustrated for hexamantane #2 and #8). The second col um,
phenyl - met hyl sjlicone -17_equj val enf, further, separated d purified
t he hexamant anedc@nt % Mﬁ‘%& I@ﬁhﬁ%ﬁi‘"‘?@’i’r i(‘.ﬂeéﬁ @P%%(%S"g&aﬁ?‘?ﬁils@f’gg and
retain themLid,lngli:vi oflk ; W@ Faliigent ai ned
crystals %gb%(&gngﬁ%'g%gagwo t]{rogp rgg?%r?gﬁcag%{) iﬁ;el%?é%druygaalls of
hexanant ameco#8redSulStapali cTite [GOIVEs Stapl (73 bE Endrmpled pn# beangted sbpecdalljul y 2005

WD 0 2/05 720 CT/ US02/ 00504 68 (FI G 15A and 15B) showed it to be high
pdrity he*&ﬁﬁ%ﬁ%ﬁ%@%‘%‘%& @gh@p%@r@g@?@e@ﬁe@@ew larly, the
GC anal ys 'cﬁcl@ﬁeﬁaﬁ%tabﬁ%. TR dRd tHeftdetiodPRBnaNdd id Sih 45%%&5; o BRpbe
primarily hexamantane #8. Photom crographs of hexamant ane

and 7 in Example 1 or directly to Step 7 in Example 2 (FIG. 7). This process

variation can be applied to lower-boiling tetramantane-containing fractions of

Feedstock B as well. However, pyroljfsis is highly desirable where significant

15 nondiamondoid components are present.

- A fraction corresponding in cut point to fraction #1 of Step 4 (see distillation
Table 3, Example 1 and FIG. 8) was taken from this feedstock. This fraction was
further fractionated by preparative capillary gas chromatography similar to the
processing shown in Step 7° of Example 2 (FIG. 7).

20 A t\vd-column preparativé capillary gas chromafo graph was then used to
-isolate the target tetramantanes from the distillate fraction cleaned-up by column
chromatography (Step 6, FIG. 7). Usirg the retention times and patterns from the
GC/MS assay (from Step 2 of Example 1), the cut times for the target diamondoids
(e.g., tetramantanes) were set for the first preparative capillary GC column, methyl

25 silicone DB-1 equivalent. The resulis are shown on the top of FIG. 16 identified as
.cuts 1, 2 and 3.

The first column was used to concentrate the target diamondoids (e.g.,”

{etramantanes) by taking cuts that were then sent to the second column (phenyl-




#2 and #8 crystals. This procedure could be repeated to isolate the other 5

hexamant anes. This is also true of the other higher di anondoigiguly 2B08\VPLE 3
Steps 1,wQ028572¢ind 4 (FIG 7) of Exanple 1 were repeatedprasiusg/dieedst ock A
Feedstock A is especially I owin nondianondoids in the atnospheric residue
fraction recovered in Step 4. The pégol ysis Step (5) of Exanple 1 may be
omtted especially 10 when the hi ghef” di anondoi ds bei ng sought are

t etramant anes; pentamantanes and cycl ohexamantane. In this case the
fractions renpved. in Step 4 go directly to Steps_ 6 and 7 in Exanple 1 or
direct!y t&etpdgsilieons, a@ﬁﬁﬂ leguiyalept) dsecthe botinm opFEd9d: Tharscapd eplussn be
applied toganecsholl -jfiﬁﬁ L1 i Feedst ock B
as well. Homeve%?&%%% ysélgfqegqlﬁl?%% esﬁlrag%Fgﬂd ngﬁ%%tﬁg%lﬂ |t8ant 15

nondi anondaidividoaigone (taps dr@®. G sepd 2, 4eniirGaaniamedahe selsqied tiimmantaneut  poi nt
to fractio;&lﬂgil‘nlg;1 Step 4 (see distillation Table 3, Exanple 1 and FIG 8)
was taken is feedstock. This fraction was further fractionated by

~-preparative-capi I-l-ary gas chromatography simlar to the processing shown- -

insStep 7° of Exaghighlycdobbiraied tetrdPaftah Bzt difoRIARAR SN ARM ary gas

chromat ograph was then used to isolate thé target tetramantanes fromthe
di stil | at etq erxsiellign icthe drap @r disselyet mdnerrysieHizedivoysdpion. (Gudsptle, FIG 7).

Usi ng t he i I es atter f he OC/ NS assay, (from Step 2
o Exvamp ey S U bOTRReRAR AR Rt B M e et il

t et r amant apaphraties GCeipsn, iddes. f Whete ddheRMfatibhy/ Pereaidt highldhokkh f@! UM,

met hyl 25 silicone DB-1 equivalent. The results are shown on the top of

FI G 16 i deneiilizationty ocews, further pongegtrafioneprepargivagCures neaessaded heo
cemcentrat ' LAds A e r t-ane aking cuts
that were ?ﬁggﬁﬁﬁ{l@%ogdﬁgkﬁg@h 0&0%1%?8%%???@3'% ?%@%’gﬁ O 02/ 057201
PCT/ US02/ 00504 69 nethyl silicone, a DB-1 7 equivalent) (see the bottom of
FIG 16). The second colum furth&xXAMPIdded and purified the target

di anbndoi ds and then sent theminto :
| HO8 ) S repmlf‘at}ve GC of HPLC Fractions

With the heptamantanes, octamantanes and higher diamondoids, etc., it may
15 be desirable to further fractionate the HPLC products obtained in Example 1, Step 7.
This can be carried out using preparative capillary gas chromatography as described
in Example 2, Step 7.

The following higher diamondoid components were isolated and crystallized:
all of the tetramantanes from both Feedstocks A and B, all pentamantanes (mol. wt.
20 | 3#4) isolated from Feedstock B; two hexam:mtane'ci'ystals (mol. wt. 396) isolated
from Feedstock B; and, two heptamantane crystals (mol. wt. 394) isolated from
Feedstock B, octamantane crystal (mol. wt 446) isolated ﬁom-Feedstock B. Aswell
as a nonamantane crystal (mol. wt. 498) and a decamantane crystal (mol. wt. 456)
isolated from Ft_eedstcck B. The other higher diamondoid components could also. be

25 isolated using the procedures set forth in these examples.



i ndividual traps (traps 1-6). GC traps 2, 4 and 6 contained the sel ected
tetramantanes (FIG 16). 5 The highly concentrated tetranmntghdy200her

- di anondwiodg/osene then allowed to crystallize in the tramwosdiossal ved and

recrystallized fromsolution. Under the mcroscope at 30X magnification,
crystal s of the tetramantanes were vaS| ble in preparative GC traps 2, 4,
and 6. \Wiere concentrations were not'"hi gh enough for «crystallization to
occur, further concentration by preparative GC was necessary. The 10
process woul d al so work to isolate other her di anondoi ds from Feedst ock
A.  EXAMPLE 4 Preparative GC of HPLEXIAMEL%%S Wth the heptanantanes,

oct amant anes and hi gher .etc. sirable to
further fractionat e%f?{emflﬁlzﬁ Igoguc amo’ g{%‘%@%mz@eé?ﬁq ggl Step 7. This
can be carried out using preparative capl I | ary gas chronmat ogr aphy as
described in Exanple 2, Step 7'. The_ follow ng hi gher di amondoi d

conmponent s mr&i@ﬁﬂﬁl@d’f@rfdefﬁ%tcﬁmaﬂﬂ%@amﬂéwe%ﬁ higher digpe Wites from

by th Feeds‘%gq%&s and B, all pentanantanes (nol-. . 20 344) isolated from- -
WO h

Feedstock examant ane crystals (nol. w. 396) i solated from
Feedst ock B; and, two heptamantane crystals (nol. wt. 394) isolated from
Feedst ock B, ocrmmmwmbd@nm&eﬂsmh&ddseﬂi@m(ﬂmlﬂ Feedst ock B.

(ol we. 5 SEpDIeIcs SPReGerns s PRUBSFb I BosRitEe SRR R er e ondol 8
component s ;%@1916% Sb%ttﬁescd%!e@érﬁgfﬂiéﬂﬁﬁﬂhﬂﬁl@ﬁ&ﬁ 8p Wabfors®hs forth in

t hese exa 18 J 'y 2005 02/ 057201 PCT/ US02/ 00504 70 EXAMPLE 5
Br om nat i mbtmﬁe&bghnmnﬁlgmhm&twmwmwgwmwha@fdﬁﬁml on of a

e 1 cogsGEmIaR gk Lt Bk fodbe o ABIARER AR Teedorgfl o °
Whatman M40 10/50 ODS preparative scale HPLC column using acetone as mobile
phase. |

A fraction containing all of the teframantanes including some
alkyltetramantanes and hydrocarbon impurities was obtained. The composition of
15 this fraction is shown in FIG. 17. The tetramantanes were identified by mass spectra

and retention times.

This fraction (about 10 mg) was mixed with anhydrous bromine excess (dried
with concentrated H,S04) in a 10mL round-bottom flask. While stirring, the mixture
. was heated in an oil bath for about 4.5 hours under nitrogen, whereby the temperature
20 was gradually raised from room temperature to about 100°C. The excess bromine was
then removed by evaporation and the resulting brownish product was characterized by

GC/MS.

FIG. 18 shows the monobrominated, dibrominated and tribrominated
tetramantane products formed (characterized by molecular ion 371, 447 and 527 '
25 respectively). | '

FIG. 19 shows the presence of monobrominated tetramantanes in the total jon

-chromatogram of the reaction product showing that these compounds are the major

components within this GC/MS retention time range.




-evaporation and the resultin

A sanpl e of Feedstock B was subjected to atnospheric distillation as set

forth in Exanple 1, Step 3. At the conpletion of the distil{gdilproas hol dup
fracti orWQd&g/o057@wt ai ned by rinsing the colum. Its conposecTaso@sosi m | ar
to that of vacuum 10 distillation fraction 1 indicated in FIG 9. The

hol dup fraction was fractionated on a VWhat man MA0 10/ 50 CODS preparative
scale HPLC col um using acetone as m)lbi | e phase. A fraction containing all
of the tetramantanes including some alkyltetranmantanes and hydrocar bon
inmpurities was %Eéai ned. The conposition_ of 15:this fraction is shown in

FIG 17. The tettdnthihavedhgmiegency of fi-pnd fibyomyinated defpmaniane prefluctsiant i on
Limes. Thi s fachion : eaTDY e o
(drtod i T SRR ot Edont i Bl b R QR PEAR I oSS

stirring, témgem xture was heated in an oil bath for about 4.5 hours under
ni trogen, whereby the tenperature 20 was gradually raised fromroom
tenperature to ghqus; -thggx%géiée%fﬁ uBBloAEnieS o BihE TR R

~browni sh-product -was characterized by GC M5
FI5S 18 showschrématograahpbihe neacton ndktoreom nat ed and tri broni nat ed
tetramant ane products formed (characterized by nol ecular ion 371, 447 and
527 25 respect wyel ¥ ; &Hﬁﬂ’% ) (21701 o1 )
t et ranant anes iﬁy?hge‘iltsgjtﬁ_%"l&af%sﬁe c rorfr%tﬁ‘g)aggﬁﬁg?&?%e reac%?%ﬁﬁ%;tgéug
showi ng t hattentivasene ohpbiitdsimitas fide (I 21). Thrlpoeatlsinvthisispectiu GO/ VS
retention ig@ rgp%g.l lq July 2005 WD 02/057201 PCTI US02/00504 71 FIG 20
shows t he B:'re SVE MG IRy ¢ i - broni nated t et ramant ane products in the
reaction m xture as the nmjor conmponents within this GO/ M retention tine
range. | FIG FPIGsliosiewistiee pesmen ofmohotaombmidst mefhyltteaindmineamitieane i n

t Poe total total ion chromatogram of the reaction product.

FIG. 24 are the mass spectra of monobrominated methylietramantanes from
FIG. 23 with GC/MS retention times of 11.992 minutes and 11.644 minutes. The
base peak in this spectram is the 385 m/z molecular ion.

FIG. 25 shows the presence of brominated dimethyltetramantane in the total
15 ion chromatogram of the product.

) FIG. 26 is the mass spectrum of the monobrominated dimethyltatramantane
eluting at 12.192 minutes from FIG. 25.

FIG. 27 shows the presence of dibrominated tetramantane in the total ion

chromatogram of the reaction product.

20 ' FIG. 28 is the mass spectrum of a dibrominated tetramantane with GC/MS
retention time of 15.753 minutes from FIG. 27. The base peak in this spectrum is the
447 m/z molecular jon.

FIG. 29 shows the presence of dibrominated methyltetramantane in the total

ion chromatogram of the reaction product.
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5 ion chromat ogram of the reaction mixture. FIG 22 is the nass spectrum of
a nonobrom nated tetramantane with GO MS retention tine of 18032005 nut es
from ( Fix® 0225)201 The base peak in this spectrumis the 3drpdeoasdsecul ar
ion. FIG 23 shows the presence of nonobrom nated nethyltetramantanes in
the 10 total ion chromatogram of t?ﬁ reaction product. FIG 24 are the
mass spectra of nonobrom nated net hyFtetramantanes from FIG 23 with GO M5
retention times of 11.992 mnutes and 11.644 m nutes. The base peak in
this spectrumis the 385 mz nolecular ion. FIG 25 shows the presence of
broni nat ed di mefle¥I306s themaass apestiim oflsedibromihated BreflohtcrmanancoyHam of t he

product. F 6 is.the ma ctrym of naprom n X

di met hyl t a RetghRon %ﬁnﬁpﬁﬁﬁﬁmﬁ#‘iﬁ{go%ﬂﬁt g@ ?ﬁ%ﬁ&ﬁp&&fg"s@%l G 27 shows
t he pr ese%gc@ﬁn@ﬁ@mm%m&%mnt ane in the total ion chromatogram of
the reaction product. 20 FIG 28 is the mass spectrum of a di brom nat ed

tetramantane with GO/ MS retention time of 15.753 minutes from FIG 27. The
~base peak i n t W& Spsbews thenyesenes offnbrogyinates feb@magtang gy theftpled 1089 shows t he

&Esesence OJ}’{&L‘%%‘EQES%ﬁgrﬁ%h%#@%%@mm ane in the total ion chromatogram

t he reaction 05 WD 02/057201 PCTI US02/ 00504 72 FIG
30 is the mass spectrum of a di brom nated nethyltetramantane with GO/ M
retention tinme G, B2.i8He misupesufir afia thbfamidsied TeteanratmeyatkGCAMEhI s

spectrumis the 461 z | ecul ar. io El 31 shows .t he presence,of
tribroni naFP@H“?%FP‘%ﬁ’rFEXrW aﬁg mlﬁuﬁeﬁgo%ﬂﬁ' 3?8?“%’%%%&? ?%‘?‘F R eact i on
product. Hd,32 L84iRSABss spectrumof a tribrom nated tetramantane with
GCl M5 retentIF%n tll%ne ofo 17.279 mnutes fromFIG 31. The base peak in this
spectrumis the ]

FIG. 33 shows the presence of tribrominated methyltetramantane in the total

10 ion chromatogram of the reaction product,

FIG. 34 is the mass spectrum of a tribrominated methyltetramantane with
GC/MS retention time of 15.250 minutes from FIG. 34. The molecular ion is 541 my/z,

EXAMPLE 6
Monobromination af Hi igher Diamondoids
15
A higher diamondoid (7.4 mmol) is mixed with anhydrous brominc (74 mmol)

in a 150 mL round bottom flask. While stirring, the mixture is heated in an oil bath for
about 4.5 h, whereby the temperature is gradually raised from an initial 30 °C to 105
°C. The product monobrominated higher diamondoid dissolved in excess bromine is

20 cooled and then taken up with 100 mL carbon tetrachloride which is poured into 300
mL ice water. The excess bromine is removed with soéiuﬁl hydrogen sulfide while
continumg cooling with ice water. . After the organic phase has been separated, the
aqueous solution is extracted once more with carbon tetrachloride. The combined
extracts arc washed with water, three times. After the organic phase has been dried

25 with calcium chloride, the solvent is distilled off and the last residues are removed
under vacuum. The residue is dissolved in a small amount of methanol and
crystallized in a cold bath. Further purification of the crystals is carried out by

sublimation under vacuum.




527 mlz nol ecular ion. FIG 33 shows the presence of tribrom nated

met hyl tetramantane in the total 10 ion chromatogramof the 1&aayi2005
product wdrbfas734 i s the mass spectrum of a tribrom nat edpgeigRyd/dogs4 anant ane
with GO M retention tine of 15.250 mnutes fromFI G 34. The nol ecul ar
ionis 541 mz. EXAMPLE 6 Monobrom.ation of H gher D anondoids 15 A

hi gher di am ondoid (7.4 mmol) is nmix€ed with anhydrous bromne (74 nmmol) in
a 150 nmL round bottom flask. Wiile stirring, the mxture is heated in an
oil bath for about 4.5 h, whereby the tenperature is gradually raised from
an initial 30 Cto 105 C. The prok Brom nat ed hi gher di anondoi d

~di ssol ved in excess om ne..i s . cooled . , up. Wi th 100 niL
carbon tetrachlori de‘B{%’"é’r‘.’“?%" ?JZJ% Zlcel' }l)ﬁéf'%‘%g%@sqﬁ_}ml&géggl Sggr. The excess
bromne is renmoved with sodi um hydrogen sulfide while continuing cooling

with ice water. After the organic phase has been separated, the aqueous

solution is extAdighes dismondeigr(@7 mmel) ishastl todHP SEHPOFhME22 IEmathe onbi ned

e @X --r--ac--t-s h M t . t - thr e tl - Aft t r' r. .ni . phase -has--
b)e%ten drie @g&%ﬁ? ﬁgec@‘lnshﬁ?gﬁb&?%’é,ss ee%ggql\/ih% %écaglggﬂlaﬁ? ed of f and the
| ast resi deassaliRafienorad oily iERtiol pRidutl fidianéiRaiol kehdrfortibs sOdssedbéd -a

smal | anmount of methanol and_ _crystallized in a cold_ bath. Further
puri fi cat i ¥8Vef Theerystalsare sublimptedin yageupy (Thg yublinde isaserystlliveder vacuum

18 July 2 7 %ﬁﬁ_ KNG . ] i on of
Hi gher Di gs%g%r ol ggvﬁvl ]?‘h%‘g g@g@#&gﬁé@ ﬁ%’%e?ag a%@%&%@%ﬁ IS
heat ed t o debivafisd.or about 22 h with 5 anhydrous bromne (0.37 nol) in a
pressure vessel. The typical work-up and recrystallization of the oily

reacti on product from methanol is Bmw as descri bed above. The
ctystals are sublimted in vacuum™% ¥mate is recrystallized

Dibromination of Higher Diamondoids with Catalysts

To a stirred mixture of 1.0 mo! anhydrouns bronﬁne and 0.025 mole (2.5 mL)

of boron bromide is added a few milligrams of aluminum bromide. The reaction

15 mixture is maintained under a blanket of nifrogen during addition of reactants to a
four-necked flask with stirrer, reflux condenser, and gas inlet. A higher diamondoid
(0.1 mole) is added portionwise from a small flask attached to the fourth neck by
means of Gooch crucible tubing. After reftuxing for about 1.5 hours, hydrogen
bromide evolutioﬁ is no longer evident. Excess bromine is decomposed and the

20 product isolation is accomplished as described above. After removal of the solvent,
the residue is recrystallized from methanol and #-hexane at room temperature to

provide a pure diBrominated compound.

‘ EXAMPLE 9
Brominated Higher Diamondoids from Hydroxylated Cofnpounds
25 | o |
A mixture of 2 suitable hydroxylated higher diamondoid and excess 48%
hydrobromic acid is heated to reflux for a few hours (which can be coﬁvcniently
monitored by GC analysis), cooled, and extracted with ethyl ether. The exiract is
combined and washed with aqueous 5% sodium hydroxide and water, and dried.

C 30 Evaporation and normal column chromatography on alumina eluﬁng with light




several tines froma very small anmount of n-hexane affording a pure

di brom nated derivative. 10 EXAMPLE 8 Di brom nation of H gherdjaty2oosioi ds
W th Caixal ySijss20f0 @ stirred mxture of 1.0 nol anhydrouspbi@gdisand 0. 025
nmole (2.5 mL) of boron bromde is added a few m|ligranms of alum num
brom de. The reaction 15 m xture is naintained under a bl anket of nitrogen
during addition of reactants to a f@ur-necked flask with stirrer, reflux
condenser, and gas inlet. A higher dianondoid (0.1 nole) is added
portionwi se froma small flask attached to the fourth neck by neans of
Gooch cr ucpditodeutiittheag hexdnepor ayefdhaxanegorf their aligtntes] whthredhyl sthehyfomigen

brom de evolution is_no | onger .evident. Excess bromne is deconposed and |
t he 20 pro@‘ﬁg’f"[ﬁ’@&‘”&g’ir&?‘?op% é{é’(‘,éhiﬁ'f:d?]hed as described above. After renoval -

of the solvent, the residue is recrystallized from nethanol and n-hexane
at roomtenperature to provide a PNAMMPL RO nated conpound. EXAMPLE 9

Brom nat ed H gher D anondoi ds from Hydroxyl ated Conpounds 25 A m xture of °
agsui-tabl e hydroxylat G%B;L(gﬁ%f' e [Tl 9;9i0f - DNEES8A8Y hydrobrom cacid -
ew i E}Whl (o '

is heated to reflux for a ours tan be conveniently nonitored
by GC analysis), cooled, and extracted with ethyl ether. The extract is

conbi ned and washed w t h aqueous 5% sodi ym hydr oxide and water, and dri ed.
30 Evapor at i on Hie rH”é‘F“EB?E:ﬂ‘f@@ﬁ?W&%‘fié FRFTigH OBt AP A TERRETPINEE wi t h

light 18 J . 005 4 A UM §iher,
hexane, or&éilég Izg’ﬁg’;{ éér(\ég? 1%% 6)té %%%Olé;%%hﬁg%]ﬂ% %#lé?%%%pﬁeﬁuaf ords the
brom de wiHifherdasasialoid/inioginl iof kelgentimKAMirEsehOe bf Mundpitivtndstd DF0-watti on of
Hi gher Di anpndqi ds __Phot ochl ori nati on of a hi gher _dianondoid is carried out
30" r oom t aHpsevialel(dV) lamp. The solvents employed canbe carbon tetrachloride, benzene,
or carbon disulfide. After a short induction period (approximately 2 minutes) the
reaction may be initiated as evidenced by the fading of the chlorine color and the
evolution of hydrogen chloride. The reaction mixture is washed by 5% sodium
carbonate aqueous solution, water, and dried over anhydrous sodium sulfate. The
15 product obtained by concentration of the dried solution is shown by GC to consist of
several momno-chlorinated higher diamondoid isomers. Separation of those isomers is
achieved by HPL.C or even normal column chromatography on alumina, or silica gel,
or simply by recrystallization from methanol and sublimation under vacuum, or by a

combination of separation techniques as described herein to achieve the isomer

20 separation.

EXAMPLE 11
Monochlovination of Higher Diamondoids

A solution of 0.074 mole of a higher diamondoid and 10 mL (3.5 g, 0.092
25 mole) of tert-butyl chloride in 40 mL of anhydrous cyclohexane is prepared in a 0.1
' L, three-necked, round-bottom flask fitted with a thermometer, a stirrer, and a gas
exhaust tube leading to a bubbler submerged in water. The catalyst, aluminum
chloride (total 0.46 g, 0.006 mole), is added in batches of 0.05 g at regular intervals
over a period of about 8 hours. Progress of the reaction is followed conveniently by

| 30 - the rate of escaping isobutane gas. Upon completion of the reaction, 10 mL of 1.0 N
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(25-30 C) by netering 0.037 nole of chlorine into a solution of 0.074 nole
of a higher dianondoid i'n 100 nL of solvent in the presencei®fuly 2005

i1l um natdomshwia 150-watt 10 ultraviolet (UV) |anp. Thepsplyv@mbsisenpl oyed
can be carbon tetrachl oride, benzene, or carbon disulfide. After a short
i nduction period (approximtely 2 mnutes) the reaction may be initiated
as' evi denced by the fading of the chl‘orine color and the evolution of
hydrogen chl oride. The reaction mxture is washed by 5% sodi um carbonate
aqueous solution, water, and dried over anhydrous sodium sul fate. The 15

product obhﬁdrﬁ@ﬂow aihsudntiomisiaddedowith Migonmisstiring, deliosred by Xhsletby GC to
consi st of .4 SEYRL Ak ogoan‘fé‘f géné‘%%gag}io%‘éﬁedd\bﬁﬂ‘iﬂ%ﬁ oﬁ&%%%am?? aration

of those iSoners is Ieve even norm o ogr aphy

on al um naleifaSS%lsﬁ@uﬁﬂhcarb@Jiatémmdloh, bid deed wetranhycnraﬁs mlﬁmmrﬂmmehanol
and sublimation under vacuum conbi natjon of separatjon techniques
as descri béfehemaval @Hhaéwénﬁév@c}?é f"r‘@@%ﬂW%é’B‘%\?@@F srpdughiappiaineds ,
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mL of an hyhﬁrghmsilwmhdd]@(\anb aismall aapanedf unteaatdd. Highdr ; dlﬂ‘.dillirﬁhid”l é:df ked,
round-bottomflask fitted wth a thernoneter, ,a stirrer, gas ., exhaust

tube | eadi weﬁsar}a enpHBrationshesgerls of thismateriatfon 5@13111%@ —5%1’(6 Ao
chl ori de_( &Jo%ﬁloginagd%%ilep%aﬁ%ond%a added in batches of 0.05g at

regular in rva over €lo Jout 8 hours. Progress of the reaction
is followed conveniently by 30 the rate of escaping i sobutane gas. Upon
conpl etion of the reaction, 10 nL BXAMPLK 128 JuI y 2005 WD 02/ 057201

PCT/ US02/ 00504 75 hydro e acid s d d with vigorous
strring, followed by 50 ”Oé’f‘? W”@gﬁé'#‘ gﬁl c layer is
separated, washed with 10 nL of cold water and 10 n1_ of a 5% sodi um
bi carbonat e sol ution, and dri ed over anhydrous cal ciumchloride. . After

renoval of the Acbludonsfd ﬂa@enmpb@ﬁazﬁghmth'&am@jd ihi8.2 gudengiindenect i s
ﬁg;gic ngr i tﬁ)&(ﬁggis %ﬁ}%ﬁ&l gv%tﬁ 401{2 f‘ a soqattloenrcl)iall od e\(f‘?lj ? 013 0 grgcl:e Jc%&dolL mai nly
ethyl acetate. While being stirred vigorously, the solution is irradiated with a 100-

15 watt UV light placed in an immersion well in the center of ihe solution. Gas
evolution is evident from the start. The temperature is maintained at 40-45 °C for an
ébout 21-hour irradiation period. At the end of this time, about 95% of the pefacetic
acid had been consumed. The solution is concentrated to near dryness, treated twice
in succession with 100-ml. portions of toluene and reevaporated to dryness. Final

20 ¢ drying in a desiccator affords a white solid. A portion of the above material is
dissolved in a minimum amount of benzene-light petroleum ether. This solution is
then subjected o chromatography on alumina in the usual manner eluting with firstly
1:1 benzene/light pefroleum ether, followed by a mixture of methanol and ethyl ether,
to collect the unreacted higher diamondoid and the hydroxylated higher diamondoid

25 isomers, respectively. Further separation of the isomers can be achieved by using
HPLC techniques.

Alternatively, to 25 mL of acetic acid are added 10 mmol of a higher
diamondoid, 0.8 mmol of N-hydroxyphthalimide (NHPI) and 0.6 mmoi of
acetylacetonatocobalt(I). The resultant mixture is stirred in an oxyéeﬁ aﬁﬁosﬁhé’re at



hi gher di anondoids with a small anount of unreacted higher dianondoid. |f
necessary, recrystallization of a sanple of this material fry@ayzaosl at
-50 C afiooss7202 pur e nonochl ori nat ed hi gher di anondoi d. p&Epd#kdeses2 10
Monohydr oxyl ati on of Hi gher D anondoids A solution of 11.0 nmol of a higher
di anondoid in 18.7 g of nethyl ene loride is mxed with 4.22 g of a
solution of 1.03 g (13.5 mmol ) of péeracetic acid in ethyl acetate. Wile

- being stirred vigorously, the solution is irradiated with a 100 15 watt UV.
light placed in an imersion well in the center of the solution. Gas

evol uti on 4 euperaieetof 76 60 fohabomt AhbursTHke reavpion i moritorsd miGEE, allowihgat 40- 45

C for an but. 21-hour irradjation period. At the end of this tinme, about
95% of thef%bg}céé‘ﬁf"il‘??o F@%@%@Sﬁa@gh&%ﬁ%@@m?ﬁgo@d@ﬁﬁ%ﬁp cliogoncentrated

to near dryness, treated twice in succession with 100-nL portions of

t ol uene and reevaporated to drynegsxAlbPek 130 drying in a desiccator
affords a white solid. A portion of the above material is dissolved in a
- ni-rum-anounMoebhivénpdered Higha Diempoladnfi-entidencbroiminaéed Gerpnirids  t hen:
sybj ected to chromatography on alumna in the usual manner eluting with
firrstly 1:1 benzene/light petrol eumether, followed by a m xture of

net hanol and et R¥hLit4H16 8lonobroghifdéd ﬁgher_tdimuﬁdcﬁ@w.esb oY1 heAbdipradek d and
t he hydro>r<iyl ated hi gher di anondoid 25 isoners, respectively. Further
O

separ at i orfobfbauid I warrersd beftom dage hi s Haskhiy equipped withiactpse aed gues.

Alternatiy 0, 25 f td cigdzar f higher
di anondoi d %h%{ g(gnr%%f ergc}f ﬂ%ﬁ;}]/lgjr%g?jyﬁ%a??{agisnﬁmg 5&%&%0%%%%b§%8 t‘(ﬁlq“%n’rsrlo of
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Conpounds purified by sublimation under vacuum.

Altématively; a suitable monobromo higher diamondoid (0.1 mole) is mixed
- with 40 mL of 0.67 N hydrochloric acid and 450 mL DMF. The resultant mixture is

15 stirred at. reflux temperature for about 1 hour. The solid product is filtered and
recrystailized from n-hexane to produce the monohydroxylated higher diamondoid.

EXAMPLE 14
Dihydroxylated Higher Diamondoids [from Dibrominated Compounds

20 | A suitable dibrominated higher diamondoid (0.066 mol) is heated, refluxing
for about 1 h in a round bottom flask. The flask is equipped with a stier and a reflux
condenser. While stirring, the following is added: 70 mL water, 10 mL
tetrahydrofuran, 4.0 g potassium carbonate and 2.6 g silver nitrate. After cooling, the
reaction product is separated out and extracted with tetrabydrofuran. The extract is
25 diluted with water and the precipitate is suctioned off, dried and purified by

sublimation under vacuum.

Alternatively, a mixture of a dibromo higher diamondoid (0._1_2 nglq]e) gnd 70%
- pitric acid (200 m1) is heated at 70-75 °C umtil bromine evolution ceases. The




5 A suitabl e nonobrom nated hi gher dianondoid (0.066 nol) is heated to
reflux for about 1 h in a round bottomflask. This flask isigesuyrpesl wth
a stirreoandr®ml reflux condenser to which 35 nL wat er, p@Tousot/i0504
tetrahydrofuran, 2.0 g potassium carbonate and 1.3 g silver nitrate is
added while stirring the m xture. A@(er cooling, 10 the reaction product
has crystallized, is separated and tracted with tetrahydrofuran. The
extract is diluted with water and the precipitate is suctioned off, dried
and purified by sublimtion under vacuum Alternatjvely, a suitable

monobr ono RACRB M tsReBTed ipio waterd P8 mig apit feeprespitate KOliliAredr The 67 N

hydr ochl ord i - : . I t ) re | . Stirred at
refl ux tenﬁﬁ{e%?%giglgﬁ?g]%{ﬁg%oﬁh %gﬂg&%ﬁgﬁso llggﬁ%%%uc tﬁF@tlu%%lesr ed and
recryst al Iiizess. fT}&rﬂdmm@aa}ﬂ&élsicamr@d vashddheitireaeh 3208 yhiated Jtoher

ydr

di anondoi d. - EXAMPLE 14 Di hydroxyl ated Hi gher Di anondoids from Di br
ont i nat ed (@ohjsbuhg enddrict] topravads e desiradraongoetdd-hi gher di anondoi d (0. 066

~mol)-is heated, refluxi-ng for about 1-h in a round bottomfl ask. The flask -

is equipped with a stirrer and a {gf denser. While stirring, the
f%llowi ng is added: 70 nL water, Wlt]ig? ahydrofuran, 4.0 g potassium

carbonate and 2.6 g sil V?blyﬂj]d}‘b@ll&ion%ft&ghé}@imdoﬂhe ~reaction product is
separated out and extracted with tetrahydrofuran. The extract is 25 diluted

with water and the precipitate is suctioned off, dried and purified by

sublimation un Y .t er yvely. ' . f.a gl - Al gher

G amondoi o (0. 199t Sy T PHREREH By Frbolit PR bl RRbRiPiD. £0°7 ¢
until bronfbweerBpahhtd @hdaeases0 °TY)an 38 dhivel wllQRale¥\ @ Bh2ti&f sibr, 3

PCT/ US02/ 00504 77 reaction mxture is poured into water (250 nL) and the

pieci pi t aselid additipn Eragl amiisdberocovpie.c Tp shindagk Beifeliavias i added0dd3fueous
00U b S BUIAEP hE pA o S0 RERIARE, Bagpp
provi de t Reatele$97 gelnRaoMa Blcarbonate and 300 mL s~butanol. This mixture is stirred
and cooled to 0 °C and 200 grams 1,1,1-trifluoro-2-propanone (TFP) is added. The
mixture is stirred and cooled down to -8 °C. Then, 200 grams oxone is added from
15 the solid addition finnel over the course of 3 hours. The reaction mixture is stirred at
0 °C approximately overnight (16 hours). The TFP is recovered by distillation
(hea(tiﬁg pot to 40 °C and condensing TFP in a receiver immersed in dry ice/acetone).
. The remainder of the mixture is filtered by suction and a clear solution is obtained.
The solution is rotavapped to dryneés, providing a mixture of polyhydroxylated higher
20 diamondoids that can be purified by chromatography‘ and/or recrystallization. |

EWLE 16
Oxidation of Highey Diamondoids to Higher Diamondoidones -

A solution of 11.0 mmol of a suitable higher diamondoid in 18.7 g of
25 methylene chloride is mixed with 4.22 g of a solution of 1.03 g (13.5 mmol) of
peracetic acid in ethyl acetate. While being stirred vigorously, the solution is
irradiated with a 100-watt UV light placed in an immersion well in the center of the
solution. Gas evolution is evident from the start. The temperature is maintained at

40-45 °C for an about 21-hour irradiation period. At the end of this time, about 95%




5 EXAMPLE 15 Pol yhydroxyl ati on of Hi gher D anondoids Into a 4-neck flask
imersed in a cooling bath equipped with the follow ng: a |@udigopes ature
condensgfo §zo3620¢) . an air driven wel | -seal ed nmechani cal BCT/Uf®rG05E® 10
solid addition funnel and a thernocouple. To this flask the following is
added: 0.037 nole of a higher dianondoid, 150 ml, nethylene chloride, 200
m. double distilled water, 192 gra sodi um bi carbonate and 300 nL
t-butanol. This mxture is stirred and cooled to 0O C and 200 grans
1,1,1-trifluoro-2-propanone (TFP) is added. The mxture is stirred and

cool ed dovef thoper8cdlic atiddrm comgiedr i solibipr is congeriaied AL SYPES sol i d

addition finnel], over the cours 3. h i ] LS stirred
at 0 C apbralsd RRTEPFUKrETT &W?l 1%%‘6“%8& S ?Oﬁﬁgu#g%ﬁﬁsﬁ?g?gé&é#{e% t!t))y -
di stillatigonesk e MmO 4 QsitBatbr sifekdsasslansi ng TFP in a receiver

imrersed in"dry icel/aCetone). The remainder of the mxture is filtered by
suction and a clear solution is obtained. _The solutiaon is rqfavapped to
SrisRgP B gRarenNonds

—dryness, - provi dFigscidnt Rydrogylated hashen damerp
c be puri.fi b I, dldikigfd b®thio tHeWOMbE 16
O%lndati on %Psoﬁgeéiﬁ}éF%Qé%%ﬁ%%ﬂﬁ?éﬁ%m@%%ﬁ%%doneg‘ At(_;ol ution of 11.0
mmol of a Huinbedl ef thi gheac@di aigher diachondoid 8 Chrgmisfacidulfwicaridsduiégnlisr i de i s
mxed with 4,22 g of a solution ,of 1.03 (13. 5. mmol ) of. St%%daceti c acid in
et hyl - acet &ided dygpwise Wil 3y ex¢5ss }se[g}e%nb&pgf}gqrgéc Oﬁléng%'flﬁtl? onis irradiated
with a 100(2%%2151' th&{e%QEtoﬂ!: 85iGod 3 &?aﬂt&ﬁ'ﬁ&ﬁitﬁ@pi@@iﬂita'tdd dbfeémizeslfate 2afl t he

sol uti on. vol'ution 1s evident fromthe start. The tenperature is
mai nt ai nedghatunre4tred highef diemmndaidpartd i8 Grihd withisodiam sulfate P nygacted t he end

of this time, about 95% 18 July 2005 WO 02/ 057201 PCT/. 04 78 of
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dryness, EfELEHPbGHoh Bf H4CEERAE Silubbrt A9 Mhie@olid 0 Mhisaiudedoliéne and

is reevaporated to ryness. Final drying in a desiccator affor gsj sol i d.

The sol i d, isazhtopitogrgplzedeh dingherwidh stredve pwcad!;(@%?lé?ngérﬁfr’f@ﬂl ﬁa ViVal 1y
benzene/light petroleum ether, followed by ethyl ether, or a mu{ture of ethyl ether and
methanol (95:5 v/v), to collect the unreacted higher diamondoid and the higher

15 diamondoidone, respectively.  Further purification by recrystallization from

cyclohexane affords a pure higher diamondoidone.

EXAMPLE 17
Monohydroxylated Higher Diamondoids at the Secondary Carbons from Higher
. Diamondoidones
20 |
A suitable higher diamondoidone is reduced with lithium aluminum hydride (a
little excess) in ethyl ether at low temperatures. After completion of _the reaction, the
reaction mixture is worked up by adding saturated Na;SO, aqueous solution to
decompoée excess hydride at low temperature. Decantation from the precipitated
25 salts gives a dry ether solution, which, when eyaporated, affords a crude
| monohydroxylated higher diamondoid at the secondazy carbon. Further

recrystallization from cyclohexane gives a pure sample.

SR HP g “dtdnondoi ds -t hat -~




5 dissolved in acetone. The oxygenated conponents of this m xture go into
the solution but not all of the unreacted higher di anondoi dig Sy @085

. aci d- sulwaeres7adi d solution is added dropwi se until an BREESE&/MG6SMMpr esent ,
and the reaction mxture is stirred overnight. The acetone solution is
decanted fromthe precipitated chrony'gc sulfate and the unreacted higher

di anondoid, and is dried with sodium'sul fate. The unreacted 10 hi gher

di anondoid is recovered by dissolving the chromumsalts in water and
filtering. Evaporation of the acetone solution affords a white solid. This
crude solid is chromatographed orB A AN E 18 t h standard procedures el uting

“first with 1:1 (v/v benz . foll owed by ethyl
( ) %Bﬁé;]{zhg?&n %?[%ﬁn%fﬁmn%f Ids y y

ether, or a mxture of eth a anol (95:5 v/v), to collect the
unr eact ed hi gher di anondoid and the higher 15 di anondoi done, respectively.

Further purification by _recrystalljzatiaon from, c ohexane .affords a pure
hi gher di amond : e%@%@éﬁi?k%@ﬁvﬁﬁ?ﬁcﬂéﬂgﬁé &H'e??%?%%t?ﬁ%(i ds at the
~-Secondary £a§ i%%%réeﬂ%h'@'ti&@@&am[@s@mme, wRich ispicbari-ed Wigher -
di anondoi done is reduced with lithiumalumnumhydride (a little excess)
in ethyl etieperato d vl pesspee af H0Ep.s.i.64.tAfkerdhoiidtieds theh hehled teddl 9Gn, t he

reaction mxture is rked up by .addi ng. saturated 2SO4 aqueous sol ution
to qe_corr%eg Qc@glﬁ%mca%ﬁ%%g T %Cécﬁﬁéﬁﬁa?ﬂ{}}csg %ﬁ?ﬁ%ﬁ@ﬁ the

preci pi t at g2 r5abbPp@thy 662 Ardéd -2 liCherihintiid. ORhehc GBid febefz evapor at ed,
affords a crude rmno%yd oxyl at ed hi gher dianondoid at the secondary

car bon. Fucdnnsietedythe romtioh tanpatatoe 1§ momiays] aHdRE0doyl vesndepaftea sanpl e. 18

July 2005 WO 02/057201 PCT/ US02/ 00504 .79 EXAMPLE 18 Mongni.trati.on of
H%her Di aBish&imestba reactiony FEX%C%P@@G%?‘@“WO&%G&P@WH%‘H@ HHB'@@ Wil 50 ni

of 9l act al ﬁ%ﬁgﬁ@i@#@%{%ﬁ BibckuPrsd ThE FfifefRe sBlidk 2l RSPsIR With

" a mixture of 10 mL of methanol, 15 mL of water, and 1.7 g of potassium hydroxide
for 18 hours at room temperature. After dilution with water, the alka]i-insolubie
mé.teriai is extracted by light petroleum ether. The petroleum ether exiracts is washed

15 by water and dried over anhydrous magnesium sulfate. Concenfration of this solution
affords a white solid. The aqueous alkali solution from which the alkali-insoluble
material had b.een extracted is cooled to 0-3 °C and neutralized by the dropwise
addition of an aqueous acetic acid-urea mixture to regenerate some more products.
GC analysis shows that the alkali-insoluble sample is mainty mononitro higher

20 diamondoid with a small amount of dinitro product as well as a few unidentified
components in minor quantities. The separation of analytically pure mononitro
product from the other components of the alkali-insoluble product is difficult.
However, by recrystallization from methanol and repeated sublimation, a pure sample

of moponitro higher diamondoid is obtained.

25 - - - EXAMPLE 19
Mononitro Higher Diamondoids from Monoamino Compounds

A suspension of 0.01 mole of a suitable monoaminated higher diamondoid in
50 ml water is heated to 60 °C. To this suspension.a solution of 3.5 g pofassium,
30 permanganate in 50 mL water (about 1 hour) is gradually added dropwise. After this



nitrogen to a total pressure of 500 p.s.i.ga. After the mxture is then
heated to 140 C, 9.0 g (0.1 nole) of concentrated nitric aciglulg 2005

i nt r odussasoz/atmit he reaction zone by neans of a feed puppr/asezmoset e of 1-2
m. per mnute. When the acid feed is conpleted, the reaction tenperature
is maintained at 140 C for 15 m'nutgﬁ, after 10 which tinme the reaction

m xture is cooled down to roomtenperature and diluted with an excess of
water to precipitate the products. The filtered solids is then slurried
with a mxture of 10 nL of methanol, 15 nL of water, and 1.7 g of

pot assi um pyhangindts sofwioni@s heanrasded, thowirtuesip beated foreflpy ferrabgf{ 4t i on wi t h

wat er, the, al kal.i -i.nsol ubl e .erj.al - 1,5 ext i : | gum
ether . TheD %t PBieEe tg? ﬁ@?no&{ag g%alaéug ?-@Bgﬂ%(%%%q%%%delr%%ﬁ%? %’?ﬁp e’gyover
anhydr ous {B@RE St thdrsattibalthe ciyefataptdiéd inGRe 6dndehbd as@litdddant withidiuts a
white solid. The aqueous al kali solution fromwhich_ the al kali-insoluble

material hawredeeriescid.stired allidtleclopswdn the oMol in RS ¢ by the
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mai nl'y noneguio hi gher 20 di anondoid with a snmall anount of dinitro
product as well as a few unidentified conponents in mnor quantities. The

separation of analytically pure n %%r oduct fromthe other

conponents of the al kali-insol ubIr1'3{‘}%“?M}‘b&‘1 i's difficult. However, by

recrystal |1 zati on. fr om hthanobo s ARORLRS DubldumBidon, 2 pure sanple of
t

nmononi tro hi gher di anondoid 1s obtalined. 25 EXAMPLE 19 Mononitro Hi gher
Di anmondoi ds frona Mnoam no Conpounds A suspension of 0.01 nole of a '

sui t abl e nonoam nat ed hi r di amondoid in .50.0L water j ed. to 60 C
T this suspenswegt%gigéﬂ"‘dg& .%"fgb%%’%‘%é%‘ii ghﬁ\,@& ‘BB@E%?R‘&?‘S in 50
ni L water {abauljqdd @%Qﬁsd oveliiRflY 8 hbirsas d esixflie B AR g 9644 QilfutiBasidk@dIul y
2005 WD 02/057201 PCT/US02/ 00503 80 pernmanganate sol uti on has been added,

t he m xt ur@limwltbigheddipmonddid dissolued i d0@ mik cysdahesangwbilegyringe fracti on
sublimating in the condenser is hed back.in Ny At. e of the
reacti on, %ﬁ%mg?l}'saf Iqam [egpsralre ﬁeﬁge%"&ﬁ’o"éﬁ@e %g%g’ mer?éledata%u]tsa@m%td h dilute

and purified by recrystallization from methanol/water giving the monocarboxylated
15 higher diamondoid. In addition to using cyclohexane one can also use n-hexane as
the solvent for the reaction. A test with only 50 mL cyclohexane indicates a

substantially worse yield.

EXAMPLE 21
Monocarboxylated Higher Diamondoids from Monobrominated Compounds
20 | B
In 360 mL concentrated sulfuric acid, which has been cooled to +10 °C, is
placed in a 1-L three-necked flask, which is equipped with a stirrer, a reflux
condenser and an Anschiitz top with two dropping funmels. After removing the ice
bath, while stirring, a suitable monobrominated higher diamondoid (0.056 mole)

25 dissolved in 25 mL dry, highly pure n-hexane and 25.3 mL anhydrous formic acid is
added dropwi.s.e into the flask in a course of about 1 hour with the resulting reaction
mixture turning reddish brown. A fume hood is necessary to remove the carbon
monoxide produced. After the dropwise addition has been completed, the mixture is
vigorously stirred at room temperature for about an additional 2 hours.” Then the '

30 reaction mixture is poured onto ice, whereby the acid precipitates out of solution.




hydrochloric acid, stirred a little longer in the hydrochloric acid to
renove the 5 unreacted amne and filtered off. The crystals 8 dulp@005i ed
tw ce byosedaisrawati on under vacuum EXAMPLE 20 Monocar bwayusiioesesof

Hi gher Di anondoids 10 A mixture of 29.6 g (0.4 nole) tert-butanol and 55 g
(1.2 mole) 99% formc acid is added, dropw se over about 3 hours to a

m xture of 470 g 96% sul furic acid d 0.1 nole higher dianondoid

di ssolved in 100 nmL cycl ohexane while stirring vigorously at room-

tenperature. After deconposing with ice, the acids are isolated and
purified bidftemmdingfdrianadditionsl abentichavan eidifienaracig sppagtes HBt The acid

nonocar box. I at. %%%égﬁgs‘g%%‘}ﬁfe r;umgl gﬁ?éﬂgnqﬂﬂ{ &ilhRQ 5&}“]&{5& J.Cl ohexane one

can al so BVERT 3G  he Teacti on. est with only 50
nlL cyclo dongticsat R a8id whibis panipiatds viuving e acidifichtioEXAVPLE 21

Monocar boxyl at ed H gher Di anondoi ds from Monobr om nat ed Conpounds 20 In
360 nL coﬂ@éﬂ’@ﬁagtzéd%@mmfpél etgngl- whi ch has been cooled to +10 C, i's

~placed in-a 1-L-three-necked flask, which is equipped with a stirrer, a -
reflux condenser and an Anschutz g-@pwpi g 26Wo dropping funnels. After
removing the ice bath, while stirring, a suitable nonobrom nated hi gher .
di anmondoi d (0. 056 nol e) M&zd&udmmjzl‘amlfizghé}ww:amdwdsﬁtoghl y pure n-hexane and
25.3 nL anhydrous formc aciqd.is dgg{de%r wise.nto the flask in a course
of about 1 hour with the res “E’ioﬁ{j‘%’ et MREGEr e turning reddish brown.
A funme hood is necessary to renove the carbon nonoxide produced. After the
dropwi se addition has been conpleted, the mxture is vigorously stirred at
room t enper at ur A rhomocathouylaterd highdt thaomwmdor dap bedormephising e 30 T eact i on

t wh th | ut |
R s e g N St R S
addi ti onal y2h0dHe A1IFAY iife providintd RB@beAGH ExSRPES 24 Sifove, Laxceahmam d

amount of n-hexane must be increased to 150 mL due to the lower solubility of the

monohydroxalted higher diamondoid in n-hexane.

EXAMPLE 23
15 ' Monochlorocarboxylated Higher Diamondoids from

Monobrominated Compounds

A nﬁxture of a suitable monobrominated higher diamondoid (0.012 mole) and
9.0 g trichloroethylene is added'dropwise over about 4 hours into 24 mL 90% sulfuric
20  acid at 103-106 °C while stirring. After the addition is completed, the mixture is
stirred for about an additional 2 hours at the specified temperature above. Then the
mixture is cooled down and hydrolyzed with ground ice. The precipitated product can
be fieed from the neutral fraction by dissolution in dilute sodium hydroxide solution
and extraction with ethyl ether. When acidified with dilate hydrochloric acid
25 solution, the carboxylic acid precipitates out of the alkaline solution. Further
purification could be achieved by recrystallization from cyclohexane.




'isrpurifi ed by dissolution in ether and extraction with dilute sodium
hydr oxi de aqueous sol ution. The acid which precipitates durignguiy2e05

acidifigademrrre recrystallized fromdilute nethanol. SpEpiddldased?
Monocar boxyl at ed Hi gher Dianzondoids f om Monohydroxyl ated Conpounds A

nonocar boxyl at ed hi gher di anondoid can be fornmed using a 10

nonohydr at edox| at ed precursor. Wen & nonohydr oxyl at ed hi gher di anondoid is
used; one follows the procedure described in Exanple 24 above, except that
the anount of n-hexane nust be increased to 150 nL due to the | ower '
solubility of the rmnohydr oxal t edEKAQMBE.EP4anondoi d i n n- hexane. EXAMPLE

23 15 Monochl or Car d_ Hi her s, fr nobr om nat ed
Conpounds A m'x?) 73{’5’6 %851[}6"0 %l’]d &ﬁ%#cl\%"ﬁﬁ'ﬂ oid (0.012 -

nole) and 9.0 g tr| chI oroet hyl ene is added dropw se over about 4 hours
into 24 nL 90% sulfuric 20 acid at 103-106 C while stirring. After the
addi tion i s conpommiedsid(PEn28Q miaid aided fdropadsciton stitredisolfiondint i onal 2

~hqurs-—at-t erat.ur Then the ARE ol ed-down -
A hyar of GRSk AR 0BT En SRt Mt Rl e el T80 | cea T rom

the neutraj 3f)aebioon Ty nﬁkﬁ:?@is%ﬁ&& at ®°d 'fbﬂ%b%uﬁ@ﬁbﬁ@aﬁ& dicpdtised apl ution
and extraction with ethyl ether. \Wen acidified with dilute hydrochloric

aci d 25 sotogm tsmperatge @a‘rzfooum heuracafigr prhindi the maxtaes is thengfourdseover kal i ne

solution. Furthe uri a n. cou hleve C tion from
cycl ohexan§¥% e IJJhg %PWS?‘%?%SO‘%%E%@? g@ﬁé@ é@yaﬁ&'ﬁ@

Di car boxy| b @ekarh ok Rikedli gie FEtehSiRlold. om Di hydroxyl ated Conmpounds For m C
acid (98% 280 nmL) is added dropwise to a stirred solution of a 5

- di hydr oxyl ated hi gher di anondoi d (0 091 m)lz) in concentrated sulfuric acid
( 6% EXAMPLE

Monoacetaminated Higher Diamondoids from Monobrominated Compounds

A suitable monobrominated higher diamondoid (0.093 mole) is dissolved in
150 . acetonitrile. While stirring the mixture, 30 mL concentrated sulfuric acid is
15 slowly added to the solution, whereby the mixture heats up by reaction. After the
mixture has been left standing for about 12 hours, the solution is poured info 500 mL
“ice water, whereby the monoacetamino higher diamondoid separates out in high
purity. By neutralizing the filtrate an additional small amount of the reaction product
can be obtained.

20 | EXAMPLE 26
' Monoacetaminated Higher Diamondoids from

Monohydroxylated Compounds

A suitable monohydroxylated higher diamondoid (0.046 mole) is dissolved in
25 120 mY. highly pure glacial acetic acid and treated with 13 mL acetonitrile and 4 mL
concentrated Sulfm*ic acid. The reaction mixture is left standing (closed) for about 20
hours at room temperature, and then twice the volume of water 1s added to it. Aftera
few hours the precipifated reaction product is ﬁltered off, and after drymg 1t is
recrystallized from cyclohexane.



1.3 L) at 0 C. The mxture is stirred at 0 C for about 2 hours and then
stirred at roomtenperature for about 4 hours, after which tgheaugsesire is
t hen powedz2esrann ice/water. The resultant product is waBEBYS®WOM4wat er and
acetone and dried to afford the dicarboxyl ated hi gher di anondoid. 10
EXAMPLE 25 Monoacet ami nated Hi gher ?@ﬂrmndoi ds from Monobr om nat ed
Conmpounds A suitabl e nonobrom nate i gher di anondoid (0.093 nole) is

di ssolved in 150 nL acetonitrile. While stirring the m xture, 30 nL
concentrated sulfuric acid is 15 sI%ﬁ& to the solution, whereby the
m xture heats up by reaction. Af t eF i“ture has been left standing for
about 12 hours, the sol %9%019%"%@@&;&;1@;gzm&d&dsﬁ&ﬁ wat er, whereby the
monoacet ani no_hi gher di anondoi d separatees out in high purity. By
neutralizing the filtrate an Mdnhmrbmuﬂatesir@mpm&]nt of the reaction
product can be obtained. 20 EXAVMPLE 26 Mnoacetam nated Hi gher

Di anondoi ds from Monohydroxyl ated Conpounds A suitabl e mohydroxyl at ed

“hi gher di anondoiygu1948intRb a1 ko Inksie) ateenitille i Adable hi ghl y pure-

glacial acetic acid and treated Wi th m. acetonitrile and 4

concent r at ewnswrbonilated bigher dinmondnid (Q Q18 miole) greaddsd e 2Q miy HKG ﬁﬁf"fl@l osed)

for about 20 ours at om t.e ra e I of wat er
i s added t 8% mRHEF“Pa?m%F& %ﬁﬁ%wg%r?ecg ! Q g&%de:%%étr:agnﬁfgro uct is
filtered oboaneheibheThes ygT ipifatel i§ segmw@itamhemspehsmmmadaﬁasmnﬂa 18
July 2005 WO 02/057201 PCT/ US02/ 00504 83 . EXAIVPLE 27 noacef am nat ed

H| gher Di afedivs;hydraxidmsalainscandisBsianst e¥cr@osipsuists Mnutes, 4.1
280018 ol SYoGRERATAG Bdibudhe %%@?&%‘?@?ﬁﬁ&mmﬁﬁ& " gher di amondot ¢
EXAMPLE 28

Monoformylaminated Higher Diamondoids from
Monocarboxylated Compc;unds

15 Within 7 minutes, 8.16 g (0.17 mole) sodium cyanide and a suitable
monocarboxylated higher diamondoid (0.028 mole) mixture is added to 1060 mL 100%
sulfuric acid while stirring vigorously. After % hour, decomposition is catried out by
pouring the reaction mixture onto 250 g crushed ice which is then made basic by the

~ addition of a sufficient amount of sodium hydroxide solution and exfracted five times

20 © with benzene/ether. The solvent is removed in vacuo from the combined exiracis and

| the residue is recrystallized from benzene/hexane to afford the monoformylaminated

higher diamondoid.

EXAMPLE 29
Mbnoarylated Higher Diamondoids from Monobrominated Compounds
25
1.1g sublimated iron(III) chloride and 20 ml absolute thiophene—frgee benzene
are placed in a 150-mL three-necked ﬂask, which is equipped with a stirrer, a reflux
condenser and a dropping funnel. While stirring and beating the mixture in the steam
bath, a solution of a suitable monobrominated higher djamondoid (0.018'mole) in 30

30 | mL benzene is added dropwise to the above flask over about 30 minutes. The




acid at roomtenperature while stirring vigorously. lIce is added after

about 1.5-hour post reaction. Then a precipitate is separatfgljqaytzoogdhe
suspensiWwp gxpsfABfe basic with sodi um hydroxi de sol ution QYddpned over
a glass frit. Recrystallization from 10 cycl ohexane affords the

nonoacet am nat ed hi gher di anondoi d product. EXAMPLE 28 Monof or nyl am nat ed
H gher Di anondoi ds from Monocar boxyl &t ed Conpounds 15 Wthin 7 mi nutes,
8.16 g (0.17 nole) sodiumcyanide and a suitable nonocarboxyl ated higher

di anondoid (0.028 nole) mxture is added to 100 nL 100% sulfuric acid

whi | e st i T rdabgorir@aneds hyatedfdrabont ahadiienal Jeeasposlithe prediustionarir i ed out by
pouring the reaction mxture onto 250.g.crushed_ i ce whi.ch ia t hen nade

basi c by t hedrogeribromgde QH‘OPéngfTﬁZ‘FSCIF‘E‘IWeé gtapiing Qup e SRIFE sol ution -
and extr aCBﬁﬁaf | 'nd(;fgée £ Nl nRER 2614 Bl RhzentMfasOl ¥R katt Soktammved in

vacuo fromthe co extracts and the residue’is recrystallized from
benzene/ hesarmutonsafoltion it beravtddivive wiklabénzane dThedogiitsnedhamenrdaitacts EXAVPLE

<l | mat casiHeY SV s VR TS SR OP R EADHROTNEE: (PEd bl one  are

pl aced i gl dpont Mo BRFISHnPAASY ool dobchch BB th @ StiTrer, a
dr opp

reflux condenser ‘and a Ing funnel. Wiile stirring and heating the
m xt ur e i nRebeyseilzation fantha small ahowitef methaaokwhilepddingsyidlbr oni nat ed hi gher

di anondoi d (0..Q nol.e) in 0 benzene is added .dropwi se to the above
flask over de@ﬂ%%%ﬁ%@?%ﬁ@%@%%%”%%@%l PCT/ US02/ 00504
84 react i opydpblicylaed Hoh@dfifsorldeid about an additional 3 hours until the
production of hydrogen brom de drops off. This m xture is kept standing

over night and poured onto a mxture of ice and hydrochloric acid. The
béhzene phase is separated out andEXAMPEERus soiution is extracted twce

wth benzene. Hb%a%t%@r‘?}l&% Iﬁgﬁé‘%SmS%&&&cﬁ'gm Monobrominated Compounds

Step 1: a solution of a suitable monobrominated higher diamondoid (0.046
mole) in 15 mL n-hexane in a 150-mL three-necked flask (equipped with a stirrer, a
15 gas inlet tube and a gas discharge tube with a bubble counter) is cooled to —20 to —25
°C in a cooling bath. While stirring the flask 4.0 g powdered freshly puiverized
aluminum bromide of high quality, and ethylene is added in such a way that the gas
intake can be controlled with the bubble counter. The reaction is completed after
about 1 hour. The reaction solution is decanted from the catalyst and into a mixture
20 . of ether and water. The ether layer is separated off, while the aqueous phase is
ektracted once more with ether. The combined ethér extracts are washed with water
and dilute sodium carbonate aqueous solution. After they have been dried over
calcium chloride, ether is distilled off. The residue is separated by distillation under
vacuum providing crystals of . the higher diamondoidyl ethyl bromide. |

25 | Step 2: a solution of 0.7 g fine powdered potassium hydroxide and the above
higher diamondoidyl ethyl bromide (0.012 mole) in 10 mL diethylene glycol is heated
10 220 °C in the oil bath for 6 hours. After cooling down, the mixtuze is diluted with
30 mL water and exacted with éthyl ether. The ether exiract is washed twice with

water and dried over calcium chloride. The residue left behind after the efher has



5 are washed several tines with water and dried with cal éi um chl ori de. The

residue solidifies upon cooling and is conpletely free of t{gyfgl2éest in
vacuum weeenyrsenl |ization froma small anount of net hanetTwsbiesepol i ng
with CO2/trichloroethylene and further sublimtion under vacuum afford the
nonoal kyl at ed hi gher di anondoid. 10 MPLE 30 Monoet henyl at ed Hi gher
~ Di anpbndoi ds from Monobr oi ni nat ed Conpounds Step 1: a solution of a
sui t abl-e nonobroni nat ed hi gher di anondoid (0.046 nole) in 15 nL n-hexane
in a 150-nl three-necked flask (equipped with a-stirrer, a 15 gas inlet
tube and abgasdishiliedpif yeublmatedin Kaaupy Brd & negerstipr swtablsanadysthe - 20 to

-25 Cin %Oﬁ?%ﬂff&ﬂh%t@?ﬁ’gﬁﬁ%?d ﬁ%’}ﬁ{]‘ﬁ%@a dihe flask 4.0 g powdered freshly

pul veri zed afum num bro I'ty, and ethylene is added in such
a way that the gas intake can be controlled with the bubble counter. The
reaction is conpleted after about EXAMRLE Ihe reaction solution is

~ decanted fromthe catalys into a, mxture 20 of ether_and ter. The
~ether-layer is"§ gﬁﬁfzﬁ’fyé%e%f?&gﬁﬁ}f’@%@é‘is@%‘ﬁf@g"é‘%””ﬁﬁ%@-’é‘“ﬁgc‘g’?&%\é@f ed once

notke with ether. The conbined ether extracts are washed with water and

di lute sodi um carbonate aqueous solution. After they have been dried over
cal ci um chl ori d&tepek: er 156-mli. tvo-heakgd dagk witha stirst aeda dyiapiphe.at ed by

distillatign_und cuum provi,ding _cryst al f. £ he.hi gher, di ndoi dyl
etiyl  bronf i apdE kTR eL: Bbughie3 Glafe il Sithdigia SERBEF
hydr oxi de 1 bidgnidd AR oldite nES °Q|i@%8&ﬁic%®ﬁth.e%hﬂe sﬁhﬁlgédgé Wdegedrol €) i n
10 nL diethylene glycol is heated to 220 Cin the oil bath for 6 hours.
After cool hgiswbromite isidded ieportiods hngd e muktune is30irret fovmeardditivshakbxact ed

i,fh ethyl .ether. Th th t t i hed t.wi i th t d dried

otbr cal oi B RItSPTEI eritaie GhpHAGUs-e T AT IaP PUFSFS S PORRERdS 18 Jul y
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vacuum and if necessary for suitable purity, th compound can be
recryst al | lexeuis serareind ehd Hislageomwipser Slextracted once more with ether. The-

combined ether extracts are washed with water and diiute sodivm carbonate solution.
Afier it has been dried with calcium chloride and the solvent has been distilled off, the

15 residue 1is distilied under vacuum.

Step 2: 15 g powdered potassium hydroxide in 30 mL diethylene glycol is
heafed {o reflux with 0.046 mole of the above product for about 9 hours in the oil
bath. The monoethynylated higher diamondoid comapound which is formed, is then
sublimated in the condenser and must be returned to the reaction mixture from time to
20 time. At the end of the reaction fime, the reaction mixture is distilled until no more

solid particles go over. The distillate is extracted with ethyl ether and the ether phase
is washed with water and dried over calcium chloride, A short time after the ether has
been distilled off, the residue solidifies. This residue is then sublimated under

vacuum and, if necessary, recrystallized from methanol.

25 | EXAMPLE 32
Mono- and Diethynylated Higher Diamondoids from Monobrominated Compounds

A solution of a monobromo higher diamondoid (14.2 mmol) and viayl,

" F

bromide (5 mL) in CH;Cl, (25 mL) is cooled with a dry ice-acetone bath (-30 °C). To



Monoet hynyl at ed Hi gher Di anondoi ds from Monobrom nated Conpounds 5 Step 1:
in a 150-nL two-necked flask with a stirrer and a drying tubg gqy 2005t ure
of 0. 0680mle70f a suitabl e nonobrononated hi gher di anongegds@mdsed0 ni L
vinyl bromde is cooled to -65 Cin a cooling bath. Wile stirring, 4.5 ¢
powdered al um num bromide is added in portions and the mixture is stirred
for an additional 10 about 3 hours & the sane tenperature. Then the
reaction mxture is poured into a mxture of 30 nL water and 30 nL et hyl
ether.  After vigorously stirring, the ether layer is separated and the
aqueous | dlie mixtre Ainmamtre Sramide (408 memel)tihaddtet sportimiseise,cnieh 3 d aundeher

??: rhZE;EeS&ﬁm“@%Enet?wﬁ}r%%a%@ﬁ%%i@?ﬂ%aﬁ%@%°?f A R s Bl it Med
off, the %{?’(ﬁ for!4 Hﬁm%%ggfe%%gil ggﬁ%%ﬁ syﬁq@gggaﬁegw Gushba i fpnder e

pot assi um oxi de ene g eated to reflux with
0. 046 nol eoptentfaccddiydnehipriedicit (2DanLpdfrom @Bishtherosgamic tdyer wiskpariiad lnd The

~-mronoet-hyny] at ed- hi gher. di anmondoj d conpound whi:ch js farped, ‘is't e
sdbl i mat edl9 fdueREs AR A %@Wﬁgﬂﬂe e &f?shﬁ% ture
from!tine Jith Bifnd 4 add fik18q °S0yRht §/08af EACH hilfbr kidiRed pRAnEREENRAN Xt UTe

is distilled unt’’l' no nore s particles go over. The distilTate is
extractedoith ethyl ether and the ether phase is washed with water and
dried over calciumchloride. A short tine after the ether has been

distilled off, the.resid sol j.difi hi i d LS. th bl i yat ed
inder vacuom arthe aips scaed DML Bl eig bERiMR Ailies e E e, £
32 Mbno- %ﬁée&@érh%.@k@%ﬁhﬁ@%st&ﬁ@@&ﬁh@énﬁdi&ﬁid%ﬂ@@h?ﬂmeﬂ Conpounds

A sol ution of a nonobrono higher dianondoid (14.2 mol) and vinyl. bromde
(18 mL) i nher2Chr5¢-35 °Gifdr 3.5 houssl &lamlardisalatioy piccedweewitheCHAIhZ(ve381 C) . To

18 July 2005 02/.057201 PCT/ USPD2/ 00501 86 this m xture.alum num brom de
(4.9 mol Pk ?‘ﬁgé‘éﬁl}lgﬂéﬁrﬁﬁg?ﬁ\l’@& B FSFIEEO _’F‘Fﬁ]tdgg‘ frg?ﬁfefs_ A2 i nternal
t enper at UleGrdriatéSibhidrtica g1 Ehexai€ And 565 Hexddd/ CHICI, ol dffofd fitmono-

and diethynylated higher diamondoid.

. EXAMPLE 33
15 Higher Diamondoids Monocarboxylic-Acid Ethyl Ester from Activated
| ' Monocarboxylated (Acid Chloride) Compounds

0.017 mole of a suitable monocarboxylated higher diamondoid is mixed with

4.2 g PCls in a 50-mL flask with a stirrer and a reflux condenser. The reaction starts

20 .' after appro;drﬁately 30-60 seconds with liquefaction of the reactidn mixture. The
mixture is heated for about 1 hour while stirring the flask on the steam bath. The
POC1; formed is distifled off under vacuum. The acid chloride left behind as a
residue is cooled with ice water, and 6.0 mL absolute ethanol is added dropwise. This
mixture is heated about an additional 1 hour on the steam bath allowed to cool and

25 then poured into 50 mL. The ester is taken up with ethyl ether and then washed with
potassium carbonate aqueous solution and water. After drying, fractionationis

carried out over calcium chioride under vacuum.




-30C for 45 min., diluted with CH2C12 and sIOV\}{y poured over crushed ice

and concentrated hydrochloric acid (20 nL). Fromthis, the 1y sigrcod ayer
is sepamarexiosarid 5 t he aqueous | ayer is extracted w th Qr&I2U202/08%0¢ conbi ned
organic layers are washed wth brine, dried and filtered. Solvent is
evapor at ed under reduced pressure to,.give an oil. The oil is dissolved in
DVBO (50 nlL) and potassiumt-butoxi 0% (36 nol) is added over 1 hour. The
m xture is stirred at roomtenperature for 3 days and then 10 heated at
50-55 C for- 3.5 hours. Standard isolation procedures with CH2Cl2 gi ves an
oil. Bulb to bulb distillation proX484PRESni - solid residue. The residue

he monorand. o SeRyeT L SRl S L R D i RERCRI R e, ° T

D anondoi ds Monocar boxyl i c- Acid Ethyl Ester from Activated

Monocar boxyl ated (Acid | oride), .Compounds 0,017 nole of a. syitabl
monocar boxyl at'e@o(ﬁ’i%@f%xa%ﬁ@éﬁ‘?ﬂ%b@W&hﬁdt he&.dzmgoqﬂe}@%iﬂrfn%w -nL

aproxi mat 28y EUbURRRB R Buh ) i cBRRERAREE 50 T THRAGMARARARLR, 1o The

m xture i sadidideshwies tordbsubition dfutylishicldechddrider(R2ominad) ihldicdan®(® mb® st eam
bath. The POC13 forned is distilléd off under_vacuum The acid chloride
| eft behi nhemixureisMaintained ab¥hietrapew | hawrnBpsl theglsairel degylaiisol ut e

et hanol is rLOPW Se.. Thi J: X e, | d about an additional 1
hour on th%?‘g*gg’g%gﬁ‘%gﬁm%%llgasggﬁ?do&génc%&%iﬁ??g%t% en poured into 50 nL. The

ester is taken up with ethyl ether and then washed with potassium
car bonat e aqueous sol uti on and watEKAMPLEr35dryi ng, fractionation is
carried out over cal ciumchlorjde under_vacuum 18 J%I 2005 WD 02/057201

PET/ US02/-00504 87  EXAfmiomedwiindeayisied HigherPyreqnde foi ds fi ozn
D hydr oxyl at ed Conpounds To 2 ﬁdn&és:&ﬁé%ﬁzﬂo?ﬁz&dded a di hydr oxyl at ed

hi gher di anondoid (1.0 mmol)
0.014 mole of a suitable higher diamondoid mdnocarboxylic acid-ethyl ester
dissolved in 10 mL absoluie ether. This mixture is slowly added dropwise, to a room
15 temperature stirred suspension of 0.8 g lithium alanate in 16 ml. absolute ether. This
mb(mrer is stirred for an additional about 1 hour and then water is carefully added.
The ether solution is separated out and the aqueous phase is extracted with ether two
more fimes. Afier the combined extracts have been dried with calcium chloride, the

ether is distilled off and the residue is recrystallized from methanol/water.

20 - EXAMPLE 36

Mownoaminated Higher Diamondoids from Monoacetaminated Compounds

A suitable monoacetaminated higher diamondoid {0.015 mole) is heated to
reflux for about 5 hours with a solution of 6 g powdered sodium hydroxide in 60 mL
25  diethylene glycol. After it has been cooled down, the mixture is poured info 150 mL
| water and extracted with ethyl ether. The ether exiract is dried with potassium
hydroxide. The ether is distilled off and the residue is sublimated fo afford the

product monoaminated higher diamondoid.



5 and triethyllam' ne (2.2 rrrmrl) at a tenperature of 50 C. The resultant

mxture is added dropwi se to a solution of acrylic acid chlgyydg208s52
mol ) i wohR¥pee (2 nL). The mixture is maintained at S-fgdojoolpout 1
hour. Until the desired diacrylate is forned, the conpound is iIsolated
usi ng standard met hods. EXAMPLE 35 10 Mbnonet hyI hydr oxyl at ed Hi gher :
D anondoi ds from Monoester f ed Corgﬁounds 0. 014 nol e of a suitable higher
di anondoi d nonocar boxyl i c acid-ethyl ester dissolved in 10 nL absolute
ether. This mxture is slowy added dropwi se, to a room i5 tenperature
stirred suspension of 0.8 g lithi EXAMBHEES&7in 16 nL absolute ether. This

m xture is stirred for i §i and hen ter is.
careful |y added. W”é’{lﬁégggglt"ﬁ%}ﬁ’ﬁo’i‘fg’ gfd?)%[’flg‘? H’”HU‘E’ LRE¥HE aqueous phase

is extracted with ether two nore tines. After the conbined extracts have
been dried with calciumchloride, the ether is distilled off and the
residue is recrishiahire 6412 onmotet! hamlonitet kigheraiaEouddd Endbl. Mewdani r zat ed'

Iimoscet aaPHCH AL RO Rt ot SRR B e ror

about 5 hqu%%, ?Qu%@%r%bﬂﬂﬂou&&?@@@d%&c%eﬁﬁ%m e @irpeianics 189 nL 25

di et hyl en it has been cool ed down he mxture is poured
into 150 rﬂ:lxtmaﬁ£cor&9ﬂtr£:§dbacﬁreﬁ)Wﬁﬂdeﬁddube@meﬁitﬂth&Mumexﬁ ract is
dried with potassium hydroxide. The ether is distill %gl of f_ _and the reS| due

i sI subl i mge 3@60 abewrld the The prsaipitpterin Hliamd ftemorpy fllovrd Drawsbing. h
J 2005 H
ul'y Feifh %@Z@a% 14 @tﬁ &ﬂ%g{?s so%omﬁgéﬁmeﬁemmwﬁ i gher

Di anmondoi nonitro A mXxture o of a nononitro

hiogher di asiureifoireh eiuthyll bitfer Gn@fivas]ﬁdsﬂdl wiles (B0 del Nonehiraiataay sodidfd nL of
m xed sol vent of THF/ H20 (3:2 iIs Vi gor ousl stirred for a?Ut 12
hours at Zpydmxidy ﬂbﬂle@&ilmcdélaﬁ%( F18 9 6thgr) gl theqaaterial is essentl

free from sodium hydroxide and/or sodium chloride. After removal of the solvent, a
crude product is obtained. The separatidn and purification of the product is carried
out with column chromato graphy on neutral Al,O3 using chloroform/hexane as the
15 elueat, to yield a pure monoaminated higher diamondoid. If necessary, further
pmiﬁcaﬁon with column chromatography could be repeated for several itmes.

EXAMPLE 38
Monoaminated Higher Diamondoids from Monochlorinated Compounds

20 : A smtable monochlorinated higher diamondoid is converted by the
acetomtnle-sulﬁmc acid procedure described above to the monoacetaminated higher
diamondoid. The crude amide, without prior pun_ﬁcatlon, is saponified to afford a
monoaminated higher diamondoid. Purification of the amine as described above

gives a pure monoaminated higher diamondoid.

25 EXAMPLE 39
Monoaminated Higher Diamondoids from Monocarboxylated Compounds

Step 1: 0.017 moles of a suitabie monocarboxylated higher dlamondmd is
mixed with 4.2 g PCls in a 50-mL flask eqmpped with a stirrer and a reﬂux condenser.
30 The reaction starts after 30-60 seconds with liquefaction of the reaction mixture. The




m xture is concentrated bel ow 40 C under reduced pressure until the volune
is reduced to about 15 mL. The precipitate is filtered wi t{g Jugtaoos

- fol |l onedv®92/d@20ti ng well with water and a 1.0 N HO aqueounarsexm#o3od on. Thi s
crude product is dissolved in 10 chloroformor ethyl ether and washed wth
water (4x80 nmL) to neutralize any s%gi um hydroxide in the organi c phase
(chloroformor ether) until the material is essentially free from sodium
hydr oxi de and/ or sodium chloride. After renoval of the solvent, a crude

product is obtained. The separation and _purification of the pr%dcuct IS
carried omxiyfetinheaied on 2e pddiienad Jeupwiileosirag op & steanph. §han FOCL

chl or of or & gg . i P 1 Sfhehi gher

di anondoi (rjg.op[ﬁééﬁec %h%?%cﬁ?g%cﬁ%ﬁfad&ffﬁc}egg?ﬁ on {vl:)n'rt d?ggﬁg&r?nﬂ%ghr or?iat ogr aphy
could be repeated for several times. EXAMPLE 38 Monoani nated Hi gher

Di anondoi ds f r ofitepinessintion afihe db@ehighardsam@ionyd mdanatdrboxyiivaekd-or i nat ed

dedor bed BB (o) Brigde Ak e RPEen pand b Blde

anj de, Wi tNoWinTP6T PhorRtAdCAMEAR annfosiaREMLbh fhlldstafih bRl SooliRtBANT Nat ed
hi gher dianmondoid. Purification of the am ne as describéd above gives a
pur e nmonoamiztateodithicg waterd Thoomitts (ighes diEmanividyBgonnidzorvhared- H gher

D anmondoi ds_f.ront. Monocar hoxyl at ed . ounds . [ A |l es of a

sul Tl o rORUELPIBSy R Ao PaPe BT EEn ot Berprel ds A eS¢ pci s in a
50-mL f 1 asfuceerddRashediwdll With Watdr ahd aitgydalligdd fidm COEIBOSRE afidlit hhe reaction
starts after 30-60 seconds with |iquefaction of the reaction m xture. The
18 July 20®8%ndwegio2/ 057201 PCT/ US02/ 00504 89 mixture is heated for an
additional hour while stirring on a steam bath. The POC13 forned during

t reaction i sgdi st} Vac - | hl ori de. Step
Z:H?a sol ution o§tgt)§éb'gggglg?%%fg g,g@%eaa%%g%cg%owr%%ggr o%ﬁogggaci d-

chl ori de (fet@2dolmithéy) solitiohds sdded s alsolution of 1 Hpyhiddim ias hd. sisoilty added
dropwise to 5 a 60 nL of a concentra{(ed aqueous a nia_solution, while

stirring FRgthane) oyl 30l three-necked flask with a stirrer, a retlux condenser and
dropping funnel. To this flask 1.0 mL bromine is added dropwise with ice cooling,

and then the mixture is slowly heated to around 55 °C (water bath temperature). After

15 the mixture has been cooled, water is added and the precipitate is separated out by
filtration. Further purification can be achieved by recrystallization from ethanol.

Step 4: the above product is finally saponified and worked up in the same way
as described above to afford the target compound.

EXAMPLE 40 .
20 Monoaminated Higher Diamondoids from Monobrominated Compounds

Step 1: a monobromo higher diamondoid (0.028 mol) is mixed with 40 mL
formamide. The resultant mixture is refluxed for about 12 hours. After cooling, the
reaction mixture is pou_red into water and extracted with dichloromethane. The

25 organic phase is dried with magnesium sulfate, filtered, and evaporated to dryness

under vactum to provide a mono N-formyl higher diamondoid.

Step 2: the above mono N-formyl higher diamondoid (0.023 mol) is mixed
with 100 mL of 15% hydrochloric acid. The resultant mixture is heated to boiling for




--Nonobr-em-nat-ed Lariddrivgdroxgplgyy-Higherd e

m xture with ice water. The am de (hi gher dianondoi dyl nonocarboxylic acid-
am de) is then separated out of the mixture as a precipitat e;s,]'.j]yzoos

preci pi wat ®@misgoisucti oned, washed well with water and r escyes@iobssaed from
cycl ohexane after it has been dried. 10 Step 3: 0.018 nole of the above
amde is dissolved in 25 nL absol ut % met hanol . This solution is added to a
solution of 1.0 g sodiumin 25 nL a Qol ute nmet hanol, in a 150-m,

t hree-necked flask with a stirrer, a reflux condenser and dropping funnel.
To this flask 1.0 nL bromine is added dropwi se with ice cooling, and then
t he m xt urabowt4shanns. yAfiemtooting.dhe prsgivitatsgs Glietgeiond repay RalligedhBplt ure) . After

15 the mxture h been.cool ed, wa LS -and the precipitate is
separ at ed Ifﬂ?tr(’pr?filgfﬁ q%ﬁ’f%\&le&ﬁ?nqgﬂ}l?%gfrgh%%?ll%glgg(g?ll&on can be achieved by

recrystallization fromethanol. Step 4: the above product is finally

saponi fied and worked up in the sEXAMBILE4Y descri bed above to afford the.

target conpound. EXAMPLE 40 20 Monoam nat ed Hj‘%%e%bg ampndoi ds from
rgRefergi’ &)

is mxed with 40 nL formam de. The resultant mxture is refluxed for about
12 hours. After cooling, the reaction mxture is poured into water and
extracted with Aliflasit Brohambh sk a tivaw2sf atggher digptadeidoge (0.02G0mpiedh

rragn_esi um sul fate, fi I_tere aglg evapo fgl %%pess .unpd vact%umto
d o) R 7 T T lghand BREHGREL QLS sy Hett Erarbal e vidCoR T or my!
hi gher _di qgppd %—&%@Mé@l@i at Tk };(Egusrﬁym didpugdioohl of ic
acid. The resultant mxture | cﬁeate to Boil1ng for 1% July 2005 WO O

2/ 05 7 20 ihir&oabbdaay 100 5014tiS0becdbiml satddatdih Btirindid @mtinoed airapout 60e°C
precipitate is filtered and recrystallized from isopropano] to afford the

rt8noani no it sgieral bverroiwivedvhichmamde sphidzorps. 6Py splidabtaRsbdHiFrad H gher
D amondo %%f, ]:Nras e \%}tﬁ) dlccﬂgf&%@&l%ﬁe §nd dried to afford the bisphenol higher

diamondoid product. This product is purified by sublimation after recrystaﬂizdtidn

from toluene.

EXAMPLE 42
15 2,2-Bis(4-aminophenyl) Higher Diamondoids from Keto Compounds

A higher diamondoidone (0.041 mole) in solution with 15 mL of 35% HCl
aqueous solution housed in a 100 mL autoclave is combined with excess aniline (15.7
g, 0.17 mole) and the mixture is stirred at about 120 °C for about 20 hours. After
20 . cooling, the solution is made basic with addition of a NaOH aqueous solution to pH
10. The resulting oily layer is séparated and distilled to remove the unreacted excess
aniline. The residual crude product is recrystallized from benzene to afford the higher

diamondoid derived bisphenylamine.

EXAMPLE 43 _
25 2,2-Bisf- 4—(4~a1ninopheno:gz)phenyi] Higher Diamorndoids from
Bisphenol Higher Diamondoids

A mixture of a 2,2-bis(4-hydroxyphenyl) higher diamondoid (0.01:mole); p-
fluoronitrobenzene (3.1 g, 0.022 mole), potassium carbonate (3.31 g, 0.024 mole) and

(0.028 ol )



A flask is charged with a m xture of a higher dianondoi done (0.026 nole),

phenol (16.4 g, 0.17 nole), and butanethiol (0.15 nl). Heat {gshappbesd and

~when t hevo ée@etoion m xture becones |iquid at about 58 C, pepnoysdivests hydr ogen

chloride is introduced until the solution becomes saturated. Stirring is
continued at about 60 C 10 for severgl hours, during which period a solid
forms. The solid obtained is filter of f, washed with dichl oronet hane and
dried to afford the bi sphenol higher dianondoid product. This product is
purified by sublimation after recrystallization fromtoluene. EXAVPLE 42

15 2, 2- Bi stidV,ahinabyheripiide{Ij¥idc, T min mdofldsedf fooabdw Bdiotonpthemdsivie hi gher

di doi d 0.041 nole) j.n sol uti ith 15 f 359 |

Sor ot on noqGst o Emas i B Oeine el ars Ot B vl BRET S (45

g, 0.17 nopejiu@nsledbalized HehEDVF @tﬂrbﬁﬂéﬁ@tz,@h@m-(zﬂ-aﬂm@héﬁﬁxy?imﬂm (2]2 hours.
a

After 20 cooling, the solution is nade basic with addition o
aqueous somgherghamendsid. 10. The resulting oily layer is separated and

—adi-stilled to renmpve the unreacted excess- aniline. The-residual -crude

d . . . f .' . d . d )
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ol €) and Ll r 2008 249048, 2005 pfockls 22 RETLS02A05 S phony)

N, N, - di met hyl acet am de ( ) ) Is ref for ‘about The
m xture ilgghdrehanouloatisguetipituedediring thispesodhafibis/mtwee inthsd added(td: 1 by
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dichlorobenzene.
 EXAMPLE 44
[HigherDiamondoid-Higher Diamondoid] from Monobromonated
15 _ Higher Diamondoid

A suitable monobrominated higher diamondoid (50 mmole) is dissolved in 30
mL of xylene and heated to reflux in a three-necked flask: fitted with thermometer, |
nifrogen inlet, stirrer, and reﬂux'condenser, under a slow stream of nitrogen. Then a
20 - total of 1.15 g of small pieces of sodium metal is added to the stirred reaction mixture
over a period of about 4 hours. After all sodium has been added, the mixture 1s
refluxed for about an additional hour and then filtered in the hot state. On cooling to
room temperature, the product higher diamondoid covalently bonded to a higher
diamonoid is crystallized from the filtrate. Condensation of the filtrate provides. some
25 additional amount of the product. Recrystallization from benzene gives a pure sample.
| Alternatively, using the same procedure as above, a dibromonated higher diamondoid

is used to form a three diamondoid product.




~ product ('0.‘002 nole), ethanol (60 nmL), and a catal ytic amount of 10%

pal  adiumon activated carbon (Pd/C, 0.05 g) at the boilingig ampeoesure.
The reagig @soxture is refluxed for about 24 hours, angcifiResioesuct .

2, 2-Bi s[ 4- (4- am nophenoxy) phenyl] hi gher dianondoid is precipitated during
this period. This mxture is then added to 10 enough ethanol to dissolve
the product and filtered to renove Pd/ C. After cooling, the precipitated
crystals are isolated by filtration and recrystallized from1, 2-

di chl orobenzene. EXAMPLE 44 [ Hi gher Di anondoi dHi gher Di anondoi d] from
Monobr ononat ed 15 Hi gher Di anonddiXAMBLE#4Sbl e nonobr om nat ed hi gher

di doi d (50 mmol.e) js. dissol in.3 f d_h t il
ina U e HiBeRBR bl Bt oGO T PR DRSPS 1o

and reflux condenser, under a slow;shisaPBms trogen. Then a 20 total of
1.15 g of small pieces of sodiumnetal is added to the stirred reaction

~m xture over a period of about 4 hours. After all sodium has been added,

“tle hot State. Aot RiepereBPRe PRrgar PRt B A gher T

di amondoi diisava okl {14/mbnNelas chRed it R und HotoRast fittedokifis b fdugirgfe f r om
the filtrate. Condensation of t%e filtrate provides_sone 25 additional

anount of aondensen diken 20malke of broaing isadieshwith stiriem, 28¢ ydiogesbmpde 8 sanpl e.
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Di anmondoi d- Hi gher Di anondoi d for production of H gher- D anondoid Polymer 5
AOsui t abl aetrtigherodicarotititédiwithVandnof GChomddrnsfsrisa ée A sepamighyeimnel.

di anondoi nnangl e). i,s charged into r - f1 d wth a
| ong refl ﬁgﬁﬁ]@%]ﬁ &%ﬁ’f& FhalgFﬁgﬁ “m %terb?’naﬁsro 61 AN g;%ﬁgﬁtgggﬁe%ie%%ﬁf ésr{c%% i ng, and
hydr ogen hyrmiidgs dsstroyed. The organic layer is separated and the water layer is extracted

twice with 50 mL of CCly. The combined organic solution is dried over sodium

sulfate and the solvent is siripped under slight vacuum. The reaction product in the
i5 - pot is precipitated with methanol, filtered off, and recrystallized from dioxane to give
a Br—[Higher Diamondoid-Higher Diamondoid]-Br product. Such a reaction can be

continued to form a higher diamondoid polymer.

EXAMPLE 46 |
Polymerization of Diacrylated Higher Diamondoids
20
The following com?ositions are subjected to polymerization: diacrylated
higher diarnondoid; mqnéacrylatcd higher diamondoid; a 50:50 mixture by weight of
monoacrylated higher diamondoids and methyl methacrylate; and, a 50:50 mixture by
weighf of monoacrylated higher diamondoid and diethylene glycol bis allj)'lcarbonate.
25 To the various compositions is added 0.1 part by weight of a photo—pqumerization
initiator (benzophenone). The mixture is applied to a gléss plate and photo-
polymerized by irradiation with ultraviolet light. |



formed. Hydrobrom c acid evolution ceases after about 15 mn. the reaction
mxture is then heated to reflux (ca. 61 C pot tenperature)id nily20est 2
hours. Wheoxoetead 10 reaction product is diluted wth 73auusst/o€os4 and
transferred to a separatory funnel. The CCl4 is then shaken with '
ice-water, and sodiumbisulfite is ded until excess bromne is
destroyed. The organic |ayer is sepdrated and the water |ayer is extracted
twice with 50 nL of CCl4. The conbined organic solution is dried over
sodium sulfate and the solvent is stripped under slight vacuum The
reacti on product in the 15 pot is ﬁ?éﬁ"ed with nethanol, filtered off,
and recrystallized fr i : - ! ;. anmondoi d- Hi gher

Di anondoi d] - Br pr oduc?@%%’cﬁﬁF%%&%l%ﬁlaé%nﬁggbﬁ%ﬁnrﬁﬁ to forma higher
di anondoi d pol ynmer. EXAMPLE 46 Pol yneri zation of Diacryl ated Hi gher

D anmondoids 20 The fol | owi ng conpositigns are j ected t.o, pol ynerization:
di acryl ated hi P M%Wﬁatg@ﬁ%EW@P%g@lﬂi% ghﬁséﬁﬂﬁ%& 3d%‘¥la§? 50: 50
Xt e b'y- i aht- g i -~ ids - Jet:hy. .

ek haor yt obEE oA hefi WiRBSE k) BBty bt Rl Tk SR B RS

di anmondoi dioabémdeepbishenendbpsaed tohiffordkbippheasrivarsine. 25 To the vari ous
conpositions is added 0.1 part by wei ght of a photo-polynerization
initiator (benzophenone) The m Xtmﬁ'ﬁ%gl ied to a glass plate and

phot o- pol ynerized by irradiation raviolet light. 18 July 2005 WO
02/ 057201 P HEShYE ] j ion Aheb ey | at ed

H gher Di an%}gggéé&%égéﬁ%o of ad(’:lgigtg? %ge%ﬁ?%gioﬁ?gﬁgrmg{bamjﬁ%oi d (275 ng)
is sealed in a glass 5 tube and heafedpewdd200 C for 14 hours and at 250 C
for 48 hours. The tube is cooled to roomtenperature and opened to afford
ampol ynmeric resin. EXAMPLE 48 Copol ynerization of Mnoet hynyl ated Hi gher

Di amondoi ds andADh#lt BY b &ldd8ethynylated higher diamondoid (55% by weight) and
diethynylated higher diamondoid (45% by weight) is sealed in a tube and heated at
175 °C for 2 hours, 200 °C for 14 hours, 210 °C for 8 hours, 225 °C for 48 hours and
at 250 °C for 16 hours. The tube is then cooled to room temperature'and opened to

15 give a polymeric resin.
EXAMPLE 49
Polyesters Derived from 2,2-Bis(4-hydroxyphenyl) Higher Diamondoids by Solution
| Polycondensation
\
20‘. ' A 2,2-bis(4-hydroxyphenyl) higher diamondoid (0.005 mole) is mixed with

pyridine (2 mL) at room temperature for about 20 minutes. Terephthaloyl chloride
(1.015 g, 0.005 mole) in nitrobenzene (20 mL) is added {o the above solution at room
temperature for about 5 minutes and then the mixture is heated to about 150 °C for
about 10 hours. The resulting polymer solution is poured into methanol io precipitzite

25 the polymer. The polymer is washed with hot methanol, collected on a filter, and
dried in vacuo at about 60 °C for about 24 hours. |




Conpounds 10 A mixture of a nonoethynyl ated hi gher di anondoid (55% by

wei ght) and diethynylated hi gher dianondoid (45% by wei ght )18 July@absd in a

~ tube andodwaisemiat 175 C for 2 hours, 200 C for 14 hourpct/B862/dosdor 8
hours, 225 C for 48 hours and at 250 C for 16 hours. The tube is then

cooled to roomtenperature and open to 15 give a polyneric resin.

EXAMPLE 49 Pol yesters Derived from 2,°2-B i s(4-hydroxyphenyl) Hi gher

Di anondoi ds by Sol ution Polycondensation 20 A 2,2-bis(4-hydroxyphenyl)

hi gher di anondoid (0.005 nole) is mxed with pyr|d| ne (2 nL) at room

tenperature for about 20 ninutes. BX¥ARPREEAOoyl chioride (1.015 g, 0.005

nmol e) in nijrobenze 2

t enper at ur e}r’ %loar] mgﬁs éf’ l%‘%nu?ejsﬁgﬁggfﬁmb%fp ?%Q'% %%\ég % éég?cez%%{z%&g out 150

C for about 10 hours. The resuSdfidig: Pobyorrlensmiont i on |s poured into

met hanol to precipitate 25 the polyner. The polymer is washed w th hot

met hanol, collected on a filter, and dried in vacuo at about 60 C for

aiout 24 hours. At bR 3‘?‘?%h%%%@fg?fﬁﬁ@iﬂﬁ%@ﬁw:&-50”' o
vl Aot ot
mol ) , ter@ﬁﬁ?lﬁﬁﬁbgﬁgd’ 4{96911&2;%%1% qu'ﬁ’?l Wﬂﬁpﬁo (0.7

m), pyridly 'ﬂ'%%rﬁ%}jfbrﬁc)(ﬁ 2%* thy}e % BY [P I ERINEFof %w%oﬂ%s) @ﬁ&m@ﬁh Ium

chloride (O uxe under argon for about hours.
cool i ng, thhecacBa tritxtorenis pbuned inte afeige @chount of meﬂhan@@wﬂnmtanbsmmghanol

with constant stirring, r.odu s . washed
tHor ough! yPRFEHPGHRPHE u'f""ﬂ’ 153{3%@%@?1:0% I”ﬁ&: ﬁlaﬂ a&‘dfbﬂtw > and dried
to afford &Reky3Ra0Rs oMbl @Qaﬂbﬂ%olﬁhﬁfﬂé%@ﬁlaﬁnng higher dlamondmd

components along the polymer chain.

X

EXAMPLE 51
Polyimides Derived from 2,2-Bis[4-(4-aminophenoxy)phenyl] Higher Diamondoids
15 : by Chemical Imidization

To a stirred solution of a 2,2-bis[4-(4-aminophenoxy)phenyl] higher

diamondoid (1.2 mmol) in DMAc (7 ml.) is gradually added pyromellitic dianhydride
{0.262 g, 1.2 mimol). The mixture s stirred at room temp'eratuxe for 2-4 hours under

20 °  argon atmosphere to form the poly(amic acid). Imidization is carried out by adding
DMAc and an equimolar mixture of acetic anhydride and pyridine into the above-
mentioned poly(amic acid) solution with stirring at room temperature for about 1 hour
and then heating at about 100 °C for an additional about 3 hours. The reaction
product is subsequently poured into methanol and the precipitate is filtered off,

25 ' washed with methanol and hot water, and dried to afford the polyimide confaining
higher diamondoid components along the polymer chain.



{ conponents along the polynmer chain. [ EXAMPLE 51 Pol yim des Derived from
2, 2 Bis[4-(4-am nophenoxy)phenylJ Hi gher D anpondoids 15 byigChdgi2oos

| m di zatWom2/As72e1 stirred solution of a 2, 2-bis[4-(4-am npgheisexyosphenyl |
hi gher dianondoid (1.2 nmol) in DVAc (7 nl) is gradually added

~ pyronellitic dianhydride (0.262 g, g 2 mol). The mxture is stirred at
roomtenperature for 2-4 hours under 30 argon at nosphere to formthe
poly(amic acid). Imdization is carried out by adding DMAc and an

equi nol ar m xture of acetic anhydride and 1{)grl dine into the above-

menti oned poly(amc acid) soluti on ERFAMP, ?ing at roomtenperature for
about 1 houp t 3
hours. The r(e)l ?L?%%mav d’z )t r}i%s‘g‘lgé? g@ﬂ{lgﬁgﬁ;ﬁ{ G%er‘gﬂll?’ﬁo?%‘o}ndét% ?r’{zgﬁ}?cgﬁnd t he
precipitate is fil tered of f, 25 washeddiwaridr net hanol and hot water,. and
dried to afford the polyimde containing higher dianondoid conponents
along the polyner chain. 18 July 2005 WO 0 2/05 720 1 PCTI US02/ 00504 95
~EXAMPLE 52 Pol yiyg @&ﬁuﬁ@f&f"fﬂﬂb{ gﬁb}%ﬁfﬁ%ﬁ}: it oflag 398y in

Di anondoi ds by Chem cal Zm di zatl on

2, 2- bi s( 4- difiSwpldiNMP, BB hdi-betizapmmdoétdtr{Grnnyliy dianhgdtid® (BIT, I8,

3,3 ,4,4 zophenonet e car.box r| BT 98. 60

mml) is agoéelcg\%l '?0 ?815‘; vggh?%cﬁ’(d"‘(?f"&fg af/xﬂg’héﬁlg PR ‘?‘%‘%‘Bﬂ’tsg’nuously
stirred at shgedhieoRetepiatiré R 2BH@W 11%4!1:§10PH the rdRtibh tik@ACAL AR Xsure are
added 1.5 ml, of acetic anhydride and 2.0 m, of pyridine and then the

t enper at ur & of 2ostis edhydsideand BHunL vf pyiiiiaa dnd dysn the icnipesatare ipmisetlto e f or

Pt er o, haitdR0SCRhebl et uR e fle G B S e BB R oMt o1 and
met hanol , EX%NG/% %EB Se%cB@ss RRUVNBT arldSiltird R AR prabipithted BOtyfnel B washb@ W42 hours

i n vacuo.
times with water and methanol, and then the polymer is dried at about 100 °C for

around 12 hours in vacuo.

EXAMPLE 53
15 Polyimides Derived from 2,2-Bis(4-aminophenyl) Higher Diamondoids by Solution

Polymerization

_ To a solution of a 2,2-bis(4-aminophenyl) higher diamondoid (5 mmol) in 19
ml. of freshly distilled m-cresol, 3,3°,4,4’-benzophenonetetracarboxylic dianhydride
20 (98.6%, 1.61 g, 5 mmol) and isoquinoline {0.95 mL) as a catalyst are added at room
temperature under nitrogen atmosphere. The reaction mixture is heated to about
70~80 °C over 2 hours and kept at this temperature for about 2 hours. Afterwards, the
solution temperature is slowly raised to about 200 °C over 2 hours and refluxed for 6
' hours. The polymerization is performed under a gentle nitrogen stream to remove the
25 water produced during imidization. Work-up is done by pouring the resulting
solution into excess methanol and filtering. The precipitated polymer is washed
several times with water and methanol, and then the polymer is dried at about 100 °C

for around 12 hours in vacuo.




15 Pol yi m des Derived from 2, 2- Bi s(4-am nophenyl) H gher D anondoi ds by

Solution Polynerization To a solution of a 2,2-bis(4-am nogghsuly 2pohi gher
di amondey@efds7e910l ) in 19 nL of freshly distilled m cresgtr/usozoesos

3,3 ,4,4" -benzophenonet etracar boxyli ¢ dianhydride 20 (98.6% 1.61 g, 5
mol ) and i soquinoline (0.95 nL) as a catal yst are added at room

t enper at ure under nitrogen at m)spher%ﬁ. The reaction mxture is heated to
about 7080 C over 2 hours and kept at this tenperature for about 2 hours.
Afterwards, the solution tenperature is slowy raised to about 200 C over
2 hours and refluxed for 6 hours. EXAMPDE#eri zation is perforned under a

gentle nitrqogen streamto. yenpve e ter produced during,.imdization.
Dorke up | s Gdier BybERErTRiger R ebon e e Sl p e R le s Hifano Cand
filtering. The precipitated pol ymeimbaiotdsh)afe several times with water and

met hanol, and then the polyner is dried at about 100 C for around 12 hours
in vacuo. 18 July 2005 WD 02/ b&dzelAfiipnBertion504 96 EXAMPLE 54 Linear

~—Polyaspartim des Derived ftrom 2, 2-Bi s[ 4-(4-am nophenoxy) phenyl-J- Hi gher--

Dianondoi ds by the M chael Addition Reaction 5 In a 100 nL three necked

flask equi pped Wi i RoEmIBERL ekl fidsk @fuipfed ®ith Wnagaehdanse] a rdfher nonet er
and nitrogen inlet, 0.553 g (1.25 muol) of bis(3-ethyl-5-

net hyl - 4- nednsensedberaipyet aiteogeBinig 01553 2ddad rewol of big(3-sthyiocr esol .

Wen all is -di . i isa_Eﬁ - i -(4 10
am nopheno%%% ;ﬁ‘gg{%{%}fﬁ'ﬁ?%%fghﬁgt%‘%%@w %8‘2‘%&?0 E.ij‘hen 8&17% -ﬁfe Sgtf S‘gﬁ%‘%i al
aceti c achidtheUSENIME dissoBied) V.35 mndl ofd deanine 2R -Bib@-@-xt ure so that the
above diamne is ' conmpletely dissolved. The reaction mxture js then

i Mrer sed i pmiePhenoxyiphAay rbisherdipmendaid sogded oo & milhgliglagighadsbtr s to
20,y cersTh SopLLga, BANTPA e e ShalyuRbI Dt o001
completely dissolved. The reaction mixture is then immersed in an oil bath
maintained at 100-110 °C for about 100 hours to palymerize. The resulting polymer
is isolated by pouring the viscous reaction mixture into excess ethanol under vigorous
15 stirfing. The polymer precipitate is collected by filtration and washed thoroughly
with ethénol and extracted with hot ethanol using 2 Soxhlet extractor and

subsequently dried in a vacuum oven at 70 °C for about 24 hours.

EXAMPLE 55
4-(1 ~Hz‘gker Diamondoidyl)-1,3-Benzenediols from Brominated Compounds
20
A suitable brominated higher diamondoid (0.046 mole), resorcinol (5.51 g,
0.05 mole), and benzene (50 mL) are combined in a reaction flask equipped with a
nitrogen inlet, a condenser ﬁtted with a caustic scrubber, and a stirrer. This mixture is
heated to reflux and for about 72 hours to allow for reaction under a constant nitrogen
25 purge to assist in the removal of HBr formed. The reaction mixture is cooled to
ambient temperature and the higher diamondoidyl substituted resorcinol is
crystallized from solution. Residua} resorcinol is removed by precipitating a solution
of the product in methano! into warm water foliowed by filtrating and washing with

water. Subsequent purification to a polymerization quality monomer is accomplished



15 stirring. The polyner precipitate is collected by filtration and washed
thoroughly wth ethanol and extracted with hot ethanol using suiveEds et
extract wo emab72@ubsequent|ly dried in a vacuum oven at 70p¢@/figns ut 24
hours. EXAMPLE 55 4-(I-Hi gher Di anondoidyl)-1,3 Benzenediols f om

Brom nat ed Conpounds 20 A suitable hrom nated higher di anondoid (0.046
nole), resorcinol (5.51 g, 0.05 nol’é), and benzene (50 nL) are conbined in
a reaction flask equipped with a nitrogen inlet, a condenser fitted with a
caustic scrubber, and a stirrer. This mxture is heated to reflux and for
about 72 hluvasuns dying\e ranovedasdval walerdeeryataliving om tafvens gad fipsllyur ge to

assist in mzl}%?%%vﬁmgfﬂ%eﬁg{)%&&rned. The reaction m xture is cooled to

anbi ent tenp e an i gher di anondoi dyl substituted resorcinol is
crystallized fromsolution. Residual resorcinol is renoved by precipitating
a solution - of the product in netEXAMPOES&S6war m wat er foll owed by

filtrating and_washing with . ter. Subsequent purification .
~pol yrer i zat i B/ ¢Hi&ret awewgm\fﬁ#é:&a c@fﬁﬁw&v@aﬁf%’%f ool -Eiden2) 057201
PGTI/ US02/ 00504 97 by vacuurryy;l&,ygg;b%f @jg_@)ﬁgeﬂregﬁydual wat er,

I findll im

recrystallizing fromtoluene, an | Ty  sublimng to afford the product.
EXAMPLE 56 4-(1- Hi gherDi arnondoi dyl )-1, 3 Bi s(4-am nophenoxy) benzene from

i rondal dyl ) - 1RETRES Bheites do gy Dkt BRERPERGLa AR 5%g. 26, 6
nol ), pot ggsloHiRabaiian glt\./gs‘ g,g% %n. &Sm@l)k -p%td%fﬁﬂn)ca?&ﬁate‘atgﬁ g, 31.2 mmol) and

N, N- di nmet havnlyforma_n‘i de ( ) is refluxed for out 8 hours. The 10
m xture i sdyHéN-diosthyifornamppleDaE.i30molbis melluxgd dor abone hewisuthon (1:1 by

|une). The crude prodyct.is recrystallized fro | aci.al . ti ¢ acid.
W o) e TiufutifiEnBonts Sha powke BB bt alst SRAOR LT by B6BHG, 210 e
product (4ttelerniié gha@hctds ArBRENNiLM flond ghchil 8deficatidl ophenoxy) benzene, 12.3

mol ),
Hydrazine monohydrade (10 mL) is added dropwise to a mixture of the above
- product (4-(1-higher diamondoidyl)-1,3-bis(4-nitrophenoxy)benzene, 12.3 mmol),
ethanol (25 ml), and a catalytic amount of 10% palladium on activated carbon (Pd/C,
15 0.05 g) at the boiling temperature. The rea;ction mixture is refluxed for about 24 ‘

hours, and the diamine product is precipifated during this period. The mixture is then
added to a sufficient amount of ethanol to dissolve the diamine product and filtered to |
remove Pd/C. After cooling, the recipitated crystals are isolated by filtration and

recrystallized from 1,2-dichlorobenzene to affofd a pure diamine product.

20 EXAMPLE 57
4-(1-Higher Diamondoidyl)-1,3-Bis(4-trimellitimidophenoxy)benzene from 4-(1-
Higher Diamondoidyl)-1,3-Bis(4-aminophenoxy)benzene

A flask is charged with 1.73 mmol of a 4-(1-higher diamondoidyl)-1,3-bis(4-
25 aminophenoxy)benzene, 0.68 g (3.54 mumol) of trimellitic anhydride, and 5 mL of
- DMAc. The mixture is stirred at room temperature for about 5 hours under argon
atmosphere. While continuing to maintain agitation and room temperature, 2.4 mL of
acetic anhydride and 1.5 mL of pyridine are added incorporating for about 1 hour,
Afterwards the mixture is heated at 100 °C for about 4 hours and then cooled and




ethanol (25 nL), and a catalytic anount of 10% pal | adi um on acti vated
carbon (Pd/C, 15 0.05 g) at the boiling tenperature. The reat®Jun 2805t ure
is refl about 24 hours, and the diam ne product j i_pj tated
during t%(?gz’%ie}?qlod. The m xture is then added to a suffrgiféﬁ{;zg@ﬁg{mt of

et hanol to dissolve the diam ne product and filtered to renove Pd/C After
cooling, the recipitated crystals ar# isolated by filtration and
recrystallized from 1, 2-di chl orobenzene to afford a pure di am ne product.
20 EXAMPLE 57 4-(1-Higher o _

Di amondoi dpbired indo BieSathol. I THERIrbéipitite GOPRSEDS I8 i ddnedratton Whiaher

D anzondoi dyl ) - 1, 3- Bi s(4-am nopl zenoxy) benzene A flask is charged with 1.73

nmol of a hotethamohhsng dSarbladeitagtoy and ibsegiently g5ed m HBpNSHOSIENE RS ene, :
0. 68 3. 1) of trinmellitic.. dr.i d 5 f A i xt
5 stir § ed5§tf%o$ﬂu?% fford g 4%‘?1%%%’6?%1{0?%@0%? @'Iaﬁ%%r&%ﬂl%%&y&g’ggphme?ew °

Wi | e cont bR AEndIRtARIdphehdkyRiftnk@del On and room tenperature, 2.4 nL of

~—aceti-c-anhydri-de-and 1.5 nlL of pyridine are added incorporating for about 1

hour, Afterwards the mxture is heated at 100 C for about 4 hours and then
covl ed and 18 July 2005 WD 02/ 057BEAMERED2/ 00504 98 poured into

met hanol . The pregipi.tate  is~filtered, offapd j rifiad by.-extraction
with hot et han‘(&))f)&ﬁglll&ne@mgd@'o‘l)xﬁfvee eoj'??l ?:fbg‘ H‘gn ag% g%%gﬁlf%’?mg%i ed in a

vacuum oven at 70 Gmkliitind@optRnbs)banzéddf tor SbighionPolieondlensiripaxy! i ¢ aci d:
4- (1- hi gher dianondoidyl)-1,3- bis(4-trinellitimdophenoxy)benzene. 5
EXAMPLE 58 Pol yam de-i m des Derived from 4-(1-H gher D anzondoidyl)-1,3

SAMPLE o8 Polyam ¢ ! 2 YL S
o he i 1 e, AARE B RRAGHRARAEAR ORI (A S nE BORRERSALN AN A M Xt Ure
bics (4- t r i nbis{4-trinmsHompitephanoxlyirasme, 0.0 mimal)pd.362 B 086 Aignint (32-disddi(he
2, 2-bi 4-(4- i h [Th fl , .0 .. 0,25 f
o mnRamons ena A Rsamberononc et 8385 er il Bplios 8 s
3.0 nL of W%kafﬁ?ﬁl%@igﬁ’?sw& o.iﬁﬂ!éf' Aftle, 2803 § 06 RRPDIEs iealt@Whith under

er “coolrng, t

argon stream e redaction
stirring at 100 °C for about 2 hours under argon stream. After cooling, the reaction

mixture is poured into a large amount of methano! with constant stirring, producing a
15 precipitate that is washed thoroughly with hot water and methanol, collected on a
| filter, and dried at 100 °C under vacuum for 24 hours to afford a pure polyamide-
imide containing higher Fﬁamondoid components in the polymer backbone.

EXAMPLE 59
Poly(aryl ethers) Derived from 4-(1-Higher Diamondoidyl)-1,3-Benzenediols by
20 - ) Nucleophilic Aromatic Substitution Polymerization

A 4-(1-higher diambndoidyl)-l,3-benzenediol (20.5 mmol) and 4,4°-
diflnorobenzophenone (4.468 g, 20.5 mmol) mixtore is {iissolved in 35 mL DMAc
and 10 mL toluene in a reaction flask fitted with a nitrogen blanket; mechanical
25 | stirrer, and a Dean~-Stark trap. To this mixture K>CO; (2.969- g, 21.48 mmeol) is added
while stirring and heating to reflux. Reflux is held at around 130 °C for about 1 hour
followed by the gradual removal of toluene from the reaction flask until the fiask
temperature reaches around 160 °C (ca. 2 hours). The reaction mixture is maintained

‘at 160 °C for 10 hours and then cooled to ambient temperature. The polymer solution



m xture is poured into a |arge anount of methanol with constant stirring,
producing a 15 precipitate that is washed thoroughly with hct8 $iy@00and
met hanokyo goddraft ed on a filter, and dried at 100 C undgérvaswesad or 24
hours to afford a pure polyam de- im de containing higher dianondoid
conmponents in the pol yner backbone. EXAMPLE 59 Poly(aryl ethers) Derived
from 4- (I -H gher Daanondoi dyl)-1, 3- Béhzenediol s by 20 Nucl eophilic
Aromatic Substitution Polynerization A 4-(1-higher

di anondoi dyl ) - 1, 3- benzenedi ol (20.5 mml) and 4,4' - difl uorobenzophenone
(4.468 g, ROliltedwith choxtfome filerd te seahvedthenn@gamt sOdpacididfind, abd fhdn t ol uene
in a reaction flask fitted wwth a, nitrogen bl atg%ket mechani CM5 (fti rrer,
and a DeanPieipiRtedinig mefbanoh; Eiltsation and dipag 91 fhe mipdnd) at 2opuiRGnepgders 4qded
while stirg) I flux. Reflux is held at around 130 C for
about 1 hoE‘J:ruﬂl 0 ?gv\eghglg}g?ﬁgmégadual removal of toluene fromthe reaction
flask until the flask tenperature reaches around 160 C (ca. 2 hours). The
—reacti-on-m xture is maintained atEXAMELEo60 10 hours and then cooled to -

anpi ent tenperature. The. pol yner. sol.ution 18 July,2005 WO 02,052
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inorganic salts, acidified, anghybepnRpmsopiiabed into methanol.
Filtration and drying of the pr%du%?“gtj}abo‘at 12’8 C under vacuum gives the

hormopol ymer. EXAMPLE 60 5 CduPlsbyiific dramainStassrmtion( 1- Hi gher
D arnondoi dyl ) - 1, 3- Benzenedi ol s and 2, 2-Bi s(4- Hydrox) Phenyl ) propane by
Nucl eophilic Aromatic Substitution Co-polynerizations are carried out with

different nol ar Coaiolpfierdfations 40 08MRA Sut With (@2ffcehl BOKr RYIOS 6FPRBANMER OPane
and a 4-(1-higher dianondoidyl)-1, 3-benzenediol) using either DVAc or

t 8 r amet hy(Zhbisédrhydnsyrheny hpropas)ands 461-hisher dipgondeidylinidebengenediql) - hi gher
o S e o ARVl AR TR 08 BB .
4, 4" - di f| ugDhédtee phanadeidiy-145Begenddioln(10.25 mmol) and 2,2-bis(4-
hydroxyphenyl)propane (10.25 mmol) and 4,4’-difluorobenzophenone {4.468 g, 20.5
mmol) can be dissolved in 35 mL DMAc and 10 mL toluene in a reaction flask fitted
15 with a nifrogen blanket, mechanical stirrer, and a Dean-Stark trap. To this mixture
- K2CO;3 (2.969 g, 21.48 mmol) is added while stirring and heating to reflux. Reflux is

held at around 130 °C for about 1 hour followed by the gradual removal of toluene
from the reaction flask until the flask temperature reaches around 160 °C (ca. 2
hours). The reaction mixture is maintained at 160 °C for 10 hours and then cooled to
20 ambient temperature. The polymer solution is diluted with chloroform, filtered to
“ remove the inofgam’c salts, acidified, and then precipitated into methanol. Filtration
and drying of the product at about 120 °C under vacuum gives the copolymer. If
sulfolane is used as the solvent, the co-polymers are Soxhlet extracted with methanol

to remove solvent and salts from the insoluble polymer.

25




mmol ) can be di ssol ved in 35 nL DMAc and 10 niL toluene in a reaction flask
fitted 15 with a nitrogen bl anket, nechanical stirrer, and % $8¥R08bar Kk

trap. Twdde7mixture K2CO3 (2.969 g, 21.48 mmol) is achsteﬂug(mdogustl rring
and heating to reflux. Reflux is held at around 130 C for about 1 hour

foll owed by the gradual renoval of ij&iuene fromthe reaction flask until
the flask tenperature reaches aroun 60 C (ca. 2 hours). The reaction

m xture is maintained at 160 C for 10 hours and then cooled to 20 anbi ent
tenperature. The polyner solution is diluted with chloroform filtered to
renmove the inorganic salts, acidi fEX4AMBE 6lhen precipitated into nethanol.
Filtration and drying of the product at about 120 C under vacuum gives the

copol yner. ne i.s sol ve s re
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EXAMPLE 61 Pol y(3-benzyl oxypro%ﬁ nmal at e- co- et hyl hi gher di anondyl nal ate

- (85/-15) from - 3- Benzyl oayfrepy Rid-Obaeng faZolme #4971 H gher - Di anondoi dy!
| ol actonate by Anionic Ring-Opening Co-Polynerization 5 A flask is

charged with a m xture of 3-benzyl oxypropyl mal ol actonate (85 nol %, ethyl

Bi gher di ?rmndoA(ﬂak,k imj}@fgl%dtvﬂ?ﬂi Qﬁﬁ;&lﬁﬁz df?LB&:zfﬁlbd}r/]pmpy}a&ﬂdiiyctta:mm(ﬂSum

enzoate (10-3 .. per mple of .taotal nol es t he co- rs cting as an

initiator mei)k ﬁ@YbﬁigB?ﬁ ‘@afﬂ?ﬁfb’l‘@iﬂé?ﬁlﬂéc@ﬁatﬁglr@%ﬁ@% qﬁﬂa'@%“%"t‘? ogen.

The m xt ung, I en

at nospher e an%aégﬂ:a&ﬁp & ned %tg;tgt%ﬁgd%gggﬁ%g?g?ﬂé(gn%gragtldgggi%mtg@gr

conpl et i orofdhe drdienic @ingadpeniagicaaiolymerization) wnier hiﬁmgem-'l“lpamy(tmre s ther

coll ected and washed with small amunt, of water, etha %93
vicuum f orvelbgirredandysamed teXARPrderniragen Hmosphsre, 6‘?3&‘};?1 @ﬁy Et her

from Mono 'I)éﬂia%ﬁlréh?r‘i S@ag;goﬂ@tglscompleuon of the co-polymerization reaction, the co-
polymers are collected and washed with small amount of watei', ethanol, and dried in

vacuum for about 24 hours.

EXAMPLE 62
15 ngker Dzamondozdyl Propenyl Ether from Monohydroxylated Compounds

To a 150 mL round bottom flask are added a monohydroxylated higher
diamondoid (2 mmof) and 3-bromo-1-propene (2 mmol) and 50 mL, dry DMSO. The
mixture is stirred and heated to about 100 °C under nitrogen atmosphere for a few

20 hours. After completion of the reaction, the reaction mixture is poured into water (50
| mL) and is extracted with ethyl ether or chloroform (3x50 ml.). The combined
organic layer is washed with water, dried over anhydrous Na;S50a, filtered, and the
solvent is evaporated to give a crude product. The resulting crude product is purified
by chromatography to afford higher diamondoidyl propenyl ether monomer suitable

25 for polymerization.



To a 150 nL round bottom fl ask are added a nonohydroxyl ated hi gher

di anondoid (2 nmol) and 3-brono-I|-propene (2 mol) and 50 nlL18ldylyRRMBE. The
m Xt ur e we osbi7edied and heated to about 100 C under nitrogedoisphere for
a few 20 hours.” After conpletion of the reaction, the reaction mxture is
poured into water (50 nlL) and is e acted with ethyl ether or chloroform
(3x50 nmL). The conbined organic Ia?} is washed with water, dried over
anhydrous Na2SO4, filtered, and the solvent is evaporated to give a crude
product. The resulting cr ude product i S Eurlfl ed by chromatography to
afford hi gher diamondoi dyl pr openyEX&MEBLE@honer suitable 25 for

| t WO 02 1 PCT/ USR2/ 0 101 MPLE 63
[ aher D amonddioT rbaion! LRt P R ar ISR OMRe To a 150

m, round bottomflask the following is added a rmnohydroxyl ated 5 higher

di anondoid (2 mmol ), a 3-brono-|-propyne ,..and 50 nL dry DVSO  The
mxture is sti r?‘édl laﬁ‘?dﬂhé%ﬂ@d?qt‘fdﬂhﬁ@ﬁg O@Y%t?élﬁd?ﬂatarré}@'é?wﬁ{%bﬂﬁﬁ’ere for

potired i ni BgnaPa§AE il o5 %"ﬂ”&feﬁf’%’ﬁﬁ P FAS BB IING T,

(3x50 ni). Tﬁaem@tafem @ﬁﬁe@é@ﬂ]ﬁﬁa@ed tbayeit 100 Wimedniﬁogbn wahespherd foiegdfeov er
anhydrous Na2SO4, filtered, and the solvent 10 evaporated to give a crude

product . Thewpedier pemaplshomiat fﬁpé%ﬁ@ti@nﬂthe Faeion l@erctw« is pRYGHRe FraEHY0 t o

2100, 2 o OB B S50, e

monohydr oxmbratledvagﬁﬁmwﬂd&terl&eﬁm@r Aﬁ@d@&mrrwsd4,b1m&re@ahﬂmoumtf ol I owi ng

i s added, a nonohydroxyl ated higher dianmondoid (2 mmol) and_acryl oyl
ch ooride (gvapnistod eraivecmie prdpotyFhe respldngrude peodust ispurifiedibyind heated to

e ek PR LIS ARl BIRNT o AhSlaBA TR 8 o the

reaction, i s evap te heé result
polymerization.
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EXAMPLE 64
Higher Diamondoidyl Acryloyl Ester from monohydroxylated Compounds

- 15

To a 150 mL round bottom flask the following is added, a monohjzdroxylated
higher diamondoid (2 mmol) and acryloyl chloride (2 mmol) and 50 mL. dry THE.
The mixture is stirred and heated to reflux under nitrogen atmosphere for a few hours.
After completion of the reaction, the solvent is evaporated to dryness and the resulting
20 . crude product is purified by chromatography to afford higher diamondoidyl acryloyl

ester monomer suitable for polymerization.

EXAMPLE 65
Higher Diamondoidyl Monocarboxylic-Acid Propenyl Ester from Activated
Monocarboxylic (Acid Chloride) Compounds
25
0.017 mole of a suitable monocarboxylated higher diamondoid is mixed with

4.2 g-PC].5 in a 50-mL flask equipped with a stirrer and a reflux condenser. The
reaction starts after 30-60 seconds with liquefaction of the reaction mixtare. The
mixture js heated for an additional about 1 hour while sfirring on a steam bath. The

30 POCI; formed during reaction is distilled off under vacuum. The remaining acid



20 crude product is purified by chromatography te_afford hi gher
di anondoi dyl acryloyl ester nononer suitable for polynerizat oy 28068AVPLE

65 Hi ghgvo di@pepdoi dyl Monocarboxylic Acid Propenyl Estepcti9ssonsdd vat ed
Monocar boxylic (Acid Chloride) Conpounds 25 - 0.017 nole of a suitable

nonocar boxyl at ed hi gher di anondoi d |s mxed wwth 4.2 g PC15 in a 50-m,
flask equipped with a stirrer and a 10%f | ux condenser. The reaction starts
after 30-60 seconds with |'iquefaction of the reaction m xture. The mXxture
is heated for an additional about 1 hour while stirring on a steam bath.
The 30 POGiSoride remidue isrdontpdrvedicice ovatérand 2giropéed-od {6.0 Lihoete) vaaldadn The

r emai ni ng cr d, 18 _July 2005, WD_Q2/ 057201 PCT/ US02/ 00504 02
residue is Bﬁmséd%fﬁx%%ls\k&?‘@ﬁ?%rrﬂ?aﬁ% bhhpurgm ﬁeﬂ'ﬁaﬁ’bf’@e‘i@ dded
dropwi se. ﬂi@&yéﬂré& Y6 Sb%ﬂ%te?dTﬁ%st@rris @eﬂ&h&i{g% etii DQHE: 218 tRerSh 2R84 bat h,

cool ed, and hen poured into 50 , wat er he ester I's taken up with
et hyl et he\rflthamamkmusmmmn cwbpnatanolaqgemwtatﬂrasﬁé’wudxmng,lfranammhsul ution

Miordo AnGeer RSB oAb Rar dPegr iR o ford frodiied, ' 1T

pol ymer i zagrﬁ@mef@%h&,@ﬁmﬂ gher Di anondoi dyl anocar boxylic Acid Propynyl
Ester from Activated Mnocarboxylic (Acid Chloride) Conpounds 10 0.017

nol e of a suitable nonocarboxyl at ed hi her di anondoid is mixed wwth 4.2 g
PCl5 in a 50-nL flask equi pped wt LES® and a reflux condenser. The

oo L8 R Bl M AR VLA B0 MR |
stirring on a steam bat WodderidyREARd Uhlovedt) iConghoakdd | ed of f under

vacuum The acid chloride |left behind as a residue is cooled with ice
WAt er, and dropwi.se 2-propyn-1-ol (0.017 mole) is added.

7 0.017 mole of a suitable monocarboxylated higher diamondoid is mixed with

4.2 g PCls in a 50-mL flask equipped with a stirrer and a reflux condenser. The |
reaction starts after 30-60 seconds with liquefaction of the reaction mixture. The
mixture is heated for an additional about I hour while stirring on a steam bath. The

15 POCH formed is distilled off under vacuum. The acid chloride left behind as a
restdue is cooled with ice water, and dropwise 2-propyn-1-ol (0.017 molc) 1s added.
The mixture is heated for an additional 1 hour on the steam bath, cooled and then
poured info 50 mL water. The ester is taken up with ethyl ether and then washed with
potassium carbonate agueous solution and water. After drying, fractionation is

20 . carried out over calcium chloride under vacuum to afford propynyl ester monomer

suitable for polymerization.

EXAMPLE 67
Higher Diamondoidyl Monocarboxylic-Acid Propenyl Amide from Activated
Monocarboxylic (Acid Chloride) Compounds
25 ,
0.017 mole of a suitable monocarboxylated higher diamondoid is mixed with
4.2 g PCl5 in a 50-mL flask equipped with a stirrer and a reflux condenser. The
reaction starts after 30-60 seconds with liquefaction of the reaction mixture. The
mixture is heated for an additional 1 hour while stirring on a steam bath. The POCI;

30 formed is distilled off under vacuum. The resulting acid chloride residue is cooled



The m xture is heated for an additional 1 hour on the steam bath, cool ed
and then poured into 50- nmL water. The ester is taken up wi t18 aalg\2oost her
~and theryypashetM th  potassi um carbonat e aqueous sol uti ppraRgyRher. After
drying, fractionation is 20 carried out over calciumchloride under vacuum
to afford propynyl ester nmononer sujtable for polynerization. EXAMPLE 67
H gher Di anondoi dyl Monocar boxyl i c- A3 Propenyl Am de front Activated
Monocar boxylic (Acid Chloride) Conpounds 25 0.017 nole of a suitable
monocar boxyl at ed hi gher dianmondoid is mxed with 4.2 g PC15 in a 50-nL

fl ask equi Fpddiceisalerparsi 3-amao- bpwpane 6.0 Ukmelshteadded dropiase. haatixome st art s

after 30-60Q se S W A factign of t react,j o i xture,. Th m Xt ure
"5 Pearod foheiss B ar e 1 ToBEon ik feant Pt i e R0 The

PQt 13 30 f eiiredicr s THE Sinidd i€ ¢hkeh b Q\Hﬂﬁéth%laé%%ﬂréhdﬁ% WwasH: Wil Popctidmchl ori de
residue is cooled 18 July 2005 02/ 057201 PCT/ US02/00104°103 wth ice

wat er, and ¢@banitpeqreqys splatien aol water. b fiey diyinga duficativopfitecrudevenidi it ur e |
........... h t df t | ! h . WY t : ! . b t - I d d_th
boireq i nt ORISR R LR prifcelt SRR fbie FR o SRR e hen

washed wi th potassi um carbonate aqueous solution and water. After drying,
purification of the crude am de i SEXAMRIE6®d by chromatography to afford
propenyl am de _suitable for POl ynmerization. EXAMPLE 68 Hi gher D anondoi dyl

Monocar boxyl i I BTspIaY! Matererboxfic stoid Feapeay! Anide fsrodstipeted ( Aci d
Chl ori de) Compounds 10 O f/48: B boxyl at ed hi gher
di anondoid is mxed wt hﬂ%zﬁagb%gg{A?lrfgﬁ%gg%ec&?‘ﬁas Eequi pped with a
stirrer and a reflux condenser. The reaction starts after 30-60 seconds -

2bi'ti onal 1 holIDIHPYIE SCR FRERORP S T ERSr SROROEd i ToRey i | 5

distilled abfy PORGH 2\WAGHH Masll BfuifiaCtyitinh QfikSCanta®f eARE BoMtEn@R. FnEesi due is
reaction starts after 30-60 seconds with liquefaction of the reaction mixture. The
mixture is heated for an additional 1 hour while stirring on a steam bath. The POCl;
formed is distilled off under vacuum. The acid chloride left behind as a residue is

15 cooled with ice water, and 3-amino-1-propyne (0.017 mole) is added dropwise.. The

mixture is heated for an additional 1 hour on the steam bath, cooled, and then poured
into 50 mL water. The amide is taken up with ethyl ether and then washed with
potassium carbonate aqueous solution and water. After drying, purification of the

crude amide is conducted by chromatography to afford propyny! amide suitable for

20+ polymerization,
EXAMPLE 69
Monoacryloylaminated Higher Diamondoids from
Monoaminated Compounds
25 To a 150 mL round bottom flask are added a monoaminated higher

diamondoid (2 mmol) and acryloyl chloride (2 mmol) and 50 mL dry THF. The
mixture is stirred and heated to reflux under nitrogen atmosphere for a few hours.
* After completion of the reaction, which is conveniently monitored by TLC or GC

analysis, the solvent is evaporated to dryness and the resulting crude productis



15 cooled with ice water, and 3-ami no-| - propyne (0.017 nole) is added

dropwi se.. The mxture is heated for an additional 1 hour ot Jig280®am

bath, cql@ths7aRd then poured into 50 nL water. The am geriSedi@kgn up with
ethyl ether and then washed with potassium carbonate aqueous solution and

water. After drying, purification of the crude amde is conducted by
chromat ography to afford propynyl afPdle suitable for 20 pol yneri zati on.
EXAMPLE 69 Monoacryl oyl am nated Hi gher Di anondoi ds from Mbnoani nated
Compounds 25 To a 150 m, round bottom flask are added a nonoani nat ed

hi gher di plmﬁmﬂch}dc]:(r&nmmgfa))hﬁMaﬁﬁrﬂ)lﬁghﬂ‘ donhardoitiy] @ viowbimhidemdornerl. dry
THE. The WH&Jere is stirred and heated to reflux under nitrogen atnosphere
fo

for a few fi8 T pelyRIETiZgiBt et i on of the reaction, which is conveniently
noni tored by TLC or GC analysis, the solvent is evaporated to dryness and
the resulting crude product is 18 Exawigpes7o WO 02/ 057201 PCT/ US02/ 00504
104 purified by chronmat ography to afford higher di anondoidyl acryl oyl

- ami-de -nonomer - idigherabliendndpidpbPropenil zanide fronEMbRPuEnaRdIGapreoundi anondoi-dyl-
Prjopenyl Ani de from Monoani nated Conpounds 5 To a 150 ni round bottom
fl'ask the followi ng is added, a nonoam nated higher dianondoid (2 mmmol)

and 3- brono- I-wsaqsemﬁrdﬂﬁalbbﬁamcﬂéﬁme—foﬂbm@yﬁaaeﬂ BinSorBhoninst®] i S stirred
and heated to reflux under nitrogen atnosphere for a few hours. After

conpl et onhlﬁhertdii@nm@:hnd (%mmcxk}ﬁnétﬁ b@%h@é@p@m@m}m%ﬁ@l@ylo TLC or GC

e ot ny1 DYRIGT 16 Sl oo g BHEF B8 uifteilinonsR ipdsefdf B k7 7
washed W feby hmﬂr@rAﬁéf doRsbletiel ofaRb eSS WSS tontddidntlyatonitnel bhe

remai ning solvent is_ evaporated to give a crude product. The resulting
c’roude pr odbk¥ of Spapalysis @qﬁacﬁon mixture 1s poured 1nto water (50 mL) and extracted

with ethyl ether or chloroform (3x50 mL). The combined organic layer is washed

with water, dried over anhydrous NaySOy, filtered, and the remaining solvent is

evaporated to give a crude product. The resulting crude product is purified by

chromatography to afford higher diamondoidyl propenyl amide monomer suitable for
15 polymerization.

EXAMPLE 71
Higher Diamondoidyl Propynyl Amide from Monoaminated Compounds

‘ To a 150 mL round bottom flask the following is added, a monoaminated

20 higher diamondoid (2 mmol) and 3-bromo-1-propyne (2 mmol) and 50 mL dry
DMSO. The mixture is siirred and heated to reflux under nitrogen atmosphere for a
few hours. After completion of the reaction, which is conveniently monitored by
TLC or GC analysis, the reaction mixture is poured into water (50 mL) and extracted
with ethyl ether or chloroform (3x50 mL). The combined organic layer is washed

25 with water and dried over anhydrous Na,SOq, filtered, and the solvent is evaporated to
give a crude product, The resulting crude product is purified by chromatography to
afford higher diamondoidyl propynyl amide monomer suitable for polymerization.




:

chromat ography to afford hi gher di anondoi dyl propenyl am de nononer
suitable for 15 polynerization. EXAMPLE 71 Hi gher Di anondoithyluifPogynyl
Am de f npognobbsreeyn nat ed Conpounds To a 150 nlL round boptemshlaslks t he
following is added, a nonoam nated 20 hi gher dianondoid (2 mmol) and
3-brono-1-propyne (2 mmol) and 50 nL dry DMSO. The m xture is stirred and
heated to reflux under nitrogen at here for a few hours. After

conpl etion of the reaction, which is conveniently nonitored by TLC or GC
anal ysis, the reaction mxture is poured into water (50 nL) and extracted
with ethyl ether or chloroform (3xBEXAMPLE®2 conbi ned organic |ayer is

hed 25 w,th wat d dri d S, filt t h
so vent 1 s iragtalieD e G At e AL B SRl R el (e e Heor oduct.
is purified by chromatogr aphyoft}ggkgfbgﬁ,gbnﬁbgj)?yzeﬁg;amndoi dyl propynyl am de

nononer suitable for polynerization. 18 July 2005 WO 02/057201
PCT/ USQ2/ 00504 105 EXAMPLE 72 Phenyl H gher D anondoi d- Modi fied PEGs

4 St ed sol ot 1 SR spfFaf  FRORuRGne Byiedh BEES, RARIACLSUETTY © TO

di chl or ometdhil@ombthidhe, Afml, loif idfyylamintes hddedd ik solitioh is ebsled @nart ®ecool ed in
an ice bath under nitrogen atnosphere. Then 1 g of . .
4- t ol uenes BRIBGMEFTRITOEE aa@rﬁrmﬁpe)n } § of 4delugnesyiienyletenide -2 mmalhisi nued

overnight 8" pitBadbtiohd it b &6 Fnd bl fhen REPMRARURERAIN T, o1

recrystal | igoh k@Rpdraior RehRng! The pheIucolsPRebipifutal idelicth@ &bV t he
triethyl ammoni um chl oride forned during the reaction affording a pure PEG

td8yl ate. adflitienal seqysialigiondtore sfaeks parfennddn onieato rmeysiHbeol (4 mol)

to 0 24 o Setllafindi EABAY SEhEl ihiRE o SRR BHIRLE phf ARG MEP™ o€

di chl oronet hane. The solution is stirred for 2 15 hours at room.
tenperat ure bef dindengditiegensiopsphare] die gRi@idmendylitend (4l mbibl)elissobed s)

mn 70 mL of freshly distilled dichloromethane is added dropwise to 0.24 g of sodium

hydride suspended in 30 mL of distilled dichloromethane. The solution is stirred for 2
15 hours at-room temperature before adding dropwise the PEG tosylate (a little excess)

dissolved in 50 mL of dichloromethane. The reaction mixture is kept at 40 °C for 24

hours. The obtained polymer is precipitated in ethyl ether, recrystallized from ethanol

and stored at 4 °C.
EXAMPLE 73
20 _ Design of Diamondoids Containing Polymers or Co-Polymers

Polymers such as polyamides, polyimides, polyesters, polycarbonates which
- are casily processed soluble, mechanically strong and thermally stable are very

important materials in a wide range of industries, such as the microelectronics

25 industry. Introduction of different pendant groups such as cardo groups along the
polymer backbone has been shown to impart greater solubility and enhanced rigidity
as well as better mechanical and thermal properties of the resulting polymers. Of
patticular interest is introducing cage hydrocarbons into the polymer chain because
such cardo groups show significant characteristics Suéh-aé high cardo/hydro gén f;ﬁo,

30 high thermal and oxidative stability, rigidity, hydrophobicity, and transparency.



di ssolved in 50 nL of dichloronethane. The reaction mxture is kept at 40 C

for 24 hours. The obtained polyner is precipitated in ethyl18llgroos

recr ystyblobgedof rom et hanol and stored at 4 C. EXAVPLE p&g/nZ@2//884 9n

of Di anondoi ds Cont ai ni ng Pol ymers or Co-Pol yners Pol ynmers such as

pol yam des, polyi m des, polyesters, polycarbonates which are easily
processed sol uble, nechanically st rb(%g and thermally stable are very

i mportant materials in a wide range of industries, such as the

m croel ectronics 25 industry. Introduction of different pendant groups such
as cardo groups ﬂtluﬁag'nmlered el igtredudtian b only ddamahiyk groashebecatse ofithar t

greater sql ubili ed rj.gidi as wel | . better chani cal and
Phermml proptavel GRS ot G didn il Gocpons it nr or ect o
i ntroduci mﬁmﬁeﬂﬁléfmﬁd HeATIAOMBLIIR} OF i BRer RUNYSRIoi F AR B REGRU BBranHfalle Car do
groups show significant characteristics such as high cardo/ hydrogen ratio,

30 hi gh t periamiantanel hexidantaneanst thbilike) yincorpegiation pf acﬂgrmﬁrummtp theand

faai ee © RoB epkhote AR Ret R DR AT B O Do MBI of 1 he

limted awad bkl bhjdicalhrdpeiiRh of WAEsHiRPsIgRks. e netaddhais { #hiessnt ane and
triamant ane) and the unavail ablity of h| er di anondoi d hydr.ocar bons

(t et r amanpglyaers mmmwonmwagﬁrﬁl@h ammdelﬁélyﬁrqce;bonlmefrqsanéhd on of
adamantyl o] t%‘y“%{ ﬁe&hn%&ggg‘%%] 31921‘3‘&1? rggesséqqh%r T@ého roverrents

in the solpu | er ysrc r oper I'es of the

r esul ti ngppikedd@itshat V&l Qfasézeoxazsseétraeﬁan@éne a?egwwmalowm co- pol yners
cont ai ni ng. hi gher_ di anondoi ¥drocar bon noieties in the ﬁ@gymer backbone
&

W th i npr S¥aPkAY4T EOa  Thiy dessmof Bigan fiat fsedesamaniang isfhe only sheigé H™he  poi nt ed

out that @Q% win 10
Exanpl es %%gﬁﬁﬁ: é&z(@ga&@{%ﬁ&?@%&ﬁ SO- cﬂ@r‘é%qn%ﬁf%%éﬁ‘?%&ﬁlg only choice
for thesendiifahcticial derdvatifbs aretgoed cimdidutes i awabngplidsicand their i.soners
‘and/or their nmultifunctional derivatives are good candi dates for such

applications. EXAMPLE 74 EXAMPLE 74

Water Soluble Poly(ethylene glycol)s (PEGs) Containing Higher Diamondoids for

15 ' Potential Drug Delivery Purposes

Host-guest interactions are very important processes in human biology. The
water solubility of drugs is a key factor in determining their medical efficacy in iiving
tissue. In order to enhance drug efficiency, poly(ethylene glycol)s (PEGs) can be

20 ¢ modified by higher diamondoid hydrocarbon compounds at their OH terminal
ending(s). These hydrophobic groups may be selected based upon their potentially
strong interactions with other groups in "cavities" formed in PEG polymer chains and
thus can help deliver the drugs which have low solubility in water. Fxamples are
shown in FIG. 35.

25 ‘ EXAMPLE 75
| Carbon-Rich Polymers for Nanolithography

Rapid advances in the miniaturzation of microelectronic devices require the -

development of new imageable polymeric materials for 193 nm mlcrohthog:aphy l

30 - (The National Technology Roadmap for Semiconductors, Semiconductor Industry



Wat er Sol ubl e Pol y(ethyl ene glycol)s (PEGs) Containing Hi gher D anondoi ds

for 15 Potential Drug Delivery Purposes Host-guest interactigandy 2065 very
i mport amo prazeases i n human bi ol ogy. The water sol ubil pCywshesegs is a
key factor in determining their nedical efficacy in living tissue. In
order to enhance drug efficiency, pglw(et hyl ene glycol)s (PEGs) can be 20
nodi fi ed by hi gher di anondoi d hydro bon conmpounds at their OH term nal
endi ng(s). These hydrophobi c groups may be sel ected based upon their
potentially strong interactions with other groups in "cavities" formed in
PEG pol ynersieiitiog (3d . Sendesectn HE7) ke design ehallepgags 1@hreresiave | ow

solubility i . [Em_ W0 N : E%@é{\% £ 75

Car bon- Ri c#%oﬁlé@snlgﬁlée or %ﬁ%@ﬁ%‘&?‘g%\g&hﬁgﬁé& Y %é.ir‘]%%%ql n eEh

m ni at uri zatwbonhgdrogeicranielie e iraeddiictes andqpiics prteerticlefoelithopephicof new
| mageabl e polyneric materials for 193 nmmcrolithography 30 (The Nati onal

Technol ogy PRIGEMESf or Seni conductors, Semi conductor Industry 18 July 2005
~\WD 02/-057201 PCT/'US02/ 00504 107 -Association (SIA), San Jose, Ca, 1997). -

The desi gn chal epae fdfe HOIE8h 9F a cHBbE A S clopolyifer ifRdRAlds bet ween

pl asma-etch resistance (which requires a high carbon/hydrogen rat‘f‘lo in the
pol ymer st baoidtimeggabdainopariatitits @eraibahil iesters) tor chemiaehrmphficatiopemfddrighance. 5

In FIG 36 shqw t he .desi gn.of ..a carhgn-rich cl opol yner . i ncor porating
bot h | mage SBRACT At BAERe (rEbS diBmonigily fichar s aies RepiqugHansS

anpl i fi cat homARhehitihe W6 -TE A8t INC FhyIRBhloPerticd bIPSERiaBRNARI ds such
as tetranmantanes, pentamantanes, “hexanantanes and the like). To adjust the
physi cal prepehliyemdeiihesionypropertics wcidasangrefcatpiolymsrs gae baptepsicdn

prtoperties,,a wde ran f co-polyners can be .orepgred. 10 This was shown
Pi0be 1 cas Bl sRokR LN Es Lanbt B Rty mlBe AP B R Y ol Trers by
D. Pasini, phlyhew 0. BasdMiJE Foecdts MANNReee (4 dVakesd Blaferials, 1347478551
(2000)), and those materials showed excell ent i magi ng properties. In
addi ti on, 096D, and those materials showed excelient imaging properties. In addition, since

the synthetic routes involve free radical polymeri_zation techniques, metal

contamination of the underlying semiconductor substrates is not an issue, as is the

15 case for polymers based on norbomene (Chemical of Materials, 10, 3319 (1998); 10,

3328 (1998)). Furthermore, adamantane-containing polymers show high glass

transition temperatures (T,) and high deposition temperature (T4) and good film-

forming properties. Polymers based on higher diamondoids would be expected to

have éven better properties.

20 EXAMPLE 76
Soluble Higher Diamondoid-Containing Polyesters Based on
Diamondoid Bisphenol

Poiyaxylaies derived from bisphenol and iso/terephthalic acid are well
25 - accepted as highly thermally stable materials. However, polyarylates are generally
| difficult to process because of their limited solubility in organic solvents and their
high melting temperatures or high T,'s by virtue of their rigid structures. It has been
reported that incorporation of bulky pendant cardo groups, such as adamantyl groups,
into polymer backbones, results in enhanced thermal properties of the polymers |
30 compared with polymers containing aromatic bisphenols (FIG. 37A). As an example



the synthetic routes involve free radical polynerization techniques, netal
contam nati on of the underlying sem conductor substrates is 1iulaRogssue,
as i's tRe odpspeese for polyners based on norbonene (Chemlrﬁlm@fmhggeri al s,
10, 3319 (1998); 10, 3328 (1998)). Furthernore, adanmantane-contai ni ng
~polynmers show high glass transition tenperatures (Ts) and high deposition
tenperature (Td) and good film for 8ng properties. Polyners based on

hi gher " di anondoi ds woul d be expected to have even better properties. 20
EXAMPLE 76 Sol ubl e Hi gher Di anondoi d- Cont ai ni ng Pol yesters Based on

Di anondoi @fBiis piperdipoButey Ayt 378 shows thealdsipnofabiisplstamkn@anecontaining
iso/terephthalic acid are well 25 accepted as highly thermally stable

mat eri al s,P° Ver, polyarylates are generally difficult to process
because of their limted solubility in organic solvents and their high
melting tenperatures or high T, syAMPIiRig7of their rigid structures. It
has been reported_ that incorporation of bul k}/) endant_cardo groups, such
~-as adamantyl -gr oup¥iuble Highep SligmerdoirbErivondag Pg’!?

properties of the polynmers 30 cgmpared. w.th .pol ymers containing aromatic
blgsphenol s (FIG 37A). As an ex%%’?’é’%%éﬂ}‘t&f"fﬁ%005 WD 02/ 057201

PCT/ US02/ 00504 108 of this type of polyner, FIG 37B shows the design of
an iso-tetranmantane containing polyester. EXAMPLE 77 _ Sal ubl e H gher.

Di amondoi d Cont#¥PaHg Ppiyriides ddschmyehy mierestheopusned dhsiidhish-JemprEaiury omat i ¢
ol yamn de P b f L0 g re

Iroesiyst anczeﬁ%fcﬁe%%ﬁg%l% gg}lggslg ﬁrg%l%h:ﬁ‘&%ﬁvg}e’a&apﬁ%{ug%??g%@%ﬁ%@o pol yam des

are | i m fliedtedpyprrocssiag diffidaltits aidiig femahéis lovg sélabitity edrpatiovolsehtsbi 11ty

in organic | vents 10 and . their high glass transitjon or nelfjng

t&nper at o e iR g %‘F%Mém%rtgq tegma&%h_ g ber RfBETHY! t he

sol ubi 111 ¥, 3aekHAS 96 AR FABINE e/ sobiRG Ma ProleSsabitily 3P Yblyamides, without

sacrificing their thermal stability, employ the introduction of flexible or non-

symmetrical linkages into the polymer backbone or the incorporation of bulky
substituents, such as pendant groups, into the polymer backbone. The inter-chain

15 interaction of the polymers can be decreased by the introduction of bulky pendant
groups, resulting in improved solubility of the polymers. Generally, the incorporation
of pendant groups results in amorphous materials with increased solubility in common

orgauic solvents.

FIG. 38 presents an example of this design which incozrporates iso-

20  tetramantane groups in the polyamide backbone.
EXAMPLE 78
Soluble Diamondoid-Containing Polyimides Based on
Diamondoid Diamines '
25 The outstanding properties of aromatic polyimides, such as excellent thermo-

oxidative stability and superior chemical resistance, led to the use of polyimides in
many applications such as insulating materials for electronics, semipermeable
membranes for gas separations, and high-temperature adhesives and coatings. -(J.M.

Sonnett, T.P. Gannett, Polyimides: Fundamental and Applications”, M.K. Ghosh and



saCrificing their thermal stability, enploy the introduction bf flexible or

non- symetrical |inkages into the polyner backbone or the ifgcmlpgb@gi'on of
bul ky swibstes7m@nts, such as pendant groups, into the pobgomsohasKpone. The
inter-chain 15 interaction of the polyners can be decreased by the

I ntroduction of bul ky pendant grougﬁ resulting in inmproved solubility of
the polyners. Generally, the incorp gtion of pendant groups results in
anor phous materials with increased solubility in commbn organic sol vents.

FIG 38 presents an_exanple of this desi glg whi ch incorporates iso- 20
t et r amant akel-gMBtabEd-Metvel Belkenier Yioaekdi9ak . Hexaon iE gpaerab prasnaic

Dt arondol dy GOk AL0LGN RN THFRRBAE N e DLYIRBLOLA AN PSS The
out st andi nB roperties of aromatl c polyrmdes; 'such as excellTent therno-
oxi dati ve sdmibiidrist VTharedorsipgkhtateat bfeff@thay fosusst andmredsad theirt he use

of polyim des in _many appli.cations sych as insulating materials for

el ect r oni cBIOCSEARIHET TRUGmaninzing logs & ﬂ‘leHrﬂSl‘éfﬁ%a? glabilipa t Topgercommg these

.. hl h_ tenpe ’ ._' ' 1 : - - . nett , o
Poigyi m des?l%tlgggr? nfﬁ%’ ’:%ﬂggf?ca i%%?lug's,(&‘l\[ﬂ%?m%@ﬁ}cg%g}; ?/\%05%57201 18

July 2005 chif. UBaadatiod 4f cardd gkiupsMurh ab addaantylgrouwps] inBettbeqolymhiaw Yor Kk,

1996). However, in neral ,. aromatj.c ol.yi mdes are j.nsol ubl e and

it act abl BCkhARSYaS oo incitase Path thetiprl SaPU red el BRGR SRS Ther ef or e,

a great d_ewvaits,%ﬁsqﬁprmﬁ%{heq;mgsa@nﬁy '&?f}@@iﬁhﬁﬁsﬁiﬁeﬂdﬁiﬁdﬁ gasssrfl | ity

while mnimzing |oss of their thermal” stabrlity. To overconme these 5
pr ocessi ngcagediytimearbon|geoipslage ricnihédy ingompepatidnavie fodener backbaiwsed i nt o

pol ymer chains. lntroduction o ard roups, such as_ adamantyl groups,
P he phBmRm A REHE heBe il Dot e BRuhS S B R s 1Y ane
sol ubi | i t yinkieading abhubility.. As 8@ bX8151S, wt BU% JroRhOYpelgintiae conamassabi | ity of
polyimdes. In addition, since such cage hydrocarbon 8roups are bul ky,

t hei r' i ncofchemaniang SToupsalgng itapelymst b e (HI6* 3Phiand @alesizp dfnproves t he
penetrati of,0f S QR0 LofRinG G Sttt Bt Mo lR 1T '20) ! f1¥Rould be noted that
the dianhydride could be non-aromatic or other aromatic dianhydrices as shown in
15 FIG. 39B, for example. '

EXAMPLE 79
Soluble Higher Diamondoid Containing Polyamide-imides Based on Higher
Diamondoid Diamide-Dicarboxylic Acids and Diamines

20 Aromatic polyimides are recognized as a class of high performance materials
| becanse of their remarkable thermal and oxidative stabilities and their excellent

electrical and mechanical properties, even during long periods of operation.
Unfortunately, strong interactions between polyimide chains and their rigid structure
make them intractable. Poor thermoplastic fluidity and solubility are the major

25 problems for wide applications of polyimides. On the other hand, polyamides have
the advantage of good solubility and processability, as do polyetherimides; Therefore,
polyamide-imide or polyetherimide might be the most usefil materials, combining the
advantages of both polyimides (such as high-temperature stability) and polyamides
(such as good processability). In combination with the z_tdvantages of dia;nogdoic!l

30 hydrocarbons, we present a sample design of a polyamide-imide containiﬁg iso-




increasing solubility. As an exanple, we now present a polyimde containing
i so- tetramantane groups along its polyner backbone (FIG 399 juilaRdof

desi gn wio e2pehypaspartim de containing iso-tetramantyl grpgpgséfesas 40) . It
shoul d be noted that the dianhydride could be non-aromatic or other
aromati c di anhydrices as showmn in 1s FIG 39B, for exanple. EXAVPLE 79

~ Sol ubl e Hi gher Di ansondoi d CbntainiﬂéOPonasnide-irides Based on Hi gher

Di arondoi dDi ari de Di carboxylicAcids and Diarines 20 ' Aronatic polyimdes
are recogni zed as a class of high performance materials because of their
renarkablemnﬁmmnmdgmﬂmbhmmdabbmaxshdh(ﬁmikﬂ$ hcldiaingnas iexaledd mrthe

el ectrical mechani c pr s,,.even. duri on eriods of
operation.P ? Hf EVR ?QHCQ@QEW f%ﬁﬁ@ E? 4&&9@@%“ A de chai ns and
their rigi @niifdifdnd! se1e5@&%x 8% bPirbAatie AlLnin&ORE }&%@MP@H&M' uidity
and solubility are the nmgjor probl ens for w de appllcatlons of

pol yi m des. On the other hand pol yam des have the advantage of good

pol yam de-im de or polyetherimde m ght be the nost useful materials,

conbi ning the advantages of both polyim des (such as hi gh-tenperature
stability) and polyam des (such as good processability). In conbination
wi th the advantages of di anondoid 30 hydrocarbons, we present a sanple
design of a pol yam de-im de containing iso 18 July 2005 WD 02/057201

PCT/ US02/ 00504 110 tetramantyl groups in the polymer chain (FIG 41). The
diam nes involved in the polynerization reaction could be either higher

di anondoi d di amines or their conbinations. Sel ected exanples of aromatic
diam nes are presented in Figure 4. 18 July 2005 WD 02/ 057201

PCTI USO2/ 00504 111 WHAT IS CLAIMED IS: 1. A higher dianondoid derlvatlve.



2. The higher dianondoid derivative of Claiml containing one or two

pol yneri zabl e noieties. 3. The higher dianondoid derivative 1d Jil, 2005 2

cont ai niwg opasz2ga0l yneri zable noieties. 4. The higher di pomoseig@seerivative
of Claim2 containing two polynerizable noieties. 5. The higher dianondoid
derivative of Caim1 having the for}gwf RlL R2\/ R6-DDR3 R5 R4 wherein
D is a higher dianondoid nucleus, R2, R3, R4, R5 and R6 are

i ndependently sel ected fromthe. group consi st i ng of hydrogen and a

pol ymeri zabl e noi ety; provided at |east one of the Rs is a polymerizabl e
noi ety. 6. WHAThIQOEATMEDISdoi d derivative of Claim2 wherein the

pol yneri zable noieties are selected from al kenyl, al kynyl, OH C2H30, SH, -
NH2, CO2H, CGHS CoHANH2, C6HACO2H or C6HACH 7. The hi gher di anondoi d
derivativejof gh&vdlxlfg&ﬁ(ﬁh&‘ {hesope or nore polynerizable noieties are
attached to tertiary carbons o t he hi gher dianondoid. 18 July 2005 WO
02/ 057201 PCT/ US02/ 00504 112 8. The higher dianondoi d derivative of Claim

~5-wherei n ghe-hilghdighsi dianrddeid deiivativetof Ailsink heentai@ingTme okivgher di-anondoid - - -

derivative of Cajmb5. er ei. rht he hi gher di anondoid is pentamantane. 10.
The hi gher di amB’ﬂiéB‘? AT 9e of G aim5 wherein the higher di amondoi d

3. The higher diamondoid derivative of Claim 2 containing one polymerizable

‘moieties.

4. The higher diamondoid derivative of Claim 2 containing two polymerizable

moieties.
5. The higher diamondoid derivative of Claim 1 having the formula:
| R{ /R2
RO —/D\—-R3
R R*
wherein

D is a higher diamondoid nucleus, and

R R% R, R, R’ and R are independently selected from the group consisting

of hydrogen and a polymerizable moiety; provided at least one of the R’s is a
N polymerizable_ moilety.

6. The higher diamondoid derivative of Claim 2 wherein the polymerizable
moieties are selected from alkenyl, alkynyl, OH, C,H;0, SH, NH,, CO,H,
CeHs, CgHsNH,, CsH4CO.H or CsH4OH

7. The higher diamondoid derivative of Claim 2, wherein the one or more
polymerizable moieties are attached to tertiary carbons of the higher

diamondoid.



i s hexamantane. 11. The hi gher di anondoid derivative of Claimb5 wherein the
hi gher di anondoid 1is heptamantane. 12. The hi gher di armndoiﬂ;ﬂgyizugsi ve of
d ai m 5 whes@voit he hi gher dianondoid is octamantane. 13criReydseher

di anondoi d derivative of Claimb5 wherein the higher dianondoid 1is

nonamant ane. 14. The hi gher di anondqi d derivative of Claim5 wherein the.
hi gher di anondoid is decamantane. 142 The hi gher di anondoi d derivative of
Claim5 wherein the higher dianondoid is undecamantane. 16. The hi gher

di anondoi d derivative of Claimb5 wherein the polynerizable nviety has the
structure: 18 July 2005 WD 02/057201 PCT/ US02/ 00504 113 wherein X is O,
NR7, OC(O NR$C£O‘ C(Q O or C(O.NR9, wherein R7, RS and RO are .

i ndependen®iy hydf 1 diamgpagif devatiye of (arene whegeln tisdvigher dismpndeid

het er oaryl ene ogs%%%hgﬁé)aryl ene; Z is alkenyl, alkynyl, OH C2H30, SH,
NH2, CO02H, C6Hb5, ,  C6HACO2H or C6H4ACH misOor1;and, nisOorl. 17.
The hi gher di anondoid derivative of Caim116, wherein there is one or two

derivati ve’of gi‘hFLH@‘?{ gmp&lg demertweio G 5 }YBPV%&%G eé%oéla‘}lgon the
derivative. 19. j;Hh&: Qg di amondoi d derivative of Gaim 17, wherein there
are two polynerizable noieties on the derivative.

10.  The higher diamondoid derivative of Claim 5 wherein the higher diamondoid

1s hexamantane,

11.  The higher diamondoid derivative of Claim 5 wherein the higher diamondoid
is heptamantane.

12, The higher diamondoid derivative of Claim 5 wherein the higher diamondoid

is octamantane.

13.  The higher diamondoid derivative of Claim 5 wherein the higher diamondoid

1s nonamantane.

14.  The higher diamondoid derivative of Claim 5 wherein the higher diamondoid

is decamantane.

15, The higher diamondoid derivative of Claim 5 wherein the higher diamondoid

1s undecamantane.

16.  The higher diamondoid derivative of Claim 5 wherein the polymerizable
' moiety has the structure:

'(X)m'(Y)n'Z



20. The hi gher di anondoi d derivative of Claim16, wherein Z is selected
fromthe group consisting of ethenyl, ethynyl, propenyl, pr@iykoos

i sobut exyo o@g201but ynyl . 21. The hi gher dianondoi d deri vaginveoxioséd ai m 16,
wherein Z is selected froma group consisting of OH and SH. 22. The higher
di anondoi d derivative of Caim 16, rein Zis. selected froma group
consi sting of NH2, C2H30 and CO2H. 1 1 uly 2005 WD 02/057201 PCT/ US02/ 00504
114 23. The higher dianondoid derivative of Claim16, wherein Z is
selected froma group consisting of. C6H5, CJ1-4NH2, C6H4CO2H and C61140H.
24. The hi gher dhewindoi d derivative of Caim116, wherein Xis 0, OO,

i m 16, wher s b N0: 6CKAL N O e PPuara GNar Phrtein BB e 3 e,

di anondoi d deri yatj Al B y\%g, in mis O and Y is alkylene. 27.
The hi gher di amng%qege@%%a?%% 0 afl?m 16, wherein mis O and nis 0.
28. The hi gher di anondoid derivative of Claim?24, wherein Y is -CH2- or -

S s A R B BTl S,

The hi gher dianondoid internediate of C aim 30 containing one internedi ate
noi eties. 32. The higher dianondoid internediate of Claim30 containing two

internedi ate nBiieelkenyl, FgmyLHITIhC ), SH, AWl 604, CalleradtiNEbe of O ai m 29
havi ng the for nalsﬁ‘tc(}ﬁ[ gr%éfh@)?—PS

misOorl;and,
rnisQorl.

17.  The higher diamondoid derivative of Claim 16, wherein there is one or two

polymerizable moieties on the derivative.

18. ‘The higher diamondoid derivative 6f Claim 17, wherein there 1s one

polymerizable moiety on the derivative.

19, The higher diamondoid derivative of Claim 17, wherein there are two

polymerizable moieties on the derivative.

20.  The higher diamondoid derivative of Claim 16, wherein Z is selected from the
group consisting of ethenyl, ethynyl, propenyl, propynyl, isobutenyl and
butynyl.

21.  The higher diamondoid derivative of Claim 16, wherein Z is selected from a

group consisting of OH and SH.

22. The higher diamondoid derivative of Claim 16, wherein Z is ._se}eqtgd from a
group consisting of NH,, C,H;O and CO,H. |



WD 02/ 057201 PCTI US02/ 00504 115 Rio RI1 R15 D R12 Rl4 RI3 wherein Dis

a hi gher dianondoid nucleus; and Rio, R11l, R12, R13, R14 andigRiy 2665

I ndepenggpilnsrng! ected fromthe group consisting of hydrogesozresodan
intermedi ate noiety; provided at |east one of the Rs is an internediate
noi ety. 34. The higher dianondoid i %gr medi ate of Claim 33 wherein the
intermediate is present in an anount of at |east 100 ppm of the
conposition in which it is present. 35. The higher dianondoid internediate
of Claim34 wherein the internediate noieties are selected fromH, F, d,
Br, I, OH SH, NH2, NHCOCH3, NHCHO, d C6H5; CO2H, CO2R , COCl, CHO CH2CH,

=0, NO2, -CH=CH2, -C=CH_an erei.n Rl is,al kyl. . i I

di anondoi d23nt e?hﬁ@l&i‘@éd@fn"@%h rﬁegﬁ‘fmmw ﬁié’ﬂge%%mz]%n%kg&giﬁrﬂ%?nedi ate-
noi eties are at Q.- 1 or ki C%‘HP“@,E CONeg ahd GRELOHII anondoi d.  37.
The hi gher di ang?\(g‘g)i nlglg?lté?érfe%?qg%’e o} (%]aidrqnﬂm wherei n the higher

di anondoid is tetramantane. 38. The hi gher dianondoid internediate of daim

021057201 AT, LA EsD RO Ry iR L Aerah X 8, SO MIE,

Q ai m 34 wher ei RSO GRHO, oflCeopRfoi d is hexamant ane.

25.  The higher diamondoid derivative of Claim 16, whereinmisOand Y is
alkylene or arylene.

26. T’ﬁe higher diamondoid derivative of Claim 16, wherein m is 0 and Y is
alkylene.

27.  The higher diamondoid derivative of Claim 16, wherein #z is 0 and nis 0.

28. The higher diamondoid derivative of Claim 24, wherein Y is -CH;- or -
(CHz)z-.
S 29, A higher diamondoid intermediate.

30. The higher diamondoid intermediate of Claim 29 containing one or two

intermediate moieties.

31.  The higher diamondoid intermediate of Claim 30 containing one intermediate
moieties.
32,  The higher diamondoid intermediate of Claim 30 containing two intermediate
moieties. ' _ )

33.  The hisher diamondoid intermediate of Claim 29 having the formula:



40. The hi gher di anondoi d i nternediate of C aim34 wherein the higher

di amondoi d i s heptamantane. 41. The higher di anondoid internggligyeoes C ai m
34 wher @ o2 gher } dianondoid is octamantane. 42. Ppogdiogidts

di anondoi d internedi ate of C aim 34 wherein the higher dianondoid is
nonamant ane. 43. The hi gher di anondoid i nternediate of C aim 34 wherein the
hi gher di anondoi d i s decamant ane. 44 The hi gher di anondoid internedi ate

of Claim 34 wherein the higher dianondoid is undecamant ane.- 45. The hi gher -
di anondoi d i nternmedi ate of Claim34 wherein RLIO is an internmedi ate noiety
with at nost one other R being an internedi ate noiety. 46. The higher

di anondoi d i nternmedi ate of O ai m 45, erein R1O is OR 47. The higher

di anondoi d i nternedi ate of C ai m 45RWndR in RIO is Br. 48. The hi gher

di amondoi d i nternedi ate of Claim45, Wweérein RROis NH . 49. The higher

di anondoi d i nternedi ate of d ai rRiﬁi,—@epeRﬂleo is CO2H. 50. The higher

di anondoi d internediate of Caim45, mangrein R10 is =0. 18 July 2005 WO

02/ 057201 PCT/-US02/ 00504 -117-51.  Tir!4ighdr di-anondoi d i nternediate of - -

Cl aim 45, wherein R10 is F. 52. The higher dianondoid internedi ate of
Claim 45, wherein R1I0 is d. 53. The higher dianondoid internediate of

Cl aim 45, wherein R10 is |I. 54. The hi gher dianondoid internediate of Claim
45, wherein RLOwhsrdd2. 55. The hi gher di anondoid intermediate of C aim 45,

wherein R10 is CH2 .. 06.. The higher, di anondoid intermediate of Caim
45, wherein R10 |’§a&%§§?m°ﬂﬁl8mﬂ?"§%3% Wdanondoi d i ntermediate of O aim 45,
wherein R10 is GMOR! 587 FRRMNa6DR! Gt aimepeleicdily Bélecier toat Be gfoupl ai m 45,
wherein R10 is CH2QOH. 59. The higher dianmondoid intermediate of O aim 45,
wherein R is Crrasiging ofhydmgen mdeintegmadivteaopiety; previgedistdeast o1c @ ai m 45,
V\,her ein R 1s Cf_h%’s is an intermediate moiety.

34.  The higher diamondoid intermediate of Claim 33 wherein the intermediate is
present in an amount of at least 100 ppm of the composition in which it is

present.

35.  The higher diamondoid intermediate of Claim 34 wherein the intermediate
moieties are selected from H, F, Cl, Br, I, OH, SH, NH,, NHCOCH;, NHCHO,
CO;H, CO;R?, COCL, CHO, CH;OH, =0, NO;, -CH=CH,, -C=CH and C¢Hs;
wherein R' is alkyl.

36.  The higher diamondoid intermediate of Claim 34, wherein the one or more
intermediate moieties are attached fo tertiary carbons of the higher

diz_lmondoid.

37.  The higher diamondoid intermediate of Claim 34 wherein the higher

diamondoid is tetramantane.

38.  The higher diamondoid intormediate of Claim 34 wherein he higher
diamondoid is pentamantane. S W



61. The hi gher dianondoid internediate of C aim45, wherein R1I0O is C6H5. .
62. The higher dianondoid internediate of Caim45, wherein 1#glfuly 20681 63.
The hi ®y@o2e578¢0ondoi d i nternedi ate of C aim 45, wherei npR¥RdeSodyeicOCH3.  to
64. The hi.gher dianondoid internediate of C aim45, wherein Ris NHCHO 18
July 2005 WO 02/057201 PCT/US02/ 00504 118 65. A nethod of obtaining a
pol ymer conprising: a. subjecting 310 gher di anondoid derivative of Caiml
to polynerization conditions thereby form ng a pol ynerization reaction
product containing a higher dianondoid containing polyner; and b. isolating
the pol yng9. frUm hihepdhindbdsid abtbiedigact CRim P40k Ein th&Bighér met hod of
obtaining a polymer conprising: a. subjecting a higher dianondoid
derivative of @lagamdoidishexmapiane; zati on conditions thereby forning a

pol ymeri zation reaction product containing a higher dianondoid containing
polymer; and b. isolating the polyner fromthe pol ynerization reaction
product. 4G7. ZAhanigheddiainoalididiimemgdiateof ¢hadn Jlomperemithghigher subj ecting a
~hi-gher-di arondgj d derjvative of Claimb5-to -polynerization conditions - -
t hereby fornmi nglaﬁloﬁéP%'r’lFﬁta@i%tﬂﬂer eaction product containing a higher

di anondoi d contai ni ng polyner; and b. isolating the polynmer fromthe

pol yneri zation reaction product. 68. A nethod of obtaining a pol yner

conpri si ngl. a. Thehjghet diagoaddid gitemediderofiG i 3dewharainithehigheT aim 6 to

pol ymeri zation_conditians thereby form ng a polynerization reaction

product cont ai femydoidity AEMANERSNdoi d contai ni ng pol ymer; and b. isol ating
the polyner fromthe pol ynerization reaction product. 69. A nethod of

obtai ning a pol yner conprising: a. subjecting a higher dianondoid

derivati v&2.of Thahigh#6diamondoid intermediate of Claim 34 wherein the higher

diamondoid is nonamantane.

43.  The higher diamondoid intermediate of Claim 34 wherein the higher ,

diamondoid is decamantane.

44, Tﬁe higher diamondoid intermediate of Claim 34 wherein the higher

diamondoid is undecamaniane.

45,  The higher diamondoid intermediate of Claim 34 wherein R'® is an

intermediate moiety with at most one other R being an intermediate moiety.
46.  The higher dial;londéid intermediate of Claiﬁ 45, wherein R' is OH.
47.  The higher diamondoid intermediate of Claim 45, wherein R'® is Br.
48.  The higher diamondoid intermediate of Claim 45, wherein R'® is NFL.
49. The higher diamondoid intermediate of Claim 45, wherein R'" is CO.H.

50.  The higher diamondoid intermediate of Claim 45, wherein R'’ is =0,




pol ymeri zation conditions thereby formng a polynerization reaction
product contai ning a higher dianondoid containing polyner; aglbly208®l ating

t he pol weoxdshamn t he pol ynmeri zation reacti on product. 18pdp¥eARQs WO O

"2/05 7 20 1 PCT/US02/00504 119 70. A higher di anondoid pol ymer conpri si ng,

as a recurring unit, a. higher diangn?oid derivative having a derivatizing
noi ety attached to a higher dianon &7 d, said derivatizing noiety

coval ently bonding the higher dianondoid into the polynmer. 71. The higher
di anondoi d pol ymer of Claim 70 conprising n recurring units having the
fornul a: D51.wheThé higher diarhblod@iritoratedmte\ef (aiw a5, Whdrsint i isw gher di anondoi d
and it is an integer larger than 1. 72. The hi gher dianondoi d pol ynmer of
Claim 70 conprising it recurring units having the-formula: -(R)- D and in

recurring its d - : . el .Sy h erivati zi ng
roup. D 1E t noryend ifonRA T amegiec AT Mo 089501 |
PCT/ US02/ 00504 120 CP is a nondi amondoid copolyner unit, n and in are each

pat e than Lo il Dok aila oot 35! PhG g ! ue of from

about 0.0 0

54. The higher diamondoid intermediate of Claim 45, wherein R isNO,.

55.  The higher diamondoid intermediate of Claim 45, wherein R'® is CO,CH,CHs.
56. Thelhigher diamondoid intermediate of Claim 45, wherein R*° is COCL

57.  The higher diamondoid intermediate of Claim 45, wherein R'? is CHO.

58.  The bigher diamondoid intermediate of Claim 45, wherein R'® is CH,OH.

59.  The higher diamondoid iutermediéte of Claim 45, wherein R'® is CH=CHS,.

60.  The higher diamondoid iptermediate of Ciaim 45, wherein R'% is C=CH.

61.  The higher diamondoid intermediate of Claim 45, wherein R is CgHs.

62.  The higher djaméndoid intermediate of Claim 45, Whefehl R'is SH.

63. Thé higher diamondoid' intermediate of Claim 45, x}vherein R is NHCOCH;.

64.  The higher diamondoid intermediate of Claim 435, wherein R!% is NHCHO.



73. The hi Qher di anondoi d pol ymer of Claim 70 conprising n recurri hg units
having the formula: -(D-R)- wherein D is the higher di anondoigdjulir2065 t he

derivat"k,éicfagsﬂ;,pup and n is an integer greater than 1. [, Té}US-E%ﬁSOQi gher
di anondor d polynmer of Claim 70 conprising n recurring units HEvi ng the

formula: (R-D-R)- wherein Dis a higher dianondoid and R and R2 are two
derivatizing groups. 75. The hi gherllfi anondoi d pol yner of Caim 70
conprising n recurring units having the formula: -(D-R) - and mrecurring
units having the fornmula: (CP) wherein Dis the higher dianondoid; 18

Jul'y 2005 gsWO %ﬂggﬁ)g?&%b%%kl@%é}gﬁgéﬁﬁ R is the derivatizing group;

CP is a nondi anondo copo n are each integers greater
than 1 with the ratsubjecfingra highazdikavhdgd detivaivefof{lam dbwut 0. 001 t o- about

uni 15 having the. f OREEEAOREORNGR-hsRRY T § PO RERHA TSRt t he
formula:  wherein Ryaitt Boni@inthedfhibNadighaiold B8R eining polymer; and ‘
- b... - .isc.)laﬁn_g the polymer &ofn \.‘,.he.pblyx.:néxizaﬁ.oﬁ reactién producf‘ -
66. A method of obtaining a polymer comprising:
a. subjecting a higher diamondoid derivative of Claim 2 to
polymerization conditions thereby forming a polymerization reaction
product containing a higher diamondoid containing polymer; and
b. isolating the polymer from the polymerization reaction product.

67. A method of obtaining a polymer comprising:
a. -subjecting a higher diamondoid derivative of Claim 5 to
polymerization conditions thereby forming a polymerization reaction
product containing a higher diamondoid containing polymer; and

b. isolating the polymer from the polymerization reaction product.

68. A method of obtaining a polyfner comprising:
- a subjecting a higher diamondoid derivative of Claim 6 to
polymerization conditions thereby forming a polymerization reaction
product containing a higher diamondoid containing polymer; and

b.  isolating the polymer from the polymerization reaction product.

69. A method of obtaining a polymer comprising:

a. subjecting a higher diamondoid derivative of Claim 16 to
polymerization conditions thereby forming a polymerization reaction
product containing a higher diamondoid containing polymer; and

b. | isolating the polymer from the polymeriéation reaction product.



77. The hi gher dianondoid polyner of Claim70 additionally conprising a
pref ormed backbone to which the higher dianondoid derivativet8 alg2005
coval enWgoendad. 78. A pol yner having at | east two hi gher/udézawsndoi d
conmponents covalently bonded to each other. 79. The polyner of Caim?78
wherein said at |east two higher di ndoid conponents are covalently
bonded to each other through a |Iinker.” 80. The polyner of Caim78 wherein
said polymer is a honmopol ynmer. 81. The polynmer of Claim 78 wherein said
polymer is a co-polyner. 82. A polyner of Clai'm78 represented by formul a
18 July 200%. WO\ Ohebdizdnd®RGd polsat 06bPdsing 2@ a(1Bpwring unktes Bighereach D i s

i ndependently a hi gher .diapondojd .groyp; .L.is a |linker: and.g, is an -
i nteger from 2 tﬁa@@gioggc_lerﬂagm Hang BHQ@' AZEABOIE f?‘@éﬁq g’cf‘dlﬂgh?ror nula (D%

. hDie i - c . . ) . it
wherei n eac '(ﬁ%di&%%@%gghg%hva il 0R%y 6 ARG HollaBieaiPhightr | s an | nt eger

from2 to 1, 000. mer o 8 represented by tformula D (L- D
-L)r D wherein d&aobndoid mte thégpbmaent |y a hi gher di anondoi d group; each L
~is-independently a linker; and r is an integer-froml to 1,000,000. 85. The
pol ymer of Claim84 whereinr is selected from1 to 1000. '

71.  The higher diamondoid polymer of Claim 70 comprising # recurring units

having the formula:

..(R)..
|
D
wherein
R isthe dertvatizing group;

D is the hagher diamondoid and 1 is an integer larger than 1.

72.  The higher diamondoid polymer of Claim 70 comprising 7 recurring units

having the formula:

-(R)-
| |
D

and m recurring units having the formula:
«(CP)-
wherein

R 1s the derivatizing group; _
D is the higher diamondoid; S S
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CP is a nondiamondoid copolymer unit,  and m are each integers greater than

1 with the ratio of # to m having value of from about 0.001 to about 1000.

73.  The higher diamondoid polymer of Claim 70 comprising » recurring units

a h'aving 'ﬂie'fonnulé:
-(D-R)-
wherein
D is the higher diamondoid;

R is the derivatizing group and » is an infeger greater than 1.

74.  The higher diamondoid polymer of Claim 70 comprising # recurring units

having the formula:
-R“D-RY)-

wherem

D is a higher diamondoid and R" and R? are two derivatizing groups.

75.  The higher diamondoid polymer of Claim 70 comprising # recurring units

having the formula:
-D-R)-

and m .recurring units having the formula:
-(CP)-

wherein
D is the higher diamondoid;
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R is the derivatizing group;
CP is a nondiamondoid copolymer unit, # and m are each integers greater than

1 with the rafio of # to m having value of from about 0.001 to about 1000.

76, "'Thé'highér dia'monddid'pol}nhe'r of Clalm 70'¢oﬁ1p'1:i'sling 7 Tecurrin guhits -

having the formula:
-(R!-D-RY),-
and mn recurming units having the formula:
-(CP)-
wherein
R and R? are derivatizing groups.
77.  The higher diamondoid polymer of Claim 70 additionally comprising a
preformed backbone to which the higher diamondoid derivatives are

covalently bonded,

78. A polymer having at least two higher diamondoid components covalently
bonded to each other.

79.  The polymer of Claim 78 wherein said at least two higher diamondoid

components are covalently bonded to each other through a linker.
80.  The polymer of Claim 78 wherein said polymer is a homopolymer.
81.  The polymer of Claim 78 wherein said polymer is a co-polymer.

82. A polymer of Claim 78 represented by formula =



WO 02/057201

83.

84.

85.

122

D)L
wherein

each D 1s independently a higher diamondoid group;

L 1s a linker; and

q is an integer from 2 to 100.
A polymer of Claim 78 represented by formula

D)s
wherein
each D is independently a higher diamondoid group;

5 is an integer from 2 to 1,000.
A polymer of Claim 78 represented by formula

D-(L-D-L)-D
wherein
cach D is independently a higher diamondoid group;
each L is independently a linker; and
ris an integer from 1 to 1,000,000.

18 July 2005
PCT/US02/00504

The polymer of Claim 84 wherein # is selected from 1 to 1000.





