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derivatives containing 10 noieties that are capabl e of undergoi ng

pol yneri zation. This invention is further directed to processes for

pol yneri zi ng such derivatives, to chemcal internediates useful for the
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erivatives. 15 References %ﬁ% | 'ow ng pugl ications and patents are cited

in this application as superscript nunbers: 20 i Fort, Jr., et al.,

Adamant ane: . Conseguences of the D anondoid Structure:
nlgield optﬁe ﬂwe_nt(ion 7 :

This invention is directed to higher diamondoid derivatives containing
10 moieties that are capable of undergoing polymerization. This invention is further
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



Jr., et al" 1 Adamantane is the smallest nmenber of the dianondoid series
‘and consi f of a single cage structure of the di anond crysi&julya005ce.

Di amant ang "B 4%hs two adamantane subunits face-fused t oPEHERO20MY |
triamantane three, tetramantane four, 25 and so on. Wiile there is only one
isoneric formof adamantane, diamantare and triamantane, there are four .
different isoneric tetramantanes (i.e., four different shapes containing
four adamantane subunits). Two of the isoneric tetranmantanes are '

enanti onmeri c. .The nunber, of possi bl e isoners.increases rapidly with each
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the to formation of ther y stable resins from et ;l?ny ane
deri vat i vesPatenildo. 4,235,385 IRapend thhsyntBe28mEBdlymepeation dfhevasiyiytdfesi s and
- pol yneri zat jd(&)n of a vari etgsof adamant ane derivatives 5 The hi gher

di anondoi ds® WO dTEVUFESt he tetramant anes, pentamantanes, etc., have
received conparatively little attention. In fact, prior to the work of
I nventors The higher dtamondoids, 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
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are capabl e of under.goin 0 ri.zation reactions. or being 18 July 2005
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hydr ogens. Pol yneri zabl e higher dianondoid derivatives may be represented
by Formula | below. RL R2 Rs-D R4 1 10 wherein Dis a higher
di-anondoi d nucl eus; and R, R2, % , R5 and R6 are independently

sel ected froma group consi stﬁ@g__q_th_déggen and one or nore

/

R°® \R4

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:



pol ymeri zabl e noieties; provided there is at .| east one polynerizable noiety
on the conpound. Preferably, the conpound may contain eithei8 dwly 29P5t wo

. pol ymer WAHBE2Mpi eti es. 15 Anot her enbodi nent provi des PRTABEHEYSEL es
useful in the synthesis of such higher dianondoid derivatives. These

hi gher di anondoid internedi ates may ke represented by Fornula 11 bel ow
Rio RlL1 R15-D-R12 R14 R13 Il 18 July 2005 WD 02/057201 PCT/ US02/ 00504
wherein Dis as set forth in Fornmula | and at |least one of RIO - R5 is a

covalently attached noiety which can be converted,to ,a pol ynerizable
noi ety or Wheeh Dihasshiorthoadesnuledyangat eagmgd R zaht elsAswelrndy wel | . The

remai ni n . ' i ; .at es

L eprecent iy ERoREy IHAREBE coribrd & patihctkalle shélelyt lLERTELS

i ndependentdsys, aelyest £sblimonrablgmoispy af weldi Fid resiaiamp R’ stanrbg hpdrogebs. -F, d
-Br, -1, -OH -SH -NH2, -NHCOCH3, -NHCHO, -CC2H, -CO02R, -COCl, -CHO, -

CH2COH, =0 -NO2, -CH=CH2,..-C=CH and -C6 ; R 1{3 2 3 1'4 | 15
~(preferably ethi e miernadiptes represeradby grm‘ga]i{?ﬁ -R%:%@-*ggl’%aﬁ’adﬁﬁ are-
ngt all hygsogeferabipiigkpdndernitaciadied fwan ©frobl 6f moiRld comystiog ofdh g dr ogen
noi eties and the remaining R s may be hydrogens. 10 These internedi ates can
be presentCl, nBY, ehecOorShedii, a4 1, FINBGHD c 61 &Eh t CaR o6 061, -CHO | -east

bout 10 d [ I t..10 M. xt f .th

it er mod SCB 05 8% SGHE e CRC AR R b et S o FRedemi TBL o
obt ai ni ng Iﬂ@lfme@vﬁsatw,w,q@m‘?,%@”aﬁémh%e%amﬁﬁ%%&. THashlyBekibeds may
conprise: a) selecting one or 15 nore higher dianondoid. deriyvatives of '

Formul a |, ™8%Re of  MHY Brsidipseamatiehaseremapgia e PRy BpP¥iroasier i al s;  b)
bj ecti t he. mat er. al | ected . .t I i zat . | i
TR A ER R RN e T
at least about 10 ppm and espécia.lly 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.



c) recovering the higher dianondoid-containing polyner. Yet another

enbodi ment provi des pol yners which contain higher di anondoi d$8 Jaly 2095
recurring units. 18 July 2005 5a A first aspect of the present invention
provi des a hi gher dianondoid derivative. A second aspect of the present

i nvention provides a higher dianondoid internediate. A third aspect of the
present invention provides a nethod of bt ai ni ng a polyner conprising: a.
subj ecting a hi gher dianondoid derivative of the first aspect to

Dol i zati diti t her eby f ' I ' [ . tic
N e e R

isolating the polynmer fromthe polynerization reaction product. A fourth

aspect of the present invention provides a.highe L anondoi ol.yner
conorising. s are gt PR TR Er Vi AR MR bR g a

derivatizing noiety attached to a higher dianondoid, said derivatizing
noi ety coval ent] y. hondi ng.the higher. dianondoid jnto the polynmer. Afifth

4 Bl Pt wh PRont B SenRls B amobid oo g T Best two
hi gher  dicemprichey: d. solgagping e higherclvmmhéonid Hativhidwedss chetfipst agedt topdiaterizAticai Xt h

aspect of the.present .invention pravides. a | ymer .of the fifth aspect

obr esent SRl AR forhip oo bR et 5ol gt Bt Rt ciroatif gher

di anondoi aoxgriping polyme:s aal 8. isoleshig thapadygerifeontthe pélpha@gationfre@tiv:?prb@ucl. 00. A
sevent h aspect of the present invention provides a polynmer of the fifth
aspect represented by forrmula (D), wherein each Dis independently a

hi gher di anondol fbugl espect obtht resent invenageprodii@n Eghetdiankoddoid pomeei ght h aspect
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attached to a higher diamondoid, said derivatizing moiety covalently bonding the higher

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.



wherein each D is independently a higher dianondoid group; each L is

i ndependently a linker; and r is an integer from1l to 1, 0001800ly 2085Jul y
2005 5b BRI EF DESCRI PTION-OF THE DRAWNGS FIG 1A illustrates the :
cage- shaped structure of dianondoids and their correlation to dianonds.
Specifically, illustrated is the correlation of the structures of

-di anondoi ds to subunits of the diannnds%rystal |attice. FIG 1B
illustrates a variety of representative higher derivatized di anondoi ds

carrying one or two pol i ARl el .. 05 WD 02/057201
PCT/ US02/ 00503 6 FI G ZWFE’?@@@%ﬁW&@% ndoids (in this case

[1(2)3]-tetra ane).... have .quat er.nar 4 tertiary.(bridgehead, 3) and
secondary (2)n§§¢b2§§nuﬁﬁﬁf ﬁ%émgﬁgwgagS%%%g%ﬁ?ﬁﬁﬁ§8¥P e ﬁéﬁ?@aﬁgkdged
for the f climmondongperificallyeillngrardtiathe sorr8atfenGf (1RGtattxes off digmandoide ré adusichene
of a repreggntativ t ntane. FIG 2D shows the nunbering schene of a
representé??@g%%g%aﬁgﬁgé%g%‘ FIG 2E shows the nunbering schene of a
—representative octamantane. FI G 2F shows the nunbering schene of a - -~

representative nt ane, . Fl 3A sho representative t hways by
Wt ch i gher i STl RS S darispb e iR e B ARER BhprR P et s
of di anondoiwb mhéymeriaghlemsictids] G- 3B shows representative pat hways by which
hi gher di anondoi ds are derivatized via higher dianmondoid carbocations (SN
reactions). FIG 3C shows representative pathways by which higher

di anondoi ds are derivatized via eletrophilic substitution reactions (SE2
reactions). 15 FIGs. 4A-4H are eight schematic chem cal formulae and
equations showi ng the structures and preparation of eight representative
hi gher di anondoi d-contai ning pol ymners.

Yt



FIG 41 is a table of representative polynerizabl e hi gher di anondoid
derivatives and representative polyners they enable. 20 FI G 8 J&ip2605

i 11 ust ks gyeaIpl ary polymer materials that contain hi gbghusthggpndoi ds as
recurring units. FIGs. 5D-5F illustrate the variety of carbon attachnent
sites on a decamantane nol ecul e and how attachnents to different sites in
a polymer may result in cross-l1inkéd materials of varying rigidity; 18
July 2005 WD 02/057201 PCT/ US02/00504 7 FIGs. 5Gand 5Hillustrate with
bot h carbon framework and CPK structures exenplary chiral polyners B
prepared from erantA AnRihies Ha9hRheAlianpeRaaisin das bééé{lﬁﬁﬁﬂ&eirﬁknhﬂh&)case one
of the enantioneric tetramantanes. FIG 6 illustrates € gas chronmat ogram
of a gas bawrdpatcmary {4°d.dettack (brisigehe, 34 anfl ecaoniayiy(af) dadwaist ocks used in
t he Exanpl es (Feedstock A). FIG 7 gives a flow chart representing the

vari ous steps jn the isolation of higher diampndpid-containing
(Paesions: ang FitGH thot hsdmu i Rertiesetiroe yrabRlRE dhe R SREE (e st eps
~-can i N SopRamas@gede used in a different sequence and possibly skipped as
di scussed in the Exanples. 10 FIG 8A and 8B are conpil ations of the GJ M5
and HPLC properties of various higher dianondoids included in this

dppl i cation. FFIE. 26 showsdhe puabernmhschpme ofp seraesertative pontamantage-sti | | ati on
profile of Feedstock B using the atnospheric distillation 650 F + bottons
as feedstock. i ' I: t oints (1-10)
v used for hi ey iuiiingbifiveine HECkE TS it Al BB Bl
illustrating distillation of cuts of a higher dianondoid- containing

f eedst ock ( FedBIRCE dhowatthosyuhbering dhehe bf atdpossentativelvefpmatiant.ng cut
selections to favor the enrichnent of specific groups of higher '

di anondoi ds. F | A and B.illystrate gas chr.omat ograns (FI D) of

i ot 11 ate i dbom shogS EBHbeise hohE BhE o R LRG| 1 f on
bottons, and the resulting product 20 of pyrolytic processing. These

figures show tiwg. 3R08bwaToMdad HattRTRGRAIE DyRehiéh 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;



been destroyed by the pyrolytic processing and that higher di anondoi ds
especi al |y hexamant anes have been concentrated and made avaig ahblyeobsr

i sol ati oWO®R[&G241 12A and 12B are charts illustrating el wrarsosegeences for
a variety of individual higher dianondoids (hexamantanes) on two different
B PLC 25 chromat ography colums: ODS .and Hypercarb. 18 July 2005 WO 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 col ums as shown -in Exanple 1. FIGs. 14A and 14B
illustrate the gileparat indSH dpistrptgrwitigedh citbomiemgwaphis! CBK datctutfeor

hexanant ane_i i.ons carried out ,i.n Exanple 2..Fl G ,.14A shows the first
nor ot ot kiR beil oS Rl E BB ey S ATB Rof wiahi? aidiRa®iRN"E (hat wer e
sent to thRnset@sdneRis¢ onkloBtheldBnidipn thensaaeid col um peaks isol at ed

and sent to the traps. Using this procedure pure hexamantanes were
i sol at ed. Hexamantane #2 was the second hexanantane to elute in our GC/ M5

—-assay, - whil e hexXdfFafdliraies thggas chromalogran of £ 188 sonsiegsase faeflstpak; oneaf and 15B -

nexamant and 49 mepraps: i BV RN ARAHRE . PET e SN tota

i on chromat ogram and nmass spectrum of hexamantane #8. 15 FIG 16
il lustrates the Rtepanasiadvcapit lcpreyengjag thehwacivas sigpapdeildn datisoltom of

tetramant ane ,i sql ati qns, carr.i.ed _.out in ml.e 3. .,The. first. colum shows
cuts made eﬁﬁ?ﬂﬁ“ﬁgﬁécwggﬁc@ﬁs aﬁ%ﬁ@@%&%%@h@?ﬁ@ﬂwﬁaﬂf ace nunbers
refer to peskpofdntd. NQoteliRAtiRIREIAAA I soHEcRECUELAh H@Iffér@xﬁ‘é’é%&ﬁ S

isolated -and sent to the traps.” The circled nunbered peaks ( 4, and 6)
are the tethdpasitdyelsipped as dsqusteddn tiedixapglds. 20 enanti omers of the
optically-active tetramantane are contained within one of these peaks.

FUG s 17-34 relegbes | 0uhRR B BRALRAAADoPhe NN B LHPIEGE L fl N doi ds

| various higher diamondoids included in this application.

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.



(tetramant anes and al kyltetramantanes). FIG 17 is a total ion chromatogram
of a tetramantane and al kyl tetramantane- 25 containi ng start {®igulysoesi al .
FIG 18WODpzsieEt es the GO/ MS total ion chromatogram showmcmgsonewses di and
tri brom nated tetramantanes. 18 July 2005 WO 02/057201 PCT/ US02/00S04 9
FIG 19 shows the presence of rmnobrgm' 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 tinme range. FIG 20 shows the
presence of polybrom nated tetramantanes in a bromnated 5 tetranmantane
product as the FHpor1oapbhihilbisinite GiCMSiotal @31 sBomatagna GHLG)iamd masange.

"FIG 21 shows, t he presenge brom nat ed t et nt ane el uting at
12.038 i n EHETVBLf e SRR AN gy BOPHSPEHE B et oL brooioes SsePeiis) | s
the mass spgot ¢f a nonobrom nated tetramantane with GO M5 10 retention

tinme of 12.038 ninutes. The based peak in this spectrumis the 371 mz

mol ecular ion. FIG 23 shows the presence of nonobrom nated .

et hyl-t et r amant BH&'s- 144 anbl4B dlusirate ghe prapaativeotPHIary Sas fEomategrapdie product .

FI 24 is td r on t ith 15
Ve r ot bt B T naRER £ BRRUARIERkERED, MG TAARIBI B0TREMT " 1oce

spectra aréliahkutsheonidibingltwo wotirdick anantanes fidioFeedsiedi@Bvehat Werdueasence of
brom nated_di methyl tetramantanes in the total ion chromatogram of the

reaction phederamd cpfugn. A5G d4Bbove s ssenadiqolirme peaidsalaind srbsaohin e
di met hyl't %é”?ﬁsgﬁ%@gs spr89ed\{i}etﬂhél M EinE 0 el isb 1aflR. Qiex%a&n%n%%vs%“m es.

FIG 27 sho ence of romnated tetramantanes 1n the total ion
chr onmat ogrtamsefontithexsreatircan ehrtothumir GC/MS assay, while hexamantane #8 was the

10 eighth to elute.

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.



FIG 28 is the mass spectrum of a dibrom nated tetramantane with GO M5
retention tinme of 15.753 mnutes. The base peak in this spec4glawizmoshe 447
mz 25 WOIBHET28t ion. 18 July 2005 WO 02/057201 PCT/ USEFLI0EE0A086 FI G
29 shows the presence of dibrom nated nethyltetramantanes in the total ion
chromat ogram of the reaction product.g FIG 30 is the mass spectrum of a

di brom nated nethyltetramantane with GO/ MS retention tinme of 15.879

m nut es.: The base peak in this spectrumis the 5 461 m z nol ecul ar ion. _
FIG 31 shows the presence of tribrgm nated tetranmantanes in the{ t.otal ion
chr omat ogr am of Hlffe 19 sbews %A PpseRes@f manobfomipated TRmanianes UHEE (9hiPRr o
tribrom nat %ﬁﬂpﬁt I: (WeTAl o } b nut es.
The base peca 1%1%5 I'S stgggeta}ré\%%n rs t he %Vgglbﬁﬂﬂézttﬁ)é%gk;ﬁg?g%%sge%on.%l G 33
shows t he poegpenaes ofthin ihby GGiMS rechtatthys tasge.anant anes in the total ion
chromat ogram of the reaction product. FIG 34 is the nmass spectrum of a

tribrom nated 1.1 et ramant ane w t.h MS retention tinme of 1 0 :
~mi-nut-es. The nonﬁ:é@%Pé\ﬁh(i’%%gr@Werﬂf??ly%rﬁn&{éa t%?l-ﬂafltad'éeﬁil%? Bgm\;}gérulg@t y- of -
addi tional (peINIRES Srh@lct T8bheRRyBF RRYIRENTs Rvittas 88¢ dCiShrolchiion time¢ent i on and
representative conponents for incorporation into such polynmers. DETAILED
DESCRI PTI Ovag¥e. THE | NVENTI ON  This Detail ed Description is presented in the
foll owi ng subsections: 20 Definitions H gher D anondoids and Their Recovery

ThErLgher D AL s B bt Hih AoRbRbm A AUPRA b SLAREMAt o5 18

12.038 in the total ion chromatogram 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 ion.



WO 02/ 057201 PCT/ US02/ 00504 11 Methods For Preparing H gher Di anondoi d

Derivatives and Internedi ates Polynerization of H gher D arrmgmycioos

Der i vatwoagnkigher D anondoi d- Cont ai ni ng Pol ymers  Uti | ideradsoRRbioai tions As
used herein, the followi ng terns have the foll owi ng nmeanings. The term

"di anondoi d" refers to substituted and unsubstituted caged conpounds of

t he adamant ane series i ncluding subd?ituted and unsubstituted adamantane,
di amant ane, trianmantane, tetranmantane, pentamantane, hexamantane, 10 :
hept amant ane, oct amant ane, nonamant ane, decamant ane, undecamantane, and the
li ke and al so REGChodhdves ﬂaaﬁfe@et&ermldaﬁuharatemhahﬂtémwes ihesaowbnponent s
and includin isoners of these forns. Substituted di anondoi ds preferably-
conpri se fiperemagpgram ofihg reastien pradst ably | to 4 al kyl substituents.

"Di anondoi ds" include "l ower dianondoids” and "higher dianondoids”. 15 The

term"| ower di %rig,«n tds. . Ji:?dﬂ%mn @@Qﬁaéﬂté'ma”e"
refers to any an /ggisgﬁ?m%%%s st B)ttfg arﬁﬁ su stiéﬂtﬂg%ted erivatives of

~-adamant-an&GC/MB sstaitioaninosf 158 Hmintutaze The hesepdabvethidspaetrmeak des -show no- -

isoners and _are readily synthesized, distinguishing themfromthe "higher
dP amondoi €1 T/FEPIEQIIRON; gher di anpndoi ds” refers to any and/or all
substituted and 20 unsubstituted tetramantanes; to any and/or all

substit uted angrransyDsdvd b BrbseRe M AROLANRS tofrBmaAMind T/t toMllios ubst i t ut ed
and unsubstituted hexamantanes; to any and/or all substituted and

unsubst i t vhedndtegremdiharcestjontppodwnf. and/ or all substituted and
~unsubstituted octamantanes; to any and/or all substituted and unsubstituted

nonamant anes; tQ-~apy.and/or all. substituted an nsubst i anmant anes;
to any 25 and/ (ﬁGa%lsgﬁ%?tafst WESG A a%@ﬁ%&?ﬁ%@%ﬁ%&éﬁ%ﬁgg@g; as wel |
as m xt.ur ege@tiod thee oADPDYEY ASmMNE. Imais@Féakrzi% gg@%%mmim@m f/z When

y

reference is being nmade to one or 18 Ju 02/ 057201 PCT/ US02/ 00504
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 THE 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



12 nore specific higher dianondoid isonmers, they will often be referred to
as "conponent" or "conponents", for exanple a "tetramant aneiggmpeoest . "
The ter wObhi/ghizm di anondoi d derivative" refers to a hi ghecr/ds@mosmdoi d whi ch
has had at | east one of its hydrogens replaced by a polynerizabl e noiety.
The portion 5 of the higher dianondgid present in a higher dianondoid
derivative is referred to as a "hi gﬁer di anondoi d nucl eus." The term

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

pol yneri zat i on Meaxcis FonPtapafiog MighepDBlaymedonk Demvatiyas tndingatnediates t he

coval ent attachnent of the 10 di anpndoid to a pol yrrer substrate. Such

groups i ncl ude, t haut .. unsat urated esters,
ami des, epoxi de]g\,\f E‘é?‘nté%n Or?atﬁ’ﬁb?{gglmgﬁ‘?%‘ébmmw Sxyl's, and carboxyl s.

Preferably, the pol yrrerl zable nmoiety is an al kene, an unsaturated ester or

an an de. The tﬁ{gn mmdom.@ﬂﬁt@ﬂmgmdlﬁhe@nedl ate" refers to a higher
~di-anondoi d- 15 whi ch has had at | east one of its hydrogens replaced by an

"internmediate npiety.” The term"internediate noiety"” refers to any
chemical functi GHEEY group that, when covalently attached to a higher

di anondoi d, can either serve as a polynerizable npiety or as an

i nt er medi abgﬁju-ﬂoﬁﬁhe synthesis of a polynerizable noiety on the higher

di anondoi d.” 20 The terns "conditions suitable for inducing a polynerization
reaction”, "suitable polynerization conditions”" and the like refer to any
cheni cal react i &pusqddreaerns ibe dolidveng tinink havd thevfeliowisg steaomegs.pol yrmeri zabl e

hi gher di anondoi d derivative to forma coval ent bond with anot her, or with

a pol yner subst e, t erns nmer," ) | d- cont ai ni ng
‘pol ymer" and th %gn B{gglolngfl\ &érs ﬁ%‘?sg ar{’?aw éStﬁ]ﬁqe{fD copi es of the
same or di éd‘rgmﬁas bfme@amnﬂmtmgs ﬁcmuﬁig%ussntﬁ&ﬂa;h@ﬁlhmbsamaac hed to each
ot her or. a backbone. chain. This includes polyners where the higher

di anondoi dad@a@p@ag, dizmpriaer ftanadicaisianattaph pentegiantng, Eyenantgys, 02/ 057201

AT/ US02/ %@ﬁnmtme octamantane, nonamantane, decamantane, 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”.

i

15 The term “lower diamondoids” or “adamantane, diamantane and irlamantane
- 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




13 of the polymer chain including atact ic and isotactic pol ymers and
pol ynmers where a higher dianmondoid nucleus is part of the pegyggrzoebain.

FIGS.: 4u@p¢hesPndl show a variety of representative pol Y PEFusbdisiur es of
this invention. "Polyners” include "honopolyners” and "copolynmers” and

"terpolyners"” A unit or group, whether 5 higher dianondoid or other, which
reports in a polyner is said to "recl®" to be a "recurring unit" of the
pol ymer. The term "honopol yner" refers to a pol ymer having only higher

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

a ai ns homﬁp%'r%rgag@ Eggg)ﬂe!r diagJoaaoihqsddf&s RQ) %ﬂ%ﬁeﬂ_l‘_!ﬂéﬁie@&réd"’t@ aQr mmore

di fferent ndoi d recurring 10 “units. e term"copolyner" refers
to a pol yrfieonfponergt of fanumments?, foneenipigh Setravianianndonpomtat.’ vat i ve and an
addi ti onal nondi anondoi d nononer and thus having higher dianondoid and

For mea £ rom onel B B BatFfiaRonsd dEammaoraods Roueies deonioBRIEE o e

-nondi amondgishadBRAR che oﬂt@hﬁz&bg‘sﬁsl Tebedd by £h6lMetitalle BN ATREPGEN DI et y
-10 identical or different functional

having at |east 2 and preferably 2-1 ¢ | RRK
gloups. Atofitkabighendiamondeid prageritin eddigher diapgpdoidadeeivetivi wmefgrred Enasta one

pol yneri zabk). ety or. interpedi ate noiety on the higher dianondoid
derivati ve%l%egﬁleag% nd8ﬁdenu§2?3‘|g‘t ional functional group takes part in 20 the
pol ymeri zation reaction. The term"a polynerization reaction” refers to the

reaction of a hlighefm "dblamerigab]el ety Valdry o asr flemied fundienalproupdhhe
pol yneri zatjion conditions to forma_ pol arr,er. The_ term "feedst ock! or

" hydr ocar i8kaceyalenily afaghsd ke a pighsy diamgnigidy ¢on PAIGRATS Bha PYBWSIIZ#I | al s
conprisin I - di ool nbk&fguabl y, such
f eedst oc kgeﬁ%ﬁ\tﬁgg&% ?ngas pgg%@{e%%ggggg H'(rlitet%irgr%gr gﬁtgat%tragarrs, Gils derived
fwom r eserdimiondaid ks 2 polyines hatistratet Suck grops tanheties eithowt limntdmn, thed t he | i ke.
Such 18 J utloﬁov%l%%? unsvz\loturgtze{d%gtgrzs?%ml%%-sr,l e%g% eo,oa-llge%gs, alkynes, amines, hydroxyls,

and carboxyls. 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



14 conmponents typically, but not necessarily, conprise one or nore |ower
di amondoi d conponents as wel | as nondi anondoi d conponents. 4{\g,\,20b5r IS
t ypi cal Iwo ezhsmerct eri zed as conprising conponents havi ngper/geezdosg poi nt
bot h bel ow and above the |owest boiling point tetramantane which boils at
about 350C at atnospheric 5 pressure I Typi cal feedstocks may al so contain
inpurities such as sedinent, netals 3 nel 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 nondianondoid materials are included
i n "nondi anbthdpoticomhenemtisding stattiaind isstacticpodphém edd pelysiers wiitre at er m

" di id f he f k 10 f
whi ch o anBiRG: GETRRGO Suplaen e o e B TRGT g a0 AoRbe CAARERYdr wher of n
the term Vﬂhﬁﬁ@f‘f@r&mﬂaﬁveﬁ%lﬁﬁéﬂ éﬂﬁ@uﬂi‘%ﬁﬁ'ﬂﬁs IMRBLSE T MolGRES RIAGaPhY”

refers to any of a nunber of known chromat ographi’c techni ques
i ncl udi ng; lngmmymﬁrs Mrrﬂoeobfmeys and|“tempolpmengr ahi unyt orgtpumwthstheaphy

bt 1 or mancBgp o R REeBGE Mg ERRCH < IARTHE e o B eyt

refers to Sfet@bigltunandf headophad. chain saturated aliphatic groups typically
having from1l to 20 carbon atons, nore preferably 1 to 6 atons ("l ower

al kyls"), as wel| as c%/]gl ic saturated ali phatl C groups pically haV| ng

from3 to 20 caPp&imatemepalimenrBfas v polymenhayingomy biamoadeid( " | ower

al kyl s" as %ll‘in# BFﬂ]E fied by
groups such as ]F et ?P%SeﬁropyFSp% 158?@%8?46’%:110@@8%@1

sec- but yl , alke elode, pod.)gmér@ha\opgtwo (nymbmbj:ffyﬂent higher|diproidelid reeyglnghexyl and
the like. The term"substituted alkyl"” refers to an al kyl group as defined

abbve, hav‘i“?'}& from1l to 5 substituents, and preferably 1 to 3
substituents, selected fromthe group 25 consi sting of al koxy, substituted

al koxy, cycl oal tenﬁu%dwemeﬁy%%d@ﬂwr oML PRI lor KO Righbut ed

cycl oal kenyl, acyl, acyl'ani no, acyloxy, ‘am no, substituted amno,
anl i noacyld a@mﬁ@ddpnwe a@dyﬂanﬂdnuan@llnon@amdcdmdmmeham@gm hahygr oxyl,

. 53]{3 258'50‘31%50 dlgr%&tl)ci)o)fgandﬁ)arfd?a?ﬁ( cf%c th| oz%ryl oxy, thioheteroaryl oxy, 18

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 oﬂs derived

b

from reservoir rocks, oil shale, tar sands, and SOUrce rocks and the hke Such




WO 02/ 057201 PCT/ US02/ 00-504 15 thioheterocycl ooxy, thiol, thioalkoxy,
substituted thioal koxy, aryl, aryloxy, heteroaryl, het er oa4y i@w)2005

het er ocywebiozos7h@t er ocycl ooxy, hydroxyam no, al koxyam no, patrigs@rooseO al kyl,
-SO substituted al kyl, -SOaryl, -SO heteroaryl, -SO2-alkyl, '
-S2-substituted alkyl, -SO2-aryl aﬂ‘g -S2-heteroaryl. 5 The term

"al kyl ene" refers to a divalent (branthed or unbranched) saturated

hydr ocarbon chain, preferably having from1l to 40 carbon atonms, nore
preferably 1 to 10 carbon atons and. even nore preferably | to 6 carbon

at onms. Thi somhporantsstypexlgnphi ddtedcdryary cuopgprise ohe asmoed loywee danfon@bid ) ,

et hyl ene (-CH2CH2-), the propylene isoners (e.,g., -CHCH2CH2- and

- CH( CH3) CHRTPoRegttasaval] gegion gtneRdoidsprponsss . T8 fetier ISORiFERe" refers to an
al kyl ene OpgbiiefseadebbabHsial elipondiB it § Blite bOnPLAUHRId HEfIye aNd
preferably 1 to 3 substituents, ]sjel?ecte romthe group consisting of

al koxy, sutistlowerdtddilmgioint tetcycintemlekytich baibxsdtiabaitt 300y at ataldsyheric

—~cycloal kenyl , ~substi tuted cycloal kenyl, acyl, acyl am no, _acyl oxy, am no,

subst i t ut eBFeSEHT- nbYPisHifFrsialopks manise SeYRENPPIEHS HIRCASE Sy MRy mals cy ano,
hal ogen, h ugﬁ.}(é ; “f i : d kyl ,

t hi oaryl ox%lféft | olﬁg]t{%’?‘(])ag%ﬂglx%a %‘?gﬁ(ggglrﬁ%%?gég&@?ﬂ? ﬁ?é({)l}t,glht bi oal koxy,
subst i t ut ebeteroimadédatesyconfainghg swafiy) mtrygenhetdaheo ke | All off dtese aomdibmrydoid

het erocyclic, heterocycl goxy, hydroxyam no, al koxyam no, .nitro, -SO alkyl,
- SO subst i Fﬁfeé‘alesaalf%ﬂc,“d- 8 M&m@@”ﬁﬁﬁww, as?’f@etzf@aw ‘%“? cd herein.
-S02-substituted allcyl, -S2-aryl and -SO2-heteroaryl. Additionally, such

substituted al kyheRemInOaREmSRIdidehbMPondnROSBrf B Bpoftias bi tHeeBidtRR t he
al kyl ene group are fused to formone or nore cycloal kyl, substituted

citl oal kyl fromyéhioh Hiearpioids atssiselaied dant eveonadslidoaongdpid igrophracten s¢hsrede ihel i ¢ or
heteroarylm [ Q Soflds d.sto(#eﬁgl (ghkﬂg’l ene group. Preferably such fused
groups contain T o< 1 2 ‘Fllf’llg structures. The term "al karyl" refers
to the groups -al kyl ene-aryl and -substituted 25 al kyl ene-aryl where

al kyl ene, subst Theliepsl "alusiatipeaptiyt réfeisito ang oflehiniBet dfevdl knovauch  al karyl
groups are exenplified by benzyl, phenethyl and the |ike. The term "al koxy"

refers to HHeNgosIAPSICArripiquos inclidiaghy-vay ofgramply ouy.qplumn ey 81agHY keny| - O,
and al kynyly6% atofiph§ (Y horm 66 Bberse PhGLe) A ¥hronfX¥ S AR R, nighhd

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,
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herein. Preferred al koxy groups are al kyl-O and include, by1gyaty 20bs5
exanpl e, Wo@eAdRYL, et hoxy, n-propoxy, iSo-propoxy, n-butopyyr/dseréosput oxy,
sec- but oxy, n-pentoxy, n-hexoxy, 1,2-dinethylbutoxy, and the |like. The term
"substituted al koxy" refers to the gfepups substituted alkyl-O, 5
substituted al kenyl -O, substituted cycl oal kyl -0, substituted
cycl oal kenyl -O-, and substituted al kynyl -O where substituted al kyl,
substituted al kenyl, substituted cycloalkyl, substituted cycloal kenyl and

subst i t ut edhighsterpeydloquyethiel, thidallred, sitbsbiuted thioglrexy.caryl, aaileegt, Bttkoryyl, ref ers

to the gro - al - -kyl e - substituted al kyl. s tituted
al kyl ene- oﬂgﬁeﬁ%’afyl%%gﬁe cﬁy?#é%ﬁg%r%yé%ogﬂg{y%o% '%’ng Gﬁéé)éya%c’aﬁu@i wlé3fier ein
al kyl , subatliyl,us©dubstitiited ailtyily SO yH NSO IRy LSO, -alkiy - 90esidsends def i ned
herein. Pr ;h%rred al kyl al koxy groups are al kyl ene-0O al kyl and include, by
way of  ex&HybeSOmatherd ntahetgegryl- cHoOCH3) . et hyl enenet hoxy

(- CH2CH20CH3) ; n- propyl ene-i so- propoxy (- CH2CH2CH2OCH( CH3) 2) ,

met hyl ene-t - but R dgr}j% ' _

" a% kyl t hi oal kox?/‘@'(;e ers tonetcﬁ%%ﬁép- a “W’Z%%‘%hgigé’f%g?@%e%fﬂ%fﬁ%-

subst i t ut edlydiokarbon ehas tpir¢fiatably edving/fremd-18-48|cagHonasiams, ubhstipreftiebly 1 to

al kyl ene- S substituted .al kyl wherein . alkyl, substitut | kyl, al kyl ene
ond” suber s A EaToh YR and S mel® i1 reafion s Flis Bty £ i val Koxy
groups ar eegdtl | , - £

nmet hyl enet ﬁi %t%@%%%@mgﬁ%gﬁgﬁ%@@% ?H%E@E%CI—B) , 20

n- pr opy! engrapsiene ksooysrao(ea.y-QHCHR CH2 CHRISCH|(CHR) Ohi;-) red thellkee- t - t hi obut oxy
(- CH2SC(CH3)3) and the like. The term"al kenyl" refers to a nonoval ent of

a,branched or u ne h rat ed dr ocarbqgn grou referahl y having
f%é;m 2 to 40 car %%n%lt g‘rgrbésf #uﬁ%@é]ﬁy% %fISF%%{OW@e&%gr@gﬁb%ﬁﬁgf‘gﬂ@mﬁﬁd even
nmor e pref ehadihy frédmt 10toG SdEHRRNA] S raRHbRO] Ay bultifientsedtctdd aad tiy ef erabl y
from,1-6 sites of vin unsaturation. Preferred allcenyl groups include

|
et henyl (- s}q&mqszlyﬁlstw-gm% Sfenry) substiputed alipqxy, cxickaslip.opbaijiuted cycloalkyl,

cycloalkenyl, substifuted cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted
anuno, aminoacyl, aminoacyloxy, oxYaminoacyl, azido, cyano, 'halqgen, hydroxyl,

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 from 1 to 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



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

The term "substituted al kenyl” refers to an al kenyl group asiglghiyegsabove

havi ng fWedhs7t@l 5 substituents, and preferably 1 to 3 spb$iishisibs,
selected fromthe group consisting of al koxy, substituted al koxy,

cycl oal kyl, substituted cycloalicyl,_ _cycloal kenyl, substituted
cycl oal kenyl, acyl, acyl am no, acylo%@, am no, substituted 5 am no,

am noacyl, am noacyl oxy, oxyani noacyl, azido, cyano, hal ogen, hydroxyl,
ket o, thioketo, carboxyl, carboxyl al kyl, thioaryloxy, thioheteroaryl oxy,
t hi ohet er OgUEHPIOKY as B hetdih OPekeRed aliGt Srotpstaedalichi-Oanydygludarbyl

aryl oxy, heteroaryl, heteroaryl oxy, heterocyclic, heterocyclooxy,
hydr oxyam K& oflekampleningtoxy ethaxy. 2-BOPORY Ki§e-Propgey Jubsiory e Uiy | |

S0aryl L SOLek o OB 3 BR8] KA SO RS LA Al ol kyl . - SCe-ary

and - S02- héteroa erm ny &n ref'érs to a divalent of a
branched or unbranched unsaturated hydrocarbon group preferably having
~from2-to-40 caflhenerai tsabstitaed elkopy'edcfnratl the 2rdups fibstiaredalkpt-Ors and even -

nore preferably 2 to 6 carbqgn ato n aving.at least_ .1 and preferably
frém 1-6 sﬁ?‘&lﬁ-ﬁ?d @%HWI“QI‘H%’(SHM%H&‘&WPE} + P ?’?dﬁ%@ﬁ?ﬁ T(sT’é‘Hgby gr oups
such as et %ﬁé%?ﬁgtr Hﬁﬁﬁﬁ&?ﬁﬁ%' i3 Rk Syl Subsiitnted CH2CH=CH-
and -C(CI—B)E‘S%&‘?&%;% the IlkeeréET e term 'éﬁg%titut ed gfl’kenill er?e"‘ refers to
an al keny!| epdogkyl putmstdet ¢ycbalkeaploand shbstitwigd kynyliare os defineddeidiment s, and
preferably from1l to 3 substituents, selected fromthe group consisting of

al koxy, substityted al kaxy,. cygloal kyl. 20 substituted.cycloal kyl,

cycl oal kenyl , sﬂ%@??%tw%@?yoifﬁgﬁélﬂ?e 0 "@9’ ?I}Eﬁ@'ﬁ‘gfﬂa %@F’bﬁ@, ani no,
substi t ut edyiREhAG alRY], BERGHIted ARVIBRAOYATIRKYand QU8 alkylene T bWftitutéy ano,
hal ogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryl oxy,

t K ohet er oalkyl wherein slkvihsubstiitsdatiodxalkylens and subpiitadiedbofenesne as defifedd

t hi oar koxy, aryl aryl axy .. heteroar 1729] . b C,

net or ooyo] B69 s aPs RSB0 GRS i EhE PRI S inalBE g Pot

- SO subst i tidrsle ambhllene@ehoty (-CH, SO letiydieyethox$QHATHYOCHS), n-

-S02-substituted al kyl, -SO2-aryl and -S02-heteroaryl. Additignally, such
propylene-iso-propoxy (-CH,CH,CH,OCH(CHz),), methylene-z-butoxy (-CHz-O-

C(CHs)s) and the like.

15 . The term "alkylthioalkoxy" refers to the group -alkylene-S-alkyl, alkylene-S-
substituted alkyl, substituted alkylene-S-alkyl and substituted a]l_cyien&S-substituted
alkyl wherein alkyl, substituted alkyl, alkylene and substituted alkylene 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. |



substituted al kenyl ene groups include those where 2 substituents on the

al kenyl ene group are fused to formone or nore cycloal kyl, faipsiyizogsed
.cycl oal kyb,020y2bpal kenyl, substituted cycl oal kenyl, aryPCTR&Sezs@eyclic or
het eroaryl groups fused to the 30 alkenylene group. 18 July 2005 WO

02/ 057201 PCT/ US02/ 00504 18 The terg} al kynyl" refers to a nonoval ent
unsat urated hydrocarbon preferably having from2 to 40 carbon atons, nore
preferably 2 to 20 carbon atons and even nore preferably 2 to 6 carbon
atons and having at least 1 and preferably from 1-6 sites of acetyl ene
(triple bond) ur’i‘smttmxa'taubmmtaa elﬂxemylédefaﬂsmmﬂlkgnmgupsaﬁ dedingd ebasehy ny |

Lerers to b iy st Gomd diekitL © A SubTh s Higdd Hhftd! vyl
subst i t uentesoupAtasiRiie] 6 Ak, dubbBrudddlRstyl tpeadByl, aﬂisemt@lobytro@myl he group

consi sting of "all coxy substit ut ed al koxy, cycloallcyl, substjtuted

cycl oal kyl CYC]@%P@QJ %Wﬂtﬁd%@@ﬂ(ﬁ}ﬂe@%%ﬂé@% agyloxs @nimo, substiHed o,
o ann moacgrif, sBiRSkl, hidadoBF e Bk AASENo, BRI BRRNR RGOy,

car boxyl al lkytq tihdsksn@royib@xyl, cdrbb:ohak-¢ ﬂﬂdsatj,rlﬁxy,,thloﬂ:bteﬁhﬁylexjacycl ooxy, t h| oI
t hi oal koxy,_ substituted thioal koxy, aryl, ary]oxy, hetero

het er oar y| d@hetpropytlenyys thiel, thinalkaxyHrpiyiad 63(’)/35?“ ﬁ’a"”é Refgipanilno,

nitro, -S ;%ﬁﬂ 8 ls0y-

- SQ2- al ky Iohe%%idoﬁ%ﬂ %g%é’%&gﬁgﬁsﬂ é‘&ﬁg I aﬁgné Qﬁ%ei%?lggrsﬁ The

term"al kymmﬁnéo—m%tﬂnmdtaﬁcyk —SD«aa?bn%O&eleatﬁﬁz—hwl eSQs-bahstiptat er abl y

haV| ng fro o) toms re preferably 2 to 10 carbon atonms and
&n nor e%éfg FXC} R%O e3‘?:?F’B’E¥ﬂbatorns and having at |east 1 and

preferabl y from1-6 sites of acetylene (triple bond) unsaturation.

Preferred al ky nﬂ*té'i@mﬂ*%ﬁlehéﬁle%il@to?@d&mﬁm £handhc@eeuhbraféi@ar gyl ene
(-CH2C=C-) and the like e term"substituted al kynyl ene" refers to an

al kynyl ene ugrabuptedydesicarben graupprefcrabiy baying Gam2 totEeashpssaipmeaners, and
ferably 1 it t ot ¢
Bl Koy subtetbanbet et gnr ) S Sappt ey Sues Akaha0 ©

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.



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 n@agritles7A4i do, cyano, hal ogen, hydroxyl, keto, thiokgtBreéal POXy!,
car boxyl al kyl, thioaryl oxy, thioheteroaryloxy, thioheterocyclooxy, thiol,
t hi oal koxy, substituted thioal koxy, aryl, aryloxy, heteroaryl,

het er oaryl oxy, heterocyclic, heterodycl 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 i t ut et @l YAty BORTAS W a idlov AR RS R MWldrockRfont €7 M " acy! "
refers to the groups HC(O-, alkyl-C(O-, substituted al kyl- C(O) -,

cycl oal kylpf‘tf(f@%IM hasis from tedoptopaditaps, nBfropreferabiv b WeeapborCit@pns, 5

substituted.cycl oal kenyl - )= 2LVl -C(O) -, . heteroary] - - -

et or ocyol 4 SR R 2yt 5 B wid i S Mt T AR st ¢ ut e
cycl oal kylfrone ¥ Sk lo€Byiylens boHg pichsaiedtionl Pestiired alliyhyl ghaitr oaryl and -~
~het erocyclic are as--defined herein. The term "acyl am no" or "am nocarbonyl "

réf ers t o indhedegethymy] {(CCTIRRropatpyl ¢EHOTMR)i anditheli@oendent | y hydr ogen,
al kyl, substituted al kyl, aryl, heteroaryl, 10 heterocyclic or where both

Ryt Pubst 1 g Sl ISkl FekE bR 6B o FRELRO VRS o1 ned

herein. ThayingHom A BeA6NmentShed prefdablpq 183QuBstihENk, Qe ot #ACH R i's

i ndependent |y hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, or
het er ocyclgr@p cpBsigting ef dkenyk yibstiuied alkox, sticlaplky), substijaited pedeallads yI  and
het er ocycl

' s defi ned epein. . The term "anjnoacyl.oxy” . or
a1 Koyt a kRt s SRy RERERE: ol Bl 2 BRI R i, o
iiadependenidiyo, Axdheae1) amitdaylioxs hShinindaed, adily, cyaid, Walogehaty@iaaly! , or
het erocyclic wherein al kyl, substituted aIkyI,_argI, heteroaryl and 20
het er ocyckpte, Brekeie, catoril gathexdakkyl, Hearyloxly, thighgiesearylorsf ers to the groups

al kyl -C(O ' . | | - j.put ed

cycl oal ky@&%‘%@?&g‘?)% ﬁ%ﬂ%@‘hﬁ%’%’ %b%@;ﬁ&o%ﬂo@, ar% %xy, %‘é{é%zl&l,
heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO- '
alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO;-alkyl, -SO,-substituted

15 alkyl, -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-



C(O O, and heterocyclic-C(O O wherein alkyl, substituted al kyl,

cycloal kyl, substituted cycloal kyl, aryl, heteroaryl, and heg gmgeuesic are
as defi o cdaesmbn. 25 The term"aryl” refers to an unsat wcaiedadssosati c

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 phéﬁyl, napht hyl and the Iike. 18 July
2005 WD 02/057201 PCT/ US02/ 00504 20 Unl ess ot herw se constrai ned by the
definition for the aryl substituent,. such aryl groups can optionally be

. subst i t ut echllwylt I3G-sdiifutddoalbyis863 it USOtissterpaet, e Bblalkyl, -8O),-s@bsihisd i t uent s,

sel ected frgom.t group .consi sting of acyl oxy, hydroxy, thiol, aryl,
al kyl, al kg1 -gﬁeaﬂ%apdagﬁy-h9ﬁe?0%| oal kyl , cycl oal kenyl , substituted
al kyl, substituted 5 al koxy, substituted al kenyl, substituted al kynyl,

substituted cyclplkyh racgiistrd tlgbttﬁéi grdups HeROKe Rlyl-E)) Qubsiked iyt ed

am no, aminoacyl, acylanmno, alkaryl’, aryl, aryloxy, “azido, carboxyl,

--car boxyl al- K§(O)-; syelnalkyhE(Q)-, substitofedrytionlink-G{(Q)-hetcbrabicanyl-6%9)- e

heterocyclig etero 00 m noagcyl o 0X am 1t hi gal Yy,
Subst | ¢ ut ed TG FRONg KODRSETT PR Oy h s adt )t ohe Reeroh -

- SO al kyl , w3fars algl, kiibetiafe@alkyl, cycl Osubkiytuted-cEIoARYE (Y alotlkenylSO2- al kyl ,
- SO2- subst i t ut _efjmgl kyl, - SOZH-ﬁglr 1, - SO2- het er oar yl &g’ﬁﬁtari hals(r?mat hyl .
Preferred &pYstituadsy¢lealisenyd arvichetaroagil ryd heteroryslic, arp as defineddgesin. nitro,
trihal omethyl, and thioal koxy. The term "aryl oxy" refers to the group

aryl -G wherei nqthe.ar gyelcgg&gg(pa bSn n%cgﬁjggg@g?@%%gﬂugqbﬂ% ionally

substituted aryl groups so derl rmaryl ene”
refers to twherdéachRentindpendeadyfhydrogan, dlkyl) subbtitdicdgplisgpayl, heterdrdy yl ) as
defined abgve and.is exenplified by 1,2:-phenylene, 1,3- phenylene,

19 pheny| &ftgrocyche %wﬁ?r339@%wswomeﬂ& ¥0rw&h%?rﬁw%hﬁ%up' ers to the
gr oup - NH2 1 cF o113 WhestPaiki, MR A0 ARy1 LT Beford vl LR 14QHR MR quher e
each Ris mZOO i nde engent?]%cyég%ect ed ?kﬁ%m Fieegfo%b' Jg@n%&st@% 0 ﬂ\%/;dr ogen,
al kyl , substfinedlmeinal kyl , cycl oal kyl, substituted cycl oal kyl, al kenyl,
substituted al kenyl, cycloal kenyl, substituted cycloal kenyl, al kynyl,

substituted al I gynyl. arvl. beteroaryl and \»c(opR 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.



het er ocycl i c provided that bot h R's are not hydrogen. The term
"car boxyal kyl " or "al koxycar bonyl " refers to the groups " C({Q_Q,ly%%

_allcyl " wo o200 substituted al kyI - (O O cycl oal kyl "peTrusozionsod
"-C(O) O substituted cycloal kyl™", C(O)Oal kenyl " "-(O)Osubstltuted
al kenyl ", "-C(O O al kynyl" and "- C(O O substi t ut ed al kynyl " where al kyl,

substituted al kyl, cycl oal kyl, subst Ot uted” 18 Jul y 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 alkyl grouRss aheﬁvﬁm&smné’cob}emebl@ﬁmtaﬁlqaﬁtmawmbmsdnﬂg{uﬂl cyclic
ring or multjple condensed rings. Such cycl oal kyl groups include, by way

of exanpl eAYLETARPECan; apbioal ] %ﬁbé%tued@ﬁﬂ’aﬁoeylct%ﬁ%wentweﬁeebm Vio

it any SOGHEAR Sofdotod Pty bl FonsBlinl ek Ao, i T AYED SN s
cycl oal kylalgrlmlhexy]amngl ﬁn@nyllcyaboalﬁdmmina]kmntsabsmdd plkgf eml:&hm;ted to 3 °

—sybpstituents, selected f om t p,.consi st i n toof k Xy, . substituted
Pkoxy. oyt RyGHagh ke S Byt SURYE Suess %F%%?P}ky L ssicfut o

cycl oal ke ToaPReH 1. fﬁ% tedEWn8X¥min Opc %k%rgp

am noacyl , ar%anoaié yl oxy, gﬂg‘%?ggln’? noaély1 a?lg(l'o., yano, Qeﬁwaﬁf}d}{%xyl

keto, t hi azkbt oarbomylbcmbd)xylzihylbcyaylbdlqug Imtrd),khedmogtbrhhy:temamlonet er oaryl oxy,

t hi ohet er cl oo ‘h t hiol, thioal ko subst it ut ed t al ko é} aryl

acyl oxy, R 1etHREYHIGREYy MBPPACHERY, SREaGylaraing &@

hydr oxyam gifalkdk GAR18Ey, tbhdidroaryRizyald(¥ aily1 SG0- %ﬁﬁﬁéd‘&]l%ﬂ -ebkyl

-SO aryl, -SOhetgroary 8}@51802 al kyl, yal02 sa%stltuted al kyl ,” - SCe- aryI and
1602- het erasgs 3ﬂ0~h¢1¢eoﬂfie]5 rﬁOﬁWbsﬂQﬂWBﬁmt@Zékﬁ 15§2ear¥l, rSDﬁhdtenwlgr oups of
from4 to 2 r,bon hav I o at | east one

poi nt of aﬂgﬁa{l methy t%ﬁ%g %Bﬁ‘@%% lel %‘bﬁq‘é(a@& “F&%eny!l groups
i ncl ude, frefo,itHEAIBRREy], (h‘ﬁgltﬂbm(may enyl, cycl opent 3-enyl, cycl ooct - 3-enyl
and the like. The term "substituted cycl oal kenyl " refers to cycl oal kenyl

groups having from
The term "aryloxy” refers to the group aryl-O- wherein the aryl group is as

defined above including optionally substituted aryl 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



| to 5 substituents, and preferably | to 3 substituents, selected fromthe
group consisting of al koxy, substituted al koxy, cycloal kyl ,1guh¢tobst ed
cycl oal kyb 028826y cl oal kenyl , substituted cycl oal kenyl, agyhrgsasyssesm no,
acyl oxy, am no, substituted am no, am noacyl, am noacyl oxy, oxyam noacyl,
azi do, cyano, hal ogen, hydroxyl, ketﬁ, t hi oket o, carboxyl, carboxyl al kyl,
t'hi oaryl oxy, thioheteroaryl oxy, thio et erocycl ooxy, thiol, thioal koxy,
substituted thioal koxy, aryl, acyloxy, heteroaryl, 18 July 2005 WO

02/ 057201 PCT/ US02/ 00503 22 heteroaryl oxy, heterocyclic, heterocycl ooxy,
hYdr oxYam rgcloalikhxikenyinsubstitutddulkenSOaliginkyind subiimtddSilliying! &€ agdkfnled

-SO aryl, -SO.heteroaryl, -S02-alkyl, -S02-substituted alkyl, -SO2-aryl
and -SOZ-héFEW%aryI. The term "hal 0" or "hal ogen" refers to fluoro, chloro,
bromo and iodo. 5 The term"heteroaryl” refers to an aromatic group of from

1 to 15 carbon 18{q8%, @Rdiok P'réfe_ti’sefoecre/iéf o1 %%i{lg&%ﬁ@qmz@éx&%ﬁz nitrogen

and sul fur within at |east ne ring nore than one ring).
~Unl-ess ot hetamsavingssingle ogeidyyng dremuléiplendanidemsef omgs. hdudhetyeloabiayy | :
supsti t uent Suc eferoaryl grqups can be optionally substituted with 1
%5 subst ERoERCLc e bE Py of sthrls Nsienug st ot S BRIOBL £ om t he
group cons lc§&1bb\&¥9t:y@1§ydn@91yaychwfﬂ,>%d thé fik&lor nﬂﬂﬂ;%\(le b kit k@tyas al kenyl,
al kynyl, cycl oal kyl, cycloal’kenyl”,” substituted alkyl substituted al koxy,

subst i t ut e@damamel, andibelike.ut ed al kynyl, substituted cycl oal kyl
substituted cycl oal kenyl, am no, substituted am no, am noacyl, acyl am no,

al karyl, aryl, ar ; ' X rHax | o,
nitro, heteroary ?¥%§f%g?sgﬁ}§(?c cg%l_?ﬁh%%fgsﬁ%g@ﬁ%ﬁ%%ﬁﬁ%%a%%g%&? Eﬁo

am noacy! o$yubanyeansy hadpie@erabli Nito 3| Sabatstucriis) Beketicd fiReh thaigeal, Yisting

t hi oaryl oxy, thioheteroaryl oxy, -SQ alkyl, -SO substituted al kyl,

-&b aryl, otdkpwr.spbdtyipd alkoxp cxelegikyl, sippituipd syslealkddcyalgalirenyl, Sop-  aryl |

- S2- het er i h EUBE] f ary %#ﬁ% i ncl ude

al kyl, al E%‘:E(Sé,ﬁtﬁg%oc?g cyakg,gg)ﬁi %%’(1) r81 %gkg%bt Ay 0,’ %ﬁ%@ﬁl{t i oal Koxy. Such
het er oar y| agumapgl, aamoaylbrey exgarsinngdyd, azidueg cyaoghalopss, helgdoxel, kétor yl ) or
mul tiple cgndensed rings (e.q., jndolizinyl . or benzothienyl). Preferred
het er oar yl g“? ?&&g’oﬁ% P%‘&’P’,‘ﬁblwir gtPWéﬁH’ ?’%ﬂl&‘?@mmyﬁ{y’ obetetocyclooxy,

thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy,

15 heterocyclic, heterocyclooxy, hydroxyamino, alkoxyaminoe, 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,




The term "heteroaryl oxy"” refers to the group heteroaryl-O. The term
“heteroarylene” refers to the divalent group derived from hejgj@grybs

(i ncl udiyigmamemeii tuted heteroaryl), as defined above, ang-¥/6s@ngiRn! i fied by
the groups 25 2,6-pyridylene, 2,4-pyridiylene, 1,2-quinolinylene,

1, 8-qui nolinyl ene, 1,4 benzofuranylene, 2,5-pyridnylene, 2,5-indolenyl and
the like. 18 July 2005 WO 02/05720%2PCT/ 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 pefdréahRAG- IRLrBERHE YARAE YRS, hirk¥yMiifo, adlko-Rehiid)aiyd,e8e- ar e as

defined herein.”5 The term "heterocycle” or "heterocyclic" refers to a,

nonoval entaligds - SQusdbgtitutgsedindy SQavgr-SOphderepnd -80siagile- SQumybgiuted) ti pl e

condensed ki RQS.~ f.rom 0, carbon atons and from1l to 10 hetero atons,
pr ef er abl yau?q’t%%’%&%%é@gﬁgﬁem&?ﬂ‘ect ed fromnitrogen, sulfur, phosphorus,

and/ or oxygen within the ring. Unl ess otherw se constrai ned by the
~gefiniti-on for ThaehetilocycChagavhsfdrs tefidoro, chlbrsledondvedmdriody.cl i ¢ groups -
can be optionally substituted with 1 to 5, and preferably 1 to 3
substituents, selecteg fromthe group consisting aof alkoxy, substituted
aPkoxy, cycl oéfWP{mg}Pé‘%r ?Iﬁ’ijtréffr%ﬂ?(ﬂn@é?‘i@ﬁ? %Vgloggqoﬁbﬁfﬂ’ ,¥5 Eﬁfﬁg?i tut ed

cycl oal kenydms At¥1 to 4 BA¥ oI eleBfcd ERRY oxFiBnN Ritrop R hd SHRE Wil Bflcast

am noacyl, am noacyl oxy, oxyam noacyl, azi do, cyano, hal ogen, hydroxyl,
ket o, thi eheting (fahdroxshprelibarcandudxg)l al kyl , thi oaryl oxy, thioheteroaryl oxy,
t hi ohet erocycl ooxy, thiol, thioal koxy, substituted thioalkoxy, aryl,

| , het |, .het | , t .cli.C, t
Py o oxyar o, - ITRESR UG AP BRc by RGO 85 e BRET R STt
-SO- aryl, su&ét&bﬁ%ﬁl’@fcﬁﬁhs canb&opt oty subefBrtedHagh i1ttytseshbaliteydts, - SO2-aryl and

uch heterocyclic groups can have a si nl%llge ring or

-S2- heteroaryl . > Ve
Ml tiple d%ﬁé@ébéht@bsuhshg@nmﬁf@tﬁdr fieq groBR yensiging of acylasy.yidsot i no,

2Pt 9 oy 308, M1 55 SRR E AR DAy,
pyridi ne, spydtidated elkoRy,substititee alkeyyl sitbstitied alkynyl, substituted cycloalkyl, '
substituted cycloalkenyl, amino, 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.



I ndol i zi ne, isoindole, indole, indazole, purine, quinolizine, isoquinoline,
qui nol i ne, phthal azi ne, napht hyl pyri di ne, qui noxal i ne, quinﬁgghyagﬂ5 '

ci nnol i f&0 qe20di ne, 25 carbazol e, carbol i ne, phenant hrimiingsozassos di ne,
phenant hrol i ne, isothiazole, phenazine, isoxazole, phenoxazine,
phenot hi azi ne, i m dazolidine, imdaz %ine, pi peri di ne, . piperazine,

I ndol i ne, norpholino, piperidinyl, tétrahydrofuranyl, and the Iike 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 .TheTomn tadkimtérphiythefees dhe boop ilkykhedstaraaryihwehae oup

het erocycli¢- S-. he, term "heterocycl ene" refers to the dival ent group

f or med froﬁ@gﬁ%¥W%%8@9%?¥¥l%@aﬁgﬁﬁﬁé Htein, and is exenplified by the
groups 2, 6-norpholino, 2,5- { 5 norpholino and the Iike. The term

"oxyacyl am no"  omhe'tedi MORRGBAYIREY reférs teihe ckdup REGAERURteros k) MRBenher e
each R is independently hydrogen, alkyl, substituted al kyl, aryl,

~het er-oaryl alkgylensand hetoyesdrylenewiene dafirdddigrems ubst i t ut ed al kyl, aryl,

het eroaryl and heterocyclic are as defined herein. 10 The term
"spiro-attached h . 7] I ttached to
angt her ring vi é@éﬁ%ﬁgar %ﬂ%}?%%rc%gnt}r@%%% [5%%%%3%!%@9%@3& ?ag'}r& r‘%eﬁt hi ol "
refers to wuheaxtgurdre-haviiiea siagiridghiraalikpbeyondaised singg fidae1 gy 4up

-S-al kyl . Tg§ term "substituted. thioal koxy" refers to the group

- S-subst i t GU@gn 3oy andyfonyd do 18 hgfere ploms, Brebxebly Ldp drictergalpme sglesied aryl - S-

wherein th ] ' i {‘I !ﬁﬁj]: ' optionally
substi t ut egmg%%llm %%&%ngspggﬁ%hég%gg’ggg& e ﬂ%%ﬁ‘gt hi ohet er oar yl oxy"

refers to the group heteroaryl-S- wherein the heteroaryl group is as
defi ned above i fbilesdiotlprepticomsditaineddytibe defutiton &mythe feterppgclassubsiltgant,def i ned

ahove. 20 As.t.o any of the aboye groups i ont aj ne .or re
SIBeti ¢ cencict el st bE oficnals LB BRaE LR SP80 BRIt cont ai n
any substi Blib@itudiis, SelRsted el §8 group consisting of alkoxy, substituted alkoxy,

cycloalkyl, substituted cycloalkyl, cycloalkenyl, 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.



patterns which are sterically inpractical and/or synthetically
non-feasible. In addition, the conpounds of this invention 1819hiyDo08! |
st er eochamdnad72disoners arising fromthe substitution of ptagseysRppounds.

18 July 2005 WD 02/057201 PCT/US02/ 00504 25 Hi gher D anondoi ds and Their
Recovery As shown in FIG 1A, higher Afi anondoi ds are bridged-ring
cycl oal kanes that have car bon- at om #f ameworks that can be superi nposed on
the dianond crystal lattice. They are the tetraners, pentaners, hexamers,
hept anmers, octaners, nonaners, 5 decarners, etc. of adanmantane
(tricycl o[ 3. 3. 1Th8 terhdéramnelyclox EF s td thewihghhatabewlis-Oadamant ane units
are face-fused. The hi gher dianondoids can contain many al kyl
substituents. nds ve extrenely rigid structures and have the -
hi ghest stabi | &gﬁ? gﬁ’)‘?ﬁ'&t@f?ﬁﬁ HW‘XM’X“F{’?ISHH&K? g‘fﬂg‘f’g’ﬁ?eé‘?cy?h‘é'tsé are four
tetramant ane structures; iso-tetramantane [1(2)3], anti-tetramantane [121]
and two enanti ourﬁé&r@f‘@&e«&y@gﬁa’e&mmeaﬁmwé}owfbﬁnwﬁomre general -

--pracket-ed-nonmencl ature for fhese di-anondoi ds I n--accordance to a convention -

by Bal abanh@?méﬁd%ﬁﬁﬂ@én@d boreint anl is gremplifeest binths groupsé, franoephichimondbecul ar
farml a '5%@ ﬁﬁ??éf]%m' ght 344), and anong these nine there are
three pair’s enant represented by: [12(1)3], Ifk [1234], [1213]
with the non-enantioneric pentamantanes represented by: [12(3)4], 15

[1(2,3)4], [121The tehineionyadytenias? 61 anéindtaronSAdsah nefrsie hegreap ane, [1231],
the nol ecul ar fornmul a C25H30 (nol ecul ar wei ght 330 }

t
ng)B;ﬁ;ﬁ? aﬁ‘ggl() BYRR Whire ﬁaCﬂer %Stlgldweﬁ@elﬂlaffhﬁfémw, @kylu&qhﬁhagedg almdnaylei ght
having t he,digl, ?{Si‘['lcﬁ'rhe\f.e% sﬁﬁﬂéﬁﬂdﬁﬁﬁ% t&eﬁe%g%% g of these,

six are achiral; ten m)r ral ne éxamant ane uI ar formul a
C29H 4 (nﬂimud:whcmweﬂiﬂahem the 20 renai ni ng hexamantane [ 12312] has
the nol ecular fornula C26H30 (nol ecul ar weight 342), also called

cycl ohexamant ang, becayse. of its_ highly condensed ci rcuI ar_structure.
pt amant anes gfl% € 1650 gpst-atpchgd %%]%ergr%% rﬁfﬁﬁ YeirpleilgrrPpossi bl e

St ruct ur esttacéd @ aﬁbﬁiamn%lviaeod&%\ﬂmawﬁ Hﬁ"%%%ﬁ. 2h Ul a C34H40

(nol ecul ar wei ght 448) an these, seven are ac havi ng no

enantioners. O the hept amant anes, si xty-seven
The term "thiol" refers to the group -SH.

The 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



25 have the nol ecul ar fornula C33H33 (nol ecul ar wei ght 434), and six have
the -nolecular formula C32H36 (nol ecul ar wei ght 420). These {8Wuiy 2005

hept amarwanentam | i es have structures showi ng greater i nr’(:e‘msaimt%and
strain, with correspondingly lower stabilities. The remaining two have the
nol ecul ar fornmula C30H34 (nol ecul ar i ght 394). Cctamant anes possess

ei ght of the "dianond crystal cage ts" and exist 30 within five famlies
of different nolecular weight core structures. Anmong the 18 July 2005 WO
02/ 057201 PCTI US02100504 26 octamant anes, ei ghteen have the nol ecul ar

formul a C345E8:1 (Dheinenddids andelgiitRetdBdry O her oct anmant anes have t he

mol ecul ar formul a C38H44 (nol ecul ar wei ght 500). The renmini ng octanmant ane

famlies, C371-142,.(nol.e r i.ght,.. 486)., .. .C36H40 | ecul ar., wei.ght 472)
and. Cashae (ol SRR et S s i AR R e TR gt A

corr espondaed aarbm&nﬁﬁﬁﬁémxkythat\baaﬂfm?mm@di(ﬁxtﬂlwdiahmds:kygtaﬂam lies of
different nolecular weights having the follow ng nol ecul ar fornmnul as:

--CA2HA8 - (-molatten. aFheyiast HetictsBEYs, peatemess, hersess s hePtamer g RETASISE) NOITIR4

| | ecul ar i 24 1 . l.ar ' 9 -G/ C ol ecullar
\(Nerrlgght 484&%&1‘%&%%?@%@%@5&%%%9 ]ﬁé}?gﬂkd(gﬁﬁl)moﬁlﬁ 'E,,ﬁQ e((g:ﬁa%rrant ane
exi sts Wi t hiammmd wes 20f f6€¥end dThS kizhat diambrduilscanidnien ghhg alkfhong t he

decamant anes, there is a single decanantape_ having the | ecul ar fornul a
C35H36 ( noFEstiusntsnel hypt compopndinhayg exgee m&gléﬁgmgfymémg&e tﬁﬁhgﬁasfrtat ion to

t he ot her I ' i .

decanmant angﬁff;gﬁ 3?%5’3‘??&‘3%%{‘?3’?% %i%il}?%l?j??;hﬁcgfga%ﬁﬁ&%% nolég{:ugﬁ%?s’wei ght

604), CASHbee(rambhmand HI2)3E icghittetb@®ntancfa 2 andrivoenahtiomere bfittews76) , CA2HA6
nmol ecul ar . 15 wei gh 0).,, ‘CA1H44 (nol.ecul ar .wei ght. 536 nd C381- 140

Er’rBI ecﬂl ar t"if&?flﬁﬁjFa%&gb%S:”ﬁ J‘@fﬁé%&%’ﬁ%gr%&?@f{ nﬁlgl%ﬁﬁlﬁﬁlﬁ?l%(ﬁ ®Br nul as C501156
(ol ecul ar gl Bk R3S hecohAb5 a LRRLAGH By BUSbaIY H32naCARHRR (10l ecul ar

wei ght 628), C46H50 (nol ecul ar wei ght 602), C45H43 (nol ecul ar wei ght 588),

CA2H44 ( nopedainantanss, gine h54she nOdddaliz formuh Eodiia (makscylar weighy 3443301d40
nol ecul ar wei ght 508) .. More preferred and | ess 20 preferr Lgher

Ui arondo; GRS tese Bive shett e (ref nest SEronin S PR LB onti ng

stabi li tie3whifedn 3jswittedhb a6h-efadtidnidigipentaflagtanvSrepfradBd bt[i12(394], n t he
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 postuléted 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 “diamond crystal cage units” and exist

1

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



various feedstocks. FIG |B shows exanpl es of higher dianondoid nononer
structures (tetramantanes to undecanant anes) that contain ONgB Rkly 2085
deri vatwanzoRze1 9roups useful for polyner preparation. RdgydeBoaioes
exanpl es show ng that higher 25 di anondoi ds have a great variety of shapes,
di rensi ons and attachnent sites for R groups. These variations wll have
significant effects in determning £Ae properties of the polyners they
will form Also, FIGs. 5D-5F indicate that the rigidity of polyner
structures formed from hi gher di anondoid nononers will vary greatly with
the att acRpntdiet, enfRa¥é HeRFolRBulbNDARRATEHS - (rﬂcﬂe@lﬂdtrW@@H@-él@D

02/ 057201 PCT/ USO2/ 00504 27 FIG 2A shows a representativ
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exanpl es of pent amant , amantane,  octamant ane, and undecamant ane
dd anondoi dmlghtesﬁamng\ﬂm @ecataantamtseﬂwmb@raiurgc décampsianh aving et vi dual car bon

atons. The her. di | es ti oner s | ncl udi ng
st er eoi soﬁ%‘?g anfgrre g@&fﬁ&@a’?ﬁﬂl %gfeﬂé’g%@e‘ﬂhﬁ%éﬁﬁﬁ’&% Y @ppay )Iltbl cally -
contain oRglat&d to'ME 6&&9&6@&&%@% hasi1GR @hteaPEOHACRIaES Ty @8Er t han
tetramantane exist in forms wth nore than one nol ecul ar weight. If

desired, gecamantamsdamilics bave the malotwardgrmuelas: Cytls; (molecular welght 604),
CysHsp (molecular weight 590), Cq4F4s (molecular weight 576), CsoHas (molecular

15 weight 550), CaHas (molecular weight 536) and CsgHyy (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.



20 pure isoners or stereoisoners (e.g., as individual enantionmers or

di astereoners, or as stereoisoner-enriched mxtures). Pure §4 $§gQoe9mers
(or enriveheniosTeoat ures) may be prepared using, for exanppermsoznosos
crystallization, optically active solvents or stereo- selective reagents
wel | -known in the art. Alternativel Yy racem c m xtures of such conpounds
can be separated using, for exanple, Thiral col umn chromat ogr aphy, 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
procedures. |t WMEI|2A0shewps epicatrstiteatbonhaiehering prlxahe for apeefemiad, pr ocess
conditions. (i.e , reaction tenperatures, tines, solvents, 18 July 2005 WO
02/ 057201 BCTHEREY; GHimuaygeripre gad serondgy caspogs éfedqlg@}gﬁlt%f APt ocess
condi ti onsnﬁﬁaerﬁigss%haﬁeyﬁgge‘}éfﬁl? esthif{¥hiRhier AhAbRGoia R ifRafedaht 1 ON
conditions may vary wth feedstocks, but sucﬁ conditions can be determ ned
by one skiFl@d I2Fhe art by routine optimzation procedures. A feedstock

- is sel-ected such that it conprises recoverabl e amounts of- higher 5 -

di anondoi d conpqnents.. Preferred feedstocks. j ncl.ude, .f.or -exanpl nat ur al
ga§ condensat €% S%%‘%‘?%‘ﬁ%c E?Iésaaﬁr%mﬁﬁw &h?ﬁ ﬁm&%‘?a%gn? &%?‘?I:Wl- io&f"%t

di anondoi dsie nfibbr of @Eavatkr ridt§ ahabéRhdary ¢edboheta16E dadé.r BRREal BE| ude
hydr ocar bonaceous streams recoverable from cracking processes,

di sti |l atibased vpeskohpgriatiens elanplerdar amesteinTat £3n bobased ppecdnepteizsdk s

i ncl ude co . the . Norphlet 10. Formation in
the culf o X %%oélﬁﬁ&% %ﬁ%‘f?@gﬁgzg%ﬁg%{ﬂn% glr)\gcltrr?’ nclz]i1 A fhe ©

f eedst ockssyaanitey of thp pagx meleally, iQ., 3quehight capienmdnve Meptes NtM®ondoi ds, as
det er m ned by % ]%%td I MB. . These feedstocks are |ight colored and have API
gfhvi ti es FHemied shidist G GB; hawe theraicessctishe foys AEisren tprgeedass. of hi gher
di anondoi # i : ?&r}% 1 . TSR, of
cont am naﬁ?@fﬁ%@%ﬁ%@“’?ﬁ%@%ﬁ%}%‘} g}eg‘?ﬁg% ee %ﬂ%ﬁr@%‘ertregﬁﬁove S.&J _
non- di anoneiwiwklend apdnemtquingentatitianscartlmomsr di anondoid  conponents and in
sone cases ot her nonel ected hi gher di amondoi ds having boiling points |ess

than that of ¢ igd grest (oo L N0 ROlIL Y et AT, eoTPonent

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 enéntiomefs_ or diastereomers, or as
stereoisomer-enriched mixtures). Pure stereoisomers (or enriched mixtures) may be
prepared using, for examplé, 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 appreciated that where

typical or preferred process conditions (i.e., reactio_n fencilﬁeratures, tiinés, 'éclvéntg,



selected for recovery. 20 In a particularly preferred enbodi nent, the
feedstock is distilled to provide cuts above and'belom/aboq%‘ﬁﬁ§§ho5

at nospharyemsemei val ent boiling point and, nore preferaptyosedasasgs and 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 t akertSover head and di scarded and the 25

hi gher boiling cut, which is enriched in higher dianondoids, is retained.

It is wunderstood, of course, that the tenperature for the cut point during
di still atpre®uies, &c.) htegdiém dilek pcessoshditng chb alko bhesabmles bempeisat ures are
referenced to atnospheri¢c pressure. A reduced pressure will result in a

| oner di st#ted-aPpimumiepeiion (anditions BN vapewath fagssipcky dut sugycgnditions 72 o 1
PCTJUSO02/ . -pai Hm% Nolae il
result i n&g%gﬁgﬁdﬁ?ﬁﬁg‘gkﬁ%ﬁ lﬁ)tﬁig%eﬁr‘gﬁuﬁgéfg ac a;ﬁégi)?%he s%?nl;r gu\tNI poi nt .

The correlation of pressure/tenperature from atnospheric distillation to

~ei-t-herr educedAfesistick és salectddesnah ot fircesgnises redowirable atioomtsio§ highet wit hin

the skill_ .of the ,art. 5 Distillation c be aoperated to fracjiionate the
fseedstoc@alﬁﬁ%&%ﬁlﬁﬂ)‘?ﬁ%“?&r?rrﬁ eIe &‘?Qgs‘iogﬂsamP e’{"ﬁ?wlfea’??ﬁ'g Binterest to
provi de tR@did¥ates ahd fHeAP FRAMs HavinB ®igitbdiceRatidis @F @lanthndbRB I Gyl Or

groups of sel ected. highér dianondoids. The cuts, which are enriched in
one or noegard ¢ detlederdiuwhuefiniry streamsanphude hydiogarbdhaneongigitadrsonponent  of

interest, are retained and may requir.e further. purificatiqgn.. The follow ng
Tabl e 10 PHMGE S FerE B aery Lol RaurE L eiRe! PRACHRY be used
to enri chyr¥Rirkd #edbiotiieincludl oM itsl feeldftoLicbORsled frbi the Botprler it nmay be
advant ageous to make wi der tenperature range cuts which would often

Wont ai n - diasuptonin i ghéf ofdMaxion aod fom theilePusdiormatien Sepanadeedhessget her in

subseque rati,on steps. 15 -Fracti i Ppl i t: ferred
Preferr e(r}le d(%{\/a\c’/e%r%S ERR A, a&ﬁgjmlaﬁﬁegidg\g/\&mg&? IB %ﬁegﬂ’elﬁﬁ %gm%%ﬁ%sfa ure
Tenper at WeGrh@igadyaG0rad TORES. aThise feedstocks are light colored and have APl

gravities in the 19 to 20° range.
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




Hi gher Di anondoid (C) (C (C (C Tetramantanes 349 332 330 400
Pent amant anes 385 427 360 450 Cycl ohexanmant anes 393 466 365185.99 2005
_Hexamantwp@soes3@ 466 365 500 Heptamantanes 432 504 395 E&pmsmogmant anes
454 527 420 560 Nonamantanes 463 549 425 590 - Decanmant anes 472 571 435 610
Undecanant anes 499 588 455 625 18 Ju 2005 WD 02/057201 PCTI US02/ 00504
30 Useful  Lower Cut Hi gher Cut Te rature Tenperature H gher D anondoid
CC CC) Tetranmantanes 300 430 Pentamantanes 330 490 Cycl ohexamant anes
330 550 Hexamant anes 330 550 Heptanmantanes 350 600 Cctamantanes 375 610
Nonanant anés 38 ub PoinDehasmdpslesidbfreGat: wilhdedanriiighaslidi@ten5 |t shal |
be understood that substituted higher di anondoj ds y accordingly shift
t hese pref &FRREaLR togehigye the speF SELWR (herpgriaion ehpysssirqicawemi@et o t he

addi tion el £ eﬁpegl' ' SREL At i nemrents will
al l ow for E‘FS‘L& pﬁreﬁcgﬁ ggﬁltag&?t)b?ét e P%%c?i dpe of 1 nteelxggsisﬁfeﬁ G 10
provi des f distiletion islwedl within dhresskalf ofithw art.

5 Distillation can be operated fo fractionate the feedstocks and provide several
. cuts in a temperature range of interest to provide the initial enrichment of the selected
higher diamondoids or groups of selected higher diamondoids. The cuts, which are
enriched in one or more selected diamondoids or a particular diamondoid component
of interest, are retained and may require further purification. The following Table
10 illustrates representative fractionation points that may be used to enrich various higher

dia.mondoids n overheads. In practice it may be advantageous to make wider
temperature range cuts which would often contain groups of higher diamondoids |

which could be separated together in subsequent separation steps.

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



fractionation can provide cuts enriched in individual or nultiple higher

di amondoid conponents. 10 It will be further understood thafg jjipgsdsnati on
can be gi@ppiddiefore a selected higher dianondoid is tpkfaseyRsiead. | n
this case the higher dianondoid can be isolated fromthe fractionation
bottons. O her processes for the renoval of |ower dianondoids, unselected
hi gher di anondoids, if any, and/or 3ydrocarbonaceous non-di anondoid
conmponents include, 15 by way of exanple only, size separation techniques,
evaporation either under normal or reduced pressure, crystallization,
chromat ogr aphy, well head separators, reduced pressure and the |ike.
Renoval processes can utpggfﬁp the larger sizes of the higher dianbndoids
to effect separation of [ower dianondoids therefrom For exanple, size '
separation techni ques usi AgWerdbr andighspidut al | ow a feedstock retained in
the 20 nenbrane to sel ectﬁe%g?‘“b“asgemwredi anondoi ds across the nenbrane
barrier 27 anetdidt ¢ he e size o the nenbrane barrier is selected to

~di ff erent (Tgffa@@@egyl y 2005 M 02/ 057891 PCT/ USO2/ 00504 31  bet ween

conpounds Peniariapignes he si ze of3hi gher d#¥nondoi d conmponents as conpared to
| ower di afprdeiahagawponent s.330Mhe pore5¥i ze of nol ecul ar si eves such as
zeol i t es Hanchafthes | | ke can aBso be us8® to effect size separation. In a
pr ef er r ed Heprhdiai®®nt , t he raeswval proemss provides for a treated 5

f eedst ock obayidigesa rati o of skower di apmwndoi d conmponents to hi gher

di anondoi gGRmrnents of naggreater gdpan 9: 1, nore preferably, no greater

than 2:1; D@ﬂg}]azﬁﬁﬁgp nmore prgbgrably, g ratio is no greater.than 1:1. Even

nmore pref raol v, ther rem)v?d of th ower di anondoi d conponent (s) from
t he feedstock, 2T east abol 10% nore preferably at |east 50% and still
nore preferably at | east 90% of the higher 10 di anondoi d conponents are
retained in the feedstock as conpared to that anmount found in the

f eedst ock pri orlttshalt beumdanayal thaldubatitoeddNghey daindrexaisamiyeaveoniiagini gher
di anondoi d conponents is desjred and whep, the feedstocéuect%%giagﬁﬁon

non- di amon¥Bt dcse RTCAFTGIAW-POI FRINRCEAISE HRIgRFY femperaturcs
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



al so be 'generally subjected to pyrolysis to effect renoval of at |east a

portion of the 15 hydrocarbonaceous non-di anondoi d conponentfg jiipBhdse

f eedst ocWO 0TH6872pyr ol ysis effectively concentrates the amounisezdoséd gher

di anondoids in the pyrolytically treated feedstock thereby rendering their
recovery possible (FIG 11). Pyrol ys'%f Is effected by heating the feedstock
under vacuum conditions or in an inert atnosphere, at a tenperature of at
| east about 390C and, preferably, from 20 about 400 to about 550C, nore
preferably from about 400 to about 450C , and especially 410 to 430C, for a
peri od of teineen compbaewts haymgltyssize ofhigher dpasindaidemipaentsfas cothpared

non- di anondoid ¢ onents of the feedstock. The.specific copditions

erpl oyed 3 e ABRRGOU FofProngs TECHUR IR of BRGHEE s s SRR BriRgner

di anondoi d an€ efEIReRhE S1se e us&l Rl dFedt difk dehgafiggdst ock. The sel ection of such
conditions is well 25 within the skill of the art. Preferably, pyrolysis is

continued for a _sufficient period and at a sufficientl hi gh tenperature
to thernally dedrageclened anbadimpref, therewesil pracessiavideafsmdesated conponent s

tpd
re pref . ] 0 . [ k ..l east 18
Sury 2005 sy Brabe Tt dhe BBt SRR R B BRlntdbia
pyr ol yti calcbypbtiched efthof gedeat thak ol aseet mreferdidy, indt @batercthgh 2:10ind den
non- di anondoi d cgenponents in the feedstock prior to pyrolysis. In yet

anot her pr S19%F PREEFTROWE IR 1S namereater A0l {rs F¥enymorrigrciesdlbradickremaval east
about 10% . 9 J de | I rably at
| east 5 abgg?{eg%‘f%%ﬁglﬁg&ﬁ gi%b&%ﬁgﬁ%gﬁﬁé%on ﬁttslrggzgﬁégﬂ}(al? g‘?%‘?i n the
f eedst ock afdi@mblypy teakiy30%6 and sl merd prefembiy &tdedso90%atf thevhighér f ound i n t he
feedst ock prior .t. rolytic treatnept.. In preferreq enbodi nent, renoval
of0 | over - ARTORAUAASTRBAHD fresti e gt D5 rebrofl G CRmPHEH A6 BB mou

non- di amongQing if GERERMCR P I #BgeheRdst ock precedes 10 pyrolytic
treatment. However, it is understood, that the order of these procedures

can - be inverted such that pyrolysis occurs prior to renoval of |ower
di anondoi ds f r oWhehaecqveppehhggkmantane and higher diamondoid 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



The pyrolysis procedure, while a preferred enbodi ment, is not always
necessary. This arises because the concentration of higher digagppggpsls can

_be 15 sufdogbensd y high in certain feedstocks that the tpepiRshdeedst ock
(after renoval of the |ower dianondoid conponents) can be used directly in

purification techniques such as chromatography, crystallization, etc. to
provi de hi gher di anondoi d conponent s32 However, when t he concentration or
purity of higher dianondoid conponents in the feedstock is not at the

| evel to effect such a recovery, then a pyrolytic step should be 20

enpl oyed. Eﬂﬁﬂm'ﬁoﬂ{ﬂ@'%%lﬁidaﬁy%ﬁdemf@éﬁstdck bhsedtinethe totadvdighd afthdrer
purify the recovered feedstock using one-or nore purification techniques
such as cheodensgdaishsempongas gl the feedstepk pHpetoraroldFisf usi on t echni ques,
zone refining, progressive recrystalization, size separation and the |iKke.

In a particularky y%ﬁé@{efj ﬁ%f%%g%%&ﬁﬁem LR Bg@%s%s (:?ﬂhé Fe%ﬁ&&%{%é el | 7 St

subj ected to grav omat ogr aphy ver nit
“I-npr-egnat edbait [10%Q nged pfefdrhiiipacichyt abbitG 00 iang stillendte bfefereblly at daakturms of
differing selectivities to isolate the selected di anpndoi ds and

cr §/rs] tal | i 2809w HOverifhe hicher dapandond coppensatyArg Frigmed mclla feedstogk aflery et
. 15 _ Nty Lare
h: gh:; di a#’g‘lr?yc;m 3 c%ceﬁtglﬁfg%?gnsalgfégé%# EI gE gﬁé}oragh t?%lrI crgﬁ al Wéz/\g?irgn

to occur, freattdest. concentration by, for exanple, preparative capillary gas
chr omat ogr aphy may be necessary. Enantiosel ective (chiral) stationary

phases have beepn appl. ed, i .chromat ogr aphi ¢ pet hods ,to effectuate fu ther
separations. H &?B’%ﬁ?%i%rﬁﬁ@g@?rﬁiﬁcﬂmvg]hﬁgﬁgfﬁ i) OI%W@HEV%?IE’&EM fer the
possi bi |i t Yoiff hytibEbSHAbERs ndRIA¥ARYRIoRT confstifehis\iRsm iR @@dﬁt&kg)ré&aeé ution of

enanti oners. For exanple, separation of enantioneric forns of the high
dil&inmondoi dpyrobichteatiaertii Eloagversit ipundsystecd, tha pheardeef thesgerecednres spt oach i s

This appr ode PR Eimsht PSRt i I e o Rl B ep R R o

derivati vegeastody the use of additives, chiral :

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 |



sol vents, or various types of seed crystals. Another resolution option is
chem cal separation under kinetic or thernodynam c control '18gtﬁ')?5! guitable
process@mo é@s720gnant i oner resol ution include chiral Sepaﬁ@f/'%ﬁdsoli‘?]' ch can
be perforned using a gas 15 chromatographic (GC) see "Chira

Chr omat ogr aphy”, T.E. Beesley, et. al, Wley, Johnson & Sons, January
1998, incorporated herein by referentes, by high performance liquid
chromat ographi ¢ (HPLC) and by supercritical fluid chromatographic (SFC)
techni ques, see Supercritical fluids in Chromatography and Extraction",
RM Smt hdiaﬁbﬁwﬂﬁrvé@mﬁgﬁr AERERTHRT cobtrations St MOf RichGnb@stefon by 20
references. The exanples illustrate nmethods for recovering various higher
di anondoi dgystpiligatierhie acern et eenssnirgionty, indaasapknpepagivaerpiliarygher

Di anondoi d fek i vatiyve er di anondoi d derivative is a higher

25 hi. gh
di anondoi d®Whi'e %8ga%ydm%¥ﬁ\?88%§sq' and suitably from1lto 6 of its
hydr ogens repl aced by a covalent bond to a polynerizable noiety. 18 July

2005 WO 02/ 057RAdntisceduse 2 tatdvharyTiteses Havgbesn ahiphisdidoi d deri vatives - -

can be represented by Fornula | _below RL R2 3 R6-DR.R5 R4 | . wherein
D3 s a hi ghEPmaicgrphifaneiiadifo effpctunts tugher spparatiens  fasirRperiprmapsiligiiddent 1y 5

ol ot 1 65 | B A B o The
conpound. additefes tabdhygvetrbmlutmpefiendntoondrai ns ei t her one or two
pol ymeri zabl e noi eties. These preferred materials may be represented by
Formilae 1A an ArBeng(:Iallpﬁ\,A@eparaﬁon of enantiomeric forms of the high diamondoids can be
achieved using several approaches. One such approach is spontaneous crystallization
10 - with resolution and mechanical separation. This approach to enantiomer resolution
can be enhanced by preparation of derivatives or by the use of additives, chiral
solvents, or various types of seed crystais. Another resolution option is chemical
separation under kinetic or thermodynamic control. Other suitable processes for
enantiomer resolution include chiral éeparaﬁons, which can be performed using a gas
15 chromatbgraphic (GC) see “Chiral Chromatography”, T.E. Beesley, et. al, Wiley,
Johnson & Sons, January 1998, incorporated herein by references, by high
performance liquid chromatographic (HPLC) and by supercritical fluid
chromatographic (SFC) fechniques, 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



t-etramantanes -and ‘pent anmant anes'5 - an \

10R R RR \'\/ DD15 1A IBin which Ror R and R are the same or
different polynerizable noieties. such as aikenyl, alkynyl,qg Sy 2068 H30,

SH, - NHgyo of84d1 - C6115, - C6HANH2, - CBHACO2H or 20 - CoHg&Husdifasdyi gher
di anondoid, D, may preferably be selected fromthe: tetranmnantanes,

pent amant anes, hexamant anes, heptamant anes, octamant anes, nonamant anes,
decamant anes, and undecamant anes. Th¥se hi gher di anondoi ds may 25 be '
substituted or unsubstituted. Individual isolated higher-di anondoid
conmponents nay be used as well as m xtures of isonmers froma single higher

di anondoi d f am friese d$chitl Hanhdoidderi 88ved bailBé 4p e%ﬁtearbgmoﬁﬁmq%lo%gher
di anondoid famlies. 18 July 2005 WO 02/057201 PCT/ USD2100504 35 O the

hi gher di anbndoi ds, the tetranantanes and pentamantanes are the nost

plentiful. The very high nol ecul ar ighe materials such as decanmant anes

and - undecamant anes are the | east \sn irful. Each famly can offer unique

structures and. properties, ho r hu)sﬁ?,wm | e availability favors the
hex

reasons to select others as well. expsl ynmeri zabl e noi eti es which nmake up
R - R6 can be selected from grouﬁ% rch can ' a 'reaction. These include
vinyls e participate in polynerization (al kenyls), alkynyls, epoxides,
cyclic ethers such as ethoxites, hydroxyls, aldehyde, cyanos, siloxyls,
cyanates, and the like. 10 These grougs are capable of participating in
addi tion polynerization, condensation polynerizations, and the like. In
sone cases, such as vinyl polynerizations, a single polynerizable group
can for m awheteidi B isomhigbérydimmondaid endy®', Rt &eR?, R\mnd R e indopendentisner i zabl e
gl;oups rrayse?e%%?i é‘o%l 21%%?1}1)_ c\:lt\)nnts{;tir?gn gf I%P })ge%ranh%n%fofr %n%tre 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.

mant anes, there may be-conpel ling



pol ymeri zation, for exanple an acid and an ami ne reacting to forman

am de-|inked 15 polyner. Qher exanples of coval ent. bonds fofgsly R0

conpl emeEWOaR@S1280ct i ve groups are docunmented in the art Pcli’ﬂmnﬁmmt ative
conplinmentary groups are depicted in the Table 1. TABLE 1: Conpl enentary
Pol yneri zation Chemistries 20 Diano pdoi d Reactive Group on Coval ent

Pol yneri zabl e Second Di anpondoi d Li nkage G oup O Linking G oup Hydroxyl

| socyanoate | F Urethane Epoxide Hydroxyl Ether Carboxyl Am ne Am de

Am ne Carboxyl Amde Vinyl Vinyl Alkylene Thiol Epoxide Thioether 18 July
2005 WO 02/ 057mth9@rg1h@8mmo@@ds ﬁsateﬂmn@tetemsuaud pﬁmtauﬁe@aesmrgﬂw@@t t he

polynerlzab |es S abl e | i nking the
hi gher di ar?o hteve C‘%E%Fl’?g %5“%?\%&51& SS“&E C@Bﬂagﬁng%? R1- R6
group coul dmﬂe@gianmte@axemh@mgwmﬁﬁa E@&Wﬁﬁm}t@naiﬁeﬁﬁhlq’ﬁe stii@ies axli anondoi d
through an am de link. A wide range of noieties can serve this 5 role.

Exanpl es ofrensEics, however. Rhus, Whée ngbélty mocﬁdéciqtrama@ltanes grdpentaman@qes SH

— N 2 . NH )
- Clls_—::Cl—IZ %a%m@%fger %&‘? pr Brer a@lgg?agtdﬁ% ). SUI t abI e

- R6 groups may al so be descrlbed by the fO||OWI ng structure:

-(X),-(Y). -Z, wWiBregiolymeérizable@noictidsRihich mak¥ @) R! —RIRBEES)selecte CHGMO-  or
-C(ONR9-, 10 erein RY, Rs and R9 are jndepende Iy .hydrogen or al kyl; Y
is al | cyl eREOUPSRIGHGAn REFCIRAf %POIW@F%%MWP o 18?%%1{1%? ¥$l ene; Z is

al kenyl , al(iﬂlé@ﬁﬁhs), algﬁayls, %Sﬁ@s, cyclic ethers such as ethoxites, hydroxyls, aldehyde,
cyanos, siloxyls, cyanates, and the like.

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 polymer

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 ~ | -




-SH, NH2, -CO2H, -C6H5, -CoHANH2, -C6HACO2H or -C6H4OH; in is O or 1; and n

Is Oorl. Preferably, Xis select ed froma group consisting ofg Jlﬂyzgﬁgxlm-
and - C(dh057k2 Preferably, Z is selected froma group gengseideng Of

et henyl, ethynyl, propenyl, propynyl, isobutenyl, butynyl, -NH2, -CO2H and
-OH In one preferred enbodi ment, in and n are zero and Z is selected from
a group consisting of ethenyl, et hy:"ﬁyl , propenyl, propynyl, isobutenyl,
butynyl, -NH2, - CH3O, -CX2H, -OH and -SH. 20 In another preferred

enbodi ment, Z is ethenyl, ethynyl, propenyl, propynyl, isobutenyl or
butynyl, and X irSadd@ion to %‘SQ{ gr@ripS' ﬁe%l@%bldhbﬁ:ﬁbs @amdndludesgroupd n
anot her preferred enbodi nen IS - -C2H30. 0or_ -C2H, and nore

pr ef er abl ythiipe capableed ipkin g@ﬂgh%@@@oﬁﬁl‘iﬂ@s t prsfamed Pelyarera/r Rage or

aryl ene. :g g d1 theps gggﬁi H mis
0, and Y is g ‘+k g%eek Og a?)"lrilgg rre o) Iné%ta OI u((sj)e oarS
i nst ance: M@E&r@a&nﬁﬁd&ﬁh&@gha@&hﬂ&&ﬂnk - BGl emfmtﬁﬁ:m;@ktr serve Bhi®, and n

g Q. ) th ferred 18 July 2005 02/ 95720 09804 37
erihodi mentToR- g ﬁeesstlwﬁyr BRI oy -D-CoRh

but ynyl, %%)gﬂg’ 206, L gOzﬁq@Oc}PrCH@@@GH&Q@ RS one and Yis

-CH2- or - Mor-e r’e erre ‘her anondol d deri vati ves i ncl ude

mat eri al s -GH+FCHHWCaEH andSCaHﬁ Wh@reahdlsldﬂcwme&mblﬁleﬂgr@d R2 are
I ndependent |y sel ect ed from F, , - OH, -SH, -NH2 -NHCOCHB

Cotb; where R Stibl R R grepe iz rﬂ}“g;rﬂ%{?ﬂb"dﬁ’fethﬂf TR G

‘I nternedi agﬁﬁn -Ef), e HEBRSK i RREDL )L RIRFERS)- MY DL s o) RP ed

going thro nt grnmedi ates referred to hi gher” di ‘afrondoi
i 10t er nedi atrhﬂémR RS and RE awasdeprnddntly drydexgeatoe afiey; Hois slklgneenivieisl e in its

own right ‘alkarylene, heteroarylene or alkheteroarylene; Z is alkenyl, alkynyl, -OH, -C,H;0,
-SH, -NH;, -CO-H, -CHs, -CoHiNHp, -CsH4CO,H or -CH,OH; mis Oor 1; and n is
0orl.

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



The hi gher di anondoid interm des may be represented by Fornula Il bel ow
Rio RL1 RI5 DR 12 Rl14 R13 15 11 wherein Dis a higher di aqrgqnﬂlpmbmucleus
.and at Masedosomg of Ro - R5is a covalently-attached pei/gtirdoaRl aci ng a
hydr ogen whi ch can be converted to a polynerizable noiety or which, in
sone cases, may be a pol ynerizable @ ety as well. The remaining Rs are
hydr ogens. Preferred internedi ates 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 wher ein Rio and RL1 are

nonhydr ogeemb@digiches iscalxall, ety propensi, proplyayl, Bobyesyl crdabyeylyat Btones or
capabl e of serV| n ynmerizable nojeties,_In view of the broad

al
defi niti on®skXgh ‘e*@‘ﬁ{) Qr REUHEDPs, andiely opgAnqd ¥dp o421 (CHoryneri zabl e
noi eti es defined above but also can include a wide range of halos, 5
al dehydes, am nes, alcohols, thiols, alkyls, aryls and the like. In
Forrml ae It | LA and |1 B exanples of R10-R15 include -H, -F, -d, -Br, -1,
S C]—I,- -~ NH2Mord\pictartdd, hlumHGi@Ondmnvamlﬂlqlude{mepals@ﬂ@rmmﬂOﬂ =0, -

f |
pr %ovi ded t%ﬁnﬁn%gwﬁﬁ@@@g Ff’%f‘13 He gﬁ%F%e%%)(P bgm Fo b%e'y.')lo These
i nt er nedi apes -SAY-NIE, WRCHEHZ adapd,i-60),8t 8O, mcpecmSGHEOHn

reaction mxtures. In either event they are generally pr esent
concent r at ¥OndNGY, -@H=CHea$i=Gband -Cd0; pheredtids akuh(ﬂrgfemblyéhﬁﬂ 1000 ppm or
even greater, such as at |east

The Higher Diamondoid Internediates

10 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



about 1% by wei ght. Methods For Preparing of H gher Di anondoid Derivatives
and Internediates 15 There are two major reactions for the {4 fiapgées on of
hi gher +gi id derivatives and internedi ates: nucle behed =Nl -type)
and el e‘g??g%ﬁﬂ c (SE2-type) substitution reactions (dglggw%ﬁ?(%rl\lsuch
reactions and their nechanisns for |ower dianpndoids, see, for instance,
"Recent devel opnents in the adamant 3%e and rel ated polycyclic

hydr ocarbons” witten by it C. Binghamand P. v. it Schleryer as a part 20
of the book: "Chem stry of Adamant anes”, Springer-Verlag, Berlin Heidel berg,
New Yor k‘wh’ls%Rm‘zﬁﬁm‘t*If@ﬁo@kﬁgeﬂ%wﬁ@éaﬂdm@é&%{r&%h%s: media® by 1. K
Moi seev, N. V. Makarova, M N Zentsova published in Russian Chem cal

Revi ew, 6@0ly2)crizalle taoid@E®r b)) of seCageatpalymenrdhdemsioladigst ed by George A -
d ah, John Wley & Son, 1Inc., New York, 1990). 25 SNl reactions involve

t he generation,of. hi r.di doi d rbocatio L.ch subs ently react
w th various n&?@gpﬁhﬁggméﬁgﬁﬂﬁ?&i%ﬁ? F@%ﬂi‘eﬁ’ial’tﬁd%e@{éy%\?aﬁl {%ﬁg‘lﬁqﬁ? mtation -
~-the-follo '?@ermaﬁlemdiem&\deﬁhaﬂaﬂbwrbawhca&@ﬁnbhﬂh@mdé aippdohasy,; 18 July

2005 WO 02/057201 PCTI US02/ 00504 39 halide ions (providing hal ogenated
hf gher di aldshvissdsnines mieoliols, hinle wllgils grylamddeddeni gher di anmondoi ds) ;
azi de (providing azidylated hi gher dianondoids); nitriles ("Ritter
reaction,” proyi gi i e | L2 oap d Fr hipdel wsi $); carbon
monoxi de (" Koc&giglgl?uggerggﬁé‘o%dm%?%% |%gpga%o%ﬁéeg5{’d?’anm&n ol 3’5 after 5
hydr ol ysi €, -SHefNAs -NHCOCH: RYFETHOMCGHIE dClahbBhe COfl av@HA oGOt er
deprotonati 02&' and aronatic congounds (providing aryl ated hi gher

Opr- 7

di amondoi & CHidHntoraH ad )y Cobbn avhepaRt Isgiiey] Sprstirably sthybr 'y to t hose
of open Cgfdvri‘deﬁltﬁﬁlRmyﬁne%ﬁ%”S ag&?sfgt- %&ng&a%#g g and cycl oal kyl

syst ens. nce tertrary { g€he arbons er di anondoi ds are
considerably nore reactive than .secondary carbons under 10 SNl reaction
condi tions, sullhedctintermpdiates hizg beayhihasiyedcardiosistel or rnydregaeseAin
illustration_of representative pathways by which higher di anondgid

car bocat i SFSUeH BUHBYRS, 5‘?@3@9’%‘5 ¢, senerpliyspressh BF eqngepirations ohtg her

di anondoi ghast about 100 ppm and usnally 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);



nucl eus. Pr eferabl y the car bocatlon S generat ed from a parent hi gher

di anondoi d, a hydroxyl ated hi gher di anpondoi d internedi ate ofg sih2begenat ed
hi gher avanpextedid 15 intermediate. FIG 3B shows r epr eseptatisyso reaction
pat hways by which these higher dianondoid carbocations can react to form
hi gher di anondoi d derivatives and ifternediates. |Internedi ates expressed
in the figures can be further derivatized (e.g., amde fromam ne or ester
from al cohol) or reacted under appropriate conditions to provide desired
derivatives. 20 SE2-type reactions (i.e., an electrophile substitution of a
C-H bond vhaide ibﬂw@m\ddimgdiah:gemtahhﬂghcraﬁamnndoidse;rzrmnhioaia@roivhﬁhgde but. are

T koL i R i P SRER S5 g ror

nitration PpoRs(TaRbMRALHIMN oﬁ'dﬁﬂg%ﬂﬁ@e&%ﬁﬁ%%r dRHeRdeRs oMK BEsyQE), NO2+PF6
in the presence of superaci hal ogenati on 25 upon, for

| nstance, ¢ahen monowxde i’ @%Hg@b%ﬁoaf lpydading @atbbxyh@dbhammtﬁf@ar bons

oof boxyl nt PEoOlTRL o RG R MARE pikkaated Bt tihdos sicbfolitionkc,

SE2 type aakhygbaxsiit @bm@ﬁun@%ﬁ@ﬁyfa@edlnghé}mlml de or ozone

using superacid catalysis involving ~H3Q2+ or HOB+, respectively). An

i | | ust r at | SeprepnaEge Jhateactioes ereEnsiayiariE o these pf argn platp aiﬂedeystw,olzl 057201
cubst 1 tut | s dopis i S8 FRGRI sy efh” SR R BS A pRBRh B dails

mej or 1 eacdd ipkerfddimbmtibidiedre ¢edsiderdbly hodé rdatgvethad s@onas9 icadons tweder SNI - t ype
is preferred. j 5 Mno-_and nul ti-brom nated hi gher di anpndoids are sone of

tB® nost M%ea@ti%cq%wbm@eonﬁthﬁéﬂraemce%)pnw fa¥fdstry of higher

di anondoi ds. These internediates are used in, for exarrple t he Koch- Haaf,

Ritter, and Fri ﬁg‘ihuﬁa%ﬁ%f ré}'r%%ﬁﬁbﬁgﬁﬁ%r!*%g}r Which onfb@Mm nat ed

hi gher di anondoi ds are prepare ent ge e routes.. One
i nvol ves dwammubnmm@nemtmdoé sltonel ihig6e8 Adwhersindd usdsh@eluﬁamub@idt ut ed

i gher 01 apndol gl G SR Alon Y SIS RobpRLEISHNS RS0

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



of a Lewws acid (e.g. BBr3-AJBr3) catalyst. The ot her invol ves the

substitution reaction of hydroxylated hi gher di anondoi ds Wi g udiy dogprom ¢

aci d. BDVeezws7beiom nati on of hi gher di anondoi ds is highl ycyaisachisee,
favoring substitution at the bridgehead (tertiary) carbons. By proper
choi ce of catal yst and 15 reaction ndltlons one, two, three, four, or
nore brom ne noieties can be intro sequenti ally into the nol ecul e,
all at bridgehead positions. In the absence of a catalyst, the nono-brono
derivative is the mgjor product with mnor amounts of higher brom nation
product s bighnlgdihmonéoids H@\ﬁbﬁemize&yiaﬂarcqfhiﬁméubaﬁmﬁon&aﬁym(§E2( e.g., boron
brom de and/ or num ch di-, tri-, tetra-, penta-, and higher 20
brom de d‘éffaf%%lﬁ? ?‘3‘?{? di anondoi ds are isol ated as maj or products in
the brom nation reactl on. Typically, the tetrabrono or higher brono
derivatives ar e hyf¥d@sjo? BfcidnsebeaidetviteaHeh aF HipBsr difmandsiad, ek t ube.
Brom nation reactions of higher dianondoids are usually term nat ed by
~pouri-ng -t fel+¥eds pederridxt ure onto ice or ice water and adding a suitable
anount of 25 chloroform or ethyl ether, or carbon tetrachloride, to the
ige mxture. S LE der vacuum
vacth 't he addi m)@ofﬂi%%tpgmﬂ?ﬁ%@ﬁ%h gd§§8$e}5 Wo&% sul fide.

The or ganversitily @iteinsedit@ainatederbadve ﬂ&mm@ﬂmghéﬁiﬁhoﬂ@m@(t'rm& ed with
chloroform or ethyl ether, or carbop tetrachloride. This is 18 July 2005

WO 02/ 05 79trmsdinfegsy QPWOMXE‘HFI@%&% 58012}@3&3‘%%@ a%@“?@ﬁfﬁﬁﬁg organi ¢

and wat or A e R e IR B0 P ent i €

t ypi cal | ydifferamt genaraldentes. v(ammnmlvig/d:rmbfqmunaﬂnm oithe higher diawiondeids s

subj ected to. col .chr omat o 5 ejther alumna or. si]ica gel
Iing st afmpEGH ﬁeﬁmnﬁpﬁﬁé’%ﬁbﬁsm oS Brp e WHRDTeRgIE BEPIBEe um
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separ ate out the br I ano d0| d. Separation by preparative gas

chr omat oge&iptdyoxyGapd hrghhr @hmpeddlm with drdfabgumni achk omat ogr aphy (HPLC) can
al so be often used where normal columm chromat ography is diffi cuIt and/ or

UL 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 orgamc layer is separated and the aqueous

layer is extracted with chloroform, or ethyl ether, or carbon tetrachlonde ThlS is




10 perforned on extrenely small quantities of material. To prepare brono
derivatives where the bronmps are present on secondary car boggsjuly 2605

_exanpl e wo beoszayir espondi ng hydr oxyl at ed hi gher di anondoi gcT/ngeroezgl at ed at

the secondary sites is treated under mld conditions with hydrobromc

aci d. Hydroxlyation of higher di amnﬁoi ds is less selective than

brom nation, 15 allow ng the preparation of conpounds functionalized at
secondary carbons. Preferably, higher dianondoids hydroxyl ated at
secondary carbons are prepared by the reduction of the correspondi ng keto
deri vat i verepEsied 2{3atigen eflad resyttinhestsic ddyehd ayh éxendioariommsioad veashpdbunibs
substituted at secondary carbons, free radical. reactions are often

enpl oyed. WQBSQWE%?%#O@B“?’E ‘E‘%ait%ﬁgje‘ﬁ?t%iaﬁggﬁe%i gher ratio of secondary
to tertiary substitution than do the nucleophilic reactions.
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chl oro hi gher dianondoid derivatives are simlar to brono conpounds in

-~ eacti-vit-yvaospmwi Tyipicediydhe geachien mbguee is sehjeqted torchepn chesrstegiaplyag? be -used - -
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a higher dianondoid is carried out [g?é reacting the higher dianondoid with
a ni xture Paxskt o rgee Highes diaeondall. NAPAGIAR DYPTNFPIvVEEIS WO 02/ 057201
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the presenbeofidn wel wheramvraahtdindehtomaddrapity B difficultand/oothemeantion idi -,
tri- and even hi gher fluorinated higher diamgndoi ds. Hi gher di anondoi ds

at® broni ngf o cxirgmebrsmall guentifigsofopateriafhi s reaction can be 5 carried
out either in the presence or absence of a Lewis acid (e.g., BBr3-AlBr3).

|l odo higher di ?@B%Qféqﬁoﬁlﬁﬁeﬂpﬁﬂeg%e@%&@bﬁi%l_lé& tds¥e drodh pn of
i

chloro, brono or “hydroxyl higher di anondoi ds. gher di anondoi ds can be

f unct i onal ¢areehspfor ekdreplegthe upgespohding hyydromjtatesl ligher diamondoid
‘ hydroxylated at the secondary sites is treated under mild conditions with hydrobromic
acid. Hydroxlyation of higher diamoﬁdoids 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



by concentrated nitric acid in the presence of glacial acetic acid under
high 10 tenperature and pressure. H gher di anondoi dones are fymipesoged by
phot ooxw@pdzdfoe1i N the presence of peracetic acid foll owegrbyidgat ment

Wi th chromc acid-sulfuric acid. H gher di anondoi dones are reduced by, for
i nstance, Li AlH4, to hydroxylated hjgher dianondoids at the secondary
carbons. 2, 2-bi s(4-hydroxyphenyl) hrﬁher di anondoi ds or

2, 2- bi s(4-am nophenyl ) hi gher dianondoids are directly synthesized 15 by

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

Wi th excegeypine moks, BiF) atiheipi&ehdt dfer@ieaaseslriotvrsic 0B fur edttadluotide
Reaction of the brom nated derivatives with hydrochloric acid_in
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di anondoi dsydoposd higheatimammdoidst h N- hydr oxypht hal i mi de and a binary

co-catalyst in acetic acid. The hydroxylated derivatives are esterified,

for exanple, under standard.condjtjons such as reaction. wth an activated
acid derivati vgﬂtgé'?ba{%@@@f%’e, ﬁmﬁ%&ewough%yﬁgﬁa@c) .

Al kyl at i oryy @nPeif LB ORid BEMB Yesencs crle@dif apRRURS udder dighy 2005 WO
02/0-57201 "PCT/ US02/ 00504 43 through nucl eophilic displacenment on an
A sizediber

dppr opr i attemaedabmg and pressiwe.( Bigher diagidpdadiopesRire toogidation

5

(CH3)2C=CHCH2Br). Sim.larly.to.t h oxyl ated ¢ ounds_ . ami,pat ed hi gher
G anbnds dRd Bresmep dpgredicdid Pa by BB e dB PR P TPAR G e
hi gher di aiehndgighemiiiathonfoidondGié daued B¢ ifek idgtahosaLi AR Ploaddens1dibd
corresponding amde. Al kylation is typically perfornmed by reacting the
am ne wi t Hhighes diamgndeidsat Basrserondsnyt edrponsg2 2dhifdunurgepgeayl) 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



CH2=CH(CH2) 3CHO) in the presence of a reducing agent (e.g., sodium
cyanobor ohydride). Carboxylated derivatives are obtained frqmjpe26@action
of hydr exybsndseghi10 derivatives with formc acid. The derpyghsiams@r e
esterified through activation (e.g., conversion to acid chloride) and
subsequent exposure to an appropri at§ al cohol (e.g., CH2=CHCH2OH,
CH3CH=CHCH2OH or (CH3) 2C=CHCH2011) m de formation is perfornmed through
;activation of the carboxylated derivative and reaction with a suitable
amne (e.g., CH2=CHCH2NH2, CH3CH=CHCH2NH2 or 15 (CH3) 2C=CHCH2NH2).

Et henyl at ehbﬁ@lﬂal@bmmmﬁhplﬁeﬁeﬁﬂdnaniappmp@mﬁe Ayartybaslidee@.ghy reacting a
brom nat ed hi gher di anondoid with et ene_in_the presence of AIBr3

f ol | owed b§3ﬂza€ﬁ&fﬁz§&%%ﬁﬁﬁfhﬁw({%{3&§§% HoBPoxi de or the like. The

ethenylated conpound is transformed into the corresponding epoxi de under

standard reacti Sﬂnﬂé}lyct‘arlﬁéﬁycﬁ?%lﬁt@dQom%&nﬁgla%ﬁ%ﬂlﬁ?grh%f’ﬂﬁnéﬁﬂglm Oi dat i ve

cl eavage (e.g., ozonol ysis) he ethenylat ed hi gher di anondoi d af fords
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obtai ned b reatin om'nted hi 1armn wi.th vin om'dein
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pot assi um 4 erlﬁ!vﬁﬁéﬁ't%Q'eédﬂm Rk vﬁﬂalaféaxthsi% MRS conainidB chpyhiEtE(lde
desired con%(;und he fol'l owi ng table (Table 2) prow des a represent ative
list of hi§ rCPIﬂCHMH@)mthﬁm@snmﬁta@e@mgmﬁ -g.afcdigBed for the
~ production_of %ﬂ%@ abl e higher dianondoid derivatives. 18 July 2005
WO 02/ 057207 0504 44 TABLE 2 Hi gher Di anondoi d | nternedi ate
Substituent G oups H GHER DI AMONDO D SUBSTI TUENT tetranmantane -
undecanant ane FCagokelatsdiderieatives Brtabadined @ane tht reatidd aftardi@ytated
undecamant ane Br
derivatives with formic acid. The derivatives are esterified through activation (e.g.,
conversion to acid chloride) and subsequent exposure to an appropriate alcohol (e.g.,
CH,=CHCH,0H, CH;CH=CHCH,OH or (CH3),C-=CHCH,0H). Amide formation is
performed through activation of the carboxylated derivative and reaction with a
suitable amine (e.g., CH;=CHCH;NH;, CH;CH=CHCH,NH; or

15 (CHz)>,C=CHCH,NH,).

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.




tetramant ane -

undecanant ane

| tetramant ane -

undecanant ane OH

tetramant ane - undecamantane CO2H tetramantane - undecamantgg,FeBs2CH3
_tetramary@ogoszéindecanant ane COCL tetramantane - undecappiiaigo 514
t et ramant ane - undecamantane CHO tetramantane - undecanmant ane CH20H

t etramant ane - undecanmant ane NH2 tetranantane - undecamant ane NO 2
tetramant ane - undecamantane 0 (ket tetramant ane - undecamant ane CH=CH2
t etramant ane - undecanmantane C -=CH tetramantane - undecamant ane C611s

t et ramant ane - undecanmant ane NHCOCH3. tetramantane - undecamant ane NHCHO 5

‘Pol ynerization of H gher Dianondoid Derivatives Polynerizable higher '

di anondoi d derivatives are subjected to suitable reactjon conditions so
that pol ymers, &APLE Djsraprdoid Int fajempbstituens Gspwuced.

Pol yneri zation is typically carried out using one of the follow ng
different nethods: free radical polynerization, cationic polynerization,

ani oni ¢ pol yneri Zat HIGHER DOARMIDOIDengat ISIDBS’EHHD’ENTFS L8 July 2005 V\D
02057201 PCFI-USC - ¥al - - pccur s
spont aneous! y upg ﬁetfai%ﬂ%or‘EﬂPWWn adequat@ amount of heat, _
Bl)lt ;%Ir iC)lzgt i l)lnggf' & ,%T]I%IA’ al Flr%ucea&&agﬂnt% =Ugddll %,Pl)(%lal):‘ y;i stnal IhO\zgem\;ﬁ:ﬁ E)PI >
tetramantane - undecamaniane Br
tetramantane - undecamantane 1
tetramantane - undecamantane On
tetramantane - andecamantane COo.H
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
téframantane - undecamantane NHCOCHS3
tetramantane - undecamantane NHCHO
5 . 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.



an initiator such as peroxides, azo conpounds, Lew s acids and

organoretal liec 5 agents. Exanples of initiators include, W tfiouily 2005

i mtatiwpe2odeof ol | owi ng: aceyl and benzoyl peroxide, atknisopsbsexi des
such as cunyl and t-butyl, hydroperoxides, peresters,

azobi si sobutyronitrile, di-t-butyl peéfxi de and benzophenone. Free radi cal
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
case of the undieed mdicalzmdyhenddation diamosydaiatcowsly ppatf éeabborpti efgma hi gher

i br oo suBSETEIR BReoTR PG e S o Bebspaeedg0Re TePrEbhed bet ween
two of thenbkahar il ]?(fl?ﬂﬂ@ﬂ&‘i‘ion PRIBIENE ﬂicﬁcecﬁé&?&e?adﬂﬂio)ﬁr&é‘ra spinRbusesr be

represented generically by (DD where 15 D'is independently one or nore
hi gher di afpmribiigr sraduas pererttlcs, d4ze camppundsgleewi agids land ptganomeRIB00, and

—preferably- to.1000. . For cati.onig . JzatiQn, a catiqgni g catalyst:
S lsea t & priirsne® PR St ViR R G 3be e pE ekl our's
aci d cat al yehsoyl petoRidesalRelrRPoxiddsshétods slehyPbnd Bbuiyl, Hyddpetadiden) | de. These
pol yneri zation reactions are usually conducted in 20 solutions at |ow
tenperatur@eﬁﬁmﬁ%?ﬂd¥mﬂﬂwﬂﬂwﬂbﬂGyﬁ*gﬂbﬁwﬁqmﬂﬁm@h@ﬁﬁéphvﬁmpve to anionic
pol ynmeri zation typically involves the addition of a strong nucl eophile.
such nucl eophi | gged AlHf1yhOz AT fo cdFihORRERNel GARE Bhieraddider
- organonetal | i c conmpounds’. “Ani oni ¢ polynerization reactions are oftentines
facilitat edefivatized highledineondadd pafvidedttest danderivatigehhizhandishendoédli um as 25
t hose substances tend to termn nat thgipol nqri ation reagtion. ere the
pd? ymer i zaFPH2REAdIetioRalgrayp frapnabledy saﬁﬁ?q @Ofb@a?%aﬁav-c fcasgfine  and

thiol) or ﬁ{e%ﬁfdéﬂ%izla@hig%eﬂdiam%ﬁ&c%iﬁ,aér £RAbRoNAd ﬁh@%ﬁ hydi! ve and
epoxi de), polymerization typically occurs tthrough a pol ycondensati on
reaction. Esavaiivess dfe stBtidginate@iB) SuchiB 0D2HRBTCOE PGHTUSOZUDOHO4d 46  hi gher

oot yeot ar s amontet s I bl Brya Bl ifadd S hipd dotidee "

pol yet her scomponents. 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



and so on, are forned where a hi gher dianondoid derivative is substituted
such that it contains at least two different groups that cams g@y@oesto one
anot her W@ofles72@M ne and 5 carboxylic acid to form an ampg@)ssez/eoses

Het er opol yners, e.g. copolyners, in contrast, are fornmed where the higher
di anondoi d derivative is substituted such that it contains at |east two
groups (e.g., two carboxylic acid gr‘ﬂﬁjps) that can couple to other

bi functional nononer(s), a |linker such as (e.g., 1, 3-diam nopropane). The
foll ow ng are exanpl es of pol ycondensati on reactions involving higher 10
di anondoi dhib@es HatroesidWohimdns pollyaRtahht 44K Esrmddadisl oh @ mdhaPRXMdBi gher
di anondoi d derivatives in the presence of a suitable_ diol (e.k.,

di et hyl enepglvyeiens) pelxenidesinohamides alyaspartiies. pelyamidoimaldes pphietiers
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~t-enrperature to form Fé)l- esters; reaction _of bisphenolic higher dianondoid:-
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r er reflux to form pol y(

presence of potassium carbonate un aryl ethers);
reacti on olealtitsplpeonps (e ghitgbearbogylanamidl groaipeethat/ahicoepledndtbar omat i C
bi sphenol s_jn different llar_ratios with 20 activated atromatic di halides

to form colyrfrerknonomen(s) ghliger gichiAsH6 2hiloh8RmIBPRIRBHES d deri vati ves

with aromatic dicarboxylic acids in the presence of triphenyl phosphite
and pyridine t oThorMdIRhy arE demples 82pblyRonnsaliTendids #hvid angaedoi d
derivatives with aromati € tetracarboxylic dianhydrides in the presence of
DMAC and diamegdeidi derisativestithr asuitabldwkier readtipd of disparyihigher diapenda@idf or m
pol yi m des; reaction,of 25 di am:-no . high di ndoi d.derj vatives with

B omat 1 o & EABFHENF PIESTheR g o et Bop ey SPUBAR RN Y8 %0 1 or m
pol yi m despasiceaiCcid Boridfiticlisaddtth fi1gdBErs MeatMider tispidaslio/Richstes Wi th

bi s(3-et hyl -5-net hyl - 4- mal ei m dopheny| ) met hane in mcresol in the presence
of gl aci al diamenfieidaerigativesivginarpadadicadoysbpacids o apgyated dicarbaxylici on of -

di car boxyl _higher di ndoi i i =, Lap ' ol s under
sui tphl e 3@%%@%’0%@% S 3’&8%# ue oé\ H%faﬁlﬁ%'% §§ ?n\g}ffd(;lr qe%é(ﬁeg gé %? %@egjolﬁgg m des or
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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.



47  As shown in FIG s 4A-4H, the higher di anondoi ds can be incorporated

into polyners in a wide range of configurations. FIG 4A shmsulp2005
honopol weé2dsmzoahi ch  the higher dianondoid is a recurripgraspicofPpendant
fromthe pol ynmer backbone. FIG s 4B and 4C show copol yners or terpol yners
where CP and CP2 are one 5 or rmre490pol ynmeric units, and the di anondoid
is agai n pendant. Wen copolyneric ™nits are present, their proportion to
t he proportion of higher dianondoid, for instance the ratio of n tomin
the polyner of 4B or the ratio of n tom+p in the polynmer of 4C can vary
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representati ve honopol yner 1s sho in FIG 4D and a copolyner is shown in

- FIG 4E. As shown in FIGs 4F and 4G a polyner can also have a preforned
~backbone 15 wi FiG’s H8 aidathrhani ahpolyareduer tefpolymnérs wheee SheawhCPA amiage 4H, the -
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hi gher di anondoi d derivatives are shown together with reaction 20 routes
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gs %art ofcﬁnﬁ'@%o ﬁ%rﬁﬁggﬁﬁéﬁﬁoéﬁuﬂge?%E%ﬂ © alg F aﬁr?(]:;ﬂgé o@glml‘o t he

chain. 25 diamenoi@@bDIoRAL cofdmed wifewith eatipsiofe panntighepl € copi es of the
sane or different higher dianondoid caoval entl ¥ bonded to each ot her and
pHef er abl ylianeadHdl-1® prgls pf oorelymenss W3 UEIRDIETESH US02/ 00504 48
The higher diamondoid can also be incorporated into the backbone, perse: A
i‘epresentative homopolymer is shown in FIG. 4D and a copolymer is shown in

FIG. 4E.

As shown in FIG’s 4F and 4G, a polymer can also have a preformed backbone
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




aspect, a co-polyner. Accordingly, one such polyner represerg sslykyos or nul a
(D g-L Ln.5 Dis a higher dianondoid; L is a link i.ng._at | east

t wo corrgme]'r?rlréo%?%rly functional groups wherein at | east oﬁ%cﬁg#czﬁ%i’)'al gr oup
is coval ently bonded to the higher dianondoid; and q is an integer from2
to 1000 or higher. In yet another edBodi nent, the pol ynmer 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 r t ' L5803 a5 ehy
Forml o - Hren Al aE) SIERREGITRS ooy B PRRHORSI by Y GBI e
di anondoi ca gr-pelper. LAt rdingiynéss suchpdiymer sepaesentetidgyeforthulam 1 to 1, 000, 000
and preferably from1l to 1000. In yet another aspect of this invention the

hi gher di anond derivativeg . can be 20 covalently bonded to each ot her
t hrough their derivatizin@) ieties (R without the wuse of a linker,

-accordi-ngly such polynmers forned can-be represented by 18 July-2005 WO -~ - -

02/ 057201 PLJLiyS02/ 00504 49 (D-Rn or R-(Rn-R | I | DD Dwhere each D

i s independently selected froma higher dianondoid group, Ris a 5
derivatizing group and nis an integer from2 to 1000 or higher. In another
edbodi ment, t hdd ks ghighemiamondiad;d derivative contains a single

pol ynmeri zabl e noiety and is fornmed into a dinmeric material by reaction with
a single L is a linker having at least two complementary functional groups wherein at

least one functional group is covalently bonded to the higher diamondoid; and
g 1s an integer from 2 to 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



| 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 carbtsyhly@00s ai ni ng
hi gher - hsodbasmmdoi d derivative with ethyl ene di am ne t o per@shdese 0.

[ hi gher di anmondoi d] - C( O NHCH2CH2NHC( O) - [ hi gher di anondoi d] . 1 n anot her
aspect, there are multiple higher di grmndoi ds attached to a common |inker
or backbone. The variety of polyners™ornmed fromthe polynerizabl e higher

di anondoi ds derivatices is showmn in FIG 4 which illustrate representative
types and classes of 20 polyners. In these fornmulae, D is a higher

di anoi ndoi d derivative gDdR¥;P, etc. @re RoOER},yMRrizable materials. Many of
these polyners include a linking gropp whi¢h can react with two or nore

di anondoi d derivatives. Such |inki ngpnoietjhes can for exanpl e, be derived
fromdiacids, dicarboxcylic acids, disulfonyl halides, dialdehydes,

di ket ones, 25 di hal i des, diisocyanates, diam nes, di oI s, dithiols, and the
li ke or m Rthereeachi sdadepsrgently seleried fromua highey diamondeid sowpeRyidas, ket ones,

~di-gls and-t d@ﬁﬁédéﬁﬁggx%ﬁ ﬂ%&%l 90346 gg&gm%tg§588 {1"1 Q’/ Us02/ 00504 50 A -

preferred I'1'n e repres the ow'ng formul a:

- Xa-Za(Ya-Za)", Yb-Za- )ra- in which mis an integer fromO to 50,
preferably frommahaha(hmﬁéaiméntmemgepmaﬁoﬁdoﬁ detieativearvdeninssa sigdlect ed from
t he group co |31|ng of. -, =N C(0)0-, -C(O NRr20-,
-C(S), - erizah srrrsm aners g’“@%‘i‘railt‘eﬁfh%%ﬁdﬂa‘iﬁﬁé‘r@f Teagtipsl withpsingle, each

separat e o%g&r GRCe g Eﬂrb% @(”pl&éf ted fromthe group
consi sting of hyd roygggaé}rqu5 a% %gﬁtl H‘ﬁg ?ﬁwcycg‘gal kyl, substituted
cycl oal kyl , al kenyl, substltuted al kenyl , -cycl oal kenyl, substituted

cycl oal kenyl, 10 alkynyl, substituted alkynyl, aryl, heteroaryl and
heterocyclic; Za is at each separate occurrence is selected fromthe group

c%15i st i.ng of al k)ﬂ eng. substituted al kyl ene,

| oo D-L-D
D D

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, disulfonyl hatides, dialdehydes, diketones,

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

,carboxyhc acids, sulfony]hahdes aldehydes, ketones lelS and the 11ke



cycl eal kyl ene, substituted cyl coal kyl ene, allcenyl ene, substituted
al kenyl ene, allcynyl ene, substituted al kenyl ene,” cycl oal kemd itg 2005

subst i t weeersdi0al kenyl ene, aryl ene, heteroaryl ene, heperesysdosse. Or a
coval ent bond; Ya and Yb at each separate ~ 15 occurrence are selected from

the group consisting of -C(ONR21-, -N R2LC(O -, -N R2I1IC(ON R21 -C(=N
R2)-N R21-, -N RZ1C(=N R21)-, -NW-&00-0, -N=Cw)-N R21-, -P(O(O
R2')-O, -S(0aC R1R22-, -S(OS 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

| ndependent |y de .ﬂﬁgr : C : ﬁﬁgﬁ' ' f hydrogen,

al kyl, 20 substﬁ%?te %fﬁ?ﬁ#fﬁ%%'g%ﬁﬁg%%ﬂgﬁgéﬂygﬁte %%%#ggkgyl, al kenyl ,
substituted al kynyl, cycl oal kenyl, substituted cycl oal kenyl, al kynyl,
substituted al kynyl, aryl, heted8e# (¥ -Z2ad v8tEl-ocyclic; provided that at

| east one of Xa, Ya, Yb or Za is not a coval ent bond. Sone of the preferred
| i nkers can be derived fromnono or pol yani de, nono or polyinide, nono or -
~pol yuret-hane, nono or pol yacetal, nono or pol yethyl ene, 25 nono or -
pol yi sobut enyl ene, nmono or polyacrylonitril, nmono or pol ycarbonate, nono

or pol y(Vvi nitlwkibh @f 1538 inte 5@ TR0 1§60, séftrBNefroR0M 20, Xiat yachRyparateet al |
nono or poly(nethyl netharcyl ate), nono or pg#(\/i nyl i gene chl oride), nono

or Jpol yi sopcEHeEsnce s splgojediners thegione FeEsErng oPCT D2 188564 C(8)- nono or

pol yoxynet e, Bl POy E 11 A 20 pal_yani | he Iike.
Exenpl ary ?@Qﬂdg@- cont’a?ﬁ)h?@z?yngsj% e%?lalcgg%lggqﬂgghg‘gﬁ%m%%al ly in
FI GS. 5A- 5®™RRaf @ichisagrite oEtiEenbd arcindeprmdantdy defoedtaakeleatgl fomytier i s shown

5 generally at 200, where the polyner conprises dianpndoi d nmononers 201,
202, 203 ISOHRePrEIstBE ghidpEgnaliyL é#ﬁ%ﬁ%@f% smloggmgu%mtedrhe

di amondoi d cg(glal S 1, 3lke 15u&ﬁ%¢ed@ﬁ¢%§x&ﬁ%¥gﬁﬁ%@gﬁ foaﬁ;f.eng?e hi gher

di'anondoi d t et T Anant ane u caimant ane. The covalent |inkage
204 conpr i stkomgl, bofitutbé tikeryi, 4rwh hetardaoyl satl eerodyelie; Bhishut edchcapivate at ons

O e Bord e oISt o A0 et A0S AT G gL nother

cycloalkylene, substituted cylcoalkylene, alkenylene, substituted 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

| RYC(O)N R, -CEN RN R NRICEN RY)-, N RM-C(0)-0-, -N=C(X*)-N

R*-, -P(O)O R*")-0-, -8(0),C R¥*R*-, -S(0)-NR?'-, -§-S- 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,




chain are di rectly linked such that there are no interveni ng carbon atons
that are not part of a dianondoid nucleus (or part of an ad@myap2e0s

subuni t )woAbmsnoeat i vel y, two adjacent di anondoi ds may bepggxgbeaishy | i nked

through carbon atons that are not nenbers (part of the carbon nucl eus) of
either of the two 15 di anondoi ds. Sugp a coval ent |inkage is shown
schematically in FIG 5A at referenc nunmer al 205. As di scussed above,

adj acent di anondoi ds maybe coval ently connected through, for exanple, an
ester |inkages 206, an am de |inkages 207, and an ether linkage is 208. In
an al t er natmo® @robdixymiethylac dhamoacmlvhspandddsl pgyaaldenaridshadnhe 20
generally 220 in FIG 5B conprises a copolyner forned fromthe nononers
et hyl-ene aff®a hi gher di anondoi d having at | east one ethyl ene substituent.
The di anondoi d nononmer shown at 221 contains one substituent ethylene

group. The di anmpdpidy MRRNREASIRMMiAE paRfetORt ARG alWRcRic

m
substituents, and could have nore thah two substituents. Either or both of

-~

~these di ambddi 8- yReferrizg te THa! YAver dizmondoid-homseinigpryResisiskevel f, as - a

third nononer rtigipating in.the reaction, tq formthe co- yier 220 or
subuni t ¢ meveeai befob Hbert iR et fbmondeid Saangs 0T, MR | Can
pol yrer i zalihRedir@idhefrint td CARdn cBvalbnt HoRIS2PAM ThLdihdbnddIB AiBMmelsS Capabl e
of cross-1li nklar(l)g chains 224 a n d chain 225 together. Such a . ,

a

cross- | i nki2gA 203 By cemprgsaastyanenbeyod dirchigher doinyonstosd $a8igk ng properti es
ther th 20 2 th f . th
gol ;:rer gg‘béjn%{néa#ta?ﬁﬁ %%B%gh ‘}Sﬁgeg%rﬁ%%%uef él;h%tcg é’gg‘ﬁ)@ﬂq‘gggg%‘?ﬁ%%ﬂi%ﬁgbgﬂ? am?ndoi d

nucl eus ar def@si tivo Bt omviatoisiviidne eathi of catbah Btonds SGhés BeERE encdhbekd\6f
structures forned.in FIGs. 5A and 5B is that it js pqgssible to incorporate

mbal I'ic HiedWormdsacepiliamendoids. attafed Arqtheiviys e flagondaidsdn the polymesions) by
: ti b ! e P e | .
chai s, | The g Pt B e e e e e ey 1 he
di f unct i onpirt df adnchaiddidvoekee (or partef ah ladareddiptecswbuniinoner i n t he exenpl ary

polymer of FIG 5B may of course be adjusted to produce the desired
properties with 4 egard O ddiAdas iamS SR AC BS bovaiShtly linked through

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. 5A 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 shov&}n 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




ease of processing. 10 The exenpl ary pol yi m de-di anondoi d pol ymer shown
generally at 230 in FIG 5C contains segnents of polyimde mhﬂjljago(cbar‘i ved
fromremwoerast®mii ve groups selected to illustrate cert agroskabso@nshi ps
bet ween structure and properties, in particular, how the properties of the
exenplary polyner relate to the pro& ssing it has undergone. The '

di anhydri de PNMDA. (pyronellitic dian ?dri de) 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 (benzophenonet et racarboxylic di anhydride) shown at 233
provi des tthesecspadpdliptngr dépitad irhEIG. Sdqsince fordbe Fite Sdapdlymyt thei t e, possi bly
for .crossl.inking_ purposes, and/or far the _poi}ent al inclusi og of netallic

moi et i es i 4i#BORGd Diiglelsy e POSHPREIITEHRA A THE P HFIBEIYECaP iy dr i de
(OPA) S NAloRtestBfineAREIDE Aufi ANINRR iLXNALENC16 B0 nikaiB85 and

bi sam nophenoxybenzene at 236 may be 1ntroduced for chain flexibility and
ease of prederesss,pgricdest el matusions {illugkchted dsdvihitd J3) biyliussringthent idicghtiydr i des

obnetant oRerBeh el B and Hes i RO TEE SHBh O RS ERS ary
pol yner i |h4dfiadiRfaPdanohesB biddhdey, thd\difildetioRrs EAABHIdoREm3nHasY, ag@nt ane

di anondoi d at 236, which is positioned in the main chain of the polyner,
and an octtherethykne ndinemsn tioihd exemplay, polvingicof WenpBimasofcoyrsgdegr oup of t he

di anondoi d-,pol vi_m de, pol r.at a position of l-anl n i [ xenpl ary
cacer "t arBIstD abuRE e st aRefet Widtesa Bt Bahalpt S s he
used as a £HEDSFprobdMsindg agent to connect two adjacent chains, 30 through
coval ent |inkages, or dianondoid conmponent 238 nay be passively present as

18 July 2005 WD 021057201 PCT/USQ2/ 00504 53 an unfunctionalized "space
fi01 1 er" wher ei nlheexemplasy pelyimidsatiamendoad polysiey i eeasrallyst 239 i) y by

o Sy 7S aplih 50l £y ALY BEE SR et g Y0,
to reduceeckbieday dhatrhtedieghi@atitionshiprdicomienatrutine: anak mopeatics, s nce t he
dielectri Cpalgtﬁ:glﬂr? l%w glie p?o?ériiesg cl)tt thi: Eaxéniplgrgepo )?n%eﬂe{a?é trc]) t}:lg gro\(/:gsisdlﬁg’ it ihf?s one..
undergone. The dianhydride PMDA (pyromellitic 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 diclectric constant of the material.

The diamondoid components of the exemplary polymer illustrated
25 schématicaily in 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



| As shown in FIG 1B the di anond nanoerystallites (higher dianpbndoids)
that nmay be incorporated into a di anondoi d-containi ng nat erigaluly 2ogsner al ,
and i ntovopobymeric materials in particular, have a vari eCyustz/wséd - defi ned
nol ecul ar structures, and thus they nay be attached to each other,
attached to a main polymer chain, us 10 as cross-linking agents, etc., in
a great variety of ways. The. nol ecul sites and the geonetries of the
attachnments of a higher dianondoid to another dianondoid, and to a pol yner
chain, will also affect the properties of resulting materials. For

exanpl e, t lhe uhfunetioetinet tdpace Hllerh imdlorsin it dermaptockeperatempis pohmeagchamst | ary

"bridge-head" carbons, .as illuystrated. in FIG, 5E. 15 wl| result .in
stronger, ﬁﬁﬁ‘féygp’ glege gt i; oi%o&ﬁgg@umql ; ehg s ﬁu{ls,fp[a%ulsaﬁywhen
i nt er connegldneihdol GHBR SRR BicYert 3hROAEate #8ids235) WhichMayfrehter mor e,
attachnment through tertiary carbons tthat are thensel ves bonded to_the

hi ghest numisiice tfe ovgreak dislueirly corstin of thennatetialghinee @ slinlerdde epnstant of

~(nanocrystal lite) wll provide -the. strongest, nost rigid materials, as in
F & 5D 26“%5‘%% “éer%as&ﬁt}’é?ﬂber‘b%‘@r{si"é‘%' of hi gher di anondoi ds that may be

exploited to design new materials with desirable properties. Hi gher

di anondoi ds di spsaowhas FlGAIB tididanadl wihpslyaallitac@ighen dhnradsids) thdtll) ,

(110), and (100) planes. These higher di anondoi ds may be oriented in
materi al s SYPedacqporpiedintogglipnandoidreoniaigme magrialin ge8¢ral ARhBE? ystal 1 i t es

may have cQ- r.di ; ' L6l ' ' rcture,
may b useloPaRrEm b AER blRGRE nfa SRR R nSlopRl dbatls

FI G s. 5G i thlib ghdyi mmasboittachéd @l eaplobher nttadiwddo patan pobimen slegn,used

photoni cs, and fqr . the integration of ,%Qo%oni c and el ectroni'c devices. 18
Jify 2005 25@5082lipkngegenitriudn /s EAEY OLBRYS-i ty The pol ymers of the
present invention can take a variety of forns and can find a variety of
appl i cations. Syqpl RL&NHAlEs MUGhEI8RAABOSH the altipiehtd 6 HigherSt ruct ur al
adhesives and surface filns that are used for aerospace structural

appl i cat i odgumondoid to another diamondoid, and to a polymer chain, will also affect the

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.




5 Furthernore, coating |ayers or noldings with excellent optical,
el ectrical or electronic and nechanical properties are prodigsayf2005use in

opti cal wao bgdss201phot oresi st conposi tions, conducting napefiggéBeoseai nt
conpositions and printing inks. In addition, higher dianondoid-containing

polymers will have high thermal stability making them suitable for use in
envi ronnments requiring such stabilit§410 I ncl udi ng for exanpl e, devices
such as sem conductors, coatings for refractory troughs or other high
tenperature applications. H gher dianondoid containing polymers wll also
have i nprowgdtyear resistance coatings which can could nean inproved
protection and extended lifetimes for nmetal or plastic tools, autoparts
etc. EXAMPLES 15 As used herein and in the Figures, &E foI W n
abbrevi ati ons habe pplyaers of thepreagnt HaYRAE san IRks ayBHFY %PW@ %&ﬁined

bel ow has } tv&n&g 0¢ Elﬁglkc)ﬁugﬁsc Hf %at&%ﬁsn Rikde ég%lpOSI@Eﬁth&lﬁe Eﬂi’l’i’ét@t‘éfn

Institute at nospheric equi v ent ottons
: ---N N- d| met hydt&m&bamcﬂmrfd&lb/ﬁhﬁh that émyzlusai ﬁ},traemlspaimm&'ucmanﬂmdhm hyI suI foxi de -

= di nef.hyl formam de 25 FOR Tr aps ndo run tra
.o-‘m zat i ont UERERH, cogiing ley%er@eﬁﬁn 16 FF wﬁaﬂh@ ‘ﬂ/@ff e§§ e
chromat ogr ARIHEANRRR: 23 Bﬁ’ﬁyﬁ% %H%od&%d *forus@%.l bphild Gbers *}blﬂal@oreﬁétf ormance

l'iquid chronatography hydromet er reading C'=1liter 18 July 2005
compositions, conducting materials, paint compositions and priniing inks.

In addition, higher diamondoid-containing polymers will have high thermal
stability making them suitable for use in environments requiring such stability
10 including for example, devices such as semiconductors, coatings for refractory
troughs or other high temiperature applications. Higher diamondoid containing -
polymers 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




WD 02/ 057201 PCT/ US02/00504 55 min = mnute nL = mlliliters mol =
mllimls N = normal 5 pA = pico anps PEG = pol yet hyl ene glieally 2pgp parts
per bil Wwownzofmes = parts per nmillion R = refractive ineexukoz&shd DI S =
simulated distillation ST = start TIC = total ion current TLC = thin |ayer
chromat ography THE = tetrahydrofurasm5 15 W = ultraviolet VLT = vapor line
tenperature VOL PCT = volune percent”v/v = volunme to volunme w = 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 routenfior isolating kK gher oimasendoi ds conponents which can be
applied to all wm€éiedst ocks. Thi s procesmillitiess HPLC (Step 7, FIG 7) as its
final isolationpghelp. Exanpl e 2- descri hgl$iniyvari ati on of the process of
Exanple 1 in whixch preparative. gas chagemyography (Step 7', FIG 7)
repl aces HPLC aguthe final isolation 3f,3hHR- _

PEG = polyethylene glycol
“opb. _ parts perbillion
ppm = parts per million
RI ' = refractive index
10 SIM DIS = simulated distillation
ST = start
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



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 Jilg20d5 the

_liquid wakimseie@gr aphic step (Step 6, FIG 7) is al so onpgigeezobbgse

variations generally have applicability only with selected feedstocks and
general |y when tetranmantanes, 35 pe%téamant ane and cycl ohexamant ane are the
target higher dianondoids. 18 July 05 WD 0 2/05 7 201 PCT/ US02/ 00504 56
Exanpl e 4 descri bes yet another process variation in which the final
products of Exanples 1 and 3 are subjected to preparative gas

chromat ogr aphy  [Eitdniple aldesdribed ygiansthbtigrobes vadpddmin whichthdigiher

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

Br oni nat i ofo¥cinohxamepleel Authd AtevRIcCtEfl g ProgpTakive SenrlEomatag: shows the

Ger et vas Sieaol RLOE teler EMAiGR R mhE! Gah QIR RRobEHETR BT cour o be

used to prEgare hi gher di anondoid derivatives and internediates. 10

—Exanples-46-61 descri be nethods that could be used to prepare higher - v

di anondoi d- cont ai ni n | ymers. L. es. 62-.72 .descri be nethods that coul d
be used to pr eparlg""ﬂﬁ‘ﬁﬂﬁgfles b&ﬁﬁﬁ@?@l@lﬂ%ﬁ%@ﬁeﬁaﬂr hedi at es.
Exanpl es 7dkyiRud8matahb &SedasdishdRatle ph@palfids drdiarieftbAndso-wnad to prepare

15 hi gher dianmondoi d-containing polymers. It wi|l be understood that it is

possi bl e trelytrpwponnied tatrhrantsne dervaties sukinteinetdialdsat i on, chromat ogr aphy and

pyrolysis steps, although the order set forth in Exanple |I has given the

best results. 20 VPL hi s ol .Flow Chart in

P 7. Step 1 DRaMIE ber ietbe RER R e SoTR ] ERSchaE Tl T
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



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

PCTI US02/ 00504 57 Step 4. Vacuum fractionation of atnospherfgcugygbos! ation
resi due wotoeps®tor Pyrol ysis of isolated fractions Step 6. pRgnméaboad

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

i sol ati on of higher dianondoids a) F%fst colum of first selectivity to
provide fractions enriched in specific higher dianondoids. b) Second
colum of different select|V|ty to provide isolated higher dianondoids. 10
This exanple is witten in terns of isolating several hexamantanes.. Step |
- Feedst ocBtépet. e c MapnuBuidcttuhation bf ntmosghenid éstilkdtmnwesiduobt ai ned. These
materials included a gas condensate Feedstock A (FIG 6), and a gas
condensat e .con et e onents, Feedstock B. Although ot her
condensat e§,€epp§e %WE‘% ?%Eﬁ?@ﬁ?cuts 15 and products coul d have been
used, these two materi al s were chosen due to their high dianondoid

. concent r at Sedp, 6. 2P WethovaPd BlrymSicdndgidfiinopdizeé®midofd gher di anondoi ds, as
—determ ned by GC and GC/ MS. Both feedstocks were |ight colored and had-API -
gravities Bempee@s9 and 200 API. Step 2 - GC/MS Assay Devel opnent 20
Feedst ock. A was anal yzed usi ng gas chromat ography/ mass spectronetry to
cogfirm the, rvese ﬁu%hi&ﬁﬁ%hdl& S’frﬁggé}‘h%nﬁéndﬂo@&?o provi de gas
chrorratograp (e re entlo I 'mes hese arget materials. This
information is used to track indivi dual target hi gher di anondoi ds through
subsequent isol ation progeduFest cofir oBArst selectivatyl te prdade fractiomst ypi cal

GC/ M5 assay information for the hexa anegs ((GC retention tines, nass
spectral nol ecul ar ion (M) aﬁ’&“cﬁ’ﬁg n%] hl%erfﬁﬁo -

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 Were 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
proeedures. 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).



WO 02/ 057201 PCT/ US02/ 00504 58 This table (FIG 8A) also contains simlar
GC/ M5 assay informatron for other higher dianmondoids. Wil erg fligkoys GC
ret ent mamoddTRE are approxi mately constant, non- referepggaisodsgl entions
vary with tinme. It is recomrended that GC/ M5 assay values be routinely
updat ed especially when GC retention tine drift is detected. 5 Step 3 -
Feedst ock At nospheric Distillation ixgsarrpl e of Feedstock B was distilled
into a nunber of fractions based on boiling points to separate the | ower
boi I i ng poi nt conponents (nondi anondoi ds and | ower di anondoi ds) and for

further cuRRessls WIRBAAGIBhiaGERRIla0GCHAE bty lidforhbighefor ofieR Biphdoi ds in
various fractions. The yields of atnpspheric distillate fractions of two |

10 separ atiameadpidss Wiilemelegiye 6€kraemdion tarrs\iie mproraprisigcosiand\oind ar e

trast i Al i.SLi ' [ 3, th
ci il at oatares R GRSl WAL MiSeiGor iR GEMRABRE i ot T on
dat a. Thevsiueabeatortnély sipiite@tipebialitvhendiE€ rettisife tinge @ifins detbgedjuent

~-di-stillation processes: 18 Jul'y 2005 WO 02/-057201 PCT/ US02/ 00504 59 -0 w - -

VS d d IS(’;[elp 3 ) Fegdstocc:k'?Xu%ogpheﬁrg]])igﬁllation
A sample of Feedstock B was distilled into a number of fractions based on
boiling points to separate the lower boiling point components (nondiamendoids and
lower diamondoids) and for further concentration and enrichment of particular higher
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.
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p'aVyNNd bpeo ~+a+ A00.40 1oC!00"g n” moO 1{8Julydooh M A N
\ON Mwnexmossedt. ww 04 v Db t-1T O0m.c7 0 - [~ .gcTAkevovwseg O ap ep

gqVF—~Ht (nmlt nW It N7 h 18 July 2005 WO 02/057201 PCT/ US02/ 00504
60 Step 4 - Fractionation of Atnospheric Distillation Residue by Vacuum
Distillation The resulting Feedstock B atnobspheric residiumfrom Step 3
(conprising 2-4 weight percent of the original feedstock) was distilled
into fractions containing higher 59 :

Difference
0.4
-0.7
0.4
0.1

Difference
3.9
2.5
2.7

1.4

Feedstock B (Run 2) -
Yields (Wt %)
7.6
57.7
30.6
4,1
Feedstock B (Run 1)
Yields (Wt %)
59.3
7.3
31.2
2.1

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=

N w
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 Feedstoék B



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 Judy 2006.
Conpl et wdreselsioack B distillation reports are given in Pabluserebdosand 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
NOOOONO F~Wi--NOen ~ei~ pO(yop NNoe+t) OO O>>>UVO00O
7.1 WH7r bQ7r ObWOOOST wwWOti N-VOO -CgAba hUb
OWM"b-ai bVH NO1D-~D.~i N g~N MaMa~ whi > A yt qF

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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Nitrogen 0.991 wt% Sulfur 0.863 wt% Nickel 8.61 m Vanadium < 0.2 m Tabl e

6 illustrates the partial elenental conposition of Feedstocki®Bidy 2005

at nosphevo eyskrati | | ati on (650F) residue including sone ofct/bsoziedsatified
inmpurities. Table 6 displays the weight percent nitrogen, sulfur, nickel
and vanadiumin Feedstock B atnospheric 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 7) therebyABLE® Blgmental Ganpasifionief Feedstoek Besi due. The pyrol ysis
process was conducted at 450 C for 19.5 hours. The gas chromat ogram (Fl D)
of fraction #6 (Table 5B) is shown in FIG 1 IA_ FIG 1113 is the

chromat ogram for the p|Adualysesodn FéedstocklB/650EF Resddrpari son of these

chromat ograns shows thpt pylegdrsids has remaled nmajjor nondi anondoi d
hydrocarbons and has signiiNiggstdal Y 1 NCr e@gedwifge hilgher di anondoid

~concentrati-on, - especi aftyt Qe X amant an@§63 @t%uu PARR(r) reactor - from - -

PARR | nstrunent Conpanjy, M)'W'QQQL - ||U|B gsed{in this pyrolysis step.
Step 6 - Renpval of Arpretit-and—Relar—NSh p:f.rl‘ndu.d Conmponents 20 The
pyrol ysate produced i nLSt pyanﬁta\‘ﬁg’é passeds silica-gel gravity

chr omat ogr aphy col um (using cycl ohexane el ation sol vent) to renove pol ar

conpounds and ver nitrate
i mpr egnat ed s?'f?éggédg Sﬁ%&%%\/\eﬁp Hﬁ%l e@er%:né%t Dﬂéﬁﬁﬂwgﬁg%? é’?g ?I eaner
disanondoi daﬁ@@p@ﬂ&lmluaﬁbﬁe&soepﬁreﬁnué piidiniGsohfveo fitherleat Hedinmrigies pol ar
conponents. Wiile it is not 18 July 2005 V\D 02/ 057201 PCTI US02/ 00504 66

necessary Tebleigdisphiys thehweight rayeaaphitogen sriw sickelmdatapadiumanhod, it
facilitat eﬁeed?t‘dc% BHAR0 gpheﬁ@%%suﬂatlon residue. Subsequent steps remove these

materials.

Step 5 — Pyrolysis of Isolated Fractions

10 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

15 . 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

20 ' 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




-using acetone as nobile phase at 5.°

Step 7 - Multi-colum HPLC Isol ation of Higher Di anondoi ds An excel | ent

met hod for isolating high-purity higher dianondoids uses twol8July 200®r e
HPLC colvemmspbrdi fferent selectivities in succession. HeamidessssedPLC
system consi sted of two What man M20 10150 ODS colums operated in series
00 mL/mn. A series of HPLC fractions
were taken (see FIG 12A). Fracti on®%36 and 37 were conbined and taken for
further purification on a second HPLC system This conbined fraction (36
and 10 37) contained hexanmantanes #7, #11 and #13. (FIG_ 12A). Further
puri fi cat i eacssrytthiuse thimdliromato@RghidRi@niticaspiationasetzash itdyaltaipsi ng  a
Hypercarb stationary phase BPLC columm having a different selectivity in
the separ#PFOHY St%’ﬁ‘ri ous hexanantanes than the ODS col um di scussed
above. FIG 12B shows elution tinmes of the individual hexamantanes on the

Hyper car b $i8h C-aahiiebiukh KPIC Bobgioh on Eiger Disabiddidphase) . The differences
in elution times and elution order of hexamantanes on ODS and Hypercarb

~-HPLC colums- are seen by-cog‘gari_nq- these twQ FI.G's.  12A and 12B. - For -

exanpl e, Hexanedve s¥etienfmuethodfor jsplamghash-pbHEghes Hanendel9s Usps OGSt em
|G 12A trrod glt;&ﬂ{ng i j : and 27, respectivel on
'EEe 20 I—|y)p%§)l%ar ﬂgés em %E@%é@gé%{é&gﬁ% &eHr%gsr%?éel ution ordelro's aln\é tiygres

of sel ected hi gher dianondoids on these two systens can be used to
separ at e co- el UFheniyshHBhErsystemmonsisicd of twa Wiwtman ¥ER200H/SUEBPE cobmsnove

inmpurities. Usi this nethod on conhi ned HP fractions 37,
agBr opr i at‘&’eweif&%@&?ﬁs WHERAGeIORe Af m@%@ﬁge%ﬁ@ﬁ @%mpﬁ%%ﬁj&? ﬂgﬁm‘éh- purity
25 hexamardanenddarc(tiitdd Gee FRF 12RY. E3BNonsFd8id IReldRbfabincaGht exenand

Hypercarb BPLC cut points could be used to isolate the renaining
hexamant arfesfurthisi pwrifiaiiat ioon s¢@ndHELQ eysem Whhgxyoodipstfratrn (Bpad00504 67

strategy i.s.also. applicable tqg-t; otgﬁ i-gh i anondoi ds al t hough
eluti on S(ﬁ%\)&w ﬁﬁfﬂ?ﬁt%’%gzﬁﬂ%ﬁfi . 51‘%@0@%"‘%1 Hyper carb col utms can
al so be used in reverse order for these 7

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 than 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




i solations. By using simlar nethodol ogy as above, i.e. fractionating
hexamant ane 5 contai ning ODS fractions using the |ypercarb ofg gilg@005

. sui t abl sv@eotresteoiand col l ecting at correspondi ng el uti onptrmse/man | 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 forns. EXAI\/PLE62 10 Steps 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 8lFHesiss alpedgpliepblaisl the atherfagberatitmondpids dfonsl elptionisalvenst Exanpl e
1, Step 6. A W for the 15 hexamantanes were set for the first
preparati vgJIgg%s?ﬁngrch? "GC colum, nethyl silicone DB -1 equivalent,
using the retention tinmes and patterns from GO M5 assay (Exanple 1, Step
2). The resul t sThe OIFhawnHyperédrbeoliddhs chmblse bt ssediantidrsesdasior theeaks cut
and sent to | u ",. were taken ich contains_tw of the hexamant ane
----conponen-t--sl-sf’ﬁig-ﬂﬁr:‘rgéﬂﬁl% Ringler fppthadplogy s above. L pfraquengtinghexamadaRt-ogr aph -
used 20 vvagoﬂzgﬂy,fg@y rreds , i [l,\{gfng I The
first colum was usegﬁ?gh%nlgg{\ﬁgygp%lﬁgrbhoirg%%ﬁeéSg?%t?r%ﬁdm gﬁ@gﬁ% a
hexamant angiscopyspaingelatinnstimbatandeaddottheisoktint of thetrhmasdond col utm (see
FIG 14B jlJustrated f.or hexamant.an 2 and #8). .The second col.um,

phenyl - met h‘i}ﬁm@flfafl%so’ﬁe‘?gha - 7 Séaa@zﬁ“ﬁﬁg?h%?ﬁ‘?fﬁagﬁ%é‘%ﬂ‘ﬁ‘a%béﬁ&l purified
t he hexamagtamestadddouf@ecatihiatss mﬁﬁ%@@ﬁhﬁé@f&ﬁ@.ks of interest and
retain themin individual traps (traps -6). GC trap fraction 1 contained
crystals of hexanmantane #2. GC trap fraction 3 contained crystals of
hexamant ane #8. Subsequent GC/ M5 a P2 trap #1 material 18 July 2005
WO 0 2/05 720 1 PCT/ US02/ 00504 68 (FIG 15A and 15B) showed it to be high

QY i yar o of Say b S S EpO BRIy e SRR 7R el T

primarily veatiomof Step 7A8as B tanied bowigr aphs of hexanmant ane

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 |




#2 and_#870rystals. This procedure could be repeated to isolate the other 5
hexamant anes. This is also true of the other higher di anondojglsuly 286\VPLE 3

Steps Iwoden3208nd 4 (FIG 7) of Exanple 1 were repeat egpcapidagodedst ock A
Feedstock A is especially I ow in nondianondoids in the atnospheric residue

fraction recovered in Step 4. The ggrol ysis Step (5) of Exanple 1 may be
omtted especially 10 when the high di anondoi ds bei ng sought are

t et ramant anes, pentamantanes and cycl ohexanmantane. In this case the
fractions renoved in Step 4 go directly to Steps 6 and 7 in Exanple 1 or
directly tBIGtA Ind SB)chawb@it2o bEhigh priity ienagnaptane §2 basedaipoathon can be

2P\ RGBSR SO BB RTE RhBRE  ©

nondi anondginy sEOWRPRENbE pABri R IRE SMbntade 8. aPhHORIFOFHSSIMEk ABaritinec Ut poi Nt
to fraction #1 of Step 4 (see distillation Table 3, anple 1 and FIG 8)

was t aken #rapth#B8hirgstile e This pedcedmhicouidheaepentedfadsolsta therherf r act i onat ed by
in Step 7}535@%25?&% grh% N I"—‘fsﬁtm?)o.%&%dﬁ%}%h\/\@ecgfagﬁr%hglrdé'par ative capillary gas

chromat ograph was then used to isolate the target tetramantanes fromthe
distillate fraction cl eaned-up by EXAMPLEGr omat ography (Step 6, FIG 7).
-Using the retention tines and patterns fromthe GO M assay (from Step 2

of Exanple 1), the cut tinmes _for t target di anondojd e.g.,
tetr arrarrﬁt ane)s) lvée@ Z\I"éﬂs@ﬁé Di ‘?r}g?txaﬁ}l’gﬁ)ii?’@lf‘? fraeat ‘i“isl"ll%é‘ipd%@c]é Stum,

met hyl 25gsLkd s DB 1 ek A : ] tehbep of
F G 16 | GeRiT RS bR lofmRhdihlRbRE ) I alehiiuReRi TebPD
concent r atrecovheedtia Syt 4. dTsrmnoysid Stdpe(5Y of Extrepledmast bermitield\esperkdllyy cut s

that were then, sent ta the, second col henyl 18 July 2005 02/ 057201
BT/ USo2) SUSBANRBIEAAPIHR Eieso gl e 1PN G EHER ot 808 B bot t om of
FIG 16). cJA8heea@RfhneO il cdfHeBiciisgPRnadwRd iRSpRud dittly i Sichasget
di anondoi d5 and then sent theminto .

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-




i ndividual traps (traps 1-6). GC traps 2, 4 and 6 contained the selected
tetramantanes (FIG 16). 5 The highly concentrated tetranmanmgnsy20gher

di anondova920&eét t hen allowed to crystallize in the trapcomsedi/@msed ved and
recrystallized fromsolution. Under the mcroscope at 30X magnification,
crystals of the tetramantanes were vgS ible in preparative GC traps 2, 4,
and 6. Wiere concentrations were not "high enough for «crystallization to
occur, further concentration by preparative GC was necessary. The 10
process woul d)&l so work tq _isolate_other higher dianondoids from Feedstock

h
A EXAVPLESAPSHISERS @R 1Gcqwvrlop (ssedbe b WEN-tl9e hepserps celes,

oct amant an !5[}’!“9 i i ﬁiaﬁ:[ I i.rable to

further frgﬁl%gge e %@ﬁ‘ﬁ%@?%? e’E S oofng{)fgggﬁ?l Eheéég’%gf‘%ﬁi’?ﬁ’a ep 7. This

can be car midevidoaitiraps (iregps jr@p &G trape?, dagnidl d amyaigaisthe belostad ttpaaphignes

descri bed %Eégrrpl e 2, Step 7'. The follow ng higher dianondoid

conponent s 'sol ated and crystallized: all of the tetramantanes from

~bot h-Feedstocks A and B, all pentanmantanes (nol. w. 20 344) isol ated from- -

Fegdst ock B; tWThbaichipEtaatrdéd Shrahinthihich¥ dianSfoil SRkt flowsd

Feedstock B; and, two heptamantane crystals (nol. wt. 394) isolated from
Feedst ock B crystelirain thadrap oy disaglvedrnd reonystaligpd ifrvol saleftbrf. ridmdeEdwdst ock B.

As well as.- e st al . .. 498 nd a decapant ane cryst al

Cror e e RnRTP A AR, bRl ofihe ARl R aRBRM > 1

conponent s paputativalGEPrR 2, 45andsD | Whekk dedbdlratibes WERGRAH HBSnseih fopr th in

t hese exanples, 18 July 2005 WO 02/ 057201 PCT/ US02/ 00504 70 ~EXAMPLE 5

Br oni nat i oRfysRllgatiseto qcambithsr gomsataion HypEruasYOEk wErRsstsan: dieof a

f gedst ock ini i Xt LT ' i ed out.
Lok  BRRLELANN8.8, Bkt W ol i ATRABBIA R FeciRpl | o

The feedstock was rom Fee escri

EXAMPLE 4
Preparative 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.




A sanpl e of Feedstock B was subjected to atnospheric distillation as set
forth in Exanple 1, Step 3. At the conpletion of the distil1&iualg2085hol dup

- fracti owomams7obt ai ned by rinsing the colum. Its conpostdsroso2was4si m | ar

to that of vacuum 10 distillation fraction 1 indicated in FIG 9. The

hol dup fraction was fractionated on What man MA0 10/ 50 CODS preparative
scal e HPLC col um using acetone as bile phase. A fraction containing al
of the tetramantanes including some alkyltetranmantanes and hydrocar bon
inmpurities was obtained. The conposition of 15 this fraction is shown in
FIG 17. The tetramantanes were i|dB y mass spectra and retention

»
(cried i ih concenbrataatvdHitl T P G PIBIE T OO0

stirring, the mxture was heated in an oil bath for about 4.5 hours under

ni trogen, whereby the tenperature 20 was gradually raised fromroom
tenperature to %muﬂatl@GIrE; Mt@k@%@uﬂa&mﬁ%@m&h@@%m Nia

----e-\éa-por-at-i-o‘%ﬁh{tﬂ%&the ‘resul ting browni sh product was characterized by -G/ M.

FI'G 18 sh € nonobr om nat ed, di brom nated and tri broninated
tetramant ane products fornmed (characterized by nol ecular ion 371, 447 and
527 25 respectTivefegdstodtl s desived dom Féusiock Badeseriled indixatmpleani.nat ed

tetramantapes in the total _ion _.chropptogram of t .eact | roduct

showi ng t fa%@g%eeﬁi%mﬁaﬂ@w@%%@m& G ShI9Tt i s ooy ve

"t enti'on bl g1¢ a06igy 3Lt dpud0Ron YOHO QAT REELDEABAA0RA 71 FIG 20

shows the presence o‘? di- and tri-bromnated tetramantane products in the

reacti on mbtiinedbnansihg thesjobme oltporreposition whad mnmlh;@@@/maﬁmmi on tinme

Ao Lu SRttt EnEus 1 L R G1ES 0O rnd nIRRS O N 318 Fral SRR ANE 11
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.




5 ion chromatogram of the reaction mxture. FIG 22 is the mass spectrum of
a nmonobrom nated tetramantane with GO/ M5 retention tinme of 12538005 nut es
from ( FIM®02/03720iThe base peak in this spectrumis the 3PtTmSR/0mé£CcuUl ar
ion. FIG 23 shows the presence of nonobrom nated nethyltetramantanes in
the 10 total ion chromatogram of th? reaction product. FIG 24 are the
mass. spectra of nonobrom nated net hy %etramant anes from FIG 23 with GO M
retention times of 11.992 mnutes and 11.644 mnutes. The base peak in

this spectrum.iﬁ: he 385 m z nol ecul ar ign._ FIG 25 shows the presence of
broni nat ed di me FaSLn $@shogredhe Brseencr of A apd ivgbrominated fetrampagiane PERMISISIR t he

product . Fh3 res8ionSnixee IB8R mf6Ld %Bg@ﬁt G ATRE E:‘P[Oi"g fiffon ti

di et hyl t at rarr?an]t ane eleutl ng ﬁt 151. 192 rsn nut es réom Iq%e g%lltlll‘(_l?e 27 shows
t he presencagef di brom nated tetramantane in the total ion chromatogram of
the reaction product. 20 FIG 28 is the mass spectrum of a di brom nat ed

t et ramant ane w 8 i L eI f: 27. The
~base peak-in -t hlyFZG gﬁpe%:@m%ﬁ %Eﬂg %i&e&l% "zﬁéﬁ’#ﬁ fér_ no %%%Fég I oﬁd?le F]%%Eg tg{a@
presence ofordihbematogane df the tdugtivemisment ane in the total ion chromatogram
of the reaction product. 18 July 2005 WO 02/057201 PCTI US02/ 00504 72 FIG
30 is the nmass 'Qfﬁﬁmo m=Yerclel - (%S
retention tinme ggﬁ%i%%@%la%usggs ro%ééﬁ%c}ﬁ%%pﬁ%ihgwt’)ase %ggﬁm;ﬂné (?ﬁf[gc/
spect rum i setetbondtide of 12.038 momkesrfrone (FIG-RG. Blie bisopsak inghzspestmarisof
tribrom nah%%,ée;ﬂra nt gne in the total ion 5 chromatogram of the reaction
product. F SWVEINQIREIHEY: spectrum of a tribroninated tetramantane with
GCIM5 retention time of 17.279 minutes fromFI G 31. The base peak in this
spectrum i s t heFIG. 23 shows the presence of monobrominated methyltetramantanes in the

10 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.




527 mz nol ecular ion. FIG 33 shows the presence of tribrom nated

met hyl tetramantane in the total 10 ion chronatogram of the 18add{i2005
product wdéfes724 1S the mass spectrum of a tribrom nat edpae®tibosloogtsr anant ane
with GO M retention tine of 15.250 mnutes fromFI G 34. The nol ecul ar

ion is 541 mz. EXAMPLE 6 Monobrom_pation of Hi gher D anondoids 15 A

hi gher diamondoid (7.4 mol) is m di w th anhydrous bromine (74 nmmol) in
a 150 nL 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 FICo 3005the@astkpecpnmdefot dibmenubatedineddigtrngiare Withnondoi d

di ssol ved | cess.brom ne.|j 0.cqol ed en, t n . wWih 100 nlL
carbon t et@@ﬁé SPERROR g H%‘é%?)% i ﬁ?%ﬂ%og&n?h? E%%\Bg‘!tﬂg]rn\.%#he excess
brom ne i sspemggjth\émglpﬁggidﬁauﬁy%pgen sul fide while continuing cooling
with ice water. After the organic phase has been separated, the aqueous

solution is extracted once nore with carbon tetrachloride. The conbi ned

—extracts are waskedlwhews themueseneanidebiominated ptaganiane g delebioBhase has- -
b%en dri ed ﬁ&nﬂbé@aﬁ@f&%%@cﬁ%gﬁdﬁ& the solvent is distilled off and the
re under

| ast residues ar nove vacuum The residue is dissolved in a
smal | amount of nethanol and crystallized in a cold bath. Further
purification of Fich&2ds fletmaiss spectranar of ssdibouninbied tefrdmhdntaeivarh GEdES vacuum

18 July 2005 WD 02/057201 PCT/ US02/ EXAVPLE 7 .Di brom nat,i on of
H gher " Di SRS HSA I ot reRpiss ?gFﬁE%ﬁg@F ba?%vﬁ?ka%ﬁas WEFIWRIP §0; s

heated to %Erﬁ%ecﬂ%h 22 h with 5 anhydrous bromne (0.37 nol) in a
pressure vessel. The typical work-up and recrystallization of the oily

reaction product from methanol is perforned as described apove. The
“crystal s are subIG.38tskows theypessuen of tHibrosuibatedmethylistrpmanipeg i) the jatel

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.




several times froma very snall anpbunt of n-hexane affording a pure

di brom nated derivative. 10 EXAMPLE 8 Di brom nation of H gherdjayzoosioi ds
wi th Catad yBés320i0 a stirred m xture of 1.0 nol anhydrouspbr@gii@send 0. 025
mole (2.5 mL) of boron bromde is added a few m|ligrans of alum num
brom de. The reaction 15 m xture is 7Bﬂai nt ai ned under a bl anket of nitrogen
during addition of reactants to a f‘our-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 crucible tubing. After refl ukX#dViP&XE Zbout 1.5 hours, hydrogen

“brom de evol ution issho | onger iﬁlen?, Exc om i.s.deconposed and
the 20 product i sol alt)il?’f) kS (g%:%@%zﬁlie’s Ieamgls‘ﬁﬁess@%hloré}egg%l 5%e. After renoval
of the solvent, the residue is recrystallized from nethanol and n-hexane

at roomtenperature to provide a pure di brom nated conpound. EXAVPLE 9

Bromi nat ed Hi gh&rhigheaismpsiieid (BY ormel) i lsataddod§0 Cordpiothess 22 havith i xt ure of

~a-Sui-t-abl e xyl at-ed higher, .di-anpndoi d _and..ex 48%:  hydrobromc -acid
i séheat ed %n-%ﬁ{é)g P é&er%%l? (@@g&ﬁ)ﬁg&p&g % ei‘geﬁ&g'arrl;g %@ﬁ%h&%ﬁﬁfeﬁ?ﬁq@ noni t or ed

by GC anal ysiysthlliza86h 6fkhe ailgl r@éﬁélﬂgﬁﬂdcw'réﬂﬁ héthitlo] &ieeformdies @skribet i S

conbi ned and washed wi th aqueous 5% sodi um hydr oxi de_and water, and dri ed.

30 Evapor a3osn dhelcivstalpare sdilimaedm waang LAssyblnatg i meriystallizedi ng wit h

light 18 J 0, P DpLA02 - . r,
hexane, oréé%rc 0 gigﬁga%’{&?%éﬁ%m%% t&ggé W tgﬁfoédﬁ%/{)ﬁeteﬁaé]rﬁgﬁ%%s t he
brom de widdrivagwsonabl y hi gh yields. EXAMPLE 10 5 Monophot ochi ori nati on of

Hi gher Di anondoi ds Phot ochl orinati on of a higher dianondoid is carried out
aito roomtenperature EXAMPLE 8

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




(25-30 C) by nmetering 0.037 nole of chlorine into a solution of 0.074 nole
of a higher dianondoid in 100 nL of solvent in the presenceigjuly 2005

i um nitg @s?era 150-watt 10 ultraviolet (UV) |anp. Thepspld@ifse£np! oyed
can be carbon tetrachl oride, benzene, or carbon disulfide. After a short

i nduction period (approximately 2 mnutes) the reaction may be initiated
as evidenced by the fading of the chi%orine color and the evolution of
hydrogen chloride. The reaction mxture is washed by 5% sodi um carbonate
aqueous solution, water, and dried over anhydrous sodium sul fate. The 15
product obpeaotemch Ehec bexcmnet as:aiych]hemdnet orethelir negtuses), withaathylsttehaffordsy GC to
consi st of everal . no-c%& hi gher di anondoi d i soners. Separation
of those i %6 SIRJERHOB: bb@‘ even normal col um chronmat ography -
on alum na, or si I ica gel, or sinply by recrystailization from nethanol
and sublimation under vacuum or byxampepghipnati on of separation techni ques
as described herein to achieve the isoner 20 separation. EXAMPLE 11

Gitanondol d and 10 . ( S2aiopHeRRRERlaEe brpRL PGkl T T O Paeim G0

mL of anhydrous cycl ohexane is prepared in a 0.1 L, three-necked,

round-bottom flagsk fitted with_ a thernmoneter, a stirrer, and a gas exhaust
tube | eading t FRWRhMmRfion g ﬁé‘%&j’@ﬂ&@“ﬁg‘?‘éﬁs cai"ﬁﬁé{?‘é&%ﬂr9‘%‘f’te%l"?ﬁ KU

chloride ((?gt o369 Sudleridl; 0887 BRIE S5 oSkl LdhuBH GF OB Mo AP &L

regul ar inferval over per| ours rogress of

i s foll om&dgﬁ@ﬂy@mﬁmdm 1tmjoﬁﬂotfb@lvéxﬁt1@thﬁprema@bmlmmmm pEBwattpon
onpl etion of the reaction, 10 nmL of 1.0 18 July 2005, WD 02/057201
HeT) US02/ odEaviole5(UR) lampe m‘hﬁaoa@néﬁﬁ%plgmdtﬁap&e qEbogdaEarbigride, DeEER%US

t 50

epar at od, " aanpc e o0t borGhBitofodhbs (AT ARAIN 2 D A,

bi car bonatmadmh@am inftiztkdoesi ea'diemzﬁi batheyadiag ef ﬂml cxhilarmeodmllarrandehe, Af ter
renoval of t soI ents unlg ,g,ﬁced ressure,, duct is

ru
obt ai ned. HORL Wg?%c fm‘fl?u é%ﬂ”@s %&Y d§P PBh of mainl y
monochl. or 'd&?&oigte 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

]
|
|
l
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hi gher di anondoids with a small ‘anobunt of unreacted higher dianondoid. If
necessary, recrystallization of a sanple of this material fr@myaykeosl at
-50 C aW®ozks726a pur e nonochl ori nated hi gher di anondoi d. p&p@dddlobsok2 10
Monohydr oxyl ati on of Hi gher Di anondoids A solution of 11.0 nmol of a higher
di anondoid in 18.7 g of nethyl ene cﬁloride Is mxed with 4.22 g of a
solution of 1.03 g (13.5 mmol ) of peracetic acid in ethyl acetate. Wile
being stirred vigorously, the solutionis irradiated with a 100 15 watt UV.
light placed in an imersion well in the center of the solution. Gas

evol ution hydreshlerds adid srtitioreis edded withr Migorawssiirang, felgvecdy M aledd at 40- 45
C for an 1-hour ir lati ' -1 he ' kR, about
95% of t he&gg#%%%t iFIl(i;l(‘g Oé%%md“r%g%rq%)é%n a?%d{%ﬁa%@bﬁ@ﬁg@?ﬁ{%ﬁ%@&g%%ggm rat ed
to near drliass 5% s6diugchitabetite idhtioig a8d 8iiehovdrtafhiditustalgomtchtnRieof
tol uene and reevaporated to dryness._ Final 20 drygqr,\lg In a desjccator

18

affords a GferemayRl of thaseiyents Brdegredused prssspse. Hhs prodgctigobigihieded in a

gl AnRYSE A8 ez aRCLIAR Pl PLEHISEARSe mIRl PmsAliaAds  Lhen

“ s;ﬁtﬂ)‘j ected

o chro y on alumna i e usual “manner eluting with
firstly lhijhérehzaoeddidghith painab laaomedsthereacted Highee didmyoraloid. Xif ur e  of

nmet hanol and ethyl ether, _.to collect the unreacted higher dianondoid and
the hydr ox}§csssety> Brgyarilimtionsi @spapierfithis materal fom glhanclf vo0 oy ptiprds
separation i hayed by using HPLC techniques.

Al ternativaéﬁy?ﬁ%ofﬁﬁﬁa%g%g@g &@%@P@Hare added 10 mmol of a hi gher

di anondoi d, 0.8 mmol of N-hydroxyphthalimde (NIH 1) and 0.6 mmol of

acetyl acetonatocobal t (fl). The resEXAMPLEiII2ture is stirred in an oxygen

at i nospheie at 18 July 2005 02/ 057201. PCT/ USQ2/ 00504 76 a tenperature
of® 75 C for about 3 hourgg""‘?ﬁ’g’?f”@’i@?‘?’ Igf%éiafwié Yy @C, allowing for

the isolation of the nonohydroxyl ated hi gher di anondoi d upon conpl eti on.
EXAMPLE 13 Monohydroxyl at ed H gher Di anmondoi ds from Monobr om nat ed
Conpounds A solution of 11.0 mmol of a higher diamondoid in 18.7 g of 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-

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



5 A suitabl e nonobrom nated hi gher dianondoid (0.066 nol) is heated to
reflux for about 1 h in a round bottom flask. This flask isigeguymees with
a stirrewo a&ndrmer reflux condenser to which 35 nL water, BehuRdznoses
tetrahydrofuran, 2.0 g potassium carbonate and 1.3 g silver nitrate is
added while stirring the m xture. A](‘jer cooling, 10 the reaction product
has crystallized, is separated and Otracted with tetrahydrofuran. The
~extract is diluted with water and the precipitate is suctioned off, dried
and purified by sublimtion under vacuum Alternatively, a suitable
monobr ono diegiperataieafdn 3G fdr {i@ul 3 tols) Ths redckien is mibhitordd briGGfallowdz N

hydrochlorjic acid and 450 niL . The resultant mxture is .15 stirred at
reflux te E#ﬁlﬁfﬁ%tl‘?rb‘?f tgﬁwo%%ﬁ?teq'h@ Bé%@%?%ﬁ]&micgm?ﬁ“f’ﬁr ed and
recrystallized fromn-hexane to produce the nonohydroxyl ated higher

di anondoi d. EXAMPLE 14 Di hydr oxylgg gfrli ghgr D anondoi ds from Di br
onti nated Conpounds 20 A suitable di brom nated hi gher dianondoid (0.066

~mol)i's -heat eMonphsdroxilaigd Higher diampndoidls fromMonnimdmioiedtutpaeks The flask

ig equi pped with a stirrer and a reflux condenser. Wile stirring, the
followng is added: 70 nL water, 10 nL tetrahydrofuran, 4.0 g potassium

carbonate and 24 Qufatié 6RbbrandifA¢Ehightl BimeRWid (@064 KR ik Bakéd Rirefieduct is
separated out and extracted with tetrahydrofuran. The extract is 25 diluted

wi th wat erforghput A d ipracionpd beften flgsks ybhis dadis eapipped wal asbacpand £i ed by

subl i mati Qqngunder, vac . I i,vehy, 1 [ f i @ _hi gher
Gl rondor depiR §5lach R BB ASR e 55l (b lcRyah, oot BBl 90T
until br omdaft®ynawaindtl. PP siteaskisate TrldéSwiilt ¥iizHpShe Wk fre)/ After cd0lidg,

PCT/ US02/ 00504 77 reaction mxture is poured into water (250 nmi.) and the
Peci pi t attBe reaction pwdaet haygeystaflizedy ig separafedarmbextractad with itehydroBirayueous

e washed i et aupR gyt addine blcehlaldts s IRpEdBFE DR BIET, 2 To™°

provi de t harifedbyedbinapenndier vacoum.

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 EXAMPLE .15 Pol yhydr oxyl ati on of H gher D anondoids Into a 4-neck fl ask

imersed in a cooling bath equipped with the follow ng: -a |B\dig2pesature
condense z/02320C), an air driven well-seal ed nmechani cal pstriusegoesof 10
solid addition funnel and a thernocouple. To this flask the following is
added: 0.037 nole of a higher dianopdoid, 150 m, 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 O C and 200 grans
1,1,1-trifluoro-2-propanone (TFP) is added. The mxture is stirred and
cool ed dowpactign ngxwre Fipsttedago vetensSGrdn ani shopredpitate knfiticsed. nEhe ol j d
addition fd l. f - : i 1 eis stirred
2t 0 C ap e RIS ol Rl I el 3l RS B0 icble el | 5

di stil | at ifilered NEGE doRhiRA pré@pitesGrandsitandignsiang (B0 inflJandeeeioer
imrersed in dry icel/acetone). The remainder of the mxture is filtered by
suct i on anf@xkGinkand dtiest to provide ihbdasireddomppiad.sol ution is rotavapped to

~dryness, —provi-di-ng-a mxture of pol yhydroxyl ated hi-gher -20 di anondoi ds-that- -

can be purified by chromat ographyE% ,Jcrystal lization. EXAMPLE 16

OXi dati on of H gherDi anondoids to Hi ar nondoi dones A solution of 11.0
mmol of a suitable hi ghepogphﬁﬁg@g@ﬁd},& igrggﬂggm@fndo% net hyl ene chloride is
mxed with 4.22 g of a solution of 1.03 g (13.5 nmml) of peracetic acid in
ethyl acetate. While being stirred vigorously, the solution is irradiated
with a 100-watt i gh ed i ' i r..of the
sol ution. Gas g/l%é\lqu —Iggé]k ﬁ%ﬁgﬁﬁg%sﬁgﬂ??gﬁqﬂﬁ#?ag?ﬁﬁﬂeﬁlr@t@ @%pfgl‘rf% éQi S

mai nt ai nedowttempétathbe SonlidiscAN2@R0)) tn 2ik-diiveh wellrRdied icohaied] stider, At the end
of this tine, about 95% 18 July 2005 WO 02/057201 PCT/US02/00504 78 of
tle per acspli¢ addition fumelmd artbermorpepie olla this Alasls the deldasving &g added 0-A2h s
dryness, _treated.tw. ¢ce in,s I 0N WM - L. i of: ene and
is reevapé][rl%llf3 ggag“ céh 65&1%85%91&9;\5@%%}%%%% Gﬁﬁ“&%@%%@%gf%ﬁﬁ? a solid.
The sol i dwaterhysll gualsabditin biedibsnath AD30PaLT #Bukdnol. €This miktaenispared al | y

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 dissolved in acetone. The oxygenated conponents of this m xture go into
the solution but not all of the unreacted higher di anondoi dig fdiyooes
aci d- sulyfdigdigs7agi d solution is added dropw se until an BXDES®/G0SN4pr esent,
and the reaction mxture is stirred overnight. The acetone solution is
decanted fromthe precipitated chromg,c sulfate and the unreacted higher
di anondoid, and is dried with sodi um”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 sol i of thé pere¢utiomeiddg capsuetedo Thalsohtipm isfoprendtalgttieeapiioBeHur es el uti ng

first with 1: v/v) benzenellight petrol gl Q St 18t hyl

et her, or %ﬁﬂ#ﬁ%&?@kwﬁﬁﬂwwé@g’p'%ﬁé’%%ﬁ ﬁg}]oﬁ&%ﬁgd‘%ﬁﬁ%ﬁﬁ to col l ect the
unreact ed fi,gher FipaRAGoInG @RRcibearghetolid di anondoi done, respectively.

Further purification by recrystallization from cycl ohexane affords a pure

hi gher di anondoi done. EXAMPLE 17 Monohydroxyl at ed HiigE&?r Di_anpndoi ds at thé

-~Secondary -Car boRes foligns bydmuylategibaghsn masaed SR, gher -
?'r;agfﬂsl‘" g@ﬁsgarh're% iﬁ%&’éé&fed M %ygbﬁﬁé&‘& SRR OTYY Sk fife f@intb HeldofutioKCESS)

“at ow tenper res. After. conpletion of 'the reaction, the
reacti on nbuttngf &1 bSthe@nieacked pighyr dddiondoidaCiramisdcidaadbiricapikenlstigubut i on

t d hydri de at | t t . Decantat| f th
o1 eci pi 1 At Eed SrapT el B ExEEsB I TBIAARG DI RO WICER = WABH evapor at ed.
affords a Gidifion TRIANBHOXILALEE dbalE fealbpreipiarid dieniaaiiarany

carbon. Furt recrystall'tzation from cycl ohexane gves a pure sanple. 18
July 2005 théenfeasied idhir SaTonsid] aahie drigd witbeadmnesul Bite. Nbrowierded on of

of0 gl aci al mgbadimomloi saer egdpisroTgng nefru L Fls o AR RR o °0 ™
aut ocl ave, ik EN t@pBaBSS YF ireedetdht Solution affords a white solid. This crude solid
is chromatograpbed on alumina with standard procedures eluting first with 1:1 (v/v)
benzene/light petroleum ether, followed by ethyl ethef, ora 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.




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 aciglulg2005

. 1 ntrodud®d 0/637201t he reacti on zone by neans of a feed pub@r/Etoaesate of 1-2
m. per mnute. When the acid feed is conpleted, the reaction tenperature
is maintained at 140 C for 15 mnuteg, after 10 which tine the reaction

m xture is cooled dowmn to roomtenperature and diluted with an excess of
water to precipitate the products. The filtered solids is then slurried
wth a mxture of 10 nL of nethanol, 15 nL of water, and 1.7 g of

pot assi um hydroxide for 18 hours BXANYOIA L §rrper ature. After dilution with
~water, the alkali-insolubl y |ight petrol eum
ether. The petrol eum et herﬁlggg?gﬂg{lgﬁ% %ggﬁe)gg&%ﬁnggmter and dried over
anhydr ous magnesi um sul fate. Concentration of this solution affords a

mat er i al hat bobBFIPALPQ8 ale eb Pt Brmoaid S Sntlc o ERS ot Tho

~dropwi-se- - a4diddnafeafio %nﬁe&%ﬁes@@mm@,@%mr fRicNiiX bk firtz8d pgener-at e

some nore products. GC analysis shows that the alkali-insoluble sanple is
mai nl y normioperotord ighed prédurd offdhplei.ga. v fidr the Blma‘.hie 1aﬂmrheai@ﬂ tali4l 1C,0
product as w unidentified. co uanfities. The
separ at i o@ﬁ%ggﬂ ﬁ)egF‘?’%?e]thﬁt%dt MPifoeig sdn ?)‘{] Z*Hto 89?1@?5

conponent sy, 78 f@éci(ﬁi]!uh 'aﬂ?féké@ £2 RIopsIGhinkR. C*Nﬁéﬂ ﬁl‘élaEld feé’dpi@ﬁ ver, by

recrystallization fro thano and repeated sublimtion, a pure sarrpl e of
nononi t r o dunglieed dhea neaction tkm;@rfmmaas menifai@s EXAVPCHod BS Mmﬁcﬂ, after Hi gher
Di anondoi ds_ f rona Monoam no nmpounds A sus(PenS| on of 0. 01 |le. of._ a

sifi tabl e W%BWF%%&SW%EFX‘H{%%H 84 dowR 10 Benpiemperatyreiand dufed §ithy 60 C
To this Su%g%%ﬁétsqﬁf‘%ouf@ Yédlﬁﬁt@&le?rcﬁu&sp%@ﬁﬂe% sofifs RehSPNGIRALEH N S0

ni L wat er is gradually added dropwi se. After this 18 July
2005 WO O2Ew20H 1PGIL USaReas) 35 8l opeetnnrydddt ofpitetsivom hivdrexideen added,

ne T xturp, g et od o ol v | g Sl 2. oS, WG R gy o0k on
reaction, HBRHGIYShkhded BF BERPehblchReERNTRDPBIroRIA diidteRFadis wiishdl di | ute
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



hydrochloric acid, stirred a little longer in the hydrochloric acid to
renove the 5 unreacted anine and filtered off. The crystals 8 dulp@006i ed
tw ce bwoetalsyst i on under- vacuum EXAMPLE 20 NMbnocar bpxysdzioososof

Hi gher Di anondoi ds 10 A mixture of 29.6 g (0.4 nole) tert-butanol and 55 g
(1.2 nmole) 99%formc acidis adde% dropwi se over about 3 hours to a

m xture of 470 g 96% sul furic acid fd 0.1 mole hi gher di anondoi d

di ssolved in 100 mL cycl ohexane while stirring vigorously at room
tenperature. After deconposing with ice, the acids are isolated and
purified byermengamstesofitivathias hednrasdedhhaiveiyeishegted fogefyx forabout 2

monocar boxyl ateq 1 i gher,.di ampndpi d. ln addit] ' - C hgxane one
can al so us®"H -‘%?{%ﬁghggacqwu PTeh %‘? C?%‘%“%éefggi"{”%he%&g‘? lens%lg%vkﬁ t‘ﬁ%(onl y 50
nllL cycl ohgyane of Mireakies, the cSuaikllasdtédin tie WoidRBsstiaed fnsddoMith dlite

Monocar boxyl at ed H gher D anondoi ds from Monobrom nated Conpounds 20 In
360 ni conbdhieshdericiacids stitred @ Listla longanim die hyalsochdans aadiaigmageitio C s

Pt | cofbicied SORE AERRERAAT e AN AT A MEARRS Y SRR Bl R, 2

renovi ng tweuiwe bath, while stirring, a suitable nonobrom nated hi gher-

di anondoi d (0. 056 nole) 25 dissolved in 25 nL dry, highly pure n-hexane and
25.3 nL anhydrous formc acid is dﬂggiﬂwﬂé Wi se into the flask in a course
of about 1 hour with the resultin m xture turning reddi sh brown.

A fume hood is necessary Eﬁ%{? & RO Amna%iide produced. After the
dropwi se addition has begloglgorrp %’?% , tf%g“ém xtzure Is vigorously stirred at

room tenperature for about an additional 2 hours.' Then the 30 reaction
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0.1 mole higher diamondoid dissolved in 100 mL cyclohexane while stirring |

vigorously at room temperature. After decomposing wﬁh ice, the acids are isolated

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.




is purified by dissolution in ether and extraction with dilute sodium

hydr oxi de aqueous sol ution. The acid which precipitates durigdulyl2e05

aci di fi waroas7ies recrystallized fromdilute nmethanol. SrdE@xUd®RE5022

Monocar boxyl at ed Hi gher Dianzondoids f om Monohydroxyl ated Conpounds A
nonocar boxyl at ed hi gher di anondoi d cggn be formed using a 10

nonohydr at edox| at ed precursor. Wen nonohydr oxyl at ed hi gher dianondoid 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

sol ubi | i t yABér stavalingrfomeh pdditisnd] abentt?) kyves, addisienslasidreparates REk b acikAMVPLE

23 15 Monochl ar.ocar boxyl at ed Hi agher Di I : am nat ed
Conpounds lﬂpwﬁf‘ﬁs?é%bsﬁ&&g%ﬂeg%ﬁggﬂ %M@ﬁ?ﬂ% %g"t%%%@é?‘ i ano%noi d (0.012
nol e) and afheBuskoliiticyh | e@eidhyhie pracipiratd ddridg dprickifiaatien imbout 4 hours

into 24 nL 90% sul furic 20 acid at 103-106 C while stirring. After the
addi ti on iwscosiizeddwm dikete moha@ek i s stirred for about an additional 2

~hours-at-the specified tenperature above. Then the m xture is cooled down -

ang hydrol yzed with ground ice. Tf]?xﬁM%LEiztzat ed product can be freed from
the neutral fraction by dissolution in dilute sodi um hydroxide solution
and extraction with ethyWomicheoxy MveHigbedDidreadwids frodi | ut e hydrochl oric
acid 25 solution, the carboxylic.a idlprgp;gﬁitat s out of the al kaline
solution. Further purificat XHEBHIOY BESHIRAFEE by recrystal lization from
cycl ohexane. 18 July 2005 WD 02/057201 PCTI US02/ 00504 82 EXAMPLE 24

Di car boxyl ated H gher D anondoi ds from Di hydroxyl ated Conpounds Form c
acid (98% 280 Almoncadaupldtedbigher diamapdaidyenbedormass ufingoh of a 5
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' used, one follows the procedure described in Example 24 above, except that the '
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.




1.3 L) at 0 C. The mixture is stirred at 0 C for about 2 hours and then
stirred at roomtenperature for about 4 hours, after which 18hadp2803ire is

~ then poweeyevysyr | ce/water. The resultant product is waghggsidokpswat er and
acetone and dried to afford the dicarboxyl ated hi gher di anondoid. 10

EXAMPLE 25 Monoacet am nated H gher D anondoi ds from Monobrom nat ed
Conmpounds A suitabl e nonobrom nat ed?ni gher di anondoid (0.093 nole) is
dissolved in 150 nL acetonitrile. Wile stirring the mxture, 30 nL
concentrated sulfuric acid is 15 slowy added to the sol ution, whereby the
m xture heats up by reaction. AfteEXAMPLRI24 ure has been |l eft standing for

about 12 hours, . the solutign.is poured.into 500 nl ic ter, whereby the
monoacet an no hPUEISHA R DER sl S DR RS Grpoyids,
neutralizing the filtrate an additional snall anount of the reaction

product can be obtained. 20 EXAMPLE 26 Mbnoacet am nated Hi gher
Di arondoi ds f r oliemiip acit 26 %6x38 ey i :Culdpd dropavist te @istizigtl solationpia oxyl at ed

h| h.er-..... dla I Oi - (Q. 0 6 |e. | .. | 0| dln . 51 0 B hl . A pur.e...
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for about 20 "hours at roomtenperature, and then tw ce the vol une of. water

i s added txgoin tempiragure for abewt sbours, afice whichdhemixitesds tlesacpauasd evduct i s
filtered of and atter drying it is ecrystallized fromcyclohexane, 18
suly 2005 106! gu5 sertlebehrdss bt wYE vibonann eoohe it SHELE AL o
H gher Di aast@iishxylatQmidiu aeandiemid.at ed Conpounds 5 Wthin 12 mnutes, 4.1
g (0.1 nole) acetonitrile and -a suitable nonocarboxyl ated hi gherdi anondoi d

- (0.018 nole) are added to 20 nmL 100% sul furic
10 EXAMPLE 25

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 drying it is

-1

recrystallized from cyclohexane.



acid at roomtenperature while stirring vigorously. Ice is added after

about 1.5-hour post reaction. Then a precipitate is separatflhgyzooshe
suspensivomot/es7aede basic with sodi um hydroxi de sol uti onPE@RES&MI4oned over
a glass frit. Recrystallization from 10 cycl ohexane affords the

nonoacet am nat ed hi gher di anondoi d duct. EXAMPLE 28 Monofornyl am nat ed
Hi gher Di anondoi ds from Monocar boxyl at ed Conpounds 15 Wthin 7 m nutes,
8.16 g (0.17 nole) sodiumcyanide and a suitable nonocarboxyl ated hi gher

di anondoi.d (0.028 nole) mxture is %g%ﬁg{jho 00 nmL 100% sulfuric acid
while stirring vigorously. After K 2 deconposition is carried out by
pouring the reaction m x - I5& Mb.ch 1s then made
basic by the addition o %&g%?%%gﬁﬁéﬁ%ﬁ?ﬁ%%dfo i um hydroxi de sol ution
and extracted five tinmes 20 Wokodoeheplreddetoraporiiie sol vent is renoved in
vacuo fromthe conbined extracts and the residue is recrystallized from
benzene/ hexane to afford the nonofom ylam nated higher dianondoid. EXAMPLE

295 Monoar yl at edmmqarﬁnﬁﬁﬁmg'g 1 18D vB@aRFiyindat ®etallenpounds - 25 1.1 g

sublimated iron(M chloride an 0 nL absol ute 't hi ophene-free benzene are

pl aced in mobBCarhdxylathd bighnedikwandaid §Kk018&wmioke) arasaddded i 2@ @Il 0% spifiyic rer, a

reflux condenser apnd a droppi-ng..funnel Il e sti il g t he
mxture i na?lﬁéﬂégqo&%mpgéagﬁe v@“@%’l‘ RSP X%}'ys E‘i:et lggﬁg%%%g%ﬁlﬂ?a%% hi gher
di anondoi d po& r8:k8oADITRIN b Predfditafe iFbepatinebng. Theadsedsion dpmadechasio witle above
flask over about 30 mi nutes. The 18 July 2005 WO 02/057201. PCT/ US02/ 00504
84 react i ofodimthydeoxide spduionpnt sRotigyst Overn glash TitoRary WENR | the
pr.oduction _of ; hyd ] L QRS i i Sk hLs kept standing
o&gr ni ght KA 36‘6‘% gtggﬁ(s)n eglgg&gﬁc%t ur etegfﬁl%}é%@éaﬁ%%&%?%%ﬂl%ﬂ c acid. The
benzene phase is separated out and the aqueous solution is extracted tw ce
wi th benzene. The conbi ned benzeneEX4MREF:23

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




5 are washed several times with water and dried with calciumchloride. The
residue solidifies upon cooling and is conpletely free of tfgyagl2e6st in

vacuum wBeshyshal |1 zation froma small anount of met han@cﬂ/’@ob@oﬁ?m i ng
with CO2/trichloroethylene and further sublimation under vacuumafford the

nonoal kyl at ed hi gher di anondoi d. 10 EXAMPLE 30 Mbnoet henyl at ed Hi gher

Di anondoi ds from Monobr oi ni nat ed Conffbunds Step 1: a solution of a

sui t abl e nonobr om nat ed hi gher di anondoid (0.046 nole) in 15 nL n- hexane

in a 150-nlL three-necked flask (equipped with a stirrer, a 15 gas inlet

t ube and arg@asodhtehna @ deited forabbit an additiohel Thaums entjl theprdoedtedh dfo - 20 to

-25 Cin acooling bath. Wiile stirring the flask 4.0 . O\ﬁdere freshly
g@f’ﬁwg]i‘%n

pul ver i zedhydicaen bromige draps etfo ks riyE a3 kenf stag POUKGed in such

a way that | 13t ql%i ol ] ; n.gr. The

reaction ig{l%g&rrp et gdﬂ té‘?%(%rd adc%gltogf%%%%iurﬁﬁ'iq')ﬁ)e%%ng ctgige olg%éi%ﬁﬁgﬁ ils

decant ed f tznagubeuscsmhtionss extrudtddritviceawith kennene. Zhheofonghihest bamehonatreets The -

—et-herl-ayer is separated. off, while the.aqueous phase is .extracted once

oo wi (e SEHERTCERGED oraietiTerHEr D e T RO and.

di lute sod &Eﬂigésf@;%?éo% iff Bl %o !éfl&}‘ﬁ?eoﬁ%ﬁe%olﬁeﬁ?ﬁ%ﬂ@nbeen dried over
e, 0

cal cium chlori ether IS distilfe . The residue is separated by
di stil | at i Becuysllizativafiouma gnaV andpury of methaabbwhile eodingivgler di anondoi dyl

et hyl brom dge.. . St 2: a.solution.of.0.7 g fine p ed potassium _
hydr oxi de %’W@O%ﬁﬁ’é‘mrﬁ“&&%ﬁ‘heaF‘gﬂﬁﬂ%ndwdg‘é‘{?ﬂﬂlmbﬂ%ﬁm&@é" (0.012 nole) in
10 i di et lheReyBteAbhdratideaidd. to 220 Cin the oil bath for 6 hours.
After cooling down, the mxture is diluted with 30 nL water and exacted

with ethyl ether. The ether extract is washed twice with water and dried
over cal cium chloride. The resi dueEXNMPEE3hd after the ether has 18 July

vacuum and i eele IR Sl Pries bR MBlpro BB oy TR o4 1T
recrystallized from net hanol EXAMPLE 31 _
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
vactum 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



Monoet hynyl at ed Hi gher Di anondoi ds from Monobrom nat ed Cbrrpounds 5 Step 1:

in a 150-nL two-necked flask with a stirrer and a drying tubg jqy 2005t ure
of 0. 069vawbk/es7ab1 a suitabl e nonobr ononat ed hi gher di anonaoirdisanedsad ni L
vinyl bromde is cooled to -65 Cin a cooling bath. Wile stirring, 4.5 ¢
powdered al um num brom de i s added %}Jn portions and the mxture is stirred
- for an additional 10 about 3 hours at”the sane tenperature. Then the
reaction mxture is poured into a mxture of 30 nL water and 30 niL et hyl

ether. After vigorously stirring, the ether layer is separated and the
aqueous | aPe ishilisd off s ubligaied threugy, end HmsepssaryHer swigplsioned. dither

extracts ar ﬁaﬁgie .t i sodi um carbonate solution. After
5 I et (\’C/j\ndnt etj(a:%¥0|ﬁi%e ﬁﬁ%%%ﬂ&%l

it has been um c e and the solvent has been distilled
off, the 15 residue is distilled under vacuum Step 2: 15 g powdered
pot assi um hydroxide in 30 nL di et hERAPHIE/3bl is heated to reflux with

0.046 nol e of e abov I t for abaqut_.9 urs in.the il bath. The
~monoet hynyl at e -%P@fﬁwﬁ?f?%%ﬁ%zs%ﬂ@%@é@%ﬁo’w@f}w%r@ﬂwgfﬁ#ﬁmﬂ%ﬂ- en
sublimated in the condenser and nust be returned to the reaction m xture

fromtime to 20 tinme. At the end of the reaction tine, the reaction mxture
is distilled unBidp hien adp@-mls b¥e-deqhad fiagh withgotionee and T ieying wbe.ld ate i s

extracted w.th et t her and.t et her pha -1.S she it ter and
ari ed-over M oR dT R Y HRingnlE o ploa Rl it YR E RO N A 405
distilled ofuyt biloREdE RSdodla t60k5 o ik S%oolﬁ% &atﬁ.eWIQlé%ﬁh&% hgrg potddremt ed
under vacuum and, if necessary, recrystallized from nethanol. 25 EXAMPLE
32 Mono- anlgnDingn fhyemidstieadddd ghpertiohs amhifie indis tuire tratikted b amrddditiosd! Conpounds

A gol ution of rmnot%r no _hi,gher g]ira doihd 14. 2 ). and vi.nyl. brom de
(0 i s hopsee hs e tliberating Then g roAchipf miRr i OBt 20 ) To
18" Jul y 20808/ A5 3204 REH0YSO9PE0. 8RRl VikSrolbiy sitpaiHerumum br ori de

(4.9 mol ) is added, portionwi se, over 30 mnutes while the internal
t enper at ur Bypsis Reparatsd epdvheaquegusinen it gdragiedoneeniose withether e

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



-30C for 45 min., diluted with CH2C12 and sl owl y poured over crushed ice
and concentrated hydrochloric acid (20 m.). Fromthis, the @ $aQi200% ayer
is sepawvat@@dsag 5 the aqueous layer is extracted w th G2€R2/08: conbi ned
organic layers are washed wth brine, dried and filtered. Solvent is
evapor at ed under reduced pressure tg give an oil. The oil is dissolved in
DMSO (50 i) and potassiumt - but oxi &8 (36 nmol) 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 gives an
oi | .. Bul b this nhiztuye diustimith tangide (4.8vwnneb inaddedi pasBonwise.cxsied 3@ mimies r esi due

Lhe monor SHHF G LRPRGPAPETR? D BPRROoC DB PER S T0TH fher |

Di anondoi d r.BoX ki ;| I i :
Monocar box%?dggg%?ﬁ d%ﬁ%ﬁlﬂ?ﬁ%@ a&ﬁ%&?%%%gaégfﬂe o} H%g lcsﬁu}in%dabl e
nmonocar boxyphédnetdd tgdsichibrrmpidd@0dnly Floxeilisnitelorgahi@layePGlsgparated add- n
—flask-with a stirrer and a refl ux condenser. 'Il'{;g eactiion starts 0 after
oy x| yttet 500 B es SHaRst) YHICTHOT AL89 Somired HETHiE SETRe A o The
m xture | Swi@}@é{' TdI'iQ& ﬁHérg& § nﬁéﬁ 'e?%m?ﬁtla& (hd rédiRed pAsknOfo EE a8t €am
orned Is l'ed o

bath. The I st under vacuum he acid chl ori de
|eft behimil.as a residue is cooled with ice water, and 6.0 nL absol ute
et hanol is added dropwi se. This mxture is heated about an additional 1

hour on the steambath.allo nd 25 then ured.into 50.nL. The
ester is takeneﬂﬁ %ﬁ’tq H‘Sé?lﬁﬁ‘}{ﬁgp&gﬁ‘ﬁ Zﬁdﬂ“ﬁﬁ%gm%ﬁéﬁn%%tuhom%eoégéyﬂﬂfs
car bonat e ;agLeoHs 13uH TR MmBREe 184tRIed Abdh téhiptritire fof a@alOnat fhen i S
carried out over calciumchloride under vacuum 18 July 2005 WD 02/057201

RCT/ US02/ (e&0d aBF0-5EXBNRLES Boui diamiard iselitibh phiesdDeawathddidd: givey m
H | SK g ; O)(;%/ !letb ﬁ%g‘?gonglg_lg @9%8 Tﬁgnz prry; fﬁzfs a%%t%)f—%gl?d {'egid%g.d %ﬁe faesgdu%){g roxyl ated

chromatographed on silica gel (hexane and 95:5 hexane/CH;Cly) to afford the mono-
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.




5 and triethylamne (2.2 nmmol) at a tenperature of 50 C. The resultant
mxture is added dropwi'se to a solution of acrylic acid chlg 2685 2
nmol ) | waomesare (2 nl). The mixture is maintained at 58cTU$aroostaout 1
hour. Until the desired diacrylate is forned, the conpound is isolated
usi ng standard net hods. EXAMPLE 35 Monornet hyl hydr oxyl at ed Hi gher

D anondoi ds from Monoester f ed Conpounds 0.014 nole of a suitable higher
di anondoi d nonocar boxylic acid-ethyl ester dissolved in 10 nL absol ute
ether. This mxture is slowy added dropwi se, to a room i5 tenperature
stirred suspension of 0.8 g Iithi Mﬁ&’@é"i n 16 nL absolute ether. Thi's

et . Ci ' o | ' . |
21a)r<e1l‘JLFI Iysagdle{j.r ﬁ%&%%%%g%{)h |orc%o?g%@enpéf@?’éggy%%gﬁgp?%ggauleius phase

is extracted with ether two nore tines. After the conbined extracts have

been dried with_cal cium.chlorjde, the, ether is.distilled off and the
residue is reCr?gtzéPLioféwxﬁP%aﬁé?%%%Vﬁ%Y@F@@ e drmnso sy LHERN 1 zat ed

*hoacet ant ket CHORGREr Braneh gt 0i B faP el BeabaRlb B ey o

about 5 hoaddedwirépwise ol stlation ffachyly spRivehedralt (3Qdinthvl) iy dicxehel € N).60 ml 25
di et hyl ene gl ycol . After it has been cool ed down, the mixture js poured
into 150 nihe pittare 1gmpmzined et X i wbeutryhous: Hafil theidesipeddpcrgleioriact | s
dried with i hydr-oxi ] i iistilled off and the residue
O bl alEabaSRE i, B 150%?%%%%“% Shfila bpadst || gher di anondoi d. 18
July 2005 WD 02/057201 PCT/ US02/ 00504 88 EXAMPLE 37 Monoanzi nat ed Hi gher
Di anondoi ds from Mononi tro ConpourBXAMPLEt3%r e of 0.412 nmol of a nononitro
hi gher di anondoid and 11.5 of . 5 sodium sulfide cg}g%;a’l;ydrate in 400 nL of

%ed solvent of THF/ AberopEthyliydygryiated iighsr Hiersp @@ for about 12
hours at 75 C. After cooling tHék&e@EB-&i%%%%&v t he

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.



m xture is concentrated bel ow 40 C under reduced pressure until the volune
is reduced to about 15 mL. The precipitate is filtered w t{3 fiigboes

fol | owegigppdmabi ng well with water and a 1.0 N HO aqugeygses@bisi on. This
crude product 1s dissolved in 10 chloroformor ethyl ether and washed wth
water (4x80 nmL) to neutralize any sodium hydroxide in the organic phase
(chloroformor ether) until the mat 8Pi al is essentiall y free from sodi um
hydr oxi de and/ or sodium chloride. After renoval of the solvent, a crude
product is obtained. The separation and purification of the product is
carried -out with colum chromat ogiXAMPIGK 3eutral A1203 usi ng

chl or of orm hexane, as the 15 el ue pure oam nat ed hi gher

di anondoi d. | f né‘é@%%’?’?ateﬁéggffj?éfg)m’ﬁﬁ’?‘f@#%g?’fl O’W”t”ﬁo BWﬁﬁzgghronat ogr aphy
could be repeated for several times. EXAMPLE 38 Monoam nated Hi gher

D anondoi ds from Monochl ori nated Conpounds 20 A suitable nonochl orinated
hi gher di armndaﬁdnmcmrcoﬁﬁ)éilz Hmldd)ofammnoaﬁmlughttrrdlamomlﬂuﬁ and El.2giod procedure

B T

hi gher di o REfteRBNBire, FhoyeS A
pure m)noa (%g‘?éelg Hﬁeﬂf&l ?gﬂn%ﬁsd&thWN%ﬁé% €I\;/]rbfnoammr?gt ed ?—h gher

Di anondoi daixhire i cd‘z‘immaécbbaﬂywatoe’dt Waepadnctsl piEtsare intil@hddolumeises of a
sui t abl e nmonocar boxyl at ed hi gher di angndoid . is_m xedg\?/w AL.gZ a% PS5 in a
50- L f 1 agrdusgditp peeriviStal o The precwitaigig iliered yithsushag ed by aEh@e; eact i on

Te oul y 2008 W0 GuPGEOTT0 AP ea SR BBl gE Blis LRS- pRREG SRS, The
aghdi t i onal chi@tiforitdir e@hd tettier bnd)washed withe@uebEid0 Iﬂ]h)EtoRﬁi&éhzefany gediuaur i ng
the reaction is distilled off under vacuumtq affqord an acid chl r|de Step

2: a sol uthydrxide mibe grnic Miagheshlodplars o sthep undb hsdarisgals pysent
chl or ! de (el Wittty hilirdia %@Qﬁ@i@ﬁghgha@hx%%ﬁm b L&Néﬁf added

dropwi se t0 u€ous ammoni a sol ution, while
stirring aggdemotingtds bhigined. The separation and punﬁcatmn of the product is carried

out with column chromatography on neutral Al,O3 using chioroform/hexane as the
15 eluent, to yield a pure monoaminated higher diamondoid. If necessary, further
purification with column chromatography could be repeated for several times.

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 with ice water. The am de (hi gher dianondoi dyl nonocarboxylic acid-
am de) is then separated out of the m xture as a precipitat 9181@92005 '

. preci pi v ezdx20isuct i oned, washed well with water and reecyasaidoseed from
cycl ohexane after it has been dried. 10 Step 3: 0.018 nole of the above
am de is dissolved in 25 nL absol ut@ met hanol . This solution is added to a
solution of 1.0 g sodiumin 25 nL a 30I ute nethanol, in a 150-m,

t hree-necked flask with a stirrer, a reflux condenser and dropping funnel.
To this flask 1.0 nL bronine is added dropwise with ice coglin and t hen
t he mi xt urdbjiareds Botyd foeae é@ﬂlﬁ@a&h@%‘ﬂh’é@t@“{l&ﬁfléﬁt% bathe %Pg’tq?r Af t er
15 the mx gded A | e |s

separ at ed %%8%9&&%? ﬁ‘t% #ﬁgﬁﬁ%ﬂﬁﬁ%ﬁ%ﬁc}#? I catl Oﬁaf%dgﬁ Eeﬁgé;ﬁlwer%fgd by
recrystallization fromethanol. Step 4: the above product is finally
saponi fi ed and S{\Eplaedsmlptid)moﬂheabcamdﬁgmdimomﬂehiyiintfmdcabméictagithfford t he

target co un 40,20 nQam nated Hi her no, |ds fro
~Monobr-oni f @ﬁ%@%ﬁﬁ@%@%% 03 Bt WE’ P&Vlffb 0028 ol )+ -

i 55 m xed W s@nftOof-conbarirRa Q;ﬁeo&%ms&wsbﬁﬁbn,rwmwmg aﬁ@éddliﬁ%dhé or about

12 hours. After cooling, the "reaction mxture is poured into water and
ext r act ed misthiredvitthice matret ﬂ‘aﬂemldﬁ‘(blgl@r diagwnileidghmenodasbaxylie acidr t h

magnesi um sul f filte eva rat ed to y vacuumto
provi de a oW S?ﬁﬁ?ﬁ%pa{?ﬁﬂfégp@? ?Sdapr§f’1§b nIt%%i’recb‘%l\g‘lgélr’?ono N-f or myl
hi gher di agilefigddd wabhddddei W th wafer Fhd e@i;rysmmfbdlﬁ&n@cnheﬁaﬁ%ﬂyﬁm asdl oric
acid. The resultant mxture is heated to boiling for 18 July 2005 WO 0

2/ 05 7 20 beepdriediS02/ 00504 90 about 24 hours. After cooling, the
precipitate is filtered and recrystallized from isopropanol to afford the

mpfioam no hi ghegoflsaBgiRlts oo Midve diiaéis dsdBiviata 23 HCERARRY! ) H gher

D anondoi ds from &et 0. ?:grrpou
methanol. This solution is added to a solution of 1.0 g sodium in 25 ml. absolute.

methanol, in a 150-mL three-necked flask with a stirrer? a reflux 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




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 nlL). Heat {sshaprbesd and
when t hevo e@aghion ni xture beconmes |iquid at about 58 C, p@mbywdresid hydr ogen
chloride is introduced until the solution becomes saturated. Stirring is
continued at about 60 C 10 for sever'gl hours, during which period a solid
forms. The solid obtained is filteré 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 stbautdi ophehfien codligidhe pregiinteds didieredsnd kearpstabiseblis@ls A hi gher

di anondoi done (0. 041 in sol.utj k- : of 35% HO aqueous
sol ution ﬁ%@§mﬂt°£%%%m%ﬂ%Péb%ﬂF%&é%0 ?Or#eﬂa with excess aniline (15.7

g, 0.17 nole) and the mxture is stirred at about 120 C for about 20 hours.
After 20 cooling, the solution is EXAMIMaEdE with addition of a NaOH
aqueous solution to

H 10. The resulting oily |ayer is_ separated and
~di sti-thed-to r e%ﬁﬁslaﬂé’dm%ﬁw@ﬁ’gk@’eg@m%ﬂﬂdﬁﬁém}fﬁé’ q‘@%‘}%&l’ﬂg‘f crude -

product is recrystallized frombenzene to afford the higher dianpndoid
dérived bi sphenyl am ne. EXAVPLE 43 25 2, 2-Bi s[ 4- (4- am nophenoxy) phenyl ]
H gher Di anonda diasi isehurgBil sythermixtiiegifehigica domubsiddslope (9.82ame! a

, 2- bi - hyd h I i gh di ' ] le);... Dp-
fi ﬁorgﬁi(gm%@hiiéﬁ & 917 mole Sp BURGrBP! (bt B9 slpesboalindoony o 024
&,DN?? c_Iiagetr yuéiée aﬁ%g‘ggec() ggﬁg{qafl%at%}_)§uti25? Orééf L&déjd foyrQﬂa qu[?ﬂos dﬁéfjr s. The

m xture iigtrédieed aagl e salidoPbetoaths isaututad. eSthang iy vatienedapabones(( AT 1 by
vol une). The crude product is crystallized from DVF to provi deﬁetépe

202- bi s[ 4-fouseniral bpwrerbxipgpridely periody g foana mbhrni obtaipgds fte
monohydratgr (20 M- ith 8icAlISHeALIPMEGid oS i ofspbndiftfigbov e

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



product (0.002 nole), ethanol (60 nm.), and a catal ytic amount of 10%

pal | adiumon activated carbon (Pd/C, 0.05 g) at the boilingg.aipeoes ure.

~ The reastoemmosmesture is refluxed for about 24 hours, angctnsepsduct

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 /{C. After cooling, the precipitated
crystals are isolated by filtration and recrystallized froml, 2-

di chl or obenzene. EXAMPLE 44 [ Hi gher Di anondoi dHi gher Di anondoi d] from
Monobr onmondi/édlimgthyldcetamidefDividndi] ahlNissaflieds] for alpnt Briwuin aftednixiugher

di doi d. (50 le) s dissol in 30 niL of ted t flu
n"a 1 hr e BRI RewopRERR Abrolikratees (Y hTIPSTE TRPERR i rrer
and ref | uxpoaiclen&aetallizod BonBDMIOW gibvidathedf 2 Bis[4-poaRrophBeikyJphédylj ot al  of

1.15 g of small pieces of sodiumnetal is added to the stirred reaction
m xture oWighergligmendsdd.of about 4 hours. After all sodium has been added,

~the-m-xture-is- refluxed for about an additional -hour-and then filtered in - -

t hot state. ' \ ; reduct 4y

dirsgrmndoi d cova %?@E#&%g%ﬁ&g%@ﬁ%ﬁ%?&&g;&%ﬁm@%?g) ?S cr ys(%i?ﬂ]?%;%a from
the filtr apredudgd.don aale)pethadol {GEmili), andat catapytivvirkemt o6 6% d=lladidid smonal
amount of the product. crystallizatjion from benzene gives a pure sanple.
Al ternati V8 eﬁ§i“¥?@n@f§%sgﬁ gg%@@%ﬂﬂ@gé%m%‘_ﬁﬁﬁ%‘?- fiﬁeg‘i’ 8 i gher

di anondoi drefibiPed 4o dhdiRl 24 Hollt2atd ¥l raiueﬂp_ﬁsiﬁglgi.@tﬁemeﬁhen%ﬁ )gHEﬁ/yl]ZOO5 VO
02/ 057201 PCT/ US02/ 00504 92 " EXAMPLE 45 Di bro ation of HY er

Di anondoi deighgyeamdidanbisgoedpitaed dquroghtbisiperiodf Thisgmature B themadtizdde Pol yner 5
A suitabl e higher di ndai d .coval ent | onded to a er .higher

el Birondo PIOHER FHARHIGY SRaolh deguRciEh el SRREA Rz B ¢ ALR Aohedini h
l'ong refl WrecipRAEEBSRlals 2t 8012401 BV filttioR bR H staBliAdGRIn WA D stirring, and

hydrogen brom de is
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.




- forned. Hydrobrom'c acid evol ution ceases after about 15 mn. the reaction

m xture is then heated to reflux (ca. 61 C pot tenperature)1d fily2008st 2
hours. wkitporeleed 10 reaction product is diluted wth 75paknQizdeshd and
transferred to a separatory funnel. The CCl4 is then shaken with
ice-water, and sodiumbisulfite is added until excess bromne is
destroyed. The organic |layer is sepzﬂzat ed 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
reaction product in the 15 pot is BPXAMPILEaSed with nethanol, filtered off,

D) amondo) dPBOTERGIARED LiSlERD et RGBT ARG PR A i gher

di amondoi d pol yner. EXAVPLE 46 BolyRhbia@didianeof D acryl ated Hi gher

D anondoi ds 20 The foll owi ng conmpositions "are subjected to pol ynerization:
~diacrylated higher dianondoid; nonoacryl ated hi gher di anondoid; a 50:50

e 2 R P A e

di amondoi diiaagndbi@ {1 eie)dh ¥h@bed info Atduil GHBANA4R: fitkll with & Rengeflious
conpositions is added 0.1 part by wei ght of a photo-polynerjzation

i ni tiator qobdemsonidesa0mnl phbromine israddedwipshirdes, ead Aydiogesbimadeisand

o7 087205 B &5 Retit 894 Bt el ekt AR S pld, B pactfBn b BRO0 | YO
H gher Di apgpRaAeids réasaEl 61 of po: Rirpkhxiy) Aiebol Thairs ditreota d (275 ng)

is sealed in a glass 5 tube and heated to 200 C for 14 hours and at 250 C
fior 48 hourastiofipeodughs dibitebweiteds mlpof GOl andriypasterige éo asepasperydned. af f or d

2 pol yrer 6, 65} . 4 EXANBLE 48, CoRRl MTEL] 48k BRicelSORRIANRK] aeosh H aher
- bromine is destroyed. 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. |



Conpounds 10 A m xture of a nonoet hynyl ated hi gher di anondoi d (55% by

wei ght) and diethynyl ated higher di anondoid (45% by wei ght){g sui§gebsd in a
t ube anwdemdsethiat 175 C for 2 hours, 200 C for 14 hourmGT/@sb@/oGokor 8
hours, 225 C for 48 hours and at 250 C for 16 hours. The tube is then-
cooled to roomtenperature and open%g to 15 give a polyneric resin.
EXAMPLE 49 Pol yesters Derived from Z;2-B is(4-hydroxyphenyl) Hi gher

Di anmondoi ds by Sol ution Polycondensation 20 A 2,2-bis(4-hydroxyphenyl)

hi gher di anondoid (0.005 nole) is mxed with pyridine (2 nL) at room
tenperature for about 20 ninutes. ERAMIRE470yl chloride (1.015 g, 0.005
nole) in nitrobenzene .| i on at room
tenperature for aboutP ;I%elﬂ%%hg}sl%Q%éwﬁﬂ%{l&%%@#?g%ﬂ%é?g%eat ed to about 150
C for about 10 hours. The resulting polynmer solution is poured into

met hanol to precipitate 25 the pol r. .The pal i s. washed with hot
net hanol , col | SéHIPgerPfa? ‘g?%’@fl?te‘émeroﬁhﬁ@ﬁn&%diﬁ{ﬁgi‘ts Sﬁ%ﬁ‘ﬁin BHAE £ or
Pol yaf am nophenoxy) phenyl'J Hi gher

Di anondoi dg robi tS@beilathed akbbpeaed tesffad e @olymelidiesiak is charged with a

m xture of a 2, 2-bis[4-(4-am nophenoxy) phenyl] higher dianpondoid (0.9
nmol ), terephthalic acid (0.149 g, %@EL‘% tri phenyl phosphite (0.7
m), pyridine (0.6 ni), N—msthyl-zE ne (NMP, 2 nL) and calcium
chloride (0.2% Qéfn}[elrfzaz’i&z 5;@4%&9&9&@{9%%@5&%&@@:@9 Wid DiddRyh Bated t €r

eac

cooling, the lon mxture 1S poured’into a | arge anount” of nethanol
with constant stirring, 10 produci ngerap@ralki pitate that is washed

t horoughly with met hanol and hot water, collected on a filter, and dried
t& afford a pol yam de contai ni ng hi gher di anondoi d

A mixture of a monocthynylated 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.
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{ conponents al ong the polyner chain. [ EXAMPLE 51 Pol yi mi des Derived from
2, 2 Bis[4-(4-am nophenoxy)phenylJ Hi gher D anondoi ds 15 by1&hagi2oas

~ I 'm di zatvoosr/okezo Sstirred solution of a 2, 2-bis[4-(4-anm nephesszass@henyl |

hi gher dianondoid (1.2 nmol) in DMAc (7 nmL) is gradually added
pyronellitic dianhydride (0.262 g, 1.2 nmmol). The m xture is stirred at
roomtenperature for 2-4 hours under” 20 argon atnosphere to formthe
poly(amc acid). Imdization is carried out by adding DMAc and an

equi nol ar m xture of acetic anhydride and pyridine into the above-

ment i oned pol y(am ¢ acid) sol uti orEWEEi%’ri ng at roomtenperature for

about 1 ho and then heat i t . i 1. I t 3
hour s. Thelgoelyaaé?fl%‘(a)snﬁefﬁlr’%iedﬁ%ﬁz 3192 s—%g&g%gg%”e’e# %flr%ﬁg%{hggﬂ] %{;%illegne@ﬁ%ﬁg ' gynd t he
precipitate is filtered off, ZbSolashedohtdrienzidvanol and hot water, and

dried to afford the polyimde containing higher dianondoid conponents
al ong the polyner chain. 18 July 2005 WO 0 2/05 720 1 PCTI US02/ 00504 95

EXAVPLE 52 -Pol y %r]ﬂeagnggsa&féz\%%ﬁtg I Qe B dﬁéi@@(@-%%%ﬁf# hgﬁ)ﬁﬁ@fyl]

Di"anondoi ds by I zat1on ol'utron’o

2, 2- bi s( 4-Eghdaraihamdoid (0.9 hemoly iiaspitbaick{d (i g, 0.9 mbToly trphexfyl NW
3,3",4,4" -henzaophenonet et r acar ha i ¢_di anhydride, (BT 98. 69 .61 g, 5
mol ) is dRhgee (toﬂr&lé’(ﬂ W&Htg(é%iig\{‘mf W\%@B §BB@FP@§‘P§%‘6¢M nuousl y
stirred at ﬁ;&m?mr r CAf ligd ure are
added 1.5 cal , of acet(i@'gggzhgtgélr e %ﬁrﬁﬁogﬁﬁ??gﬁ %ir%\%%toﬁ]é%é’t he

t enper at urthe reaction gExtutes powad dutt al2@e Gurmudt dpethavoltwikiscanstapestarioge f or
about 3 hours. .The resulti .sol uti is our.ed i.nto excess nethanol and
T tor oo BGciReE P it Srated BordehB Pt eatand. S HEE %l aarer and
met hanol , @Exl'%ttgﬁ%ﬂ ggﬁlﬁ‘er,%hmi%ﬂ té ffHFd £sblpimmleQuhtakify Fgher diadbadsid 12 hours

in vacuo. ‘ ]
components along the polymer chain.

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.



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 noghanyposi gher
di anrondova og®smeml ) in 19 nL of freshly distilled m cresptTusezi00504
3,3 ,4,4" -benzophenonet etracar boxyl i ¢ dianhydride 20 (98.6% 1.61 g, 5
~mmol ) and isoquinoline (0.95 nlL) as gscat al yst are added at room

t enperature under nitrogen atnospheré&. 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. EFAMBEK i zation is perfornmed under a
gentle nitr ] /8. h _ C j b7 dl zat i on.
Vork-up | s aaqeiyt SRTEEb R Bl fophb T R BRI B CIMET | “ang
filtering. The precipitated pol yner fnsdinmided several tinmes 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 02/057201 PCT/US02/ 00504 96 EXAMPLE 54 Li near
-----P0I5y-as-p-a-rt-i- m de i . .3 - Bi - . H gher -

D anondoi ds by fr t??%ﬁlsﬁéﬁgﬂeﬁtﬁa,&%ﬁdr?t%i(%n Re%gi?llﬁsf)bnﬁi%%&?ﬁgg 10%aﬁ{l thrl)é%I necked
fl ask equi JiéomviafiNMPR3dhéti-bersbphenenctemacagidxylic dmnhyibidedBTDIAGGIEL er

and nitro i nleet .55 1. 25 .mol f.bis(3-ethyl-5- . .

met hyl - 4- At igﬁS&B‘B’r?grfﬁ F%?F‘gt"%éh?e“@’é&ﬁw%@?gf g%ﬂigt o Solghigg isrontippqustio)
Wien all igeBi\MYbirStefipe@alry R abdut2 HYuPD I PfhegeddtibN tifte Aohlidddr §4 10
am nopheno;%z phenyl ] hi g_her di anondoi d i s added. Then 0.1 nL of gl aci al

acetic acimef, ofgrstic agh tanfl 3$tmLjof prddied and thenthetemprratre ismiseide t he

di am_pe .i.s. .conpl.et el y .dissol ved.. T ] i xt is th
e sea T APSH 19 CEHRHCR Rt RS fo0tPortg Teuor HARBNUAE RIS ¢ o
pol yner i zepodieg ikt Shtbdds AEEIRAbY IR filteFed. Sﬂ@ﬁﬁﬁpﬁé{te@gbﬂ&mg id PEhYl SGRKA

reaction mxture into excess ethanol under vigorou
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 terperature 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 stirring. The polyner precipitate is collected by filtration and washed
t horoughly with ethanol and extracted with hot ethanol using Julpass et
extract eyo apgk72.gubsequently dried in a vacuum oven at 70p&r/tiQéymbput 24
hours. EXAMPLE 55 4-(I-Hi gher Di anondoidyl)-1,3 Benzenediols f om

Brom nat ed Conpounds 20 A suitable brom nated higher dianondoid (0.046
nole), resorcinol (5.51 g, 0.05 m)l%ﬁ), 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 hours to allow for reacti BKAMPBEBE 5 constant ni trogen 25 purge to

assist inthe re r . for T ion m,Xxtur dto

Srbi ont | § ebait PBs T R an AR e o AL B ol i s -

crystallized fron1so|ut|on Resi @uahod 38751 Me! 1s removed by precipitating

a solution of the product in nethanol into warmwater followed by

filtrating and washing with whichae! SidiGerqBeartiopurification to a

-~po yneri-zation quality nonomer is. acconplished 18 July 2005 WO 02/057201
/ US02/ 00504 97 by vacuumdrying to renove residual water,

recr ystal lizi ngHﬁQ@Uﬁa@JtﬁﬁﬁQzﬁc@ﬂcﬂe&k@@h %ed@ﬂﬁhkﬂﬂgﬁ@tlé Sy oralliche product .

EXAMPLE 56 4-(1-H gher D ar nondoi dyl Bi s(4-am ngophenoxy) benzene from

4- (1 - H ghepondsnyordhermpwneiss a)admtan%nlzleheﬁém %mmel)@f@m(%rethyeé hi gher

di anondoi d ORI g, 28.8

ol )+ pot ég%ﬁ%ﬁ%%?%%&%%%ﬂ%&e@%%%@eﬂ 169! Stdﬁlﬂ $95-5R%01 4whéh

N, N- di met hmﬂﬁrﬂmwisdl@NEr,edmwha)mdmfwidmneGZﬁmE[mout 8 hours. The 10
m xture is then cool ed and poured intgQ a nol - wat er soI ution (1:1 by

vl une).  FREcphergeyiphemiLisher 4@@99@1% qdé@% Thf‘é'rﬁ § e phgl 3&%%%680 aci d.
d f th b
oY oduct (400 WAEFaCECataled B alidb B LRPM Bt 0 B A ene, 123

mol ), 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
f 25 purge to assist in the removal of HBr formed. The reaction mixture is cooled to
T 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



ethanol (25 nL), and a catal ytic anount of 10% pal | adi um on acti vated
carbon (Pd/C, 15 0.05 g) at the boiling tenperature. The ream,jm’ylgn{;yt'ure

i s refl sw@ok/dsezotabout 24  hours, and the diam ne productp¢BUgR@sEI t at ed
during this period. The mxture is then added to a sufficient amount of

et hanol to dissolve the diam ne prog, ct and filtered to renove Pd/C. After
cooling, the recipitated crystals a isolated by filtration and
recrystallized from 1, 2-di chl orobenzene to afford a pure di am ne product.
20 EXAMPLE 57 4-(1-Hi gher . :

Di armondoi d§¥ yacuug: @yingdo remens residnativebpherosiplivas bae tphgns. and finally gher

Di anzondoi ) - - Bi -am | zenoxy) benzene A flask is charged with 1.73
nmol of a %'%?l)im%ﬁ g%%&é?}g’ ﬁ@gcl?'dyl )-1, 3-bi s(4- 25 am nophenoxy) benzene,
0.68 g (3.54 nmmol) of trinellitic anhydride, and 5 nL of DMAc. The m xture
is stirred at room tenperature forEXAMPLE S6ours under argon atnosphere.

Wihil e continuing to maintain itation and roomtenperature, 4 L of
~acetic anhydfif %{1&% @?Qoﬂi"-léﬁﬁﬁ'fﬁ’d?ﬂ‘i@”’é‘f’ %@é%e’?‘"ﬁ(%%ﬁg‘r‘g’ﬁ'%éé}?ﬁr about 1

haur, Afterwards the rrixtur@i',;;o,%ﬁ;i@djg_tBe;,peQ,egioﬁor about 4 hours and then
cooled and 18 July 2005 WO 02/057201 PCTIUS02/ 00504 98 poured into

met hanol . The precipitate is filtered off and is purified by extraction

ith hot eth I [ hl.et t 1 b t| ied i
Vacuum oven at ottt grSa7Tieet aBrondou -G Prrieasel Garmbedin e acia:
4- (1- hi ghegnigioaiimmericdy (4,53 g%s.@hﬁﬁél¥,tpbmﬁhﬂniéa}wna@qh%>sy)zhﬁﬂ@?m 5
EXAMPLE 58 Pol yam de-i m'des Derived from 4-(1-Hi gher Dianzondoidyl)-1,3
Bi s(4- tridl MedimethyplosnanideBivES 36 mhly) Saefned dordiopt dhawsshd on A ni xture

of. the diimde-digarboxylic.acid - (1- hi gher di anondoi =1y 3- .10

pl0s -t 11 P f gRk 259 BEGa s b e iet SROR P Y b ook o

(2, 2-bi s[@ﬁéquwbmaaqgl%wmlﬂdaﬁF&Haumﬁaraeﬂane, 0.7 mmol), 0.25 g of
calciumchloride, 0.6 nlL of triphenyl phosphite, 0.6 nL of pyridine, and
3.0 mL of NMP is heated with -stirring at _ 100 C for about 2 hours under
argon stream Afyéipzigsganglydrase(lfank) 3 gdded 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




m xture is poured into a | arge anount of methanol with constant stirring,
producing a 15 precipitate that is washed thoroughly w th hot8 day@00and

met hanol lected on a filter, and dried at 100 C und or 24
hour s tgv%ﬁ?{)fﬁ a pure polyam de- imde containing hi gheﬁkm@%ﬁg@){ d
conponents in the polynmer backbone. EXAMPLE 59 Pol y(aryl ethers) Derived
from 4- (|- Hi gher Daanondoi dyl)-1, 3- B#hzenediols by 20 Nucleophilic

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, 26urbd HI® Mmetidindt. UTIR précifitsis @ Meded Bf3ad M- miMA bypdi@radflonvith 0l uene
in areaction flask fitted with a nltroq%gn bl anket, mechani cal 25 stirrer,

and a Deanh@hesitapot napg a Poxhlnl extrirter andsuesapently doediya vacugovemt f0i s added
while stirg) d heat | to reflux, Reflux.is, held al aroun C for

about 1 hou¢ ?&f% 06\5%% 35@’%11 ﬁgmﬂ;‘fé‘é‘ﬁﬁrpo’fﬁ}?ﬁ?&q‘ 46@%8%%4\%“1??%’&&1%@3? eacti on
flask unti bistHeirhdIBfiddpABRATFcrbshel €aches around 160 C (ca. 2 hours). The -

—r-eacti-on-m-xt-ure i's mai ntai-ned -at- 160 C for -10 hours and t hen cool ed to

anbi ent tenperature. The polymer solution 18 July 2005 WD 02/057201
PGT/ US02/ 00504 99 is diluted withEXNMPBEGRS filtered to renove the

inorganic salts cidifie nd t 1 pit i et | | .
Filtration and 5?519%&6 ll?ﬁeﬁ%rrﬂgggﬁ?" gjt?ﬁ'g%g%fr I?%%%Edi%@g?e} %ﬁum gi ves the
honmopol yrmer . EXANPLEnRithnidey Heaby k&t BySolhti P diyécndeh giner:

Di ar nondoi dyl ) -1, 3-Benzenedi ol s and 2, 2- Bi s(4- Hydr ox) Phenyl ) propane by
Nucl eophilic Aromatic Substitution Co-polynerizations are carried out with

diff t I i - B4 bl P i

and a 4 (1 ni grariE e of e R E RO adid e B RIS P
t 5t r anet hybie@etrisndlfidmniopheddxgltansgnent. 7 sahvhd.36F g of a ditnaine €2,2-dis[4-(4-1- hi gher
di doidyl)-1,3-b iol_(10.25 I ~2-Dbis(4, .

nydr oxy pheNg PP B IR BIR S5 BHEAPOPHIE B B0 023 Efspicium ghloride, 0.

4, 4" - di f1 ugj oeRZRRRERRIEh{E (PRI Bf p3BdRie, and 3.0 mL of NMP is heated with

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



mol ) 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 BH¥R08P ar k

trap. Tevd /g9 xture  K2CO3 (2.969 g, 21.48 nmmol) is adf@f,}gm,dogmstl rring
and heating to reflux. Reflux is held at around 130 C for about 1 hour

foll oned by the gradual removal of toluene fromthe reaction flask until
the flask tenperature reaches around®®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
renove t heis dibwtghbwitls chlatdferm,ddicdidf to eeinoenthetihegape ezdtspaméiﬂieﬁ andttloernet hanol .

Filtration and drying of the_product at aboyt 120 C un V. ives the
copol yner . Pieeiigipdagiodngihgnel. Bligation aud dryge ¢4 fe prpdet g i Vﬁ%ﬁﬂ%ﬂ?

Soxhl et ex to renove solvent and salts fromthe
i nsol ubl e ""E g"&ﬁé‘&i‘gﬁ&ﬁ@%ﬁ% WO 02/ 057201 PCT/ US02/ 00504 100
EXAVPLE 61 PoI y(3- benzyl oxypropyl nal ate-co-ethyl higher dianondyl nal ate
~(-85/15)- from - 3- Benzyl-oaypropyl mal BKAMBREt @ and Et hyl Hi gher -Di anondoi dyl

|va| ol acton Ani onl [ Co-, Py zatio A.flask. is

char god i L BoMmeREEm frons SRR PSRt O SEPGATRols 881 27R B ot hy)
hi gher di anondoi dyl mal ol act ongg@oflone ;mﬁpﬁ,pg,@b); et raet hyl anmoni um
benzoate (10-3 eq. per nole of total noles of the co-nononers, acting as an

initiator of the anionic rMgleoplstic dyometipdubsiafiorat i on) under ni trogen.
The m xture is then 10 well stirred and warned to 37 C under nitrogen
at nosphere and is maintained at this tenperature for 15 days. After

conpl etion of tlg- @ MABAI Zabh9iRd bRAR|th GifferbNem6iar rafioh Y@ soasBers
coll ected and washed with small anount of water, ethanol, and dried in

vaguum f or (Zbbis(4-hydmesynhenyBpoanmernd 2 461 -highrediamondeifvyil dyberpenndial) |  Et her
from M)nOhl\.{s%ﬁ él¥llie?‘t]ﬁ\$iAg%nPe?r%m%ﬁ1y}ene sulfone (sulfolane) as solvent. For instance, a

4-(1-higher diamondoidyl)-1 3-benzened101 (10.25 mmol) and 2,2-bis(4-
hydroxyphenyl)propane (10.25 mumnol) 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




To a 150 mL round bottom fl ask are added a nonohydroxyl at ed hi gher
di anondoi d (2 nmol ) and 3-brono-1-propene (2 mml) and 50 nL1#dYYE08E, The
m Xt ur ewigsoaisiroied and heated to about 100 C under nitr ogerrusdrdesqahere for
a few 20 hours.” After conpletion of the reaction, the reaction mxture is
poured into water (50 nlL) and is extracted with ethyl ether or chloroform
(3x50 nmL). The conbined organic la is washed with water, dried over
anhydrous Na2SO4, filtered, and the solvent is evaporated to give a crude
product. The resulting crude product is purified by chromatography to

af ford hi gher di anondoi dyl propenyiXANMREE®dnoner suitable 25 for

pol yneri zation. 18 July 2005 WD 02/057201 PCT/ US02/ 00504 101 EXAMPLE 63 {

Hi gher Di anp i.dyl Propynyl, Ether fr ohydr o; a To a 150
i Tound” bot PO PPEISONEI ST G e ed e hOh BB BRPLIUE 5 gher
di anondoi d 3(-&:%}133},0;-0@ Brdls18cndre RELO BYIRE HiZheikhonddidy] Ynlodactbingte@®S0O.  The
m xture is stirre andyheat ed to about. 100 C under nitrogen atnosphere for
—a-few —hours. After conpl&tpeaRétg-OneningserldWnerisdioneacti on nixture is -
paured into water (50 i) and extracted with ethyl ether or chloroform
(3x50 nL). The conbined organic 1layer is washed with water, dried over
anhydr ous Na2SQA flabk st hiag@d vitdh eu®a Btz xgpapyimicdctomtg(8/e a crude

product. The resulting crude product is purified. | chr onpt ogr aphy to
afford hi gre¥ee gf:rcfi}%mam yalelagtepatghymet E’iﬂﬁdtfégﬁ Ygponnin

pol yneri zat | F@d\@t i ] i - : :

nonohydr o%%ng{;het% npo Eﬁ%@ogfg I&%} Igo%ggf‘%? c%%?\’gﬁ%%% ,?%hqn%ﬁ%ﬁ(m{itﬁ%&% ol | owi ng
i s added, o thomdbyidrimgydpehing cohjolymerizitiampndie: ditlogemitie)miahoe sdhgh oy |
chloride (2 pmpl). and 50 ni, The m xture is stirred gnd heated to

d THF.
rf | ux und@?ﬂfﬁrmdo@@ﬁvﬁa?%%ﬁ%?é“ﬂéﬁr@@%%mﬁ rere 2 ig MAYARPL e B of the
reaction, {LASARIY W15 FayEV ARG Arfiflelich 6 HBESDoBAeriAfiof fablidd, Bk co-

polymers are collected and washed with small amount of watei', ethanol, and dried in

vacuum for about 24 hours.

‘_ EXAMPLE 62
15 Higher Diamondoidyl 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.



20 crude product is purified by chromatography to afford higher

di anondoi dyl acryl oyl = ester nonomer suitable for pol ynerizat8 duly 2B05\VPLE
65 H ghavobiesvesxdoi dyl Monocar boxyli ¢ Acid Propenyl Estepchrosméshi vat ed
Monocar boxylic (Acid Chloride) Conpounds 25 - 0.017 nole of a suitable
nonocar boxyl at ed hi gher di anondoi d i@ mxed wwth 4.2 g PC15 in a 50-m,
flask equipped with a stirrer and a &f | ux condenser. The reaction starts
after 30-60 seconds with |iquefaction of the reaction m xture. The mxture
is heated for an additional about 1 hour while stirring on a steam bat h.
The 30 POC13 formed during reacti oBXiAVIHL4163 | ed of f under vacuum The

remai ning aci d; 18 Jul.y 2005 02/ 201 PCT/.US02/ 00 02 | ori de
residue is coofhégu3 tz%m?%cg’l%%pygﬁg&%?’ 7 8 zé'ﬁqqo-% 8‘% 0(552.%8‘%76&}1 Oeu?zgf s added

dropwi se. The mi xture is heated for an additional 1 hour on a steam bat h,
cooled, and then poured into 50 m, water. The ester is taken UP w th

et hyl ether andTere?Osakreund kytiom Haskdbe dlowinmisadded; i rmanohyreEIas ut i on

ang vater AL e AENIGN ( LRSS \ODBERADL B S0 Fifsh A SYFL apbRISEY

chloride a nder vacu o] surtable

pol yner i zathe mixtae"islifred fnd-h@hsar to RbamoimdciCchtdeMin@gan bexyshhare Asd Lfekr opyny|
Ester from Activated Monocarboxylic (Acid Chloride) Conpounds 10 0.017

nol e of a Bewrs-adifier eryppletionokije apastion, thp aciipmmsrats ia ppuredinda vaigrP0 4. 2 g

PC5in a flas 1Ui. pRE iLth SLELL flux denser. The
Feact i on- st 8 rPRTeERhBRSE el @ bk, iS SR R R

m xture. Th§er iFwdshéBwith wakd! @tkd Bler aihydeslistNHRa),, fkaud, ahd fieidolvdat | e
stirring on a steambath. The 15 POC13 formed is distilled off under

vétuum Thevapeiagedsiol mys alerude produeti The rasnlang erade praslurkispyafiedbyi th i ce

water, an dcﬂE&QfMg%&ﬁ)h%tg Eﬂ'@ﬁqﬁgﬁe‘%ldiaQROn%ZdyWBIO%)ynhsetﬁ&qﬁgnomer suitable for

polymerization.

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




The m xture is heated for an additional 1 hour oh_the steam bat h, cool ed
and then poured into 50 nL water. The ester is taken up w t18 &ilhed0%t her

and t hefyogwsdiedsw th  potassi um car bonat e aqueous sol ut i giygaehoiader. After
drying, fractionation is 20 carried out over calciumchloride under vacuum

to afford propynyl ester nononmer suitable for polynerization.. EXAMPLE 67
H gher Di anondoi dyl Monocar boxyl i c- AB? d Propenyl Am de front Activated
Monocar boxylic (Acid Chloride) Conpounds 25 0.017 nole of a suitable
nmonocar boxyl at ed hi gher dianondoid is mxed with 4.2 g PC15 in a 50-nL

fl ask equi gpaddaniesiduaissiobtaderiitamed vaterahd Axpropadénd €0.01 Thele)isakicdon starts

after 30-60 secon with |jquefaction qof . th eaction mxtyre. ,The _m xture
s heat ed FEPVRE dBaPHKBAE R g AhOtuicuel F PRGOS delip e e
PO 13 30 f@eapsukd iflbSbinkl 62l TheRderis Yzﬁ&ﬁl&ﬁ‘m'ﬁb@thgﬁétﬁéﬂdnﬁghéﬂv&hﬁﬁﬂ oride

residue is cooled 18 July 2005 WO 02/057201" PCT/ USD2/ 00104 103 with ice
wat er, andwh ampqresdus polapure cabo04i? solutiod and watkite d fitr dyyiing dractivrntion xt ur e

~ig-heated faor an additional 1.-hayr on the steam bath., cooled and then -
bdureq | nh SaBe0 oR sttt gnlgfh S S RS Rt af ST and then
washed W tduithole 38Spdlfmefidildanat e aqueous solution and water. After drying,
purification of the crude amde is 5 conducted by chromatography to afford
propenyl am de suitable for polynerization. EXAMPLE 68 Hi gher Di anondoi dyl
Monocar boxyl i c- Aci d Propynyl Am deEXARRIEGO at ed Monocar boxylic (Acid

Chloride) Co Syl 017 | Sui t apl r hoxvyil hi gher
di anondoi d .29%?2% %9%0%“’9%’4*-’2”3”%6? é”‘?ﬁggc%?@?”%ﬁasg%@%ﬁ%ﬁﬁlg‘é %ith a
stirrer and a refl ux condenserboxphie (Adi¢ahlride) Sontposnds t er 30- 60 seconds

with liquefaction of the reaction mxture. The mxture is heated for an
d8ditional 1 hour while stirring on a steam bath. The POC13 formed is

distilled of f UGS mbACAH BuihHE rdilodabBkated histkl LiRHBH BRuiRed FRhAUE 1S
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



15 cooled with ice water, and 3-amino-|-propyne (0.017 nole) is added
dropwi se.. The mxture is heated for an additional 1 hour of8 diilg 2008am

bat h, caephesles7asyd then poured into 50 nL water. The am geyhSod/a@sen up Wi th
“ethyl ether and then washed with potassium carbonate aqueous sol ution and

water. After drying, purification of the crude am de is conducted by
chromat ography to afford propynyl ami®¥e suitable for 20 pol yneri zati on.
EXAMPLE 69 Mbonoacryl oyl am nated Hi gher Di anondoi ds from Mbnoam nat ed
Conpounds 25 To a 150 m, round bottom flask are added a nonoani nat ed
hi gher di aﬁﬂwd@mte(rzandlﬂabl)lmnﬂpm@ﬁw Glyl])l?blhbbﬂ isceldé@ dropetide. et hiturt dry

THE. The re.ls s e refl ux un nitrogen mospher e
for a few At ]Ee;ag defoﬁﬁl 8‘5&@8’??8 |133p ﬁ*‘”? P@g’c“ﬁo&‘? unge%‘&m/ iently
noni t ored I, Fafer OThSamidiskaksh & Bv&mﬁetﬁﬁleﬂ%ﬂtana%&M%@tﬁﬁ basdiness and
t he resul tlg% crude product is 13 July 2005 WD 02/057201 PgT/ US02/ 00504

104 puri f cai@opiic @npenia solgtopmd watenf A&ﬁﬁ%ﬂ@gmﬂcmw&mdmy&bwl

Propenyl AR R B i SR e e R Lo

flask the followi ng is added, a nonoam nated hi gher d| armnd0|d (2 mol)
and 3-brono-1-propene (2 mml) andEBAMIPICE g8 DVSO. This mixture is stirred

and heat ed togl{_egl undze;ap rogen_ atnosphere for. a few hours. After
conpl eti on of tgke BigEqrgpidridprerarsoybiavsif Braypylrbrde Hiosvddipatad TLC or GC

S5y et O, RS SRR o ) 10, o oct
washed wth water, dried over anhydrous Na2SO4, filtered, and the :
c 5{{3 Ie n Ip P g d 3 glt v e@ (B:erqlq)]]e 8 géla%?edm%goc boxy?atec{ ﬁcgjﬁerpt{lgnqgr?&md I}hnixgg %Vlil II;Lt 'nd

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 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



chromat ography to afford hi gher di anondoi dyl propenyl am de nononer
suitable for 15 polynerization. EXAMPLE 71 Hi gher Di anondoitdyduliProgynyl

A de frimddarganm nated Conpounds  To a 150 nlL round boppakéd@sks t he
following is added, a nonoam nated 20 hi gher dianondoid (2 mol) and

3- brono-1 - propyne (2 mmol ) and 50 nL dry DMSO. The m xture is stirred and
heated to reflux under nitrogen at mi%here for a few hours. After

conpl etion of the reaction, which is conveniently nmonitored by TLC or GC
anal ysis, the reaction m'xture is poured into water (50 nlL) and extracted
wi t h et hyl peifiseirbyochroiabogedpby o {£8xdhighe) diabmdodiybhdreidybmgaieintodoayer i S
washed 25 th gter and dri ed over anhydrous Na2SO4, filtered, and the

sol vent i sSBFISIPEPRIMETZatNye a crude product. The resulting crude product
is purified by chromat ography to afford higher dianondoi dyl propynyl am de
mononer suitable for polynerizati ogxah$ppel 3o 2005 WO 02/057201

PCT/ USQ2/ 00504 105 EXAMPLE 72 Phenyl Hi gher Di anondoi d- Modifi ed PEGs

[ Pol v(ethyl ene HigpeoDjmiorivui Ptapehlanide froim MogbreninDled femgoidgt phenol -5 To - -

tirred solution of a poly(ethylene gylcol) (PEG 1 mmol) in 15 nL

di'chl oronet hane, | nL of triethylamne is added. This solution is cooled in
an ice bath UW@%IHOM%&%&B&%R%E: fﬂll@ 1 adfled, a monoaminated
4-tol uenesul fonyl chloride (5.2 mmol) is . The reaction is continued

at 0 C f orhigh¢rsliargondmd (hemalhand3 hltﬂm%lﬂﬁ’l?qﬂé(ﬂz mmol) gk @ whpkvat ur e
over ni ght 'Dy@ﬁ) d%txturg hsp sﬁl?ﬁ%dipag& ﬁgé‘:t?d {0 regufgmx t;]%%h afimo ns[;)\i/igre?iﬁ)g Ltional

recrystalll rome ofrmed 1'n or e

triethyl anfmmdmm chlier ¢dﬁ@1ét@iﬁ@fdh@t&abﬁmtvhﬁcﬁ ﬁaﬁh‘lf@ﬁbn@l&'fxﬁdiﬂtdﬂ@iﬁy pure PEG
tosylate. Under a nitrogen atnosphere, her di anond phenol 4 mmol )
di%sol ved THC mqﬁmeﬁmsf, e W@éﬁlﬁ% B\*‘bﬂ’éﬁeﬁéﬂ)em?\i% pwi se

to 0.24 g ofy spadi br er |on I‘@Qﬁ? Se:}'ﬂfz m@he%gm T cfa%rqg washed

di chl or one ane

t enper at urwbafawredzm‘ag afyPRoMsI¢a, 808, AkFd, aay &lﬁ@n{aﬁuﬁg mm wces s)
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.




:

di ssolved in 50 nL of dichloronmethane. The reaction mxture is kept at 40 C
for 24 hours. The obtained polyner is precipitated in ethyl1gulgrR005
recryst ayvbiozeshzbsr om et hanol and stored at 4 C.- EXAMPLE PBaTiaoiwshon

of Di anondoi ds Cont ai ni ng Pol yners or Co- Pol yners Pol yners such as

pol yam des, polyi m des, polyesters, pal ycarbonates which are easily
processed sol uble, nechanically str and thermally stable are very
inmportant materials in a wi de range of industries, such as the

m croel ectronics 25 industry. Introduction of different pendant groups such
as cardo groups along the pol yner EBAMPddIe7has been shown to inpart

Phormal  pr drth e Diendaeci et S Py A en e AP LT B 1
i ntroduci ng cage hydrocarbonquﬂggagbgmgﬂu%ﬁygﬁ@ngin because such cardo

groups show significant characCteristics such as high cardo/ hydrogen rati o,
30 high thermal and oxidative stability, rigidity, hydrophobicity, and

ey ot SRR A

limted avaidhaftbhiian®fl 9L BE bridioMBid ia adudo i Thidwolitivmds bosisd (iiirant ane and
triamantane) and the unavail ablity of higher dianondoi.d hydrocarbaons

(Ej et ramalnt aa@,mdp@wﬁaaﬁtlﬁtaﬁ@her@x } & ek Hiolyengsalionsiehioriqe ot panal} Son of
POome Vo HHE b BTG SRR S e o BB v L

in the solu er physrical "properties of the

resul ting pedny eRiSoratil VoM SaS Thi PoducbBPr&spitficd IRQHMHR &handro- pol yner s
cont ai ni ng hi gher di anondoi d hydrocarbon noieties in the polyner backbone

wile h i mpr ovéditipeg} seamttalizadisarfrore sthanel ip pedemecsdoniordey to ramafeédhé d be  poi nt ed
t that A 10l i - 1. [ } 10
Bxanpl os 79 AR 0500, Al Bl WA ANRALELCL KRR PRSI 1, o

for these applications. Al other higher dianondoids and their isoners
and/or their nilndef angioganainodphéread higha dsmowgiyhrhenal@imabbhslifsotved uch

appl i catio nms’?O mEépc\)l\ﬁlfeEhlgﬁdistilled 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.



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 interactigondy 2065 very
| mpor t anb opbeesses i n human bi ol ogy. The water sol ubi lpdpgsebososos is a
key factor in determining their nedical efficacy in living tissue. In
order to enhance drug efficiency, pg{l}}@/(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 nay be sel ected based upon their
potentially strong interactions with other groups in "cavities" formed in
PEG pol yn#revadnas stredienidvolvid sheaatrodredtipn @€ bnlyedamhetytl grogps bévanse dfdhe | ow

solubility.i.n water.. . EX | es are,. shown, jn, Fl 35...25 EXAMPLE 75
Car bon- R AP /e it SResk o endbapei keispeahoRsdisBianiane oy -
N at Ur | ko) ol OBRORIAMY 6 FEN RIS A hfubbBbafuekanmRL O new

| mageabl e polyneric materials for nm m crol i thography = 30 ( The Nati onal

Technol ogypememeaniape,froxaSantanoaulibe dks), I8earpoxatidmof adanhaniylgreypsiastot y 2005 °
~-WD-02/-057201  PCT/ US02/ 00504 . 107 sociation (Sl A)..:San Jose,  Ca. 1997). -
e dest o RODRT PEREnP SPugs Thirep dEieyyolisdp (o Sl iR BRREt Ry bet ween

pl asma- et ¢hd bt phidaeplopbitics ofﬁ%ﬁﬁﬁn@pé’l?ﬂx@r . OFE hew/ dekiRaedieabf 0 i n the
pol ymer structure) and optical properties for |ithographic performance. 5

In FI G 3@olymeshand ecpolymetgontfiniag bighsbdiamopdoidyhyidegsarbpmanoiptigsdn fisr at i ng

bot h i mag t] i1 ] tert- I ter for .chem-cal

anplifi ca?’ ?@#\%@%%Pé%%@ﬁ@%ﬁg %lﬁng)tég%riﬁg ?néi? r?ﬁ‘%g]ﬂ’gﬁ&g}@%gﬁl&&eds such
as t et r anpoingsiiasst e ohBreEaipiahased @3RG Ana3arRNge bhvenibelo)in To adj ust™ the
ghysi cal %roperties of polymers, such as wettability and adhesi on

? oper t i eExampigs d4-7Paridds ddesawt pspy thet Fodepapantapcs dheenly thoighfo was shown

. pa! o Bl T RO GAR AR GRS el g
( 380?)) , andtifinobeabddrbvratizbsars pove daeidtd fontudhinmpliogigusoperties.. In
addi tion, since _ .

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 micréli'ihdig':aﬁhhy‘ l
30 - (The National Technology Roadmap for Semiconductors, Semiconductor Industry



the synthetic routes involve free radical polynerization techni ques, netal
contami nation- of the underlying sem conductor substrates is 18julaR005Ssue,
as is thwepdhoxage for polyners based on norbonene (Chen patusizédierial s,
10, 3319 (1998); 10, 3328 (1998)). Furthernore, adamantane-contai ni ng

pol ymers show high glass transiti opﬁoherrperat ures (Ts) and hi gh deposition
tenperature (Td) and good film formng 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 d@@mmfw&@ Sgadgpleatas! Wy i Veeidesigmenallengdtclen L 9% pap resist

I so/ tereph € -aci e ' . stabl e

mat eri al s. E%gém%gselrg?ﬁ%% ;; éorf?ﬁ%t%vgé?gtr%g&gje%%%&g ?tﬁeg é%wrl% (fl{clu ﬁpﬁ?goal %ﬁgc ess
because of chibei/hydioged ffiose thedpdlyrhyr dumcut@aint opacdl\pesicstien@r litkeiraphiei gh
melting tenperatures or high T; s by virtue of their rigid structures. It
has been  PESYFHBEC-t hat i ncorporation of bul ky pendant cardo groups, such

—as adamantyl - groups, -into polyner backbones, results in enhanced thermal

preperties of t I | SRy Ll Lomatic
bi gphenol s (FI G“g%%%%v?@&%@%%?ﬁ%@ P BLT BicoRfadily

PCT/ US02/ 0b6ih4magedlafuntivmlitipp@erdbuiyd estrms) forEh@picay Bnphboationhanddegh gn of
an iso-tetr nt.ane contai nin ol yest.er. EXAMPLE 77 Sol ubl e Hi gher.

o amondor  “Ehnrsas PR bieter SR BIOE sk St BRI o | ¢
pol yam des hakdAfdnes s the H6). €S adjf@ansphyRfcat {s\ﬁbéﬂeg BhpdISARAL JidhA

resi stance and nechani cal strength. However, e applications of pol yam des
are |im t sgttehilihyrandedbeshen pliopéilics | a wids rangesif wg-polianers sei be propersd] ubi ity

R T I T S T

sol ubi | i typélgtheRy tBCBSBRRI| E L pwodnd I yRIFReElRsS (AdMahBalMaterials, 12, 347-351
(2000)), and those materials showed excellent imaging properties. In addition, since
the synthetic routes involve free radical polymeri_zatioh 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



sacrificing their thernmal stability, enploy the introduction of flexible or
non- synmetrical |inkages into the polymer backbone or the ifgranpeoesi on of
bul ky walshitients, such as pendant groups, into the pqldlqﬁ%n}a%gbone. The
inter-chain 15 interaction of the polyners can be decreased by the
“introduction of bul ky pendant groups, resulting in inproved solubility of
the polyners. Generally, the incorp tion of pendant groups results in
anor phous materials with increased solubility in commbn organic sol vents.
FIG 38 presents an exanple of this design which incorporates iso- 20
t et r amant afiéigtypepd polymdicFIGo BYBrshoes taclebignef afXahvebEN7Z8taSotarithining
Di anondoi d- Cont ai ni ng Pol yi m des Based on Di anondoid D am nes 25 The
out st andi F§ ¥ Sherties of aromatic polyi m des, such as excell ent ther -
oxi dative stability and superior chem cal resistance, led to the use
of polyimdes in many applicati ongxampipias7ynsul ating materials for |
el ectronics, sem pernmeabl e nenbranes for gas_separations, and )
~hi-gh-tenper at ur e - aXWed¢ fighes RarserdoicdhgentairgngPobyapiidestRasedor. - Gannett;- -
PQl yi m des: Fundanmental and Apphi i ONsy . CGhosh and WD 02/057201 18
bt y 2005 PCT/ US02/ 00504 109 ?L“?W’t@?f“” ® Marcel Dekker, New York,
1996). However, in general, aromatic polyimdes are insoluble and
intractable and are, only processabl e under extrene conditions. Therefore,

a great deal ofATERREE polyaidesalitctmyph MHeeedsraseh thalr ighderenasaipra j ty

while m ningzi . | e [ VA g?% ese 5

pr ocessi nsé%%ﬁl gh&g?ﬁe#:ﬁéen)%%%?{één bﬁW&V%% %@bﬁ%@h@ﬂgggﬁ&&n ro%&%ed into
pol yner  dhateddy grotessidp difficultied artsigifrogrtbeip $ow selability iracigama tylvelgs oups,
into the pol ynmer .backbone was shown to increase both thernmal stability and
48 ubilitﬁn‘% Brhjghe St.f%lﬂsltmqrémvl\%gteﬁwa}%ﬁro”w Q?‘H&S&}P“&é' ability of

her 1 noar B e ) o e R b s the
penet r at | eacridicingotheie thermal stahilitys einploy’ théyintreduginey of fldwilsle 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 fof gas separations, and high-temperature adhesives and coatings. - (J.M.
Sonnett, T.P. Gannett, Polyimides: Fundamental and Applications”, M.K. Ghosh and



i ncreasing solubility. As an exanple, we now present a polyimde containing
i so- tetramantane groups” along its pol ymer backbone (FIG 39 juiabfost

desi gn &¥oopadry@sparti m de containing iso-tetramantyl greopss(iadses 40). It
shoul d be noted that the dianhydride could be non-aromatic or other
aromati c di anhydrices as shown in #9FI G 39B, for exanple. EXAMPLE 79

Sol ubl e Hi gher Di ansondoi d Cont ai ni 9 Pol yasni de-iri des Based on Hi gher

Di arondoi dDi ari de Di carboxylicAcids and Diarines 20 ' Aronatic polyimdes

are recogm zed as_a class of high performance materials because of their
r emar kabl e¥¢ é\%?ﬂ %dad\/lés@reblaﬁlfl% I%%B’ okt §988)- Aewees in ceReral, jpeppatic

el ectrical 5)1@9
operati on. una %bhp iroﬁs&tlgﬁlfg?ég% ongﬂgg?eﬁgdg%lﬁﬁ%g%?%g chai ns and
their rigi dommzcmst mimrefmkaagxfehﬁiaalMefﬁnth@ﬁcuéadanlﬁdﬂasmgaﬂaast ic fluidity

and solubility ar, maj, Qr . r obl ems or wide applications of
pol yi mi desPTOSFsSE ﬁ@? mﬁ&ﬁ%ﬁm% sy Qhihg Lmﬁésta%nﬂfév abl areregfec §iesgood

~Sof-ubi-li ty s

pol yar de. ?@@%S"%ﬁﬁ%%?yet %ée’é'?lﬁfﬁéu%?ggﬁﬁip‘éSfa?ﬁ'éééﬁo@?é%‘?g*??%*@Iegf B s,

conbi ni ng ¢clmmns. a[dtradnmgﬂs’f odrdb gtduppodugh s démm{dylgrowgs, Wmkgthetpelypererat ur e
stability) am des .(such.a ood .processabi |it I n cqonbi nation
i ot he who ke BOwE Thovi e iR o ButRyin BBgs Aet sl b eHET i anp! e
desi gn of gpghy WM« mﬂgm&%@e@wgyb%@ #ﬁnﬂfe&.ym?sﬂﬁﬁmnﬂ\/@ngéé&%?ZOl

PCT/ US02/ 00504 ilO tetramantyl groups’ in the polymer charn (FIG 41). The

di am nes |¢ﬂgsthérbcﬂrb0mm0una@rwbtéky Zbtii tworpeadionantoqeiyrdettmckbaivsr  hi gher

di,anondoi d_.di ani nes. or t Sel ect e anmpl es aromatic

iE nes o EoREridiioye ted prrEBRoT aci iy moledles ko G5 GRS thus

PCTI US02/ ORef¥4sing 33ttty ASakHiB wSnow- préseﬁt zgpayuﬂu@a&stdﬁmg ferivative.
tetramantane groups along its polymer backbone (FIG. 394A), and a design of

polyaspartimide containing iso-tetramantyl groups (FIG. 40). It should 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 wﬂ:h the advantages of dlamondmd

30 hydrocarbouns, we present a sample design of a polyamlde-mde contammg iso-




2. The higher dianondoid derivative of Claiml containing one or two

pol yneri zabl e noieties. 3. The higher di anondoid derivative ff sl 2008 2

cont ai mMyegea3eoR0l yneri zable noieties. 4. The higher di papodeiddsgleri vative
of Claim2 containing two polynerizable noieties. 5. The higher dianondoid
derivative of Caiml having the fornula: RL R2\/ R6-DR3 R5 R4 wherein
- D is a higher dianondoi'd nucl eus, add®R | R2, R3, R4, R5 and R6 are

i ndependently selected fromthe group consisting of hydrogen and a

pol yneri zabl e noi ety; provided at |east one of the R's is a polynerizable
nmoi ety. 6. tefFlreattybgrenpsdinahe polynetr deain VEIG. vid ). oThGiliammE inhavel m thée

pol ynmeri zable noieties are selected from al kenyl, .al kynyl, OH C2H30, SH,
NH2, CopH, POLEREIZAtISE tpagtion ¢ ghesigrapp .01%3'%‘\(*&{%@%? amondoi d

derivati Veco@ibiﬂtﬁinm gele&!‘é@%ﬂ:ﬂ?l%é‘éf 2081206 dRHiRes 20 bydtehied dPF jeties are
attached to tertiary carbons of the higher dianondoid. 18 July 2005 WO

02/ 057201 PCT/ US02/ 00504 112 8. The higher dianondoid derivative of Claim

derivative of Caimb5 wherein the higher dianmondoid is pentanmantane. 10.
The hi gher di amondoid derivative of Caimb5 wherein the higher dianpndoid



i s hexamant ane. 11. The hi gher di anondoid derivative of Caim5 wherein the
hi gher di anondoid 1is heptamantane. 12. The hi gher di armndoiﬂg.giﬂyizuasi ve of
d ai m 5 whereimort he hi gher dianondoid is octanantane. 1gctAkedos@her
di anondoi d derivative of Gaimb5 wherein the higher dianmondoid is
nonamant ane. 14. The hi gher di anondq derivative of Claimb5 wherein the
hi gher di anondoid is decamant ane. 1% 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
struct ure: WHALILY CEOOMEMISO2/ 057201 PCT/ US02/ 00504 113 wherein X is 0,
NR7, OC(O, NR3C(O, C(OOor C(ONR9, wherein R7, R and RO are '
i ndependently hydrogen or alkyl; Y is al kylene, aryl ene, al karyl ene,
heteroaryl gne OIA%&K&%}%S@({(X&S&%’&HV@ is al kenyl, alkynyl, OH C2H30, SH,
NH2, CO2H, C6H5 CO2H or C6HAOH mi sOor1;and, nisOorl. 17.
The hi gher di anbndoi d derivative of Caim16, wherein there is one or two
- polyneri zaBl e -ndhehighsr diamondoid sleiivativiewé Claig 1 Trainingee odiveerondoi d -
derivative of Cajml7  wherein there is one polymerizable noiety on the
derivative. 19.P% %zaw‘glmod? ndoi d derivative of Caim17, wherein there
are two polynerizable noieties on the derivative.

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.



20. The hi gher dianondoid derivative of Caim16, wherein Z is sel ected
fromthe group consi'sting of ethenyl, ethynyl, propenyl, prgoyayl2o0s

i sobut eryd ope20ibut ynyl . 21. The hi gher di anondoi d deri vapiNSoQfoséd i m 16,
wherein Z is selected froma group consisting of OH and SH.  22. The hi gher
di anondoi d derivative of Claim 16, wherein Zis. selected froma group .
consi sting of NH2, C2H30 and C02H. 18l3uly 2005 WO 02/057201 PCT/ US02/ 00504
114 23. The hi gher dianondoid derivative of Claim16, wherein Z is
selected froma group consisting of C6H5, CJ1-4NH2, C6H4ACO2H and C61140H.
'24. The hi gher dianondoid derivative of Caim116, wherein Xis 0, OC(O,
NR7, NR$C(O, 0 O, or, C(O NR9. 25, The higher dianondoid derivative of
C ai m 16, ®her el fehighesdigmendoid dedvatiye oy (daim Hvhgrejn thedugheg diamoadeidgher

di anondoi d deriy, h.x@a%gm(} aim 16, wherein mis 0 and Y is al kylene. 27.
The hi gher di anondol erivative of daim 16, wherein mis 0 and nis O.
28. The hi gher dianondoid derivative of Caim?24, wherein Y is -CH2- or -

(CH2) 2-. 2. A pi gher dianondai d intermediate., 30..The:higher digngndoid - -
i nt er medi at’e of Q&&%‘Q@%ﬁ %ﬂﬁp%aﬂa'ﬁg?gﬁﬂ W ﬁ%&%@f@l%ﬂg‘elﬂes; 31.
The hi gher dia ﬁfag%%“ﬁg“? medi ate of Cl aim 30 containing one internediate

noi eties. 32. Th i anondoi d i nternediate of C aim 30 containing two
internediate noieties. 33. The higher dianondoid internmediate of C aim 29

having the 16.Or mfhg i}ig gr (‘:Eiglln)c/)ngoqg %lerivative of Claim 5 wherein the higher diamondoid

1s hexamantane,

L

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



WO 02/ 057201 PCTI US02/ 00504 115 Rio R11 R15 D R12 Rl14 RI3 wherein Dri S

a hi gher dianondoid nucleus; and Rio, Rll, R12, R13, -R14 andigRijiy 2065

i ndependansdis7arl ected fromthe group consisting of hydpogesoxesgesan
internedi ate noiety; provided at |east one of the Rs is an internedi ate
noi ety. 34. The higher dianondoid i ﬁgr medi ate of Claim 33 wherein the
internmediate is present in an anou of at least 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, O,
Br, I, OH SH, NhH2eiNHCOCH3, NHCHO, d C6H5; CO2H, CO2R, COCl, CHO, CH2CH,

;?énoNS(Zjbi d%?é%fé@?&%z @&@%ﬂ&}%i’éﬁ%@@g@h%%%gp gﬁi{:@,@r nedi at e

noi eties are at&ggﬁkfé&eﬁ&nhyﬁgjé@?ngﬁé 1s of the higher dianondoid. 37.
ol [

The hi gher di anon Inte te o aim 34 wherein the higher _
di anondoid is tetramantane. 38. The higher dianondoid internediate of Claim

521005501 Ty USGSAGHset atgne, shryiind Ht R B A OB radi ot e of
Cl aim 34 wherein the higher dianondoid is hexamant ane. ' _

Z is atkenyl, alkynyl, OH, C,Hs0, SH, NH,, CO.H, C¢Hs, CsHiNH;,
CsH4CO-H or CsH,OH

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. |



40. The hi gher dianondoid internediate of Claim 34 wherein the hi gher

di amondoi d i s heptamantane. 41. The higher di anondoid intermgdjayeosd C aim
34 wher gidodd3®aefi gher } dianondoid is octamantane. 42. FO®/USH06804

di anondoi d 1 nternmedi ate of Cl aim 34 wherein the higher dianondoid is
nonamant ane. 43. The hi gher di armndgi S{ intermedi ate of Claim 34 wherein the
hi gher di anondoi d i s decamant ane. 4{ The hi gher di anpondoi d internedi ate
of Claim 34 wherein the higher dianondoid is undecamantane. 45. The hi gher
di anondoi d i nternmedi ate of Claim 34 wherein RIO is an internmedi ate noiety
with at nost one other R being an internedi ate noiety. 46. The higher

di anondoi d_i ntermediate of Cl.aim 45 wherein R1Q is OB 47 i
di amondol d25nt crReHEKEAGmaBHaRERA S G e e A N

di anmondoi d i nt erggﬁlg]i o &F @IED é5pr, NL LS HIC B Pahd OYH,OH. 49. The hi gher
di anondoi d i nt efne i%%%sgé"ga%mn;% , wherein RIO is CO2H. 50. The hi gher

di anondoi d i nternedi ate of C aim45, wherein R10 is =0. 18 July 2005 WO

~02/ 057201 PCT/USQ2/ 00504 117 51. The higher di appndaigiipt iat’e of
T2 050 bl i, P YRR 0 ot

Cl ai m 45, dferei i nt er medi at e’ of

Cl ai m 45, wher e!l\m%%@,),i@((gb 502@@(9')}@9@ hi gher di anondoi d i nternedi ate of

Cl ai m 45, wherein 0”i's I".’54. The hi gher dianmondoid intermediate of Claim
45, wherein R10 is NO2. 55. The higher dianondoid internediate of C aim45,

wherein RLQ_is ; . _b6...,The. hj. i id- i nt: ivake of Claim
45, wher ei SRIOE%%%O%EI%Fﬁ’ﬁ%%%%%ﬁggﬁqgﬂélﬁ{de’?ﬁggﬁg‘?gqgf Cl ai m 45,

wherein R10 is lenex®-aryiBge. hi gher di anondoi d internedi ate of O aim 45,
wherein R10 is CHZOH  59. The hi-gher dianondoid internedi ate of C ai m 45,
wherein R is CH=CH2. 60. The hi gher dianondoid intermedi ate of C ai m 45,

wherein R LS C:'I%é"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 higher diamondoid intermediate of Claim 29 having the fqrmula:



~hi-gher-di-arondoi d -derivative of -C a-iRﬂ

61. The hi gher di anondoi d internediate of C aim45, wherein RLO is C6HS.

62. The hi gher dianondoid internediate of C aim45, wherein {fg§ui, 2066 63.
The hi glven ogldsaapmndoi d i ntermedi ate of O aim45, wherei n BE@aise2s . to
64. The hi gher dianondoid internediate of Caim45, wherein Ris NHCHO. 18
July 2005 WO 02/057201 PCT/ US02/ 005% 118 65. A nethod of obtaining a
pol ymer conprising: a. subjecting a i 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 polynmer fromthe polynerization reaction product. 66. A nethod of
obt ai ni ng a pol ynmer conprising: a. supjecting a higher dianondoid
derivative of Claim2 to. polynerizf rR(!E)ndi tions thereby formng a
pol ymeri zation reaction product cont\WiAing a higher dianondoid containing
polynmer; and b. isolating the p@%@#ﬁ)ﬁ@nﬁ"ﬁe pol ynmeri zation reaction
product. 67. A nethod of obtaining a/‘gql mer conprising: a. subjecting a

B R 3 polymeri zati on—-condi tions
thereby form ng a polynerization reaction product containing a higher
di anondoi d contai ni ng polyner; and b. isolating the polymer fromthe
pol yneri zation reacti-on product. 68. A nethod of obtaining a polyner
conprising: a. wisjedeting a hi gher di anondoid derivative of CCaim6 to

pol yneri zati on condit.i.ons.thereby form ng a pol ynmerization reaction

product cont ai nﬁn’ﬁ a&’lgﬁ%ﬁi@mﬂdﬁ%ﬁgﬁu&a&l ntaining pol ymer; and b. isolating
the polyner from't e’ pof ierr'2 ahd R¥ freatleperticRlp deletied fidth thégrmiphod of
obtai ning a polymer conprising: a. subjecting a higher dianondoid
derivative of Crenssimg aofdydrogen and an intermediate moiety; provided at least one of

the R’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



pol ymeri zation conditions ther eby form ng a pol yrrerl zation reaction
product containing a higher dianondoid containing polyner; aggdidly 2085! atl ng

t he polwyareiesieam t he pol yneri zati on reacti on product. 1$cdttlrdikep WO O
2/ 05 7 20.1 PCT/ US02/ 00504 119 70. A higher dianondoid polyner conprising,

as a recurring unit, a higher dianondoid derivative having a derivati zing
noi ety attached to a hi gher di anorddbi d, said derivati zing noiety

coval ently bondi ng the higher di anondoi d i nto the pol ymer. 71. The higher
di anondoi d polynmer of Claim 70 conprising n recurring units having the

formul a: 8. Whehe hiphlr dismbheoid etitevaddiaté SHCHIAWA, wihertin théRighegher di anondoi d
and it is an |nt eger Iar er than 1. 72. The hi gher di anondoi d pol yner of

Claim 70 conpr figmeapdprd ip Bexgmanieunits  having the fornula: -(R- D and in
recurring units having the formula: -(CP)- wherein Ris the derivatizing
group; D is the higher dianondoid; 18 July 2005 WD 02/057201

PCT/ US02/ @@504Tﬁéﬁlgh@d1hﬁloﬁddﬁdmdemtadeoﬂCtanmﬂtlmremnhe higheand in are each
~i-nt egers greatgr ‘than, ;1 with the ratio-of n to-in having val ue of - from
about 0.001 to oifidp heptamantane.

41.  The higher diamondoid intermediate of Claim 34 wherein the higher
diamondoid is octamantane.

42.  The higher diamondoid 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,




73. The hi gher dianondoid polynmer of Claim 70 conprising n recurring units

having the formula: -(D-R)- wherein D is the higher di anondoigljulir2085t he
deri vat wa ogesgfequp and n is an integer greater than 1. [pdfusitiRsdy gher

" di anondoi d pol yner of Claim 70 conprising n recurring units having the

formula: (R-D-R)- wherein Dis a h| her dianondoid and R and R2 are two
derivatizing groups. 75. The hi gher { amondoi d pol ynmer of Caim 70
conprising n recurring units having the formula: -(D-R)- and mrecurring
units having the fornmula: (CP) wherein D is the higher dianondoid; 18
Jul'y 2005 5MO 0TR¢ Bigh&2farkoiiold S8 AARROH Qlain 4R wherbiaeR ey Fvat i zi ng group;
CP is a nondi anondoi d copolyner unit, n and in are each integers greater
than 1 with the ratio of n to nz having value of from about 0.001 to about

1000. 76.
i ts having t e TBP W‘F%MC%E? '%&ﬁﬁéﬁﬁ‘e&ff%@ﬁ?aﬁ%f?%?ﬁkﬁs‘?QghQV.r oG the

formula: wherein R and are derivatizing groups.

53.  The lngher diamondoid intermediate of Claim 45 wherein Rw s1.

54. The higher diamondoid intermediate of Claim 45, wherein R isNO,.

55.  The higher diamondoid intermediate of Claim 45, wherein R'? is CO,CH,CH;.
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.



77. The higher di anondoi d pol yner of Claim 70 additionally conprising a

pr ef or med backbone to which the higher dianondoid deri vativemangezoos '
coval ergby Fd 78. A polyner having at |east two higgey ?bg%gdoi d
corrponents cova ently bonded to each other. 79. The polyrrer 0 aim78
wherein said at | east two higher dianondoid conponents are coval ently
bonded to each other through a |inkEt¥ 80. The polyner of Claim 78 wherein
said polymer is a honmopol yner. 81. The polynmer of Claim 78 wherein said
polymer is a co-polyner. 82. A polyner of Claim78 represented by formul a

18 July 2QQ5 %@%g@%ﬁ?&ﬁ% ?%&Q;@Qﬁms 2 (De L wherein each Dis

i ndependently anon group; s alinker; and g is an
integer from2ato 1@;ﬁbj&8tmgﬁab@hwmmmﬁddﬂidemaxﬁrem@im'ﬂem@d by formula (D%

wherein each Dis ind endently a, .hi gh nondoi d S |s an I nt eger
from2 to 1,000. 84P°EF%B fgﬁ‘ﬁ??gy %ﬁ%’%%ﬁ?g’&m&&‘? 8D (L- D
-L)r D wherein each, dc%cb Bhérdifn S di@ EortthRR sk Olg@ﬁalp each L

----|S|ndependentlyalln an ‘1's an-i nt eger from1 to 1,
pol ymer of d aibm 84 wdwmg ﬂlepolymgétomtlewdymnmﬁm reagtion product,

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.

0.000. 85. The -
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70.

71.

72.

119

A higher diamondoid polymer comprising, as a recurring unit, a higher

~ diamondoid derivative having a derivatizing moiety attached to a higher

diamondoid, said derivatizing moicty covalently bonding the higher

diamondoid nto the polymer.

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.

The higher diamondoid polymer of Claim 70 comprising # 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.
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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.



