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directed in general toward high perfornmance

phot oresi st conpositions used in conjunction with

eximer | aser and el ectron beam | ithography sources.
Specifically, the photoresist conpositions of the
present invention include dianondoid derivatives

havi ng pol yneROZaRESETICOMPOSITIONSEDOMERISING
functionalities. ThgadieNmyOo SERIVATEVRSesent

i nvention include | ower dianondoi ds such as

adamant ane, di amantane, and triamantane, as well as

t he di anondoi ds tetramant ane, pentanmant anes, and

hi gher conpounds. E%: 6BNﬁQﬁWﬁ§EIN%%ﬁ§g§tgg demands
for devices with %Tgﬁ%&LtTftUTf— i ve led to
the use of shorter wavel ength |ight sources in optica
l'ithography. KrF (krypton fluoride) exciner |aser

WL f v ting at a wavel ength of 248 n has has
been us j ' A
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materials to be used with ArF (argon fl tUoride) exciner

| desrophikidronfranping fanctiogditiern Thediamoadeids of epessentonvention

the hqrizon for resist materials Lch can opgrate in

¢ B8 ISR chioplis ot B o g MG Lt AR Bl o

t owdings fhetdi@nsdoite ¢l AemBaRa RNt Dles, 2R AThEEHE bsrheyudds.

(Sem conductor I ndustry Associ ation, San Jose, CA,

1997), the next nost likely candidate is an source

opgrAt e 157 nm Conventional g-line (436 nm and

- nm photoresists are well balanced in terns

of hi ghinceasihgtiemmdsHogdevies siithi highey cireuiddgoaids dawe led to the

etch resi stance, but. they typically conprjse a novol ac

baise of é&?ﬁﬁrmelsn@ﬁ;lgﬁh%?ﬁmeﬁ Hawtwaﬁlét%pgr@p hbHogernton

c ' e . . .

. th a]FRQt ‘?ég%}ﬁ%@gﬂt %Q%eﬁth;rv@'r@ﬁy%i&%ﬁhg afa REEAAJE of RIS has has
been used for the production of devices having feature sizes ranging from 0.25 to

0.13 microns. Rapid advances in the miniaturization of microelectronic devices, and
demands for devices with increasingly greater circuit densities, are requiring the
development of new, imageable polymeric photoresist materials to be used with ArF
(argon fluoride) excimer laser lithography at 193 nm, and there is a need on the
horizon for resist materials which can operate in the extreme ultraviolet and soft x-
ray regim. According to The National Technology Roadmap for Semiconductors,
(Semiconductor Industry Association, San Jose, CA, 1997), the next most likely
candidate is an F, source operating at 157 nm.

Conventional g-line (436 nm) and i-line (365 nm) photoresists are well-
balanced in terms of high-resolution, high sensitivity, and good dry etch resistance,
but they typically comprise a novolac base resin and a diazonaphthoquinone PAC

(photoactive compound), both of which contain a phenolic moiety that absorbs light



havi ng wavel engt hs bel ow about 365 nm Thus, the

phenol i ¢ based resists cannot be used in these shorter
workwsloanet hs regi mes, such as those found i n APET/US2004/031929

| ithography, because they are conpletely opaque at 193

nm The incident radiation cannot penetrate through

the full thickness of the resist. This is a

significant issue at 248 nm (KRF), which is the

wavel ength used for 0.25 mcron and 0.18 micron
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radi ati on. The portions of the photoresist_that are
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tr@gg%grnatlon such that the pattern of the mask is
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devel opRbobresistvare emteaiaisaisedfo tranafpe ab Ihaage(mno beulnmut A layer

0 | e tlvel roce underlying, s rate.
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chen1ca||y anplified" resists in use today were
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mplroeﬂdeﬁ egelicfimage abeandieaispdio selastivaly Prasges the underlymg
H?) ?klvely | ess soluble in the devel oper. Cationic
Itirators are used to induce cl eavage of certain
15 " bl ocki nyg@iedlpsphdesistdontposinioh bemphisdsak Babtst rekin bileler and a

resin, or cIeavigg of certain _groups.that coqprlse a
phbkeipestivepeenindbe “shemisdieamniisd” &3sisis gise Hrday pere developed
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photoresist to 1ight uhcti ona oup
i sThey meg be sithdr pasitive oanggatyt hatingc ild tlercasgof apabitjve acting
which r Esults in a different solu
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[icon VLSI Technol ogy" (Prenglce . Upper Saddl e

Ri meilh? dRM@lOQ@O@)aDOmp IppatoRBe uskddp mﬂuw alﬁa‘(ﬂgetof cotai “blocking
' eg%o%%ss’ pendant from the photoresist binder resin, or cleavage of certain groups that
comprise a photoresist binder backbone. Upon cleavage of the blocking group
through exposure of a layer of photoresist to light, a base soluble functional group is
25  formed, such as a carboxylic acid or an imide, which results in a different solubility
in the developer for the exposed and unexposed regions of the resist layer.
As taught by J.D. Plummer et al., in “Silicon VLSI Technology” (Prentice
Hall, Upper Saddle River, NJ, 2000), pp.221-226, deep ultraviolet (DUV) resists in
use today are not modified novolac resists. Deep ultraviolet (DUV) photoresist
30  materials in use today are based on chemistry that makes use of a phenomenon

called “chemical amplification.” Conventional resist materials that were designed to

operate at 365 nm and 248 nm achieved quantum efficiencies of about 0.3, meaning
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call ed "chem cal anplification.” Conventional resist
materials that were designed to operate at 365 nm and
248 nm achi eved quantum effi ci enci es of about 0.3,
meani ng- 3 - that about 30 pergent of the incom ng
photons interacted with the photoactive conpound to
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current val ues of abo 20-40 for the new chemi cal

anmspdnséde farémpraving/the lsetsitphiytad rebewicslly Thpliged mﬁspﬁem the
a chemlc al I% arrﬁl ified photoresist is illustrated

|nprI§i"]@\usi'auE{%? ?,bﬂu g again to FIG 1, photoresists of

t heoEmg SaIM foir BbBRtiGMh] dRebhgathogRingeskad dke @irfROVAuaafdbout
generator 101 and a bl ocked or protected pol ymer 103

wh2@HA0ifer tha sew dhrmicaly emplified bedbeviglgihosuedsts.
at t ache%ggg ﬁ&g ita Jcﬂgm ﬁggﬁﬁﬁ@@ﬁa&b@ @ 15 Yiusk P FIG. 1

in FIG avi o tons I nteract
W Rbfettig piaod oo Bl d gﬁn@eaﬁw of ﬂtﬁibrésan‘cmmtlen arclhaleil dn general a

nmol ecul e, 102. Thesatl I tern of th
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ergol ng processing is
t eimpEiGatlir Bncidend Bepptultt@olet photons 1nteract with the photo-acid generator

101 to create an acid molecule 102. The spatial pattern of the acid molecules 102

within the resist create a “stored,” or latent image of the mask pattern. After
exposure, the substrate undergoing processing is baked at a temperature of about 120
degrees C. in a process called post exposure bake (PEB). The heat from the post
exposure bake provides the energy needed for the reaction between the acid
molecules 102 and the insoluble pendant groups 104 where the reaction is to take
place. The heat from the post exposure bake provides the energy needed for the
reaction between acid molecules 102 and the insoluble pendant groups 104 attached
to main polymer chain 103; the heat from the post exposure bake also provides
diffusion mobility for the acid molecules 102 to seek out unreacted pendant groups

104, the essence of the catalytic nature of this reaction.
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nol ecul es 102 and the insol ubl e pendant groups 104

where the reaction is to take place. The heat fromthe
post exposure bake provides the energy needed for the
reacti on between acid nol ecul ed4-102 and the insol uble
pendant groups 104 attached to nain polyner chain 103;
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CoRpRYBEtibh gaginddigitatedaw@ndianendoidssuthas diagentaes ad/or
structure. These conposition may incorporate |ower
di AnnREBIRESnD he repst sirurtarst Arfbesamay giclide; darondaiis speh 8

th(@ tfa‘f‘r?ei ?e[ntesahﬁlﬁ? e, or they may include di anondoids
such as \

etramarit ane and hi gher. I n many instances,
t he use Ininaphdhstaced tigeuserod photoadit aenqratodhuth® predhice weaker

AR L N

| esSmpddtd, ERAREIEHC & 18dsIRbAIIGBYesRE Y 3iphAREnt &d9kntage. For
example, if the desired deprotection chemistry could be carried out with a weaker
acid, a wider range of photoacid generators could potentially be employed.
Moreover, the industry continually seeks use of lowered post exposure bake
temperatures because of uniformity considerations.

Thus, it would be advantageous to have new photoresist compositions,
particularly positive acting photoresist compositions, that may be effectively imaged
in the sub-200 nm wavelength region, such as 193 nm and 157 nm. It is also
desirable to provide photoresist compositions that employ photoacid generators.

Adamantane, the smallest member of the family of diamondoid
compounds, is a highly condensed, exceptionally stable hydrocarbon compound.
Adamantane and a range of adamantyl derivatives have been commercially

available for years. This has made adamantane a regular substituent in a wide
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Mor eover, the industry continually seeks use of

| ower ed post exposure bake tenperatures because of
uniformty considerations. Thus, it would be

advant ageous to have new phot esesi st conpositions,
particularly positive acting photoresist conpositions,
N34 B s BEniBES MRl dBERE WittnlaN8re8 URaAObully

wavel ength region, such as 193 nmand 157 nm It is
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codpauatives,Itorics and dillgmytst and/\momcacaedfdmdesadamddttlanethere

units. It can be synthesjzed but al so_occurs natuyral
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mkﬁes@%‘ié}%’ 'ﬁfﬂ)@arstb N8R MBe SHfhn@te M theolydhdst tHlohERHwo or
A nunber of di'amantane derivatives have been reported
i nmdre links suchttbatéhd diemantiangfaamy an indegralafariiiibe pelmgs| v
haiji q§)s nmono- and di hydroxy materials, nono- and
i QAFP9%S1 i ¢ acid derivatives, mono- and dial kynyl s,

and nmonwre Kddetia e pevidel dfaﬁﬂl@ldf ld@ﬂ”\vativbebﬁdlaﬂhemane that can
nunber of di amant ane-contai ning polyners in th
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pa@bb@&xﬁﬁﬁyﬂahuner backbone. W now desire to provide

a famly of derivatives of diamantane that can form
pol ymers havi ng pendant di amantyl groups. In addition,

these derivative gUMMARY OF THE INVENTION

ono and

Embodiments of the present invention are directed to positive working
photoresist compositions useable at lithography wavelengths less than about 200
nm, such as the 193 nm wavelength from an ArF eximer laser, a 157 nm F, light
source, or e-beam excitation. The base resins of the present resist compositions
contain acid-cleavable, pendant diamondoid groups that are generally higher in
the polymantane series than adamantane. The diamondoid pendant groups have
substituents that increase the hydrophilic nature of the diamondoids, thereby
rendering them more soluble in an alkali developer, and consequently enhancing
their ability to resolve fine feature sizes.

Embodiments of the present invention specifically include polymerizable

diamantyl monomers having the formula Pg - D -(R), , wherein D is a diamantyl



can contain additional functionality to inpart

desirabl e properties to the polyners they form
WEkMOBE60F THE | NVENTI ON Enbodi nents of the pPerES1004/031929

invention are directed to positive working photoresist

conpositions useable at |ithography wavel engths | ess

t han about 200 nm such as the 193 n wavel ength from

an ArF exiner laser, a 157 ligHt- source, or e-beam

excitation. The base resins of the present resist

COoRmpeisid; IPris a polinddrixableigtoy) @auebilebomiddan carbon of the

di anondoi d groups, that are general IIy hi gher .in the
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nuﬁbﬁ& a'ﬁi T@B&ﬁﬁﬁﬁ@g‘grﬂmr%ﬁ% omlto 6?/
i ncl usi (RherdmBRMHENtS BEHRHrésBAt iBvéntiof pPovide for triamantyl
hydr ophi | i c- enhanci ng noi ety; and each of the
10 r emtingmess Rving polymaepdicigioupsansihyscenbdic-erdwaneing nepidesp
consi.sti n hvdr ophi L.i cenhangi n
ror B e RN AR A RS TR MRS ese
di dimindoi FEsIRARNG menonikes #ith olydkrizabiagtdips ghdUpdrophilic-

consj sting of a hydroxyl gr ogg -OH, a carboxylic group
- COmpNCHIY THPIkigSyWharein phe damondaid portiopiad thedipmprdaidoup

et BP0 Ebele o e Bl ooyl of g otanc,

15 t r pamtamiayianeireamasiahg iepigmpotb e ecianabtage Godamantane
hydr ophi | i c-enEanEi ng noities simlar to those for
di SREARAAtangy CYPYHYCsed above, as well as
i amondelfe, COM RABLAL oMMRPRELS: i diltioR PROVIE fof Biffods of
groups and hydrophilicenhancing noitiés, wherein the
di &romulgh deyso of pasternsfd hotoreiisimnribosdtoaphi mibstratepthemeathod

| sc(s)r%lprelsclglgghefgtgp@géwe group consi sting of tetranmantane,

20
a) depositing on the surface of the substrate a layer comprising the
above mentionned diamantyl, triamantyl, and higher diamondoid containing
monomers having polymerizable groups and hydrophilic-enhancing moieties,
b) polymerizing the deposited monomers to yield a polymerized layer
25  comprising a photo-labile polymer on the surface of the substrate; and
c) exposing selected regions of the polymerized layer to an
electromagnetic beam, thereby modifying the photo-labile polymer in those
regions exposed to the electromagnetic beam to yield a selectively modified
layer.
30

In another embodiment, the base resin of the resist may be represented by the

general formula:



pent amant ane, hexamant ane, heptanmant ane, octamant ane,

nonamant ane, decamant ane, and undecanmant ane. O her
werodsdrent s of the present invention provide POI/US2004/031929

nmet hods of form ng a |ayer of patterned photoresist on

the surface of a substrate, the nmethod conprising the

steps of: a) depositing on the surface of the

substrate a | ayer conprising the above nmentionned

di amantyl, triamantyl, and hi gher di anondoid

cont ai ni ng nononers havi ng pol yneri zabl e groups and

hydr ophi | i c- enhanci ng noi eti es,

deposi ted pppormen$ to\ yiel/d a p
conpri si ngra& i o
the substrate; and c)/ gxpQsing

pol yneri zed |l ayePito an electro
modi fyi ng the photo-labile pol yger iRy thosg regirgns,
exposed to the el ectromagnet]ic heamlt o yie|ld S?
sel ectively nodified |ayer.|'l p,angtHer enpbdi ment, '{he
base resin of the resist y he represented by e
general formula:- 7 - RR/ H =0 R adamant ane wherein
is selected fromthe group consisting o - Hand - CH3;
i's sel eqitRebih RO del@tedi fostP tIROFSiIS tordghtial of —H aad —altky |
group having from1l to 4 carbon atons, and_an al koxy

5 group h&viingslecteshiramithe groyn copsistmgist, pg alkylgrogp having from 1

b liccenh . . .
OSSR LEUTALTE Sty ELAREE | TN ok
car boxyIR;ds -adj 6 agiiyalipphiliéekhanaing _mikmyr)sylegﬁed dipm thedroup

and - O ;s Rs - CHr_ - H , .
cons%t:l(ng)ogg hydroxyl group —OH, aieto group, carboxylic acid group —COOH,

R

and alkoxy group —OR4, and —OC(O)ORy;
10 R4 1s —CH; or —C,Hs;
ais 0.25 to 0.75;
b+c=1-a;
c is greater than zero; and
P, is a non-diamondoid, acid-cleavable pendant group.

15 According to other embodiments of the present invention, the
diamondoid pendant groups of the base resin may contain lactone groups, and
they may be linked to the main polymer chain by more than one ester linking
group, thereby providing multiple sites on which the photo-generated acid can
react. This has advantages of allowing either weaker acids, lower post exposure

20  bake temperatures, and a greater variety of photo-acid generators from which to
choose. The diamondoid pendant groups may contain hetero atoms in addition to
the oxygen atom of a lactone group. The hetero atoms may be selected from the

group of O, N, B, S, and/or P. Block co-polymers are also contemplated.
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present invention, the dianondoid pendant groups of

t he base resin may contain | actone groups, and they
may be linked to the main polyner chain by nore than
one ester linking group, thered- providing nultiple
sites on which the photo-generated acid can react.
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| ower post exposure bake tenperatures, and a greater
vari ety of photo-acid generators fromwhich to choose.
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in addition to the oxygen atom of a [actone grouap. The
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(Prentice Hall, Upper Saddle R ver, NJ, 2000),
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rel ati onship of a dianmondoid to the dianond crystal
Iatticegygnd enunerates by stoichionmetric fornmula man

of the Gl@nbHusiraes Bgarlplipnsbip of agliamordnido thg diamond crystal

e HELEEM AURRRSR, b QML ROL AP TPk
howeidablepndoi ds may be derivatized with

I'i ydrophilic-enhancing groups and pol ynmeri zabl e groups
to formfeed

FIG. 4 shows an exemplary process flow for isolating diamondoids from

petroleum;

FIG. 5A is a flow chart that illustrates how diamondoids may be derivatized
with hydrophilic-enhancing groups and polymerizable groups to form feed
monomers, which may then be polymerized to form the base resin of the resist; the
base resin is then mixed with a solvent, photoacid generator, and other additives to

produce the fully formulated resist;

FIG. 5B is a schematic showing how chemistry and processing of

diamondoids into derivatized diamondoids contribute to photoresist properties;
FIGS. 6-20 illustrate exemplary pathways for derivatizing diamondoids;

FIGS. 21A-B illustrate exemplary base resins of the present invention,

wherein the base resin contains a diamondoid pendant group higher in the



nmonomers, which may then be polynerized to formthe
base resin of the resist; the base resin is then m xed

WOwRM0k/03626D1 vent, phot oaci d generat or, and ot hePCT/US2004/031929

10

15

20

25

30

additives to produce the fully fornulated resist; FIG
5B is a schematic show ng how chem stry and processing
of di anondoids into derivatized di anondoi ds contri bute
to photoresist properties; FIES.- 6-20 illustrate

exenpl ary pat hways for derivatizing di anondoi ds; FIGS.

| AoBrinhhtdfd Edtied tRALIMRIRMND B8R0 ES RS nfy doRRIPE@SSMtane as
i nvention, wherein the base resin contains a
divea¥badoi d pendant group higher in the- 9 -

pol yxnant ane series than adamant ane (al though they nay
contai n adamantane as well); FIGS. ICDillustrate
exenpl aFIGH@1CIDaTnsc ekenlpiat @aoa-diandmioid, tgtgerndatining
groups; FIGS. 2 A-E gives nonmenclature for the present
sthendeRfr&PupSr mul as, illustrating how t he

hydr ophi |'i c- enhanci ng and pol yneri zabl e substituents

on the di anondoi ds hi gher than adamant ane have a

var i et yFuES. a2tAaEgiesstnopeinolagire fr@s: pi@soht Brudtimabforautes,

Ohpi shi . paraneter cal cul ations fo ase resin repea
ar il Y S SR e A 80l Her AR f G s o
| $Re HElh AR AN Sh R SRAAHan AL RAHE RavPdParld®f of ABCBRER points;
pendant groups Wwth 1, 2, 3, and 4 hydroxyl groups,

respectively; FIG 24A-D shows exenpl ary

di anondgj ds t ai.ni onmers with | ti.pl e .
e -1 o) R BT CORSTR bt i ng oo gesin

| agpRemES Rhvin B aB8m SRR Alantin @i StriaMAeta8k hnt g -tehaiantane
group may be part of either the di anondoi d-contai ni ng

pensadant grovpm and forithe sanempenidaniogieransdidio ht %idn pirdy4 hydroxyl
pe Bl G 26 illustrates an exenpl ary bl ock
C By AR,

e present invention; FIG 27
illustrates a synthetic pathway for producing a
ol ymer _cont ai ni ng i so-tetranantane pendant groups; .
POy FIG. 24A-D shgows exemplary diamongoidpconta?rﬂng %mno ers with

multiple acid-labile sites;

FIGS. 25A-B illustrate exemplary lactone-containing pendant groups,
wherein the lactone group may be part of either the diamondoid-containing

pendant group, or the non-diamondoid containing pendant group;

FIG. 26 illustrates an exemplary block co-polymer of the present

invention;

FIG. 27 illustrates a synthetic pathway for producing a polymer

containing iso-tetramantane pendant groups;

FIG. 28 shows the total ion chromatogram (TIC) of the resulting

hydroxylation reaction mixture (10-18 min.);



FIG 28 shows the total ion chromatogram (TIC) of the
resul ti ng hydroxyl ation reaction m xture (10-18 mn.);

W0 208/036268 G 29 shows the TIC of the separat edPCT/US2004/031929
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di - hydroxyl ated di amantane with its correspondi ng mass
spectrum FIG 30 shows the TIC of the separated
tri-hydroxyl ated di amantane i sonmers with a mass
spectrum of an isoner; FIG shtdws a process to
separate and purify the tri-hydroxyl ated di amant anes
from t hETChyZdr showlsahé TIC bLfe sbsiatedl ¥i-Hy@ox FlhRE dlamaneine fith
extraction; step 2: first flash colum chronmat ography;
stitgrogresgardAg MEASHEIeCEBIy M chr omat ogr aphy. I n one
enbodi nent of the present invention, step 2 nay be
elimnated. FIG 32 shows the TIC of the precipitated
sol i ds FIaiad dewi)ths DY biithe aeparatad tri-bfndroandtddniBamsse
spectrumat 17.27 mnutes identifying the

t EPEAY oY 9|1%ﬁ5%ape&PHWa?1ftsaélﬁé‘§n?ri FIG shows the TIC of
the esterif cation reaction mxtures (A from exanple
and B fromexanple 11) between and mnutes; and FI G
34 shovElG.HE Shio@safprotess sepanateechdmmidy Hhyedriehydroxylated
di amant ane pet hac ate j.somers with a mass spectrum.
of‘ﬁ%‘i‘?%n%’?est ﬁgmih‘g% &F’XBEM Rt BEBERSTHeN d‘fgt?’f—@tracuom
| NYENT: 1R ERDOCHIRA CRroRiaté 18p1RY SREME sddaUe AlakiPEblimg! ude
di anondoi ds as pendant groups of the base resin of a
pogiremnste gpipdiyo e ohe embedintssi of the prefpms ipyasions step 2 may be
dieﬁﬁ%igac‘t#re wi |l be organized in the follow ng manner:
fiTst, e termdi anondoids will be defined, followed
by a di scussion of isolation nethods of dianondoids
from petrol eum f eedst ocks, the derivatization of those

i sol at G Hnibewsite TIGatthe paseipitatgdndids Sropbihe by dropelation
Sk A8 AT g bk PRANRLE A  BRRAS 83 U

r efyelrexylated dishdritatteed and unsubstituted caged

conpounds of the adamant ane series including

adamant ane, di amant ane,

FIG. 33 shows the TIC of the esterification reaction mixtures (A from

example 10 and B from example 11) between 13 and 18 minutes; and

FIG. 34 shows the TIC of the separated mono-hydroxyl diamantane

methacrylate isomers with a mass spectrum of one of the isomer.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention include diamondoids as pendant
groups of the base resin of a positive photoresist composition. The present
disclosure will be organized in the following manner: first, the term diamondoids
will be defined, followed by a discussion of isolation methods of diamondoids from
petroleum feedstocks, the derivatization of those isolated diamondoids, and then

polymerization of the derivatized diamondoids into photoresist base resins.



tri amant ane, tetramantane, pentanmantane, hexamant ane,
hept amant ane, oct anmant ane, nonamant ane, decamant ane,

wap@enzirent ane, and the |ike, including all i sptEUS2084031929
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stereoi soners thereof. The conpounds have a

"di anondoi d* topol ogy, which neans their carbon atom
arrangenent i s superinposable on a fragnent of an FCC
di anond lattice. Substituted dilhnondoi ds conprise from
1 to 10 and preferably 1 to 4 independently-sel ected
aLMymﬂﬁmbsﬁ&&gﬁmﬁamsD anondoi ds include "I ower

di anmondoi ds" and "di anpndoi ds, " as_these terns

defl nedl e n diangongerds” sefersitq substisuted a%\}m@bﬁﬁuﬁ%pmd
400, R o T 0t B O
artmaallaﬁitbm tatalmumtanm $entantatinaritxsmbsihng, Unbptdmantane

derivati ves of adamant.ane, di anantane and tri ﬁjg%
THESENIGARS MR ARIHY JeERApGmentadecaBIRAR: PBY <eom<>1udmg all

Chiséiibis it QL AL Gin S Ao, HLLBESHARH hadl 3R bpology,

them from "di anondoi ds." The te di anon
t owhinky neanl theiradarbaudiemi amingctnautds sursvibgosdhie eni a fragment of an

t t ts d/ [ tjtuted

A GGG o180 PO e PR e B SOEFES FroF ) 45

arﬁéﬁfabi’f}' L teH l@ﬁaép‘eﬁa&fd thetEasARE tslibdtft@chtd) %ﬁﬂﬁ)ﬁﬁéﬁﬂ?mclude
onponents; to any or all substltut ed and

uné@\ﬁ@tdmm@@isnldé m@fﬁmmw@%@dbmwenm@radyﬁm@emm as well

ted nsuhstitu octa t ane
C T ER L S ot BRI 2
uns UbStTHthteﬁﬁl W@mmhmlwrf@mtaﬁamh@taﬁ@ﬁimﬂ{tﬁfe and
all substituted and unsubstituted decanmant ane

c dripwAriane and iy ARd/ el wsubstituted sad sukptigdedyderivatives of
u na%ﬂﬁﬁﬁfahé’ td?"?ﬁe & Ql'i@ﬂfaﬂ{%ﬁta‘ﬁg L g&re{ &ﬁm%h!)ld%gmpo ents

m Xt ures Gof OVG and 1soners an ereol soners o

t efhvamnsanes q:re:hirah'qzrﬁndmee; readipsanhaied, diegigrishigathen from
oc} amant ane, nonamant ane, decanant ane, and
und@aepdRidine. Adamant ane cheni st ry has been revi ewed

by For trnelbrm edifhondofls™ M’@fﬁﬂ taﬁ? gl‘é(%//@él? ﬁ%ﬁfh@&f’anﬁf

t he Di anondoi d Structure, pp
ZMBGWMt&@mmanwmaemts, tblaay sndbt &l$ substtvbet andf

si e EDt EBAIF sGmCoti 0 oty i inBaend

t WhsGbEBMitEd Bex amantane components; to any and/or all substituted and

unsubstituted heptamantane components; to any and/or all substituted and
unsubstituted octamantane components; to any and/or all substituted and
unsubstituted nonamantane components; to any and/or all substituted and
unsubstituted decamantane components; to any and/or all substituted and
unsubstituted undecamantane components; as well as mixtures of the above and
isomers and stereoisomers of tetramantane, pentamantane, hexamantane,
heptamantane, octamantane, nonamantane, decamantane, and undecamantane.
Adamantane chemistry has been reviewed by Fort, Jr. et al. in “Adamantane:
Consequences of the Diamondoid Structure,” Chem. Rev. vol. 64, pp. 277-300
(1964). Adamantane is the smallest member of the diamondoid series and may be
thought of as a single cage crystalline subunit. Diamantane contains two subunits,

triamantane three, tetramantane four, and so on. While there is only one isomeric



triamantane three, tetranmantane four, and so on. Wile
there is only one isoneric- 12 - form of adanmant ane,

walzasmsehe, and tri amant ane, there are four dPET/E8O04/031929
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i soners of tetramantane (two of which represent an
enantiomeric pair), i.e., four different possible ways
of arrangi ng the four adamantane subunits. The nunber
of possible isoners increases-hdn-linearly with each
hi gher nenber of the di anondoid series, pentamantane,

h efoanmail dimegn theg tdiarmaitae andrlaa AR N ererdd 1R diféddent isomers
d\eﬁgﬁrmnt ane, etc. Adamantane, which is comercially
avai

plERRRtangAdwR ok Whieh iigprsgent o cRatImSyIc Py, it fgmiedifferent
A S5 1y AL, b B s
prisqreers imseasés adediimpiriinwith eattahighergnembardfdhesdiafondoid series,

i nstance, the foll owi n atents di scuss naterials
OB ARG, RBAHATLTe, QPEAPap G o R amane,
3, dbedmadiénd, e@ches the preparation of polynmers from

al kenyl adamantanes; U.S. Patent No. 3,832,332 teaches
a pol yahilateansane; vdriclf isrcomnfiarciailp bkailabtia hasrbeenstudied extensively.

di i . W S, .Pat ent 5,017,734 dj th .
I OO R T —
destdbiiaty| fuastior@dliFakibs anBPMENopSidies 6F é’d%%mﬁﬁné%@ﬂtﬁrﬁné RBterials.

synthesis and pol yneri zation of a variety of

adirartanse the folewingastenfsrisquns materialstdeaiptisingmddmianione

h -OCe rafd-val [ tention in the

o aHERe P PO GRTRED IS R teishtt UF Rk D et rom

t hdkesyhddnemintares; A8, iPaeht NOE318321831 feabley ayiodfadside olfeher forms
mul ti step process in "Synthetic

a | abori ous, ) .
AT AL BE R e GBS B8y SO Bhdsousses the formation
Teek : - d [0}

R PR S ltesins fronP Rapnhbine vack el hud U8, B dig,
has23968] repmtshdmisyethesio anddpaymierinatéin @la vanateof adamantane
suggest ed the existence of, but did not isolate,

t é%%gﬁtﬁvrﬁs'ane, pentanant ane, and hexamantane in deep

pet r ol gHRLAEARY the 'd[aﬁnérfdoidsgﬁﬁvqucé?@&ﬁcoﬂgﬁ?étfv‘éﬁplﬂﬁb Qttention in
studies, reported in "Natural QOccurrence of _ .

Tdhe soieniifisdeciRgurea Mol avey 6148 hane repextadtir synthepis ofianti-

Petral.eum Reservoir, . Fuel . val... 74(10),. pR. .
S0 BAR o 5h VIEE U8t o Ly, il Blsradpiseode i PSymineti
t a@amﬁb@mmﬁ?e DHERAbAIRA FBAfocafboRSY TEBLREd 8h, VIR, pf. 971-
distillation of a diamndoi dcontai ni ng _ _
992 (1980). To the inventor’s knowledge, this is the only diamondoid that has been

synthesized to date. Lin et al. have suggested the existence of, but did not isolate,
tetramantane, pentamantane, and hexamantane in deep petroleum reservoirs in light
of mass spectroscopic studies, reported in “Natural Occurrence of Tetramantane
(Ca2Has), Pentamantane (CagHsz) and Hexamantane (CsoHjsg) in a Deep Petroleum
Reservoir,” Fuel, vol. 74(10), pp. 1512-1521 (1995). The possible presence of
tetramantane and pentamantane in pot material after a distillation of a diamondoid-
containing feedstock has been discussed by Chen et al. in U.S. Patent No. 5,414,
189.

The four tetramantane structures are iso-tetramantane [1(2)3], anti-
tetramantane [121] and two enantiomers of skew-tetramantane [123], with the

bracketed nomenclature for these diamondoids in accordance with a convention



feedst ock has been di scussed by Chen et al. in US.
Patent No. 5,414, 189. The four tetramantane

W@ R00808a2ses are zso-tetramantane [1(2) 3], PCT/US2004/031929
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antitetramantane [121] and two enantioners of
sfewtetramantane [123], with the bracketed

nomencl ature for these di anondoids in accordance with
a convention- 13 - establishedl3y Balaban et al. in
"Systematic Cassification and Nonmencl ature of Di anond

Weitabhﬂiddmdlaban?&ll[ ahegynnratic C&%lﬁcmlon%aﬂdiﬁ&ﬁlature of
(1978). four tet rani ant anes _have the for

(rﬂ%qae@afiﬂydmaﬁms 9 etrapgdras vl % gh: %ﬁ?s?sm6é1978) All four

P L S L9 M OB Wy DO o o

E %@mbh@en&mﬁtaﬁﬁ@ﬂ%ﬂglgﬁﬁﬁg ?ﬁmtiﬁsmﬂamrrg&]la&“fzaﬂﬂz)(mjecular

Wi ni ne enanti oneric
pe\ﬁéléﬁta%“t‘%l[ﬂﬂéﬁ %&t&w%e Tigroars fhagepainy of EBangjoppers fepresented
[ 12h&datly E?ZIﬁl)@? %:{ TI}?BQ Mﬁ%@ﬁﬁﬁ%&ﬁu&&&ﬂemama tanes

represente ecul ar fornmula (nolecul
3aepresmcbbm[dtz@r)@]s 1@,@4] .[mmhThm;eaﬁsmlmwmamamane [1231]

t { th
7 aPE e ot ol R e e T o s St o o
synmet ri&aiantafés &@saﬁ&m@%ﬁe E@ééﬁblé Beudiites wdhaevenry eight
formul a C29H34 (nol ecul ar wei ght 382) and the

r driaing the meboculan frrmnba Cidds Qf}m}m@,lat Wélghth%@Lﬂndrof these, six are
f
R RS e e e BV DR

hawéipht 3828 atitbihe eathadii OneRabhRAntaad L3 10TBAibb ntvledikir Foimula

448) and of these even are achiral, having no
r%aqﬁaodml%cuametah@ #2hai ni ng hept amant anes 67 have

t he nol I I
e oV SEH i o 08,80 L8 Aty e
r émmngl thgntolwoulaa feemtihe Caztle CmbRculboweigha4€BNd 4 f these, seven are
ecu ar. wei ht 394). &t amant anes possess eiﬁght of
TR RBERMETS ThiedRmating hepamatans of deunihe

rr%@lwhar foyRhig 'aig;HS ﬁm&umwgﬁtmp tsm the¥B1dcir formula
nol ecul ar fornmula (nol ecul ar wei ght "446). Cct anant anes

aI @nHkse(mlqchbu wolght4P 8y addtheutmaifing uwhaazs theeingletular formula
0H34ci§noll_cl§3ula§ welg%g %25 wei ght 486) ;

Octamantanes possess eight of the adamantane subunits and exist with five

=3

different molecular weights. Among the octamantanes, 18 have the molecular
formula Cs4H3s (molecular weight 446). Octamantanes also have the molecular
formula CsgHas (molecular weight 500); Cs7Haz (molecular weight 486); CssHap
(molecular weight 472), and Cs3Hse (molecular weight 432).

Nonamantanes exist within six families of different molecular weights
having the following molecular formulas: C4Hag (molecular weight 552), C41Hys
(molecular weight 538), C40¥44 (molecular weight 524, C3sHa, (molecular weight
498), Cs7Hyg (molecular weight 484) and Cs4Hzs (molecular weight 444).

Decamantane exists within families of seven different molecular weights.
Among the decamantanes, there is a single decamantane having the molecular
formula CssHzs (molecular weight 456) which is structurally compact in relation to

the other decamantanes. The other decamantane families have the molecular



(ol ecul ar wei ght 472), and (nol ecul ar wei ght 432).
Nonamant anes exist within six famlies of different
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formul as: (nol ecul ar wei ght 552), (nolecul ar weight
538), C40 44 (nol ecul ar wei ght 524, (nolecul ar wei ght
498), C37H40 (nol ecul ar wei ght 484) and C H 6

(ol ecul ar wei ght 444). Decanddt-ane exi sts within
famlies of seven different nol ecul ar wei ghts. Anbng

t%nﬂaﬁﬁmpqamalecﬁm%grﬁ 6@4f SIS (ﬂl@?e@ﬂﬁ[“ \%n Bawy; 09, Has
t he nol ecu

r formula (nol ecular vvelght 456 ichis

st(medecylea Mejght 57ath:la (molesulapiveight DAQ); G fém (molecular weight

de Th her ntane famlies have the
ﬁgg& g@ﬁ‘%a(moﬁgl} qﬁ%‘?rgfecul ar wei ght 604);
CASH50 T(maekgaatitade é&ﬁbt@ h¢1th519 @)mﬂl@adréfki ght(diffbreatimatecular we1 ights.

wei ght 576); (nol ecul ar wei ght 550); C41H44 (nol ecul a
wehgang élsel}ldecaﬁ@n@nﬂs these ate Warurx%«fagr?ptaalgs}lavmg the molecular

t{J P@ ‘i%ngf%@ ?mgfé 1?15? V‘)%%}E ISGSJ ‘znghla?es%tﬁfcuﬁ%%z&o act in relation to

eren ar Wel e Undecamnt anes
t hiae ethar m&mmﬂ&ea@mtmlm&nﬂmmtdnb damiiles bal@the molecular
f or mul a C39H40 (ol ecul ar wej. g whi_ch
stiogeylas arfye £ VREPE DT 91*? @g%ﬂs%%rhwgﬁt 548); Castlag

u n(ﬂfo CHITY rv&%f?ﬁ ? 8§5h @L;QFIH& otRAes JRRMH: 302); (arml, '(ﬁl%lsé%ﬁl;é?welght

t he nol ecul or'iul as 1H4A2 (nol'ecul ar wei ght

CAIRRAC 6l (eoldcaler weigltt643%8)nd C(snﬁéaémoleaulawew 6588) ;

(ol ecul ar wei ght 602); (nol ecul ar wei ght 628); C49H54
(nol ecul ar wei ght 642); and (nol ecul ar wei ght 656).

| SRbafibPHr AhmEhRIRNEeASetioldm RRtseEIgUM f eedst ocks
Feedstocks that contain recoverable amounts of

di anondsiedsso¢ksghaj dentafim.urecexam’plleétmqmatsmfaiﬁarg@sioids include, for

conden at es and ref, nery st,r su i

creRebi M ar LB o Bl Ry GL sl W rockine
i dﬁ@allalﬁ@ﬁ Ldokileairboespess bed frdikdee PdaicALKE Ptfegied d‘éeﬁisifobbem
the Norphlet Formation in the Gulf of Mexico and the

ecmgznat@;frﬁmth@hlomh eligmatiorp the GdtatMsgics apgkhalePuc

s of | ower dianondoids (often as much
as abou {)I?{h\j\.%%aﬁ?rds) and | ower but significant anounts

of di armirdefaddstocdstaamtzs larpe hropsrtains of 1dved diaméndwids (often as
t
perrnﬁcehnas a %u’c\/\tsvlo%ﬂlrc)is) anlgi 10wf319 l():uetss§| ncha%f‘. a%gl(l:rrl]ts fo? ceig%o%ﬁléi%s (often

as much as about 0.3 to 0.5 percent by weight). The processing of such feedstocks

to remove non-diamondoids and to separate higher and lower diamondoids (if
desired) can be carried out using, by way of example only, size separation
techniques such as membranes, molecular sieves, etc., evaporation and thermal
separators either under normal or reduced pressures, extractors, electrostatic
separators, crystallization, chromatography, well head separators, and the like.

A preferred separation method typically includes distillation of the feedstock.
This can remove low-boiling, non-diamondoid components. It can also remove or
separate out lower and diamondoid components having a boiling point less than that
of the diamondoid(s) selected for isolation. In either instance, the lower cuts will be
enriched in lower diamondoids and low boiling point non-diamondoid materials.
Distillation can be operated to provide several cuts in the temperature range of

interest to provide the initial isolation of the identified diamondoid. The cuts, which



to renove non-di anondoi ds and to separate higher and
| ower di anondoids (if desired) can be carried out

wWa@g00893626y way of exanple only, size separati OPCT/US2004/031929

10

15

20

25

30

techni ques such as nenbranes, nol ecul ar sieves, etc.,
evaporation and thermal separators either under nornal
or reduced pressures, extractors, electrostatic
separators, crystallization, -dsr-omat ography, well head
separators, and the like. A preferred separation

MR aeidh¥@ it @hmbnddas H8s dsiséidoi@bf Der&st, 418 etained and may
feedstock. This can renove | ow boiling, non-di anondoid

c oaparedbrtber nurificationn| Qéher medhasls dor the pripetad o gentpients and

e ARG S RARE RO Bl Py Rl et Tiuce he

I rfoﬁbwmgmohn@tta%mnﬁ)l@: dig¥BEpagdtion teéHnliquee, @apbatied either
| ower di anpndoi ds and | ow boiling point_ non-di anondoi d
netides paraal o reduqed prossvrecarpliveatiopesysiabization chiaragtography,
S | - t f 4l

ol BodHidtaklt, hith SGIRELE, M ARLAGA Hed DR E Shalcea
dippessnoandl thdhikecut s, which- 15 - are enriched in

di anondQi ds or the di anondpi.d of interest, are .
ret ai ne’@learﬁlaowﬁpeaﬁw}l@ %ﬁ@ﬁy _BIEP e 3 B biisap cither
gﬁﬁb?%? SJHQQ%lfegf?torcﬁﬁﬂ}éﬁbn.of’yF&%@m a‘i‘ladiffe%%ié@ﬂlefﬁ&dttb &move

icatio an enri ched di anondoid fraction can
addgidtacartmhhgeoiis coudikamdrelofd compomaptaidenni the feedstock. It is effected

o MBRER 4B PR A ESAR RS o Y ARG HRPrge. o
ﬂ%@h@gﬁﬁ@éﬁ allt%bst HYuP 5860988 'ﬂYcist PRI rahIG 0 a36RBERIRE fr the

Istillation, fixed and fluid bed reactors,
r ednigrest apvetstldrie 4567 Pyrelytsikis coiltieueddny abiffiofent length of time,
non-di ano doias may al so incl%ge a_pyrolysis ste

|
ei ¥eH 2 pifigiendy highjemperatires 19 theraally|degrag at IsgitaPyu; 10 percent
| . ~ o . .
S A A
effyeclyded Morhpafira)ytahkeastebdst H¢ keraentdry weight,and even more

::ond : % i XJn ?tge a%% 9g8 er%gq@%gﬁﬁ 5?3@ rﬂ%ﬁ.%%%&@gqs are thermally
Y

r dbkly to a tenperature in the range of about 410
to 450 C. Pyrolysis is continued for a sufficient
| engt h While pyms]ysisid peafersedsiar griecerelndigienii ghs not always necessary to

te ture, to thernmlly degr : . :

aheae 15 e G “GEBhal RERRGRLR M i GoRlsid Mbeysoparation

t hatthv@y Bay alldw eorftBecorvaiteiti®l ofdik@ondsidPiorsd susliSiently high

More preferably at | east about 50 percent by weight,

argiven esitappofeadstocks such that direct purification methods such as
chromatography including preparative gas chromatography and high performance
liquid chromatography, crystallization, fractional sublimation may be used to isolate
diamondoids.

Even after distillation or pyrolysis/distillation, further purification of the
material may be desired to provide selected diamondoids for use in the compositions
employed in this invention. Such purification techniques include chromatography,
crystallization, thermal diffusion techniques, zone refining, progressive

recrystallization, size separation, and the like. For instance, in one process, the

recovered feedstock is subjected to the following additional procedures: 1) gravity



preferably at |east 90 percent by weight of the
non-di anondoi ds are thernmal |y degraded. Wile
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al ways necessary to facilitate the recovery, isolation

or purification of dianondoids. O her separation

nmet hods may al l ow for the concentration of di anondoids

to be sufficiently high givenléertain feedstocks such

that direct purification nmethods such as

C hdotumat elgoaRtterdphe ubigp lﬂv@mﬁ@@teampy@ng@a sﬂlca gel; 2) two-column
chr omat ogr aphy and hi gh performance |iq

c Hirenastv§ 1y gas yhtomatogartiote, lsqﬂa@&lalaﬁ%qlmds 3) crystallization

ds. E
=BT 0 U AG ARA SO gl o=, Even
puri fi cui hlmna:tfvetpln@:emtseas sl sinply di)@md’&p]leroeﬁnmo ligeiidvi de

sel ect ed di anpn o ds se in the, conpositions
e rf&r%yaéagqaahxa Apcdu @ﬁﬁ PEHOTNaERIS lkﬂwf ¢hremaiqgraphy, to isolate the
t t I

{ R o %ﬁ%@%ﬁﬁ%&%nf’%‘éfi%‘tﬁ’i’%‘%°é“@%¥§%@n%?f‘% HMectivites
p roagy essiede Fuﬂhmpsdmlsslmgmmg)thess inethals pdoat oo moraredined

the |ike. Ear on rocess t he recovered
¢ SEaehtigie viao b el B b RS D e Forpoh: | ona

pr ocedup&siledlhetdb Mot iz!rocés@mg fé@hé%%kscib E)Bﬁ?d @ﬁhﬁ)ﬁll‘léﬁd
using silver nitrate nge gnated silica

t viompobitions peespdpeh ive. S Epivisigngl %@@tm;vgwa&l@gNapﬁw%SM

o eE LR 0 UE RS Rt Prab EROMIRR bR ARY §i/50f,148 filea

alJugé DBLI00E; H1AAG.SSBrovisidmal P@:%nﬁApFl @tieh lea)ra@he)@ filed July
col umm | i qU| d chromat ogr aphy, including hig

pei 890 incorparefed By eHersneasgeimgnyheit @ntirgm at e the
di anondoi ds of interest. As above, multiple colums
with different selectivities may be used. Further
progdasivatipnusfidigndriderie met hods al l ow for more refined
separatjons_which can | ea ially, pure
conponentcordirg i the gresertsawed ’f%?n%rcg %‘5%@ PF%‘&B‘% glouRsare
t Cﬁeﬁ%@ieﬁ Mﬂ?&f@{h‘ép&ﬁ fﬁH&Rﬁéﬂ %11 So %ﬂ@w%%cﬁlﬁéﬁt fﬂo tHE base
U.S. Provisional Patent |on No. 60/ 262, 842
f i gobsemeranhair PraforabRObdse ddnﬁathsdsz ﬁhmﬁﬂloﬁarhgﬁormula I:
Application No. 60/300, 148 filed June 21, 2001; and
U.S. Provisional Patent Appllca§|on Qb. 60/ 307, 063
filed July 20, 2001, incorporadRed reference herein
in their entirety. /??

R5/ \R4

wherein D is a diamondoid nucleus; and, Rl, R% R, R4, R’ and R® are each
independently selected from a group consisting of hydrogen and covalently bonded
functional groups, provided that there is at least one functional group. More
preferably the functionalized diamondoids contain either one or two functional
groups.

In one aspect, as described in USSN 10/046,486, in the functionalized
diamondoids represented by Formula I, R!, R%, R3, R* R’ and R° are preferably



Derivatization of dianondoids According to the present
enbodi nents, di anondoi d pendant groups are derivatized
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to the base polynmer chain. Preferably these

derivatives have the followng Fornula |I: RL R2 R6 D

R3 51 wherein Dis a dianondoid nucleus; and, Rl, R2,

R3, R4, R5 and R6 are each i ndé@pendently selected from

a group consisting of hydrogen and coval ently bonded

f uindépendalilygeRuRd. frat 8 graipdf ntwittiéd@neistifg of -HLeBSLICIQIRY, -], -
functional _group. Mre preferably the functionalized

di QHo b HELC YR GOR i PECHONeCOEH: o0t PhalHO, -CH,OH,

gr oHpPs;n.! QN spe  (OBSCL A0
s P EHE R EEEH e G e R Rl pgterably et
r epioesied tRERORTRB MR, &’ land R® dre et alR8ydr&ifen. RS pacdtlyRBe or two

are preferably- 17 - independently selected froma
gr @ﬁ}g‘ ok’ gsinephEogeBeistisyd ghe ppmaiping Rs are ydroggns. -

Coca | Segiginetip Hgmonqliic bhn pefspered i idiampndpiq jn
; sihge ecaBtion steml Kiydse (pitefady @b kyfeedeliyd hereiras ‘Geidndriat
%@p%qaﬁgﬁfg gfrgpr?(?qk%nglp? ﬁf?lgd% Ortaqxgrqpé%l | hymdwr O(%'ggﬁfls of Formula I
Wﬁérbﬁ%h@ﬂﬁcfi&%xli&ﬁl '&iﬂg Irdhado8if, E‘l}{c‘iilra%g-?[]?nom-chloms, -
functionalized di anondoi'ds can be prepare rom

di esridesddiydroxmlsandi-nigos as weld b$ othes depvatifles S@medtie ohaksction

ar regﬁrredd t‘ﬁ herein as "primary functionalized
i AFSASOTHYO hd i ncl ude, for exanple, di anondoids of

For mul alanwiher SipRctt the fhnttiohllRdl didmbadHaPMR mAERals prepared
hal ogens, such as -bronos and -chloros, - oxides,

- hiyem@pyineary fenctighalized disnondoid Bis ore plemorfefubseguieniasgaction

BB RS, A SO AT BRI

pr &patic@lized diamondoids.” It will be appreciated that in some cases one primary
functionalized diamondoid may be conveniently formed by conversion of another
primary material. For example, a poly-bromo material can be formed either by
single step bromination or by several repeated brominations. Similarly, a hydroxyl
diamondoid can be formed directly from a diamondoid in one step or can be
prepared by reaction of a bromo-diamondoid, a diamondoid-oxide or the like.
Notwithstanding this, to avoid confusion, the primary materials will not be included
here in the representative secondary materials. They will, however, be depicted in
various figures showing reactions for forming primary and secondary materials to
depict both routes to them.

The functionalized groups available for synthesis of secondary
functionalized diamondoids can be selected from a wide range of groups including
chloro, bromo, hydroxides, etc. Thus, the following types of secondary materials are
merely representatives.

Representative secondary functionalized diamondoid functional groups
include fluoro, 10do, thio, sulfonyl halide, sulfonates, alkyl, haloalkyl, alkoxyl,
haloalkenyl, alkynyl, haloalkynyl, hydroxyalkyl, heteroaryl, alkylthio, alkoxy;



froma primary functionalized di anondoid by one or
nore subsequent reaction steps. These materials are

wawnsares referred to herein as "secondary  PCT/US2004/031929
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functionalized dianondoids.” It will be appreciated

that in sone cases one primary functionalized

di anondoi d may be conveniently forned by conversion of
anot her primary material. Forl18xanple, a poly-brono

mat erial can be formed either by single step

bramninoaly/0 Bméoatkox et ¢l; Bbtefoepsdadlleskyd éjaﬁlloﬁ}ktylm-? aryloxy, and
Sim | arl¥ a hydroxyl dianondoid can be forned

di 1ELPMYI¥¥om a di anondoid in one step or can be

r epar )
i afmnS%f Y EEAGH BBl afh PO IR e fypcrionalized
avdlaInondmdme oepresehied pyithafoymalat- €O svivaréin Athydeogen, alkyl,

cIu the representative secon
aé?a%afogMﬁ@lP Ry i GHEUSH DS e B ai Rt e g,
Safkcys iy Haem@@ tHe@é?&yfcﬁé b%rQC@zﬁ Gy IREL RS ¥s %'}g:ﬁn%_%e

secondary mafer depict’ both routes to t
fmeYlptNiE,IbYZ C@’chnds avai |l abl e for synthesis of

R BB 2R RO 1R B S e RE s cotned

hyﬁéﬂ&uﬂ?&)y BIIE,; -NHARS, -NRR” f ! mﬂ@’m’y’ﬁﬁeﬁer@ﬁl R’,R”, and R’” are
secondary naterials are ner eI representatives.

RepAasaaedlyi ailéfls@%@ﬁdarw tffl@niléxh lvierpalingll agylappheteiodryl; by

de de
hé?‘?lgﬁ@@& R Cﬁ’%} Oer% i fg,l? zko)gWOéfJﬂ EADYhA R?is
hadlioa] M@D)hbterc&h*ﬁymlkyl Mdﬂﬁbﬁﬂkw an(hbﬁr-ﬂxg@ﬂ)NHR“ wherein R'is

het er o al kyl t hi o, _al kox 18 - am noal kyl

reisiria -Gl ypC %M@@yc?ﬁaa%wd Ty Ry is selected
afﬁ‘élﬁé)iwl e ra¥é1E§z<1yandgﬁ “ onal groups

that ca ary

bresen i'nset |onalized
di anmondai ad“srthcreaspmb,rc&mem trede bfythe Iﬁmdmmah@aup@(n@%

rein hydr k al o, hal oal kyl ,
\#}ﬂ%’a‘ft}ﬂnﬁlzz ?%an%g%dg%aé‘? %{&th? g‘ﬂmé‘}ﬁe di subst i t ut ed
am no, cycloalkyl, aryl, heteroaryl, het erocyclic; by

-C2Z wherein Z is as def| ned previ ousl y; by -R CQzZ

and 7 7 -R C 2Z wher ei nj, al kyl gii¢, am noal kyl ene
as

or hal oalkykene and Z i d\f~ 7éd previously; by R
; -NHR , -NR'\F&'(CHa)nd -NRRR™" V\,hereln R, R, anH R
are y 4 and N N\
—X
15
Sy v |L13 R

wherein n is 2 or 3; X is -O-, -S-, or -C(0)-; Y is =0 or =S; and R'2, R, R and
R are independently hydrogen, alkyl, heteroalkyl, ary1 or heteroaryl; =N-Z”,
wherein Z” is hydrogen, amino, hydroxyl, alkyl,

o)

NH

O

O—w

NHp, NH

cyano, cyanoalkyl, cyanoaryl, or cyanoalkylamino.



i ndependently al kyl, am no, thio, thioalkyl,
het eroal kyl, aryl, or heteroaryl; by -R NHCOR9 wherein

WRB06836268H , -OCH , -NHCH , -CH CH , -OCH CH arci/BS2004£031929
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al kyl, aryl, heteroaryl, aral kyl,or heteroaral kly; and
by -R CONHR11 wherein R10 is selected from-CH , -OCH
, -NHCH , -CHCH, and -OCH CH, and Ris selected
fromal kyl, aryl, heteroaryl, lﬁral kyl, and

heteroaral kyl. In a further aspect, one or nore of the

functi qRal fufih@URSHhoadnRnk YR ﬁbr@@ﬁhb@&ﬂctﬁin@ﬂ@ﬂbﬂﬁé Qﬁthe
rm% be of the formulae: .CH R1L 14 and -N M X
®C

ctirnglizddediamendeid is -NHR?, M’R”; NRfR”R”sm NHQ” wherein R’,
NO) ” d
 AtepiherPEPopRLGER S aPkgT e aESyE Gy ] Fgpe members

h%‘l Odlkatlyl; orN‘ll@n 1, Whefei fhe 41kyS, et Pgﬁmalk?ﬂillrl@mdues can be
hydlr%fcl)xyl al ky y -NH C NH Hy% y yano, cyanoal k

#RSkpd, unb bamhcgﬂa@fcfaplwﬂaﬁd ﬁbtlonallg subqstﬁu@ vl h@pgeny aryl or

b
t he%?w?%% 3P TainFRIs PR G PR B rifhgep atom
R form @lhetelNlrdchw groab Wil up tR7, rirgnderkbersi 1Qlep ehnd;eﬁhﬁdaj{kya,r @mino,
hydr ogen; heteroaryl with up to 7 ring

amwosu'aﬂtwétﬁ Pmn&ﬁ digphsiifiied arm@r@“tﬁw lﬁgfewmm%wvééﬁw
a d
CRpREER e £3008, B ARRISS kbl Apsch it o

orothetaaiomar yl with up to 7 ring manbers; or R and R"

togeth t e ni.trogen ahete ocyclic ..

ar oup aeH B Aol i Rt oyl ot e Hisetiohalized

t hjifabkadid isAOO0R 'S RRRSHR S| bt e @rﬁ %Malk‘}}l SEoR T twi@gin RY
am no, or trisubstituted ami no W th Tb prorlate

c skt ian, @L@tﬁra&lkﬁaihli@éHO HR INBEG QIR rfs@tl?elg is absent or

mste ec{e?l frdth oﬁ(@ﬂ %rﬁ, o(%raralkyl, R" is hydrogen, alkyl, -N,, aryl, amino, or -
NHR? wherein R* is hydrogen, -SO,-aryl, -SO,-alkyl, or -SO,-aralkyl, -CONHR*
wherein R?! is hydrogen, alkyl, and aralkyl; -CSNHR? wherein R* is as defined
above; and -NR**-(CHy),-NR> R* wherein R*, R*®, R?* are independantly selected
from hydrogen, alkyl, and aryl, and n is from 1 to 20.

In an additional embodiment, the functional group on the functionalized
diamondoid may be -N=C=S; -N=C=0; -R-N=C=0; -R-N=C=S§; -N=S=0; or -R-
N=S=0 wherein R is alkyl; -PH,; -POX;, wherein X is halo; -PO(OH),; -OSOsH; -
SO,H; -SOX wherein X is halo; -SO,R wherein R is alkyl; -SO,OR wherein R is
alkyl;

-SONR*R? wherein R* and R* are independently hydrogen or alkyl; -Ns; -
OC(0)CI; or -OC(O)SCI.

In a further aspect, the functionalizing group may form a covalent bond to

two or more diamondoids and thus serves as a linking group between the two or

more diamondoids. This provides functionalized diamondoids of Formula II:

D-L-(D)a



other anion. In still a further enbodi nent, the
functional group on the functionalized dianondoid is

WO gosRiRemwher ei nR16 i s al kyl, aryl, or aral kyl PCFOER7031929
wherein R17 is al kyl, aryl, or heteroal kyl, -NHNHO, -R
NHCOR19 wherein R18 is absent or selected from al kyl,
aryl, or aral kyl,R19 is hydrogen, alkyl, -N2, aryl,
am no, or - NHR20 wherein R2020s hydrogen, -SO -aryl,
-SO -al kyl, or -SO -aral kyl , -CONHR21 wherein R21 is
hyehegr) isd diyphondoid nacladslkand;L s @IKRRIMbES fid#RR2 1 ok $nore such
as efi ed .above nd -NR -(CH ) -NR R24, wherei nR22,

R 1 i) gsﬁ’eﬁ@yﬁgﬁaﬁ’nt |y selected from hydrogen,

al kyl', mngis3mbbdin?ad the Inﬁcnfx T 0m4Pbe =GR -

addi tional enbodi ment , the unc ional group on the
functionalized di armnd0| d may be -N=C=S; -N=C=0
-R-N=C=0 -RN=-C=S; -N=3=0O or -RN= §—O wher ei n i's
al kyl ; -PH,R-POXWher%inXis hal o~ PO{ OH) O H
- SO H -SOX wherein Xl is halo; -SO|R wherei nR I s

al kyl ; —SO R WS RTs al kyl ——BSENR ()~ wrd\t-ei1{CHy)m—N——
R26 and R27 are independently hydrogen or alkyl; -N;

- OC(Od; or -0C(OSA. In a further aspect, the
functionalizing group may forma covalent bond to two

or nore di anondoi ds and thus serves ag a l4inking group

bet ween the two or nore di anondoi ds. h“_strow des
functionalized di anondoids of Fornulalll: D-L-(D)- 20

- wherein Dis a dianondoid nucleus d8tk is a Iinking

group and ni s 1 or nore such as 1 t¢ 10 and

especially 1 to 4 . In this enbodi menN—{0,)]

group L may b e -N=C-N - R 28°R 29 R $8 R29 R30|

(CH) N -N(CH) NNR3L (CH) or (CHy, R33

R3O

N____R32

: |

wherein R, R¥, R*, R*!, R, R*®® are independently hydrogen or alkyl, and n and

m are independently from 2 to 20;

R28 R29 R28 R29 R30
—II\I——(CHz)n—T*— ; _T_(CHZ)n_N_(CHZ)m_N_ )
R34 R35 R34 |L35 R36

(C H2 )n R37

or

10 |



(CH) -N (CH) 33 NR 32 wherein R28, R 29, R30, R31,
R32, R33 are independently hydrogen o r alkyl, and n

wa@psosas®e | ndependently from2 to 20; R28 R, ZBCRUB04/031929
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R29 R 30 -N (CH) IN- (CHz) (CH) - R34 R35 R '34 35
R3 34 -NR31 (CH) R3 7 ,3*5>0r - (CH) R3 3 R36 N
R32- 21 - wherein R28 R29, R30, R31, R32, andR33 are
hydr ogenor al kyl ; R34, R35, R38land R37 are

i ndependent|ly absent or hydrogen or alkyl with the
provi so that at | east one of R34, R35, R36, andR37 is

d, d dently f 2,
P e TR R R RS Ak Sty GOERATABR: i A Rnand R
andrg Thdef)él{dﬁgfsf?ﬁﬁytegt or%ﬁjg&%ﬁﬂ of Q]{cglr@ﬁflﬁ e %ﬁ“ ﬁ{gg ate 1(6:316.5’[ one of

rate
t h]é “oRE ,SK%I ancm-"ém prosent;eind e dtno alfeumdﬂpbmdmﬂyMn 2 to 20 or the
i.anmondoi ds of Formula 111 R39 wherein each D
i sﬁ%? Eﬁ%&ﬁaﬂﬁsaﬂan et P aCcsRisbRIBomeRiGl @ exampie, halogen,
slacRiBaemithe shosRdahdupykbeus and are
|n ependént |y hydrogen or a functionalizing group.
Pr ef er dblapothheaspactethe presentrinvgntion edletheto fingiorailized diamondoids
fugc%iqgﬁllgroups. Preferably R38 and R39 are hal o;
Ano?™ {,'arylalkoxy; am noal kyl ; or -COOR 40
wherein R40 is hydrogen or alRkybh.plgi®an additiona
aspect, the present invention provides salts,
i ndi vi dual
wherein each D is a diamondoid nucleus and R* and R are substituents on the

diamondoid nucleus and are independently hydrogen or a functionalizing group.
Preferably the material contains either 1 or 2 functional groups. Preferably R*® and
R* are halo; cyano; aryl; arylalkoxy; aminoalkyl; or -COOR*® wherein R* is
hydrogen or alkyl.

In an additional aspect, the present invention provides salts, individual
isomers, and mixtures of isomers of diamondoid derivatives of Formulae I, I, and
I11.

Turning now to the derivatization reaction of diamondoids, there are three
different carbons in the diamondoids skeleton: quaternary (4° or C-4), tertiary (3° or
C-3), and secondary (2° or C-2) carbons. Of those different carbons, quaternary
carbons are impossible to perform any kind of reactions on. Chemical reactions can
only take place on those tertiary (3° or C-3) and secondary (2° or C-2) carbons in the
diamondoid skeletons. It should be mentioned that some of the tertiary or secondary
carbons are equivalent. This means that the derivatives substituted at those
equivalent tertiary or secondary carbons are identical.

FIG. 5 shows a flow chart for the strategy of derivatization of diamondoids
and FIG. 6 shows some representative primary derivatives of diamondoids and the
corresponding reactions. As shown in FIG. 6, there are, in general, three major
reactions for the derivatization of diamondoids sorted by mechanism: nucleophilic

(Sn1-type) and electrophilic (Sg2-type) substitution reactions, and free radical



i soners, and m xtures of isomers of dianondoid
derivatives of Fornmulae I, Il, and Il1l. Turning now to
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three different carbons in the di anondoi ds skel et on:
quaternary (4 or CG4), tertiary (3 or C3), and
secondary (2 or C2) carbons. O those different
carbons, quaternary carbons af2-i npossible to perform
any kind of reactions on. Chemi cal reactions can only

t adegetfnadetaltifor Recereb@iohk afid/thée® ueé with 3farBittaseGo UMY, for
(2 or CG2) carbons in the dianondoid skeletons. It

s HESPRCS8, easen sleuelonhes gzdh@adﬁm@ﬁ@et@dt%vgd mlyeyclic
@%%W oY KT B lfgélg&;%n\’it GIR: S&Wérgeﬂﬁﬁ%%%taé@f&fhﬁ%ook

vat'i ves subst hose™ equi val en
o r emsitled (iGaenyissavpadenantedst Gﬂ”ﬁringaﬂ—Veﬂ‘r'AgC:‘-BeﬂlrSHSi\&ﬁl‘tﬁrg New

ch r the strat of derivatization
d| ﬂ%é@f ]égngﬁa BF@M@S gﬁ?@%@aﬁw Fiedh ?@%ﬁﬂ@tm«ﬂ@a” by I K.
PrIZREYy, € N WRhY 'Z%fsﬂ?ﬁqgggﬁ rgaﬁsézan %hemzcal Review,
ons in , there

cor respdndi ng react sho
ar@(ll)n 19@&R 020 (1999 B€ugwd|ydrocnelaesT ediedfbgrGddurge A. Olah (John

vatj zation of i ds sorted by nechani sm
nu @8ﬁ%§?@éniéﬁeW3%F?q§§§)electroph|I|c substitution
reacti og\8l, reddtbnk 'irﬁ)%hfe&ﬁlé @eratidd of dfamﬁbﬁrbaf&)%ﬁﬁiﬁss(there are
for such reactions and tReir use with adanantane are

s hasweral dl@ﬁerqnﬁwmmemate thed@mond@de:aldvppmwms ﬁommce the

ada ne. and r { ed oI cyclic arb by R

& R MR e R Jloftn P U pufacll WISERASHR afadigoid or o
bq{lﬂog%ﬁbﬂeﬂ ldﬁiilnon@hlﬁi‘lmslﬁ)txxfn)ﬁnQ?fIG«da)fTWM0’1‘1&@5seqY uently react w1th various
(Spri nger Verl ag, Berlin Heidel ber ork, 1971)

arficigephi fF%ea?@PledﬁBfeéﬁmaéWﬁﬁﬁ%ﬁlﬁﬁ%éﬁeﬁh@W@ it FEpIS. 1Sueh

nelﬂ.ic?eogﬁfées incl de, I¢ ar?]l?[ ce ﬁ’le %ﬁqgéwﬁg %ﬁgra@(xgdé?ing%§m(§8f\{aaced

1 Odidmad0RAd) 11D} noﬂs(@plgmdmg:ihiab@@nbn@d gianeidoild); bynnieninge

r é&&dqv?%ﬁé‘] P %e%ﬂ%dogfgsﬂﬁzg{l (Bwvwiﬁvgjg%ﬁaﬁﬁfaé.d&mondmds)
cafiRACAkhORR et 1B G, B Fid BHatedi did RS ﬁdsvﬂ%?h &rolysis);
Bl EL Rl I

generate the di anond ocat 1 ons, i nsta
t haartwer—r howextideo(thd Ko@eﬁmfﬂwdoﬁ;mmﬂlrgmmymmmdmds

2 A PR hATRRIoL oL 5, el pachated, damndol b

;ﬁ%ﬂﬁ%@%ﬂ%ﬁﬂeﬁg’&ﬁ dgﬁe%ldlﬁg AR/ 1t&PAIEHB RIS ¥eer M BIORIR IR EThe
reaction occurs similarly to those of open chain alkyl systems, such as #butyl, ¢-
cumyl and cycloalkyl systems. Since tertiary (bridgehead) carbons of diamondoids
are considerably more reactive than secondary carbons under Sy1 reaction
conditions, substitution at the tertiary carbons is favored.

Sg2-type reactions (i.e., electrophile substitution of a C-H bond via a five-
coordinate carbocation intermediate) include, for instance, the following reactions:
hydrogen-deuterium exchange upon treatment with deuterated superacids (e.g., DF-
SbFs or DSOsF-SbFs); nitration upon treatment with nitronium salts, such as
NO, BF4 or NO, PFy in the presence of superacids (e.g., CF3SO:H); halogenation
upon, for instance, reaction with Cl,+AgSbFg; alkylation of the bridgehead carbons

under the Friedel-Crafts conditions (i.e., Sg2-type o alkylation ); carboxylation



nucl eophil es include, for instance, the follow ng:
wat er (providing hydroxyl at ed di anondoi ds); halide
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(provi di ng am nated di anondoi ds); azide (providing
azi dyl ated di anondoids); nitriles (the Ritter
reaction, providing am nated di anondoi ds after
hydr ol ysi s); carbon nonoxi de-23% he Koch-Haaf reaction,
provi di ng car boxyl ated di anondoi ds after hydrol ysis);

ol Blgehhe KUCA Ve iBY cSHHMEMY! ek FHeanmipdaiads sal-t8t o
deprotonation): and aromatic’ reagents (providing
arhpidateythtodnaonditdonsde. ga fitydrogee perokivieat boore. usiiigsuperacid catalysis

reacti on cur im | arl ) hose of en in al kyl
AR 5B 0) TP e R B TR T Bl re
SY$LeAEn FRiynee tertiary (bridgehead) carbons of

di anondoi ds are consi derably nore reactive than

seconddPithesg Hdrandifind eeactierss Sivbiynrsapaitiondars, the most frequently

P AL BB SRR ek 55 gy e

b adeglivifivesandihly sastindedad the Gatidro cabosd) Subkstfutied aefhe secondary
i nclude, for iInstance, the foll ow ng reactions:

hyadEsge of disgroadoidsisaes e de cUpeRury 18R PHSRSsehpinpe secondary
PR L PURBRR 8 R L U O iy
preastsons Bindbnis ppeesses. dHodeva, readfonSatthe stindggreatboonare

upon, f i nstance, reaction with alkylation of the

b rqcabe@ﬁi Iy ek Snecioebtassraning ey pelecdly SR radicabirarans ud the
iR PY LR S0 BB Byt dibncics
hythuexfreataddal eadtiting poovide(@mgthpd fiyrdhe gepagpdonxf dgreater number

ozone usi superaci d, catal ysis.jnvol ving or . ..
r e%fﬁé%waﬁga?w?m@a&%a@éw@é%m@ﬂ AIHE tg’ﬁé“’ﬁ‘?&& Poiegic

ar e SROWN TiLE chlnﬁleex %6%&% hRAsRs tflor BEGLs %ﬁdﬁ%ﬁlﬂe fowever, are

reactions are t requently used for t
d egeineal ly éfficolh toofepatiatenddbab dise: dddoasadesymrsetchof swhstitiieds

praduce. t.he derivatives mainly substituted at the

P eREGRP a6 O CEISTIEGR PP SPREELEBH e iae o very
CasRgisx PlodHitAMRAGAL dShetcForeOh rB6kS ¥ade) pradtREMMndMst N ree
processes since secondary carbons are considerably

| egdicpleubstituidonstod diantmdpids gafehseathopssloringtien grdéett i ary

g:@%ﬁ%@%g}a‘tl@)g iuﬁ@ek%p%ﬁé%%%&%?thne’é@ WY&l perlrn?taacstiringﬁ§ se%tarattilaﬁ ofthe
product mixture. For instance, photochlorination is particularly useful for the
synthesis of chlorinated diamondoids at the secondary carbons and further
derivatizations at the secondary carbons because chlorinated diamondoids at the
secondary carbons are similar in reactivity to those derivatized at the tertiary
carbons.

Photooxidation is another powerful free radical reaction for the synthesis of’
hydroxylated derivatives at the secondary carbons which are further oxidized to keto
derivatives, which can be reduced to alcohols providing unique hydroxylated
diamondoid derivatives at the secondary carbons.

Considering this significant advantage of separating the keto diamondoids, a

variety of diamondoid derivatives at the secondary carbons are prepared starting



achi eved by taking advantage of the | ow selectivity of
free radical reactions and the high ratios of 2
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di anondoi ds. Thus, free radical reactions provide a
met hod for the preparation of a greater nunber of the
possi bl e i soners of a given dianondoid than m ght be
avai | abl e by ionic precesses.-2fhe conpl ex product

m xtures and/ or isomers which result, however, are

geRenahd Netd dédivaivkd (difnSRPAIALS); slH s bp rddBin! gﬁeﬁé RAS 8fbup by,
symmetry of substituted di anon 0|ds free radi cal

s uiisg stanee, dnAb, tqmeﬂdﬁab%@qrmswldmb}@irwlm@ éell‘@tIV@r%ﬁ the
co t [e for t

pr%g{n? Qfgagﬁ%% ffm{ﬂy rdérewa:{gg 1calat gﬂ V(513 OI{E%I%" Bh OnSfStamng from
di thosy it ks e dérbatipén thiahboddideics o 886l ifdergo a01d-cata1yzed
phot ooxi dati on under, special circunmstances which
pettltcatalyzedheandensatign eackon withs for exasudel gxeessipeny er aniline in

F

f oo PRESARTE pyBIGHE LR A2 -G pEARD #iEbioids or
s @M4-y.nmmpﬂmemﬂ) hlrgﬁexf diahinetoidbetubstantied at the g lScoatiaﬂyhtarbons.

S dar rbons cause ch orlnate di_anondoi ds

t ﬁ@@é@%ﬁ%f ireaigian LchRIIARY. pie s tUsing yp-o e HPLC

t heemiglR! bv‘é%dyzﬁgdléﬁ thhiY@ofeStde 1@&1)5&11992[098 dght be employed for
Phot ooxi dati oA i s anot her powerf free ra

r e@csyrtiheswowfdeheatS\{;mtOIﬁd@nmndmdhydr oxyl at ed der| vat i ves

at the ;secondary carbons which are fur r.oxidized to

et o dd Ry HogBLrSGARR it obikatichs dd by Seriasme
praxﬂndﬁdtﬁdyamqﬁl%emidd@wﬁcﬁﬁ@deMa@m%& PERUI Yebie¢@ative

at the secondary carbons. Considerin hi's significant
adwpanreagiéonsfang élwed@tvahgeswh@pneé@r@edﬁ%fmg @s elﬂaer very important
v al{’l% gltr%o g(gtlex%lteatﬂg ﬁ%%d)%d&%ﬂ{ucﬁg by ‘geffy ?m]?cgljpa%t Srie]e%%i%glis '¥r further
dakrﬂ@ﬁmwﬁﬁs(dlanDnd0|dones) such as by reducing the

keto grou for instance, LiA FL;,to provide the
corr esp@ﬁg ﬁéh%‘VW%&%/Ieﬁfeéﬁltafé‘ﬁ Rpdways dordpe preparation of

S %Sﬂﬁj?a'iéﬁ (ﬁé’ﬂlgﬁ)&ﬁd ﬂ@ﬁlveftf%g kﬁ?l"ong \ﬁ%.h{l 4)‘?6 leiﬁ?]dactxang&ﬁimds are

secondary carbons starting fro Hose hy roxyl a
d esomeadfithesiostDieasaticintetinadistes anthaldsivativd ehgnistry of diamondoids.

o 1558 Ffeatsing e dblel FiRGHAY. Bk KA tied e and the

prﬁ‘?&l@ﬁ@rﬂfs a'[l?zﬁit%%?yl%ﬂb@féa@t@oﬂso Bcr@ﬁﬁ‘ﬂated diamondoids are prepared
bi s(4- hydroxyphenyl) di anondoi ds or

2 Wmogtlffelam gmphaé ngut9s rﬁ)mvoldeadtmdbﬂouﬁnmmﬂﬂdiam@doids

at Wlttlii] r‘cﬁ%ﬁt%pgra in€ &l t%e presence or absence of a Lewis acid (e.g. BBrs-AlBr3)

catalyst. The other involves the substitution reaction of hydroxylated diamondoids
with hydrobromic acid.

Direct bromination of diamondoids is highly selective resulting in
substitution at the bridgehead (tertiary) carbons. By proper choice of catalyst and
conditions, one, two, three, four, or more bromines can be introduced sequentially
into the molecule, all at bridgehead positions. Without a catalyst, the mono-bromo
derivative is the major product with minor amounts of higher bromination products
being formed. By use of suitable catalysts, however, di-, tri-, and tetra-, penta-, and
higher bromide derivatives of diamondoids are isolated as major products in the

bromination (e.g., adding catalyst mixture of boron bromide and aluminum bromide



Wth the devel opnment of separation technol ogy, such as
by using up-to-date HPLC techni que, we nay predict

wao bat/osse free radical reactions mght be enpPOyEs20hHe031929
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the synthesis of derivatives of dianondoids. Using

those three major types of reactions for the

derivati zati on of dianondoi ds, a nunber of dianondoid
derivatives are prepared. RepRgsentative core

reactions and the derivatives are presented as

f okitlpwiffegerd otAriBess MRy e bmﬂﬁﬁé faattidieangure) BEdiEMBL Rtrabromo
t he di anpndoi d nuclei or very ortant precursors for

f uarthagher Beoma, derivasivesoars syntlpqsged ghisigherdegpperatures in a sealed tube.
repres I

br o nat e p e AR B P ubG SRiBhE bons, or example,

Mithé torbdspondiag addkglard dinttmdaide asthoBe@hdifyearbont is treated
versatile internediates jn the derivatjve chem stry of

di Widshargf gen lﬁtﬂ%%\a,ﬂth hv%rph@ml%@%é gwéeraéléfddlﬁwon%ﬂs
eﬁﬂiaﬁi:@ (Eré&%t e frbonk Afe ﬂ;gfz}gatr&{ by Haed¥8on of the

Fri“ed I ation atl on reacti ons
Bramnnes[amddlgd{eaamdﬂdmmsasad&scmiredwbow by two di fferent
general_routes. QOne. |nv$%ves i.rect braom na

n of i
di anmonddodunaoneagtions At YrmpRdrdsAEe prp P{é"’%f(%cg%g%%l}rmg the

ahg Rl iknde bEiWise &Ckd whRr Snd &R ¥ SlitablENEn I 8F chloroform or
i nvol ves the substitution reaction of hydroxyl ated

di edipd rether ds canbomtduydhlobdmmthe ine ndxtud. r Bxsespromiineais removed by

f..di doi, ds i [ )
O AR Suct bRy B pe L EFO b Sodifith gk igiumpydrogen
prapRde. Cieicegarid lagat 1§|s¥®¥at&ﬂﬁldctﬁ@§dé do§ By etOif @xtridt&d by
three, four, or nore brom nes can be introduced

s ef«imfﬁfoml qryetlyhether prcaresndeiiachlorigielfonan asiditipmehadimes. The
Féﬂl? paslers\%é F%Htco&bﬁﬁh %11(31/ % }{e'd% }ﬂ?c@]gotpg 3m h¥dro%?n

der maj or nor anounts
hi @isohateraadiweads, @ﬂidﬁﬁamwﬁea be| ng for med. By use of
sui tabl e catal ysts, however, di- ri-, and terra-
pent a- , Toisglatg féﬁ @FOIBWBW derivasives, éhq spbeengis ramaﬁ%meagacuum-*

1@4‘1’123%1%%&%10 i Qfurdls QUHELPLY %hbgor n g'itgﬁ‘cﬁl%

ng catalyst nixture ©o rom and
aI q]ummmamgltaph:ymni eith@Slumma phsiticd ged ueing stmotiand ehrton@snditions

R N TR KT C T —
atwimh g fetha?p SERMITY fRephraRAload cﬁl@ﬁﬁtog}r@wr@m o€ high
brono derivatives substituted at” secondary carbons,

f arerfoxmansiediquid chromatography (HPLC) is used where normal column
chromatography is difficult and/or the reaction is performed on extremely small
quantities of material.

Similarly to bromination reactions, diamondoids are chlorinated or
photochlorinated to provide a variety of mono-, di-, tri-, or even higher chlorinated
derivatives of the diamondoids. FIG. 11 shows some representative pathways for
the synthesis of chlorinated diamondoid derivatives, especially those chlorinated
derivatives at the secondary carbons by way of photochlorination.

FIG. 12 shows some representative pathways for the synthesis of
hydroxylated diamondoids. Direct hydroxylation is also effected on diamondoids

upon treatment with N-hydroxyphthalimide and a binary co-catalyst in acetic acid.

Hydroxylation is a very important way of activating the diamondoid nuclei for



t he correspondi ng hydroxyl at ed di anondoi ds at the
secondary carbons is treated under mlId conditions
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hydr oxyl at ed at secondary carbons are prepared by the
reducti on of the corresponding keto derivative as

descri bed above. Brom nation reactions of di anondoids
are usually worked up by pourfg the reaction m xture
onto ice or ice water and adding a suitable anount of

¢ huPh&f i vafFatiohd) ¥licledsBE géiferidh RPWidneindsfhdadhdcd8ods@mder
the ice m xture, Excess bromne is renoved by

di astdi¢ pendibensuwbish vndergo theand raertionite prayidesayarigtsefdi um
di ' . i L. ,de. The organic .
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v geeuionmed pp tedlyldyoxyldel deeaativesnhmough nudeoshilpusubbtitetdorbyn
subjecting jt .tao_colum chromat ography on either
al ﬂPﬁ?forPélaE?ral lllﬁaggesgel using standard el ution
condi tiBRSatofe BescribbdHikdddbord dddivati Gyt (h?@tto&ﬂlaﬁe‘d_r&iﬁﬁ&ﬁ()ids and
7 -hexane, or cyclohexane or their mXxtures with ethyl
ethadogenatee pspeaiallp brdmyingtice pad ehiloneaterhdiaviondomes)o gr aidtiion to the

| ot iR al br R BB o R e e b the”
di feédseatict anBshcAbed AMRDvE,BRE Mo Trd BeRSf HRUTBHuBMRer derivatizations of
extrenmely smal|l quantities of material. Simlarly to

brdismerddidn snaicasthydioxylatiidamd helogarated derbiatives aidhedertiory

p . ord ol riety.of 0- ... di =

P AAASLILALL A0l EANSSE R R o TR Glgpeion
di caruediéends which@ndshotise Sdneadtidprte peovidd 4 vaidpabhdimyiendoid
for the synthesis of chlorinated. di anondoj

d
deferivaiyeéanks i eitetinsy nefe ef b bsmidg s ableefe gralpehod and the
ata&‘s&lﬁg%?gﬁéi&éf arrdHo BN sts Wth‘é’%ﬁb&fquélﬁ‘?éa%ﬁﬁh? rE)[ll‘ﬂ];‘Jl&rhre given
FI 12 shows sone representative pat hways tor the
syeldvesi s of hydroxyl ated di anondoi ds. Direct

hydr oxy. ign i s also effected on di anpndoi ds, upo
treat rre]%‘F?:rI ’ \}M9 EhOWS\ﬁWBS@?:m%tW&Ha%‘WS g‘%&ﬂa Sﬂth%ﬂ's)f)l}
C Qrafithxla¥et dibmoRdd?ds, SudGs¥he Koch-Haaf reaction, starting from

hydroxylated or brominated diamondoids. It should be mentioned that for most

cases, using hydroxylated precursors get better yields than using brominated
diamondoids. For instance, carboxylated derivatives are obtained from the reaction
of hydroxylated derivatives with formic acid after hydrolysis. The carboxylated
derivatives are further esterified through activation (e.g., conversion to acid
chloride) and subsequent exposure to an appropriate alcohol. Those esters are
reduced to provide the corresponding hydroxymethyl diamondoids (diamondoid
substituted methyl alcohols, D-CH,OH). Amide formation is also performed
through activation of the carboxylated derivative and reaction with a suitable amine.
Reduction of the diamondoid carboxamide with reducing agents (e.g. lithium
aluminum hydride) provides the corresponding aminomethyl diamondoids

(diamondoid substituted methylamines, D-CH,NH,).



Hydroxylation is a very inportant way of activating
t he di anondoi d nuclei for- 26 - further
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car bocati ons under acidic conditions, which undergo
the reaction to provide a variety of dianondoid
derivatives. In addition, hydroxyl ated derivatives are
very inportant nucl eophilic agénts, by which a variety
of di anondoi d derivatives are produced. For instance,

t he hydfiGx ¥4 shees sigfid repicsstrstivaratiasdys forfthe gyrfiidarof
stan ard c ndi ti ons such as reaction wth an activated

acﬂca direndoifs snett 35dhe Riftesreashipe sterting feom fydroxylated or
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directly separated fromthe feedstocks as
atmv% CasgR.AINNG ﬁlaﬁn()@qwdwﬂyocbkmdlefowrlnﬁrcnﬁubhngrhydrochloﬂde gas into

L hydr oxyl at ed
% a2 e s sPBPR ASHiSH e geilt pt Sgime ot Bergmportant
ar}ﬁediﬁ?sroYs inltRe j@hﬁsmﬂff@ﬁé&ﬁ &adss ey aﬁé‘ﬁs@ﬁ@&h@& ﬁ@fh 86 reduction
hi gher di anondi od carbocati ons, Wwhich undergo the

@ftrased easnpuads. delGa 19 shows §,orm regiesAAlds mthways for the

desézhfﬁ%&é Xf“rfitr%l 1d | edtogdr aé}ﬁraﬁﬁgst 'ﬂ[&%@{uﬁ r e glt{:ai dekfy

s kehexnarated exitric anigleineid sresencé hEngMblSaw@ti@ﬁmd ueds thi@8mperature
Ex | es are_ given below.  FI G shows_ sone

QSRS 108 nieated dymondpids axe r%d}lﬁ%@snr@v@¢ the corresponding
C AR YR8 edi @ dﬁir%ﬁlﬁlygr ox’yéi?ﬁPB? Qldglgfaef ?chgzed to the

reaction, starting from rom na
di C@nbsplbodnilg nitkd daivatives i accessutry. o’ﬁh@damhmtdefmaitlm ate also

B Rk L
CabRMAYIE hed Sngequéaﬂy n§§ro§re 7890RE AlsORsht bfRdp t he

reaction of hydroxyl ated rivatives wwth formc acid
after r@mﬂwlw the hYﬁt@Xlzlatdd@xompauw gminoaglioy dsanaomds are

B T

t Qeavut@Pi®Périalioe Btdiaba the IhespoREhehBidl BIKEAIEEH DR Ally

provi de t he correspondi ng hydrox nmet hyl di anondoi ds

( dreERBRRfdhHreacting the amine with a suitable carbonyl containing compound in
the presence of a reducing agent (e.g. lithium aluminum hydride). The amino
diamondoids undergo condensation reactions with carbamates such as appropriately
substituted ethyl N-arylsulfonylcarbamates in hot toluene to provide, for instance, N-
arylsulfonyl-N’-diamondoidylureas.

FIG. 16 presents some representative pathways for the synthesis of alkylated,
alkenylated, alkynylated and arylated diamondoids, such as the Friedel-Crafts
reaction. Ethenylated diamondoid derivatives are synthesized by reacting a
brominated diamondoid with ethylene in the presence of AlBr; followed by
dehydrogen bromide with potassium hydroxide (or the like). The ethenylated

compound is transformed into the corresponding epoxide under standard reaction

conditions (e.g., 3-chloroperbenzoic acid). Oxidative cleavage (e.g., 0zonolysis) of



substituted nmethyl alcohols, D-CH2OH). Am de formation
is also perfornmed through activation of the
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am ne. Reduction of the dianondoid carboxam de with
reduci ng agents (e.g. lithium alum num hydride)

provi des the correspondi ng am nonet hyl di anondoi ds

(di anondoi d substituted nmet hyRanai nes, D CH2NH2).- 27 -
FIG 14 shows sone representative pathways for the
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I eges dmodtiold ih ke 516sca BRI S mofib&RloS RN FRANE mixture of
representative pathways for the synthesis of nitro

diteefonddi.dridend evgn ibigher fimprinatadabiamiendaids. Fidordiargendeyds are

Liric.acid i f glacial . .
COBFRIL S BUSE Rghe UBoP IRS deku) B Bgoi
ni tr at Rkadiianonite belsnianed dedvitioss #ih PyescEerit Bed in

cor.respondi ng, am no derivatjves. In turn, for sone
c ety avstids SN SPaeTies eRTRAUBHIOBS eoreesponding

C ‘Hyﬁﬁ(gﬂt@éﬁ 0iatibdsOBaShin YRl b ﬁ)ﬁ'ﬂatedrlﬁ%ﬁéﬁcfbri(ys aﬁg— BSnverted to
am no erivatives are al so Synt esl ze romthe
bribiviatat didmdedaideby weg obfotiesthicegrenbiing Wit tHieacetie e ¢eform

of .for 1de and s e ntly hydrol yzing the X
- digiponfiyd %ma&s’f?teé?ﬁfq‘%ﬂ%r POyt I3 Ac 5N SpRunder basic
CQIROHBAS Br&'i‘ﬁrﬁ_@édrﬁi&ﬁ@ﬁdo@ds?gg. ( SB@{sfqleafewuﬁaadfeﬂﬁx with an

al kyl ated. For instance, reaction of an amno
dieanesa i tlai afthydroxaetiylantiey e gc HO-GBp CHaiNHxp impthe gresersce of a

the carres di n m de. Al.kylation.is typi .

ol BBy e, T b BN ine e B ARt i

Cc abbamsd. OncRtE fioh Of RMASHECVINaddie aRhRFRIBGA ?fyriaine, a variety

reduci erlq%daée.nt .(e.g. lithiumalum numhydride). The

afifAba FiUdies aiarhitipe!. Siearvbatitiben Yeseiéan ofhsominated

¢ %M@foﬁﬁ, é.ﬁpﬁ-ﬁ?w?tﬁ%gglﬁﬁf a%cﬁ:l i dipolar aprotic solvents, e.g. DMF, to
afford the azido diamondoids, e.g. D-Nj.

Diamondoid carboxylic acid hydrazides are prepared by conversion of
diamondoid carboxylic acid into a chloroanhydride by thionyl chloride and
condensation with isonicotinic or nicotinic acid hydrazide (FIG. 17).

Diamondoidones or “diamondoid oxides” are synthesized by photooxidation
of diamondoids in the presence of peracetic acid followed by treatment with a
mixture of chromic acid-sulfuric acid. Diamondoidones are reduced by, for instance,

LiAlHy, to diamondoidols hydroxylated at the secondary carbons. Diamondoidones

also undergo acid-catalyzed (HCl-catalyzed) condensation reaction with, for



substituted ethyl iV-arylsul fonylcarbamates in hot
toluene to provide, for instance, Narylsulfonyl- iV
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pat hways for the synthesis of alkylated, al kenyl at ed,

al kynyl ated and aryl ated di anondoi ds, such as the

Friedel -Crafts reaction. Ethenyl ated di anondoi d
derivatives are synthesized b¥9reacting a broni nated

di anondoid with ethylene in the presence of followed

b yexemipiedl cogsnplsnoibitmiletih trojrasei e oF Iydalo gl dhdor(derio Fdign 2,2-
like). The et he% ated, conpound is transforned into
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the desired conmpound. More rea€tions are illustrative
of met hods which can be used tgq functionalize

di anondoi ds. For instance, uornNnation of a

di anondoid is carried out b reg;FFﬁﬁzthe di anondoi d
with a mxture of poly(hydrdges’fl uoride) and pyridi ne
(30% Py, 70% HF) in the presence of nitronium

tetrafl uoroborate. Sulfur tetrafjuoride reacts with a
di anondoid in the presence of sul fur nonochloride to
afford a m xture of nono-, di-, tri- and even hi gher
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hysghverisio fdira thenuoiestndiRgaminesnHypdrogération ofithedmaks in ethanol
derivatjves w th hydrochl oric¢ aci.d. in .

R ¢ i iR frae 5@?@5}% £orel e qaptrsRRIRS teondawy

C QhkiRED ISk Y SHRX Bt By H8HreY 28104Rag gﬁi{égi@g{fgédeﬁgreg (see, for

i odi nat ed di anondoi ds are converted to

ditastonedoHdW . §3elwiaando¥ ., G figgisdarn@tgandeSymvieaist $11§ (V8713h) to give the
thiooac%t idc cid to i%orﬂdjganoagdoi gtthi ﬁacet at es st

f SPOTSTRORIT tERBL ARGy QRN EA0 S o U RS hysiog instance,
C QN1 in@CH?l (@489 iRt ANRAALHlytforf thE Bhinela$ around 35 °C
heat ed under reflux with an excess (10 fold) of

hytd ferwy thk legtraspionding quaernk@ @ridEH2- NH2, in the presence

of ab ,.e.q. triethyl am.n y o

di amondoP a3t Rl FAMOREeIIE G2 RO Rsmstipt Ay palo, OHL Ph,

COOH, CH,COOH, NHCOCH3;, CF3COOH) are prepared by nucleophilic

substitution of diamondoid-C-2-spiro-C-3-diazirine in solution at 0-80 °C in the
presence of an acid catalyst.

N-sulfinyl diamondoids [D-(NSO),, n=1, 2, 3, 4,...] are prepared by
refluxing the diamondoid-HCI with SOCI, in benzene for about half an hour to
several hours afording mono-, di, tri-, or higher N-sulfinyl diamondoid derivatives.

Treatment of D-Br and/or D-C1 with HCONH, (wt. ratio not >1:2) at <195
°C followed by hydrolysis of the formylamino diamondoids D-NHCHO with <20%
HCl at <110 °C affords the amino diamondoid hydrochloride D-NH,HCI.

Diamondoid dicarboxamides are prepared by the reaction of diamondoid

dicarbonyl chloride or diamondoid diacetyl chloride with aminoalkylamines. For
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of brom nated di anondoids, e.g. D-Br, with sodium
azide in dipolar aprotic solvents, e.g. DW, to afford
the azi do di anondoi ds, e.g. D-N3. D anondoid .
carboxylic acid hydrazi des ard0prepared by conversion
of di anondoi d carboxylic acid into a chl oroanhydri de
by1n$thn®nDI-(CtﬂﬂZlQr[frdﬁ1 S0, and dmﬁesmdmg dicdrb®4yilie QkidTh-C

7). D doi d
e RS AT L
resence of
BZ?%CE?‘?% bRl oy P RIS dtchBotdiall PRI O v of
c h r omi cAJamodthsmjrsfcaWileamac kidlmcﬁaidarm mtgpréga”rlw framechl @dateedamino
f nondoi dol s
?IB%A oigs 83@;%&@@%% aﬁ}% PTBFFancepRiRg RS ensieids, D-
a'NHz wRd @GHZ@@Cﬂm%héérﬁézi%Qd&éﬂo (@fgﬁmﬁék-{zONa an éiglsege and

condensation reacti on Wt h, 29 - e, ce:
phefetedder shout { hbovra ta gige pmamﬁxoaymfetyﬂa}mmo gémardoalsi de

t gph.opn - bi s(4-hydroxyphenyl ) di anondoi ds or
ctg ﬁ#s(@im nophenyl ) di anondoi ds. Di anondoi dones

(e. g i @Aich o2 -0 0L th RN cs IHLOAR Probdtithof D-
a{#ﬁi@ etc ) and reduced with LiAlHUto give

ESbhiem sipnezlogisiand FEiNythe gactioro ammmcncﬂs witkenitriles

to afford the .
%ﬁ%\?\? _#gd(}gr i va?) ) Q%ﬁlg\%ﬁ? ap‘ltlo O%lﬁ%ﬂe%\la]in@n%“ﬁs &%mflmles and
0 rcoﬁl)poles-antaZung hns‘x{tuEJlt&ﬂf@fBﬂ@odpﬂ @ad SEI?girbule, Nl ? on.
bl n an_a riate sol ven 0
£ or i t D Eopaed GANPRSP et D DE avskBHACWH: of CBRY to afford
a t 1
DR [ Rl e S LA AD. 8, O

Mdotmydr dbeingranafpoitiant bhmkmgagrgupam bmshefm&dl eymﬂmeg en e ral
proced

S ee, for |ntance .Gel uk zﬁfé
Kei ser %g Hg?ﬂo S@WP‘T’?Q& e rgaghgns( Sf@%& )ﬁoflb1251 %artdn@ -CONH,
and the corresponding derivatives, wherein D is a diamondoid nucleus.
FIG. 19 shows representative reactions starting from D-POCI, and the
corresponding derivatives, wherein D is a diamondoid nucleus.

FIG. 20 shows representative reactions starting from D-SH or D-SOCI and

the corresponding derivatives, wherein D is a diamondoid nucleus.

Polymerizable diamantyl, and triamantyl, and higher diamondoid containing

monomers
Embodiments of the present invention specifically include polymerizable
diamantyl monomers having the formula Pg - D ~(R), , wherein D is a diamantyl
nucleus; Pg is a polymerizable group covalently bonded to a carbon of the
diamantyl nucleus; n is an integer ranging from 1 to 6, inclusive; at least one of
the R's is a hydrophilic-enhancing moiety; and each of the remaining R's is
independently selected from the group consisting of hydrogen and a hydrophilic-
enhancing moiety. The hydrophilic-enhancing moietyies of these diamantyl

monomers may be selected from the group consisting of a hydroxyl group —OH,
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corresponding tertiary amnes. Quaternization of the
tertiary am nes by, for instance, slowy droppi ng CH3I

around 35 Cto formthe correspondi ng quaternary

am nes. C 2 derivatives of dianondoids, G2 DR

(R =al kyl, al koxy, halo, OH Ph, COOH CH COOH, NHCOCH
, CF COOH) are prepared by nu8leophilic substitution
of di anondoi d-C-2-spiro-C-3-diazirine in solution at

o - Bearkdriyiic theippFEGOH & ﬂkylagroﬁiﬁl—OCH%lbﬁLMQtsz,M-léetB oty L
ndm%s [ D- (NSO .] are
oG o b5 efadp N ORE: or sRSHALCHS Wi th SoT i
be nzeneofief Clﬁp&ﬂlglelt&@ %tﬁ%r&%ﬂ%m@%ﬁ%ﬁ S u{i? fbﬁ;ﬁ{ i #inantyl

af or di ng nono-
di momomoky$ Hadeg pelstnexiesble groaps ﬂ&]’ﬂyd@dphﬂic&éﬂﬁﬁdhg tmdRidsl
at <195 C fol | owed by

' 1: . .
memos%& %nit‘%?m%%%iﬁé %&F VEsASTY flHeHEmpRgid-

< . .

e B A O AT - ephancing

p rfé@éﬁ% avhsyein He dma@ttdouhp@hod Dﬁthb ldab:mcdlotrﬂ—ca[thmmgi monomer
q q nondoi d lac {?grldewlth

ar}? g%%(f ?&/ﬁgﬁ heégroug(gpnm e ot RSN{EEBIANs, | £y om

SOk Zmaitand, REptEMRBMESDH @Bﬁtﬂaﬁtaﬁé %h@rﬁ%ﬂ&ﬁ& d8Ginthnbne, and
are treated with (CHa) NCHCH CHNH in C H

( COOH)
Nwadecapgnginge N N - bi s( di mat hyl ani nopropyl )
d! am)n%m g rdérr?&)rdﬁlqmidt e phesen Cﬁ\feng 3. 6%@? @ﬁ\é &’r‘h{n I%erlzable

di anon S are prepare or OHC

di growdy ashadidmeagH t&hﬁﬂyl%ghé’ﬂdi@moxﬁdlﬁd boRhiaRGEe,
am no di anondoi S and CJ CH COCl in benzene, is

adBUPISGS pegay2 @&a?hpw lebilepelymes. rlbeekeeerizable
s

(e T o o R o A R FRRRER S
D-chions (I ealpr eqilad zbndgn:head cINBIGHIOS fheatiardarayiy tthaasy] adrd
H(I?N t ere ctlon of armng,lds ith nitriles gives

Bpjclens.  ERGSF epymerZalc S1oURS BaicamRED s
fr&ﬁdtﬂﬂaﬁd’d‘ dcﬁﬁreﬁﬁge BRI RESAiGARM R, ﬁ‘leﬁ]&nﬁnséﬁﬂi ed OH
groups, and SH groups, and so on. Hydroxyl ate

didsareondlei disicleys do fopm@, esteezand the wisa0BCkd avid @SEluetmay
afcfof)np%se an acrylate or a lower alkyl acrylate. When the unsaturated acid
residue is an acrylic acid residue the respective monomer becomes an acrylate
monomer. Similarly, when the unsaturated acid residue is an methacrylic acid
residue the respective monomer becomes an methacrylate monomer.

Further embodiments of the present invention provide for methods of
forming a layer of patterned photoresist on the surface of a substrate. Such

methods comprise the steps of?

a) forming a polymer from monomers selected from the group
consisting of a diamantyl monomer having a polymerizable group and at least
one hydrophilic-enhancing group; a triamantyl monomer having a polymerizable
group and at least one hydrophilic-enhancing group; and a diamondoid-
containing monomer having a polymerizable group and at least one hydrophilic-

enhancing group, the diamondoid of the diamondoid-containing monomer

sol ution of the anm neCHEUS2004/031929
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representative reactions starting from D-NH and D- CONH
and the correspondi ng derivatives, wherein Dis a

di anondoi d nucl eus. FIG shows representative

reactions starting from D-POcB2and t he correspondi ng
derivatives, wherein Dis a dianondoid nucleus. FIG

2 Gselhteddrane fifeqg e edrisiéting eftetrimmgtasd, pehthmgntahe Mefhrdhiane,
or, D-SOCl and the correspondi ng_derivatives, wherein D

i sheRtamaniAgs deAtam e hananpyiapaedecamplianc PRHHRAISPRMARlAHE;

triama ' ' ' tak pi .
Erbod: deare e haBShutl STRRARE oF O B BAD o TE BRI

i neyardihe polyyreeicilzyad lcemplitiginga pybdtoHdaitrpmlgméraundig t he
formula Pg -.D -(R) ., wherein D.is a diamntyl

nucl eué e‘)%bosfng ngeﬁ%ﬂdﬁ?\%?’?szog Py BERZeddduiTdpBry bonded
U Qe &b tioRtaBRG Heatd) tnetd A RO Kin JHHE [hBUD-1aBlld SolPRet MIAGRS
rangi ng a??o%n 1eat 0 6, bi%ncl dgllb%t?& ?t I egst I?)ong&géﬁllttﬁ%%
R regiogs expoyett opghe tlectrendzntié beprmisi wely:a eivdtively mafifiecdhe
r maérni ng Rs is independently selected fromthe group
coﬁ%|Sting of hydrogen and a hydrophilicenhanci ng

noi ety. The hydrophilic-enhanci ng noi etyi es of these
di amantyl nononers may be selected fromthe group

consi sfceryding te fiher exppdigienigpthe agthoddescriledrdoborayi c
orioc By ol A R B Pl B BB

OGyktem tOlsblebilestiadinoifits repfiordsh @hp eRSROIag v Meh@may

provide for triamantyl npnoners having gol yneri zabl e
groupsise Frditivahapme 4 wavelrnaihdessgharahon 30Qsum; angh exegplary

t PSR b PR d TON ARE rﬁe%ﬁ&%?ﬁﬁ%&ﬁ%‘é&; m%% f\l\gg b an

as di anonol dcontai ni ng hononers W yIeri z

gresbgasn amamh hyagrimpin. | i c- enhanci ng noities, wherein the
di anonqoi d..portion of the di anonqi d- contai ni ng nononer,
o ol e v BF euntted e S TlearoPGriting 10F Met MARGREA B
PR ARER | AR onI R ATEBE Afore 1SR BRI ABRcat R0 AIRIh AR S

nondamant ane, decanmantane, and undecarnant ane.
and polymers can serve as components of deposited layers. These layers are

additional aspects of this invention as are patterned layers and methods of
preparing them all of which employ the instant diamantyl and/or triamantyl

monomers and polymers.

Photoresist base resins

Prior art polymers that have been used in positive-acting photoresists have
been discussed by K. Nozaki and E. Yano in “High-Performance Resist Materials
for ArF Eximer Laser and Electron Beam Lithography,” Fujitsu Sci. Tech. J., 38, 1,
p. 3-12 (June, 2002). These authors teach that conventionally, polyvinylphenol-
based resists were generally used in electron beam lithography, and such resins
made use of a variety of protecting groups such as acetals, tert-butoxycarbonyl, and
tert-butyl. The disadvantages of these protecting groups included a poor dry-etch
resistance due to the aliphatic structures. To overcome this problem, K. Nozaki and

E. Yano suggested the use of acid sensitive and dry etch resistant protective groups.
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form ng photo-Ilabile polynmers. The pol ynerizabl e
groups may be covalently bonded to either secondary
(2) carbons or tertiary carbons (3, also called

bri dgehead carbons) of the di8Bmntyl, triamantyl, or

hi gher di anondoi d nucl eus. These pol yneri zabl e groups
MEYhe36 BthbBaeRA thid I} ét&me%@ta@@e that ®S it RPINEE £Qist e
di amantyl, triamantyl, or her di anohdoi d nucleus to
f oPpeTRATAEEE agid cloawatile @hthgﬁlﬂqsatuéﬂts aip dhe ease gobynreny

I Wi
he. uneat SrEREAAE, ToPlaePut @ gl o fab R ol

r aaemumytalre(mremwe@hd \zanatﬁgalorJnadalﬁaaﬁmeaﬁetamcrgﬁteydl\@A&\dA) based
m)no r. Simla c{ \i\/n n the unsaturated acid residu
| copRlmRer SRTh aLas adapialiyl.polvey plif oy drprarhonssybstitont PR dAsksperior

b Cc
of “F PG SP 2 BRI LN ) IO Rce, FHEkAEhe M| SRRl ng
f annmorgeraaffoadﬁelrcotxfpapblﬂm}ewnh domlwtlmaéﬂe&tloms el as
surface.of a subs ds conprise the
stigf5emehy lagynqngimy; ﬁ Oéldﬁihlw @a&%ﬁ%waﬁe ﬁilcg% pestalgs. The
f rzﬁﬂhiaﬁﬁng ﬁﬁk’ﬁct‘éﬁ@ §tib%¥1’w.@ﬁts %er@cl%s@ﬁf?iﬂ&é/ theffRAPAREtion as acid
having a pol ynmeri zabl e group a | east” one

hyléblbpﬁt¢r|%01@ﬁ hlaﬂmm@h@mia@ pobymem a"lhta iy itophidiconerlonic lactone

h s IP i B{C}V?{%déﬁﬁeghoaat éﬁ ggg i uggfgat% and A% et "eavable because it
dl cONBRA SRt Rhiiting Bn@amketaeevgtﬂ@uﬁe Red ¥ RfidrFakboBol. The

group and at | east one hy drgghlllcenhanC|ng roup, the
di dieseliordamentyl pubstivgniorrevided doratelt sts@nn@ 30 afgp acid

S eél? arrgfr% beEeRlEQ: hpf tegt'i glc%ﬁ@ﬁ' eéena% Ors 1abh ﬁ}ngﬁg r?{agrl‘;%%ntyl

tane, exana ane, anan ane,
n ofraptiaane strd@gea dasdlanien manﬁimmmia@  FoBeaai e, abutyl pendant
depositin ynmer on a surface of the substrate

asSIURHIoY V% W%%?om%sf?@%bﬁr?ﬁﬁéﬁs|hegh1w@q1roe@b¢9 pagpiggng bulky
oPEakEDThE, PALTRI S SH8PShRAT 86} el A0S
t hmpecttgctmndmfdythﬂgfdrhe smtm)o edretaist leetwednyerposédanidhmexposed

F%]???l?s QE@E (r)qs.ﬁgsg p)tfag/@ta r%gahezle cct()Lorlr)agng %ol ecnhggger?egoquty el d a
Of particular interest is the imaging results obtained by K. Nozaki and E.

Yano. A series of five methacrylate polymers were prepared, wherein the ratios of
the monomers MLMA/MAdMA ranged from 0/100, 22/78, 51/49, 72/28, and 100/0,
respectively. The polymers prepared from the latter two monomer ratios could not
be imaged because they were alkali soluble, and it was not possible to resolve any
resist patterns. Furthermore, the polymer prepared from the 100/0 ratio was difficult
to spin-coat because the photo-acid generator separated out from the resist
composition. The polymers prepared from the first two monomer ratios likewise did
not image well (or could not be imaged) because the formulated resist patterns
peeled off the silicon substrates, suggesting that the rigid adamantyl units imparted a
brittleness to the resist. The photoresist composition containing roughly equal

amounts of the two monomers was thought to be a promising compromise, and



| ayer. According to further enbodi nents, the nethod
descri bed above may include the step of contacting the

waetososdzeel y nodified ayer with a sol vent sysPEnUS2H04/031929

solubilize the nodified regions. The el ectromagnetic
beam may conprise radiati on having a wavel ength | ess

t han about 200 nm and exenplary wavel enths are 193 nm
and 157 nm The el ectronmagnet-i3d -beam nmay al so be an

e- beam or an x-ray beam As will be expl ai ned, one

exbasbd entheanbsérvati dr@Nthe @ptitnNBSENIFVIRIFE S A BafPIYRESwas
is.as ¢ nts of photoresists. In this application
th@%%ﬁ%&d 6‘1{/) kers can serve as corrponents of
deposi t'?ﬁje n{)/lﬁ%&reﬁst c-[)tl]rﬁ)%gltlt)ﬂ'é’ ?}"{tﬁe ﬁfeg rﬁ%ﬂib%ﬁl € (58 ﬁlé{ﬁﬁ%ééﬁd—

of this ention as ayers an

of clpa:\ebhrdmgoﬁdwhblab]kmggrmﬂps hfghemmltb@/hdlh@log@@st Rfits than
Tononer s and pol yners

t
E%% V@é&g@ p%/liléhngékl ¢h digmondaids istihat ap gpbanced
be&t‘:‘h fé%fé&nbé‘nﬁ? B b firdah HbARP ALY BRkHyInfpfdfind B Resolution

di scussed by K Nozaki E.
" Highe Rsist, bubrthecboire of énarrmd@mhaglsr fhan adarRarfExiaydte amounts in

%_a‘? {ch r}(sj us%glegtc{ t%g Be irzo hygﬁ(g)halgo%%})angﬁ Igéoillf)gg{iﬁdylgch it is
t ec%iﬁaﬁib’ﬂt cERPYRNY bR the subpdhk WakiByd RREPRLBA IR losure.

resists were generally used in el ectron beam
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#dvant ages

of t hes&om@hg@d emgo@fnem@ %fth&cﬂrbﬁéﬁﬁnﬂelﬂmr the rbysseelteglh ofa
resi st ance, du% to the aliphatic structures.

oRASED Bt RE PhploBsIst May ke rmﬁmed&mdh@gelw 60@11@@ dhsged in

t f ~a

e 21 OL.CEHE pRaL o ing BlioRiakis CdtbdsRRlnBth in FIG. 214

et ommsei 3 palymerivbycldbene chpdm £ B@) widck ey [mgldetpeb&ant groups 212.
r.at cl avable alic C|IC ubstituents

i H?"@ars;%&pﬁéﬂ? Y beja ¥ AR pendaagreup Eseeserigd by P,

Olpyt nta nklll (

ang “3@%%?@3%85%&2%3%‘% GatBAAA A% AR g“‘é*w%%ﬁv& Mefigne based

capoliyrherei Alderdbadamaytane ey pywlantgioyp 2o akrbihis example, the

S upbe%ﬁellr}t %%]utps Bh9 \éllredceo%nes HEPL' tBE main backbone chain 210 through ester

groups 218, which is the linkage that imparts the acid-cleavable character to the base
resin shown in FIG. 21A. Also depicted in FIG. 21 A are alkyl groups R, that yield
a tertiary alcohol when the blocking groups 214 and 216 are cleaved, as well as
hydrophilic-enhancing groups Rj.

Specifically, in this exemplary base resin, Ry may be either —H or —CHj, such
that the polymeric backbone chain 210 constitutes either an acrylate type polymer,
or a methacrylate type polymer, respectively. R in this example may be either —H,
in which case the diamondoid-containing monomer is not acid cleavable, or an alkyl
(such as —CH3) group having from 1 to 4 carbon atoms. In the latter case the
diamondoid-containing pendant group is acid cleavable because the capablility of
forming a carbon-carbon double bond exists. The dissolution ability of the pendant
group (i.e., the ability of the pendant group to dissolve in an alkali developer) is
enhanced by the fact that a tertiary alcohol is formed when R is an alkyl group or an
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weovpasa2kd | ity with conventional devel opers supdiI/ES2004/031929

10

15

20

25

30

t et ranmet hyl ammi oni um hydr oxi de (TMAH), and adhesion to
silicon substrates. The adamant ane and | act one
substituents were chosen since they can function as

acid |abile ester groups in tB&-nethacryl ate pol yner.

The hydrophilic meval onic | actone group provided
adhiRslydtol® RIB esthbd -9 br bREfophilR enBAktiN@moRey that may be either
cl eavabl e 'because it contained an acid sensitive

b- slyxcriresest igequondO B ¢ ersbarydic grpun O aanalkylasaen ~ORna keto

al | | qfed Sty L de @1 £
L P TR B R el o
t eDRj @piesaits talituatidieskencant heahsl greap hOEBtprotoeted, wherein the

adamantyl groups _have a_st rorlger di ssol uti on
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deprotection, and therefore.a superior contras .
ot SP0Ldd arecith e Sisfier UaR T wFare TRl n the base
MB¥sife TheadxkAB iy GRAbMePHMhI Rt LRSS RigHE Bk

O particular”interest is the inmaging results obtained
byaddmaniane ks shawd iE FIFa2ld\ asiligreantase. gFhefddyantages of including

t h | at. | . e. d. wh i th )
- aep B Nith AT cOR BN Ponle Biefipb g Adggpantane s
224 ZBsindeHebSuse e Bre 18618 cABOADprescns REME isphybridl#d, diamond

pol ymers prepared fromthe |latter two nononer rat|os

c otHbir erpstalpsiruchagydlae bleeling sropn éymagertesigirrioithes eflype process,
angd. i il . ' . .
Bl o

10R4frd @thadcesassotiitfohi Fultherhors hecauso dic dagdrmsis@antdiras been
phot o-aci d generat or separated out fromthe resist. .
COWRRBRYYG BAIAYTFPqseiblee ﬂ%éom%a?f‘éa OF g APRAE S O LA RpS
oo Bl A ket Rl L o REEr ML &l € e
peaibsithtef f t he silicon substrates, suggesting that the

rigid adamantyl unjts inparted a brittleness to t

oot ot Aetutiplhor srbofineRakbEdr e LT Teatoight fed
ey BhorAER Y& the Bkerh 8yl iRe FRAQRBIcRARFIGhOLA RlaytiR Bfrefented by
prom sing conpronise,” and- 34 - based on theif
obtherslationships: t he opti mum conposition for the base

pol ymer was about MAAMAMLMA = 1/1.

ais 0.25 to 0.75;
b+c=1-a;and

¢ is greater than zero,

where a, b, and ¢ represent the relative amounts of the non-diamondoid containing
monomer, the adamantane-containing monomer, and the diamantane-containing
monomer, respectively. It will be understood by those skilled in the art that the
formula shown in FIG. 21A is schematic only, and that the repeat units represented

in quantities a, b, and ¢ may appear in virtually any order in the polymer chain. In
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adamant ane. The advant ages of i ncludi ng such
di anondoi ds is that an enhanced etch resistance may be
inparted to the base resin, thereby inproving the
resol ution of the resist, but-3he choice of di anondoid
hi gher than adamantane, the anmounts in which it is
usettier words; the repeaterits db noyhivepd ifdllosr tiepatieinng bge, aUps, and
W th Whi‘%a it hs derivati zed, corrprl se a part of the
s UBFBastqag el the forms anh.ds erit bdf.96 Pos @r ©.b; €85- pol yner
base regi
Al di‘)ﬁsé’éﬂg%f[f)b 3ﬂ pulk SR%?:% Eﬁ]gﬂg%&ltﬂ& ﬁ&icﬁﬁ%%ﬁﬂﬁ%%endant

According t resen nventlo
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pestibe pregémtéisclobdre0r t he di amant ane based pendant
group 216. In this exanple, the pendant groups 212 are
c o nnect Ele digmopdoidwontairrgdpenemerthavimgaeendatcrowp kighesthan
mparts. 1
REnGhs 1 M0 i et LBERAR A b Rl R Bppotane 220,
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al coho] mhen the blocklng groups
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exenpl ary base resin, her -
t hlwiamlaatapglh,ep’amantahe,cictamaatamh,ammammane;niebamaﬂtasa and
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monomer is not acid cleavable, or an al kyl (such ‘as

CHBy et Ui thearalyrgerfqopiains eitberordmtibdinmantene and triantastane, and
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by ¢, d, and e, respectively.

In the exemplary polymer of FIG. 21A, P; is a non-diamondoid, acid-
cleavable pendant group that may be represented by the structures shown in FIGS.
21C-D. The value of “n” may be either 0 or 1. Ifn= 0, then the non-diamondoid
pendant group shown in FIG. 21C comprises a five-membered heterocyclic ring
with no Re or Ry substituents on the ring. Ifn = 1, then the non-diamondoid pendant
group shown in FIG. 21C comprises a five-membered heterocyclic ring with
substituents Rg or R on the alpha carbon relative to where the ring attaches to the
main polymeric backbone. Again, the linkage in this exemplary polymer is an ester
linkage, making the polymer an acrylate or methacrylate, but many other types of

linkages are possible.



enhanced by the fact that a tertiary al cohol is forned
when is an al kyl group or an- 35 - al koxy group. is
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be either a hydroxyl group -OH, a carboxylic gropup
-COOH, an al kyl group - R4, a keto group -C(O - , or
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addisaohdsid greup. hai exintple obidisasoaeept heillvsteated sohematically in FIGS.

carbons present. in_the sp. -hybridized, dianond cubic )
cr &t At FEeERIE, digmendoibeeidat FPoR frireapgpes shown at 224 in
repiGanl iR thsmalaly M Qs 2438914 dAH to thb $hain polymer
exposed and unexposed regions of the resist are nn?e
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Furt her nor e ec et et resi,stance s be .
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t hgiesiitagnnti @neePied AbREuARNRER be aithdhell BEa R@EBer EPbikible
inmproving the ability of the resist to adhere to the

susitss taiths. tetrarantanerngrion feareydirkésecendsiy anetepiaeys eabons shown in

in [nYa RN § ratios of the feed n rs f t he
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+c-1- a;_ and c is _greater than zero, where a, b,

antest npaperafaepsibls attackimant sites fpiplrtrephalic-gnhancing groups, alkyl

nop-.dj i iU nononer, the

adgﬁﬁhggﬁggginfggaﬁgéﬂ%@%oner, and the

di amant ane- cont ai ni ng nononer, respectively. It wll

be_under.stood by those skilled in the art that the
Etch resistance

20 The inclusion of diamondoid-containing monomers higher than adamantane
is contemplated to have the advantageous result of imparting enhanced etch
resistance to the polymer. As discussed in a reference titled “Lithographic Resists,”
by W.D. Hinsberg et al. IBM Research Division, K-Othmer, Encyclopedia of
Chemical Technology), a paramater was devised by Ohnishi et al. to correlate a
25  photoresist’s chemical composition with its ability to withstand an etching
environment. The parameter is given by N/(N¢-N,), where N is the total number of
atoms in the polymer repeat unit, including hydrogen atoms, N, is the number of
carbon atoms, and N, is the number of oxygen atoms.

The model serves as a fair predictor of etch rates for polymers under
30  conditions where physical ion bombardment is a significant component, as is the

case for reactive ion etching. The relation fails for low ion energy plasma

conditions, such as those that what occurred in a downstream glow discharge



formula shown in FIG 2 is schematic only, and that
the repeat units represented in quantities a, b, and c

woreopsapperr in virtually any order in the pol yP&r/US2004/031929

chain. In- 36 - other words, the repeat units do not

have to follow the pattern a, b, ¢, a, b, ¢, and may
instead take the forma, a, b, a, ¢, a, b, b, a, b, c,
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oct anant.ane, nonanant ane, decanmant and . ... )

arRSC e e, R, 1 petsstiey Tty ipatitic shansing groups
t hgs aidatitehts o ee dikmibh®ld pendahBdroSRoWid he nhilfBer f th&e
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a five-nmenbered heterocyclic rin
adamantane with one hydroxyl substitutent, diamantane with two hydroxyl

substituents, triamantane with three hydroxyl substituents, and tetramantane with

four hydroxyl substituents (3.36, 3.29, 3.24, and 3.20, respectively).

Multiple acid-labile sites

Embodiments of the present invention include the ability of the diamondoid
containing pendant group to be cleaved at multiple sites in the link connecting the
pendant group to the main polymer chain. This is illustrated schematically in FIGS.
24A-D. Referring to FIG. 24A, a polymerizable group 230, which along with
methyl group 232 and ester group 234 defines this exemplary polymer as a
methacrylate, is attached through a second ester leakage 236 to diamondoid 238.
The diamondoid 238 has an alkyl substituent 240 attached to the same carbon atom



with no or R7 substituents on the ring. If n =1, then

t he non-di anondoi d pendant group shown in FIG 21C
w@eerpsees a five-nmenbered heterocyclic ring watUsS2004/031929

substituents or R7 on the al pha carbon relative to

where the ring attaches to the main polyneric

backbone. Again, the linkage in this exenplary pol yner

is an ester |inkage, naking t489 pol ynmer an acrylate or

met hacryl ate, but nany other types of |inkages are
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t et ramant ané” nol e i's shown as contalnln
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carbons shown in FIGS. 22B-E). It will becone apparent
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15 S| t es f Threeynlsre @haxhples endiamohdidd-gomuieng Bbkdthers aMABultiple

and | yperi zabl e gro Et ch resjstance The
i n%q@@ tils sfes geshowas) ﬁl%% AR i ¢y %Wéh%ﬂ’@ﬁ@ﬂdmd in FIG.

t haup adapBRl-30Ge I\Xﬁth cﬁ%grﬁﬁ(? ﬁ'lg{hg/l st ec%{ anrgll the linking group

advant ageous resul
r e244tanaies thoed drsear ﬂmk@,gm;rthe Mramaatans #eHlG.1246 hasfaegtatnaad a

) %}‘ﬁ%@ééﬁch hlg“f @FITOGUSPIR " Pe?éte\é\i}%g%};z%cfgl%&mmgltane in

20  FIG. 24D has two hydroxyl substituents (and three ester linkages).

Lactone-containing diamondoid pendant groups

The adhesion enhancing lactone group need not be restricted to the non-
diamondoid containing pendant group P1 of FIGS. 21A-B. An exemplary polymer
25  containing lactone groups in both the non-diamondoid and the diamondoid-

containing pendant groups is shown in FIGS. 25A-B.

Fully formulated resists

The photoresist composition may further include a solvent such as ethylene
30  dichloride, cyclohexanone, cyclopentanone, 2-heptanone, y-butyrolactone, methyl
ethyl ketone, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 2-
methoxyethyl acetate, ethylene glycol monoethyl ether acetate, propylene glycol
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environment. The paranmeter is given by NN(N -N),
whereN is the total nunber of atons in the polyner
repeat unit, including hydrogen atonms, N is the nunber
of carbon atons, and N is the #Hunber of oxygen atons.
The nodel serves as a fair predictor of etch rates for
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i ncorporation of hydrogen and/or oxygen into the
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with their respective schematic drawings in Bl G 7 23A
RePUYRHRE: A derBpr;, aming, trigihy iatna meinddieitaaling, g al@pebamine,
Unditn i8S N . Of whil e t.his nunber

doimme B ine WiePARER R, 1 dultum bRt lnmne
asteframbtbylmrRonitm W dekiden tetka2th§RmnAhita bghtoxie, & Beclic amine,
present di.sclosure, however, it is necessary to

i TP aﬁ%’mf %% c- enhanci ng groups as substituents
on the Thepayistesist RaMIREbnI6OHP resé}ﬁ%\%ﬂﬁoﬁ]m&f in%feuéle a

t hese hydrophilic-enhancing groups that are requir
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generator in an amount ranging from about 0.01 to 30 weight percent.

The photoresist composition of the present embodiments may further include
an additive selected from the group consisting of a surface active agent, an organic
basic compound, an acid decomposable dissolution inhibiting compound, a dye, a
plasticizer, a photosensitizer, and a compound promoting solubility in a developing

solution, as well as diamondoid derivatives as an additive.

Examples

The present invention will be described in detail below in terms of
example; however, the present invention is not limited in any way to these

examples. The reaction mixture and the products were analyzed and
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etch resistance of the resist, the Chni shi nunber
still decreases for the series adamantane with one

substituents, triamantane with three hydroxyl

substituents, and tetramantane with four hydroxyl

substituents (3.36, 3.29, 3.24, and 3. 20,

respectively). Miultiple acid-Habile sites Enbodi nents

of the present invention include the ability of the

di @ml@mzac_i by ga@hmrﬁgof;@phiﬂmassgsrpautporhar}?&}@) M8 Godfirm
sites i.n the connecting. the pendant

S}“&% Fpetsgn"ter?é %%%‘*rtr?o’EBP oroped; and thepwity of the pieducis ed

S paTRtclIcThd GINIS Kl Gine Aty BR$800130c4 f ncg]%@ﬁt%g{a\glﬁg

pol ymeri zabl e group 230, which along wt

2 Ponpsrdedstoran i P Y S 2ies MNP (mess stlectveedateqpddr y pol ymer
as a nethacrylate, is attached through a second ester

| eakage 236 to di anondoid 238. The di anondoi d 238 has
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t : exanple,..is highly desirable in the
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multiple acid-labile sites are shown in FIGS. 24B, C,
and D, wherein the dianpbndoid in FIG

Example 2
A mixture of 9.42 g of diamantane, 0.82 g of N-hydroxyphthalimide
(NHPT), 0.064 g of Co(acac), (cobalt (II) acetylacetonate) and 75 ml of acetic

acid was stirred for about 23 hours at around 75°C in an oxygen bubbling

atmosphere. During the reaction, an additional portion of NHPI and Co(acac),
were added. After cooling down to room temperature (20°C), the reaction
mixture was then concentrated and subjected to silica gel column

chromatography, thus producing di- and tri-hydroxylated diamantane with yields
of about 30% and 20% respectively.

di amant ane wi th two hyPDK1004/031929



24B is a triamantane with a hydroxyl and nethyl
substituents, and the Iinking group 244 contains three

w@sisn3d2zohkages; the tetramantane in FI G 24C PEBUS2004/031929
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acetate and a carboxylic acid substituent groups (and
two ester linkages), and the triamantane in FIG 24D
has two hydroxyl substituents (and three ester

| i nkages). Lactone-cont ai ni ng4di-anondoi d pendant
groups The adhesi on enhanci ng | actone group need not
be restricted to the nondiEaampi® d contai ni ng pendant
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phot oresi st conpositions of the present enbodi nents
may be devel oped in an aqueous al kaline solution such
as sodi um hydr oxi de, potaggj hydr oxi de, sodi um
carbonate, sodiumsilicate, sodium netasilicate,
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MREHY laH:bEéthW 215 BGtivafid AlHeRT8b —alh Msh) was added into the ethyl
dlnethﬁﬁgthanolan1ne tri et hanol am ne,” a quaternary

Wi The strtareevasthemstiraduior iyt 3:5ihvers at room
P I R e R

prgm&olonlnsenily@mﬂ‘durt her include a

Example 5
600 mL of combined methylene chloride extractions in Example 1 were

added 6 g of activated carbon. The mixture was stirred for about 20 hours at
room temperature (20°C). After filtration, a pale yellow solution was obtained
and the solvent evaporated to give a pale yellow solids. The crude solids were
subjected to silica gel columm chromatography, thus producing a colorless solid

of di-hydroxylated diamantine.

Example 6
5 g of colorful oily liquid from the water extractions in Example 3 was

dissolved in 70 mL of ethyl alcohol. Then 10 g of activated carbon was added



phot oaci d generator selected fromthe group consisting

of an oniumsalt, a diazoniumsalt, an ammoni um salt,
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hal ogeno conpound, and an organo-netal /organi c halide

conpound. The photoaci d generator nay have an

o-ni torbenzyl type protecting4gr-oup, and it may

generate a sulfonic acid upon photolysis. FurthernDre

t hgndihehekRSé Fhs SETROBE b 3 FE6uECA T Gd tdrherRhRL @0
generator in an anmount ranging from about 0.01 to 3

V\BA@W filjeationthe cqihélewohmpe 828 tcom@ﬁb@igd tq @nalgfost gpdorless
S Zszré%ﬁr@ﬁedﬁ g%g ééﬂfvhg jn T‘{,/\}J I%Ethgfén?%ﬂfogde nd

fron1 ace ac

agthltF (temhgadxgaﬁa@ ’mﬁ@ scqumﬂwwadsedam aftast stee @ﬂi@@galbl e
di ssol ution inhibjiting conpound, a dye, F&l astici zer

5 a priBIsSaRmEfsievith 3] /s mediingshlosids 3ad iTRE ©Epwed by (HIF
hE?I?%%ﬁ (UGHLEs, POl T e diR MEkon 335 RARAGRUT, give

[ nvﬁnﬂessmﬂwliqhucbd tddgajm;mﬂﬂed diaettand. The oy fraotive vas

of exa howeye res i_.nvent on i,.S not

| i F9RoSH "i‘tﬁd tnpa g%a (fgfqﬁbrhevgrox o4 dizmpnige:

m xture and the products vvere anal yzed and- 41 -

characteri zed by gas chronat ography/ nass spectronetry
10 (GC/MB) to confirmthe prdﬁannﬁibf target conpounds

oo e e otk 1 o BB Kb R PPl o e
Chegisad A86@R Y nfe@inaet Btbride 1@ prebiBitt® 43088 fAﬁér MBRYion and

(mass selective detector). Exanple 1 47.1 gi
di émmrmgé)wvafreé sarbores phpveBe polidstwere avalysizesi by, GC/MS

o asch;(g&lth 80 Se rl%f?{tf %PE ’9%& %ﬁlg Fg\l/\ér eoaggédgl ﬁIo

15the m xture. The m xture was stirred for about 23
hours at around 75 C in a bubbli ng oxygen at nosphere.
Duri ng the reaction, an a portion of NHPI and

Co syt g g, A S0 o,
un E@ﬁﬁiom adioanmﬁchﬂgrdrdxlyhled dangating leacass triatind dinorwe, and
m thet ry?envﬁilo%{)dg%g gtd%,a ﬁl%r%ggr{] ghnosphere at around —30 to 0°C. Then the
20  resulting mixture was further stirred for several hours while maintaining the
temperature. The resultant mixture was filtrated, and the filtrate was
concentrated under vacuum. The concentrated mixture was washed with water
and brine. The water layers were combined and extracted with methylene
chloride. The organic layers were combined and dried over anhydrous Na;SOy
25  and concentrated in vacuum. Finally, the concentrate was subjected to silica gel
column chromatography, thus producing mono-hydroxyl diamantane

methacrylate (yield: 5%). The conversion rate of the di-hydroxylated

diamantane was about 10%.

30 Example 9
0.4 g of mono-hydroxylated diamantine was dissolved in 50 mL of

methylene chloride. Methacryloyl chloride (0.2 mL) and triethylamine (0.5 mL)



vacuumto give a dark red oily liquid. The dark red

oily liquid was dissolved in nethylene chloride. The
woreiohpbene chl ori de solution of the reacti on nMPQL/USE04/031929

was first extracted with water for several tines. The

conmbi ned water |ayers were then extracted with

net hyl ene chloride for a fewtines and finally the

conmbi ned organi c | ayers were -cg@ncentrated and

subj ected to silica gel colum chromat ography, thus

pr °

ab ‘gglté%g (H)%(o1 ﬁiTt;r]lg)(%gﬁéie/%tgf)gﬁ tr a?é‘fﬁﬁwgge@dlliﬂ;iﬁgﬁﬁarﬁ?%s

abgutosBys. 'Eh@mutterezws stitred et woof te@patuge (30°C) under dry

di amant a hal. d NH

0. BERg Grioeliae At PopuohIes- Lo Bt Rl coxmao
7509 arfdf ard@Rk: boast din\iaﬁaosylb Irédtbrider(0.abentt) 3 mﬁg g- at
around 75 Cin an oxygen bubbling at rms&here

5 { HEVEAR 4ot Aminguy DA JHOE P Sy RPPFLlarige were added
e MENE} SR e Bt LB 8 TP B it Red ffThen e

C Oétﬁﬂﬂiig Tbaﬂﬁ\das&f&mosrbkbj Elod witktine vedslapsia sgﬁled at)ﬂdormtemperature
ograt ogra t hus produci ng dj

t r( 105 2ydays. e@CM§rﬁém6amctwnﬂwxwr§ shpsveskthe fosmation of

an y.- 42 - Exanple 3 A m xture of
@gﬁ-&@aﬁ n%ztﬁ%\ne 1.64 g of N-hydroxyphthalimde

IO(NHPI) 0. 129 g of Co(acac) (cobalt (I1)

acetyl acetonate) and 75 rri of 1acléti c acid was stirred

for about 23 hours at aro in a bubbling oxygen
at nosphgy £50 Lf dMethiend @r.ﬁ@ﬂidleo\ﬂere ARdROEE Wi-apddoxPatetii on
of NHPI and Co(acac)2 were added. The reaction m xture
wadianentea(5.33 sunahand methsembientid 4t-&aalarssgmi)o T hﬁmxmrfe

was diss net h d
chl'8t Ftlféeds%lr E? FbﬂutSﬁ‘ attydng ulnggrc(i’r? %’ﬁr(}e%e% &10 n&% e¥¥1| r st

15 extdrBsdiggid¢i(buoratianohPéqspMRArADMAPER3 midle @Rlyhh assht 25
water | ayers were then extracted with nethyl ene

c hméx ¢od fegtylepefchiprideryeese addeds andethe pixthee wag ben §ged for 30
I%Itgst ae£(é)°é ’ﬁﬂdéih‘?«é hﬁisd #all“h lﬁlﬁ@ ﬁl%gsdthgf? réxﬁ(ﬂ%ﬁ and the
um ro r%a ﬁ ucl

ca gel ograp us pro
t r soltityeh slikomerite Gvatinaoasdm Itanpﬂrithre)(abduﬂ 20d). aﬁtfcm beﬁg Ybirred

for 50 hours under nitrogen, the reaction mixture was filtered through a fine

20 glass frit to yield a clear filtrate and the insoluble urea byproduct as a fine white-
grey solid. The clear filtrate was washed with water (3%50 mL), 5% acetic acid
aqueous solution (3x20 mL), and finally again with water (3x30 mL). The
organic layer was separated, dried over anhydrous Na;SO,, filtered, and the
solvent evaporated. The residual was subjected to column chromatography to

25  give mono-hydroxyl diamantane methacrylate (yield: 50%). The conversion

rate of the di-hydroxylated diamantane was about 60%.

Example 11
5.8 mmol of di-hydroxylated diamantane, 6.4 mmol of triethylamine and

30 75 mL of methylene chloride were placed in a three necked round-bottom flask.
A mixed solution of 5.5 mmol of methacryloyl chloride and 5 mL methylene

chloride was added dropwise over a period of 5 minutes under stirring with the



Exanple 4 12.4 g of the crude red oily liquid from
wat er extractions in Exanple 1 mainly containing

wao eioshgtsdxyl at ed di amanti ne was di ssol ved i n BODUS2080031929

10

15

nm_. et hyl al cohol. 27 g of activated carbon (60 - 100
mesh) was added into the ethyl alcohol solution. The
m xture was then stirred for about 3.5 hours at room
tenperature (20 C). After filugation, the colorless
solution was concentrated to give a colorless oily

i Gakefn ¢ E«ffﬁtlu?e &aﬁ@ﬁnéﬁ-at ofC %ﬁ%&%&tﬁ%tmlfﬁﬁ?e stirred for 3

chloride extractions in Exanple 1 were added g of
adtouysatddC caddontrogine ’Ehemmlmg lnatls wgs then e@tncb‘(ﬁd 2ad Gl 20

h t t filtrat
arETyE e R foRon s Ghas basser Ferd® °
e"t@ﬂ@éﬁhﬁ@' wa8 irfdkda8eBroRbet 308t |aﬁ&\/t}§:%ixﬂﬁe whb 8tilgédislehe
solids were subjected to silica gel columm

c Hnoeasedderapirgture fou 2 mgre daets ndhila adaing 01 2Ssw Lo thedcyd

ine.
RS BT, OO TR e 2ot
Wagatdh ©IBé k@du(brﬂmﬁ@um—aﬂﬁ th@ bfg‘ﬁh1cai1}tb@ hak sepbied, kvasﬁed with
activated carbon was added the m xture

O Il o R A e g\ﬂﬁl@?ﬁb&@ﬁ% chlerigodhe
Q) orgﬁﬁ{: EA eIs %r[e @Bllngfﬁiedt&fed%}lﬂfl#gal%ﬁ a%f/'g(:) ?%h&:’?%ﬁcqr%treated

con 0 an al nbst colorléss oi
I |1qw1ac|uums Thdﬂ esmcditsate wae dutijectdt th silica gebtdiymeckromatography,

chloride and THF (tetr dr of ur an ol.yt S
R EprOgHORE FoRe YL dUPErate Gelteemianm . ARy T
fidberdntare: o%tl?/ddi @%%Ma%aﬁdl&haﬁaﬁed@a@muir bt f ol | owed
by THF and et hy 5:1 v/v). The second

f r act i ol\vllammmodd‘manmadtthdexemp@ﬁry embodiohentd afgbe piveytion

UId f otri at e Th

st spne wiieaml et GO RIS W medtE Afsofdingly g
ofmdent{amg 50 @hnsehudd @rmh@m%iu Eradtide@nd nAbtIsls tthad Fal0fvithin
the dark red oily liquid in anple 1 was added a
| athgecapecd dlee anpendnd cbdimset hyl ene chloride to
precipitate a solid. After filtration and



decol oring by activated carbon as above, the solids
wer e anal ysi zed by GO/ Ms to show the presence of

w0 edosasdrgdir oxyl at ed di amant ane. Exanpl e 8 Met heCT/yb1w94/031929
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chl ori de was added dropwi se to a stirred sol ution of
an equi nol ar anmount of di-hydroxyl aed di amanti ne,
excess triethylamne, and nethylene chloride in a dry
ni trogen atnosphere at around46-30 to OC. Then the
resulting mxture was further stirred for several
hours while maintaining the tenperature. The resultant
mxture was filtrated, and the filtrate was

co 1 :vacuum The concentrated m xture
was washed with water and brine. The water |ayers were
conbi ned and extracted wi th nmethyl ene chloride. The

or ani cAlroyenerizeglealigoantymednwm bdving dhofpemularktedd ofiY: ,
andhconcentrat ed in vacuum Finally, the concentrate
wa¥ gl%l ected to silica gel columm chromat ography,

t hus prgdggldﬁ@gnm@ubmﬂgoxyl di amant ane net hacryl ate
(yield: 5% . The conversion rate of the

d| hy dr B&{A apelimerizabimeraie cowedensly hondadmo @xnmfdhodiamantyl
{L(ge@f nono- hydr oxyl at ed di amanti ne was di ssolved in

50"t >met hyl ene chl oride. Methacryl oyl chloride (0.2

) andn iy areinbepemhgiag (nbl w-§,-inddsive;wer e added to the

sol ution at roomtenperature (20 C under dry ni trogen

at nosph#frlgast vﬁ%omimﬂéamg@ ilie arswngﬂaewry and

t enper ag eﬁ?ogﬁ
abgﬂt 2 %&ls)rf ggeqeneh e‘%rlrlsdi?(Me nh&g f ﬁ{e%l
anchnaisting ef h}drogmtandfa hy&itd}ﬂndrwdarmﬁhmnglhmetﬂe (0. 15 rrL)
and 50 g 4- DVAP (4-dinethylam nopyridine) in 5 nL
cold nethylene chloride were added into the m xture.

The m XTHE §1a%§ty§ hiohb@er @ftclzﬁﬁ f Qﬁhe@é}n MW aesH i edi8Ging

t he cool i ng was renoved he m xturé was agal n
st mpwé}dlswlepwdrﬁmﬁp@rmm@m @)a lixsiroxgy] gayp. —(@T-dBrboxylic

ai G SRR el OOty 81EB'8lh 00— anda

group ~OC(0)-OCH; or ~OC(O)-OC,Hs.

3. The diamantyl monomer of claim 1, wherein the polymerizable group Pg

forms a photo-labile polymer.

4. The diamantyl monomer of claim 1, wherein the polymerizable group Pg is

covalently bonded to a tertiary (3°), bridgehead carbon of the diamantyl nucleus.

5. The diamantyl monomer of claim 1, wherein the polymerizable group Pg is

an unsaturated acid residue bound to the diamantyl nucleus to form an ester.

6. The diamantyl monomer of claim 5, wherein the unsaturated acid residue is

an acrylate or a lower alkyl acrylate.

7. The diamantyl monomer of claim 6, wherein the unsaturated acid residue is

an acrylic acid residue such that the diamantyl monomer is an acrylate monomer.



To a 50 nL of nethylene chloride were added the

di - hydr oxyl at ed di anmantane (5.73 mmol ) and net hacrylic
w@eiod/oge6d nol ar equ.). The m xture was stirr epCT/082004/031929
m nutes at OC under dry nitrogen. Dicycl ohexyl
carbodiimde (DCC, 2.1 nolar equ.) and 4-DVAP (0.3
nmol ar equ.) in about 25 nL cold nethyl ene chloride
were added, and the m xture we47then stirred for 30
mnutes at O C under dry nitrogen. The cooling bath
was then renoved and the solution allowed to warmto
ro mte[sﬁglerature (about 20 C). After being stirred for )
50 Shour < D iERangylinngassr of plaim Bawhersin the Wisaheatadecid residue is a
fi ' I j Lel. ear
1 PR R R R Bt B € a TudthdiRlae
whintomgmey. solid. The clear filtrate was washed with
wat er (3x50 mL), 5% acetic acid aqueous sol ution (3x20
m), and finally again with water (3><30 nL). The
organi c A [ A PYS D -
filter eé@ﬁ‘?ﬁ%@i@?@%ﬁﬁg’%%ﬁ%ﬁ%ﬁe resi g%ap \Qﬁ%‘
subjhereinsd to col umm chronat ogr aphy to give

nono- hygﬁéﬁéﬁg%%ngg%?ene met hacrylate (yield: 50%.

The conve Yhe di-hydroxyl ated di anant ane

was abogg i@@ﬁ/@lyﬁ%:ﬁﬂiﬂl@%l%uﬁ cOVEntBI bodided Wt QX¥OPE@B e triamantyl
di amantane, 6.4 nmol of triethylam ne and 75 niL of

10 renwgleushe chloride were placed in a three necked

round-bﬁtig n@%%%%hgﬁg'ﬁ%?g@@g#@;ﬁ% of 5.5 mol of

nmet hacr yl oy or1 de*an ﬂlghvg; chl ori de was

added daiolpxdt see of/the Rs i amyaebphilicSentiidibhmolifd @nd
stirri n%@\gith the- 45 - reaction tenperature
mai nt ai FRAG fithaxemaiipe Risds mdgpandenthaselqciad frem she growpl
f OkomdidRALILE Wil : i ng bath was
the%1 }Serr%veg arﬁ%&t %gddrenﬁ};(#é rh([iel(i)év]va&glagg]?ggrgog&gt room
IS5 tenperature (20C) for23 hours. At last the tenperature

sty et gt 35 andy e mlaue s el
adghiongy & tRchidlerdh tHehBo@fddskhh o6+ Q?’ng’% %ﬂg‘\f—'{glé% (éarboxylic

triethyl am ne. An extraction was pe
wagionp -6 QOR, aneddlsyli gnonpiQEHs of —QGdH3, héeorgyam €C(Q)ygrand a

e R O B R Rty ene chlori de. The

20
11. The triamantyl monomer of claim 9, wherein the polymerizable group Pg

forms a photo-labile polymer.

12. The triamantyl monomer of claim 9, wherein the polymerizable group Pg is

25  covalently bonded to a tertiary (3°), bridgehead carbon of the triamantyl nucleus.

13. The triamantyl monomer of claim 9, wherein the polymerizable group Pg is

an unsaturated acid residue bound to the triamantyl nucleus to form an ester.

30 14, The triamantyl monomer of claim 13, wherein the unsaturated acid residue is

an acrylate or a lower alkyl acrylate.



organi c | ayers were conbi ned, dried wth anhydrous and
concentrated in vacuum The concentrate was subjected

W 0008/0B6268 gel col umm chr omat ogr aphy, thus pr oPCT/USZY04/031929
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nono- hydr oxyl di amantane nethacrylate (yield: 40%.

The conversion rate of the di-hydroxyl ated di amant ane

was about 60% WMany nodifications of the exenplary

enbodi nents of the invention 4&<¢cl osed above w ||

readily occur to those skilled in the art.

Acqer di Mk Yriarhdifyli H¥@Hdr@T cia$n 119, WEersianNEé ihkehr@8d acid residue is
including all structure and nethods that fall wthin

t hen gewpie aeifl residueagyple twé thedriamamyl mggpmenagar a¢grylate monomer.
CLAIMED I'S: . A polynerizable diamantyl nononer having

the formula Pg - D-(R) , wherein: Dis a diamantyl

nugbeus ThEgridrsaraylpadnuedriof ghilie 14 vhgremakatirdatiryteb acideekidue is
to a carbon of the di amantyl nucleu?; nis an in ege[

r afghaRRarylimeid residge speicthaisthe Blamantyl SnemgRis apetogerylate
R S dodnfer hydrophi | i c-enhancing noi ety; and each of the
remaining R s is independently selected fromthe group
consi sting of hydrogen and a hydrophilic-enhancing

noiety. 2. The .di ntyl oner. of claim1l, wherein
£ b Ty a2 QRO B4 g TP BiviFE i oeula
gr @gpwg)@s)ri“s&,hg}ginpf a hydroxyl group - OH, a

car boxylic group -COOH, an alkyl group -OCH 3 or -
2H5, a Keise Gamopdodi @pcleus selpgigddrogr g roudc(aDpisti@pf or

- O -.0CH. 3 .The, di anantyl noner._of .clai.ml1,
B L N R
phabRathalthle deRimaime, #hd ubdecattiaatmet yl mononer  of
claim1l, wherein the polynerizable group Pg i

\ ) g 1s
coval enthgyis boakyaerizably sramtqoxplonttzhondsd tejg errbar oEBebon

of th iaﬁ%u |. nucleus. 5. The di amantyl nononer of
cl gitlarﬁ%%o ertcle%{lﬁ’the pol ynmeri zabl e group Pg is an

unsat ur atigdn ageger FagfigiRomauhoughs, idusivegmant yl
nucl eus to form an ester. . . :
at least one of the R's 1s a hydrophilic-enhancing moiety; and
each of the remaining R's is independently selected from the group

consisting of hydrogen and a hydrophilic-enhancing moiety.

18.  The diamondoid-containing monomer of claim 17, wherein the hydrophilic-

enhancing moiety is selected from the group consisting of a hydroxyl group —~OH, a

carboxylic group —~COOH, an alkyl group —OCHj or —OC,Hs, a keto group —C(O) —,
and a group —OC(0O)-OCH3; or —OC(0)-OC,Hs.

19.  The diamondoid-containing monomer of claim 17, wherein the

polymerizable group Pg forms a photo-labile polymer.

20. The diamondoid-containing monomer of claim 17, wherein the
polymerizable group Pg is covalently bonded to a tertiary (3°), bridgehead carbon of

the diamondoid nucleus.



6. The diamantyl nononer of claimb5, wherein the

unsaturated acid residue is an acrylate or a | ower
wa@bkdglosaes yl ate. 7. The di amantyl nononer of CcPEI/DSRIN4/031929

wherein the unsaturated acid residue is an acrylic

acid residue such that the diamantyl nononer is an

acryl ate nononer.- 47 - 8. The di amantyl nononer of

claim®6, wherein the unsaturaté#-acid residue is a

met hacrylic acid residue such that the diamantyl

moZdner The dameddvédcyttainingmmarmm: of Slaind 1 POk e thabl e

triapant yl. nmonone aving the formula Pg - D -(R) ,

wh SPDREZAPIE SRR B AR aG1sesiae P to e diamondoid

polhyvisehd »ABlE af'eqdp coval ently bonded to a carbon of

the triamantyl nucleus; n is an integer ranging froml

t hough 6, inclusive; at |least one of the Rs is a

hydrophid i ¢z enhanci ng .noj ety; and ch of the .
S R R TS AR et R I R a——
considgtding fn A¥EANAS8P AWEr Ay s-pRR | T c- enhancing
nmoi ety. 10. The triamantyl nononer of claim9, wherein
t he hydrophilic-enhancing noiety is selected fromthe

grexp c 1451 a_ hydroxyl qgroup - L a .
. argg'oxy |q.ﬂ§ dga?%d&%io?%gﬁlﬁgﬁ ng%?y?:r Bf @alﬁn ?&ﬂqﬁgelgrthq unsaturated
2Hacid aesidieois gh vy lic ebidresidue suOH it ﬂfe%ﬂﬁnor%ﬁcploﬁtgﬁglg%onomer

-0C(O - OCH. . The triamantyl nonomer of claim?9,

10 \whisrass a5yl HAOPRRSr i zabl e group Pg forms a
photo-1abile polynmer. 12. The triamantyl nononer of
claim9, wherein the polynerizable group Pg is
c ]99@ entThy dtamcdmldid-@)nlaaiﬁiﬁg fnli(ﬂl_?%lef 3) claibi jzzj,gzlaieead t@@ﬁrﬁ@@rated
of t.he triamant nycl eus. . e triamantyl nonomer o
o1 e iR Grefhachi sSHiseidng by bt paagnleidapanaining
ungRhoiat RY A6thecry B dysorkgund to the triamantyl
nucleus to forman ester. 14. The triamantyl nononer

15 of claim 13, wherein the unsaturated acid residue is
amacr ykaﬁo?yn%r I?avlinogmll%cr:ur%lnlg( ¥1|nitsa scerlé/clteadt f‘?c'nﬁ tﬁeggrbup consisting of’
a) a diamantyl monomer having a polymerizable group and at least one
hydrophilic-enhancing group;
b) a triamantyl monomer having a polymerizable group and at least one
20  hydrophilic-enhancing group; and
¢) a diamondoid-containing monomer having a polymerizable group and at
least one hydrophilic-enhancing group, the diamondoid of the diamondoid-
containing monomer selected from the group consisting of tetramantane,

pentamantane, hexamantane, heptamantane, octamantane, nonamantane,

25  decamantane, and undecamantane.
26. A deposited layer comprising the polymer of claim 25.

27. A method of forming a layer of patterned photoresist on the surface of a
30  substrate, the method comprising the steps of:
a) forming a polymer from monomers selected from the group consisting of

a diamantyl monomer having a polymerizable group and at least one hydrophilic-



The triamantyl nonomer of claim 14, wherein the
unsaturated acid residue is an acrylic acid residue

wgemk/osdzes the triamantyl nononmer is an acryl aP@r/us2004/031929
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nmononer. 16. The triamantyl nononer of clai m 14,
wherein the unsaturated acid residue is a nethacrylic
acid residue such that the triamantyl nononer is a
met hacryl ate nononer. 17. A pdineri zabl e,
dianondoid-containing nononer having the formula Pg -
D edtfdhcing Wh&IpS b friarkant$l Mofinkirdadkicd polghaiabrelregs £ at least
fromthe oup consi sting of tetramantane,
p e Pl éﬁ RRAnS g RraHD anf a giaapandpitheontaiping monomeehaving a

L L e
t hef 013 d(muimlmﬂ-mmduemg manoinger aclectod &gearthe gﬁgnpra:gnémtﬁr@ of
east one of the Rs is a

t hou i ncl usi ve;
hng%P‘iaP% P@HWQ??&“F%‘@ al?Féf”é‘F ane; haptagiaptags, F?@“amane
I e AR AAGnE @ec'aﬁmhﬁﬁ@ R&8 %ﬁ@éc'a%aﬁt%h@ﬁ ed fromthe group

consi sting of hydrogen and a hydrophilic-enhancing
noi et y. bl 8epdsiéngiihapolydwi da :acsntfacpemfrtge subsoate s e holyh@riniayer,

17 wh e nthe h li.c noi et
sefhgd® Elfrfcolﬂ'}'?rr? %Efﬁﬁlﬁl I Eq E’gﬁ fneéfl q]?)qér Ioiyl gr oup
- OH a b@gﬁig el d@fAuR mﬁmwhe @Blyﬁlel@é'la;&f R344h el%ng.{gnenc

grou : oup -
dmn@»rtherd@( mpdlfymg tﬁﬁ phoielabﬂh @0 g@ﬁ@lragmms &Kprsag to the
no e abl e group
Pg&?é&%@g&wék amljfo %w}w §e?%cﬁv£ly?m§cﬁh¥¥ﬁagérz
di anondoi d- contalnlng nmononer of claim 17, wherein the
poI nerlzable r |s covalently bonded to a
i ar Yhe geth ddifionstly spmprisingithmupriel epntacting the

nu&él@clﬁ%el' rﬂgdlﬁed #@?Wﬁ %@Bﬂgﬁf sgrﬁt%%%b gze?ils?é]rglﬁ&rﬁeggegmns.

claim ere n e po yneri zabl'e group
unsaturated aC|d resi due bound to the dlanDndoid

nucl eus
% T%le met d o‘}%lalm 2% wherein the electromagnetic beam comprises

radiation having a wavelength less than about 200 nm.

30.  The method of claim 29, wherein the radiation has a wavelength

of about 193 nm.

31.  The method of claim 29, wherein the radiation has a wavelength

of about 157 nm.

32.  The method of claim 28, wherein the electromagnetic beam is an e-beam.
33.  The method of claim 28 wherein the electromagnetic beam is an x-ray beam.
34. A patterned surface formed the method of claim 27.

35. A method of forming a selected pattern on a surface of a substrate, the

method comprising the steps of:



22. The di anondoi d- cont ai ni ng nononer of claim,
wherein the unsaturated acid residue is an acrylate or

wa@2losmenednl kyl acrylate. 2 . The di anondoi d- coPCHURS2004031929
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nonomer of claim 22, wherein the unsaturated acid

residue is an acrylic acid residue such that the

di anondoi d- cont ai ni ng nononer is an acryl ate nononer.

24. The di anondoi d- cont ai ni ng Mononer of clai m 22,

wherein the unsaturated acid residue is a nethacrylic

aci d res) Gumisgig photdebitdmlynanonte sufoent diekubgrate, the photo-

R O e R o B
C offighahtyDdhodbmePhavdnglhABRA BlFée pd;l?fﬂgl‘r%d’blé@r\ﬁhﬁ Ondat least one

pol ymerizabl e group and at a
eirhili¢-enkeamismgcsronp; grivepanty) menamérdrmingyd patpmeniamble group

h

hayj ' I d at,| t ! "
h;%lrdg% t11‘%slp c(g:)ﬂe\e/ I?}Edéépé?lﬁ(ﬁ%&?%ﬁfég gg(ﬁ]é); gljd %gglsnonggﬁw.ontammg

di raonsider ihvipd polnindEz4BMOSiFRp ah@yt 188kt BnPRY M BBKilié 3R Rcing
group and at |east one hydrophilic-enhancing group,

t HFEOHP-4Re AuBioaded afjlee dipmrpdnidicanteming mpnemerselented from the

S : C | St f amant ane
R L R v SR s R

N covdarparTttamee nonkenansmRy aetamaafade,tamdlmmma?faﬁle; ahd. A

deposited | ayer c rising the polynmer of claim25.

27. A %Q&HE SFgePn%ﬁﬁ@glanﬁ B¢ Paaﬁr GoRIRTisigethe photo-labile
PRRIANRESIoSh Btbif - 136 i
c?rzrﬁp% sing the st egéé}[g];&%g}’ gie{)r ﬂ‘g‘ﬁfz}ﬁ‘%ﬁlﬁ l‘tr%lp&)f lg%l?ﬁ!?oqymer m
nmoheseargione bxuised tdf the mlcctremggretip bean $o gicldgsaddctidely modified
di.apantyl nononer having a pol yneri zabl e group and at

| e55" one hydrophilic- 50 - enhancing group; a

triamantyl nononer having a pol yneri zabl e group and at

| east one hydrophilic-enhancing group; and a
di3%rondbicimebad af alairg 3fordgitionalia oomprising dieystaprdfrahineting the

: . h hi lic- Ci :
RS Ak R N AR S B R R A hegottBse regions
selected fromthe group consisting of tetranmantane,

pent amant ane, hexanmant ane, heptamant ane, octamant ane,
37. The method of claim 36, wherein the solvent system comprises an alkali

developer solution.

38.  The method of claim 35, wherein the electromagnetic beam comprises

radiation having a wavelength less than about 200 nm.

39.  The method of claim 38, wherein the radiation has a wavelength

of about 193 nm.

40.  The method of claim 38, wherein the radiation has a wavelength

of about 157 nm.

41. The method of claim 35, wherein the electromagnetic beam is selected from

the group consisting of an e-beam and an x-ray beam.



nonamant ane, decamant ane, and undecanmant ane; b)
depositing the polyner on a surface of the substrate

w@g00a/0pbymeric | ayer, the polyneric | ayer conpCi/Eb1004/631929
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photo-1 abile polymer; and c) exposing sel ected regions
of the polyneric layer to an el ectromagneti c beam

t hereby nodi fying the photo-labile polyner in those
regi ons exposed to the el ectro®agnetic beamto yield a
selectively nodified |layer. 2 . The nethod of claim
2742. ad ditpatseraet] yumedoinsddite niethostt aefplaidh 3Sont act i ng t he
selectively nodified |layer with a solvent systemto
solubilize the nngjfi%d regions. 29. The method of

cl m 28 POSKIYF Y1 king #haiosssist SARBPHELCOsaRT R PR Se8in
rq@bﬁ%&ﬁ&iHﬁﬂk&&néaMRX&hﬁﬁgth | ess than about 200 nm
30." The nethod of claim?29, wherein the radi ati on has
a wavel ength of about 193 nm . The nethod of claim

29, whereim, the fradiation of*ﬁbou\
157 nm ciThe net had i2n the

el ectromagneti c |peanyis A{] . The net hod ?f
claim 28 er ei ip,t he' &l ect romag is ap—efay
beam 34. A patterned surfagce forned the nethqd

of
claim27. 35. A method of fi6rmpg ai%elecﬁ%d ppﬁ%é%n
on a surface of a substrate,—the method gompristm he
steps of:- 51 - a) formi ng a#BEde| abi | @ pdbkyarere oh
the surface of the substrate, the photol abiTe polyner
conpri sing nononmers selected fromthe group consisting
of ' having at..l e on
ooT SO b b PR AR AR g inst ™ -
hydr opiR] is electda fiohNlie giQuptonsistig GMEN ! 2R REFRY having from 1
havi ng a pol yneri zabl e group and at |east one
hy@ A arhom atoras sad en alkogy gtqsp hamingarom 1 to 4 carbon atoms;

g L i ' . . bl
ar oup. 2t P aLPebi FROSIRICLIAMRY GRS, Al
t wenslstanpoitiohydiratyl teh@ipdiGHpnkiab grar@icaibegy i® addgfoup —

S d fromthe gr consj sting of tetranmantane,
pﬁﬁéﬁiﬁ?‘g ?X%E’Sf’él%ﬁgﬁgn@}dq% FlonfEFURMOCERP rant ane,
nonamarg geecrderaggil.ane, and undecamant ane; and

ais 0.25 to 0.75;
b+c=1-a;
c is greater than zero; and

P; is a non-diamondoid, acid-cleavable pendant group.

44.  The photoresist composition of claim 43, wherein b is about 0 and ¢ is about
0.5.

45.  The photoresist composition of claim 43, wherein Py is a lactone-containing
pendant group.

46. The photoresist composition of claim 44, wherein P; is selected from the

group consisting of:



b) exposing selected regions of the |ayer conprising
the photo-labile polyner to an el ectronagneti c beam

wo b@sebszesrodi fyi ng the photo-I1abile pol yner i nP€hoSm04/031929
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regi ons exposed to the el ectromagnetic beamto yield a
sel ectively nodified layer. 36. The nethod of claim
35, additionally conprising the step of contacting the
selectively nodified | ayer wit¥a sol vent systemto
solubilize the nmodified regions. 37. The nethod of
claim 36, wherein the solvent system cpnprises an

al kal i devel oper_isol ution. 38. The nethod of clai m 35,
wherein the elggCtr gneti c beam carises radiation

havi ng a wavel ength|l ass than about 200 n
met hod of cl aim 38 erein t%%.radiati

wavel engt h of thout, 19RRm 4 The nethod claim
38, wherein the dlgﬁ}l on has a wavel ength df mgbout

157 nm 41. T of cl ai m 35, e t he

el ectromagnet ic beathis selected fromthe group

consi sting of an e-beam and an x-ray beam- 52 - 42. A

patterneﬂ surface formed the nethod of claim35. 4 . A

posi ti v& WBFV?WS) Ho®Bfesi st conposition conpr|5|ng a

base reRi, Ry &R Eﬁﬁ@te%h ﬁﬁlvﬁ&ﬁtllg%eﬁét‘@%ﬁ% i RoRibtild of 1

HHf-C- -c- -C amataHe ’

d| mmlaﬁ@up/m@ fromsl toet echedatbmeandre affcoaygroup having from 1
%quﬁﬁt Hand - CH3; R2 is selected fromthe

group o 9@ ng of - , an alkyl group having from1l

to 4 carbon atons, and an al koxy group having from1l

to 4 carbon atons; R3 is - H or a

hyAfr ophih IpPeltizersking gheieresisy cerapesitiesticdmupisittghrebage oasn

represented by the general formula:

0-

{gz PN fe TN /e Hz I
A YA F %

s
o
e

wherein R is selected from the group consisting of —-H and —CHa;

R; is selected from the group consisting of —H, an alkyl group having from 1
to 4 carbon atoms, and an alkoxy group having from 1 to 4 carbon atoms;

R3 is —H, or a hydrophilic-enhancing moiety selected from the group
consisting of a hydroxyl group —OH, a keto group =0, carboxylic acid group —
COOH, and alkoxy group —ORy, and a lactone group ~OC(O)ORy;

R4 1s —CHj; or —CoHs;

ais 0.25 to 0.75;

b + ¢ + d is substantially equal to 1 — a; and

Py is a non-diamondoid, acid-cleavable pendant group.



consi sting of a hydroxyl group -OH a keto group =0,
carboxylic acid group - COOH, and al koxy group R4, and

w@2loaosaee group -OC(OOR ; RUS - CHr - C H ;P@I/is2004/031929
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0.25t0 0.75;, b+ c =1- a; c is greater than zero;
and P is a non-di anondoi d, aci d-cl eavabl e pendant
group. 44. The photoresi st conposition of claim43,
wherein b is about andc is abddt- 0.5. 45. The

phot oresi st conposition of claim43, whereinis a

| act one- cont ai ni ng pendant group. 46. The photoresi st
conposition of claim44, wherein is selected fromthe
gf8up cErePRaiprgsistForupastion of claimdy, wapser § isabguifhioreih
nis 0 or 1; and R4, Rg, andR7 are each individually
sel ected fromthe group consisting of H an alkyl
grbup haEle plgptdresint domymsdtiomasflotimal7owhereandl iseaboat Kkxg25.
group having from1l to 4 carbon atonms. 47. A

posi tive-wor ki ng photoresist conposition conprising a
bage r e’?h@}éﬁ(ﬁ@&@ﬁ@ nishsRion! JTRIBENET Fhele FWldAs aWHIR108E10.25.
is selected fromthe group consisting o - H and - CH3;
is selected fromthe group consisting o - H, an al kyl

8:5332 E%‘Lr ﬁ%’tg’l}rﬁa W%ﬁygﬁ{}%?ﬁq%%o”gf?lblﬁ%n- gr}nd ’ﬂ; %:3 )%bstantially

hygdagpfid.i c- enhanci ng noi ety selected fromthe group
consi sting of a hydroxyl group -OH, a keto group =0,
carboxylic acid group - COCH, and al koxy group - OR ,

arg%. a | i Sﬁﬁogrsﬁygoﬁl;%gtgn% claim 43, wherein Py is a lactone-containing

pendant group.

53. The photoresist composition of claim 44, wherein P is selected from the

group consisting of:

A A

R4 R4

d
(HCrm  (CReRp) 0

o) (0] o 0

wherein n is 0 or 1; and
R4, R, and Ry are each individually selected from the group consisting of H,
an alkcyl group having from 1 to 4 carbon atoms, and an alkoxy group having from

one to 4 carbon atoms.

54. A positive-working photoresist composition comprising a base resin

represented by the general formula:



Ri - Ho- H; ais 0.25t0 0.75; b +c +dis
substantially equal to 1- a; and is a non-di anondoi d,

wa@eoodosd2envabl e pendant group.- 54 - 48. The PCT/US2004/031929
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phot oresi st conposition of claim47, wherein c is
about O to 0.25. 49. The photoresist conposition of
claim47, wherein d is about 0 to 0.25. 50. The
phot or esi st conposition of cl-a5m 47, wherein c + d is
about O to 0.25. . The photore5ést conposi tion of

%@4,1 %erngn 3
eingds alacton

photoreS|st conpgsi gi op, of ckai g 44, whergkl ksy Rs
selected fromt e ofoud conQLsfinn! f: Cﬂ,flLlamd (H&Ring%
C) | - " ( CR R n ;damganeo whet eidifnatanei 5 O Or a.xamarﬁmc R4, hlghe dxamondoxr,
and R7 are eachindividual |y selected fr ou

consi sting of H,  an al kyl group having from1l to 4 Rs

carbon atons, and an al koxy group having fromone to 4

carbon atons. 54. A positive-working photoresist

conposi wheﬂrnindblrﬁp lsi:]sétng fianbihs gmgnsdonsis@q[g eSdhted— 6}713; he

(::jsner al sz 1%r nfél ted from the grou% ct'onsmtmg OF H, an alkgf_f group havm% from 1
to 4 carbon atoms, and an alkoxy group having from 1 to 4 carbon atoms;

R3 1s —H, or a hydrophilic-enhancing moiety selected from the group
consisting of a hydroxyl group —OH, a keto group =0, carboxylic acid group —
COOH, and alkoxy group —ORy, and a group —OC(O)ORy;

R4 is —CHj3 or —C,Hs5;

ais 0.25t0 0.75;

b + ¢+ d + e is substantially equal to 1 —a; and

P, is a non-diamondoid, acid-cleavable pendant group.

55. The photoresist composition of claim 54, wherein ¢ ranges from about 0 to
0.25.

56. The photoresist composition of claim 54, wherein d ranges from about 0 to
0.25.

57. The photoresist composition of claim 54, wherein e ranges from about 0 to
0.25.

58. The photoresist composition of claim 54, wherein ¢ + d + e ranges from
about 0 to 0.25.



=/ b=/ K13 RRR R R R R adamant ane di amant ane
tri amant ane hi ghe di anondoid R wherein is sel ected

WO e@s108d265 gr oup consi sting of - and - CH3; R2 PGI/US2004/031929
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sel ected fromthe group consisting o - H an al kyl
group having from1l to 4 carbon atons, and an al koxy
group having from1l to 4 carbon atons; R3is - , or a
hydr ophi | i c- enhanci ng noi ety “s®-ected fromthe group
consi stjng of a,hydroxy.igroup.-CH, a keto group =0,
caPboxyhe Phetqresisfreonpositiomoficlaim d4awkexin ytagmeuntrs the

a up,..- X CH., a,js 025 tq
O!ag??ar%‘{n% gonld%l@ Iéaéol%és?t génatbf)‘%_‘%@a%ta Fal 4t fhetgial gpguig of the
| dizananane diréamdidatied anddiathoa i Gidvohtagipe Rdaber oup. 55.

The phot oresi st conposition of claimb54, wherein c

ranges fromabout to 0.25. 56. The photoresi st

c 0Sirt,d j . | f. qut . . .

£ §7p. 2h¢ BhoRr oMo aPLakd o3 SRR BRI putaining
wperdsnhgreupanges from about to 0.25. 58. The

phot oresi st conposition of claimb54, whereinc +d + e
ranges fromabout 0 to 0.25.- 56 - 59. The photoresi st
C@MPOSiThé PhoffreGitdoMpaditiodBEERIH 68; whilEma Ty F@lec‘i’éd £ 08 the
adamant ane cont ai ni ng nononer, IS a‘gout equal to c + é
+gwuptchesisrgbanount of the di amant ane, triamantane,

and di anondoi d- cont ai ni ng nmononers. 60. The

phot oresi st conposition of claimb54, whereinis a

| act one- cont ai i ng pendant group. 61. The photoresi st
conposition of |claim 60, wherein is sellected fromthe
0] 0 O
Ry R4

and

(HC) ., (CRgRy),

0) O O O

wherein nis 0 or 1; and
R4, R, and Ry are each individually selected from the group consisting of H,

an alkyl group having from 1 to 4 carbon atoms, and an alkoxy group having from

one to 4 carbon atoms.

62.  Apositive-acting photoresist composition comprising a base resin

represented by the general formula:



group consisting of: and (HC (CRR) " whereinnis
O or ; and and are each individually selected fromthe

w@e@dp3eensi sting of H an al kyl group havi ng PCDIS2004/031929
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4 carbon atons, and an al koxy group having fromone to
4 carbon atons. 62. A positive-acting photoresi st
conposition conprising a base resin representedb y the
general formula:- 57 - wherei-r$7is sel ected fromthe
group consisting o - Hand - CH3; is selected fromthe
group consisting o - H; an a} kyl Fgroup having from1
to 4 carbon ato ,Hgnd al al/kiexy [group having from1
to 4 carbon at ~CR3-G
hydr ophi | i c- enha cinginn'gt sel ﬁﬁed/fron1the group
consi sting of a hydro¥®yl” group IEH’ a’ Ret o group =
carboxylic acid group - COOH, and\ akykaxy group - OR ,
and a group -OC(OOR; Rs - & ’ ; ais 0.25to
0.75; b =1 - a; and P is a non-djgquongeid,
aci d-cl eavabl e pendant group. 63 ‘-.’@ or esi st

¢~ each.range
ppositi on of

conposition of claim62, whermfrb ang

fromabout to 0.5. 64. The phot oresj cQl

claim 62, wherein b and c are approxi mately equal to
one anot her. 65. The photoresist conposition of claim
62, wherein. is a lactqne-containin ndapt..Qr Qu 66.
The phottredi i B selpsdiergiegro dpsibiae ShrdAaTnths s
sel ect qg i§ 1se1¥ctedgrdih eHér6@N Sbrisisting 0O H; ad®Blkyl group having from 1

to 4 carbon atoms, and an alkoxy group having from 1 to 4 carbon atoms;

Rs is —H, or a hydrophilic-enhancing moiety selected from the group
consisting of a hydroxyl group —OH, a keto group =O, carboxylic acid group —
COOH, and alkoxy group —OR4, and a group —OC(O)OR4;

R4 is —CHj; or —C,Hs;

ais 0.25 to 0.75;

b=1 ~—a;and

P, is a non-diamondoid, acid-cleavable pendant group.

63.  The photoresist composition of claim 62, wherein b and ¢ each range from

about 0 to 0.5.

64.  The photoresist composition of claim 62, wherein b and ¢ are approximately

equal to one another.

65.  The photoresist composition of claim 62, wherein P is a lactone-containing

pendant group.

66.  The photoresist composition of claim 62, wherein P; is selected from the

group consisting of:



w@boosio3@ns al kyl
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RA(HG (CR Ry) and wherein nis O or 1; and and are
each individually selected fromthe group consisting
group having from1l to 4 car boPCHUSI084/031929
and an al koxy group having from1l to 4 carbon atons.

67. A positive-acting photoresist conposition

conprising a base resin polynerized fromany of the

foll owi ng nononers: - DI AMANFAME R R DI AMVANTANE R R R
wherein is selected fromthe group consisting o - H

and - CH3; R2 is|selected fromthe group consisting o
- H, an al kyl group having from1l to 4! carbon atons,
and an al koxy g0 having from1 t bon at ons; -

59 - is - H or a hydrgphilic-enhancing Iy

sel ect ed fromthe}kup consi stdi ng of a roxy® group
-OH, a keto grewpy =0, amrpoxyfi acid COQH,
and al koxy group|- OR| and a group - 'RR S -
CHr - CH. 6 he phot oresi st co of claim

67, further ifCludi¥g a nononer hawong adamant ane as a

pendant group. 69. The photoresi st conposition of
claim 67, further including a nononer having a
di anmonddiegeientsdher rasdp. 70. A positive-acting

hot or esi gt copposi ti an. i S y .
D et ey fe seeRRTRLIS RS bt BsHYishly of 11,
phatalitye gt@ip Bonpgfoin Do HEarbblbtoméPanddredlkoxy gloep hadeg from 1

resinis
to 4 carbon atoms.

67. A positive-acting photoresist composition comprising a base resin

polymerized from any of the following monomers:

Ry
o o—1  DIAMANTANE
| |
l|a |
o 5 2 Ra
R4
o o—  DIAMANTANE
| |
! |
o} o] 2 3
Ry o)
o o—  DIAMANTANE
ﬂ/ \/\O/H\/\H/ I I
R
o ) 2 Ra
Ry
o o—+t DIAMANTANE
| |
1 !
o 0 2 3

wherein R; is selected from the group consisting of —H and —CHj;

R, is selected from the group comnsisting of —H, an alkyl group having from 1

to 4 carbon atoms, and an alkoxy group having from 1 to 4 carbon atoms;



pol ynerized fromany of the foll owi ng nononers:
wherein is selected fromthe group consisting o - H

w@r@s/03@2k8; R2 is selected fromthe group consPEI/URY0E031929
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- H, an alkyl group having from1 to 4 carbon atons,
arid an al koxy group having from 1lto 4 carbon atons; -
60 - is - , or a hydrophilic-enhancing noiety sel ected
fromthe group consisting of -#%ydroxyl group -OH a
keto group =0, carboxylic acid group - COCH, and

al koxy rRgroUR, or aRAy didpHilie-cahouting o{dD) Sdltcted fRoin the Gidur

- CH; Xis selected fromthe group consjsting of
oropgustingrifehygeryligseunT Ol ne kefaigrenp =@ pcarhoxylic acid group —

pgskLive- 1N hot or.es| 05 erein the
bgéng%%yﬁﬁ%%ﬂ%?ggﬁsqgg?5@%%%%ﬁ§tg?gggg%&gonposition
of any Rofis cCHi, 68 43Hs.47, 54, 62, 67, or 71, wherein

t he average Oni chi nunber of any of the dianondoid
cont ai ni ng nononers i s greater than about 3. 74. The

phat or egj | k9 ifgf T i flomer
G o7 T o AR drRifeh ORI 75 LR i fhaila mo

s danrhigladtmyiagtancarse d @endeit gompbase resin, in units of

cai /cmb5, ranges fromabout 8 to 13. 75. The

phot oresi st conposition of any of clains 43, 47, 54,

6 2?9. 67, THphbtbresi st doi§fositidal H@iAg 67, Plitep aehdligen fioaboer
selected fromthe group consisting of an oniumsalt, a
di lewong axdiarmehdoid gendantgrdupm salt, a phosphoni umsalt,
an iodoniumsalt, a sulfoniumsalt, a selenoniumsalt,
an arsoniumsalt, an organi c hal ogeno conpound, and an
OrgANO- ABbait QL@ phdtatesecampaitivncomifiisinpftebase resin having a
phot or esi st _conposition of claim75, wherein the
phesteadipaopdnid paadrenfy 2591o- ni t or benzyl type
protecting group. 77. The photoresist conposition of
claim75, wherein the photoacid generator generates a
suf . oni ThegshotbrespencqgdsitionsifelaimBl0, Wierqih ttednesiesin is
composi tion of claim75, wherein the anount of the
pheAlpaeiizeddenierny Of thenfollAWIMZIRBRATESon ranges from
about 0.01 to 30 wei ght percent.- 61 -

R4 R,
:L'fo X ;\FO Tz Ry
o T I |
| X
Ra

wherein R, is selected from the group consisting of —-H and —CHs;
R, is selected from the group consisting of ~H, an alkyl group having from 1

to 4 carbon atoms, and an alkoxy group having from 1 to 4 carbon atoms;



79. The photoresi st conposition of any of clains 43,
47, 54, 62, 67, or 71, wherein the conposition further

w@erpisees an additive selected fromthe groupPCT/US2004/031929
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consi sting of a surface active agent, an organi c basic
conmpound, an aci d deconposabl e di ssol ution inhibiting
conpound, a dye, a plasticizer, a photosensitizer, a
conmpound pronoti ng squbiIityfmn a devel opi ng
solution, and additives conprising hydrophilic

di anmonda ii$1l~blfe pi g AydnophilicSMhaitneg ooty sadedted from the group

t f f clajns, 43, 47, B4, 62 . 67,.
7 EoRatmea i RioeOR et 10N kP e Tl s Mg -
seir@@He@thHﬁ E{%@uam 688 effubROQ)eRDY | ene d

| oride, cyclohRexanone, cyc opentanone 2 hept anone,
g butﬁmﬂia@%r@é—qﬁs,hyl ethyl ketone ethyl ene gl ycol

nonomnet | ene noet h eth

o et noxeEE e i sRlP e ile RO E Bty foron. and
etshignr, acet at e, propyl ene gl ycol nDnonEthyI et her

(PGVE), propylene glycol nononethyl ether acetate

(PGVEA), ethylene carbonate, toluene, ethyl acetate,

bubyl c _ I .
et hox oo S an e Mt RS Brpe kbt chih M PR Lomprises
nmet hoxypr opi onate, et hyI pyruvate, propyl pyruvate,

N,_Ndi hyl f or mam de, dj et hyl sul f oxi

N et E&%ﬁyﬁw&rﬁ%}%ﬁf@m@ﬁ{ﬂm@? 9%?1%‘%1 A7gxh, 63l or 71,
DU BlcveEQEROBERT ARk of By OF i LB bR coffainid

62, 671 gr %1 V\,herell n theode el opi ng sol utlcgn E%l%lrémonomers
cosrgmaﬁetihan abnul 3ides an aqueous al kal i ne sol ution. 82.

The phot oresi st conposition of claim79, wherein the
aqueous al kal i ne sol ution includes an inorganic alkal

sygh ashs %ﬁbtﬁi‘ksﬁé‘tdioﬁiﬁo@&onmhﬁys §F sy, axi sie 625@Hiodm

carbonate, sodiumsilicate, sodi um netasil | cat e,

aqheeais theravisra e, valuenf, thaﬁqlulalmmra@ﬂ@y péifiie hase resin, in units of
n- PO han1 am ne, diethyl am ne,
dic?fg @Xj{ alqn?es ﬁoﬁ%@é&?&f‘@’l}% am ne, triethylam ne,
nmet hyl di et hyl am ne, an al cohol am ne,
di_met hyl et hanol ani ne, triethanol ani ne, %guaternary

arffoni Uike PERtOTesigt QORISR AR ABN PLARIRAI L 47 o, 62, 67, or 71,
;}g&@e‘ﬂﬁ% g%rﬂhlégﬁflaycp%e%ﬁa?(ﬁr sef% A FH 1B céﬁé{s'hﬁ %f an

plperl otoreS|st conposi t
ofonamy saif, a@:h:aztomrﬂ 3alt,n, anﬁAomﬁﬁl, saBi/3 ploosspHdnium salt, an 1odo111um

salt, a sulfonium salt, a selenonium salt, an arsonium salt, an organic halogeno

compound, and an organo-metal/organic halide compound.

76.  The photoresist composition of claim 75, wherein the photoacid generator

has an o-nitorbenzyl type protecting group.

77.  The photoresist composition of claim 75, wherein the photoacid generator

generates a sulfonic acid upon photolysis.

78.  The photoresist composition of claim 75, wherein the amount of the

photoacid generator in the composition ranges from about 0.01 to 30 weight percent.
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contai ning groups. 84. A nethod of preparing
hydr oxyl at ed di amant anes sel ected from the group
consi sting of di-hydroxyl ated di amant ane,
tri-hydroxyl ated di amant ane, -t6ét-r ahydr oxyl at ed
di amant anes, and m xtures thereof, the nethod

cgypr i gihe hbﬁ@ﬁesfst epfm émoﬁbfamﬁdlmmsmsamnszar@e ov, bh71,
N- hydr oxy%ht hal i m dep@NHPI ) and Co(acac)?2 (tcobal t (1)

c‘ézew@ét@t@mog)lonrfuﬁ ¢reca>ennrtsﬁs # 3ddities salgeted from the group

caqn |

cgngﬁﬁﬁﬁag ggpro %P ?Bééggsgégﬁﬁ h gﬁ%f§ﬁ§ ted
didac@Enpaniis disrs@lmubhenmatumgmbn@bemd prdydys plas&ﬁzeern e
nmet hod of . cl ai m 84, further co bSI n he step

a@BPRECISHIEFY BCABPORBA PrIReting sl iy REIGRIET kion, and
( i klxe@%ﬁﬁgrﬁqﬂfdrgp%ﬁe b orldbl @déi‘ﬁi%ﬁyésacet onate) to

the reacti m-xture during step a). . The net hod of
claim 84 further conprising the step of di ssol vi ng

rated prod t
exr actiheghoREsist BOTPORGoRaF BEY Sreliit DAl et o7 k
WalRkeih ﬁiéeff011ﬁﬁ)§‘1t1@n3ﬁl‘t}i§1nlhcffu€é’sez{ sol¥eht sdiBStedBlonPhe Gtoup
claim 86, further conprising the step of subjecting

t leensigtingenftethiyhgpe di clolosiile cn/alogexan@@@,mmhm@nmeoéﬁl&pﬂayone v-

| SehEBRPhe e AR o) AP RO e Bt B e
C hifiydol Hﬁno&ﬁﬁl cfite, PBhkROK Ji&h}ﬂ |a6¢té)fe8&hyﬁaﬂ<f glyem monoethy] ether
conprising the steps of | ayer

ol VI ng the water in
ethsipteapiOBiisne glyce mwame@wh %@HEP Pg%wsd@%%lycol monomethy]
a%g“ ?%%eﬁ'gt{re éﬂﬁ% é}le car, d?lgtee{olﬂyééxeaétﬁﬂhﬂeta%) Ibﬂfyk Q&tate

coverl ri-hydroxyfl at
methyl lactate, ethyl lactate methyl methoxypropmnate, ethyl ethoxypropionate,

methyl methoxypropionate, ethyl pyruvate, propyl pyruvate, N,N-
dimethylformamide, dimethylsulfoxide, N-methylpyrrolidone, and tetrahydrofuran.

81. The photoresist composition of any of claims 43, 47, 54, 62, 67, or 71,
wherein the developing solution for the composition includes an aqueous alkaline

solution.

82.  The photoresist composition of claim 79, wherein the aqueous alkaline
solution includes an inorganic alkali such as sodium hydroxide, potassium
hydroxide, sodium carbonate, sodium silicate, sodium metasilicate, aqueous
ammonia, a primary amind, ethylamine, n-propylamine, a secondary amine,
diethylamine, di-n-butylamine, a tertiary amine, triethylamine, methyldiethylamine,
an alcohol amine, dimethylethanolamine, triethanolamine, a quaternary ammonium
salt, tetramethylammonium hydroxide, tetraethylammonium hydroxide, a cyclic

amine, pyrrole, and piperidine.



di amant anes from the activated carbon and et hyl
al cohol solution. 90. The nmethod of claim86, further

w@ompiseshg the steps of: a) dissolving the waP€r/UBZY€031929
in ethyl alcohol to forman ethyl al cohol solution; b)
addi ng activated carbon to the ethyl alcohol solution
of step a); c) concentrating the activated carbon and
et hyl al cohol solution of stem?) to a concentrated
product; d) dissolving the concentrated product of
st@p C)Tﬂegahﬁ%trgéik%ﬁdait%l danpedclhfhd AVdr 8462287, @174,
e) passing the dissolved concentrated product of step
d)whednein tizghbage sédin camgeibesaoblogkhca-polymet eepseseaicH by dhegeneral
c&loride and tetrahydrofuran fraction and a
t dPFEHédr of uran and ethyl al cohol fraction. 91. The
met hod of claim90, further conprising the step of
recovering di-hydroxyl ated di amantanes fromthe ,
net hyl ene cthTﬁﬁé_%nd tetrahydrofuran fracti pn. 92.
The method of cliaim90, fyrther conprising thg step of
recovering trl-hydroxyrat d di amant anes from {he
tetrahydrofuranEﬁndGeLéylEﬁlcohob fraction. 93. The
met hod of clainq84, furthqr conpqising t he st¢ps of

5 di ssol vi ng t he aeremnptpated prodoet-diAta—t@&Egé excess
of methylene chloride to precipitate a solid, and then
recovering tetra-hydroxyl ated di anantane the
preci piwhdérefd theD tbpeatGshits aBdlactbnereddtaiingf grougpar i ng
di amant ane net hacryl ate, the nethod conprising the
step of: a) adding nethacryloyl chloride to

mogo- hy Aroxyl ALe egglgil@%(g_e)@ylg{ég didhBienek 38EE8d FrOnf 1BE Broup
a reéaction mxture; addi ng an addi tional amount of

10 medduaistiyg ofdi-lghdroxylded alemahtardi, trebpgroayiated shjarnatitane, tega-
the reaction m xture of st a); a C ecover i
o rknaied ekt s FrRet e Pt sl e e steps
step

[ =]

a) reacting diamantane with N-hydroxyphthalimide (NHPI) and
Co(acac), (cobalt (II) acetylacetonate) in a reaction mixture;
15 b) concentrating the reaction mixture to form a concentrated product; and

¢) recovering hydroxylated diamantanes from the concentrated product.

85.  The method of claim 84, further comprising the step of adding additional
portions of N-hydroxyphthalimide (NHPI) and Co(acac), (cobalt (II)

20  acetylacetonate) to the reaction mixture during step a).

86.  The method of claim 84, further comprising the step of dissolving the
concentrated product in a solvent, and then extracting the resulting solution with
water to form a water layer and a solvent layer.

25
87.  The method of claim 86, further comprising the step of subjecting the
solvent layer to silica gel column chromatography to recover di-hydroxylated

diamantanes.



waet@sm3@hs a) addi ng met hacryl oyl

5

10

15

20

25

30

b). 9 . A method of preparing nono-hydroxyl ated
di amant ane net hacryl ate, the nethod conprising the

di - hydroxyl ated di amantane and triethylanne to forma
reaction mxture; and b) recovering nmono-hydroxyl ated
di amant ane net hacrylate fromthe reacti on m xture of
step a). 9 . A nethod of prepd3i-ng nmono-hydroxyl at ed
di amant ane net hacryl ate, the nethod conprising the

ste@pPS Ofpe Akthdd S BRIAREHABEMIOME selRbimris getityene chloride.
di - hydroxyl at ed di anant ane and nethacrylic acid to

forma reaction mxture; b) adding dicycl ohexyl

cay,bodi jm de and .4: di et ' .1 di . :
0t oReeraR 2 slh T, Y BFLASRIGh 1Sl Rs bl fisolving the
MGfferag e oM etIRf altotlbbyein ae ctiigt flaclol lselutiofy addirighwetivated
reaction mxture of step b). . .

carbon to the ethyl alcohol solution, and then recovering tri-hydroxylated

diamantanes from the activated carbon and ethyl alcohol solution.

90. The method of claim 86, further comprising the steps of:

a) dissolving the water layer in ethyl alcohol to form an ethyl alcohol
solution;

b) adding activated carbon to the ethyl alcohol solution of step a);

c) concentrating the activated carbon and ethyl alcohol solution of step
b) to a concentrated product;

d) dissolving the concentrated product of step c) in methylene chloride
and tetrahydrofuran; and

e) passing the dissolved concentrated product of step d) through a silica
gel column to elute a methylene chloride and tetrahydrofuran fraction and a

tetrahydrofuran and ethyl alcohol fraction.

91. The method of claim 90, further comprising the step of recovering
di-hydroxylated diamantanes from the methylene chloride and tetrahydrofuran

fraction.

92. The method of claim 90, further comprising the step of recovering
tri-hydroxylated diamantanes from the tetrahydrofuran and ethyl alcohol

fraction.

93. The method of claim 84, further comprising the steps of dissolving the
concentrated product in a large excess of methylene chloride to precipitate a

solid, and then recovering tetra-hydroxylated diamantane the precipitated solid.

chl ori de t o PCT/US2004/031929
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94. A method of preparing diamantane methacrylate, the method comprising
the step of:

a) adding methacryloyl chloride to mono-hydroxylated diamantane and
triethylamine to form a reaction mixture;

b) adding an additional amount of methacryloyl chloride and 4-
dimmethylaminopyridine to the reaction mixture of step a); and

¢) recovering diamantane methacrylate from the reaction mixture of step

b)-

95. A method of preparing mono-hydroxylated diamantane methacrylate, the
method comprising the steps of:

a) adding methacryloyl chloride to di-hydroxylated diamantane and
triethylamine to form a reaction mixture; and

b) recovering mono-hydroxylated diamantane methacrylate from the

reaction mixture of step a).

96. A method of preparing mono-hydroxylated diamantane methacrylate, the
method comprising the steps of:

a) adding methacryloyl chloride to di-hydroxylated diamantane and
methacrylic acid to form a reaction mixture;

b) adding dicyclohexyl carbodiimide and 4-dimethylaminopyridine to
the reaction mixture of step a); and

¢) recovering mono-hydroxylated diamantane methacrylate from the

reaction mixture of step b).



