NOVEL NITRILE AND AMIDOXIME COMPOUNDS AND METHODS OF PREPARATION FIELD OF
THE INVENTION 0001£ The present invention relates to semiconductor processin comPositions
comprisindvaf?rﬁﬂf? ALY ompounds. The present invention also relates to &%Tbﬁféfa‘ﬁﬁ%ﬁ?ﬂ&ﬁ 8t nitrile
compounds and their conversion into amidoxime compounds for semiconductor processing
compositions. RELATED APPLICATIONS [0002] The application claims priority to U.S. Provisional
Application GHOVELNTEREIEIA SO AMHIRE RS Al € 9P CHENIS0ANBAMICO IR Hinidoxime

compounds” (filed October 29, 2007), andﬁ& 7y v'ski.?{ﬁllAppli ation No. 61/088,817 entitled "Novel
Nitrile and Amidoxime Compounds and Me't'rmg‘t%rvpamtion" (filed August 14, 2008) both of which
are incorporated by reference in their entirety. BACKGROUND OF THE INVENTION [0003] In the
standard FEHURRETd BERINNEBHBI&Circuit, typically more than one hundred steps are carried out

that involve wafer cleaning or surface preparation. These steps range from removing residues
intentiondlPBldceBhErPiaieBLIPNERISH ARl AE%ID SRMIERLUSHTH PTRSASFERIRAINPSTIBOEF step, to the

preparatiQR Aha SHEaRR JOK i SHDSSABE A B OqeRSHkenuFivas oh raROnRE- 9 Asive-prigaatiasurtace,
and to etching itself. As a result, a variety of methods to treat surface are required. [0004] Most

cleaning & Stz 68 BROpRFIHHN Sies aPEEaioTel LATH ARSI R POTARSIS HOF 4SBIF SREMIGHY a
substrateiyyggbgsngﬁggg@ﬁ)ﬁpn. Typically (but not always), the 'cleaning effect of an active species
is increased with itS concentration and therefore, in order to maximize the cleaning effect of the liquid
compositigEtherean ceriFaion gfithr @ctive species is ideally maximized. However, due to cost,
environmental and safety concerns, cleaning and surface preparation is increasingly being carried out
by using qddotz Tompesiiiinativhaidenipaonyeansate. ropassibleghsigesincthocang effect at
lower concentrations, the cleaning or surface preparation may be aided. by the use of some form a
mechan e g e R BN E e SHoBERSR ECLIAG o OCATRLES GrERP 1RGha i @ neec
for chemistties thabearbelrogy, imbattssipglesiaier appliatiin NMoce$4i88,841lemdidessing a variety
of goals in the cleaning or surface preparation process, [0Q06] Ope specific cleaning or surface
preparatior&&‘é‘ijigifﬁlg@msd%@f%?’f&%@g?%ﬁ%%ﬁ?éf ﬁ#&f ﬁésé)rflescﬁ%gsfrﬁ%ﬂmﬁgﬁlc@ﬁ%%%s may be
left on thelgupiaee) obeh sifbshiateaadtar: dopexan plerddrentica MertmiealProcessing. Typically, in
order to remove these residues, a liquid composition comprising a complexing agent is used. The
compleximpOEE ROINEsOF T RN VRN KPACcies by coordination through a non-metal atom. The
resulting complex can serve several functions. For example, if the complex is more soluble than the
metal speldiee3ly isdlf titadidsrefagvat of tioweaples cRernatvieh ¥faectmplixed product is
not soluble | on, I [vati | [ ijm o of the metal
?8@%%%% ét@?&%ﬁ&ﬁ RARIHAING & %Péé&?ﬁg‘ﬂ}%nﬂ@a e%%if?&‘?a%ﬁ. ek

surface. [ lem with current semiconductor processing ag Is that they have a

tendency Heporaygo fservectheit igteerddetunttiviosaldi pleate e thovarticre skitiess Bapsitso to remove

POt MetAR AN M ARHSRRPIEMET.PORRCIAR] SABRRIRN Y8 o LiRda. AR Gy g case with acidic

complexing agents. As a result, the selectivity e processing agents can be reduced.

Accordinglipabisiagdssagietsdbio resemisgnericto oproeessisiy gemadtiacitaimditagigressive toward metal
substrates, jyhilg gggeq@v@%%@{ggggty{%g@%da}fg@g&i&qc&uch as providing for the chelation of metal
ion residues created during the manufacturing process. SUMMARY 10007alln a first aspect, there is
provided £088dJicdviasictinapipe essiigacepripoBhisHaoHApN Siffgcatied st e Bmwekinfeaterhpound
which copjaiigs dy &0k MPLS, AERIFR¥ e U RAIRELAELAG P OPAARHIN, AuvReRRd asRRstudbere s
provided a process for manufacturing a semiconductor device which comprises treating a
semicondletitiaditec sobatrats 1o sReRiisd OMETORIPb M Bf ibhenpresisetiplgatkiictsfarsrils, etching
residues gnglofCRRREHXIARSHRM A SRFRISRIHE IR] UG RYAPRIY BShiR e msmipapductor
device substrate an effective amount™of a processing composition comprising at least one amidoxime
compoundiciPeoataimisienidy R widrazaehi ddRMsEfinsgd Azt otipgronmental and safety

concerns, cleaning and surface preparation is increasingly being carried out by using

dilute compositions. In order to compensate for possible changes in the cleaning effect
at Jower concentrations, the cleaning or surface preparation may be aided by the use of

some form a mechanical energy, such as megasonics or jet-spray processing.



[0008] The present disclosure provides for compositions and kits suitable for use in semiconductor
procession (i.e. residue removal, Chemical Mechanical Polishing (OVEP) and resist stripping)
comprising at least one compound containing at least one amidoxime. The present disclosure further
provides a process for manufacturing a semiconductor device, the process comprising treating a

substrate Wip3] S BicRBRUTIOHRISGeSSHRECRINPRSHRAsCRLH NG 1 MY DRSBTS pIevious claims.
The present disclosure further provides the&se of the semiconductor processing composition of any

one of the kst B R R AT S BT AO I ks 8N BT e HeP RS ITHRR IDSAR G AR T ides a
process fq;r%gm{mqjﬁj@@midoxime for a semiconductor processing composition, the process
comprisin :éa) mixing a cyanoethylation catalyst, a nucleophile and an alpha-unsaturated nitrile to

produce alBY4RbePpttRsA BrotlGRbI 6 AT(BYCIT B A LY SHRP 48 Shp TrmRRab P reddtfRtion product
into an amigximea . [HR09-Qpe-RRDORIMEALDIBS-Biss IRl 8d3 ek SEMHIRARRHEIOR PEOCeSSing

composition comprising at least one compound containing at least one amidoxime functional group.

The semichatiate AisrbdessrymRim SOSTBrAh s BeRiGRS taREaIR Tee clyBirethe i fH16% Bnd aqueous.
Prefere}blype%@edﬁy;g@%mgi, Fér%@?@iﬂﬁzﬁﬁiﬁﬁeﬁiﬂeﬁabﬁigﬁﬁgda@o?ﬁﬁwHg&ﬁf Rraeessiig: In one
embodiment of the disclosure, the semlconductor%i)rocess composition is Used in a process for

manufact fiPRPE SEhrEHE BERSPERIRGERITE TREIRIESHHS b prsrdaating Brsusstraenvilstthe
semicondyglar pt@fe@émgnl\g o, QO] Ehe-anpidiexisne nray bavganyahihsfaliewing
structures: NOHNOHNOHNOH NH2VNREHNR,RbNRaRbR, or tautomers thereof, wherein R, Ra, Rb
and Re arBfiBepbieeiey Seqdpesdl soRAeIRY, HetbridReii tys spmnale?b HigcamBlE - embodiment, the
group direghiy banded o the csatRkea'bRRM hesmidesms:gtionalaaun may be an alkyl group, -
a heteroalkyl group, an aryl group or a heteroaryl group. [0011] In another embodiment, the amidoxime
in the conmPASSINARNS 4HsE BE d BB AEROR BH BOHUERS pRife vith! am ropad Betfased or substituted
acrylonitrilgyf} SUbseoRILAANNATSIPRAT (RN GowR inipaiapudexing (Thenug/sion of the CN

group into an amidoxime may be achieved by reaction with hydroxylamine that is not produced in the

presence HREENMOMOYOBIYAPIReyE HisothBicaAssdaRAEAN SHehcsmipommorshediripigersidast one
amidoxime, lunelianalargum %éﬂﬁéﬁmi&%ﬂ%&%9{9&&%_&@9@9@%ﬁ%@@#&%ﬁéﬁﬁeﬁfﬁ@@a the group
consisting of 1,2,3,4,5,6-hexalcis-043-(hydroxyamino)-3-iminopropyl Hexitol, .

3,3',3", 3"- @sirsHBLY hecipRsi (kb aaEtis PIBEERISEN TSR r & prepahi e daler iy hthe

(ethane-1 z-diylbjstaxyRRis(h Bydeoxyprananisiamide) 3:disHy Ao Ny gspx ypropanimi dami
de, 3,3'-(piperazine-1,4-diyObiS(NT-hydroxypropanimidamide),
3_(2_ethox§@ﬂﬁ@%mw@6§%p@mdgﬁq if& " aggressive toward metal substrates, while
(dimethylaEg)e PN SO N R LR AR ARAD ENSAIR Nis Y69 e helation of meal

(phenylamino)propanimidamide, 3,3',3"-nitrilotris(M-hydroxypropanimidamide), 3,3'-
(2,2-bis((3PRYEFSFA FRRTBAHIRS ShE BRYWREITN B dIPaRES1, 3-di yI)bis(oX y)bi
s(Nhydroxypropanimidamide), 3,3'-(2,2'-(methylazanediyl)bis(ethane-2,1- di yl)bis(oxy))bis(M-h
ydroxyprogm&%e), N,N-bis(3-amino-3-.(hydroxyimino)propyl)acetamide, 3,3'-(2-(N'-
hydroxyearbarnitnidoyflphenylazanediyebis(N'-hydroxypropanimidamide) , 3,3-(2,2'-
(3-amino-3-(hydroxyimino)propylazanedi yl)bis(ethane-2,1-di yl))bis(oxy)bis(N'-
hydroxypropanimidamide), N',3-dihydroxypropanimidamide, NN'- hydroxyacetimidamide ,
N-hydroxy-3-(methylamino)propanimidamide, N'- hydroxybenzimidamide 3,3'-azanedi
ylbis(N-hydroxypropanimidamide), N'- hydroxyoctanimidamide , N'-hydroxy-3-phenylpropanimidamide
, 3-amino-N-hydroxy3-(hydroxyimino)propanamide, 3-amino-3-(hydroxyimino)propanoic acid,
3-amino-3- (hydroxynnino)propanamide, N'1,N'6-dihydroxyadipimidamide, N'1,N'10-
dihydroxydecanebis(imidamide), N-hydroxyisonicotinimidamide, N'-hydroxy-3- methylbenzimidamide,
isoindoline-1,3-dione dioxime, N,2-dihydroxyacetimidamide, 2- chloro-M-hydroxyacetimidamide,
product N'-hydroxy-2-phenylacetimidamide, 2-aminoN'-hydroxybenzimidamide ,
2,2'-azanediylbis(N-hydroxyacetimidamide),
N'-hydroxy-loxo-1,3-dihydroisobenzofuran-5-carboximidamide,.3-aminoisoquinolin-1 (4H)-one oxime or
3-(hydroxyamino)-3,4-dihydroisoquinolin-1-amine, N'- hydroxycinnamimidamide ,
4-cyano-N'-hydroxybutanimidamide and 4-chloro-N'- hydroxybenzimidamide. [00131 In an alternate
embodiment, the compound containing at least one amidoxime functional group in the semiconductor
processing composition is selected from the group consisting of
1,2,3,4,5,6-hexalcis-013-(hydroxyamino)-3-iminopropyl hexitol,
3,3',3",31"-(ethane-1,2-diy|bis(azanetriyl))tetralci%(N'-hydroxypropanimidami de), 3,3'- (ethane-1,2-di
ylbis(oxy))bis(N'-h ydroxypropanimidami de), 3-(diethylamino)-N'- hydroxypropanimidamide,
3,3'-(piperazine-1,4-diyObis(M-hydrox ypropanimidamide),
3-(2-ethoxyethoxy)-N'-hydroxypropanimidamide, 3-(2-(2-
(dimethylamino)ethoxy)ethoxy)-N'-hydroxypropanimidamide, N'-hydroxy-3-
(phenylamino)propanimidamide, 3,3',3"-nitrilotris(N'-hydroxypropanimidamide), 3,3'-

(7 2_hicl((R-(hvdrovyv/aminn)-2-iminonronoyyv, Ymethvinronane-1 2-di



hydroxycarbarnimidoyl)phenylazanedi yl)bis(N-hydroxypropanimidamide) and 3,3'-
(2,2'-(3-amino-3-(hydrox yimino)propyl azanediyl)bis(ethane-2, 1-di yl))bis(oxy)bis(NIh ycirox
ypropanimidamide). [0014] Another embodiment of the disclosure is a method of preparing an
amidoxime for a semiconductor processing composition. .The method may have the steps of (a)
mixing a cyanoethylation cata%;t, a nucleophile and an_alpha-unsaturated nitrile to produce a

cyanoethylatfiff pbduct; R BFcemGshifgratieaeyiied &y Gratis T #reEs8ethylation product
into an amid@ﬁﬁﬂ@sfﬂﬂﬁ%ﬁ%ﬁiﬁg%|&ﬁﬂ$&@lﬂ%ﬁ@%@c@lﬁﬁﬁi§&%¢&@&ﬁ&l%@&'ﬁ%' ion.
Exemplary catalysts include but are not limited to one or more organic ammonium hydroxide,
preferably sémBidesmReNIcE BRI WNsisting of benzyltrimethylammoniurn hydroxide,
dimethyldietfyggmyponiumhydeaxide s isiabubiampanives Ayskoddenlaliasihyamegenium hydroxide,
tetramethylammonium hydroxide, tetramethylammonium hydroxide pentahydrate,
tetrapropylafSFBRAHIteXiae WhikhrBaRpeRsdiIsMonium hydroxide In some embodiments, the
nucleophile containg AYPEBAANArRIRIERARD RS RUCIERRIIS E8RtE 0 QIS RRRAdIMent, the

nucleophile is selected from -NR1R2 and -OH, wherein Rl and R2 are independently selected from
alkyl, heteroBIRF Elsy ICAHIStE O 5| 2H BT SeRBEXIREeR 0B F S A IR FEI BN tER ey cyano group in
the cyanoethylation. REHUGEII AseHiCE-ofRMdRIAmINesin one.chadiment, tbggmidoxime is
fornied by reaction of the cyano group in the cyanoethylation product with hydroxylamine that is not
produced in $hERREEEHEOBIFMERT fAASIOTESTRADHBE SHTBBEIRG HotRIte MBS @TWISrocess for
treating a sugface of.a sybstiate igrgagsmanufacture of a semiconductor for electronic applications. The
process comprises preparing an amidoxime according to the methods described above and applying
the amidoxime to the surface of the substrate: DETAILED DESCRIPTION OF THE INVENTION [0016]
The present#RRStioRhscpaternt S is SeRaB AR SP T OrRE G HI SESRIGAOIS A &SP semiconductor
processing. (044l RETNEGAUELORTRG sSlsL oA ORI AN Aft gARpjconductor
processing composition Is typically substantially free of metal ions. For example, the Total
concentratioandfresestaitions RRrcb S pE e EO (epHrang apTe PR oYy BipS/aidersbPTsss, such as about
10 ppm by weighi, 9k e st JarESamRIe 2RO Hih R RYWLIIBLAK 18552k @S iAneas about 100 ppb
(parts per billion) or less, for example about 10 ppb or less. This requires the composition to have
been treatecsecmietntiydiod fgaiae, HreESAELSE MERTRATENGRIRSCOMPYSHID W Iith FRIaPIsHISI®Tor

example, If the saposiian sambriaas e e AeL ISR eiablk shecilicathe prepared uitra-high
purity water.*In additidn, if glassware that has not been carefully cleaned is used to prepare the
composition disriesiio AstberpreaishsiHto weothnpovitimdfetmpticccsiasswaresifreyebynsaking the
composition Ysuitaplefolus e A% ais SRERRAUGLe LRIQE 838 Nghe prapasitign. v thermore, if reagents
comprising metal ions are used to manufacture or purify the components of the composition, the final
composition PsayisienHlPIRsEst Bat MERNTES GPHIERITEIOUA RSB RMAY Boepreztwsiily handled and
treated. Therygﬁmm%was&gm% °rRiGoRdHE R RIRGRRRING GRIRASHORS can also be
tailored according to its use.’[0018] Semiconductor processing refers generally to any step involved in
the manufacture of an integrated circuit from a semiconductor substrate. Semiconductor processing
includes residue removal, Chemical Mechanical Polishing (CMP) and resist stripping. Thus the
semiconductor processing composition of the present invention can be used in, but is not limited to
use in, residue removal resist stripping, post-CMP clean, and as an additive for CMP slurries. [0019] In
one embodiment, the present invention also provides a kit comprising a semiconductor processing
composition for use in semiconductor processing and a semiconductor treatment apparatus.
Semiconductor treatment apparatuses are well known in the art. The apparatus may, for example, be
a Chemical Mechanical Polishing apparatus. Examples of semiconductor processing apparatuses are
well known in the art. Semiconductor processing apparatus, for example, need to be kept in a highly
clean environment, for example in a clean room environment, so that they are suitable for use in
semiconductor processing. [0020] The term "kit" refers to the combination of the semiconductor
processing composition and the semiconductor processing apparatus. The kit may for example be .
provided to an end user as a single item or the kit may be provided as separate parts and combined at
the point of use. If, for example, the kit comprises a Chemical Mechanical Polishing apparatus, the
semiconductor processing composition may be intended for use either with the apparatus itself (for
example as an additive in CMP) or in a step subsequent to (e.g. directly after) the treatment of a
substrate with the apparatus (for example in a post-&MP cleaning step). [0021] The semiconductor
processing composition of the present invention, whether provided as a kit or by itself, comprises an
amidoxime compound. For completeness, it is noted that the term "compound' includes within its
scope, but is not limited to, small molecules (e.g. having a molecular weight of 1000 or below, for
example 500 or below, such as 300 or below), oligomers and polymers. [0022] The use of amidoxime
compound in semiconductor processing has already been described in US 61/000,727 (to Wai Mun

Lee, entitled "Composition comprising Chelating agents containing Amidoxime Compounds"). This
annlicatinn ic incornnrated hy refarence heareain in ite antiretyy Thie annlicatinn chnowe that amidovime



[0026] The amidoxime molecules can comprise any number of amidoxime functional groups. [0027]
For some embodiments, a greater number amidoxime groups in a single molecule is advantageous
because it allows for multi-dentate binding. Multi-dentate binding is advantageous for a number of
reasons, for example because multi-dentate ligands tend to have higher association constants than
mono-dentate ligands. A higher association constant is useful in, for example, facilitating the removal

of hard-to PERRRRVHEAAEEE fharseirTalcd 1B Est e B s A BERREHIENeR R8T n#Bfo-dentate
ligands is pretemestimsemicapdticior Prasassingsforiexampiedessase Al dheiosypthesis. [0029] In

other embodiments, water and/or solvent soluble ligands are preferred. [0030] The: present invention

further profifeda &%%@gm%aﬁgﬁai%’lgé‘f’ﬁﬁ&ﬁ6%&%%‘\9@%8&%@@5}9&ications, the
process CogppsfifadiRatng &%%Hﬁé@nwiéhrﬁﬁﬁﬁgcmgﬂﬁt%ewﬁﬁﬁﬁiﬁgm@%f%ﬂ?e present
i

invention. In some embodiments, the total concentration of amidoximes in solution will be'1 moldm3 or
less, for eXdhprECenETRnBOFIEYa L IFPETRRY BAfTBdMRenta b Fighi botiee Meatiorr dfiEgRfdoximes will
be used. The amidaXme-iuactionahgruRIONRE Fhe-HB.dmdms fHGIRRAL G may have the
following chemical formula: NON N Ra Rb or salts or tautomers thereof. Firstly considering the
amidoximeFaiERGREPHPERASStERf, [hosrereindiesihehtudss roradbeRemaseniyerogen. In another
embodiment, it apdRi areindenendentyRydrogen Alid fietrEo: aliod allad-atylagralkyl-heteroaryl
groups. R is independently selected from alkyl, alkyl-aryl, or alkyl-heteroaryl groups. In these two
embodimekick irtlidss BrRERAfid6RINS 16 Hhaiale srithetpnsahieoRAunPE BTOERMIRE, in reaction with
a metal ce(ggp@P&ﬂr&{pn can be lost from NRaltt, so as to form a nominally covalent bond with the
metal centre. In another embodiment, NR,Rb is further substituted with It, so the amidoxime has the
following dé#ital FoeattdoN o MRRIRERRNY oh e delo wingusiteetsnsX) balances the positive
charge on the nitr atom. Any conpter-ion may be usgarfor example chloniga: bromide, iodide, a
SO4 ion, a PF6 ioff or a C104 ion. Ré¢t may be independdntly selected from hygdrogen, alkyl, ‘
hetero-alkyl, alk l, or alkyl-hetep@aryl groups. The cdtinter-ion may be si cgarged, doubly
charged or mefe highiwehargedr[0032] this,Aoted tiwet Ra, Rineyrl / or RgCan joinenia,ene another
and/ or joionr?ant%llﬁ S srt€o,[form one or more cycles. [0033] It is also noted that amidoxime can exist
as tautomers: %e ird fadtomer may or may not be accessible depending on the structure of the R
group. ComiporeidB.tRat Byistdridirdse oxdyboiemipselectbdthrafthik v Hewreliormsyaemdncluded
following (IEBIGAGHIS: eyt Gegroub el BRGRHDh ERIEITHE R o° 11°
amidoxime functional group may be an alkyl group, a heteroalkyl group, an aryl group or

a heteroaryi group. .

' [0011] In another embodiment, the amidoxime in the composition is obtained by
rcacti‘on of a nucleophile with an unsubstituted or substituted acrylonitrile and
subsequent conversion of the CN group into an amidoxime. The conversion of the CN |
group into an amidoxime may be achieved by reaction with nydroxylamine that is not
produced in the presence metal jons.

[0012] In yet another embodiment, the compound containing at least one amidoxime
functional group in the semiconductor processing ;::omposition 1s selected from the group
consisting of 1,2,3,4,5,6-hexakis-O-[3-(hydrox yamino}-3-iminopropy! Hexito!,
3,3.3".3"-(ethane-1,2-diylbis(azanetn y]))tetralds(N'-hydroxypropanimidamidc), 3,3
(ethane-1,2-diylbis{ox y})bis(N'-hydrox ypropanimidamide), 3-(diethylamino}-N'-
hydrox ypropanimidamide, 3,3'-(piperazine-1,4-diyl}bis(N'-hydrox ypropanimidamide),
3-(2-ethoxyethoxy)-N'-hydroxypropanimidamide, 3-(2-(2-
(dimethylamino)ethoxy)ethoxy)-N-hydroxypropanimidamide, N*-hydroxy-3-



It is again noted that in some embodiments R may be connected to one or more of Ra, Rb and R.

[0035] Forﬁam&lﬁsg% amidoxime functional group includes within its SCRPS 9{%'8/&\{%%_{‘)3 wherein

Alk is an alkyl group as defined below. The three alkyl groups may be independently sélected or may
be the same. In one embodiment, the alkyl group is methyl or ethyl. The group appending the carbon
centre of the amidoxime functional group [0036] T,uming now to the R group (the grou ‘directly joined
to the cartpengameojrapariildaimeegfodis),-R imbpyrd aivy dioy: yrremser B &8H ateins (including
zero). Whi 3 i S ﬁHH?R no} BQWH{Etﬂ soiehd o -baimese ;WY R polar solvents
such as D%%gé?%{ﬁg @g}tﬁgﬁ%\'{}l%sogmay alséé bg used as Szzl%%go-é%l}l\l/enf Witﬁi\%gtg)% %j?oud[?s having a

greater ninyber phopdsimsdeamdedngd thbE savethidgevsdiviopettidantol dxample surfactant properties.
Thereforediiﬁr]c&ri]siog{rﬂ%&q @}E}d}%ﬁ | ‘dﬂaﬁggﬁ_@é) ,1&9\11-&9@@%@595!‘5’ for example 1 to 6 carbon
atoms. In andther embodimerit, t

erit, the'R group contains’10"or more carbon atoms, for example 10 to 24
carbon atOmdrd@PBThR prenybecstralidg. gréup2(Eother words, a group containing carbon and

nyarogeny KRSl HEHRAERE CRIDAIRIS ipcipb A GenR AR rated greups (i.e. may
contain al %ne :?n a%?ne ﬁj&chyong groups,%ﬁég%rm "alkyl" egncompassﬁe%tj;he’f'ger(rﬁs "alkylene"
and "alkyl{femivithin(itsdsospiahimhpratkylegroed yhaystahanaighk-6 hdived(ex bIRIfENed. [0038] The alkyl
group ma tgf it (i eradkyligraiR 'Hﬁrﬂﬁ%ﬁﬁé??ﬂ@”d hydrogen). The
unsubstitl}4 %@Fﬁ%ﬁ%}‘?ﬁ% @gsgns’atura ed orﬁs%%?éa'ged. Examples of possiple saturated
unsubstitutedtexivgtetougenmatuds edhyt yethinatybsyinemrepepidyersissddyl, n-butyl, sec-butyl,
tert-butyl, qyslaRY, RN (BEAnehed, ahuabIBRENeH RS BraneiRd i anched), hepty
(branchecpg?l(?n ran%%%%), octyl’rgiranc%ed run ran%ﬂed),_nq yl (_branched?br unbranched), and
decyl (braimshred yoctnbradonets) . Satirdesyuhqiisstinrenaaiy dpoids Faemme Yréaderumber of
carbons %@g.y@!ﬁg %ﬂﬁ%ﬁé@l%ﬁ%&'ﬁ%ﬁ%@@{m ARG 881G A/ G5O aay. comprise, for
example, a cyclopropyl group, a cycicobutyl group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyh gaoegyimispeisoptpegrsisp Nal Y dicdhodr pradipandemiee ctlotidéyl group. These cyclic
alky! aroug, (o JeEE ARARNANR.eIA R YRURCL MRk e ANEAG i Apiloxime through one
or more carpon atoms. [0039] Examples of amidoxime compounds containing unsubstituted saturated
alkyl groupstheloeheimidamidaotshinidetine: L,3)0rotrMenoN ROk werimidamide, 2-

chloro-N'-hydroxyacetimidamide, product N'-hydroxy-2-phenylacetimidamide, 2-amino-

N'-hydroxybenzimidamide , 2,2"-azanediylbis(N'-hydroxyacetimidamide), N'-hydroxy-1-

oxo-‘l,3—dihydroisobenzofuran-S—carboximidarnide,'3—aminoisoquinoiin—1(4H)-onc

oxime or 3-(hydroxyamino)-3,4-dihydroisoquinolin-1-amine, N'-

hydroxycinnamimidamide , 4-cyano-N'-hydroxybutanimidamide and 4-chloro-N'-

hydroxybenzimidamide.

[6013] In an alternate embodiment, the compound containing at least one amidoxime

functional group in the semiconductor processing composition is selected from the group

consisting of 1,2,3,4,5,6-hexakis-O-[3-(hydrox yamino})-3-iminopropyl hexitol,

3,3',3",3"-(ethane-1,2-diylbis(azanetriyl))tetrakis(N'-hydrox ypropanimidamide), 3,3'-

{ethane-1,2-diylbis(oxy))bis(N'-hydrox ypropanimidamide), 3~(diethylamino)-N'-

hydroxypropanimidamide, 3,3'-(piperazine-1,4-diyl)bis(IN'-hydroxypropanimidamide),

3-(2-ethox yethoxy)-N'-hydroxypropanimidamide, 3-(2-(2- '

(dimethylamino)ethox y)ethox y)-N'-hydroxypropanimidamide, N'-hydroxy-3-

{phenylamino)propanimidamide, 3,3',3"-nitrilotris(N’-hydrox ypropanimidarnide}, 3,3'-

(2,2-bis((3-(hydrox yamino}-3-iminopropoxy)methyl)propane-1,3-diyl )bis{ox y)bis(N-

hydroxypropanimidamide}, 3,3'-(2,2'-(methylazanediyl)bis(ethane-2,1-



Wrol/2NH3 NONNONNON NOHNON NONNON /WN OH NH3 NH3 [0040] Examples further
include, but are not limited to: NCH

diyDbis(oxy))bis(N'-hydroxypropanimidamide), N,N-bis(3-amino-3-
(hydroxyimino)propyljacetamide, 3,3'-(2-(N '-_

hydrox ycarbamimidoyl)phenylazanediyi)bis(IN'-hydrox ypropanimidamide) and 3,3*-
(2,2'—(3—amino—3—(hydmxyimino)pfopy]azanediyl)bis(ethane-.?_,1—diy1))bis(oxy)bis(N e
hydroxypropanimidamide). |

(0014} Another embodiment of the disclosure is a method of preparing an amidoxime

for a semiconductor processing composition. _Th'e method may have the steps of (a)
mixing a cyanoeth-)flation catalyst, a nucleophile and an alpha-unsaturated nitrile to
produce a cyanoethylation product; and (b).converting at least one cyano group in the
cyanoethylation product into an amidoxime functional gfoup. In one ernbodiment, the
catalyst does not contain metal ion. Exemplary catalysts include but are not limited to
one or more organic ammonium hydroxide, preferably selected from the group
consisting of benzyltrimethylammonium hyd:oxid.e, dimethyldiethylammonium
hydroxide, ietrabutylammonium hydroxide, tetracthylammonium hydroxide,
tetramethylammonium hydroxide, tetramethylammonium hydroxide pentahydrate,
tetrapropylammonium hydroxide and trimethylbenzylammonium hydroxide. In sommne
embodiments, the nucleophile contains oxygen and or nitrogen as the nucleophile centre.
In one embodiment, the nucleophile is selected from —-NR;R; and -OH, wherein R, and
R are independently selected from alkyl, heteroalkyl, aryl and heteroaryl. The
amidoxime may be formed by reaction of the cyano group in the cyanoethylation product
with a source of hydroxylamine. In one embodiment, the amidoxime is formed by
reaction of the cyano group in the cyanoethylation product with hydroxylamine that is
not produced’in the presence of metal jons.

| [0015] Another embodiment of the disclosure is & process for treating a surface of a

substrate in the manufacture of a semiconductor for electronic applications. The process
comprises preparing an amidoxime according to the methods described above and

applying the amidoxime to the surface of the substrate.

DETAILED DESCRIPTION OF THE INVENTION

f0616] The present invention relates to 2 semiconductor processing composition for use
in semiconductor processing.
[0017] Semiconductor processing compositions are well known in the art. A

semiconductor precessing composition is typically substantjally free of metal ions. For



N(Alk)3 wherein ARC is methyl or ethyl and R is an alkyl group, typically but not necessarily straight

chained. R may be for example an alkyl group containing 8 to 25 carbon gﬁ | group is
substitute&’ f %%%50% gxample be substituted at the opposite end of the a%tlg/?}g&rsoi{i(ég@? ex amidoxime

group. For example, it may be substituted antipodally to the amidoxime group by one or more
halogens, for example fluorine. [0041] Embodiments further include alkyl groups appending two or

more amii@xIpIe. fecHsH slogesn petiPb o8 xer b O Nhe2a PrdHRHd BR-BPPe (ParRFMaNBiLliRihere R is an
alkylene QUOBiJRALAIANIEIRN B BBNRG HRIBOLENAINGH RUYIRIC AR 2HGtk aspBipubSILuTed

straight chained alkylene group. Examples of stitable groups include methylene, ethylene, propylene,

butylene Wighylentssheonae hey e piahd 00 apfetRarisgivyaHBoa @TISEHEPECTOIIS AP alkyl group is
unsaturatggl, fmay.0e amygbie-alkykFaups ey avaly isiechexcarl @Iréﬁﬁ?gn%e@rtmore

unsaturated carbon-carbon bonds (so it may contain one or more alkene and / or alkyne groups).
These urigNaEiconRoUREpr R spERmany Henébngatismivifor e amppxiteegroup. [0043] The
alkyl group, mayalse BeritRsttuiRd: With QRO PRIBHSISIGRIDA 9 HEURahielergzRtomS. If more

than one hetero-substituent is present, the substituents are independently selected from one another

unless theyisivaesadnordisanidlislrsewam it Sup (BEnarEils grnpy srsthicontaining
hetero-atgpas oined Io62I0A0-AIAES 6% COMAnER Witindosspenac Hsa cheiwaalklyl” as

discussed below. One or more of the substituents may be a halogen atom, including fluorine, chlorine,
bromine SRaEdKE2IORE o COMRSHQR UIRKAMC LN O, 2DPAROIIPPAUSIPT PEOFFSSEIDOH. In one

embodimgg Jhg P SHIARMIS AL %&%&{@%@9 A8 K oM MBYRlRehe el substituted

with one or more amidoxime functional groups. [0044] If the alkyl group is substituted with =0, the

alkyl groupifaylorapIReRaisE 8y eRRREIGRe s EDH GAMBAHPBI A BIFAHE PBteferably, there is an

enolizable fivgiaasn adiacenidaitishs AnfiH s NQH dhR s adsAcayai@aen:ia thenalpha position to
the carbonyl). The alkyl group may comprise the following functionality; - (CZ)-CH-(CZ2)-, wherein Z1

and Z2 aMaSeREY SR IBRERNTRIFF O AR SO NP CTHBECAMP RIS D R €tk ifer substituted
with hydrogeR.or 2RakyLgouRE joined to the amidoxime functional group. [0045] Thus, an alkyl
group appending an amidoxime group may simply be substituted with, for example one or more

independdithR ke ReTaBEREIHE oSSR REier T gBRRTAL LR AR FE SEROIRYALYSH 2. In one
embodimgph the halegensigsubstitkier abihe astired.der opnesite) semirbiimalky! group to the

amidoxime group. This can for example provide surfactant activistly, in particular for example if the
halogen iBHETHRE [ROHEFCBHERsUIEON SheRifddvrekpicals phshina GréE3rnertly

synthesizgg frons readiyuayvaliabientasting rastetials coRddlibranple pakenct catpauads include,
but are not limited to: ))LO NOH )LOxyO0 NOR NH2 HNH2HOMHz ONOMONOMO&Q}M ONH2
MeONH2Pe i1 oNEE BRI G FREOQ vse in, residue removal resist stripping, post- ciean,

and as an additive for CMP siurries.

[0019] In one embodiment, the present invention also provides a kit comprising a
semiconductor processing composition for use mn semiconductor processing and a
semiconductor treatment apparatus. Semiconductor treatment apparatuses are well
known in the art. The apparatus may, for example, be a Chemical Mechanical Polishing
apparatus. Examples of semiconductor processing apparatuses are well known in the art.
Semiconductor processing apparatus, for example, need to be kept in a highly clean
environment, for example in a clean room environment, so that they are suitable for use
in semiconductor processing,.

[0020] The term “kit” refers to the combination of the semiconductor processing
composition and the semiconductor processing apparatus. The kit may for example bé :
provided to an end user as a single item or the kit may be provided as separate parts and

combined at the point of use. If, for example, the kit comprises a Chemical Mechanical



NH2 H2NHRNNH2 HMeNNH2 NOR HOHNNH2 H2NW "2 OR ORONR1R2 Wherein Rl and R2
are independently-selected alkyl groups or hydrogen atoms. [0048] It sho gﬁ&?not g some of

these molg‘éﬂlé%e%gﬁ%%st as different isomers. For example: H2NOHH2I% %%?sgl %é%géu isomers
can be differentiated by carbon-13 NMR. [0049] R may be a heteroalkyl group. The term heteroalkyl

refers to optionally a first alkyl group connected to one or more independently-selected hetero-atoms
or groupshsfiishing apparatus, the semiconductor processing composition may be intended for use

either with the apparatus itself (for exémple as an additive in CMP) or in a step
subsequerit to (e.g. directly after) the treatment of a substrate with the apparatus (for
example in a post-CMP cleaning step).

[0621] The semiconductor processing composition of the present invention, whether
p%ovideci as a kit or by itself, comprises an amidoxime compound. For completeness, it
is noted that the term “compound” includes within its scope, but is not limited to, small
molecules (e.g. having a molecular weight of 1000 or below, for example 500 or below,
such as 300 or below}), oligomers and polymers.

[0622] The use of amidoxime compounds in semiconductor processing has already
been described in US 61/000,727 (to Wai Mun Lee, entitied “Composition comprising
Chelating agents containing Amidoxime Compounds ™). This application is incorporated
by reference herein in its entirety. This app]ication shows that amidoxime compounds
are effective in semiconductor processing and more specifically can be used in a
composition for removal of metal residues from a substrate. The application also shows
that amidoxime compounds are effective for use in a wide variety of semiconductor
processing steps.

[00623] The semiconductor processing composition may comprise simply an amidoxime
by itself or it may comprise other components. While it is contemplated that the
amidoxime may be used in its gaseous form, usually the amidoxime will be provided in a
liquid composition. Accordingly, the amidoxime may be dissolved or suspended in a
solvent.

[60624] Other components may also be included in the composition. For example, acids
may be inc‘] uded; bases may be included; activators may be included; hydroxylamines
may be included; chelating agents may be inciluded; surface passivation agents may be
included; and surfactants may be included.

[6G25] The solvent in the liquid composition may be water by itself. Alternatively, the
solvent may be water with a co-solvent (i.e. a solvent that is miscible with water) or
water with a separate immiscible solvent. Alternatively, the solvent may be water-free
(e.g. having a water content of 10" moldm™ or less). The amidoxime is preferably
soluble in the solvent system used, although it can be provided in other forms, for

example as a suspension. For example, the amidoxime may be water soluble.



hetero-atoms, which itself is substituted with one or more independently-selected groups containing
one or moreoczaorb QSaZt%mls. The presence of the first alkyl group is optlo.ng _ g%%%‘;l?&‘?dmdoxme
group may be“attachéd directly to the one or more heteroatoms. As an illustrative example, an alkyl
group substituted with an ether group is a heteroalkyl group because the alkyl group is substituted with
oxygen, which itself is substituted with a second alkyl group. Alternatively, an -0-CH3 group is an
example B2 6kteTbaliyiidesime [DOBBLSHRIP ROBBITIE Ry ARYIRHORIATHECXMEIRRSE TRBY have the
following r%ltg)gg%gpal structure: where "n" varies from 1 to N and y varies from 1 to Yn; N varies from 0O to
3; Yn variés from 0 to 5. In this formula, Rl is independently-selected alkylene groups; Ry is
independB7 EelBeteero arilRgimsnfe fe B AIRY NYFObAS ATBIASANS SFOUBS B 3P heterocycle with
the directly 3pRREGING: % RIMAY BRARE A HISEt onth.80-thateAmideximsigrapmisconnected
directly to the one or more heteroatoms. X" is a heteroatom or a group of heteroatoms selected from
boron, niteiifing dxadentesrans, fonaspmeesciisasanshiiT EarRmRaGRESSHHERPE heteroatoms
and eachialkyligroup is iJeREARE Y-S RIESHEL MM QIRANAIIRY dEhe R e dermuladngiudes an
amidoxime group directly bearing an alkyl group. The alkyl group is substituted with N
independasyissfacesnsienbivasefnkiar éﬁo@ﬁs‘@’@ﬂ%éf’éﬂiéﬁéﬁ%s@@é%ﬁ%‘é’fb%%ﬁ‘f@rrﬁ%ﬁﬁof
heteroatos jsdtselfsyRstitygekwith one or more independently-selected alkyl groups or hetero-alkyl
groups. [0051] X is one or more hetero-atoms. For example, X may be or may comprise boron,

nitrogen, B8%88n, Bilkber pRbepimens Sheuishor MATENecBBIHEHEISISPTEIERFYER. In this case, .X may
be part of,ap eHer SIOUREQNiAk ESekARO -6 thed @ndidrs -0-CO-NR2-, -0-CNH-,
-0-CNH-0-, -0-CNH-NH-, -0-CNH-NR2-, -0-CNOH-, - 0-CNOH-0-, -0-CNOH-NH- or -0-CNOH-NR2-,
wherein H003%hd&pethessmbsdicsats aNaiehradiorrelsrsarRipdignnes ﬁé?é?’@f&ifﬁ%roup. In another
embodimﬁfma IS BLRIKAGER OB thisucasso¥ifeax beoealt alanedidhe follawinshaneuns: -NR2H,
-NR2-, -NR2R3- (with an appropriate counter-ion),-NH-00-, -NR2-00-, -NH-CO- 0-, -NH-CO-NH-,
-NH-CO-NRrce fQReAGHNIS-aPRIFALTIN RS DLMEETIPIRINRR U e RE 2 AHBSERIRI YD H-CNN-NH-,
NH-CNHONRor RGN N HRZ G R e NHEGN Rl IR B GRG0
-NH-CNOH-NH-, -NH- NO_HNR%-, -NR2-CNOH-NH-, -NR2-CNOH-NR3-. R2 to R3 are independently
selected ARy bERRS MR BLMABRIPEIS 1 hSRNE AT ik 86 dsmpkdere pr thesnEReFsaMPIGroup and
hetero-ary grauRREY: he ¥ NELBSIutathaasMs Il Hted Wb RS AR 6MBIRAORIANBS Wil DBRUP Of
heteroatoms or itself be substituted with another heteroalkyl group. If more than one hetero-substituent
is presenf}% substituents are independently selected from one another unless they form a part of a
particular functional group (e.g. amide group). [0052] In another embodiment, X comprises boron.
In this caseSEHHF3 PRERRESEER In another embodiment, X comprises phosphorus. In this

case, X Iso comprise oxygen, for example in an -OPQ(O 1 0R2) group.or,an -:0P0(0R2)(0R3)
group. I:@gﬁi‘r ’gﬁ?b%ﬂﬁ?é‘ﬁﬁgg%%%%é r Wp]ﬁ&xq%‘r’%?éfm% e as 5%%& é‘fﬁ}eatrggc?rn é%aa sulphone.
[0053] The term heteroalkyl alsz‘iﬁes within its scope cyclic alkyl groups containing a heteroatom.

If X'is N or O, examples of such grgups include a lactone, lactam or lactim. Further examples of
heteroalkyl groups include azetigh oxetane, thietane, dithietane, dihydrofuran, tetrahydrofuran,
dihydrothiophene, tetrahydrotffiophene piPeriatinelthor shinenpsiotigisef tetrahydropyran, dihydropyran,
thiane, pi i ' thi ' ' i be directly
Joined to T i o Bt s o A oroup. 0054
The heteroali®4 grobpdregzibelnnsotistitarebodimans ttutsd Bitkisrnadspendeatheferdregems or group of
hetero-atQms,or. itself ubsti i )] Q?Hﬁ\g graup. If n
hetero-su%igﬁ/tlﬂéﬁ%%%bgrgﬁén%%%ﬂ&é%ﬁ?ﬁéeﬁggﬁendesritlslé%iégt dl;]i%r%lranagr%] g%tg?her unless
they formfeopasiiof] agbeytienihr duabidhetewup! (Erepnn bnilteghsagmonroeniforddptiva substituents
maybe'aé}qg atqm., including fluori lori i iodine, -OH, =0Q-NI-12_=NH, -NHOH,
o, - O e e ety I o e group
(=NOH). Trseteportiaycgroem! psbireis NVBeRistfasubdotictnoiinaly op valire Aaiidovithéunctional
groups. [RRpAIALINE NEISHRANON SBUB: AGHPRILIE L Ml SRR EIGI AV Ry Rgnay comprise an
aldehyde, a ketone, a carboxylic acid or an amide. Preferably, there is an enolizable hydrogen
adjacent wortidexionengsi the LNOWMitigeherarealsfarmyditogen in the alpha position to the carbonyl). The
heteroalkyl group may comprise the following functionality: -(CZI)-CH-(CZ2)-, wherein Z, and Z2 are
independently selected from 0, NH and NOH. The CH in this group is further substituted with hydrogen
or an alkyl group or heteroalkyl group or joined to the amidoxime functional group. [0056] Amines are
particularly versatile functional groups forlise in the present invention, in part because of their ease of
preparation. For example, by using acrylonitrile as described later, a variety of functionalized amines
can be synthesized. [0057] Examples include, but®re not limited to: WOKNOHWOKNOH RaRaNH2 H
2NN.,...\.,)L NH2 WH2 Rb NOHWOK H2NNH2



Ra WOKWOK H2N/1L,.."" NNH2 H2NNOH WOKNOH H2N)L-'--NA-%V..%%.%)cH2 wherein Ra

and Rb are independently-selected hydrogen, alkyl, hetero-alkyl, aryl, het r%[}él Ikyl-aryl, or
aIkyI-heter%@r% ‘59?8%18[)2;7[0058] R may itself be an alkylene group or a hetesroator%g%gé]f%l% of
heteroatoms. The heteroatoms may be unsubstituted or substituted with one or more alkyl groups. For

example, R may be H, NH2, NHRI, ORI or NR]R2, wherein Rl and R2 are independently-selected alkyl

groups. [0059] R may be an aryl group. The t "aryl" refers to a group comprising an aromatic
cycle. The cycle is made from carbon atoms. The cycle itself may contain any number of atoms, for
example 3 to 10 atoms. For the sake of conyenieqtgynthesis, cycles comprising 5 or 6 atoms have

been found to be particularly useful. An eRample ofNifeBsficsubstituent is a phenyl group. [0060] The
ﬁlfg)'NngU@nmx BrenURRlviEsh AsBachiceRepia i Aarp e e heauen ABHNsuhptiuted arylis:

counter-ion may be used, for example chloride, bromide, iodide, a SO4 ion, a PF; ion or a

ClOq ion. R, may be independently selected from hydrogen, alkyl, hetero-élkyl, alkyl-

~ aryl, or alkyl-heteroaryl groups. The counter-ion may be singly charged, doubly charged

or more highly charged. .
[6032] Itis noted that R,, Ry and / or R can join onto one another and / or join onto R
s0 as to form one or more cycles.

[0033] It is also noted that amidoxime can exist as tautomers:
NOH NHOH NHOH

e e -

F!/lkNHHa R/KNRa - R NHR,

The third tautomer may or may not be accessible depending on the structure of the R
group. Compounds that exist mainly or wholly in one or both of the tautomeric forms
are included within the scope of the invention.

[00634] Accordingly, the amidoxime functional | group includes the following
functionalities and their tautomers:

NOH NOH )Ni )r]i
‘H).LNHZ R)k R R

NRaRpR¢
It is again noted that in some embodiments R may be connected to one or more of R, Ry

and R..

[0035] For example, the amidoxime functional group includes within its scope:
NOH

NRaH NHaPﬁb

R N{AK}
wherein Alk is an alkyl group as defined below. The three alkyl groups may be
independently selected or may be the same. In one embodiment, the alkyl group 1s

methyl or ethyl.



[0061] The aryl group may also be substituted with one or more alkyl groups, heteroalkyl groups, or
hetero-atom substituents. If more than one substituent is present, the sub gwggﬁﬂy%g&ependently
selected POMBRE AFother. [0062] One or more of the hetero-atom substituents may befor example, a
halogen atom, including fluorine, chlorine, bromine or iodine, -OH, =0, -NH2, =NH, -NHOH, =NOH,
-0PO(OH)2, -SH, =S or -S020H. In one embodiment, the substituent is an oxime group (=NOH). The
he giapip anpending thetrEPOFLERIERShEE SmIdOXRIGHINMIIORASEPYI e heteroalkyl
groups are the heteroalkyl groups defined previously. [0063] R may also be hetero-aryl. The term
hetero-aﬂ%brsTWﬁ&ﬂﬂthFBdBecgrﬂﬁﬁﬁmEjW‘afPr#&%cﬂét@’& BT HOPSTULE Wcle. The one
or more ReleraAioms AEedRFE reRHs ibeRleaio thlias: fof e¥amPiRe eI DEIPgesrnxygen, silicon,
phosphorus, and sulfur. Examples of hetero-aryl groups include pyrrole, fur hipphene, pyridine,
melamind byegroum e ViRgAnESSHaHRPsRa! 1 %ﬁé?&%fﬁﬁ?(é‘?)&?t‘ﬁl&%sgﬁég &Y 'lemselves be

substitutegs a1 e xR RIEIE SN aXVRR MDY SRS @ IRY i RS -axide-§o0R4k Tht heiang:aryl group
may be unsubstituted. The hetero-aryl group may also be substituted. [0065] It should}\kée noted that

the heterFRNROPaYIS Sriag BAHTRIRRE &f FEDARGORiAR GRIUP AITYRSTE HREDBSIBHS: f8F example (the

followingsnglequia heinsnapeemeranied R dseuneharipBE NN INKE iedieier ocatylgroup may be
substituted with one or more alkyl roug)ﬁ§ heteroalkyl grqups or, heterg- tom sulstituents. If more than
<

one subsHFERRI8 BrRBENioFE TRt A RO AR h B ATLRTE S8 FBh& Sro#EFR0066] One

or more LG helioreratere sHpRHuesis NayRanipie axample carbalogematom, including fluorine,
chlorine, bromine or iodine, -OH, =0, -NH2, =NH, -NHOH, =NOH, -OP(?&)H%%), -SH, =S or -S020H. The
one or mEHElky RoFetinReaAR HE LEGHG B0 SS EEAYEE S AeSTSHRIS R THE SAE SR Aitte heteroalkyl
glrl?ulps ﬁf@@hﬁgl@@}eﬁﬁé@k&%ﬂ%ﬁ@? E&Wsly.s[fﬁﬁﬁkwthﬁay‘@ﬁmﬁeemaigmteﬁm aryl 3re )
alkyl-aryl groups. The teiin "alkyl-aryl" refers to an amidoxjme group 'hearing (. irectly joined to) an
a|k§| grgL%%?qﬂge(‘a?kW@fGBBt?értyﬁé}f?)flﬁé‘H%ﬁ%@ﬁ}% é’H%RH%@%ﬂ‘%ﬂ’br%h%‘? sE?&W ingl))//, Jwithin the
scope of fhedapafigtaiommhareaalvydhetandaryligromes. (068 hedky| Fhouplyayrbepany alkyl

group previously defined, The aryl / hetergaryl group may also be any aryl group previously defined.
[0069] BAMXRE SHAERFSHAIARY th BRI Aeteroalkyl group may be unsubstituted. [0070] Alternatively,

one or bqtjpsgtheralkylignostp anshiebanmdubetenealkylghupinayphaisebstilitednl) thetalkyl group is
substituted, it may be substituteﬂ with ongﬁf‘)r more heterﬁ-atoms or %roulps co—nta&ning hetero-atoms. If
t saturated.

the aryl / Sk BSEREAY rolREiS SDSHNED A AT B SUBS e AR AQIGPEMENS alkyl groups,
heteroalkyk sfEgiiesdIrpaeias- afamafidbstitubsisutidative] thanpnedubistitventiisprgsent, the
substituents are independently selected from.one another. [0071] One or more of the hetero-atom
substitueﬂ’f@%x}eﬁ”é’,rf?ﬂyix%Bfoé’?ﬁgfb"&gmit%‘?ﬁ Mtéflli)é?ﬁlﬁ iﬂ%'lnrﬁ" S c?%igwgé?ﬁ%'rtine or iodine, -OH,
=0, -NH2¢5ziWigheNbtQh bl y; @B G 2ch&HyGinrarSBdthdptohfbembiadiment, the substituent
is an oxime group (=NOH), The alkyl group m Iso be itself substituted with one or.more, amidoxime
functional E?%BE?féo‘ﬁﬁf%“éﬁ@%ﬁ%ﬂ}ﬁ%ﬂs‘?ﬁgﬁnlﬂ‘f’é’ﬁ ﬁagéﬁl?ﬂsg kY ra?giﬁ% 39‘%%%%% an
aldehydejhrrdetrder-aitbripidit) adishanrd amidetifrett wbly ghers isaame natieatdewdbegen
adjacent tg the =0, =NH or =NOH (i.e- there js a hydrogen in the alpha position e carbonyl). The
S TS BN S B RS I HRA g O, T S g

alkyl gro Bwing TUR&io -, Wherein And 22 are

independeaily seletieditiom Onple angdddPidpThe i, in ¢hidogtoupl igrbwphercsuligtiuted with hydrogen

or an alkyl group or heteroalkyl group or joined to the amidpxime, functional group. [0073] Within the
tope of FEB R e LB AR e R A el
amidoximadrodp besdtidec{iigrdirectBhpsinestti) dihyéteragkyhgyatipcliyebmtedaakyl group is then
itself substituted with an aryl group. Corr ndingly, within the sc of the term_ heteroaryl are also
heteroalk?ff]é&r?/f 193?8 rg%@%ﬁ %%HS&%?&%E@?%?B%g%‘a“&eb‘é‘rgh‘% a%g)% %rrgxﬂ%%%rzr}?gﬁs%oc?egﬁned. The
aryl / heteroaryl group may also be any aryl group previously defined.
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[0075] Both the heteroalkyl group and the aryl / heteroaryl group may be unsubstituted. Alternatively,
one or both of the heteroalkyl group and the aryl / heteroaryl group may be substituted. If the
heteroalky‘lvé)faﬁ?? 4{§§ﬂgstituted, it may be substituted with one or more helfgr’%pgt%’#%%%zé?oups
containing hetero-atoms. If the aryl / heteroaryl group is substituted, it may be substituted with one or
more alkyl groups, heteroalkyl groups or hetero-atom substituents. If more than one substituent is

present, tH038bsttyameleref arigeridenaorapriadarhoi Bing unstheitytdatomebiifibre of the
hetero-at %pmg%m%ye%tf%ﬁmle, a halogen atom, including fluorine, chlorine, bromine or
iodine, -OH, =0, -NH2, =NH, -NHOH, -0OPO(OH)2, -SH, =S or -5020H. In one embodiment, the
substituent is an oxime group (=NOH). Tlwe alkyl grouptrnay also be itself substituted with one or more
amidoxime functional groups. [0077] If the_heteroalkylgtoup is substituted with =0, the heteroalkyl
group may comprise an aldehyde, a kétone'*a carboxylic a¢id or an amide. Preferably, there is an
enolizable hydrogen adjacent to the =0, #XH or =NOH |f’e. there is a hydrogen in the alpha position to
the carbonyl). The heteroalkyl gr Qmpris lowing functionality: -(CZO-CH-(CZ2)-,
wherein Z1 and Z2 are independently selected from @, N1-1 and NOH. The CH in this group is further
substituted with hydrogen or an alkyl ggqup or heterqalkyl group or jgined to the amidoxime functional
group. [0078] A preferred substituent t¢ any type of groupﬁgtg@é\;\galent nitrogen. In other words,
any of the above groups may b€ substit ith~yNRaRbR; wheré :K are independently-selected
R groups as defined herein. In one embodiment, R. to K are unsubstituted saturated alkyl groups
having 1 to 6 carbon atoms. For examplgone or morenef (for example@all of) Ra to 12, are methyl and
/ or ethyl. With this substituyf\th/e.@@ﬁ@le t nitrogen.is preferably dubstituted in an antipodal
position to the arnidoxirne group. For exaniple, if R i§ a stiight-chained tinsubstituted saturated alkyl
group of the form (CH2)., then the tetra-valent nitrogen is atgne end of the alkyl group and the
amidoxime group is at the other end. In this gmbodiment, nijis preferably 1, 2, 3, 4, 5 or 6. [0079] In
one embodiment, the present invem;fw{brwa%ésaan migoxime.molecule that contains only one
amidoxime functional group. In another embodiment, thel present invention provides an amidoxime
molecule containing two or more amidoxime fftictional groups. In f§€t, a large number of functional
groups can be contained in a sl@]e{uglec\ul,ﬁﬂgrmexa i olymer has repeating units having

appending amidoxime functional groups. ExampTes of gmidoxime compounds that contain more than

one amidoxime functionWeen described |[previously througitout the specification. [0080]
Amidoximes may be convenrieritly preparadfro rite<co i}ling/m@@gjﬁe\s as follows: NOH NR,Hb
Typically, to prepare a molecule having Ra = R = H, hydroxylamine is used’ If one or both of 12, and
Rb in the desired amidoxime is not hydrogen, the amidoime can be prepared either by using the
corresponding hydroxylamine or by fur,theueaeti,ag*h,e/gmj,@xime once it has been formed. This may,
for example, occur by intra-molegylar reaction of the amidoxime. [0081] Accordingly, amidoxime
molecules containing more than bne amidoxime fuifétional groups can be conveniently prepared from
precursors having more than.gre niffite gr 82] One preferredtmethod of forming the nitrile
precursors to the amid o& of the 5res entior*#s by nicleophili¢"§ubstitution of a leaving group
with a nucleophile. Nucheqphiles are well ki to the persort-skilled in the art, see for example the
Guidebook to Mechanism in Organic Chemistry by Peter Sykes. Examples of suitable nucleophiles are
molecules having an OH, SH, NH- or a suitajfté CH- group, faesexample one having a low pKa (for
example below about 15). For Gff; SH and
nucleophile in order to augmentgits nucledphilici
suitable base so that it ca t as d'ucleqphil
skilled in the art, see for example the Guidebook to Mechanism in Organic Chemistry by Peter Sykes.
Examples of suitable leaving groupginclude Cl, Br, I, ®tosyl, 0-mesolatexend other leaving group well
known to the person skilled irthe The apilit [
an acid, either protic or Lewis. [0p84] For example,Ja nitrlif& canfe formed a¢cordingly:  [0085] In this
example, R3 is independently selected from alkylene, heteroalkylene, arylene, heteroarylene,
alkylene-heteroaryl, or alkylene-aryl group. RE, is inggpendently selected from hydrogen, alkyl,
heteroalkyl, aryl, heteroaryl, alkyl-heteroaryl, ot alkylfaryl group. X may be any a nucleophile selected
from 0, S, N, and suitable C. N varies from Jeaving group.

]
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[0086] For XI-I = OH, the OH may be an alcohol group or may, for example, be part of a hemiacetal or
carboxylic_ acid group. [0087] For X = NH-, the NH may be part of a prima mine (i.e.
NH2 or Nm-i% 0%\? -, NH-CNH-, NH- CHOH or -NHNR5R6 (wherein I-"\%: é%gﬁr%%?
independently-selected aIkyI heteroalkyl aryl, heteroaryl or alkyl-aryl). [0088] For XH = CH-, wherein
a stabilized anion may be formed. >CH may be selected from but not limited to -CHCO-R5,
-CHCOO 048 CRamplsduoRrg; LeHdo NRER AL TAIGHKRRS, -CHCNH-0R5, -CHCNH-NR5126,
-CHCNOH-R5, -CHCNOH-0R5 and - CHCNOH-NR5R6. [0089] A preferred example is: RO, for
example wherein R5 and R6 are independently- fected alkyl, heteroalkyl, aryl, heteroaryl or alkyl-aryl
or a heteroatom optionally substituted with any these groups. In one embodiment, either one or both
of R5 and R6 are oxygen or nitrogen atoms ngependently substituted with alkyl, heteroalkyl,
aryl, heteroaryl or alkyl-aryl groups, for example: I&G DR6 or RsHN [0090] The compounds may
also be fommdibw&nj/styp&@f nuctbph#nikicRd s etiohkybigngemytvifiead nbeieoh nekespiles. [0091] It has
been foun hat ang Feaciomi R HSHALI e dicur Y URsninie s in el airursors for am

doxime cosrﬁﬂp%
If the alkyl group is substituted, it may for example be substituted at the opposite end of

the alkyl group to the amidoxime group. For example, it may be substituted antipodally
to the amidoxime group by one or more halogens, for examplc fluorine.
[0041] Embodiments further include alkyl groups appendmg two or more amidoxime

functional groups. For example, the amidoxime may be:

HZNTRT NH,
NOH  NOH

where R is an alkylene group. For example, R may be a straight chained alkylene group,
such as an unsubstituted straight chained alkylene group. Examples of suitable groups
include methylene, ethylene, propylene, butylene, pentylene, hexylene, heptylene,
octylene, nonylene and decylene. '

[0042] If the é}kyl group is unsaturated, it may be any of the alkyl groups previously
listed except for having one or more unsaturated carbon-carbon bonds (so it may contain
one or more alkene and / or alkyne groups). These unsaturated group(s) may optionaily
be in conjugation with the amidoxime group.

[0043] The alkyl group may also be substituted with one or more hetero-atoms or
group of hetero-atoms. If more than one hetero-substituent 1s present, the substituents
are independently selected from one another unless they form a part of a particular
functional group (e.g. an amide group). Groups containing heiero-atoms joined to
carbon atoms are contained within the scope of the term “heteroalklyl” as discussed
below. One or more of the substituents may be a halogen atom, including flhorine,
chlorine, bromine or iodine, -OH, =0, -NH,;, =NH, -NHOH, =NOH, -OPO(OH),, -SH,
=S or -SO;0H. Tn one embodiment, the substituent is an oxime group (=NOH). The
alkyl group may also be itself substituted with one or more amidoxime functional

groups.

12



In this example, X bears N independently-selected substituents. Each Rn is independently chosen
from hydrogen, alkyl, heteroalkyl, aryl, heteroaryl and alkylaryl as previousl 2? I IS @ nucleophile
as previouﬁ@l aoe(%%&egg‘?‘ll:’he acrylonitrile may be substituted as desired. [Ogg %%%%%%@n%l% the
acrylonitri le may have the following formula: R6 R4 wherein R4, R5 and R6 are independently
selected from hydrogen, heteteroatoms (i.e. atoms or groups that are not carbon or hydrogen),
heterogrd@@44hikii the stkyhikpupiylsahstitetrst odih=D0d8 | shedHrp InaneQm@ssatamvention also
relates to aidodima. campg HSE-1 SPANGRRALCIRTRLARRSSIRGRIERATErLRY AR addition of a
nucleophﬁzggo an ’%Sﬁ@gﬁutgégg?%lbstifuted acrylonitrile. Once thleroplhilic addition to the
acrylonitriedragacalipesat thdlintethellBteorcaN Q8 firctinializ adysingstandag ¢ themistry known to
the borsopeRiHiscidnbe e o i BRI AR B A ALEIRLRIUEIB SRl 41T

particularty, the present inverition relates’to"a pfocess for preparing an amidoxime for & semiconductor
processin§ Zo{pdsifigh)-thehsreteds eahbrivipindenanisiily s¢ieciedpisie GndBreatbWatbnsaturated
nitrite to - i : ' Y, |

Cyanosth A B S et or tne
prepargti@hﬁcﬁ‘f’@iﬁmmé%ﬁww-s_emiconductor processing because it can be adapted for
producing gpidores hakiee shalaptialfeatemiaiat ionsTRRiRGas R {ilen comprise
the additional step of (c) applying the amidoxime to the surface of a substrate in the manufacture of a
semicodcwidh. devirampiasadroemetomiecappiientinisleuod SpRweasaiomte astals (Hamias. be carried out
in the prespnee ohamaRASHNIAIONFRYShidisrAlRRIIRE R aRassdulisngidigited to a base.

Typically, catalysts used in cyanoethylation reactions comprise metal ions. However, the process can

be adaptétttigqsiddiiccopnaniitd R toe alkrhurpmdadio: HrodesknysEenh oEMd Ay For example,
using a C%%Q&?ﬁ@f%@ﬂe‘?&l?f’éﬁ%m%E{W%a;{ﬂﬁ,ﬂméﬁ%xf@@ﬁefé% 105,415 uiR e G¥RREEthylation
e

catalysts inclu mmonium hydroxide and organic derivatives thereof (i.e. where one or more of the
hydrogenEi8athe Gomaeniuntbativs @N&éﬁé&i’éﬁ@%ﬁﬁi@ﬂlﬁ@&%ﬁﬁ@t& fBHesRE%Gtoups as
previously,defined) JForcraBRIaie fabsismay be selected from the group consisting of
benzyltrimethylammnionium hydroxide, dimethyldiethylammonium hydroxide, tetrabutylammonium
hydroxide, tetraethylammonium hydroxide, tetramethylammonium hydroxide, tetramethylammonium
hydroxide pentahydrate, tetrapropylammonium hydroxide, trimethylbenzylammonium hydroxide (Triton
B). [0096] To take a different aspect, hydroxylamine may be used to convert the cyanoethylation
product into an amidoxime. In non-semiconductor applications, this hydroxylarnine is typically
produced in situ because hydroxylamine itself is considered explosive. This in situ manufacture
typically comprises, for example, the deprotection of [N}13(OH)1C1 with a base comprising a metal ion
such as NaOBu. However, in order to produce an amidoxime that is substantially free from metal ions,
preferably no reagents that comprise metal ions (apart from as unavoidable impurities) are used. Thus,
either the hydroxylamine is provided in its deprotected form or it is generated in situ without using a
reagent that comprises metal ions. Preferably, the hydroxylamine is provided as hydroxylamine free
base. [0097], This cyanoethylation reaction is particularly versatile, especially when applied to the
synthesis of multidentate amidoxime compounds (i.e. molecules containing two or more amidoxime
functional groups). In some embodiments, the nucleophile may have an oxygen or nitrogen centre. In
other words, after the nucleophilic reaction, the nucleophile is connected to the acrylonitrile through
oxygen or nitrogen. In other embodiments, the nucleophile is, for example but without limitation,
carbon centered, phosphorus centered or sulphur centered. [0098] For example, this cyanoethylation
can be used to functionalize compounds having two or more NH groups. In one example, the reaction
can be used to functionalize a molecule containing two or more primary amines. For example: NH2
where n is 1 or more, for example 1 to 24.
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[0099] Further functionalization of a primary amine is possible. For example, a tetradentate
amidoximSi Ior X % the functional equivalent of EDTA, may be convepj f CN NH2
H2N NC Wzﬁ%e%@?r% ?10 is alkyl, heteroalkyl, aryl or heteroaryl. In an altéﬂ%ggﬁg@ggﬁ@d
embodiment, 1210 is nothing: the starting material is hydrazine. An example of this reaction where
R10 is CH2CH2 is provided in the examples. [00100] In a related embodiment, a molecule having two
or more J884Atiaframmesmidecrmeaynds2ee e buoNeriet WABRARA0 is defined as above and

R11 and R12 are independently selected alkyl, hetgroalkyl, arykor hetgroaryl. Again, an embodiment
where R10 is nothing is co‘dﬁemplﬁ;ted. [OOMmple, th@ secapdary amines can be part of a
cyclic system: CN NC whe 1 d RT1 are-defined abeve. example, common solvent used in
semiconductor processing can be functionalized with amidoxime functignal groups. For example:

[00102] Similarky, an oxyge° nucl N8’|?3hile may pe us id to provid 3 nitril precursors to amidoxime
molecules. In one embodi t, ucleopb#eds lcohol:
RO NHz MeO' NH, EtO . Nidg

OH o] NOH

EtMeN

0 N o NOH
uzN)J\) S, HRNMNHQ HMeN N,

o OH 0 NOH M
HEtN)]\/ Ni; R2R1NMNH2 MaN Ny

o OH o OH Y  NOH
/Lk/ NH Et,N)J\/ \‘NH, Wit

NO

H NOH OH GH u
MNH;
o NOH
M HolN NH;
HOHN NH;
o R
' NOH NOH - NOH NOH
HZN/L/ILNHZ N
o OR,

wherein R and R; are independently-selected alkyl groups or hydrogen atoms.

=z
=
5
4
X
[

NH.

o

o R, R,

[0048] It should be noted that some of these molecules can exist as different iéomers.
For example: |
oH ‘ HO
Nl/ Q \IN o
HzN/{\/”\OH HzN)\)J\OH |

The different isomers can be differentiated by carbon-13 NMR.

[6049] R may be a heteroalky! group. The term heteroalkyl refers to optionally a first

alkyl gfoup connected to one or more independently-selected hetero-atoms or groups of
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where R3 is alkyl, heteroalkyl, aryl or heteroaryl. [00103] For example, polyalcohol (polyol) compounds
may be functionalized. Poly-alcohols are molecules that contain more thag&pb%ﬁlgo%%%gwctional
group. As‘gﬁ)é)oi%gﬁ%%ﬂhe following is a polyalcohol: OHNC 0 wherein n 150" or more, for example 0
to 24. In one example, n is 0 (glycol). In another example, n is 6 (sorbitol). [00104] In another example,
the polyalcohol forms part of a polymer. For example, reaction may be carried out with a polymer

comprisingefrsRratayisreisidésation suaptbiied oF meip todrprrdestlytsgleriedogigrPsnits, or
may compise RRlVEIRYIEN: Sade HBIS 53 CORe YRR Lo il ARE ALMYUBQIRSHERRAgMer units).

For example, the polymer may be a block copolymer comprising polyethiylene oxide. For copolymers,

especiallyPbteekecdhp snders MpETOoE Mey SragleshishibEcathicn dhsamnarit Ruredsiainmigaicohol units.
For example , the POIYMRr Hau e MRriaeyp ks QLBMYEIY SRR HYeRkiRRsab anhuneaiie 9. block

copolymers) of polyethylene oxide and polyethylene glycol may be advantageous because the
surfactangprepérseyssfhiseabist Rrosppspiasiyieicd yifesredsberiiel e éopRstdacd®1d5] Carbon
nUC'eoph'Les%&&maamlbr&é{ﬁﬁe,dAMaaxtwgpgmL@le@%%sﬁg newrdming ateferbgxgmple, an enol
group can act as a nucleophile. Harder carbon-base nucleophiles can be generated by deprotonation
of a carbd#%V¥#hile many carbons bearing a proton can be deprotonated if a strong enough base is

provided,qéé}%@ftewmmgam?&mpgra%?ﬁ%%%%se{%&%é%%@%m@ rbon nucleophile,

for example NaOEt or LDA. As a result, in one embodiment, a CH group having a plc of 20 or less, for
example, A5 HidakEI¥§ @ESrotonated to form the carbon-based nucleophile [00106] An example of a
suitable carbon-based nucleophile is a molecule having thesheta-diketone functionality (it being
understood that the term beta-diketope also cover$ aldehydes, esters, amides and other C=0
containing functional groups. Furthe Ofe kpoth e C=0 groups may be replaced by NH or
NOH). For example: CNNCCN wheré\Rl and R2 a R iRdependéhtly selected alkyl groups, heteroalkyl
groups, aryl groups, heteroaryl groups and heteroatoms. [00107] Nitrile groups themselves act to
lower the pKarofiiydaoge fivin the Aphal positiers fbnislindfatt tNeanstHairsdinetim&s eamtsol of reaction
conditions. is erably used to prevent a.cyano compound, once formed by reaction of a nucleophile
Wit acry B o B O T ot B e P e A P SeBh acrylonire
group. Foinerpendietselekeitord df drasslambrdattionatioyiditionss (egadpmpdiature) Gambe used to
prevent this secondary reactian. However, this.pbsgrvation can be taken advantage of to functionalize
molecule@?ﬁ%P & Fe%éé‘éé% aclgr)ﬁnécrzEg éP %egrdénrﬁtrl 5 fghé?f%gllﬁ?e%e. é?rg%kﬁ% €, e %I%&ving reaction
occurs in oasioxamndgrong 1 NG G AE{0Q108hT hecoyamoetthdatioatgroreXs ssually requires a
strong bage as a catalyst, The use of a base catalyst.comprising a metal is not preferred, for example
the wse o o S e B R B R S ycrovice
and potagsiospimyusoxideuifhisris Bedausertren oregatsipnfbaiceamoexisrascampatitidgnthe
amidoxime Cr?c[%%%%@%t?ﬁé%ﬂe%@éér Pr%a%f)%e{i‘&&r?efr?'ﬂk ’%}%%ng‘n% AMiFloxing, %%%%’x‘% fd solution is
not acceptab e for use in electronic, and more specifically, semiconductor manufacturing processes
and as stgbiligediferthy droxiylgrmrndifybebage die ethgl geelipak sehsitivesdeattfioN chemicals.

independently-selected heteroatoms or groups of heteroatoms. Each heteroatom or group

of hetercatoms is itself substituted with one or more independently-selected alkyl groups

or hetero-alkyl groups.

[6051] X is one or more hetero-atoms. For example', X may be or may comprise boron,
nitrogen, oxygen, silicon, phosphorus or sulphur. In one embodiment, X is oxygen, In
this case, X may be part of an ether group (-O-), an ester (-O-CO-), -O-CO-0-, -O-CO-
NH—,V'—O-CO-NRz—, -O-CNH-, -O-CNH-O-, -O-CNH-NH-, -O-CNH-NR;-, -O-CNOH-, -
O-CNQOH-0O-, -O-CNOH-NH- or -O-CNOH-NR;-, wherein R; is independently selected
alkyl group, hetero-alkyl group, or heterc-aryl group. In another embodiment, X is a
nitrogen atom. In this case, X may be part of one of the following groups: -NR,H, -NR- -
., —NR2R3— (with an appropriate counter-ion), -NHNH-, -NH-CO-, -NR2-CO-, -NH-CO-
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[00109] Preferably, alkali bases are metal ion-free organic ammonium hydroxide compound, such as
tetramethylammoniuM_hydroxide, trimethylbenzylammonium hydroxide and the like. In this context,
the term " Sa%ﬂ%g"?ﬁfggﬂs that one or more of the protons in the NH4 cati&cﬁégsﬁ%ﬁéﬁo}%ﬁ%ced by an
organic group such independently-selected alkyl, heteroalkyl, aryl and heteroaryl. [00110] Preferably,
the hydroxylamine used in the synthesis of the amidoxime is hydroxylamine freebase. Preferably,
hydroxylaPrin&HeGeravet irdBil 16 Ndetinly Ry diOxyEmindRat it e\Rith SSHNEdrdiide is not used
because hjg panypsuiiyn inackeptadie saRamipaLag e aRidoxE R melRRgRaN{RoLLL In an
embodiment, the amidoxime ‘compound is'a dendrimer awfﬁ@ amidox me surface groups. Dendrimers
are indivitiiRy-mblEc(RIOhat NRZ QNOIE andiHENNIfhOattdéHed¥OH NGore:NideiMefhition is
well-knowpgn t rt h b i oin t iC I The
branchin\gﬁgﬁi'ht_ maﬁf%g%%g%é’gﬁ)%_cﬁﬁ n%y da %?%%p% %Mé%%%&%@ggﬁggribed as
being a certaipsgetteratidkylrafenpagaiohtmorasyyzdivisiondiocoutha ketehrabnd @RuFendxample, a.

second gﬁ%%@%fﬁ??egg i} b ’?gr%%%ﬁ fﬁﬂ‘?é%?@ﬁ%ﬁfh{@& , QR BR P ENRORAING.IB G present

invention, the de pre rst generation or greater. The outer generation of the
dendrimegreompfibetthenturiaoeitpalips sEypicalty wibrostes beideedlgrogisyforleadrelendron are

the same,[805h2hdiRe AN IHREHNG exempie s [BNIRG uelRa- AL AEegardR as being &

first generation rimer: HO DRON al/NAPNOH CORE Lezz."42z,NH2 DENDRON
al.n.rv' DENDRONNRIRsDESY HRO K pONS TipesstdasionoiomalsgieiyasimplRINAEH2-CH2-N
moiety, W?I’Ngi dendron surface groups each comprising an amidoxime moiety. As described in Sup
ramolecufar Chemistry by Steed and Atwood, similar second generation dendrimers can easily be

ConStrUCtﬂﬁH:ﬂ In another embodiment, X comprises Eoron. In this case, X may also comprise
 oxygen. In another embodiment, X comprises phosphorus. In this case, X may also
comprise oxygen, for example in an -OPO(OH)(OR2) group or an -OPO(OR;)(OR3) ‘
group. In another embodiment, X comprises sulphur, for example as a thiol ether or as a
sulphone. a
| [6053] The term heteroalkyl also includes within its scope cyclic alkyl groups
Contai_ning a heteroatom. If X is N or O, examples of such groups include a lactone,
lactam or lactim. Further examples of heteroalkyl groups include azetidines, oxetane,
thietane, dithietane, dihydrofuran, tetrahydrofuran, dihydrothidphene,
tetrahydrothiophene, piperidine, pyroline, pyrolidine, tetrahydropyran, dihydropyran,
thiane, piperazine, oxazine, dithiane, dioxane and morpholine. These cyclic groups may
be directly joined to the amidoxime group or may be joined to the amidoxime group
through an alkyl group.
[0054] The heteroalkyl group may be unsubstituted or substituted with one or more
hetero-atoms or group of hetero-atoms or itself be substituted with another hetercalkyl
group. If more than one hetero-substituent is present, the substituents are independently
selected from one another unless they form a part of a particular functional group (e.g. an
" amide group). One or more of the substituents may be a halogen atom, including

fluorine, chlorine, bromine or 1odine, -CH, =0, -NH;, =NH, -NHOH, =NCH, -
OPO(OH)z, -SH, =8 or -SO,0H. In one cmbodimént, the substituent is an oxime group
(=NOH). The heteroalkyl group may also be itself substituted with one or more

amidoxime functional groups.
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-N.-- ON H2 H2N Raney Co H2 H2NNO H [00113] The inventors have found that dendrimers are a

particularly, versatile way to provide an amidoxime functional group. This i _ ecause
dendrimer)(évf))ré)g\/glg é%ﬁé?‘gﬁglar structure and facilitate the provision of multi-dgé't[%a%jga%@c@%ﬁe molecules.

Their properties can also be conveniently tailored by varying the make up of the core and the
dendrons. [00114] Several examples already given in the specification can be considered to be
exampledM¥hkt detheratiorralondgroupsi havhsl ittt betgronby! SIdgeMiude: [00115] It

Is noted t&%gﬁ%‘%noﬁlﬁ[?s%g,/lﬁle%éaﬁé%ﬁa@€a996§§ﬁ&£9}64ﬁdaﬁv'ﬂﬂﬁa.aP}E?BPng?,fﬂ'n@?éi%ﬂl group as well

as the surface groups. [0 ] Accordingly, using a dendrimer comprising amidoxime functional

groups iscaciishigl b o gstiiedintsnayoohp riicindaeniaiH corisat ids ydesitoMguctor
processing sIBRRILAN. eRRAlACTYIRNLIG AR RerdRpils dorRiaRdTaRARRigll versatle for

the synthesis of dendrimers comprising amidoxime surface groups. The dendrimer amidoxime

compoursgionaier -46doldiiy-{6 Tt imheitionZe sip s oV drrsRsientn redsa e PaupS, preferably
two or mqegy amidexpe S iaee IS JOP ki Hethegs el eynihesizas gandemersgre well known

to the person skilled in the art. A divergent dendrimer synthesis allows for a dendrimer having regular
surface geeRiBapisicremrkiugtedr cuivesddrythe eaHderdBstiyBRdPRALESRthesis allows dendrons with

different ppiige HAHRSS-DSIRFAURPIARA IR this desdiimen shesehyeationing dustier [00118]

Preferably, the' dendrimer is a first generation dendrimer. With higher generation dendrimers,
purificationvshtten dererifhse daeih SRECCANRITRARILL WRIR L PSR RlenBYtfdREdendrimer, preferably

the dendrpn SUKACR JEQURSAIGIANRENE TN EPE N AHE L HARIR CEAIBeYoRALeMS. [00119] One

particular class of compounds that can be produced using the above advantageous cyanoethylation
methodolé¥p7d: G amyloninciude, but are not limited to: ‘ -

NOH

NOH NOH NOH
SN NH, “\r? NH,  HzN N7 NH,
. Ry .

H

L I j’i{/\ /\/ii‘iH
HzNJI\/\T/\‘)j\NHz H,N N NH,
Ry

e

HoN NOH

NOH NOH
)‘\/\ R /\/u\
HoN NN NH
H H

HON NH;
NOH NOH NOH NOH :
)L\/H \)J\ Jk/ RB\/JL\
N N
HaN NH, H N NH, NOH NOH
J]\/ﬂ\)l\
HoN

wherein R, and R,, are independently-selected hydrogen, alkyl, hetero-alkyl, aryl, hetero-

NHs

aryl, alkyl-aryl, or alkyl-heteroaryl groups.

[0058] R may itself be an alkylene group or a heteroatom or group of heteroatoms. The
heteroatoms may be unsubstituted or substituted with one or more alkyl groups. For
example, R may be H, NH;, NHR,, OR, or NR;R», wherein R, and Rz‘ are
independently-selected alkyl groups.
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or substituted versions thereof (for example synthesized using a substituted acrylonitrile), wherein Ra
is an aryl ﬁ{;&%ﬁg@qugroup having an aromatic group in conjugation Wit?é’%ﬁj#&%@fé/ 'gd)gen. These
compounds may be synthesized from the corresponding compounds having a free -NH2 and reacting
with an unsubstituted or substituted acrylonitrile. [00120] In particular, Ra may comprise a substituted
or unsubstituted six-membered heteroaryl group directly joined to the nitrogen (i.e. therefore having an

aniline cdi®08PnhRcpaLEEHIARY BEBPo P BIBIor HeréBiSTHOr S ORI RS He a substituted or
unsubstituted nhenwd; P yiidy e PUEGY NS OE G A5P- ThispERdiEas s iedeaingrojass of

oximes: HON or substituted versions thereof (for example synthesized using a substituted
acrylonitrieyis el eRp e ahexaMBlFiAd 1P ¥empolinaaiakitrf Ay SUsPESSPtAS Shove class of
compoungds:; Qr-apstiliied veisianmieIeobiar Rxamrlesyatnesiaay uskid a Axkstiisd acrylonitrile).
This class of compounds’is a particular versatile example of the more general class of multidentate
amidoximR® E6YhpeRisHecs RUPRFRNEIRERscope of the present invention. Other components of the
SemiCO”%@IﬁI}pf%%%?rkﬁ%&ﬂlgQﬂﬂﬂ@@ﬁ:ﬁ%éhm@i@@ﬂs&mm&a&pie%mmmdﬁﬁ@ription is
applicable to any of the embodiments described above. A semiconductor processing composition
accordindPe8mRE AistastbaUEHESMdy contain one or more selected from the group consisting of
water, solvent, acid, bases, activators, compounds hawing a redox potential and surfactants, sources
of fluoride ions, chelating agents, and abrasives. A) ) ater [00121] Within the scope of this invention,
water may be introduced into the compositiorrgssentially only in chemically and/or physically bound
form or as a constituent of the raw materi dmpounbl& B) Solvent (which is not water) - from
emiconductor processing composition of the present

about 1% to about 99% by weight. [0012# ‘
invention also includes 0% to about 99% b sfght and more typically about 1% to about 80% by

weight of er miscihle organic solvent, where t ent(s) is/ar R fie ghosen from the
group of \@ﬂé‘?ﬁmigg%ﬁe%%%%% ot grifst(s)r?bFnsg gﬁ%@%éﬁ] o%%ééﬂr?t{]s%%om%ogﬁ%%s’of the invention
include fromeatzdkiyilStotpsboUteT&% afoonsairound®s . idfaborg BB firosnbsboiant i6 poeapdiut 85%, from

about 1969 ghout 90% oM AR 10,8098 It JiThABR 19 to about 979 by weight of the
water miscibie organic solvent. F(%l %‘j xamples of watermiscible organic solvents include, but are
not limite d0@%52]imetiy tacetamidé OMKE)aNm ethyti pyantiidiap he (NeRNRIEhDR9geolidone (NEP),
N-Hydroxyethy! Pyrrolidene P).N- idon HR) dimethylsylfoxi MSO),
ARG e (HE S iphiid Buitalifonie (UR) dime May faderd

Sulfolane, dimethyftorrmami (NMFE), formamide, Monoethanol amine
(MBA), DighodlarfiRe(Qithieth§ B-2=5ipe ritior@ 1D MRy, sndrphiend, Nenmabphisingé INadxide (NMNO),
tetrahydrofurfuryl alcohe I I 0 I abe-Ralypropylene
glycols,~g%/%é%é{%iégfg\:éﬁ%g?g?g%gggt%l?gegtm%%& yc%??r%?ﬁ%yg%gol, proeylene carbonate,
hexylene piigciolasharbtherenn g opan desmod v spropais] terdigtanaskspgrarmsuigiiarslycol, hexylene
glycaol, et L‘%}?%Qf col methyl ether, ethylene glycol ethyl ether, ethylene glycol propyl ether, ethylene
glycol monho-n-butyl ether, diethylene glycol methyl ether, diethylene glycol ethyl ether, propylene
glycol meff63thR orprapgltstheicuigioby ErrteTyt BEieretayY bicters I Me ¥ngiPiiXy, ethoxy or butoxy
tiglycol, IDQRYRIBOR GRRBRANOLS-MEHY I skhmevowarel PRARAEDS SRyROhLBKIY! ether and
other amides, alcohols or pyrrolidones, ketones, sulfoxides, or multifunctional compounds, such as
hydroxyasiiias ase ipdrpsarelibisscderiohitire Sos RiRRl e NpERRs THEYERT: TRpRefdlit® solvents,
when emgm%%ﬂoﬁsg dimsthviaceiamisiesand cienetivi o RshiRgridane piimath visafoxide and
N-methylpyrrolidinone, diglycolamine, and monoethanolamine. C) Acids - From about 0.001% to about
15% by wighhfoe1pwfinesibriaming arsaaitHiFpcifaine artidigringahhe J6IGEpHR{EYthese are
compatiblg with fhe Oofher ingirdicnts,dnaranitacids dRaiHge huiashinimasidyurgfieric acid,
sulfuric acid, phosphoric acid, phosphorous acid, hypophosphorous acid, phosphonic acid, nitric acid,
and the liRaTidingali©d€Rls include monomeric and/or polymeric organic acids from the groups of
unbranchgghgafureieoiid/nsairaisshnenasaiboiicacidsTat Hasched satuiptath paiasaurated
monocarboxylic acids, of saturated and unsaturated dicarboxylic acids, of aromatic mono-, di- and
tricarboxyikPaléSdof sugar acids, of hydroxy acids, of oxo acids, of amino acids and/or of polymeric
carboxylic acids are preferred. [00125] From the group of unbranched saturated or unsaturated
monocarboxylic acids: methanoic acid (formic acid), ethanoic acid (acetid acid), propanoic acid
(propionic acid), pentanoic acid (valeric acid), hexanoic acid (caproic acid), heptanoic acid (enanthic
acid), octanoic acid (caprylic acid), nonanoic acid (pelargonic acid), decanoic acid (capric acid),
undecanoic acid, dodecanoic acid Gamic acid), tridecanoic acid, tetradecanoic acid (myristic acid),
pentadecanoic acid, hexadecanoic acid (palmitic acid), heptadecanoic acid (margaric acid),
octadecanoic acid (stearic acid), eicosanoic acid (arachidic acid), docosanoic acid (behenic acid),
tetracosanoic acid (lignoceric acid), hexacosanoic'&cid (cerotic acid), triacontanoic acid (melissic acid),
9c-hexadecenoic acid (palmitoleic acid), 6¢c-octadecenoic acid (petroselic acid), 6t-octadecenoic acid
(petroselaidic acid), 9c-octadecenoic acid (oleic acid), 9t-octadecenoic acid (ela d ¢ acid),

9c,12c-octadecadienoic acid (linoleic acid), 9t,12t-octadecadienoic acid (linolaidic acid) and
QOr 12 15e-neetadecatriennice acid (lhinolenie acid)




[00126] From the group of branched saturated or unsaturated monocarboxylic acids: 2-
methylpenialainagid, #-ethylhexanoic acid, 2-propylheptanoic acid, 2-butylaciangigatide
2-pentylnonanoic acid, 2-hexyldecanoic acid, 2-heptylundecanoic acid, 2- octyldodecanoic acid,
2-nonyltridecanoic acid, 2-decyltetradecanoic acid, 2- undecylpentadecanoic acid,
2-dodecylhexadecanoic acid, 2-tridecylheptadecanoic acid, 2-tetradecyloctadecanojc acid,

2-pentaddBnatsbaridibaprics hal s R Eh At EAY ShEMSEREMERETOSHITE acid.

[00127] FresasherangHR:oheiebsanehembsatunaies oleUforatwiates slecoldricabaxylienaatdsd propanedioic
acid (malonic acid), butanedioic acid (succinic acid), pentanedioic acid (glutaric acid), hexanedioic acid

(adipic ach)2FePRTE®acid (pimelic acid), octanedioic acid (suberic acid), nonanedioic acid
(azelaic acid), decanedioic acid (sebacic acid), 2c-butenggjoic acid (maleic acid), 2t-butenedioic acid
(fumaric acid), 2- butynedicarboxylic acid (acetylenedicdfboxylic acid). [00128] From the group of
aromatic mono-, di- and tricarboxylic acids: benzei ag'j',L{- carboxybenzoic acid (phthalic acid),
3-carboxybenzoic acid (isophthalic acid), 4- cdrboxylffenzoid*#cid (terephthalic acid),
3,4-dicarboxybenzoic acid (trimetlitic acid), a icarboxybenzoic acid (trimesionic acid). [00129]
From the group of sugar acids: galactoniccid, nfannonic acid, fructonic acid, arabinon c acid, xylonic
acid, ribonic acid, 2-deoxyribonic acid, algi|nic acid. [00130] From the group of hydroxy acids:
hydroxyphenylacetic acid (mandelic acid), 2- hydroxypropionic acid (lactic acid), hydroxysuccinic acid
(malic aci@?‘,ed'tét-eﬁiFﬁdh&iS?Bﬁt@ﬁédﬁ%i%@%‘i’(ﬁ”{F%ﬁﬁﬂE SRTNT RTANSYL ErOURh RiPEé¢Arboxylic acid
(citric aci%o@gwme@g%an@xdmy@@ng.oy i (aliois atishaam S &eiihdroxybenzoic acid
id).

(gallic acid). [00131] From the group of oxo acids: 2-oxopropionic acid (pyruvic acid) and 4-

oxopentafthe HEM e e RRIES D0 130T AR Th 8 BUP R amino acids: alanine, valine, leucine,

isoleucinggpgatinepy BigRba L MReMeRlniiemMeEihiRNne SIX¢PE, BRERSIOSIMIdBERONINE,
cysteine, asparagine, glutamine, aspartic acid, glutamic acid Iﬁ;@@ arginine, and histidine. [00133] In
T

: . MG , argi
ohe emb et HRE RYERTE T SE BRI 2 iR T oD RbtiEN Formibiaiom about
0.001% te-signt O QyHYSiohi allerravelpirommahmidt domircaley! iRl adierartivghy from about

0.1% to about 15%, alternatively from about 0.01% to about 12.5%, alternatively from about 0.001% to
about 5%85J4RRRAIGARTISI DY BUSEE OROAT TBBTM T4 96 KBLERNB: B el R 1%4] Possible
bases arefithrrdeRigape Biases or organic bases provided these are compatible with the other
ingredients. _Inqrganic bases include sodium- hydroxide, Jithium hydroxjde, potassiym hydroxide,
armmoniu T aro A e RE 0 SRS i CHTAE bASEARS o e e Ly

alkylammgasfiimdysl egndexiviiciroaaibinelnge: hutipaingblinaied)tes tekdneeshylamisaniym hydroxide
(TMAH), TMAH pentahydrate, benzyltetramethylarnmonjum hydroxide (BTMAH), TBAH, choline, and
Tris(2. by BN A Gy oREE EFENA LSy WA AIRHRNE e
semicondiketasir heessing aesnpsitianecontdigsolipm about 1% to about 45%, alternatively from about

1% to ab %, alternatively from about 1% to about 20%, alfernati t 1% to about
30%, ATl R RGPS e o S50 EPHAGEI) Oh ABOG LS8t Bt 4096 by weigh o

base(s). Meietvsiafrofiipmagnst Be0tikarid gloopt R6%ohylweaighid@0136] According to the present

invention, emjcanductar processing compasitions comprise one or. more substances from the
aroup of JNE Ao G AL P8 Db o e B o A ertcular
tetraacety@diglenadiamitiec{y Adnb pivbabydinthdesk i padicutal iNenanbhbytsteediningee tNOSI),
acylated phenolsulfonates, i rticular n-nonanqyl-. or igononangyloxybenzenesulfonate (n- or
iso-NOB§5’ AN r?—%ﬁ%}ﬁ‘%b%ﬁg |r?(|i§|¥?agcrgf]§nllfrﬁ"§,}gt &t ey sﬁl?&?@ %Iﬁ)ll)%t 18 'm{meoaﬁgfemary'
compounchireinauoisahirometohio @0thi bin pvsight-prefes abiyteomyD Mboet&dh dyaweighy and in -
particular from Ito 10% by weight,. i ch.case based on the total composition to enhance the
bxidation Lt P e T SR S e S S B B Rices s the
formula, Xd&1d-a@mHBHd2udrB. If more than one substituent is present, the substituents are

independently selected from one another.

[0071] One or more of the hetero-atom substituents may be, for example, a halogen

atom, including fluorine, chlorine, bromine or iodine, -OH, =0, -NH,, =NH, -NHOH,

=NOH, -OPG{OH);, -SH, =S or -S0,CH. In one embddiment, the substituent is an

19



[00137] in which R1 is -H, -CH3, a C2_24-alkyl or a C2.24-alkenyl radical, a substituted methyl,
substituted C2.24-alkyl or substituted C2.24-alkenyl radical, wherein the substituted radicals contain at
least one SUBSHIEA#FOm the group -ClI, -Br, -OH, - NH2, -CN, an alkyl-aryF SFSREANEEH radical with
a C1_24-alkyl group, a substituted alkyl-aryl dr substituted alkenyl-aryl radical with a C1.24-alkyl
group, at least one further substituent on the aromatic ring; R2 and R3, independently of one another,
are choseRrift@gréubl R-BNHCH3e-AIR §Pefii B, fikP2albiBeGtdd [ WbKGHBYE GHB onC bt 23R,
-CH2-CH2-QH, -.%#O?TCH? -CH2-CH2 CH2-0H, -CH2- CH(OH)-C113, -CH(OH)-CH2-CH3, and
-(CH2CH%5]&’—‘|‘, &ft hoznf, § %’u% 5 or 6 and X is an anion. [00138] A semiconductor processing
compositi@zicorfling aitay giotiprialbybsitiain frdth abothaligd%raapboyt 259phsewwright, alternatively

from about 1% to about 10%, alternatively from about 0.1% 10 %, alt jvgly from about
0.01% to %{81%&5%0%%&%%% |3Iégf3c/’ % 3}% %%08{ §] fbﬁ%fget'oiz\rgé%lftaﬁ%%&&%%el ig'g%]t1 %@%?#actlgvator. G)
Compoungsifaengdiudeationtandedidian pbiektial ¢. Brerm iakdut @bl thabipit25% by weight
[00139] These compounds in hydroxylamine and its_salis.,su hydro ine chloride,
hydroxylé?ﬂ?ﬁtéoﬁifpa@-'e? Flaf %@gdrr’?ljﬁ%%%ﬁia%?W&F&ﬁ%ﬁ#ﬁ%%ﬁ%ﬁﬂﬁ%l3%%% elrgl\%lltglﬁgs, such as

N, N-diethiifghORy{afine i cPdi e B aydrdx ianmdepétyidrabiselapgdté derBatiid spkdydtdden peroxide;
persulfate salfs, pf ammonium, potassium and, sodi rm nat It ssium, sodium; and
other soﬁg&%{b‘%}@%&feﬂ% elss?e ected }%S?ﬁt t%&)g‘yé{&hfglﬁo g#r%g? %?: gplg?a% ?ét%o r%%onohydrate, perborate
tetrahydratrepaikarigonate; jeitsdnerdef aandocombinativnsadhgeaf. For environmental reasons,

hydroxylamine-p hate is_not preferred. [001 e [ ' a d as
ingredier?@gv%ﬁlxi::%g] é%té%ﬁesg??ﬁ%)?otr?é%zenﬁn% ﬁt%.n% g%ﬁﬁ%%?a%ﬁ%ﬁ%%ﬁ&é? S?cﬂ%%ﬁﬁor example,
dibenzoyl‘perenidityFartihie rdfpical engemidaompgumeshwiuiotg iawedodddyigrireditation potentials are
the peroxy acids, particular.ex les.being the .alkyl p: V. &Cl tk I cids.
%tsmaﬁtﬂ%%}% rl‘ﬁezi‘ax)e roal Qgﬁ%ou 15 h‘}/gl{;ﬁﬁ s%é%u?éédwrx]t% gﬁyé[ﬁ’?/ g%%\g/}ﬂg

Preferred represe are ( erox Zoic acl s ring substituted d €es, such as
alkylperoxydoesspoidantls, voithial soeperpeyof thaptiindictexidrsihareredsmbsiornatiyhond pimieiate, (b) the
aliphatic stityted aliphatic, peroxy aci h ' ' y i id,

e phihal oo A e T Cr T A AR ey HREUR 7
o-carboxyleesrparpidppepory aproiccaoiyl, Ay @reny lpreidopdyatiipiredcid and

N-nonenm'a bﬂ%ﬁf?ﬁ%ﬁ%ﬁg’?gﬁ%ﬁg@ﬂﬁmq 9l iphalls RE RN CAIb BNl a6Rusch as

1,2-diper c acid, xyazelaic acid, diperoxysebacic acid, diperoxybrassylic acid,
the diperaXphiialidyacios op kieeyifibeostphrakng ararplivid Hedryl / heteroaryl group may be

N,N-terep i( | roj ' micandietar processing
compositis(i)&ﬁ?sgg:%%!ﬁr ir?%q rg}a@%t%gtﬁ’%ﬁ%%@%ﬁ%n%&ﬁgﬁgﬁqéggk%%%&%25% by weight, alternatively
from aboud¥shcabattmo s, givepsaaiuiiTiogrhalsoeamnd tf Hiowtyl bosieeerhetaly ffom about
0.01% to 0, Qlternatively ; 0Q12 ROML 2 0YHMeighiaf Qupds having
oxidation %%gHr{e%%gc{tfg%%%n%%ﬁ%@%&ﬁ?a%%&ggtg [501(%2] Preferab]é}!y%}hgg%emiconductor
processinieEmpositivpsitdemoh alfyraer phige sTdyUR GRS fi tHE SR pBSITERYHFBAAEBSUt 0.0% to
about 15% x\a%i&mﬂé?&%%%?ﬁ%ﬁ%l?&hép one embodiment, the semiconductor composition
comprises from about 0.001% to about 15%, aI'terna_tiver from about 0.01% to about 10%,
alternative##Tim @noat 012% ab BB AGLBY6HGTI/EIGRE BEBICYRErEEISERIND! P00 14R % urther possible
group of iggredientRiale #SShe BieCaR NIeXING AEPNISENRie ComRleKincNagenisiaig substances

which form cy¢lic compounds with metal ions, where a single !igand occupies more than one
coordinatioNGHe 68 daHiva- 8tbivSi f i§ GrRidstnnae srakodigienisba sEPsHEEHRas Fbompounds are

thus normgliy glgsed '89!1\%9?3}?'%@5@%%&&?@@%5%9iﬁ%iﬁ%%sﬁhﬁéa%mﬁ%ﬁ borgded ligands

depends on thecoordination number of the central ion. Complexing groups (ligands) of customary

complex fomsipr peliHneionileiioMdsdi acetic acid, hydroxyquinoline, thiourea, guanidine,

dthiocargate, AONEEIASH ASTIIRITIS. ARIBARYSEIGHE RALtokaXg! LRANaFRNO, mercapto,
S,

1,3-dicarbonyl and crown ether radicals, some of which have very specific activities toward ions of
different FRILNESTED BIANFER tAKPAAS0 SSS BRI prRI] 9F ity aRtiER, Kisipoddin e dsétomplexing

agents of e PEQE Afdtenemashalonctodlitarent chrmigal grenis S eigRG &halalpg/complexing

agents include the following, individually or in a mixture with one another: 1) polycarboxylic acids in
which theadpkg BesiiOBAPIBRWAPRIS BRI HGERBKYI GFEUP SNVt IBHYTSS, %ﬁéﬁlﬁéwn&onic acid; 2)
nitrogen-GaRLAKHAR: 0 Sfcmlge@mw%%%dz, SHED A5:€ [ detRvlanerianirelaapselic acid
(EDTA), N-hydroxyethylethylenediaminetriacetic acid, diethylenetriaminepentaacetic acid,
hydroxy-ethyliminodiacetic acid, nitridodiacetic acid-3-propionic acid, isoserinediacetic acid,
N,N-di(ri-hydroxyethyl)glycine, N-(1,2- dicarboxy-2-hydroxyethyl)glycine,
N-(1,2-dicarboxy-2-hydroxyethyl)-aspartic acid or I@rilotriacetic acid (NTA); 3) geminal diphosphonic
acids, such as e.g. 1-hydroxyethane-1,1-diphosphonic acid (HEDP), higher homologs thereof having
up to 8 carbon atoms, and hydroxy or amino group-containing derivatives thereof and

1-aminoethane-1,1-diphosphonic acid, higher homologs thereof having up to 8 carbon atoms, and
hyvdroyy, or aminn Aarolin-containina derivzativvee thearanf 4 aminonhonenhonie aride <rich ac



[00145] The compositions according to the invention may thus also comprise anionic, cationic, and/or
amphoteric surfactants as surfactant component. The compositions may comprise from about 10 ppm
to about 5YOAEPHAREly from about 10 ppm to about 100 ppm, alternativRyf fHSH#EE8EE49.001% to
about 5%, alternatively from about 0.01% to about 2.5%, alternatively from about 0.1% to about 1% by
weight of one or more anionic, cationic, and/or amphoteric surfactants. 1) Source of fluoride ions -
From an arAoat Nodlt TROCH io thddgrioymieifint i80S oedoeiohfldmiga wrmialdiyde, but are not
limited to, ammorgiﬁm bg)lgol:ide, ammoniucrin fl%(l)ride ﬁl-uoyg(droflyoric.a\ciq, sodium hexafluorosilicate,
fluorosilic’R BEF" FIRA &ML BTOMR AL KL [86 nf'i e sltranrﬁic%}r?([j’l?cr:’t%r%?ggéssing composition may
optionally[@878&in Arprefabied 000k kntaaboy t iR yreighis altennativety framgeiboun1% to about
10%, alternatively from about 0.1% to about 10%, alternatively fr 0.01% te,aboyt 1%,
alternativgqy'/’efrrc\)’vng%/r égbwo?ggm 8'aout 85/31})3)7 w%.%hf %?uaeéé(ﬁ}tc?le"o %(J?trff‘dév ?B%?%afgor%%ives [00148]
The compesiticep@htie pyesdaitédRnifonpnay ddfiacbinpriae AboasivestatimsetirRCheRieat Mechanical
Polishing. Abra i\t/esdalretwetllgnﬂcwp to the ersonlsk%i)llﬁeg i%trfl]ea rt. E?@%@%ﬁ@%ﬁg%? include but
are not Iir%ﬁse‘%i)i;()l S AN KTl a.%%ﬁg%afhnegcompor%n?s 0 cﬁ?es;c aime cgmbosnions can be
metered amsterikéldbir situpistipudr Rigpahsing tethye substratelsylifavétfiohiscatrmeneifutbermore,
analytical devices can,be nstalledto,moniior he composition and.chemical ingredianis can be
reconstituted to mixtire Yo the gpem ICatioN 10 denver the ¢ ning‘performance. Eritical parameters
that can hgoupniforec anghie efih ysicatraigh tebleniediupsopetities ot sheaodywésitgnoupudttas pH, water
concentration, oxidatign/reduction patential and solvent com nts.. Exempla idoxime
compouna&%,"fb@%?‘V@ﬁre%?n?ﬂgaﬁ%lee@o%%g AUS ﬁasréeb%necﬁorese?r% ytf(; r?ggiéﬁggn gs chelating
agents, itamildosinmdexsiposl bythetpersad. skillddsintthedirnthattie prfayapbrforiy 3evervaldifferent
functions,_For example, they may be surfactants, corrosion inhibitors, radical inhibitors, or surface
passivation agents. For example, if the amidoxime is in conjugation with an aromatic system, the
amidoxim@é&y havena towbodicketiortipopeedealt ame: there fore bie ssantablelfonmsaradeaudival inhibitor
and! or congsion Ihibilor andyer2-surlaesarssivation agent HheRsrsensilsdinde art will
recognize that the gént?e Cc emlsny a amléo‘cfrqmé)compoun s offer can be taken advantage of in
many differemitoappcitiess oEbitoxonteaceoidancetohtgubyothe manddimdoXiaseused herein
indicates the pr a ' : ord "may:. .sypstituted with
"is prefergg%ggr%?g'%/%%élIg/h?%g@%i %&r{@?agﬁ;(%l %@ﬁ@v%@&é%%gﬁﬁgﬁrﬁiﬁ%mpounds can
be suitabkirfgie usel¢auise foorposition arpbhroce Se Ofcpra prasntsiesmiDrp@hgiagicular interest are
hose aMIBRUMGSORIRANKS bAgit. BUGPARHEIAT S SHER B LR HAMRIR, NOse
selected from the examples that follow. These exemplary amidoxime compounds also include a
reaction phameay foriteiiney fnesn DB InnvnbasmBbedintad pethedusiyehtoigibet die or more
amidoxi {:?i?}%%ﬁ%ﬁq from the group consisting of
1,2,3,4,5,6-hexalcis-0[3-(hydroxyamino)-3-iminopropyl Hexitol,

3,3',3", 3" {(HiBlhe AR dilyibiStanan SRigoNetiS R RreRgthd SAropanienfgamiamg molecules
3,3'-(etha}5‘§ef3ﬁ%-\g§ylbis(oxy))bis(N'-hydroxypropanimidamide), 3-(diethylamino)-N'-
hydroxypropanimidamide, 3,3'-(piperazine-1,4-diy1)bis(N1-hydro&§ ypropanimidamide),

3-(2-ethoxyethoxy)-N'-hydroxypropanimidamigg, &3 ¢ (2- NO
(dimethylamino)ethoxy)ethoxy)-N-lryetaxypropantnigamide, IN'-hydroxy-3-
(phenylamino)propanimidamide, 3,3',3"-nitri|otris(N-hydroﬁypcﬁsa\nimidamide), 3,3-
(2,2-bis((3-(hydroxyamino)-3-iminopropoxy)methyl)proparie-1,3-diy¥¥f(oxy)bis(Nhydroxypropanimida
mide), 3, 3% T i [ ne-2,1- diyQhis( ' . r imidamide),
NS e LA R S e
hydroxychdsaefiRicod JBheniflazasieed QwidoXqngdsogiirviraginidbeniduiosBe (an be

(3-amino-3- Iming) ' i -2:1-chi -
yIDbis(oxg}sg(ﬁps%%gﬁ%%r%g%%g%ﬁi?n%gg?n%%%%gd hyg’F ﬁ%z“;?r%%gﬂ e Te e the
hydroxyaeetideiianaidece N trasdrestyi@rredtiianiio) dropxamtiaet e, IN igatfosidgsezimidamide |
3,3'-azanpe(;ié/t§ IsEOY Ay drosdegpanimidamide), N'- hydroxyoctanimidamide ,

N'-hydroxy-3-p enyipropanimidamide , 3-amino-N-hydroxy3-(hydroxyimino)propanamide,
3-amino-3-(hydroxyimino)propanoic acid, 3-amino-3- (hydroxyimino)propanamide,
N'1,1\16-dihydroxyadipimidamide, NI,N10- dihydroxydecanebis(imidamide),
N'-hydroxyisonicotinimidamide, N'-hydroxy-3- methylbenzimidamide, isoindoline-1,3-dione dioxime,
N',2-dihydroxyacetimidamide, 2- chloro-N'-hydroxyacetimidamide, product
N'-hydroxy-2-phenylacetimidamide, 2-aminoN'-hydroxybenzimidamide ,
2,2'-azanediylbis(Nt-hydroxyacetimidamide) , N'-I3idroxy-
1-oxo-1,3-dihydroisobenzofuran-5-carboximidamide, 3-aminoisoquinolin-1(411)-one oxime or
3-(hydroxyamino)-3,4-dihydroisoquinolin-1-amine, N'- hydroxycinnamimidamide ,
4-cyano-N'-hydroxybutanimidamide and 4-chloro-N'- hydroxybenzimidamide. [00154] In another

oambodiment of the invventionn the nne or more arnidovime ic caelactad from the Aarnilin concictina of



Nitrile (N) Amidoxime (AO) 3 3-hydroxypropionitrile N',3-dihydroxypropanim damide 4 Acetonitrile

NN'-hydro%%yﬁ%ﬁéi%%igﬁ%ide 5 3-methylaminopropionitrile M-hydroxy-3-(m%;g¥l/%gg&@9{9ﬂ§nimidamide
2IVdie [ _

Benzon rile roxybenz rnidade 3,3' iminodipropionitrile 3,3'-azanedi
ylbis(N'-hydroxypropanimidam de) 9 octanonitrile N'-hydroxyoctanimidamide 10

[0081] Accordingly, amidoxime mo!e;u]es containing more than one amidoxime
functional groups can be conveniently prepared from precursors having more than one
nitrile group.

[0082] One preferred method of forming the nitrile precursors to the amidoximes of the
present invention is by nucleophilic substitution of a leaving group with’a nucleophile.
Nucleophiles are well known to the person skilled in the art, see for example the
Guidebook to Mechanism in Organic Chemistry by Peter Sykes. Exampies of suitable
nucleophiles are molecules having an OH, SH, NH- or a suitable CH- group, for example
one having a low pK, (for example below about 15). For OH, SH and NH-, the
hydrogen is optionally removed before acting as a nucleophile in order to augment its
nucleophilicity. For CH-, they hydrogen is usually removed with a suitable base so that
it can act as a nucleophile.

[0083] Leaving groups are well known to the person skilled in the art, see for example
the Guidebook to Mechanism in Organic Chemistry by Peter Sykes. Examples of
suitable leaving groups include Cl, Br, I, O-tosyl, O-mesolate and other leaving group
well known to the person skilled in the art. The ability to act as a leaving group may be
enhanced by adding an acid, either protic or Lewis. |

[0084] For example, a nitrile can be formed accordingly:

| . -
R juXH
Y\R 3/<:N (Ruin o N . i
" \R/ (RD}NX\
3 ) R3

OH

NR, Ry,
[6085] In this example, R3 is independently selected from aikylene, heteroalkylene,
arylene, heteroarylene, alkylene-heteroaryl, or alkylene-aryl group. R, is independently
selected from hydrogen, alkyl, heteroalkyl, aryl, heteroaryl, alkyl-heteroaryl, or alkyl-
aryl group. X may be any a nucleophile selected from O, §, N, and suitable C. N varies
from 1 to 3. Y is a leaving group.

{6086] For XH = OH, the OH may be an alcohol group or may, for example, be part of
a hemiacetal or carboxylic acid group.

[0087] For X = NH-, the NH may be part of a primary or secondary amine (i.e. NH; or
NHR;), NH-CO-, NH-CNH-, NH-CHOH- or -NHNRsR¢ (wherein Rs and Rg are )
independently-selected alkyl, heteroalkyl, aryl, heteroaryl or alkyl-aryl).
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3-phenylpropion rile N'-hydroxy-3-phenylpropanimidamide 11 ethyl 2-cyanoacetate
3-amino-N- -3-(hydroxyimino)propanam de 12 2-cyanoace c acid f
3-amino-3- hy%ﬁ%i’}é/sl%r’%ﬁo)propanoic acid 13 2-cyanoacetamide 3-amino-f&]yg%??/%)Fﬁ%‘%ropanamide
WO 2009/058277PCT/US2008/012240 Table 1: Exemplary Preferred amidoxime compounds Nitrile
(N) A midoxime (AO) 15 adié)onitri le :

[0088] For XH = CH-, wherein a stabilized anion may be formed. XH may be selected

from but not limited to -CHCO-R;, -CHCOOH, -CHCN, -CHCO-ORs, -CHCO-NR;sRs, -
CHCNH—RS, -CHCNH-OR;, -CHCNH-NR;R¢, -CHCNOH-R;, -CHCNOH-OR; and -
CHCNOH-NR:Rs.

[0089] A preferred exampie 1s:

o 0 O O

wherein Rs and Rg are independently-selected alkyl, heteroalkyl, aryl, heteroaryl or
alkyl-aryl or a heteroatom optionally substituted with any of these groups. In one
embodiment, either one or both of Rs and R¢ are oxygen or nitrogen atoms optionally
independently substituted with alkyl, heteroalkyl, aryl,‘heteroaryl or alkyl-aryl groups,

for example:
0 0 0 o

. ROMORB or RsHNMNHRG

5
[6090] The compounds may also be formed by any type of nucleophilic reaction using
any of the above nucleophiles.
{6091] It has been found that one reaction in particular is particularly versatile for

producing nitrile precursors for amidoxime compounds:

OH
CN ~

' (Rn}Nx N
CN (R, )\XH
N (Rninx\) " |

In this example, X bears N independently-selected substituents. Each R, 15

NR,R,
independently chosen from hydrogen, alkyl, heteroalkyl, aryl, heteroaryl and alkylary! as

previously defined. X.is a nuclle()phile as previously defined. The acrylonitrile may be

substituted as desirad.
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N'1,N'6-dihydroxyadipimidamide 16 sebaconitrile N'l,N'10-dihydroxydecanebis(iidamide) 17
4-pyridinegarbon ri '-hydroxyisonicotinimidamide 18 m-tolunitrile
N'-hydrox&?-r%ﬁg) )é/g%%rzzirnidamide 19 phthalonitrile isoindoline-1;3-dioneP |F5Q{fsf’1‘,’30 ( 192@4c(:}olonitrile
N',2-dihydroxyacetimidamide 21 chloroacetonitrile 2-chloro-N'-hydroxyacetimidamide 22 benzyl
cyanide

[0092] For example, the acrylonitrile may have the following formula:

wherein R4, R5 and R are independently selected from hydrogen, heteteroatoms (i.e.
atoms or groups that are not carbon or hydrogen}, heterogroups, alkyl, heteroalkyl, ary}
and heteroaryl.

[0093] Accordir’xgly, the present invention also relates to amidoxime compounds for
use in semiconductor processing prepared by the addition of a nucleophile to an
unsubstituted or substituted acrylonitrile. Once nucleophilic addition to the acrylonitrile
has occurred, the intermediate can be functionalized using standard chemistry known to

the person skilled in the art:
Cn ‘ CN

NN Rolux base -
’ (Rn)Nx T4 {Rn}NX
R

where Y is a leaving group as previously defined.

[0094] More particularly, the present invention relates to a process for preparing an
amidoxime for a semiconductor processing composition, the process comprising: (a)
mixing a nucleophile and an alpha-unsaturated nitrile to produce a cyanoethylation
product; (b) converting at least one cyano group in the cyanoethylation product into an
amidoxime functional group. This process is particularly suited for the preparation of an
amidoxime for use in semiconductor processing because it can be adapted for producing
amidoximes that are substantially free from metal ions. This process may further
comprise the additional step of (c) applying the amidoxime to the surface of a substrate
in the manufacture of a semicodcutor device for use in electronic applications.

[0095] For example, step (a) may be carried out in the presence of a cyanoethylation
catalyst. This catalyst may be a base but is not limited to a base. Typically, catalysts
used in cyanoethylation reactions comprise metal ions. However, the process can be
adapted to produce an amidoxime for a semiconductor processing composition by, for

example, using a cyanoethylation catalyst that is substantially free from metal ions.
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N'-hydroxy-2-phenylacetimidamide 24 Anthranilonitrile 2-amino-N'-hydroxybenzimidamide 25 3,3’
iminodiac %}'}Iéei%%'-_?zanedi ylbis(N1-hydrox yacetimidamide) 26 5-cy [

N'-hydroxy-1-6Xo- gjlhydroisobenzofuran-S- carboximidamide 27 2-cyanopf1eny+aé:8§ ozﬁ?trile

3-aminoisoquinolin-1(4H)-one oxime or 3- (hydroxyamino)-3,4-dihydroisoquinolin-1-amine 29
cinnamonitrile N'—hydroxa‘/cinnamimidamide 30 5-hex ynenitrile 4-cyano-N'-hydroxybutanimidamide 31
4-chlorobssgnagianoethylation catalysts include ammonium hydroxide and organic dervatives

thereof (i.e. where one or more of the hydrogens on the ammonium cation is
independently substituted with one or more ‘R’ groups as previously defined). For
example, the catalyst may be selected from the group consisting of |
benzyltrimethylammonium hydroxide, dimethyldiethylammonium hydroxide,
tetrabutylammonium hydroxide, tetracthylammonium hydroxide, tetramethylammonium
hydroxide, tetramethylammonium hydroxide pentahydrate, tetrapropylammonium
hydroxide, timethylbenzylammeonium hydroxide (Triton B).

[6096] To take a different aspect, hydroxylamine may be used to convert the
cyanoethylation prodhct into an amidoxime. In non-semiconductor applications, this
hydroxylamine is typically produced in situ because hydroxylamine itself is considered
explosive. This ir situ manufacture typically comprises, for example, the deprotection of
{NH;(OH)ICl with a base comprising a metal ion such as NaOBu. However., in order to
produce an amidoxime that is substantially free from metal ions, preferably no reagents
that comprise metal ions (apart from as unavoidable impurities) are used. Thus, either
the hydroxylamine is provided in its deprotected form or it is generated ir sity without -
using a reagent that comprises metal ions. Preferably, the hydroxylamine is provided as
hydroxylamine free base.

[0097] This cyanoethylation reaction is particularly versatile, especially when applied
to the éynthesis of multidentate amidoxime compounds (i.e. molecules containing two or
more amidoxime functional groups). In some embodiments, the nucleophile may have
an oxygen or nitrogen centre. In other words, after the nuc}eéphilic reaction, the
nucleophile is connected to the acrylonitrile through oxygen or nitrogen. In other
embodiments, the nucleophile is, for example but Without limitation, carbon centered,
phosphorus centered or sulphur centered.

[0098] For example, this cyanoethylation can be used to functionalize compounds
having two or more NH groups. In one example, the reaction can be used to

functionalize a molecule containing two or more primary amines. For example:

G e SN G
HoN NH, N N

H H

where n is 1 or more, for example 1 to 24.
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4-chloro-N'-hydroxybenzimidade Table 2: Exemplary Preferred amidoxime compounds Amidoxime
from cyangethylated compounds (AO) 1,2,3,4,5,6-hexakis-043-(hydroxyaming)-3-imingpropyl hexitol
3,3',3",3--E‘Mﬁ2{110(5,-)1'35,%ZﬁyIbis(azanetriyl))tetrakis(Nhydroxypropanimidamirl;g‘(%ar'g!?%Szogg}&%%8
3,3'-(ethane-1,2-diylbis(oxyDbis(N- hydroxypropanimidamide)
3-(diethylatnino)-N-hydroxypropanimidamide 3,3'-(piperazine-1,4-diyObis(N-hydroxypropanimidamide)
3-(z_ethowﬂbxﬁmhpr]ﬁms@@mbggﬁﬁwd@frﬁigémary amine is possible. For exampie, a

3-(2-(2-(dige A nmRia e SR AN NY SHONRLRRARBIIARIER: of EDTA, may be -
N-hydroxy-4,4-dimethy1-5-oxopentanimidamide 2,2-bis(3-amino-3-(hydroxyimino)propyl)malonic acid
N'-hydrox§eBv@striiydenmelipropanimidamide 3,3',3"-nitrilotris(N'-hydroxypropanimidamide)
2,2-bis(3-amino-3-(hydroxyimino)propyl)malonictégid 2-(3-amino-3-(hydrexyimino)propylamino)acetic
acid 2-(bis(3-amino-3-(hydroxyimino)propyl)amingjﬁri\cacid CN

R ____..--"N
N/ 21l
NG\) I
CN

wherein Ryg is alkyl, heteroalkyl, aryl or heteroaryl. In an alternative conceived

. ——NH,
R0 —

" embodiment, Ry is nothing: the starting material is hydrazine. An example of this
reaction where Ryg i1s CH,CHj; is provided in the examples.
[06100] In a related embodiment, @ molecule having two or more secondary amines can

be functionalized:
NC

CN
—HNRyy r\
R11N/Rw —E

1
where R is defined as above and Ry; and Ry; are independently selected aikyl,
heteroalkyl, aryl or heteroaryl. Again, an embodiment where Ry is nothing is
contemplated.

[060101] For example, the secondary amines can be part of a cyclic system:

CN

HN/RW\NH RW\N
~. o
Ry Ry
NC

where R and R, are defined above. For example, common solvent used in
semiconductor processing can be functionalized with amidoxime functional groups. For
example:

o

OO

and ° : o
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NI,N'1,N3-trihnydroxypropane-1,1,3-tris(carboximidamide) Cyanoethylated Compounds (CE)

1,2,3,4,5,6-hexaki % -. kyanoetyl)hexitol
3,3‘,3",3"'%%%@? , -%iylbis(azanetriyl))tetrapropanenitrile PCTIUS2008/012240

3,3'-(ethane-1,2-diylbis(oxy))dipropanenitrile apsnu auudord(oununiAtpay)-E
3,3'-(piperazine-l,4-di(i£/0dipropanenitrile 3-(2-ethoxyethoxy) propanenitrile 3-(2-(2-(dimethylamino)
ethoxy) eI rSimaiteiyeraB AXX SThISH PRI IR Ma HEFH RPN SIF IRPESHE BR D) s cl-Cc 2
[Antall) 3 phesyiaminokaipranaide AxbBmeiirioi nioRaprmitileR ddiss-cyanoethyl) malonic acid

2-(2-cyanoethylamino)acetic acid 2-(bis(2-cyanoethyl)amino) acetic acid propane-1,1,3-tricarbonitrile
Nucleophilic compounds

or
N R,0 N/
\\\/CN = \) Ki
—————giii P -
R;0 .
‘ NR R,

where Rj; is alkyl, heteroalkyl, aryl or heteroaryl.
{00103] For example, polyalcohol (polyol) compounds may be functionalized. Poly-
alcohols are molecules that contain more than one alcohal functional group. As an

example, the following is a polyalcohol:

oH ' e
NC/\[ o
HO\A/OH T 0\/{19\/0\/\
" - Ja CN

wherein n is 0 or more, for example 0 to 24. In one example, n is 0 (glycol). In another
example, n is 6 (sorbitol).

[00104] In another example, the polyalcohol forms part of a polymer. For example,
reaction may be carried out with a polymer comprising polyethyiene oxide. For
example, the polymer may contain just ethylene oxide units, or may comprise
polyethylene oxide units as a copolymer (i.e. with one or more other monomer units).
For example, the polymer may be a block copolymer comprising polyethylene oxide.
For copolymers, especially block copolymers, the polymer may comprise a monomer
unit not containing alcohol units. For example, the polymer may comprise blocks of
poiyethylene giycol (PEG). Copolymer (e.g. block copolymers) of polyethylene oxide
and polyethylene glycol may be advantageous because the surfactant properties of the
blocks of polyéthylene glycol can be used and controlled. 7 _
{60105] Carbon nucleophiles can also be used. Many carbon nucleophiles are known in
the art. For example, an enol group can act as a nucleophile. Harder carbon-based
huc}eophiles can be generated by deprotonation of a carbon. While many carbons
bearing a proton can be deprotonated if a strong enough base is pfovided, it is often more
convenient to be able to use a weak base to generate a carbon nucleophile, for example
NaOEt or LDA. As aresult, in one embodiment, a CH group having a pK, of 20 or less,

for example, 15 or less, is deprotonated to form the carbon-based nucleophile
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Sorbitol ethylenediamine ethylene glycol autweiAtoa!p , piperazine 2-ethoxyethanol 2-(2- di methyl ami
no ethoxy)‘%thanol isohutyraldehyde diethyl malonate OQUffillU ammonia di lycine
(mono cya ge%wﬁgl}t:’gavglycine (dicyanothylated malononitrile ?WBE}%QE‘E&% _

[00106] An example of a suitable carbon-based nucleophile is a molecule having the
beta-diketone functionality (it being understood that the term beta-diketone also covers
aldehydes, esters, amides and other C=0 containing functional groups. Furthermore, one

or both of the C=0 groups may be replaced 'by NH or NOH). For example:

| CN- NG N

where R, and R; are independently selected alkyl groups, heteroaikﬁ groups, aryi
groups, heteroary! groups and heteroatoms.

[60107] Nitrile groi;ps themselves act to lower the pK, of hydrogens in the alpha
position. This in fact means that sometimes control of reaction conditions is preferably
used to prevent a cyano compound, once formed by reaction of a nucleophile with
acrylonitrile, from deprotonating at its alpha position and reacting with a second -
acrylonitrile group. For example, selection of base and reaction conditions (e.g.
temperature) can be used to prevent this secondary reaction. However, this observation
can be taken advantage of to functionalize molecules that aiready contain one or more

nitrile functionalities. For example, the following reaction occurs in basic conditions:

CHN CN
: CH

cN
[00108] The cyanoethylation process usually requires a strong base as a catalyst. The
use of a base catalyst comprising a metal is not preferred, for example the use of an alkali
metal hydroxides such as, e.g., sodium oxide, lithium hydroxide, sodium hydroxide and
potassium hydroxide, This is because these metals, in turn, can exist as impurities in the
amidoxime compound solution. The existence of such metals in the amidoxime
compound solution is not acceptable for use in electronic, ahd more specifically,
semiconductor manufacturing processes and as stabilizer for hydroxylamine freebase and
other radical sensitive reaction chemicals.

[00109] Preferably, éikali bases are metal ion-free organic ammonium hydroxide

compound, such as tetramethylammonium hydroxide, trimethylbenzylammonium
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"EF, t-- 0 00 HE] sc 90 (N1 N SE 6E of, 1Z4rl I cv Table 2: Exemplary Preferred amidoxime
compoun% &%b@%@% from cyanoethylated compounds (AO) PCTIUS2008/012240

hydroxide and the like. In this context, the term “organic” means that one or more of
the protons in the NH; cation has been replaced by an organic group such independently-
selected alkyl, heteroalkyl, aryl and heteroaryl. |
[00110] Preferably, the hydroxylamine used in the synthesis of the amidoxime is
hydroxylamine freebase. Preferably, hydroxylamine generated in-situ by reacting
hydroxylamine sulfate with sodium hydroxide is not used because this can result in
unacceptable contamination of the amidoxime by metal ions.

[00111] In an embodiment, the amidoxime compound is a dendrimer having amidoxime
surface groupé. Dendrimers are individual molecules that have a core and dendrons
attached to the core. Their definition is well-known in the art. The core has a branching
point, onto which dendrons are attached. The branching point may be a single atom or it
may be a group of atoms. Dendrimers are described as being a certain generation, |
referring to how many divisions occur in each dendron. For example, & second
generation dendrimer comprises dendrons with their own branching point. In the present
invention, the dendrimers are preferably first generation or greater. The outer generation
of the dendrimer comprise the surface groups. Typicaily; each of the surface groups for
each dendron are the same.

[60112] To take an illustrative example, the following molecule can be regarded as

being a first generation dendrimer:

HON NHa
DENDRON
, CORE /\)k
: NH
HON %71 \/\N ii DENDRON 2
[ Vo Wy ¥y
DENDRON
NHa _
DENDRON
HON N

The core is shown as being a simple N-CH,-CH;-N moiety, with the dendron surface

" groups each comprising an amidoxime moiety. As described in Supramolecular
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5-amino-2-(3-arnino-3-(hydroxyitnino)propy1)-2-(N'-

hydroxycar %(I;g ¢ ») -5-(hydroxyimino)pentanamide 3,342,2-bis((3- (hyﬂ%}fgﬁ%%ﬁ&z 40

|m|noprop Yme hy propane-1,3-diyObis(oxy)bis(Nhydroxypropanimidami
3,3'-(2,2.-(methylazanediyObis(ethane-2,1- diyObis(oxyDbis(N’ hydroxypropanlmldamlde)
3,3'-(2,5-dioxopiperazine-1,4-diy1)bis(NE, hydroxypropanirnidamide)
N,N-bis(3Cetirior3- W@W%%ﬁg@éﬁm@nd generation dendrimers can easily be
3,3"-(2-(N= g [o1d0)4Y &prbamlmldoyl)phenylazanedlyl)bls(N hydroxypropanimidamide) (hydroxy
|m|no)propy lazanediy1)bis(ethane-2, 1- diy1))bis(oxy)bis(N*-h dh[oxypropanlmldamlde)
Cyanoethylated CompoundS{CE) 2,4-dicyano-2-(2-cyanoethyl)butanamide
3,3'-(2,2-bis((2- cyanoethoxﬁlﬂethyl) propane-1,3-diyObis(oxy) di?o?Qﬁanenitrile
3,3-(2,2"- (methxlazanedlyl) big(ethane-2,1-diy1) bis(oxy))dipropanenitrile
3,3-(2,5-dioxopip T }?ed’l'ﬁropana'rmﬂe N,NBisZeyarivettyyacatartite
3,3-(2- cyanophenylazalzgijlyl) dipropanerfifii®d £3'-(2,2'-(2-cy noethylazanedlyObls(ethane -2,1-
diyl)bis(oxy))dipropane n Cmle

Nz

|

HZN\<N0H CN
NOH ‘ NC/\/N\H CN

NC\/\N/\/\N/\’NWN\/\CN

/\/k non CN KLN/\”CN '
N NOH

HaN" SNOH \
b .

[60113] The inventors have found that dendrimers are a particularljf versatile way to
provide an amidoxime functional group. This is thought to be because dendrimers
provide regular structure and facilitate the provision of muiti-dentate amidoxime
molecules. Their properties can also be conveniently tailored by varying the make up of
the core and the dendrons.

[00114] Several examples already given in the specification can be considered to be
examples of first generation dendrimers having amidoxime surface groups. These

include:
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Nucleophilic compounds cyanoacetamide , Pentaerythritot N-methyl 1 diethanol amine glycine

anhydrlde‘%gezt&)r&%gﬁpthranllonltrlle diethanolamine ?-, A "471. N .itt. %%’INJSZG}(}SIGIZMO

HaN _/\/ILOH .
NOH ri\ Y

N NH,
DENDIRON , DENDRON
N
HONs_NHp HaN._ _NOH HN Y WH
Q
HO
DENDRON ~ CORE
DENDRON ‘ DENDRON
wAs
o © HONG__NHp OH
CORE
e N
0 0 0 ‘ DENDRON
CORE
AN s
NOH
ENDR
DENDRON SENDRON ] HaN DEN ON
HON NH, H:N™ NOH %
O/\\/O NH,
DENDRON HaN CORE DENDRON
NOH
: HO
HoN DENDRON

{00115] It is noted that in one of these examples the core is provided with an
amidoxime functional group as well as the surface groups.

[606116] Accordingly, using a dendrimer comprising amidoxime functional groups is a
versatile and efficient way of providing amidoxime compounds in a semiconductor
processing composition. The use of acrylonitrile and acrylonitrile derivatives is
especially versatile for the synthesis of dendrimers comprising amidoxime surface
groups. The dendrimer amidoxime compounds produced according to the invention
comprise two or more amidoxime groups, preferably two or more amidoxime surface
groups.

[00117] Methods of synthesizing dendrimers are well known to the person skilled in the
art. A divergent dendrimer synthesis allows for a dendrimer having regular surface
groups to be constructed. Conversely, a convergent dendrimer synthesis allows dendrons
with different surface groups to be incorporated into the dendrimer, thereby allowing
further

[00118] Preferably, the dendrimer is a first generation dendrimer. With higher
generation dendrimers, purification of the dendrimer becomes more complicated. With a
first generation dendrimer, preferably the dendron surface groups are attached to the core

-

through oxygen or nitrogen atoms.
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In EXAMPLES [00156] Nomenclatures are translated from chemical structures to their corresponding
chemical names using ChemBioDraw Ultra from CambridgeSoft, MA. Th I eviations were
in the exa??%&é%‘?%‘éﬁ%& point Bp Catalytic Cat Decomposed Dec Equivalent eq @%aftén?(?g tOH Ether
Et20 Ethyl Acetate EtOAc Ethylenediamine tetracarboxyl ¢ acid DETA Gram

[60119] One particular class of compounds that can be produced using the above

advantageous cyanoethylation methodology is:
CN

Ra”” N\/\CN
or substituted versions thereof (for example synthesized using a substituted acrylonitrile),
wherein R, is an aryl or heteroaryl group having an aromatic group in conjugation with
the tertiary nitrogen. These compounds may be synthesized from the corresponding
compounds: having a free ~NH; and reacting with an unsubstituted or substituted
acrylonitrile.
[00120] In particular, R, may comprise a substituted or unsubstituted six-membered
heteroaryl group directly joined to the nitrogen (i.e. therefore having an aniline core or
the corresponding heteroaryl version thereof). For example, R, may be a substituted or
unsubstituted phenyl, pyridyl, pyridyl N-oxide or furan group. This produces the

following class of oximes:
HON NH,

N

Ra” WNHE

HON
or substituted versions thereof (for example synthesized using a substituted acrylonitrile).
For example, the following two compounds fall within the scope of the above class of

compounds:

CN

SO

ON HON

NH,
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g Hydrochloride acid HCI Isopropy! Alcohol iPrOH Melting point Mp Methanol MeOH Methylene
chloride CH2CI2 Millimole or mole Mmol or mol Room temperature Rt, R }{@taz lammon um
hydroxide%%aﬁ{%ﬁﬁt@o TMAH Trimethylbenzylammonium hydroxide (4%(;/53%|n eﬁé&\ﬁzn on B
Synthesis of exemplary amidoxime compounds '

or substituted versions thereof (for example synthesized using a substituted acrylonitrile).
This class of compounds is a particular versatile example of the more general class of

multidentate amidoxime compounds that fall within the scope of the present invention.

Other components of the semiconductor processing compositions

For the avoidance of doubt, the following description is applicable to any of the
embodiments described above. A semiconductor processing composition according to
the instant invention may contain one or more selected from the group consisting of
water, solvent, acid, bases, activators, compounds having a redox potential and

surfactants, sources of fluoride ions, chelating agents, and abrasives.
A) Water

[00121] Within the scope of this invention, water may be introduced into the
composition essentially only in chemically and/or physically bound form or as a

constituent of the raw materials or compounds.
B) Solvent {which is not water) - from about 1% to about 99% by weight.

[00122] The semiconductor processing composition of the present invention also
includes 0% to about 99% by weight and more typically about 1% to about 80% by
weight of a water miscible organic solvent, where the solvent(s) is/are preferably chosen
from the grmip of water miscible organic solvents. In alternate embodiments,
compositions of the invention include from about 1% to about 75%, from about 1% to
about 65%, from about 1% to about 85%, from about 1% to about 90%, from about 1%
to about 95%, from about 1% to about 97% by weight of the water miscible organic
solvent.

[00123] Examples of water-miscible organic solvents include, but are not limited to,
dimethylacetamide (DMAC), N-methyl pyrrolidinone (NMP), N-Ethyl pyrrolidone
(NEP), N-Hydroxyethyl Pyrrolidone (HEP), N-Cyclohexyl Pyrrolidone (CHP)
dimethylsulfoxide (DMSO), Sulfolane, dimethylformamide (DMEF), N-methylformamide
(NMF), formamide, Monoethanol amine (MEA), Di glycolamine, dimethyl-2-piperidone
(DMPD), morpholine, N-morpholine-N-Oxide (NMNO), tetrahydrofurfuryl alcohol,
cyclohexanol, cyclohexanone, polyethylene glycols and polypropylene glycols, glycerol,

glycerol carbonate, triacetin, ethylene giycol, propylene glycol, propylene carbonate,

\
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Example 1: Reactions to produce nitrile precursors to amidoxime compounds [00157] The following

reactions exe %! reactions that produce precursors of amidoxime q&‘%
Cyanoeth;%ag?icz)%o% [ éﬁylaminexine DiethylamineAcryloniirilo Chemicaiglg(@%gl}:@i ltggﬁl?cal Formula:

C3H3N C4H | ONC4HioN4Molecular Weight: 53.06 Molecular Weight: 72.1372.13
3-(diethylamino)propanenitrile Chemical Formula: C.,1114N2 Molecular Weight: 126.20 [00158] A
solution dfedigigndye. @hpned B mpepaied ardanrameorenmediglysoh RGP 2T water (10

Cehlorom (D T e A o hce presaure fo give
the pure ejfariersrglinelpeemibeiss StiuiensmrmidnenspaneHitisher.Aiegh gsreoglvaslan oil. B)
Monocyapoeilylation 8LHYRIAE elycol efl ARMIPRASRIGCAAEGRRENIGR! ERYMIHBSpAISNO2

ether, dipropylene glycol methyl or ethyl ether, methoxy, ethoxy or butoxy triglycol, I-

butox yethox y-2-propanol, 3-methyl-3-methoxybutanol, propylene glycol t-butyl

ether,and other amides, alcohols or pyrrolidones, ketones, sulfoxides, or multifunctional

compounds, such as hydroxyamides or aminoalcohols, and mixtures of these solvents

thereof. The preferred solvents, when employed, are dimethyl acetamide and dimethyl-

2-piperidone, dimethylsufoxide and N-methylpyrrolidinone, diglycolamine, and

monoethanolaminc.
C) Acids — From about 0.001% to about 15% by weight

[00124] Possible acids are either inorgaﬂic acids or organic acids provided these are
compatible with-the other ingredienfs. Inorganic acids include hydrochloric acid,
hydrofluoric acid, sulfuric acid, phosphoric acid, phosphorous acid, hypophosphorous
acid, phosphonic acid, nitric acid, and the like. Organic acids include monomeric and/or
polymeric organic acids from the groups of unbranched saturated or unsaturated
monocarbox ylic acids, of branched saturated or unsaturated moﬁocarboxy]ic acids, of
saturated and unsaturated dicarboxylic acids, of aromatic mono-, di- and tricarboxylic
“acids, of sugar acids, of hydroxy acids, of oxo acids, of amino acids and/or of polymeric
carboxylic acids are preferred.
[60125] From the group of unbranched saturated or unsaturated monocarboxylic acids:
methanoic acid (formic acid), ethanoic acid (acetic acid), propanoic acid (propionic
acid), pentanoic acid {valeric acid), hexanoic acid (caproic acid), heptanoic acid
(enanthic acid), octanoic acid (caprylic acid), nonanoic acid {pelargonic acid), decanoic
acid (capric acid), undecanoic acid, dodecanoic acid (lauric acid), tridecanoic acid,
tetradecanoic acid (myristic acid), pentadecanoic acid, hexadecanoic acid (palmitic acid),
heptadecanoic acid (margaric acid), octadecanoic acid (stearic acid}, eicosanoic acid
(arachidic acid), docosanoic acid (behenic acid), tetracosanoic acid (lignoceric acid),
hexacosanoic acid (cerotic acid), triacontanoic acid (melissic acid), 9c-hexadecenoic acid
{(palmitoleic acid), 6¢c-octadecenoic acid {petroselic acid), 6t-octadecenoic acid

(petroselaidic acid}, 9c-octadecenoic acid (oleic acid), 9t-octadecenoic acid (elaidic
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Molecular Weight: 75.07 acrylonitrile69.6% Chemical Formula: C3I-13N Molecular Weight: 53.06 OH

2-(2-cyan%wgémiﬂ (%)Sgcetic acid Chemical Formula: C5FI5N202 Molecu %ig;agﬂillgias [00159]

Glycine (5'g, 67/ mmol) was suspendeed in water (10 cm3) and TMAH (25% in water, 24.3 g, 67 mmol)
was added slowly, keeping the temperature at <30 C with an ice-bath. The mixture was then cooled to
10 C and acrylonitrile (3.89 g, 73 mmol) was added. The mixture was stirred overnightia d allowed to
a&ﬂ%
)

warm to o t¥rigerasaeesRURDOEHS I RlElG A8 e R tnetPsiader HetFnoms 48l e

concentrafgdyioniBnem asd-gitaiect 16200 eI SHA. aEhe solid precipitated was collected by
filtration, dissolved in hot water (6 cm3) and r%&%ecipitated with EtQH (13 cm3) tq

give
2-(2-cyan @SR TFITERE AR P [P IS BYFIEE Ar AN LEied mawéoeﬁwlf%ﬁ%%?xgl C). C)
Cyanoeth&ﬁ'@tﬂ?[b@rft@%@é%iﬁ%ieﬁxylhe&\anoic acid, 2-propylhéptanoic acid, 2-butyloctanoic

acid, 2-pentylnonanoic acid, 2-hexyldecanoic acid, 2-heptylundecanoic acid, 2-
octyldodecanoic acid, 2-nonyltridecanoic acid, 2-decyltetradecanoic acid, 2-
undecylpentadecanoic acid, 2-dodecylhexadecanoic acid, 2-tridecylheptadecanoic acid,
2-tetradecyloctadecanoic acid, 2-pentadecylnonadecanoic acid, 2-hexadecyleicosanoic
acid, 2-heptadecylheneicosanoic acid.
[60127] From the group of unbranched saturated or unsaturated di- or tricarboxyiic
acids: propanedioic acid (malonic acid), butanedioic acid (succinic acid), pentanedioic
acid (glutaric acid), hexanedioic acid (adipié acid), heptanedioic acid (pimelic acid),
octanedioic acid (suberic acid), nonanedioic acid (azelaic acid), decanedioic acid
(sebacic acid), 2c-butenedioic acid (maleic acid), 2t-butenedioic acid (fumaric acid), 2-

~ butynedicarboxylic acid (acetylenedicarboxylic acid).
[00128] From the group of aromatic mono-, di- and tricarboxylic acids: benzoic acid, 2-
carboxybenzoic acid (phthalic acid), 3-carboxybenzoic acid (isophthalic acid), 4-
carboxybenzoic acid (terephthalic acid), 3,4-dicarboxybenzoic acid (trimellitic acid), and
3,5-dicarbox ybenzoic acid (trimesionic acid). _
[00129] From the group of sugar acids: galactonic acid, mannonic acid, fructonic acid,
arabinonic acid, xylonic acid, ribonic acid, 2-&eoxyrib0nic acid, alginic acid.
[00130] From the group of hydroxy acids: hydroxyphenylacetic acid (mandelic acid), 2-
hydrox ypropionic acid (factic acid), hydroxysuccinic acid (malic acid), 2,3-
dihydroxybutanedioic acid (tartaric acid), 2-hydroxy-1,2,3-propanetricarboxylic acid
(citric acid), ascorbic acid, 2-hydroxybenzoic acid (salicylic acid), an d 3,4,5-
trihydrox ybenzoic acid (gallic acid).
[00131] From the group of oxo acids: 2-oxopropionic acid (pyruvic acid) and 4-
oxopentanoié acid (levulinic acid).
[00132] From the group of amino acids: alanine, valine, leucine, isoleucine, proline,
tryptophan, phenylalanine, methionine, glycine, serine, tyrosine, threonine, cysteine,

asparagine, glutamine, aspartic acid, glutamic acid, Iysine, arginine, and histidine,
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HNNH Water, RT 3 hours 94.7% N= piperazine Chemical Formula: C41-I110N2 Molecular Weight:
86.14 Acrylonitrile Chemical Formula: C3113N Molecular Weight: 53.06
3,3"-(piper PR3 ﬁ?ya)dlpropanenltrlle Chemical Foftnula: C 0416Na M&EE{H&?W&W%QZ 26

[66133] In one embodiment of the invention, the semiconductor processing
composition contains from about 0.001% to about 15% by weight, alternatively from
about 1% to-about 10%, alternatively from about 0.1% to about 15%, alternatively from
about 0.01% to about 12.5%, alternatively from about 0.001% to about 5% by weight of
acid(s). |

1)) Bases ~ from about 1% to about 45% by weight

[00134] Possible bases are either inorganic bases or organic bases provided these are
compatible with the other ingredients. Inorganic bases include sodium hydroxide,
lithium hydroxide, potassium hydroxide, ammonium hydroxide and the like. Organic
bases including organic amines, and quaternary alkylammonium hydroxide which may
include, but are not limited to, tetrameth ylammonium hydroxide (IMAH), TMAH
ﬁ)entahydratc, benzyitetramethylammonium hydroxide (BTMAH), TBAH, choline, and
Tris(2-hydroxyethyl)methylammonium hydroxide (TEMAH).

[00135] In one embodiment, the semiconductor processing compositioﬁ contains from
about 1% to about 45%, alternatively from about 1% to about 15%, alternatively from
about 1% to about 20%, alternatively from about 1% to about 30%, alternatively from

about 1% to about 35%, alternatively from about 1% to about 40% by weight of base(s).
F) Activator - from about 0.001% to about 25% by weight

[00136] According to the present invention, the semiconductor processing compositions
comprise one or more substances from the group of activators, in particular from the
groups of polyacylated alkylenediamines, in particular tetraacetyiethy}enediarninc
(TAED), N-acylimides, in particular N-nonanoylsuccinimide (NOSI), acylated ‘
phenolsulfonates, in particular n-nonanoyl- or isononanoyloxybenzenesulfonate (n- or
is0-NOBS) and n-methylmorpholiniumacetonitrile, methylsulfate (MMA), and “nitrile
quaternary” compound in amounts of from 0.1 to 20% by weight, preferably from 0.5 to
15% by weight and in particular from 1 to 10% by weight, in each case based on the total

composition to enhance the oxidation/reduction performance of the cleaning solitions.
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[00160] A solution of piperazine (1 g, 11.6 mmol) and acrylonitrile (1.6 g, 30.16 mmol, 2.6 eq) in water

(10 cm3) Ir room temperature for 5 hours, after which the mi ed with
éezf?&bé‘%%gé ﬁ#%ﬁﬁ&f&%

dichloromethane cm3). The organic extracts were evaporated un ced pressure to give
the pure doubly cyanoethylated compound 3,3'-(piperazine-1,4-diyl)dipropanenitrile (2.14 g, 94.7%)
as a white solid, mp 66-67 C. WO 2009/058277PCT/1JS2008/012240 D) Cyanoethylation of
2-ethoxyetharsitilo@atiogybaransiaHs MrsahESpFa.C4H1002 Molecular Weight 90.12 Cat
Triton B Neat,RI Acrylonitrile Chemical Formulg,-C3H3N Molecular Weight: 53.06 \,Z0
342-ethoxyethoxy)propaneniuile Chemigal Forfula: C71-113NO2 Molecular Weight: 143.18 [00161]

To an ice-water cooled mixture of 2-ethox37et 'EILBI ;_g: 1 .gzmgnol) and Triton B (40% in MeOH, 0.138
g, 0.33 mmol) was added acrylonitril . @ NHY

) 'and the mixture was stirred at room
temperature for 24 hours. It was then negtralized with 0.1 M HCI (3.3 cm3) and extracted with CH2C12
(2 x'10 ctri3) The extracts were concentrated under reduced pressure and the residue was

Kugelroht@{138adnovbied Reiprodlict-$-ctexyethoftyPhidpanctliteny( 1280y, 58I €4 colourless
oil, bp 1004491 CéefsdiRe oSy aneRtlY ‘alinn Qb ar @G;Jimatbyia midesherKehano!

substituted radicals contain at least one substituent from the group —CI, —Br, —OH, —

. NHa, —CN, an alkyl-aryl or alkenyl-aryl radical with a C.,s-alkyl group, a substituted

alkyl-aryl or substituted alkenyl-aryl radical with a Cy.4-alkyl group, at least one further

substituent on the aromatic ring; R, and R3, independently of one another, are chosen

from ~-CHy—CN, —CHj;, —CH,—CH;, —CH,—CH—CH;, —CH{(CH;)—CH3, —

CH,—OH, —CH,—CH;—O0H, —CH(OH)—CHj;, —CH,—CH,—CH,—0H, —CHy—

CH(OH)--CH;, Q»CH(OH)—CHZ———CHg, and —(CH,CH,—O),H, wheren=1,2,3,4,5

or 6 and X is an anion.

{60138] A semicémduc&or processing composition accordin g may optionally contain
from about 0.001% to about 25% by weight, alternatively from about 1% to about 10%,
alternatively from about 0.1% to about 15%, alternatively from about 0.01% to about
20%, alternati ;ieiy from about 0.001% to about 5% by weight of an activator.

(G) Compounds having oxidation and reduction potfential - From about 0.001% to
about 25% by weight

[00139] These compounds include hydroxylamine and its salts, such as hydroxylamine
chloride, hydroxylamine nitrate, hydroxylamine sulfate, hydroxylamine phosphate or its
derivatives, such as N,N-diethylhydroxyiamine, N-Phenylhydroxylamine, Hydrazine and
its derivatives; hydrogen peroxide; persulfate salts of ammonium, potassium and
sodium, permanganate salt of potassium, sodium; and other sources of peroxide are
selected from the group consisting of: perborate monohydrate, perborate tetrahydrate,

| percarbonate, salts thereof, and combinations thereof. For environmental reasons,
hydroxylamine phosphate is not preferred.
{00140] Other compounds which may be used as ingredients within the scope of the
present invention are the diacyl peroxides, such as, for example, dibenzoy! peroxide.

Further typical organic compounds which have oxidation/reduction potentials are the
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NOH Cat Triton B Neat, ST 342-(2-(dimetiviaminn)ethoxy)ethoxy)prop Chemical Formula: C9lileN202
Molecular Weight: 186.25 2-(2-(dimethylammo)ethoxy)ethanel Chemical : C6FNHNO2
Molecularméﬂ?{ﬂf%ﬂ9 Aerylonitrile Chemical Formula: C3413N Molecgé%é%??{}%g 6 51.5% tie
[00162] To an ice-water cooled mixture of 2-(2-dimethyleminothoxy)ethanol (1 g, 7.5 mmol) and Triton
B (40% in MeOH, 0.094 g, 0.225 mmol) was added acrylonitrile (0.418 g, 7.9 mmol) and the mixture
was stirredraxioatiisepapicatureXomplehbeing thoakk yhapr AeY Aaie e 67y ISRy (3%88m3) and

eXt.raCteokiﬁéﬁe‘r%'g'?gp}%éﬁté&%s%élaﬁ%%r%%&ﬂ%&&ﬁ%ia%ﬁ%trﬁ ypauidysadprassure and the
residue was purified by column chromatography (silica, Et20, 10% CH2CI2, 0-10% EtOH) to give

3-(2-(2- (sieTedsyilnipostiespein sidin B Men RETe X staPRe LI EIAGEhTIRBR B B obutyraldehyde
monoperphthalate, (b) the aliphatic or substituted aliphatic peroxy acids, such as
peroxylauric acid, peroxystearic acid, c-phthalimidoperoxycaproic acid
[phthaloiminoperoxyhexanoic acid (PAP)], o-carboxybenzamidoperoxycaproic acid, N-
nonenylamidoperadipic acid and N-nonenylamidopersuccinate, and (c) aliphatic and
araliphatic peroxydicarboxylic acids, such as 1,2-diperoxycarboxylic acici, 1,9-
diperoxyazelaic acid, diperoxysebacic acid, diperoxybrassylic acid, the diperoxyphthalic
acids, 2-decyldiperoxybutane-1,4-dioic acid, N,N-terephthaloyldi(6-aminopercaproic
acid) may be used.

[00141] The semiconductor processing composition according may optidnally contain
from about 0.001% to aboui 25% by weight, alternatively from about 1% to about 10%,
altcmat‘ively from about 0.1% to about 15%, alternatively from about 0.01% to about
20%, alternatively from about 0.001% to about 5% by weight of compounds having
oxidation and reduction potential.

H) Other Chelating agents

[00142] Preferably, the semiconductor processing composition additionally comprises
(by weight of the composition) from about 0.0% to about 15% by weight of one or more
chelant. In oné embodiment, the semiconductor composition comprises from about
0.001% to about 15%, alternatively from about 0.01% to about 10%, alternatively from
about 0.1% to about 5% by weight of one or more chelant.

[00143]1 A further possible group of ingredients are the chelate complexing agents.
Chelate complexing agents are substances which form cyclic compounds with metal
ions, where a single ligand occupies more than one coordination sitelon a central atom,
i.e. is at least “bidentate”. In this case, stretched compounds are thus normally closed by
complex formation via an ion to give rings. The number of bonded ligands depends on
the coordination number of the central ion. Complexing groups (ligands) of customary
complex forming polymers are iminodiacetic acid, hydroxyquinoline, thiourea,
guanidine, dithiocarbamate, hydroxamic acid, amidoxime, aminophosphoric acid, (cycl.)
polyamino, mercapto, 1,3-dicarbony! and crown ether radicals, some of which have very

specific activities toward ions of different metals.
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ot- isobutyraldehyde Chemical Formula: C4H80 Molecular Weight: 72.11 [00163] Isobutyraldehyde (1
0,139 mm?’!) and acrylonitrile (0.81 g, 15 mmol) were mixed thoroughly %qr led with an ice-bath.
Triton B (486 TRIEEH 0.58 g, 1.4 WO 2009/058277PCT/US2008/0122 m%%\/vxéé%%ded. The
mixture was stirred at room temperature overnight. It was then neutralized with 0.1 M HC1.(14 cm3)
and extracted with CH2CI2 (100 cm3) The extracts were concentrated under reduced pressure and

the residU@8¥441K Jige o petiesrscoid i rasr b IGiap AldnPessil O HEp EPTARIENITHEe (0.8 g, 50.7%)

as an oil, hp.1edg3d %4%9&9%@5%9%%&% tioniptaiieRenaRling fahemicatdnula: C611719
Molecular Weight: 93.13 NSilica, 60C 6 days 4 Acrylonitrile78.4% _ ‘
chelating/complexing agents include the following, individually or in a mixture with one

another:

1) polycarboxylic acids in which the sum of the carboxyl and optionally hydroxyl
groups is at least 5, such as gluconic acid, ‘

2) nitrogen-containing mono- or polycarboxylic acids, such as e.g.
ethylenediaminetetraacetic acid (EDTA), N-hydroxyethylethylenediaminetriacetic acid,
diethylenetriaminepentaacetic acid, hydroxy-ethyliminodiacetic acid, nitridodiacetic
acid-3-propionic acid, isoserinediacetic acid, N,N-di(B-hydroxyethyl)glycine, N-(1,2-
dicarboxy-2-hydroxyethyl)glycine, N-(1,2-dicarboxy-2-hydroxyethyl)-aspartic acid or
nitrilotriacetic acid (NTA);

3) geminal diphosphonic acids, such as e.g. 1-hydroxyethane-1,1-diphosphonic acid
(HEDP), higher homologs thereof having up to 8 carbon atoms, and hydroxy or amino
group-containing derivatives thereof and 1-aminoethane-1,1-diphosphonic acid, higher
hofnoiogs thereof having up to 8 carbon atoms, and hydroxy or amino group-containing
derivatives thereof;

4) aminophosphonic acids, such as ethylenediamine-tetra(methylenephosphonic acid),
diethylenetriaminepenta (methylenephosphonic acid) or nitrilotri(methylenephosphonic
acid); j

3) phosphonopolycarboxylic acids, such as 2-phosphonobutane-1,2 4-tricarboxylic acid;
and

6) cyclodextrins.
H) Surfactants - From about 1¢ ppm te about 5% by Weigh£

[06145] The compositions according to the invention may thus also comprise anionic,
cationic, and/or arhphoteric surfactants as surfactant component. The compositions may
comprise from about 10 ppm to about 5%, alternatively from about 10 ppm to about 160
ppm, alternatively from about 0.001% to about 5%, alternatively from about 0.01% to
about 2.5%, aiternatively from about 0.1% to about 1% by weight of one or more

anionic, cationic, and/or amphoteric surfactants.
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Chemical Formula: C3H3N Molecular Weight: 53.06 3-(phenylamino)propanenitrile Chemical
Formula: COIlION2 Molecular Weight: 146.19 [00164] Silica was activated by heating it above 100 C in
vacuum ant& ¥ dllowed to cool to room temperature under nitroger{gﬁg}t%zgogc \&ted silica (10
g) was absorbed aniline (1.86 g, 20 mmol) and acrylonitri le (2t(15 g, 50 mmol) and the flask was
capped tightly. The contents were then stirred with a magnetic stirrer for 6 days at 60 C. After this time
the mixtul Smsrcooldineridomnempbesanss anventrabad GRHNe b 10Fcswaigdivere evaporated
to dryness and the residue was Kugelrohr-distilled under hi%h vacuum to give the product

3-(pheny HIH6IpropuisenrfilBugrids ipnzangbgedaiast vk Emitaktoy e e winbtivgr¥s 120-150

C/1-2 Torg fit B de bk dOHY R 2R 24P Sodtbhivangribdating ef sthylanediaspingand ~ NH2
Ethylenediaminc Chemical Formula: C21-18N2 Molecular Weight: 60.10  [00165] Acrylonitrile (110 g,

137 cm3, etodnesPPaEs #déled to a vigorously stirred mixture of ethylenediamine (25 g, 27.8 cm3,
0.416 moth@i‘@‘ls"af%%&H&&Bﬁﬁr&@s‘éﬁﬁﬁ&%ﬁbsﬁi&%@%ﬁt@&%‘iﬂ%é?{@ﬁ RREASIRN to cool the
mixture with a 25 C water

0.001% to about 10% by weight, alternatively from about 1% to about 10%, alternatively

from about 0.1% to about 10%, alternatively from about 0.01% to about 1%,

alternatively from about 0.001% to about 5% by weight of a source of fluoride ion.

J) Abrasives

[60148] The composition of the present invention may also compﬁse abrasives for use

in Chemical Mechanical Polishing. Abrasives are well known to the person skilled in the |

art. Exemplary abrasives include but are not limited to silica and alumina.

[00149] The components of the claimed compositions can be metered and mixed in situ

just prior dispensing to the substrate surface for treatment. Furthermore, analytical

devices can be installed to monitor the composition and chemical ingredients can be re-

constituted to mixture to the specification to deliver the cleaning performance. Critical

parameters that can be monitored include physical and chemical properties of the

composition, such as pH, water concentration, oxidation/reduction potential and solvent

componernts.

Exemplarv amidoxime compounds

[00150] While amidoxime compounds have been referred to previously as chelating
agents, it will be understood by the person skilled in the art that they may perform
several different functions. For example, they may be surfactants, corrosion inhibitors,
radical inhibitors, or surface passivation agents. For example, if the amidoxime is in
conjugation with an aromatic system, the amidoxime may have a low oxidation potential
and therefore be suitable for use as a radical inhibitor and / or corrosion inhibitor and / or
a surface passivation agent. The person skilled in the art will recognize that the ‘gentle’
chemistry that amidoxime compounds offer can be taken advantage of in many different

capacities.
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bath to maintain temperature at 40 C. The mixture was then stirred for additional 2 hours at 40 C and 2

hours at 89‘]82 %%§§7z}1crylonitrile and half of the water were evaporated fggﬁ{ﬁ%@&ﬁﬁl ue, on
cooling to room temperature, gave a white solid which was recrystallised from MeOH-water (9:1) to

give pure product 3,3',3",3"1-(ethane-1,2- diylbis(azanetriyl))tetrapropanenitrile (86.6 g, 76.4%) as
white crystals, mp 63-65 C. 1) Cyanoet%tion of ethylene glycol OH + Ethyleneglycol Chemical
Formula: @81350Bovidre avridweagitdasby Ahearpbnitiae Ciartddarainidfc®#e8k Molecular

Weight: 53.08,,[00166] SmaihseaiaiEthensaveaidlish 384 mmg)) wasupixeshuritied iian B (40% in
MeOH, 0.22 g, 0.53 mmol) and cooled in an ice-bath while acrylonitrile (1.71 g, 32.2 mmol) was added.

The mixtur iwsfesshriad ot réolrPieferature for 60 hours after which it was neutralized with 0.1 M
HC1 (0.6 (9§36 axiiasiaf Wit % B0 ama)i dersiasisomele aansestiaipr whder reduced

pressure and the residue 'was Kugelrohrdistilled to give 3,3'-(ethane-1,2-diylbis(oxy))dipropanenitrile
(1.08 g, 3599 {RECATFREEEIB feess o519 prresonMsH (00 187 PrEigE A dRIE =N fene glycol
(32.9 9, OmAMehl R sBIXeH ¥Ry esrR (AQke R MeBkHR42 adastyyik)-antbeeriashie, an ice-bath

while acrylonitrile (76.2 g, 1.44 mol) was added. The mixture was allowed to warm slowly to room

temperatihesasalesiadiros gt KeanritdhaHRIOF waS s MR A EING EPPRIRAGS) and

extracted With {cldCI2-£30%.5p3ind Be RXiRGissWRrR Rassed through a silica plug three times to
reduce the brown coloug;}%to give 86 g (quantitative yield) of the product as an amber coloured oill,

pure by 1H415AEn eppehngimety of DS aRian i RPO 6 TYRARGIINESK RS selrtifdted by Ili NMR
integral sizes) wh &ryapesiiyiation el diethyt malonate-odjst de-Bistareyanasthybresionate

Chemical Formula: C13H sN204 Molecular Weight: 266.29 o .
Hexitol, 3,3',3",3"-(ethane-1,2-diylbis(azanetriyl))tetrakis(N'-hydrox ypropanimidamide),
3 ,3'~(ethané- 1,2-diylbis(oxy))bis(N'-hydrox ypropanimidamide), 3-(diethylamino)-N'-
hydroxypropanimidamide, 3,3'-(piperazine-1,4-diyD)bis(N'-hydroxypropanimidamide},
3-(2-ethoxyethoxy)-N'-hydroxypropanimidamide, 3-(2-(2-
(dimethylamino)ethox y)ethox y)-N'-hydroxypropanimidamide, N'-hydroxy-3-
(phenylamino)propanimidamide, 3,3",3"-nitrilotris(N'-hydroxypropanimidamide), 3,3'-
(2,2-bis{(3-(hydroxyamino)-3-iminopropox y}mathyi)propane; 1,3-diyl)bis(oxy)bis(N-
hydrox ypropanimidamide), 3,3'-(2,2'-(methylazanediyl)bis(ethane-2,1-
diyl)bis(oxy))bis(N'—hydroxypropanimi damide), N,N-bis(3-amino-3-
(hydroxyimino)propylacetamide, 3,3'-(2-(N'-
hydroxycarbamimidoyl)phenylazanediyl)bis(N'-hydrox ypropanimidamide} , 3,3'-(2,2'-
(3-amino-3-(hydroxyimino)propylazanediyl)bis(ethane-2,1-diyl))bis(ox y)bis(IN'-
hydroxypropanimidamide), N',3-dihydrox ypropanimidamide, NN'- ‘
hydroxyacetimidamidc , N'-hydroxy-3-(methylamino)propanirnidamide, N'-
hydroxybenzimidamide , 3,3'-azanediylbis(N'-hydrox ypropanimidamide), N'-
hydroxyoctanimidamide , N'-hydroxy-3-phenylpropanimidamide , 3-amino-N-hydroxy-
3-(hydroxyimino)propanamide, 3-amino-3-(hydroxyimino)propanoic acid, 3-amino-3-
(hydroxyimino)propanamide, N'1,N'6-dihydroxyadipimidamide, N'1,N'10-
dihydroxydecanebis(imidamide), N'-hydroxyisonicotinimidamide, N'-hydroxy-3-
methylbenzimidamide, isoindoline-1,3-dione dioxime, N',2-dihydroxyacetimidamide, 2-
chloro-N'-hydrox yacetimidamide, product N'-hydroxy-2-phenylacetimidamide, 2-amino-

N'-hydroxybenzimidamide , 2,2'-azanediylbis(N'-hydroxyacetimidamide)} , N'-hydroxy-
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WO 2009/058277PCT/US2008/012240 [00168] To a solution of diethyl malonate (1 g, 6.2 mmol) and
Triton B ( 24)2%5%%%:}7 0.13 g, 0.31 mmol) in dioxane (1.2 cm3) was addggﬁﬁg%}@&h%@llonitrile

(0.658 g, 12:4"mmoal) and the mixture was stirred at 60 C overnight. The mixture was then cooled to
room temperature and neutralized with 0.1 M HCI (3 cm3) and poured to ice-water (10 cm3). Crystals
precipitated during 30 min. These were collected by filtration and recrystallised from EtOH (cooling in
freezer béfere-flidiyyerisehsnectisanyd sarbadmitamifise trmingbroau1elvs {4 HE 98%) as a white
solid, n'DcﬁaﬁeQ?f@.@y@oWMn@%Qf_aiﬁyaYbi%ﬁ?q&ﬁéﬁﬂam%ey&malonate diethyl

2,2-bis(2-cyanoethyl)malonate2,2-bis(2-cyanoethyl)malonic acid Chemical Formula, CI *lI

sNZ0.4C RN FenAmiE i des 0o yaRObIBEHTaK XReiammidemdn M At ARsidnt: 210.19 [00169]
Diethyl 2,2:his(2cypnaeibyhpealonate (2 g, 7.51 mmol) was added to TMAH (25% in water, 10.95 g,
30.04 mmol) at room temperature. The mixture was stirred for 24 hours, and was then cooled to 0 C. A

mixture diOMARFHD masbeserabadiment R el 168t {any i 4516 98 B Eh AIO KRR SFAS ek tracted with

CH2CI2 BYR0rMbube el ere Syanoiaieskundervaskiok iaidive)-3-iminopropyl
2,2-bis(2-cyanoet él)nj'al,gnlc acid 0.25_@ 15.8%) as a colourless very viscous aqil (lit decomposed.
158 C). LiDitiphrbstRyitsabamsyores Ynazengi bl angsthyhasiesy BrRaaimidanyg s,
acrylonitrieyChenical Formuia &35IBN(Molsexar MYsiahinhd-88 434 D@ e pnastyamino)acetic
acid Chemical Formula: C8/1109302 Molecular Weight: 181.19 o )
hydroxypropanimidamide, 3,3'-(piperazine-1,4-diyl)bis(N'-hydroxypropanimidamide),

. 3-(2-ethoxyethoxy)-N'-hydrox ypropanimidamide, 3-(2-(2-
(dimethylamino)ethoxy)ethoxy)-N'-hydrox ypropanimidamide, N'-hydroxy-3-
(phenylamino)propanimidamide, 3,3',3"-nitrilotris(N'-hydrox ypropanimidamide), 3,3
(2,2-bis((3-(hydrox yamino)-3-iminopropoxy)methybpropane-1,3-diyl)bis(oxy)bis(N-
hydroxypropanimidamide), 3,3'-(2,2'-(methylazanediyl)bis{ethane-2,1-
diyl)bis(oxy))bis(N'-hydroxypropanimidamide), N,N-bis(3-amino-3-
(hydroxyimino)propyl)acetamide, 3,3"-(2-(N'-
hydroxycarbamimidoyl)phenylazanediyl)bis(N'-hydrox ypropanimidamide) and 3,3'-
(2,2'-(3-amino—3-(hydroxyimino)propylazanediyl}bis(ethane—Z,l-diyl))bis(OXy)bis(N'-
hydroxypropanimidamide).

{00155] Preferred amidoxime compounds include, but are not limited to, those.recited in
Tables 1 and 2 below.

Table 1: Exemplary Preferred amidoxime compounds

Nitriie (N) Amidoxime (AQ)
3 | 3-hydroxypropionitrile N',3-dihydroxypropanimidamide
4 | Acetonitrile NN'-hydrox yacetimidamide |
5 | 3-methylaminopropionitrile | N'-hydroxy-3-(methylamino)propanimidamide
6 | Benzonitrile N'-hydroxybenzimidamide
8 | 3,3" iminodipropionitrile 3,3'-azanediylbis(N'-hydrox ypropanimidamide)
9 | octanonitrile N'—hydroxyocfanimidamide
10 | 3-phenylpropionitrile N'-hydroxy-3-phenylpropanimidamide
11 | ethyl 2-cyanoacetate 3-amino-N-hydrox y-3-(hydroxyimino)propanamide
12 | 2-cyanoacetic acid 3-amino-3-(hydroxyimino)propanoic acid
13 | 2-cyanoacetamide 3-amino-3-(hydroxyimino)propanamide
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[00170] Glycine (5 g, 67 mmol) was suspended in water (10 cm3) and TMAH (25% in water, 24.3 g, 67
mmol) was added sIowa keeping the temperature at <30 C with an ice- bg {Q was then
I

cooled to

Y24 5%?ylon|trlle (7.78 g, 146 mmol) was added. The mixturé Was stirred overnight, and

allowed to warm to room temperature slowly. It was then heated at 50 C for 2 hours, using a reflux
condenser. After coaling with ice, the mixture was neutralized with HC1.(6M, _11.1 cm3)-and—

concentra}t

echidddediseniplahisRyeecisdciwsd inxizee tomep@®@@dsm3) and filtered to remove NMe4CL1.

The filtrate Was concg@ ;;i\ltgﬂ\ﬁnder reduced pressure to gl\@,ﬁa@ﬁm@tm treated once more with

acetone (16
2-(bis(2-c

III\)} oulu tHtetretto-remove-m ‘l Concen 1011 Ol llle TII[rd[e gave
ééoeﬁﬁ{ﬂ%%)acenc acid (11 élgw ‘i‘?’&yﬁ Tﬁ‘iﬁ ﬁgr‘nl 1s.0il-that cryst allised

over 1 wegkéat sebmaeimiperature to give a %EM@@I&FWW@I@@W@@% C. Dupligate 13C

signals ing |ﬁtﬁ@£@;&%ﬂ%gﬂgﬁ;g form in QQ@@%@{M@&Q@&J&AMQ@n NaOH is used in the

literature precedurée—the-NaCi-formecs caﬂphx TETTT V}_Enc 18@ OTT E?l’%le one treatment |
necessary. i) Iﬂh“iﬁl?ﬂﬂ?ﬂ&lannn of N-methytd| raon’%ém' 1IN gil& g@

(2,2T(methyRzahddilrhibig¢ethane-2,1-diyDisieiiglgidrd pinan dig& T MAH mole%) N Neat 20 hours
N-methyldigihs a%gl@gm%ggemlcal Formula@@%;%&%%&gmmﬁgﬁweight: 119,16 acrylonitrile

Chemical F
3,3-(2,2'-( Athl

I iﬂ \JOI‘ION IVI. l:'L,UIdI VVEI

CIIH19N3Dp22Mdlexapbe udigsht: 225.29 [O(JNZ]mwawé@ngtmé@rm@méeof

59?&8?8%?{ hane-2 1-di é1qgquny\/\\wdroxﬁg%mmm&ﬁgmu|a:

N-methyldiethanglgpingddigiiel 7 mmol) an @a@mmpwuw&@g@ﬁgrﬁim@ﬂ&as added TMAH (25% in

water, 0.26cm3; ;254 4, 7 mmal). T e mixre was Strred gvernioni-an ediowarm to
F %é : :}é lggmgdleceéoneg’lxgig il g% azagecpmel%lsm }(12:,' mxy’%ri n a;a%p\d'v d-CH2812 (1:1,

room tem
250 cm3)

2o
3,3'-(2,2'-(methylazan

g tl'secy t@,ﬂﬁ/gﬁﬁ £vaporated dﬂd@@%ﬁcé@’ﬁﬁe@u@@b@@tﬁé’bcnmfﬂmﬂ 5
ediy1)bis(ethane-2,1} ¢SS aTIBPopanenitrile (2.85 g, 74.4%) as a
colourless %" 2 henvl il 3-aminoisoquinolin-1(4H)-one oxime or 3-
7 | 2-cyanophenylacetonitrle (hydroxyamino)-3,4-dihydroisoquinolin-1-amine
29 | cinnamonitrile N'-hydroxycinnamimidamide
30 | 5-hex ynenitrile 4-cyano-N"-hydrox ybutanimidamide
31 | 4-chlorobenzonitrile 4»~ch£01‘0-N'~hydroxybenzimidam'ide
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3,3',3"-nitrilotripropanenitrile Chemical Formula: CO9H12N4 Molecular Weight: 176.22 [00176]
Ammoniaga 35%, 4.29, 88 mmol) was added dropwise to ice-cooled Ac % mol) in
water (9.7 grﬁ@jgl oiie\ed by acrylonitri le (4.65 g, 87.6 mol). The mixture? VEVIS%?%%%% %3‘?14 er reflux for
3 days, after which it was cooled with ice and aqueous TMAH (25% in water, 10.94 g, 30 mmol) was
added. TExXmiMPIeRSas kept cooled with ice for 1 hour. The crystals formed was collected by filtration
and was@%l;v' h water. The product was dried in high.vacuum to give 3,3',3"-nitrilotripropanenitri le
236 o AT e e o oA e SO WP hes 1o
neutraliseiathieaationefliehai CagnBieDure) Uteayfeith Wasnbigies$ 68, MA QY IRicgHneetigylation of
cyanoacetgmide 2-c anoacet&lrggje CQ;mical Formula: C31541420 Molecular Weight: 8408 Triton 8(2

mole%) WAREFVBT3A Kol P tHEEREIRS hole%s) M42 acrylonitrile 84.7% Chemical Formula: C3H3N
Molecular Weight: 55§&]i'ﬁ'§-ﬂ>oint Bp .
Catalytic Cat
Decomposed Dec
Equivalent : eq
Ethanol EtOH
Ether EtO
Ethyl Acetate EtOAc
Ethylenediamine tetracarboxylic acid DETA
Gram g
Hydrochloride acid HCl
Isopropy! Alcohol iPrOH
Melting point Mp
Methanol MeCH
Methylene chloride CH-Cl»
Millimole or mole Mmol or mol
Room temperature Rt, RT
Tetramethylammonium hydroxide (25% in | TMAH
water)
Trimethylbenzylammonium hydroxide Triton B
(40% in MeOH)

Svnthesis of exemplary amidoxime compounds

Example 1: Reactions to produce nitrile precursors to amidoxime compounds

[00157] The following reactions are exemplary reactions that produce precursors of

amidoxime compounds.

A) Cyanoethylation of diethylaminexine

=2}
Water, RT /-
N

/’\ﬁ SN s \/ 3 hours <

©B52%

Diethylamine : Acryloniirile,
Chemical Formula: Chemical Formula: CyH3N 3 sdiethylaminoloropanenittile
CAHIONCH,oN* Malecular Weight; 53.06 {diethylaminojprop

Chemical Formula: CiH 4N,

Molecular Weight: 72.1372.13 Molecuiar Weight: 126.20

100158] A éoiution of diethylamine (1 g, 13.67 mmol) and acrylonitrile {(0.798 g, 15

mmol, 1.1 eq) in water (10 cmz) were stirred at room temperature for 3 hours, after
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2,4-dicyano-2-(2-cyanoethyl)butanamide Chemical Formula: C91110N40 Molecular Weight: 190.20
[00178] To a stirred mixture of cyanoacetamide (2.52 g, 29.7 mmol) and Tr 409% in MeOH, 0.3 g,
0.7 mmol)“?%&?&ﬁ?% &/nS) was added acrylonitrile (3.18 g, 59.9 mmol)ove#%@j%fgnﬁae{z%zgv h cooling.
The mixture was then stirred at room temperature for 30 min and then allowed to stand for 1 hour.
EtOH (20gyteioH el hiCiuge. % amel)itere with elichhutdhetixtuf® wae tedted lnmbt‘gihsolld had

dissolved. Coollngfo room tet era&ére ve Cf stg‘llsr etftlgt \!/ver coIIectedg htr ) and recrystallised
from EtOI—F%(Br@We £ §ic aa?r% cylénoetch )g( tanamoe ?ﬁ gf‘f&/'a) a8 &) pale yellow solid, mp

118-120 QdiiipupntiiBEicR)y Mihlfdiprapaethiytédtdh. o7 @nﬂﬁéﬁﬂbmtaieml
3,3'42-cyanophenylazanediyOdipropanenitrile Chemical Formula: C13H12N4 Molecular Weight:
224.26 [0@) MdpAntyeemsitbhitliti¢R of gydmamol) was mixed with acrylonitrile (2.015 g, 38 mmol) at 0 C
and TMAH (25% in water, 0.1 cm3, 0.1 g, 2.7 mmol) was added. The mixture was then stirred
overnight, allowing it to viarm to room temperaturgd fpﬂ}\% The product was dissojyved in CH2C12 and
filtered through siliga usiig a mlxtureWnth (1:1, 250 em3). Fhe filtkate was evaporated
to dryness and the sotid prooduct was recrystalllsed fe@i EtOH m3) t0 give o

3,3'(2-cyanophengfEZBHED dipropanchuile (aka g, 56.5%) as. f@ygtwmtﬁ,mqump 79-82C. S)

Dicyanoethylation ofaaaiononitrile NeiSuiar Welsht jENE\ ... malononitrifeacsdenitriter@aemical Formula:
C3H2N2Chemid4IEEHNHE: T3H3W Molecular Welght 66.06 Molé"c?liTﬁFW@P@ﬁ’ts 83.06

* [00159] Glycine (5 g, 67 mmol) was suspendeed in water (10 cm *y and TMAH (25% in
water, 24.3 g, 67 mmol) was added slowly, keeping the temperature at <30 °C with an
ice-bath. The mixture was then cooled to 10 °C and acrylonitrile (3.89 g, 73 mmol) was
added. The mixture was stirred overnight, and allowed to warm to room temperature
slowly. The mixture was then neutralized with HCI (6M, 11.1 cm’), concentrated to '1'5
cm’ and diluted to 100 cm® with EtOH. The solid prccipitated was coilected by
filtration, dissolved in hot water (6 cm’) and reprecipitated with EtOH (13 cm’) 1o give
2-(2-cyanoethylamino)acetic acid (5.94 g, 69.6%) as a white solid, mp 192 °C (lit. mp
190-191 °Cj.-

) Cyanoethylation of piperazinexine

\ / \/ 94.7% [ / \ /

piperazine Acrylonitrile
. . Chemical Formula: C3H;N 3,¥-(piperazine- | 4-divh)dipropanenitrite
cg:rnllcaiz?&:’a;la;;?zlnfz Molecular Weight: 53.06 T e e
o o Molecular Weight: 182.26

[60160] A soluncm of piperazine (1 g, 11.6 mmol) and acrylonitrile (1.6 g, 30. 16 mmol,
2.6 eq) in water (10 cm’) were stirred at room temperamre for 5 hours, after whzch the
mixture was extracted with dichloromethane (2 x 50 cm®). The organic extracts were
evaporated under reduced pressure to give the pure doubly cyanoethylated compound

3,3'-(piperazine-1,4-diyl)dipropanenitrile (2.14 g, 94.7%} as a white solid, mp 66-67 °C.
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pentane-1,3,3,5-tetracarbonitrile Chemical Formula: Ce148314 Molecular Weight: 172.19 [00180]
Malononitri le (5 g, 75.7 mmol) was dissolved in dioxane (10 cm3), followed b
trimethylbéﬂgé‘ﬁ}g{m%ﬁm hydroxide (Triton B, 40% in MeOH, 1.38 g, 3.3 ﬁﬁﬁéﬁ?“]’ﬁé} Hifure was
cooled while acrylonitrile (8.3 g, 156 mmol) was added. The mixture was stirred overnight, allowing it
to warm tdpoCpateetpslatior siduihirapetbaneh neutralized with HCI (1 M, 3.3 cm3) and poured into
ice-water. The mixture was extracted with CH202 (200 cm3) and the extracts were evaporated under

reduced pressure. The product was piified by column chroqaggggaphy silica, 1:1 Ncpetroleum)
followed by reggys:talu,saﬁsn,w’giv,e 1,3%&Macamamiuike (1786 g, T4.3%)emp 98-92C (lit mp 92 C).
T) Tetracyanoethylafign,gf,pentaerythritgl..an HOS-SELMAH (73 elevsfiveattidtrs 20 ODCO 00
HOacryionitrilesmicipentaetyioritol Chemicakkopmula”C8H3N CREmCAITfiiff2C3111204 Molecular
Weight: 53.06 MreeliafRidight: 13818 16896 .

3.3.-(2,2-hisd ety ad0sthazy matbybRioRaREr. 3Bdivibis@ndpropanenithim s hemaigal oarmula:
Ci3H24N304 Molecular W Eght: 348.40 [00181] Pentaerythritol (2 E? 14.7 mmol) was mixed with

acrylonitril (%053, Me3kg, éi%l%}d?)%’n‘a‘ﬂ%)ﬁﬁ%&@%%céw@m SR 50E-Bald Yol
tetramethylammonism B ¥skeXidecr IV 228 iales @2 RR3 10vwRABnmewRelze@s added. The

mixture was then ) 3
with 0.1 M HCI (3.3 cm”) and extracted with CH;Cl; {2 x 10 cm”) The extracts were

concentrated under reduced pressure and the residue was Kugelrohr-distilied to give the
product 3-(2-ethoxyethox y)propanenitrile (1.20 g, 75.5%} as a colourless oil, bp 100-130
°C/20 Torr.

E) Cyanoethylation of 2-(2-dimethylaminoethoxy)ethanol

/N‘\,/\o/\/DH + Neat, RT

l N : o /\// "
% / Cat Triton B \N/\\/ \/\0
\/ l

2.{2-(dimethylamincjethoxy yethanol Acrylonitrile 51.5%
Chemical Formula; CoHysNO, Chemical Formuta: C3HaN 3-{2-(2-(dimethylamino)ethoxy Jethexy jpropanenitrile
Molecular Weight: 133.19 Melecular Weighe 53,06 Chemical Formula: CoHgNyO,

Motecular Weight: 185.25
[00162] To an ice-water cooled mixture of 2-(2-dimethyleminothoxy)ethanol (1 g, 7.5
mmol) and Triton B (40% in MeOH, 0.094 g, 0.225 mmol) was added acrylonitrile
(0418 g, 7.9 mmol) and the mixture was stirred at room temperature for 24 hours. It was
then neutralized with 0.1 M HCI.(2.3 cm’) and extracted with CHCl, (2 x 10 cm®) The
extracts were concentrated under reduced pressure and the residue was purified by
column chromatography (silica, Et,0, 10% CH,Cl,, 0-10% EtOH) to give 3-(2-(2-

(dimethylamino)ethoxy)ethoxy)propanenitrile as an oil.

F) Cyanoethylation of isobutyraldehyde

N Cat Triton B o
o\ + \.\\\\/ Neat, RT P

~ 50.7% Né
. acrylonitrile
isobutyraldehyde Chemical Formula: CyH;N 4 A-dimethyl-S-oxopentanenitrile
Chemical Formula: CgHgO "\ e 10 Weight: 53.06 Chemical Formula: C;H[|NO
Molecular Weight: 72.11 A Molecuiar Weight: 125.17

[60163] Isobutyraldehyde (1 g, 13.9 mmol) and acrylonitrile (0.81 g, 15 mmol) were
mixed thoroughly and cooled with an ice-bath. Triton B (40% in MeOH, 0.58 g, 1.4

48



stirred at room temperature for 20 hours. After the reaction time the mixture was filtered through silica
using a mixtur. f[g and CH2CI2 (1:1, 250 cm3) and the filtrated was @p%%&gﬁg%gr reduced
pressure t%ztégjliv}!%e{%, é% ,2-bis((2-cyanoethoxy)methyl)propane1,3-diy1)bis?oxy) ipropanenitrile (5.12 g,
100%) as a colourless oil. V) Hexacyanoethylation of sorbitol Chemical Formula: C24H3gN606

MoleculamAnsigrasediss. (Bba s3naritet Eged 3L anmNy SR FAREUQVRR By IR em3, 5.64 g,
106 mmoRand ihsiriiioe wateaqled dmdniceahai whia detramethylanenshtne bydexide (=TMAH,
25% in water, 0.25 cm3, 0.254 g, 7 mmol) was added. The mixture was then%{gﬁf @t room

temperat Y&t RsansEEd AadRTy SSHEPIE SR E AR dhe M APs s uestiRdY, fig Raction time,
the-mixtugg wasfiietRe tareugh siica sisispanmidyreRf B12Q a51176H 26k @il bp3a @) and the
filtrate was evaq_orated under reduced pressure to give a fullycyanoethylated product (4.12 g, 75%) as
a colourle<s' . T¢% Tricyanoethylation of diethanolamine to give 3,3'42,2'42-
cyanoethylazanediyl)bis%ethane-z,1_-diy1)bis(oxy))dipropanenitrile HON diathanolamine Chemical

Formula: EALTerosty atimt o386t 105.10
Nid, ﬁ
PSS O TN

Acrylonitrile 78.4%

3-(phenylamino)propanenitrile

Chemical Formuia: CoFpNy
Molecular Weight: 146.19

Chemicaf;zi?:ﬁla: é(,H-;N C:]ﬁzrlr;f:llatc&ﬁ;%}ky

Molecular Weight: 93,13
[00164] Silica was activated by heating it above 100 °C in vacuum and was then
allowed to cool to room temperature under nitrogen. To the activated siiica (10 g) was
absorbed aniline (1.86 g, 20 mmol) and acrylonitrile (2.65 g, 50 mrnél) and the flask was
capped tightly. The contents were then stirred with a magnetic stirrer for 6 days at 60
°C. After this time the mixture was cooled to room temperature and extracted with
MeOH. The extracts were evaporated to dryness and the residue was Kugelrohr-distilled
under high vacuum to give the product 3-(phenylamino)propanenitrile (2.29 g, 78.4%) as
an oil which crystallised on standing; bp 12@150 °C/1-2 Torr (lit bp 120 °C/1 Torr}), mp

50.5-52.5 °C.

H) Cyanoethylation of ethylenediamine

\\y\ /

N N‘:\\ 2.5 Hours N’_\_—‘
.5 Hou
\/\NHZ N \/ i~ N
Q,
Ethylenediamine Acrylonitrile 764% ' -

Chemical Formula: C3HgNz  Chemical Formuln: CylH,N /

Muolecular Weight: 60.10 Molecular Weight: 53.06 / \\

N N

3,3,3" 3" -(ethane-1,2-diy bis(azanetriy])tetrapropanenitile

Chemical Formula: C4HgNg
Melecular Weight: 272.35

[00165] Acrylonitrile (110 g, 137 cm’, 2.08 mol) was added to a vigorously stirred
mixture of ethylenediamine (25 g, 27.8 cm®, 0.416 mol) and water (294 cm?) at 40 °C

over 30 min. During the addition, it was necessary to cool the mixture with a2 25 °C water
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acrylonioile Chemical Formula: C11-13151 Molecular Weigho 53.06 TMAH (5 mole%) Dioxane, RT
Overnight 33% 0 3,31-(2,7-(3-wanoethylazanediyObisrediane-2.1-diAbisroxyprlipropanenitrile
Chemical B4 ¥EH2010402 Molecular Weight: 364.32 [00183] To affiEEREkY StAted solution
of diethanolamine (2 g, 19 mmol) and TMAH (25% in water, 0.34 cm3, 0.35 g, 9.5 mmol) in dioxane (5
cm3) waszddevragntoniteiteps £0g, 8610 TAMIdnupviewThchemslimesdvas dadiistaledl ovemight, and
allowed tq warm.toyeem t eratu eac il I 0.25cm3, 7
mmol) We?éogé%%tdggrn ét?ﬁ‘ﬁ%g Was %Eggn%%réc}? %(égré{ %’(ﬁ(ﬁﬁgﬁé}ﬂﬁb r%héﬁ}a%%%%nqgﬁ@r%@v%és filtered
through agpagohsiicdi(Et2 e HATLR, an chmnt) émtbevaisorateattosgacye Wiokasdidwdicksidue was

purified by col ro ra ilic QtQr ' riti lowed | Ac 10 elute
procuct A e e ot (.67
g, 33%) adiglhsijadEramplptrReaptioas tolpk8dfce, AmitfbXim evbowm pustas, [00 X84$T RE following
examples are reactions that can be used to produce amidoxime compounds according to one

embodimdhofamesthybatiemohytRpteokaiisiodhcetonitrile

]
N Cat Triton B X
HO. \ \/\ 2
\/\\OH . \/ Neat, RT NG \/\\\\\
Ethyleneglyco! Acrylonitrile 50.9% »

Chemicat Formula: C,H,C, Chemical Formuls: CyH;N 3,3 {cthane- 1, 2-diyibis{oxy)dipropanenitrile

Molecular Weight: 62.07 Molecular Weight: 53,06 Chemical Formuta: CgH 3N,0,
Molecular Weight: 168.19

[00166] Small scale: Ethylene glycol (1 g, 16.1 mmol) was mixed with Triton B (40% in
MeOH, 0.22 g, 0.53 mmol) and cooled in an ice-bath .while acrylonitrile (1.71 g, 32.2
mmol) was added. The mixture was stirred at room temperature for 60 hours after which
it was neutralized with 0.1 M HC1 (0.6 cm3) and extracted with CHCl; (80 crn3). The
extracts were concentrated under reduced pressure and the residue was Kugelrohr-
distilied to give 3,3"-(ethane-1,2-diylbis(oxy))dipropanenitrile (1.08 g, 39.9%) as a light
coloured oil, bp 150-170 °C/20 Torr.

[00167] Large scale: Ethylene glycol (32.9 g, 0.53 mol) was mixed with Triton B (40%
in MeOH, 2.22 g, 5.3 mmol) and cooled in an ice-bath while acrylonitrile (76.2 g, 1.44
mol) was added. The mixture was allowed to warm slowly to room temperature and
stirred for 60 hours after which it was neutralized with 0.1 M HCI (50 em’ ) and extracted
with CH,Cl, (300 cm®). The extracts were passed through a silica plug three times to
reduce the brown colouring to give 86 g (quantitative yield) of the product as an amber
coloured oil, pure by 'H-NMR, containing 10 g of water (total weight 96 g, amount of
water calculated by "H NMR integral sizes).

5 Cyancethylation of diethyl malonate

o} Q
/H\)}\ Cat Triton B
N dioxane, 60°C
/\U o SN F \\Q e

75.8%
diethyl malonate o
Chemica! Farmula: C;H 120, _aerylonitrile
Maolecuiar Weight: 160.17 Chemical Formula: C;HyN
. Motecutar Weight: 53.06

diethy! 2,2-bis{2-cyenoethyl)malonate
Chemical Formuta: Cy3H pN,Oy
Meleculnr Weight: 266,29
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[00185] A solution of acetonitrile (0.78 g, 19 mmol) and hydroxylamine (50% in water, 4.65 cm3, 5.02
g, 76 mmal, 4 eq) in E1OH (100 cm3) was stirred under reflux for! hour, af é]él ? olvent was
removed l}ﬁge%ﬂa Hed pressure and the residue was recrystallised fromtl?érrl 2 8%%%2% 6Ie product

N'-hydrox yacetimidamide (0.63 g, 45%) as a solid, mp 134.5-136.5 C. B) Reaction of octanonitrile
NOH NHEOLSBIGFP RisvERoN P dictaysmral @wrd-hgdbekpaalhmnftanier B Wada Mstklia;

Ca140aNgA Vilooniapisian a4 petanonivie hemiea) FRUILIGIRKILIGN Mgloplar Weight
125.21 [0018®6] Octanonitrile (1 g, 7.99 mmol) and hydroxylamine (50% in water, 0.74 cm3, 0.79 g, 12

mmol, 1.5egpihamebhe mHIT WaressHHee ARt o6ne Yemisdlath e it gaysas thal COPIEEi,s) was then

added. This causag crisials PrRIREIRIRIE.I1E6S WEERCEQHeGe M fibationand drisgripibigh vacuum
line to give the product N'- hydroxyoctanirnidamide (0.94 g, 74.6%) as a white solid, mp 73-75 C. C)
Reaction 8rchiGiyatassanagiitated during 30 min. These were collected by filtration and

recrystallised from EtOH (cooling in freezer before filtering off) to give diethyl 2,2-
bis(2-cyanoethyl)malonate (1.25 g, 75.8%) as a white solid, mp 62.2-63.5 °C.

K) Hydrolysis of diethyl 2,2-bis(2-cyanoethyhmalonate

an N

OH
TMAH {4 eq)
RT 24 hows
then HCE{4.3 eg) HO \
L 158% \ N,
dietnyl 2,2-bis(2-c yaroethymalonate 2,2-b1(2-cyanoethylymalonic acid
Chemical Formuta: CialliaN204 Chemical Formu{a: CoHyoN204
Molecutar Weight: 266,20 - Molecuiar Weight: 210.19

[00169] Dicthyl 2,2-bis(2-cyanoethylymalonate (2 g, 7.51 mmol) was added to TMAH
(25% in water, 10.95 g, 30.04 mmol) at room temperature. The mixture was stirred for
24 hours, and was then cooled to 0 °C. A mixture of 12M HCl (2.69 cm?, 32.1 mmol)
and ice (3 g) was added and the mixture was extracted with CH,Cl; (5%50 cm3). The
extracts were evaporated under vacuum 1o give 2,_2~bis(2~cyanocthyljmaionic acid {0.25

g. 15.8%) as a colourless very viscous oil (lit decomposed. 158 °C).

L) Diéyanoethyiation of glycine to give 2-(bis(2-cyanoethyl)amino)acetic acid

Q

o TMAH (1 eq)
N RT 24 hours OH
H?’“\)'k . ‘\/ then HCL {1 eq}
———————
OH o 9% 3% /\/N \/\
glycing (Z-aminoacetic acrylonitrile N&/ \\\\&

acid) Chemical Formula: CHN
Chemical Formula: Molecular Weight: 53.06 2-(bis{2-cyanoethyljaminajacetic acid
C2ZHSNO2C,HsNO, Chemical Formula: CgH, i N,O,
Molecular Weight! Molecular Weight: 181,19

75.0775.07
[00170] Glycine (5 g, 67 mmol) was suspended in water (10 cm?) and TMAH (25% in
water, 24.3 g, 67 mmol) was added slowly, keeping the temperature at <30 °C with an
ice-bath. The mixture was then cooled to 10 °C and acrylonitrile (7.78 g, 146 mmol) was

added. The mixfure was stirred overnight, and allowed to warm to room temperature .

i
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Chemical Formula: C2112CINquantitative chloroacetonitrile2-chloro-N'-hydroxyacetimidamide
Molecular Weight: 75.50Chemical Formula: C2H5C1N20 Molecular Weight: 108.53 [00187]
Chloroace%ﬁigffg”@fgﬁﬂ?; mmol) and hydroxylamine (50% in water, 0.89 8&%’?@?@8”%&?&%&% mmol, 1.1
eq) in EtOH (1 cm3) were stirred at 30-50C for 30 min. The mixture was then extracted with Et20 (3 x
50 cm3). Bhevéxtriciasvees Beapdratéd YD der 2dduced pressusdlax givedtmegorodfietr cooling

2-cyanoad SN RO RN B e B Sy P AR e R Foruta:
C58171.40Rddoladil&FhiVeightiiidsved iﬁmmalmﬂkyﬁﬁiwmmnﬁmmdﬁ&haﬁﬁde Chemical
Formula: ('}ﬁeH Zzll\tlx%gg’ was concentrated under reduced pressure to give an oil that was treated once

more with acetone (100 cm®) and filtered to remove more NMe,Cl. Concentration of the

filtrate gave 2-(bis(2-cyanoethyl)amino)acetic acid (11.99 g, 99.3%) as a colourless,

viscous oil that crystallised over 1 week at room temperature to give a solid product, mp

73 °C (lit mp 77.8-78.8 °C. Duplicate °C signals indicate a partly zwitterionic form in

CDCl; solution. '

[00171] When NaOH is used in the literature procedure, the NaCl formed is easier to

remer and only one acetone treatment is necessary.

M) Dicyanoethylation of N-methyldiethanolamine te give 3,3'-
(2,2'(methylazanediylbis(ethane-2,1-diyDbis{(oxy))dipropanenitrile

|

| L] TMAH (F mole¥%) N

N
N + \\/ Neat M N /\/
Hc}/\\/’ \/\OH = 20 hours : o A \/\0
N-methyldiethanolamine acrylonitrile 3,3-(2.2'(methyiazanediyDbis(ethane-2, 1.diyDbis{oxy))dipropanenitrile
Chemical Formula: CsHyj4NOy  Chemical Formule: C3HyN “4.4% A Y Ch,,:igﬂ Egom'mla: &2”5-{};3?\]3((32 Yhdierop
Molecular Weight: 119.16 Molecular Weight: 53.06 Molecular Weight: 225.29

[60172] To a cooled, stirred ﬁixture of N-methyldiethanolamine (2 g, 17 mmol) and
acrylonitrile (2.33 g, 42 mmol) was added TMAH (25% in water, 0.25 cm’, 0.254 g7
mmol). The mixture was then stirred overnight and allowed to warm to room
temperature slowly. It was then filtered through silica using a mixture of Et;O and
CH,Cl» (1:1, 250 cm3) and the filtrated was evaporated.undcr reduced preSsur&: to give
3,3'-(2,2'-(methylazanediyl)bis(ethane-2,1-diyDbis(oxy))dipropanenitrile (2.85 g, 74.4%)

as a colourless oil.

N) Dicyanoethylation of glycine anhydride

I

Y\)\ - e N
o}

HN N N
s scrylonitrile 61%
plycine anhydride Chernical Formuia: CoHyN . )
Chemical Formaula: C,HN,0;  Molecular Weight: 53.06 3,¥-(2,5-dioxopiperazing- 1 ,4-diyF)dipropanenitrile

Molecular Weight: 114,10 Chemical Formula: C),H 3N, 0y
Mokecular Weight: 220.23

[060173] Glycine anhydride (2 g, 17.5 mmol) was mixed with acrylonitrile (2.015 g, 38
mmol) at 0 °C and TMAH (25% in water, 0.1 cm’, 0.1 g, 2.7 mmol) was added. The
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Molecular Weight: 133.11 [001881 Ethyl cyanoacetate (1 g, 8.84 mmol) and hydroxylamine (50% in
water, 1.19 cm3, 1.29 g, 19.4 mmol, 2.2 eq) in EtOH (1 cm3) were allowed to stand at room
tempera‘tu})gqgmgﬁg with occasional swirling. The crystals formed Were%%ﬁ/e[]cstgﬁl%v%ﬁﬁ%tion and
dried in high vacuum line to give a colourless solid, 3-amino-N-hydroxy-3- (hydrox%/iminozlpropanamide
, mp 158 @ifdesowssdben siitedpus0ig)t, Hiqvdastibp of STyareprepeaaiEsgvl. The
N',3-dihydr imi | ; La-d XYPI. Tagl ide Chamical Formula:
C3 149N%§%@§§§§g%§% r}ggtf%@% %%ﬁli%&])gq%a%ﬁ&%%? %?ﬁ%%?gmgﬁ)%gggionitrile and
hydroxyladijhitipeopetiess 40 3ot Beh 61 /6 Wit stirHagoiterapilifibr 7S affoléad ian bvernight
yielding a fine slightly off white precipitate. The precipitated solid was filtered off and washed with
iPrOH an@Mby Biganesiindatiencol segtamideolid N',3-dihydroxypropanimidamide mp 94C. F)
Reaction of 2-cyanoacetic acid ry2 eq N6120HHO06.,01.4.4.™. OH Et014/1-120 30C HOHOAC
2myanoatetic acid Clhemical Formula: C3413610tvMMBlecutar\feight: B&%ﬁ%%

N Neat
T
" + \\/ 15.9% /\/N\/\
2 s . N
acetamide acrylonitrile N / _ X N
Chemical Formula: CyH;NO - Chemical Formula: CHsN N, N -bis(2-cyanoethyl)acetamide
Molecular Weight: 59.07 Molecular Weight: 53.06 Chemical Formula: CgH, N;O

Meolecular Weight: 165.19

[60174] Acetamide (2 g, 33.9 mmol) was mixed with acrylonitrile (2.26 g, 42.7 mmol)
at 0 °C and TMAH (25% in water, 0.06 cm’, 0.06 g, 1.7 mmol) was added. The mixture
was then stirred overnight, allowing it to warm to room temperature slowly. The mixture
was filtered through a pad of silica with the aid of Et,O/CH,Cl, (200 Cm3) and the filtrate
was concentrated under reduced pressure. The product was heated with spinning in a
Kugelrohr at 150 °C/2 mmHg to remove side products and to give N,N-bis(2-
cyanoethyl)acetamide (0.89 g, 15.9%) as a viscous oil.

[00175] The N-substituent in the amides is non-equivalent due to amide rotation.

P) Tricyanoethyiation of ammonia

acrylonitrile
Chemical Formula: C3HiN N
Molecuiar Weight: 53.06 I !

N

S
NHy + \\/ HOAe (104 mole%s) Water

] then TMAH (34 mote %)
ammoenia P + NH,0Ac

Chemical Formua: HyN 45%

Molecular Weight: 17,03 N
/\/ \/\\

3,3, 3"niwtlotripropanenitrile
Chemical Formula: CoH Ny
Molecular Weight: 176.22

[00176] Ammonia (aq 35%, 4.29, 88 mmol) was added dropwise to ice-cooled AcOH
(5.5 g, 91.6 mmol) in water (8.75 cm®), followed by acrylonitrile (4.65 g, 87.6 mol). The
mixture was stirred under reflux for 3 days, after which it was cooled with ice and
aqueous TMAH (25% in water, 10.94 g, 30 mmol) was added. The mixture was kept

cooled with ice for 1 hour. The crystals formed was collected by filtration and washed
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3nm34hydroxyimino)propanoic acid (8)-3-amino-3-(hydroxyimino)proparmic acid- MajorMinor
Chemical Fomiula: CiH661203 Molecular Weight: 118.09 [00190] 2-Cya i [ %JZ , 11.8 mmol)
was dissoNei £ 7(710 cm3) and hydroxylamine (50% in water, 0.79 gf;%f%t%g%éﬂf .§%mmol, 1.1
eq) was added. The mixture was warmed at 40 C for 30 min and the crystals formed

(hydroxylavitmwiatam dpamsadetatsysisiedimdiieh oRanmdiR oKt IndwaiEH G EpRas 2 pdditidhal
hyd'roxyla@'i@g %?Q%f%%)‘“ﬁ@t%vﬁﬁ%%d?mf?n@p% &1 mmep 5b-480) was added and the mixture was

stirred at room temperature overnight. Acétic acid (3 cm3) was added and the mixture was allowed to
stand for EET HoWseT N QR g aised SoRguiial Miheteastiand HARIUTS RIGSSAEELNRNES give the
product 3;guniky }%f(’hyg@%yimino)propanoic acid (0.56 g, 40%) as a white solid, mp 136.5 C (lit 144 C)
as two isomers.%[00191] Characterization of the product using FM and NMR are as follows:
vmax(KBrQi s ﬁggﬁp@@i&mﬁ SRoadi4dnmhag8l, 1551, 1395, 1356, 1265 and 1076; 8H(300 MHz;
DMSO-d6; Me4Si) 10.0-9.0 (br, NOR and COOH), 5.47 (2 H, br s, NH2) and 2.93 (2 H, s, CH2); 8C(75
MHz; DMSO-d6; Me4Sptée:e(&OOH minor isomer), 170.2 (COOH major isomer), 152.8
(C(NOH)NH2 major T§BIRER 1483 (NOH)NH2 minor isomer), 31\0 2 minor isomer) and 34.8
(CH2 major isomer). WO 20Q9/058277PCT/US2008/012240 G) R adiponitrile NOH
adiponitrile75.8%N hemi al‘Fle&fggggmm&dihyw dipimidamide Molecular
Weight: 108.14Chemica mula;, C61-112N4024mdteeulgrWeight! 174.20 [00192] Adiponitrile (1 g, 9
mmol) and hydroxylamine (50% in v@g@iﬁﬁé‘fgﬂlg, 1434 g, 20 mmol, 2.2 in EtOH (10 cm3) were
stirred at room temperature for 2 day<$‘ervd"tHeset 80 C for 8 rs. The mixtur®& was allowed to cool
and the precipitated crystals were collected by filtration and:ddec+nhigh-yasuumidine to give the
product N'1,N6- dihydroxyadipimidamide (1.19 g, 75.8%) as a W/ EBliE, H5:160.5 (decomposed) (lit
decomposed 168-170 C. I-1) Reaction of sebaconitrile

[00178] To a stirred mixture of cyanoacetamide (2.52 g, 29.7 mmol) and Triton B (40%

in MeOH, 0.3 g, 0.7 mmol) in water (5 cm”) was added acrylonitrile (3.18 g, 59.9
mmolover 30 minutes with cooling. The mixture was then stirred at room temperature

for 30 min and then allowed to stand for 1 hour. EtOH (20g) and 1M HCI (0.7 cm’)

were added and the mixture was heated unti} all solid had dissolved. Cooling to room i
temperature gave crystals that were collected by filtration and recrystallised from EtOH

to give 2,4-dicyanc-2-(2-cyanoethyl)butanamide (4.8 g, 84.7%}) as a pale yellow solid,

mp 118-120 °C (lit mp 118 °C), |

R) N,N-Dicyaneethylation of anthranilonitrile

N N
Z Z
N
A TMAH (6 mole%%)
N 1
+ \\/ Nea N
Z sesu
NH,
o acrylonitrile
anthranilonitrile Chemical Formula: CyH3N

Chemical Formula: CoHgN; 0 Weiohe 53.06
Molecular Weight 118.14 olecular Welght: 55 l 1
N

3.3-(2-cyanophenylazanediyldipropanenitriie
Chemical Formula; Cy3HpN,
Molecular Weight: 224.26

[00179] Anthranilonitrile (2 g, 16.9 mmol) was mixed with acrylonitrile (2.015 g, 38
mmol) at 0 °C and TMAH (25% in water, 0.1 cm’, 0.1 g, 2.7 mmol) was added. The
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NON Ni42051 Et011 KT 2 days N 80C 8 hours NON 501,N11-dihydroxydecanebis(imidamide)

Chemical @ }90_%}70/1122N402 Molecular Weight: 230.31 sebaconitril ula:
Clel-116 ?] cular Weight: 16425 72.5% SERRTIGR G125

mixture was then stirred overnight, allowing it to warm to room temperature siowly. The
product was dissolved in CH,Cl, and filtered through silica using a mixture of Et;O and
CH,Cl, (1:1, 250 cm®). The filtrate was evaporated to dryness and the solid product was
recrystallised from EtOH (5 cm’) to give 3,3'-(2-cyanophenylazanediyl)dipropanenitrile
(2.14 g, 56.5%) as an off-white solid, mp 79-82 °C.

S) Dicyanscethylation of malononitrile

N N N TMAH (4.4 eq)
% & 4 \/ Water, RT 24 hours
then HCI (4.4 eq}

—re——
malononitrile acrylonitrile

143% NZ
Chemical Formula: C;H,N, Chemical Formuta: CyHaN ¢ N \\
Molecular Weight: 66.06 Molecular Weight: 53.06 N

\\ éN

pentane-1,3,3,3-tetracarbonitrile
Chemical Formula: CoHgN,
Molecular Weight: 172.19

[00180] Malononitrile (5 g, 75.7 mmol) was dissolved in dioxane (10 cm’), followed by
trimethylbenzylammonium hydroxide (Triton B, 40% in MeOH, 1.38 g, 3.3 mmol). The
mixture was cooled while acrylonitrile (8.3 g, 156 mmol) was added. The mixture was
stirred overnight, allowing it to warm to room temperature slowly. It was then
neutralized with HCI (1 M, 3.3 cm3) and poured into ice-water. The mixture was
extracted with CH,Cl, (200 cm”) and the extracts were evaporated under reduced
pressure. The product was purified by column chromatography (silica, 1:1 EtOAc-
petroleum) followed by recrystallisation to give 1,3,3,5-tetracarbonitrile (1.86 g, 14.3%),
mp 90-92°C (lit mp 92 °C). '

T) Tetracyanoethylation of pentaerythritol

e \ /;’ N
OF N . \/\ D/\/ \
TMAH (7 molela)
HO oH + \\Q\/ Neat
20 hours o
HO seryionitile
pentaerythritol Chemical Formula: CyHN - o0,
Chemical Formula: C4H) 30y Moiecular Weight: 53.06 /;f \

Molecular Weight: 136,15
3,3{2,2-bis{(2- cyanoelhaxy)methyl)propane 1 3diylibisoxy Jdipropanenitriie
Chemicnt Formula; CiaHyNsGy
Molecular Weighr: 348 40

[00181] Pentaerythritol (2 g, 14.7 mmol) was mixed with acrylonitrile (5 cm’, 4.03 g, 76
mmol) and the mixture was cooled in an ice-bath while tetramethylammonium hydroxide

(=TMAH, 25% in water, 0.25 em’, 0.254 g, 7 mmol) was added. The mixture was then
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[00193] Sebaconitrile (1 g, 6 mmol) and hydroxylamine (50% in water, 0 85 cm3, 0.88 g, 13.4 mmol,
2.2 eq)in EtOH%%/Z cm3) were stirred at room temperature for 2 days and then at 80C for 8 hours. The
mixture waEAASREFE Cool and the precipitated crystals were collected b%}QW{F&?gﬂg’%azwied in high
vacuum line to give the product N'1,N'10- dihydroxydecanebis(imidamide) (1 g, 72.5%); mp 182C. 1)
Reaction sfizedyatmoauetemmpdentti2Nor 29 anvecetdmidbChertivalimes thel i T8HAKET MeskEular
Weight: 8 H2. . % M0-3- 1y amide
Chemicaléggoﬁﬁgﬁlgglg{[ﬁgﬁ%? %ﬁ)ﬁ%é‘lﬁ? ﬁe%k%wf%ﬁ%l%[%o%%]grzlg@/?a{%gﬁﬁ%%g%gg 11.9 mmol)
and hydrosydnonined(Gnganmiucsdmrsesutc 1o give 3,3'-(2,2-bis((2-cyanoethoxy)methyl)propane-

1,3-diyl)bis(oxy)dipropanenitrile (5.12 g, 100%) as a colourless oil.

V) Hexacyanoethylation of sorbitol

N\ g .
V4
gH oH ' Olitetros
N .
o . OH _+_ \\\\\/ TMAI: 26/ mol%) 0
DD O

acrylonitrile

. Chemicat Formula; C3H;N o
sorbitot Molecutar Weight: 53.06
Chemical Formula: CgH 140y
Molecular Weight: 182.17 ‘ //
, N o
| A

N

4

Chemical Formuia: CqHipNgOs
Molecular Weight: 500.55

[06182] Sorbitol (2 g, 11 mmol) was mixed with .acryionitrile (7 cm’, 5.64 g, 106 mmol)
and the mixture was cooled in an ice-bath while tetramethylammonium hydroxide
(=TMAH, 25% in watér, 0.25 cm’, 0.254 g, 7 mmol) was added. The mixture was then
stirred at room temperature for 48 hours, adding another 0.25 cm® of TMAH after 24
hours. After the reaction time, the-mixture was filtered through silica using a mixture of
Et,0 and CH,Cl» (1:1, 250 cm3) and the filtrate was evaporated under reduced pressure

to give a fully cyanoethylated product (4.12 g, 75%) as a colourless oil.
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eq) in EtOH (6 cm3) were stirred under reflux for 2.5 hours. The solvents were removed under
‘reduced pressure and the residue was washed with CI-12C12 to give theg gﬁézt
amino-3- (W&%;?y Pnﬁ%g)gpropanamlde (1.23 g, 88.3%) as a white solid, mp %3 %llglleac%on of
glycolonitrile NOH HO%-5.-N glycolnltrlle Chemlcal Formula: C2H3NO Molecular Weight: 57.05 HO
NH2 61.4%NT piekihpdeshytasiamofodietiuencisanineioing dd'<2ReR202 Molecular Weight: 90.08
[00195] GchMﬁﬂnﬁél(nl@alwﬁYﬂb@[ﬁﬁlﬂi‘hﬁdhﬂ(ﬂﬁﬁiﬁ(@ﬁ(ﬁh%ﬂﬁwa@ﬂérﬂﬁ cm3, 35 mmol, 2 eq) in
EtOH (10 cm3) were stirred under reflux for 6 hours and then at room temyperature for 24 hours. The
solvent was evaporated and the residue was purified by column chromatggraphy (silica, 1:3
EtOH-CH2C12) to give the product N',2- dihmdmggy@@@timidamide (0.967 g, 61.4%) as an off-white
solid, mp 63-65 C.tK) Reaction oﬁQhexynerﬁ’g’
/\\/ S~

o 4 NS ~*-""~~~-~-E-‘%-r1‘-~-~l':jQ\\\/\O/\\/“ \/\O/\/

M

distharolamine D%
atrylonitrile : :
Chermical Furmu_la: CH N, Chemical Formuia: CyHyN 3,3'42,2 (2-cyanoethy lazanediy! bis{ethane-2, L -divl)bis(oxy) Wipropanenitriie
Motecular Weight: 105.14 Moteeulsr Weight; $3.08 Chemical Formula: CypHaN4Qy

Molesuiar Weight 26432
[60183] To an ice-cooled stirred solution of diethanolamine (2g,19 mrrlol) and TMAH
(25% in water, 0.34 cm’, 0.35 g, 9.5 mmol) in dioxane (5 cm’) was added acrylonitrile
(3.53 g, 66.1 mmol) dropwise. The mixture \aras then stirred overnight, and allowed to
warm to room temperature. More acrylonitrile (1.51 g, 28 mmol) and TMAH (0.25 cm’,
7 mmol) was added and stirring was continued for additional 24 h. The crude mixture
was filtered through a pad of silica (Et,0/CH,Cl; as eluent) and evaporated to remove
dioxane. The residue was purified by column chromatography (silica, Et:gO to remove
impurities followed by EtOAc to elute product) to give 3,3'-(2,2'-(2-
cyanoethylazanediylbis(ethane-2,1-diyl)bis(oxy))dipropanenitrile (1.67 g, 33%) as an

oil.

Example 2: Reactions to¢ produce amidoxime compounds

[00184] The following examples are reactions that can be used to produce amidoxime

compounds according to one embodiment of the invention.

A) Reaction of acetonitrile

/ N NOH
7~ NH,0H
EtOH Reflux
—_—
acetonitrile 45%, NH;

M-hydroxyacetimidamide

Chemicai Formula: C3HgN,0O
Molecular Weight: 74.08

Chemical Formula: CoHN

Molecular Weight: 41.05
[06185} A solution of acetonitrile (0.78 g, 19 mmol) and hydroxylamine (50% in water,
4.65 cm3, 5.02 g, 76 mmol, 4 eq) in EtOH (100 cm3) was stirred under reflux for 1 hour,
after which the solvent was removed under reduced pressure and the residue was .
recrystallised from iPrOH to give the product N'-hydrox yacetimidamide (0.63 g, 45%) as
a solid, mp 134.5-136.5 °C.
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5-hexynenitrile Chemical Formula: C3115N2 Molecular Weight: 94.11 NOH NH2
4-eyano-AP-hydroxybutanimidamide Chemical Formula: C21-19N30 Molecular Weight: 127.14
[00196] AW%W‘W%%exynenitrile (0.93 g, 10 mmol) and hydroxylamineP %%%?ﬁgﬁ‘é}é%‘f‘}l.ﬂ cm3, 20
mmol) was stirred under reflux for 10 hours, after which volatiles were removed under reduced
pressure B)JReattiepebeatanpuitgite-N'- hydroxybutanimidamide (1.30 g, 100%) as a white solid, mp
99.5-101 C. L) Reaction of iminodiacetonitrile  iminodiacetonitrile Chemical Forpala: C41.13193

Molecular Weight: 95.10 2,2'-azanediylbi W-@Wyacetimidamide) 88.7% Chgmical Formula:
C4HIIN302 Mole okt : 7 days NH,

octanonitrile
Chemical Formula: CgHsN )
Moleculay Weight: 125.21 Chemical Formula: CgHygN,O
Molecular Weight: 158.24

74.6% N'-hydroxyoctanimidamide

[00186] Octanonitrile (1 g, 7.99 mmol) and hydroxylamine (50% in water, .74 cm3,
0.79 g, 12 mmol, 1.5 eq) in EtOH (1 cm®) were stirred at room temperature for 7 days.
Water (10 cm®) was then added. This caused crystals to precipitate, these were collected
by filtration and dried in high vacuum line to give the product N'-
hydroxyoctanimidamide (0.94 g, 74.6%; as a white solid, mp 73-75 °C.

) Reaction of chloroacetonitrile

NH,OH NOH

N EtOH 30-50°C
o \/ 3 hours CI\)L
NH

chioroacetonitrile
Chemical Formula: CoH,CIN
Molecular Weight: 75.50 Chemical Formula: CoHCIN,O
Molecular Weight: 108.53

2

quantitative 2-chloro-N'-hydroxyacetimidamide

[00187] Chloroacetonitrile (1 g, 13 mmol) and hydroxylamine (50% in water, 0.89 cm’,
0.96 g, 14.6 mmol, 1.1 eg) in EtOH {1 cm”) were stirred at 30-50°C for SG min. The
mixture was then extracted with Et20 (3 x 50 cm3). The extracts were evaporated under
reduced pressure to give the product 2-chloro-N'-hydroxyacetimidamide (0.81 g, 57.4%)
as a yellow solid, mp 79-80°C.

D) Reaction of ethyl 2-cyanocacetate

NOH e}

o
N NH,0H
P M’ E1OH RT M
Q i Hour HoN NHOH

ethyl 2-cyanoacetaie

Chemica! Formula: CgH;NO,
Molecular Weight: 113.11

67.8% 3-amino-N-hydroxy-3-(hydroxyiminojpropanamide

Chemical Formutar CyHN;0;
Molecular Weight: 133.11

[00188] Ethyl cyanocacetate (1 g, 8.84 mmol) and hydroxylamine (50% in water, 1.19
cm3,1.29¢ 194 rﬁmol, 2.2 eq) in EtOH (1 cmg‘) were aliowed to stand at room
temperature for 1 hour with occasional swirling. The crystals formed were collected by
filtration and dried in high vacuum line to give a colourless solid, 3-amino-N-hydroxy-3-

(hydroxyimino)propanamide , mp 158 °C {decomposed) (lit mp 150 °C).
p P p
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[00197] Commercial iminodiacetonitrile (Alfa-Aesar) was purified by dispersing the compound in water
and extracti ith dichloromethane, then evaporating the organic solven {s to give a
white solig.m %%m%%%r%y}odiacetonitrile (0.82 g) and hydroxylamine (50% %hg @@é&ﬁﬁ@%{z_% g,
34.5 mmol, 4 eq) in MeOH (6.9 ml) and water (6.8 ml) were stirred at room temperatyre for 48 hours.
EvaporatiB Besefiene! drivaregprenioniteledqaiies N odrdikdroxyrrapriryidamiftated with EtOH
(40 C) to give 2,2"-azanediylbis(Nt-hydroxyacegimidamide) (1.23 g, 88.7%) @&a white solid, mp
135-136 C, (litmp 138 C,. M.) R ion of 3-mg;f1;,daminopropionitrile N NHROH EtOH 30-50C 3 hours
RT 24 hours NOH 3-nTethyfarmino)propanenitilec@hemical Fo i V| Mglecular Weight: 84.12
NH2 N'-hydroxy-3-(meﬂ9ylﬂmi6mmm¢oanim|aam|§°e Chemical Formula: C4H11| 'I130 Molecular Weight:
117.15 99.5% Chemical Formula; C3HsNO s0% N,3-dth‘ydroxypr0pamm1damide

Molecular Weight: 71.08 \ Chemical Formula: C3HgN 0

Molecular Weight: 104.11

[60189] Equal molar mixture of 3-hydrxoypropionitrile and hydroxylamine heated to
40°C for 8 hours with stirring. The solution is allowed to stand overnight yielding a fine
slightly off white precipitate. The precipitated solid was filtered off and washed with
iPrOH and dried to a fine pure white crystaliine solid N',3-dihydroxypropanimidamide
mp 94°C.

F) Reaction of 2-cyanoacetic acid

HG OH
<] -~
N 2eqNH,OH [+3 ~ N o N
S OO 30°C -+ |
O HOAc
L HO NH; HOQY NHz
Zecyanoacetic acid 40%

J-ammrno-3-(hydroxyimingipropanoic acid  {)-3-amine-3-(hydroxy imino}propancic acid
Chemical Formula: C3H;NO,
Molecular Weight: 85.06 . Migor Minor
Chemical Formula: CyHgN,0;
Molecuiar Weight: 118.09

[00190] 2-Cyanoacetic acid (1 g, 11.8 mmol) was dissolved in EtOH (10 cm’) and
hydroxylamine (50% in water, 0.79 cm3, .85 g, 12.9 mmol, 1.1 eq) was added. The
mixture was warmed at 40 °C for 30 min and the crystals formed (hydroxylammonium
cyanoacetate) were filtered off and dissolved in water (5 cm’ ) Additional
hydroxylamine (50% in water, 0.79 cm3, 0.85 g, 12.9 mmol, 1.1 eq) was added and the
mixture was stirred at room temperature overnight. Acetic acid (3 cm’ ) was added and
the mixture was allowed to stand for a few hours. The precipitated solid was filtered off
and dried in high vacuum line to give the product 3-amino-3-(hydroxyimino)propanoic
acid (0.56 g, 40%) as a white solid, mp 136.5 °C (lit 144 °C) as two isomers.

[00191] Characterization of the product using FTIR and NMR are as fol]owé:
vmax(KBr)Ycm-1 3500-3000 (br), 3188, 2764, 1691, 1551, 1395, 1356, 1265 and 1076;
SH(300 MHz; DMSO-d6; Me4Si) 10.0-9.0 (br, NOH and COOH), 5.47 (2 H, br s, NH2)
and 2.93 (2 H, s, CH2); 6C(75 MHz; DMS0-d6; Me4Si) 170.5 (COOH minor isomer),
170.2 (COOH major isomer), 152.8 (C(NOH)NH2 major isomer) 148.0 (C(NOH)NH2

minor isomer), 37.0 (CH2 minor isomer) and 34.8 (CH2 major isomer).
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[00198] A solution of 3-methylaminopropionitrile (1 g, 11.9 mmol) and hydroxylamine (50% in water,
0.8 cm3, 0.8649. 13.1 mmol, 1.1 eq) in EtOH (1 cm3) was stirred at 30- 50C for 3 hours and then at
room temp}@% é’/?ﬁfé?ﬁight. The solvent was removed under reduced prepsgyr%sa%'f%%zé%porator
followed by high vacuum line) to give the product N'-hydroxy-3-(methylamino)propanimidamide (1.387
g, 99.5%)Gs RethitiopalbagifionitrileN) Reaction of 3-(diethylamino)propanenitrile to give
3-(diethylamino)-N'- hydroxypropanimidamide 3-(diethylamino)propanenitrile Chemical Formula:
C7H14N2 MolecuI@QVeight: 126.20 3-(diethylamjz@g)-N'-hydroxypropanimida tde Chemical Formula:
C7H17N30 Molecu eight. 15323 [00199] Asuintion-gf 3-(diethylamino) anerntrile (1 g, 8
mmol) and NH20H (50% in water, 0.7 3, 118 Himol) in ETPH (10Tm3) Were h¥%ted to reflux for 24
hours, after which the solvegf,and excess hydroxytamme wereidemoved by rotary evaporator. The
residue was freeze-drigg,ane.keptdmkigh vacuufitfihe until iy slowly salidifieddaugive give
3-(diethylamino)-N'-hystrexygoropartithidamide (1.18 g, 92.6%-as.awhite. slidh @mp 52-54C. 0)
Reaction of 3,3',3"-nitrilotripropanenitrile with hydroxylamine toya!® B iBt-LHitfilotris(N

chydroxy g midamiahil (HONNES) and hydroxylamine (50% in water, 1.24 cm3, 1.34 ¢,

20 mmol, 2.2 eq) in EtOH (10 cm3) were stirred at room temperature for 2 days and then

at 80 °C for 8 hours. The mixture was allowed to cool and the precipitated crystals were
collected by filtration and dried in high vacuum line to give the product N'1,N'6-
dihydroxyadipimidamide (1.19 g, 75.8%) as a white solid, mp 160.5 (decomposed) (lit
decomposed 168-170 °C.

H) Reaction of sebaconitrile

N )
- NH;OH HaN .
EWOHRT NH
- 2
\‘Q\ 2 days )
X N 80°C 8 hours

PO

sebaconitriie
72.5% N A dihydroxydecanebis(imidamide}

Chemical Formuis: CygHgMy
Molecular Weight! 164 25 Chemical Formula: CigHyNgO,
. Motecular Weight: 230.33

[00193] Sebaconitrile (1 g, 6 mmol) and hydroxylamine (50% in water, 0.85 cm’, 0.88
g, 13.4 mmol, 2.2 eq) in EtOH (12 cm’) were stirred at room temperature for 2 days and
then at 80°C for 8 hours. The mixture was allowed to cool and the precipitated crystals
were collected by filtration and dried in high vacuum line to give the product N'1,N'10-

dihydroxydecanebis(imidamide) (1 g, 72.5%); mp 182°C.
I) Reaction ef 2-cyanoacetamide

* 0 NOH

N
)J\/,// NH,0H
HaN EtOH Reflux
2 s HQN NHz
2 cyanoacetamide 88.3% 3-amino-3-(hydroxyimino)propanamide
Chemical Formu}a: CHMN,O Chemical Formula: C3H-N3;0,
Molecular Weight: 84.08 Molecular Weight: 117.11

[00194] 2-Cyanocacetamide (1 g, 11.9 mmol) and hydroxylamine (0.8 cm’, 13 mmol, 1.1

eq) in EtOH (6 cm3) were stirred under reflux for 2.5 hours. The solvents were removed
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NH20H (3 eq) EtOH 80C Reflux H21'1INH2 NOH NON
3,31,3"-nitrilotris(AP-hydroxypropanimidamide) Chemical Formula: C9H2IN703 Molecular Weight:
275.31 3,3VE-ARFHEH >F/&panemtnle Chemical Formula: C9E1121'44 Mole&SiA WAL 246,22 5Thoe
[00200] A solution of 3,3',3"-nitrilotripropanenitrile (2 g, 11.35 mmol) and hydroxylamine (50% in water,
2.25 g, 34mierabdncEtOpie(@Erernd) masesihtmmsaﬁa@Wevmgﬁﬁtﬁ‘éntatgiderﬁii\tterrﬁpb\@t&fe for 24
hours. The Whlt?\ﬁﬁ dolteg;lem\]/\{l%é collgcetl%% % go%%gi(;/ %% ;g %W@Eo\'i%c 1Q gpve

y ro

3,3,3" -nitotNS( ypro aml asa Whlte crystalline solid, mp 195-197

C (decom Oﬁedgt%) Rﬁgiyg ‘% ethoxyethoxy)propanen|tr|Ie to give 3-(2-ethoxyethoxy)-N'
hydroxypr panimida thoxyethoxy)propanenitrile :

NOB
/ N |
HO = NH,OH HO
EtOH Refiux NH
2
—— s
giycolnitrite 61.4% N, 2-dihydroxyacetimidamide

Chemical Formula: C;H;NO

Molecuiar Weight: 57.05 Chemical Formula: CoHN,O,

Molecular Weight: 90.08

[60195] Glycolonitrile (1 g, 17.5 rﬁmol) and hydroxylamine (50% in water, 2.15 cm’, 35
mmol, 2 eq) in EtOH (10 cm’) were stirred under reflux for 6 hours and then at room
temperature for 24 hours. The solvent wﬁs evaporated and the residue was purified by
column chromatography (silica, 1:3 EtOH-CH,Cl,) to give the product N',2-
dihydroxyacetimidamide (0.967 g, 61.4%) as an off-white solid, mp 63-635 °C.

K) Reaction of 5-hexynenitrile

NOH

' NH,OH
N‘\\\ /; N EtOH %(cflux N\A)L
NH.

guantitative 2

5-h itril '
exynenitrile 4-cyano-N'-hydroxybutanimidamide

Chemical Formula: CoHgN,

Motccular Weight: 94,11 Chemica! Formula: CshigN,O

Molecular Weight: 127.14
[00196] A solution of 5-hexynenitrile (0.93 g, 10 mmol) and hydroxylamine (50% in
water, 1.22 cm’, 20 mmol) was stirred under reflux for 10 hours, after which volatiles
were removed under reduced pressure to give the product 4-cyano-N'-

hydrox ybutanimidamide (130 g, 100%) as a white solid, mp 99.5-101 °C.

L) Reaction of iminodiacetonitrile

NH,OH NOH NOH
N ) N EtOH RT H
\\\\\/ﬁ\/ 2 days N
P — - HaN NH,
iminodiacetonitrile R 7% 2,2%-azanediylbis(V -hydroxyacetimidamide)
Chen:ncali Fo\x;}n Flli: F;§[?§3 i Chemical Formula: C N0,
Molecular Weight: 35, Molecular Weight: 161,16

[00197] Commercial iminodiacetonitrile (Alfa-Aesar) was purified by dispersing the
compound in water and extracting with dichloromethane, then evaporating the organic

solvent from the extracts to give a white solid. Purified iminodiacetonitrile {(0.82 g) and
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Chemical Formula: C71413NO2 Molecular Weight: 143.t 8 Et01-1 Reflux 24 hours
97.6%3-(2-ethoxyethoxy)-Nchydroxypropanimidamide Chemical Formula: C71-116N203 Molecular
Weight: 1789 %8([%8?‘81 A solution of 3-(2-ethoxyethoxy)propanenitrile (1 E,Cq}f Wﬂ’%‘&ﬁ&“?\mm
(50% in water, 0.64 cm3, 10.5 mmol) in EtOH (10 cm3) were heated to reflux for 24 hours, after which
the solvertydrekghacaiss K§eifoiyatieneratet ity d Wyorommyl ed sgorate PR pedimeaivhs

freeze drigd @NELKCRYINVAIGLYACHUTLIE ORSEYAIALIBHIR BONE Evaporation of volatiles
3-(2-ethoxyethoxy)-N'-hydroxypropanimidamide (1.2 g, 97.6%) as a colourless oil. Q) Reaction of
3-(2-(2-(dimnethytsiried Yetsonsp) gEed Totopesicifivild whighevaa pprated with EtOH (40 °C) to
(dimethylami tl \ i ' : :

B 2 B . D 29 e weight
186.25 15&d dHLOHEEMIBRENIX 24 hours '

M) Reaction of 3-methylaminopropionitrile

NH,0H NOH
’,’/’N EtOH 30-50°C
~ /\/ 3 hours ~
N
3 ' RT 24 hours ﬂ N,
3-{methylaminoc)propanenitrife 90 594,

N'-hydroxy-3-(methylamino)propanimidamide

Chemical Formula: C,H, N3O
Molecular Weight: 117.15

Chemical Formula: CqHgN2
Molecular Weight: 84.12

[60198] A solution of 3-methylaminopropionitrile (1 g, 11.9 mmol) and hydroxylamine
(50% in water, 0.8 cm3, 0.864 g, 13.1 mmol, 1.1 eq) in EtOH (1 cm3) was stirred at 30-
50°C for 3 hours and then at room temperature overnight. The solvent was removed
under reduced pressure (rotary evaporator followed by high vacuum line) to give the
product N'-hydroxy-3-(methylamino)propanimidamide (1.387 g, 99.5%) as a thick pale
yeliow oil.

N) Reaction of 3-(diethylamine)propanenitrile to give 3-(diethylamino)-N'-
hydrexypropanimidamide

- NOH
—=N 1.5 eq NH,OH '
EtOH, Reflux
N N

24 hours - I o
< 92.6% < _
3-(dicthylamino)propanenitrile 3-(diethylamino)-N"-hydroxypropanimidamide
Chemical Formula: CoHyyN, Chemical Formula: C;H,;N,0
Molecular Weight: 126.20 Molecular Weight: 159.23

[00199] A solution of 3-(diethylamino)propanenitrile (1 g, 8 mmol} and NH>OH (50%
in water, 0.73 cm®, 11.9 mmol) in EtOH (10 cm3) were heated 10 reflu:{( for 24 hours,
after which the soivent and excess hydroxylamine were removed by rotary evaporator.
The residue was freeze-dried and kept in high vacuum line until it slowly solidified to
give give 3-(diethylamino)-N'-hydroxypropanimidamide (1.18 g, 92.6%) as a white
solid, mp 52-54°C.,
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90.1% 342-(2-(ditnethylamino)ethoxy)ethoxy)-NchydroxygroPanimidamide Chemical Formula:
C91-121N303 Molecular Weight: 219.28 [00202] A solution of
3-(2-(2-(di?‘ﬁé’tﬁgﬂ%h’ﬁ%gyethoxy)ethoxy)propanenitrile (0.5 g, 2.68 mmol) ahG NEZE 0(1576@% in water,
0.25 cm3, 4 mmol) in EtOH (10 cm3) were stirred at 80 C for 24 hours, after which the solvent and
excess hyhdBghatinneofdd Rmititbtjrnaanpeniipdeatirh Tndrexdamingdgrabzaldtiet and kept in
high vacuum tiiteifetriséberay dnrgpoogarimidamide)
3-(2-(2-(dimethylarnino)ethoxy)ethoxy)-N'-hydroxypropanimidamide ¢33 g, 94.1%) as a light yellow
oil. R) Reaction of 3,3'-(2, I’-(2-cyanoethylazanediyi)bis(ethane-z,1- diyi)b$(oxy))dipropanenitrile with
hydroxylamine to give 3,3'1(2,2'-(3-amino-3-

(hydroxyimino)propylazan iyl)bis(ethaneﬁzoluéi?IL))bis(oxy)bis(lWhy roxypropanimidamide) 1"

NH20H (4 eq) OHNON EtOH) 80C 24 hour8igiantitatiye -2-2

3,3,(2,2,(3-tuomo.3.03ydroxykmino opylanmcgiyl)bis(éth -2. 1 ﬁﬂm{@#nsfdpgiypropothmidami
de) Chemical FO,E a: CI3H29N705 M u%?/Wtight: 363. MDIH _ o
3-3,(2-2'42,7anaCthy|y’§5191qri%q.r)pbisﬂj%pr@mef,1-diy1)Ns(m;)'(,)}gnlgmgs%%gitrile Ghemical Formula:

TOp TOXY propanimidait
C13H,N401 Chemical Formula: CoHysN, ‘ Chemical Formula: CyH, N7O,

Molecutar Weighe: 176.22 Moiecutar Weight: 27531

[00200] A sﬁlution of 3,3",3"-nitrilotripropanenitrile (2 g, 11.35 mmol) and
hydroxylamine (50% in water, 2.25 g, 34 mmol) in EtOH (25 cm®) was stirred at 80 °C
overnight, .then at room temperature for-24 hours. The white precipitate was collected by
filtration and dried in high vacuum to give 3,3',3"-nitrilotris(N'-

hydrox ypropanimidamide) (1.80 g, 57.6%) as a white crystalline solid, mp 195-197 °C

(decomposed)

P) Reaction of 3-(2-ethexyethoxy)propanenitrile to give 3-(2-ethoxyethoxy)-N'
hydroxypropanimidamide

H
N 1.5 eq NH,0OH no
BN o EtOH Reflux o ‘
o /\/ \/ 24 hours ‘\/ \/\0 N
2

—
3~(2-ethoxyethoxy )propanenitrile 97.6% 3-(2-ethoxyethoxy)}-N'-hydroxypropanimidamide
Chemical Formula: CoH3NO, : Chemical Formula: CyHygN;Oy
Molecular Weight: 143,18 Molecular Weight: 176.21

[002601] A solution of 3-(2-ethoxyethoxy)propanenitrile (1 g, 7 mmol) and NH,OH
(50% in water, 0.64 cm3, 10.5 mmoli) in EtOH (10 cms) were heated to reflux for 24

'~ hours, after which fhe solvent and excess hydroxylamine were removed by rotary
evaporator. The residue was freeze-dried and kept in high vacuum line for several hours
to give 3-(2-ethoxyethoxy)-N'-hydroxypropanimidamide (1.2 g, 97.6%) as a colourless
oil.

Q) Reaction of 3-(2-(2-(dimethylamino)ethoxy)ethoxy)prepanenitrile fo give 3-(2-(2-
(dimethylamino)ethoxy)ethoxy)-N'-hydrexypropanimidamide

. NOH
2" /\)J\
~ N/\\/O\/‘\O/\// 1.5 5q NH2OH NN O\/‘\c N,

EtOH Refiux
| 24 hours i

3-(2+(2-{dimethylaminojethoxy)ethoxypropanenitrite 90.1% 3.{2-(2-(dimethylamino)ethoxyjethoxy -V -hydroxypropanimidamide
Chermical Formula: CobgN:0; ) Chemical Formula: Cotly Ny0y
Motecutar Weight: 186.25 Molecular Weight: 215,28
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Ma3m-1212r Wcight 264 32 [00203] Treatment of 3,3'-(2,2'-(2-cyanoethylazanediyl)bia(ethane-2,1-
diyebis(oxg}Ddﬁjﬁro anenitrile (0.8 g, 3 mmol) with NH20H (0.74 cm3, 12.1 mmol) in DOH(;S cm3) gave
3,3-(2,2'-( Q Wé-?{%droxyimino)propylazanediyObis(ethane-Z,1- PCT/US2008/01224

diy1) This(oxy)bis(NI-hydroxypropanimidamide) (1.09 g, 100%) as an oil. S) Reaction of
iminodipr&ffieRittila rutiemet bidpisrdirectytamia Hoantiathos DaoRanpblEi (A ey it 123.16
NH2O0H EfQHL,B80G SN19uERI0%Aa%s 8¢ 102 NN NQEHIRNNBIDE (10 cm®) were stirred at

3,3'azanediylbis(M-hydroxypropanimidamide) Chemical Formula: C6H15N502 Molecular Weight:
189.22 [GRUAformidduiproHBRitiNBICh Hreaspsan andersRiORYHANHBTESOSMATHERBIOEE RS, 1.07 g, 16

mmol, 2 el%}aiify%t%'ﬁlo@tsm39%%%13{1@%@5@9_@1&8@&%&%&fark%g#@maaﬁk thensat 80&4pr 8 hours.

The mixture was allowed to cool and the precipitated crystals were collected by filtration and dried in

high vaculpitirie gvgive e roengeh dampolereahyisisa Ny roxdses yaraRapiavdaa)de €493 82.1%) as
a white sQligg 1180 £1igH M oil.

R) Reaction of 3,3'-(2,2'-(2-cyanoethylazanediyl)bis(ethane-2,1-
diylbis(oxy))dipropanenitrile with hydroxytamine to give 3,3'-(2,2'-(3-amino-3-
(hydroxyimino)propylazanediyl)bis(ethane-2,1-diyl})bis(oxy)bis(N'-
hydroxypropanimidamide)

HON. NH,
NHZOH {4 eq)
N NOH
A EtOH, 30°C O
N L 24 hours .
\‘:'\\\/\ PN /\// AN TN
© o quantitative 2N o o) KH,
3,342.2 e 3 Ly : 3,342, 2+ (3-emino-3-(hydroxyimine)proy iyl bis(ehane-2, -diyh)bistowy shisO -y droxy propanimidamide)
FL22400 \avancdiy [ibis{ethens-3, ElivT)bis(oxy Bdiprop T "
Chemeal Formuie Cui—i;,,N,JOI - Chwmnice] Farmalm CpiHppNyOg
‘Moleoular Weight: 26432 . Molezater Weight: 363.41

[00203] Treatment of 3,3'-(2,2'-(2-cyanoethylazanediyl)bis(ethane-2,1-
diyD)bis{oxy))dipropanenitrile (0.8 g, 3 mmol) with NH,OH (0.74 em®, 12.1 mmol) in
EtOH (8 cm’) gave 3,3'-(2,2'-(3-amino-3-(hydroxyimino)propylazanediyl)bis(ethane-2,1-
diyl))bis(oxy)bis(N'-hydroxypropanimidamide) (1.09 g, 100%) as an oil.

5) Reaction of iminodipropionitrile

Naa N E:\Iogzggc T : "
\\/\N /\// 8 hours /U\/\ /\/L
H RT 2 days HN ﬁ NH,
\minedipropionitrile 82.1% 3,3 azanediylbis(M'-hydroxypropanimidarmide)
C&Eﬁfﬂ;iﬁ;‘;};} ?32{9;;’ Chemical Formula: CeHysNsO,

Molecular Weight: 189.22
[00204] Iminedipropionitrile (1 g, 8 mmol)and h},fdroxyiaminc (50% in water, 1 cm®,
1.07 g, 16 mmol, 2 eq) in EtOH (8 cm®) were stirred at room temperature for 2 days and
- then at 80 °C for 8 hours. The mixture was allowed to cool and the precipitated crystals
were collected by filtration and dried in high vacuum line to give the product 3,3"-
azanediylbis(N'-hydrox ypropanimidamide) (1.24 g, 82.1%) as a white solid, mp 180 °C
(lit 160 °C).
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WO 2009/058277PCT/US2008/012240 T) Reaction of
3,3',3",3"1-(ethane-1,2-diylbis(azanetriyMtetrapropanenitrile to give
3,3',3",3"1‘-{8@%\%@%&%inbis(azanetriyl))tetrakis(flydroxypropanimidamia%(j‘%ng%{c})g (H32HTA
analogue N tit/P 3.3r,3--(ethane.1,2-thylbistazsneniy1Htetrapropanenitrile Chemical Formula:
C14H255KeRvatsion af B/&ight32 MetBansoViNDb B Giznewidinteteapropanenitrile to give
2-cliylbis(azaR358143))téethiancal, hyliydistaspacirittiateivelieREnkizdr marrropa s mitapide) 04
Molecular Weigittdig4 ERPTdoaosloguwolution of
3,3,3",3"-(ethane-1,2-diylbis(azgnetriyl))tetrapropanenitrile {1 g, 4 mmak) and NH2014 (50% in water,
1.1 cm3, 18.1 mmol) in EtOH cm3) was stirred at 80 C for 24 hours apd was then allowed to cool to
room temperature. solidi{formed was collected by filtra#®n under vacuum to give
3,3c3",31"-(ethane-1,2-\diylbis(azanetriyl))tetralcis(N1-hydroxyptopapimidamide) (1.17 g, 76.4%) as a
white solid, mp 191-192 ?&U) Reaction of, 3,3:x(2,2-bis((2-cyanoethpxy)methyl)propane-1,3-

diyl)bis(oxy)dipropanenitrile with hydroxg@atiimete:give 3,3'-(2,2-bis((3- ‘

(hydroxyamino)-3-iminopfopoxy)methyl)propane=t,3-diy1)bis(oxy))bis(Nhydroxypropanimidamide)
3,3M2,2.bis((2m7mecale
Ci7712,Neilt

ethyl)propanc’1’mliyMbisSoxyMipraparienigik Chemical Formula:

HaN b,

NOH NOH

333,37 (ethane-t 2-diyloisazanermiylewmapropancniile 3,33 3" (ethane- ) 2-diyIbis(azanetriy)etrakis(A - hydroxy propanimidamide)

Chemical Formuia: C4HyoNg -
Molecular Weight: 272.33 Chemical Formale: Cy HyN 4Oy
Molecutar Weight: 404.47

f00205] A solution of 3,3',3",3'“—(ethéne-1,2-diy]bis(azanetriyI))tetrapropanenitri}e (1g,

4 mmol) and NH;OH (50% in water, 1.1 cm3, 18.1 mmol) in EtOH (10 cm3) was stirred

| at 80 °C for 24 hours and was then allowed to cool to room temperature. The solid

formed was collected by filtration and dried under vacuum to give 3,3',3",3"-(ethane-1,2-

diylbis(azanetriyl))tetrakis(N'-hydroxypropanimidamide) (1.17 g, 76.4%) as a white

solid, mp 191-192 °C.

U) Reaction of 3,3'-(2,2-bis({2-cyanoethoxy)methyl)propane-1,3-
diyD)bis(oxy)dipropanenitrile with hydroxylamine to give 3,3'-(2,2-bis((3-

(hydroxyamino)-3-iminopropexy)methyl)propane- 1,3-diyi)bis{oxy)bis(N-
hydroxypropanimidamide) ‘

NeOH

NELOH(S eg) o

BI0H, 80°C

<] G, . 74 hours HN o) o, NHOH
—_——i

/\_/ \/\ . \/\Ir

N4’ ¥, 70.1% i

1,3"{2,2-bis{{2 -tyanoethoxy)methyhpropanc- .3 -diyHbis{oxy Mipropanenierile N
Chemical Formutn: €Ny
Molecwiar Weight: 348.40 NHOH

3,32, 2-bis{(3-{hydroxyamino)--iminopropaxy methyiipropanc. |, 3-diyibis(oxyhis(N -hydroxypropanimidnzide)
heenicnl Formuln: CyHaMNelhy
Moleeular Weight: 480.52

[00206] To a solution of 3,3'+(2,2-bis((2-cyanoethoxy)methyl)propane-1,3-
diyDbis(oxy)dipropanenitrile (1 g, 2.9 mmol) in EtOH (10 ml) was added NH20H (50%
in water, 0.88 ml, 0.948 g, 14.4 mmol), the mixture was stirred at 80 °C for 24 hours and

was then cooled to room temperature, Evaporation of the solvent and excess NH20H in
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Molecular Weight: 348.40 HN 1414014
3,3*-(2,2-bisg347MmtlYNSM-3-Milo8PmOmMIlelethYiINIMOsimili5-NYINis(csYMINNh droxyproptlnlmld
amide) Ch‘é’ra%%‘?f’#éﬁ%?él*: CtsHI514004 Molecular Weight: 480.52 [0020 C%“&’é’&ﬁ%
3,3'-(2,2-bis((2-cyanoethoxy)methyl)propane-1,3- diyl)bis(oxy)dipropanenitrile (1 g, 2,9 mmol) in EtOH
(10 ml) wtssadted dkRPIb(S0No wed/htehi £)88ienhr0. 848 g honra ganeob),3tHe Aixaifé-was stirred at 80

C for 24 and was t en cooled to solvent and excess
NH20H W‘Yﬁse o‘%?ﬁ“e"\) poTatorfo owﬁg@ﬁﬁ%ﬁ %E%:%?n%@gg r%gggé% ét%/tgq 3,31-(2,2-bis((3-
(hydroxydmdm)eﬁampampmtmmybméﬂ%ogrﬁﬁaﬁ%)mamyﬁlbls‘(?bﬁy)bts@@h%roxypropammldamlde) (0.98
g, 70.3%) as a white solid, mp 60 C. V) Reactlon of 3,3'42- cyanophenyIazanedlyOdlpropanen|tr|Ie With
hydroxylaMirteasdoresd 33 2(INviaydpixsapiars aﬁmasii}pfwalzaﬁdq ithhiynexylamine
hydroxyproptingivie iy ( ?'«hydroxycarbamlmldoyi)phenyiazanedlyl) is(N'-
23.-(2-(NhhyklydxgzxpirapaninidaypideaiylazanediyObis(M.hydroxyprapanimidamide)
3,2-42-cyanophenylazanediyl)dipfopapenitriieChemical Formula: C1,4121 N703 Chemical Formula:
' 328"Molecular Weight: 224.26560207] Treatment Of

EtOH (10 ml) gave a crudefrodiict that \Rﬁgﬁﬁturated with CH to give 3,3'-(2-(N-
hydroxycarbarnimidoyflphenyl anediyoqubmgusm(Nwl-hyd pr midamide) (1.44 g, 100%) as a solid,
decomposed 81 C. W) Reactjon of N,N-bis(2-cyanoetliyljacet with hydroxylamine to give

N,Nbis(3-amino-3- (hydroxyl ||no)propyl)acetam|de P

3,342V -y droxyearbamimidoylphenylazanediyDbis{N'-hydroxyprepanimidamide)
3,3'{2-cyanophenylazanediy Ddipropansaitrile Chemical Formuta: C)yHy N0y
Chemicat Formuia: CpyHgNy Molecuiar Weight: 32335
Molecular Weight: 224,26

[00207] Treatment of 3,3'-(2-cyanophenylazanediyl)dipropanenitrile (1 g, 4.46 mmol)
with NH20H (1.23 ml, 20 mmol) in EtOH (10 mi) gave a crude product that was
triturated with CH,Cl; to give 3,3™-(2-(N'-

hydrox ycarbamimidoyl)phenylazanediyl)bis(N'-hydroxypropanimidamide) (1.44 g,
100%) as a solid, decomposed 81 °C.

W) Reaciion of N,N-bis(Z-cyanoethylacetamide with hydroxylamine to give N,N-
bis(3-amino-3-(hydroxyimino)propylacetamide

o
o NHO0H (3 eg)
EtOH, 84°C
_Zhows on N NOH
N
quantitative
N ey NH; NH,

N N-bis(2-cyanoethy!)acetamide
Chemical Formula: Cgty ) N;O N N-bis(3-amino-3-
Motecular Weight: 165.19 {hydrexyimino)propytlacetamide
Chemical Formula: CgHaNO;
Molecular Weighs: 231,25

[60208] Treatment of N N-bis(Z-cyanoethyl)acetamide (0.5 g, 3.03 mmol) with NH,OH |
(0.56 ml, 9.1 mmol) in EtOH (5 ml) gave‘N,N-bis('.’:»arninov?}w
(hydrox yimino)propylhacetamide (0.564 g, 100%) as a white solid, mp 56.4-58 °C.
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NN N,N-bis(2-cyanoethypacetamide Chemical Formula: CRHI,N30 Molecular Weight: 165.19 NH2
N,N-bis(3-amino-3- (hydroxyimino)propyl)acetamide Chemical Formula: C MoJecular
Weight: Zéyi(.%eﬁfﬁ 6%? Treatment of N,N-bis(2-cyanoethyl)acetamide (Oégﬁ%%%zquﬁ%%gwith
NH201-1 (0.56 ml, 9.1 mmol) in Et011 (5 ml) gave N,N-bis(3-amino-3- (hydroxyimino)propyl)acetamide
(0.564 g, X0Bepetion ofhhd 31 - e o lasmedipbbr I- |
3,3'-(2,2'-(méimiabi§émabﬁimm§mﬁé‘iieﬂmyh;a§ ;) iﬁﬂ)?h%f@ﬁiﬁi%‘@tﬂhydmxyl@mine to give
3,3-(2,2"- (nosethaieprnsigmbhaséetanres d-diyl bﬁégg&s))ggigm -hydroXeaRaHNdaIds) Eor or
gvC 24 houh(s 3,3}42.2'.4inetrlylazanedighbis(‘eth%r(lde..2,14y 9'bis(oxy))dipr(PpenenitLile\C)l‘Emical
Formula: c,Wg%w@mwgm@%/e@gﬁzs.gg%ngVNV\O
3,3'-{2.2'-{mmhylazanediy!)bis(mhanc-z.l-diyl)biaow)Jdipmpanénitﬁie — 5,3‘-{22,2'-(me:hyinmedjyl)bis{emme-z,I-diy])’ais(oxy))bis(N'-hydruxypropammidamide)

Chemical Farmude: C, HgNa0y guentitative Lhemicel Formuia: C);HygN4O,
Molecalar Weight: 225.29 Molecular Weight: 231,33

Ny

[00209] Treatment of 3,3'-(2,2'-(methylazanediyl)bis(ethane-2,1-
diyDbis(oxy))dipropanenitrile ( 1 g, 4.4 mmol) with NH;0H (0.82 ml, 13.3 mmol) in
EtOH (10 mi) gave 3,3'-(2,2"-(methylazanediyl)bis(ethane-2,1-diyl)bis(oxy))bis(N'-
hydroxypropanimidamide) (1.28 g, 100%) as an oil.

Y) Reaction of glycol derivative 3,3'-(ethane-1,2-diylbis(oxy))dipropanenitrile

NG

= 2.5 eq NH,OH )l\/\ 0. NOH
\\/\o/\/ 'O\/\\ EOH, 86°C FoN o N \/Y

=R N 24 hours

Ny
3,3{ethane-1 Z-diyibis(oxy))dipropanenitrite Quaniigive
Chemical Formula: CgH1zN;0, 3,3'-(ethane-1,2-diylbis(oxy })bis(N -hydroxypropanimidamide)
Moiecular Weight: 168.19 Chemical Formula: CgHsNaQq

Molecular Weight: 234.25
[066210] A solution of 3,3‘—(ethane-_1,2—diylbis(oxy))dipropanenitrile (1 g, 5 mmol) and
NH,0OH (50% in water, 0.77 em’, 12.5 mmol) in EtOH (10 cm’) was stirred at 80 °C for
24 hours and then at room temperature for 24 hours. The solvent and excess NH,OH
were evaporated off and the residue was freeze-dried to give 3,3'-(ethane-1,2-
diylbis(oxy))bis(N'~hyd.roxybropanimidamide) {1.33g, 100%) as a viscous oil.

7) Reaction of 3,3'-(piperazine-1,4-diyl)dipropanenitrile

NOH

o )k/\
/ N\ / 3 egNHHOH  HyN N
N N BOH |
Reflux 24 houts N KH;
NE= / \ / \/\r

3.3 {pipernzine-1,d-diyt Kipropenenitrile 23.1%

Chemical Formuia: CighgNy : NOH
Molecular Weight: 192.26

3,3 pipernzine-1,4-diyl)bis(A =hydroxypropanimidamide)
Chemical Formuta: CjeHnNeD;
Moiecular Weight: 258,32

[00211] A solution of 3,3-(piperazine-1,4-diyl)dipropanenitrile (1 g, 5.2 mmol} and
NH,O0H (50% in water, .96 cm3, [5.6 mmol) in EtOH (10 cm3) were heated to reflux
for 24 hours, after which the mixture was allowed to cool to room temperature. The

solid formed was collected by filtration and dried in high vacuum line to give 3,3'-
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NH, 3.3.42.2'dmethylezenediylRis(ethane-2,1 idiyhhistoxyhbis(N.-hydroxypropaninsidamide) Chemical
Formula C151128N1504 Molecular Weight: 291.35 [00209] Treatment of

3,3-(2,2' (Pﬁgtﬁy'fgi’a?ﬁga|yOb|s(ethane 2,1- diyObis(oxy)'jdipropanenitrile (‘?Lcév ‘ﬂszlmsﬁwlcﬁ‘} with N1-120H
(0.82 ml, 13.3 mmol) in EtOH (10 ml) gave
3,3'42,2"-(tnigtrpinarietigiobibeNahedroz yonpassimigsybigeN bl dfosy Piotan apid athiteIid2s g, 100%)
as an oil. chlg qu @{M%Qg%wgtggzée&@ne 1,2-diylbis(oxy))dipropanenitrile NON

3,3Methane).1,2-di bls(oxy))dlpropanenltrlIeQuantltatlve Chemical Formula:

CENCDE k0 RO A
1613.19Chemicalfoepidas IR IESIA 3404, GHiﬁB ek 3@<ike] A solution of
3,3'-(ethane-1, i di IBls(oxy))d|propanen|tr|Ie 1 g, 5 mmol) an OH (50% in yyater, 0.77 cm3, 12.5

mmol) in EtOH (10 was stirréd at 80 C for 24 hours and then af room tempegature for 24 hours.
The solvent and exces$ NH20H were evaporated off and the reﬁ% freeze-dited to give
3 3L(ethamg1 2- dly|bIS Xyp' |s(M hydroxypropanlmldamlda) (1.33g, %).&S a viscous oil. Z)
anemEf;Le’NO -1 H_EtO o

)/g G\ quantitstive
. {/ ;‘\\\N jj WY
{hemicnl Formuln: CgyHypNgGg

Moiccalar Weight: S04.53 birsy
Hexiwl, 1,2.3.4.5.6-hexakis-O-| 3{hydroxyamino}-3-iminopropy !
Chemical Fermulat CagHsgNy20y;
Melecnlar Weighs: 698,73

Reaction of

[00212] A solution of cyanoethylated product of sorbitol (0.48 g, 0.96 mmol) and
NH,O0H (50% in water, 0.41 ml, 0.44 g, 6.71 mmol) in EtOH (5 ml) was stirred at 80 °C
for 24 hours. Evaporatiox{ of solvent and NMR analysis of the residue showed
incomplete conversion. The product was dissolved in water (10 mi} and EtOH (100 m})
and NHZOH (0.5 g, 7.6 mmol) was added. The mixture was stirred at 80 °C for a further
7 hours. Removal of all volatiles after the reaction gave 1,2,3,4,5,6-hexakis-O-[3-
{hydroxyamino)-3-iminopropyl Hexitol, (0.67 g, 100%) as a white solid, mp 92-94 °C

(decomposed).

AB) Reaction of Benzonitrile

/ N NOH
Z NH,0H
EtOH Reflux NH2
—mmnmw
' quantitative
benzonitrite ‘ N'-hydroxybenzimidamide
Chemical Formula: C;HgN Chemical Formula: C;HgN,0O
Molecular Weight: 103,12 Molecular Weight: 136.15

[00213) Benzonitrile (0.99 em’, 1 g, 9.7 mmol) and hydroxylamine (50% in water, (.89
cm?, 0.96 g, 14.55 mmol, 1.5 eq) were stirred under reflux in BtOH (10 cm®) for 48
hours. The solvent was evaporated under reduced pressure and water (10 cm®) was
added to the residue. The mixture was extracted with dichloromethane (100 cm®) and the
organic extract was evaporated under reduced pressure. The residue was purified by

column chromatography to give the product N'-hydroxybenzimidamide (1.32 g, 100%)
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Reflux 24 bouts N= 3,34piperaMne-1,4dillylMipropanenitrile Chemical Formula: Cuilil6N4 Molecular
Weight: 192.26 93.3% NON 3,3(t(piperaiined,4diilyObis(Archydroxypropanimi ' mical
Formula: B{8A&RBE2 Nolecular Weight: 258.32 [00211] A solution of 'B@f%%ﬂ%ﬁ?&
3,3'-(piperazine-1,4-diyl)dipropanenitri le (1 9, 5.2 mmol)oand NH20H (50% in water, Q 96 cm3, 15.6
mmol) in &tervie enistpliarspldiEPE SIS SHOORUrS arErwpierct BBt aLcaMwed to cool

to room tgm%g@eggpg@gmg@%mqﬁ@]ected by filtration and dried in high vacuum line to give
3,3~ (piperazine-1,4-diyObis(N™-hydroxypropanimidamide) (1.25 g, 93.3%) as a white solid, decp 238

C (brown gelppiafienaler 35 henyitbmeaniar of cyanoethylated sorbitol compound with

hydroxylamine to give 1,2,3,4,5,6-hexakis-043- (hyd roxyamino)-3- iminop ropy! Hexitol NOILINON

HNNH, [00212] A solution of cyanoethylated product of sorbi ol (0.48 g, %86 mmol) and NH20H

i i i tﬂ C for 24 hours. Evaporation

prate-conversiom~fhe product was

g, 7.6 mmol) was added. The mixture
le's after the reaction gave

1,2,3,4,5,6-hexalcis-0-13- hﬁgrox%/amino)-3-iminopropxj,_gﬁxitog, 0.67% 100%).as a white solid, mp

- I 1ondirile o roxy-3-phenylprophrimtidam
92-94 C (decomposed) A action of Benzonitrile ‘
Chemicai Formula: CgHgN Chemical ?ormu'la: CoH N0
Molecular Weight: 131.17 Molecular Weight: 164,20

[00214] Phenylpropionitrile (1 g, 7.6 mmol) was reacted with hydroxylamine (50% n
water, 0.94 cm3, 15.2 mmol, 2 eq) in EtOH (7.6 Cm3} in the same manner as in the
preparation of N'-hydroxybenzimidamide (EtOAc used in extraction) to give the product
N'-hydroxy-3-phenylpropanimidamide (0.88 g, 70.5%) as a white solid, mp 42-43 °C.

AD) Reaction of m-tolunitrile
NOH

i
&
NH,OH "
Et(OH Reflux 2
—— e
97.7%
m-tolunitriie N'hydroxy-3-methylbenzimidamide

Chemicat Formuia: CgH,N Chemical Formufa: CgHgN,O
Molecutar Weight: 117.15 Molecular Weight: 150.18

[(0215] The reaction of m-tolunitrile (1 g, 8.54 mmol) and hydroxylamine (0.78 cm’,
12.8 mmol, 1.5 eq) in EtOH (8.5 cm’) was performed in the same manner as in the
preparation of N'-hydroxybenzimidamide, to give the product N'-hydroxy-3-

- methylbenzimidamide (1.25 g, 97.7%) as a white solid, mp 92 °C (lit 88-90 °C).

AE) Reaction of benzyl cyanide

NOH
N NH,0H
7" ErOH Reflux
s NH,

benzyl cyanide 81.9% N'-hydroxy-2-phenylacetimidamide
Chemical Formula: CgH4N Chemical Formula: CgHoNO
Molecular Weight: 117.15 Molecular Weight: 150.18
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[00213] Benzonitri le (0.99 cm3, 1 g, 9.7 mmol) and hydroxylamine (50% in water, 0.89 cm3, 0.96 g,
14.55 mmol, 1.5 ea% were stirred under reflux in EtOH (10 cm3) for 48 ho R%S t was
evaporate‘é'{)jr%a%g/ teited pressure and water (10 cm3) was added to thté[frfgﬁ u@%%} f#}givxture was
extracted with dichloromethane (100 cm3) and the organic extract was evaporatedoklnd%r Eeiduced

pressure [§07%d 63 Rene xh a¥aniRFiE 5P Sommelcrne Mdagralnging Gi0diegutds cm
N'-hydroxyhenzimidpmidefl 82 0. rh00%keas R uiie GE/Sialina-seld .57 A% Blepatiitiod-80 C). This

procedure is suitable for all starting materials bearing a benzene ring. AC) Reaction of
3-phenylpfopishnrdamommidanite RO pistae iR IR £ AG oS i N ke M weight:
13117 N hmyps&xﬁm&ﬂy&rap@@goBiﬁM%@smlmeﬂm, GYe2520 Metecavegight: 164,20
[00214] Phenylpropionitrile (1 g, 7.6 mmol) was reacted with hydroxylamine (50% In water, 0.94 cm3,
15.2 mmof-2 eq) in EtOH (7.6 cm3) in the same manner as in the preparation of

N'-hydroxypsneimidamige friQa5iHsad-i extraction) to give the product
N'-hydroxy-3-phenylpropanimidamide (0.88 g, 70.5%) as a white solid, mp 42-43 C. AD) Reaction of

m-tolunitrite NOH o
2 NH,0H ,
}’/\ij EtOH Reflux ~ THH
e
: 90.3%
A ’ sy

anthraniloniwile 2.amino-N'-hydroxybenzimidamide
Chemical Formula: CoHgN, Chemical Formt_tla: CoHgN;0O
Molecuiar Weight: 118.14 Molecutar Weight, 151.17

{00217] Anthranilonitrile (1 g, 8.5 mmol) and hydroxylamine (50% in water, 0.57 cm’, |
9.3 mfnol, 1.1 eq) in EtOH (42..5 cm’) were stirred under reflux for 24 hours, after which
the volatiles were removed under reduced pressure and residue was partitioned between
water (5 cm’ } and CH,Cl, (100 cm’). The organic phase was evaporated to dryness in
the rotary evaporator followed by high vacuum line to give the product 2-amino-N'-
hydrox ybenzimidamide (1.16 g, 90.3%) as a solid, mp 85-86 °C.

AG) Reaction of phthalonitrile

NOH
N
A
NH,OH
EtOH Reflux NH
L ———_—————
R 835.4%
Y NOH
phthalonitrile isoindoline-1,3-dione dioxime
Chemical Formula: CgHN; Chemical Formula: CgHyN;0,
Molecular Weight: 128.13 Molecular Weight: 177.16

[00218] Phthalonitrile (1 g, 7.8 mmol) and hydroxylamine (1.9 cm®, 31.2 mmol, 4 eq) in
EtOH (25 em”) were stirred under reflux for 60 hours, after which the volatiles were
removed under reduced pressure and the residue was washed with EtOH (2 em®) and
CH,Cl (2 cm?) to give the cyclised product isoindoline-1,3-dione dioxime (1.18 g,
85.4%) as a pale yellow solid, mp 272-275 °C (decomposed) (lit 271 °C).
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NEI20H EtOH Reflux NH2 97.7% m-tolunitrileN'-hydroxy-3-methylbenzimidamide Chemical
Formula: C2112NChemical Formula: C2f110N20 Molecular Weight: 117.15Malecular Weight: 150.18
[00215] TREGEAHEFHE m-tolunitrile (1 g, 8.54 mmol) and hydroxylamine &F?@é%#%"’ﬁ%‘ mol, 1.5
eq) in EtOH (8.5 cm3) was performed in the same manner as in the preparation of -
N'-hydrox¢EnRenartioniob2evgnepienglaeieniitilgdroxy-3- methylbenzimidamide (1.25 g, 97.7%) as
a white solid, mp 92 C (Ii/i;/,,88-90 C). AE) Reaction gfbenzyl cyanide N NH2OH EtOH Ref lux

NH,OH

{/N EtOH Reflux OR'

85.9%
2 ¢yanophenylacetonitrile Nty NHOH

Chemical Formula: CoHgN, 3-aminoisoquinolis-1(4/ }-one oxime  3-(hydroxyamino)-3,4-dihydreisoquinalin-1-amine
Molecular Weight: 142,16

Chemical Formuia: CoHy (N3O
Molecilar Weight: 177.20

[00219] A solution of 2-cyanophenylacetonitrile (1 g, 7 mmol) and hydroxylamine (1.7
cm3, 28.1 mmol, 4 eq) in EtOH (25 cm’ } were stirred under refiux for 60 hours, after
which the volatiles were removed under reduced pressure. The residue was
recrystallised from EtOH-water (1:4, 15 cm®) to give the cyclised product 3-
aminoisoquinolin-1{4H)-one oxime or 3-(hydroxyamino)-3,4-dihydroisoquinolin-1-

amine (1.15 g, 85.9%) as a solid, mp 92.5-94.5 °C.

AT Reaction of cinnamonitrile

NOH
N
7
N AN NH
NH,OH
EtOH Refiux
it .
. . 0% ‘
cinnamonitrite 70% N'-hydroxycinnamimidamide
Chemical 5:0“1'}”13:' CoHyN Chemical Formula: CoH oN-0O
Molecular Werght: 12916 ‘ Molecular Weight: 162.19

[00220] Cinnamonitrile (1 g, 7.74 mmol) and hydroxylamine (0.71 cm’, 11.6 mmol, 1.5
eq) were reacted in BtOH (7 cm?) as described for AO6 (two chromatographic
separations were needed in purification) to give N'-hydroxycinnamimidamide (0.88 g,

70%) as a light orange solid, mp 85-87 °C (lit 93 °C).

AJ) Reaction of 5-cyanophthalide

0 ‘ o)
NH,0H
EtOH RT 60 hours
/o Reflax 3 hours o
TN N
86.2%
7
NOH

5 cyanophthalide ) _ . -
N'hydroxy-1-oxo-1,3-dihydroisobenzof uran-5-carboximidamide

Chemical Fennula: CoHsNO, _
Motecular Weight: 159.14 Chemical Formula: CoHyNoOy

Molecular Weight: 192,17
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benzyl cyanide81.9% Chemical Formula: C81-12N Molecular Weight: 117.15 NH2
N'-hydroxy-2 hen(}llacetimidamide Chemical Formula: C8H106120 Mole%%%%%}%%%ﬁg.m [00216]
g m H ]

-R A
Benzyl cy 9d%0?if .’8337% mmol) and hydroxylamine (50% in water, 1.04 ¢ mmol, 2'eq) in EtOH

(8.5 cm3) were reacted in the same manner as in the preparation of N'-hydroxybenzimidamide (EtOAc

used in eXB&EHENAtecioRE Srepnaniiirakigelfds, 225 mame it r e 0#11896) as a pale
yellow SO%tE‘PPO@%%iﬁ%-@.%(%[ BY i AR apeton esautiiamilaniiied\oMbom

anthranilonitrile2-amino-A7-hydroxybenzimidamide Chemical Formula: C7H6N2 Molecular Weight:

118.19 [0GZATgrAMKEmifShiwnss(ang, 188 ARAeNraReHiE D RO ARG 4809 7 cm3, 9.3
mmol, 1. %&H}é&’aﬁﬁ%’éﬂé&&%@d’v&%gﬁwﬁ{é woRetsailu fprs2b heuies wtarvbish dhe volatiles were

removed under reduced pressure and résidue was partitioned between water (5 cm3) and CH2CI2
(100 cm3yrFddphighicemnd nae el Srarg e AnbEdRiihé-RitarSvaporator followed by high

vacuum 'iBﬁz@ﬁﬁxs&a%m%%-%-aéﬂaﬂ%wmm&b’@ma%%mmwg@ (Ini6 SHi1R0 B Pas-axwplid, mp
85-86 C. AG) Reaction of phthalonitriie _
°C (decomposed).

AK) Reaction of 4-chlorobenzonitrile
N

// NOH
NH,OH NH, :
EtOH Reflux
——ereee
0, .
6% o
cl

4-chloro-N'-hydroxybenzimidamide

4-chlorebenzonitrile .
Chemical Formula: C;H,CIN,O

Chemical Formula: C;H,CIN Molecular Weight: 170.60
Molecular Weight: 137.57 olecuiar Weight: 170

[00222] A solution of 4-chlorobenzonitrile (1 g, 7.23 mmol) and hydroxylamine (50% in
water, 0.67 cm’, 10.9 mmol, 1.5 eq) in EtOH (12.5 cm’) was stirred under reflux for 48
hours. The solvent was removed under reduced préssure and the residue was washed
with CHaCls ( 3{}-cm3) to give the product 4«chloro~N'~hydroxyberzzimidamide (054 g,
76%) as a white solid, mp 133-135 °C.

AL) Reaction of 3-(phenylamino)propanenitrile

H H
N N NOH
1.5 eq NH20H ‘
O \/\N EtOH Reflux \/Y

24 hours NH,
90.1% , . T
3-{phenylamino)propanenitrile N'-hydroxy-3-(phenylamino)propanimidamide
Chemical Formukba: CoHgN; Chemical Formula: CgHy3N3O
Malecular Weight: 146.19 Molecular Weight: 179.22

[006223] A solution of 3-(phenylamino)propanenitrile (1 g, 6.84 mmol) and NHZOH
(50% in water, 0.63 cm®, 10.26 mmol) in EtOH (10 em>) were heated to reflux for 24
hours, after which the solvent and excess hydroxylamine were removed by rotary
evaporator. To the residue was added water (10 cm3) and the mixture was extracted with
CH,Cl; (100 cm’). The extracts were concentrated un&er reduced pressure and the

residue was purified by column chromatography (silica, Et;O) to give N-hydroxy-3-
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phthalonitrile Chemical Formula. C81-14N2 Molecular Weight: 128.13 NOH isoindoline-1,3-dione
dioxime Chemical Formula: C8117N302 Molecular Weight: 177.16 [0021 lonitrile (1 g, 7.8
mmol) and\%?/&?g?@%m?ne (1.9 cm3, 31.2 mmol, 4 eq) in EtOH (25 cm3) Wg%e%}s%gr&f%e%ﬁdsnéé?( re%lux for 60
hours, after which the volatiles were removed under reduced pressure and the residue was washed
with EtOH(PhemiBynd mreaiDigepide(%o/dige thé By arst & BisdiwiidsBIRdorfe- L3 MR dioxime
(.18, 8514%)55»@5';3 pale yellow solid, mp 272-275 C (decomposed) (lit 271 C). AH) Reaction of -
2-cyanophenylacetonitrile 2 cyanop lenylacetonitrile Chemical Formula: Ceki6N2 Molecular Weight:

14216 AM) Reaction of 4-pyridinecarbonitrile

NOH
N
&
o SN NH,OH
) l EtOH Reflux ] = NHz
———p
Nl 2 76.7% AN

4-pyridinecarbonitrile N'-hydroxyisonicotinimidamide
Chemical Formula: C H, N, Chemical Formula; CgH,N,0
Molecular Weight: 104.11 Molecular Weight: 137.14

[00224] Pyridinecarbonitrile (1 g, 9.6 mmol) and hydroxylamine (50% in water, (.88
cm’, 14.4 mmol, 1.5 eq) in EtOH (10 c:m3)- were stirred under reflux for 18 hours, after
which the volatiles were removed under reduced pressure and the residue was
recrystallised from EtOH to give the product N'-hydroxyisonicotinimidamide (1.01 g,
76.7%) as a solid, mp 203-205 °C. -

[00225] Compounds from cyanoethylation of isobutyraldehyde, diethylmalonate,
cyanoacetamide, glycine anhydride, glycine and malononitrile and subsequent reacting
with hydroxylamine do not produce the corresponding amidoximes. However, these
mono and multi-cyanoethylated products show ta have good chelating property on their
own and can be used in cleaning residue from copper surface. ,

[00226] While the invention has been described and illustrated herein by references to
various specific materials, procedures and examples, it is understood that the invention is
not restricted to the particular combinations of materials and procedures selected for that
purpose. Numerous variations of such details can be implied as will be appreciated by
those skilled in the art. It is intended that the specification and examples be considered
as exemplary, only, with the true scope and spirit of the invention being indicated by the
following claims. All references, patents, and patent applications referred to in this

application are herein incorporated by reference in their entirety.

73



NH2 OR NI-12NHOH 3-aminoisoquinolin-1(411)-one (mime 44hydro
yamino)-3,4-dihydroisoquinolin-l-amine Chemical Formula: Ce1-111N30 Molecular Weight: 177.20
[00219] A solution of 2-cyanophenylacetonitrile (1 g, 7 mmol) and hydroxylamine (1.7 cm3, 28.1 mmol,
4 eq) in EtOH (25 cm3) were stirred under reflux for 60 hours, after which the volatiles were removed
under reduced pressure. The residue was recrystallised from EtOH-water (1:4, 15 cm3) to give the
cyclised product 3- aminoisoquinolin-1(4H)-one oxime or 3-(hydroxyamino)-3,4-dihydroisoquinolin-1-
amine (1.15 g;;89,9%) as a solid, mp 92.5-94.5 C. Al) Reaction of cinnamonitrile NOH cinnamonitrile
Chemical Formula: C914414 Molecular Weight: 129.16 70% Nchydroxycinnamimidamide Chemical
Formula: COH10N20 Molecular Weight: 162.19 [00220] Cinnamonitri le (1 g, 7.74 mmol) and '
hydroxylamink (0.7 1438 PRSP CF 51 U TR GO RT B I AT RSed for A06 (two
chromatographigroeRavaticinsovares teede thitPattfieation) it giveaNahygsoxycinnamimidamide (0.88 g,
70%) as a light orange solid, mp 85-87 C (lit 93 C). AJ) Reaction of 5-cyanophthalide 5 cyanophthalide

2. The semiconductor processing composition of claim 1, wherein the amidoxime
compound is selected from the group consisting of 1,2,3,4,5,6-hexakis-O-[3-
Chydroxyamino)-?)-iminopropyll hexitol; 3,3%,3”,3""-(ethane-1,2-
dibeié(azanetriyi))tetrakiS(N *-hydroxypropanimidamide); 3,3’~(ethane-1,2- .
diylbis(oxy))bis(N ’-hydroxypropanimidamide); 3,3 ’—(piperazi_ne-l A-diy)bis(N’-
hydro‘xyprop'animidamic_ie); 3,3°,3"-nitrilotris(N’-hydroxypropanimidamide); 3,3-(2,2-
-b‘is((B-_(hydroxyamino')%-iminopropoxy)methyl)propanenl; 3«-diyl)bis(0xy)bis(N’— -

| hydroxyprbpanimidamide); 3,3’~(2,2’-(methylaz'aned-in)bis(ethane—Z,1~ '

: diyl)b,is(oxy))biéﬂ\f *-hydroxypropanimidamide); N,N-bis(3-amino-3-
(bydroxyimino)propyl)acstémide; 3,3"-(2-(N"- _ _ .
hydmxycarbamimidoyl)pheny].aianediyl)bis(N’.-hydroxypropani-midamide); 3,3’-(2,2’—"
(Bmamiho—?:-(hydroxyimin0)propylazanediyi)bis(éthane—2,i—diyl))bis(oiy)bism -
hydroxypropanimidarﬁide); 3,3"-azanediylbis(N '-hydroxypropanimidamide); N'LN'G-

| dihydroxyadipimidamide; N'1,N'10-dihydroxydecanebis(imidamide); 2,2'-

azanediylbis(N'-hydroxyacetimidamide); and mixtures thereof.

3. The semiconductor processing composition of claim 1, wherein. the composition
is aqueous.
4. . The semiconductor processing composition of claim 1, wherein the amidoxime

compound is selected from the group consisting of 1,2-bis-O-[3-(hydroxyamino)-3-.
'iminopropyl] hexitol; 1,3-bis—0-[3—(hydmxyamino)-3—irninopropy1] hexitol; 1,4-bis-0-[3-
(hydroxyamino)-3-iminopropyl] hexitol; E,5—bis-O-[B—(hydroxyafnino)—S-iminopropyi]
hexitol; 1,6-bis-O-[3-(hydroxyamino)-3-iminopropyl] hexitol; 2,3nbis~0-{3- '
{(hydroxyamino)-3-iminopropy!] hexitol; 2,4-bis-O-[3-(hydroxyamine)-3-iminopropyl]
hexitol; 2,5»bis—O-[3-(hydroxyamino)»ﬁ%~iminopropyi} hexitol; 3,4-bis-O-[3-
(hydmxyam{no)~3~iminop.ropy§] hexitol; 1,2,3-tris-0-{3-(hydroxyamino)-3-iminopropyl]
- hexitol; 1,2,4-tris-O-[3-(hydroxyamino)-3-iminopropy] hexiiol; 1,2,5-tris-O-[3-
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Chemical Formula: C9H5NO2 Molecular Weight: 159.14 NOM Ar-hydroxy- 1
-0x0-1,3-dihydroisobenzduran-5-carboximidamide Chemical Formula: CO9H8N203 Molecular Weight:
192.17 [00221] A solution of 5-cyanophthalide (1 g, 6.28 mmol) and hydroxylarnine (50% in water,
0.77 cm3, 0.83 g, 12.6 mmol, 2 eq) in EtOH (50 cm3) was stirred at room temperature for 60 hours and
then under reflux for 3 hours. After cooling to room temperature and standing overnight, the solid
formed was collected by filtration and dried in high vacuum line to give the product
N'-hydroxy-1{&x¥erax3awingdpoisaivernilregrbebarBokiimidaride drod gnse: 2dinas@mwhite solid, nip
223-226 C (d AK) Reaction of 4-chler itr 22] Asselution of
4-ch|orobenz§%igt¥rEiEI}§ %?@Q)gl'%@r[ﬁm gg&% @gﬁzx%lgsﬁgg%%%&ﬁ%v%ﬂehggééﬁsﬁ , 10.9 mmol, 1.5 eq)
~ in EtOH (12.5(Bisywas stiraduinerppetibe fdold AotissThEsbivénkwasrembimthepideyteduced

pressure a,ndﬁéﬁ%i%ﬂ@@%@%ﬂ%\@m%}@%&%_ \19:1v6 1he Braduet (3. )
4-chloro-N'-hydroxybenzimidamide (0.94 g, 76%) as a whité Solid, mp 133-135 C. AL) Reaction of
34phenylamifBypioparanmrife nEgpRENaRTHBY ot piiEntinld-Gridivreanrorimtia iceropyON2
Molecular Weiglto 463 k%;11.5. 0 MN42Qbk A Be 2 BP exitol; and 3,4,5-tris-0-[3-
(hydroxyamino)-3-iminopropyi] hexitol; 1,2,3 4-tetrakis-O-[3-(hydroxyamino)-3-
iminopropy!] hexitol; i,2,3,S—‘ieﬁjakis—o—[3—(hyd%oxyamino}-S-iminopropyl] hexitol;
1,2,3,6-tetrakis-O-[3(hydroxyamino)-3-iminopropyl] hexitol; 1,2,4,5-tetrakis-O-[3-
(hydmxyamino)-B~i_minopfopyl] hexitol; 1,2,4:6—tetraki5-0-[3~(hydroxymﬁino)~3~
iminopropyl] hexitol; 1,2,5,6-tetrakis-O-[3-Chydroxyamino)-3-iminopropyl] hexifol;
'1,3,4,5—tetrakis—O-[B-(h.ydroxyamino)~3-iminopropyl] hexitol; 1,3,4,6—-tetrakis-0-[3'—
(hvdroxyamino)-3-iminopropyl] hexitol; 2,3,4,5-tetrakis-0-[3-(h ydroxyamino)—&
iminopro_pyl} hexitol; 1,2,3,4,5-pentakis-O-[3 m(hydroxyamino}»B—imihopropyl] hexitol; |
1,3,4,5,6-pen.takis»0—[3-(hy'droxyémino}-B~imin0propyl]-hexitol ' | | |
1,2,4,5,G-péntalqis~On[3~(hydroxyainino)—ﬁ—im’inopropyl} hexitol; and mixtures thereof.

5. The semiconductor jﬁrocessiﬁg composition of claim 1, wherein the amidoxime
compound is selected from the group consisting of 1,2-bis-O-[3-(hydroxyamino)-3-
iminbpmpyl} pentitol; i,3~bis-Q-{B-(hydraxyémino)-3—iminopropyl] pentitol; 1,4-bis-O-
[3-(hydroxyamino}~3~iminol;.nrop_y1‘] pentitol; 1,5-bis-O-[3 (hydroxyamino)-3- |
iminopropyl] pentitol; 2,3-biLs~O-[3—(hydroxyamip-o)-3-iminopropyl} pentitol; 2,4-bis:0O-
.[3»(hydmxyamino)-?);imihopropyi] pentitol; 1,2,3-tris-(?)»[B{hydtox:yamino)-?;-

~ iminopropyl] pentitol; 1;2,4—tris—0-[3-(hydroxyamino)»3~fminoprop'yl] pénﬁtol; 1,3,4-ris-
O-[3-(hydroxyamino)-3-iminopropyl] pentitol; 1,3,5—&'13-0-[3-(hydroxyamino)-ﬁ%é

~ iminopropyl] pentitol; 2,3,4-tris-O-[3-(hydroxyamino)-3-iminopropyi] pentitol; 1,2,3,4-
tetrakis-O-[3-(hydroxyamino}-3-imin.opropy}} pentitol; 1,2,3,5-tetrakis-0»[3—
(hydroxyamino)-3-iminopropyl] pentitol; 1,2,4,5-tetrakis-O-[3~(hydroxyamino)-3-
imimopropyi] pentitol; i,2,3,4,5—pentaki's—0~[3-(hydroxyamino)—3~iminopropyl} pentitél |

and mixtures thereof,
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90.1% NOH N'-hydroxy-3-(phenylamino)propanimidamide Chemical Formula: C91-113N30 Molecular.
Weight: 179.22 [00223] A solution of 3-(phenylamino)propanenitrile (1 g, 6.84 mmol) and NH20H
(50% in water, 0.63 cm3, 10.26 mmol) in EtOH (10 cm3) were heated to reflux for 24 hours, after which
the solvent and excess hydroxylamine were removed by rotary evaporator. To the residue was added
water (10 cm3) and the mixture was extracted with CH2C12 (100 cm3). The extracts were
concentrated under reduced pressure and the residue was purified by column chromatography (silica,
Et20) to give N'-hydroxy-3- (phenylamino)propanimidamide (0.77 g, 62.8%) as a white solid, mp 93-95

C (lit mp 91-31.5C), a%&??&%%%é&eyﬂg%&%m{%r'&W@%‘é%%&%&&g%’
4-pyridinecarbonitrile Chemical Formula: C6H4N2 Molecular Weight: 104.11 NOH

semiconductor device substrate to remove one or more of photoresist, polymeric
materials, etching residues and/or copper oxides from a semiconductor substrate by
applying to the semiconductor device substrate an effective amount of a processing

composition comprising at least one amidoxime compound which containg two or more

amidoxime functional groups.

7. The process of claim 6 wherein the processing composition comprising at least
one amidoxime compound which contains two or more amidoxime functional groups
comprises one or more additional components selected from water, water miscible
organic solvents, an acid, a base, an activator, one or more compounds having oxidation
and reduction potential, chelating agents, surfactants, a source of fluoride ions and/or

mixtures thereof.

8. The process of claim 7 wherein the amidoxime compound is selected from the
group consisting of 1,2,3,4,5,6-hexakis-O-[3-(hydroxyamino}-3-iminopropyl] hexitol;
3,3°,3% 37 -(ethane—1,Z—diylbié(azanetriyl))tetrakis(N ’ —.hydroxyprc)}.)animidamide); 3,3-
(ethane-1,2-divIbis(oxy))bis(IN’-hydroxypropanimidamide); 3,3 -(piperazine-1,4-
divl)bis(N"-hyvdroxypropanimidamide); 3,3°,3”-nitrilotris(N’-hydroxypropanimidamide);
3,3°-(2,2-bis((3~(hydroxyamino)}-3-iminopropoxy ymethyl)propane-1; 3-
diyDbis(oxy)bis(N-hydroxypropanimidamide); 3,3°-(2,2’ -(methylazanediyl)bis(ethéne—
2,1-diyDbis(oxy))bis(N’ -hydroxypropanimidamide); N,N-bis(3-amino-3-
(hydroxyimino)propyljacetamide; 3,3 -(2;(N *-
hydroxycarbamimidoyl)phenylazanediyl)bis(N’-hydroxypropanimidamide); 3,3'-(2,2°-
(3-amino-3-(hydroxyimino ypropylazanediyl)bis(ethane~2,1-diyvh)bis{oxy)bis(N'-

hydroxypropanimidamide); and mixtares thereof.

9. The process of claim 7, wherein the amidoxime compound is selected from the
group consisting of 1,2-bis-O-[3-(hydroxyamino)-3-iminopropyl] hexitol; 1,3-bis-O-[3-
(hydroxyamino)-3-iminopropyl] hexitol; 1,4-b1s-O-[3-(hydroxyamino)-3-iminopropyl]
hexitol; 1,5-bis-O-[3-(hydroxyamino)-3-iminopropyl] hexitol; 1,6-bis-O-[3-
(hydroxyamino}-3-iminopropyl] hexitol; 2,3-bis-O-[3-(hydroxyamino}-3-iminopropyl}
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N'-hydroxyisonicotinimidamide Chemical Formula: Cgfi7h130 Molecular Weight: 137.14 [00224]
Pyridinecarbonitrile (1 g, 9.6 mmol) and hydroxylamine (50% in water, 0 88 cm3, 14.4 mmol, 1.5 eq) in
EtOH (10 cm3) were stirred under reflux for 18 hours, after which the volatiles were removed under
reduced pressure and the residue was recrystallised from EtOH to give the product
N'-hydroxyisonicotinimidamide (1.01 g, 76.7%) as a solid, mp 203-205 C. [00225] Compounds from
cyanoethylation of isobutyraldehyde, diethylmalonate, cyanoacetamide, glycine anhydride, glycine and
malononitrile and subsequent reacting with hydroxylamine do not produce the corresponding

amidoximeshbiﬁtmb%@&fgeée{hémdr@r},drﬁmﬁjd 3 ! ' Ryﬁﬁﬁ@phy;b@ﬂ@@@mﬂyzt_&sﬁm[tp h[ave good rc]r|1elar1]ting
property on own and.can be use cle copper surface.. [00226] While the
invention ha@\b/éen Adesen g c??ﬁu@f g’r%?ﬁ d(giiéea? gy @5%’215 PR Pterials,
procgdures éndﬂekaimﬁas;sﬂﬂs[ﬁﬂﬁhiﬁimmihla}ﬂmnmtmbpﬂ]smmdlestm;zt&dst@tma particula:cr )
combination Elgﬁé roce se e. Numeroys. variations of suc
details can b%glmm %mas will nga prgliﬁiﬁ%% LE Se Skp’ %ar?’aﬁl%ﬁﬁ endegthatt
speC|f|cat|orﬁl&ﬁtﬂOéxhﬁa@{@g&iéoﬁhsﬁewm@xbmmwy heittothé, iiderscopE and splrlt of the
invention bejpgdndicated by the. fo Sq Al rence fents, and patent applications
referred to in tlE%ls agpllcaa?)n are h%%gnm%hgg%%rg\% by reegnefje ﬁh Xl%aéflrlerﬁlrelfm Eﬁalg'?’s 1.A

sem|conduchﬁxﬁfécbésﬁﬂ@&:@fﬁédbﬁi@%@mpﬂkﬁrg@mmspwﬂémmﬁbkm&m@pﬁund which contains
t t iti fcl 1,
wo or more gidaxime,fLst iﬁﬁﬁ&ﬁ%&%&bq SEIEORUCIRL BIOCESS] $9)-°§Qg1%§r‘fé§l'%'%‘g IZsaICr)nls-

wherein the amidoxime compoun cted from the group consisting o

(hydroxyamih&yies- ReliioproRyiP HExror Bming) 3-igimmmnepy [phexitol; 2.3,5-ris-O-[3-

diylbis(azanetfiioltaiakis(Aihydrpampipranislidamide s &3 detiantih Zamino)-3-
diylbis(oxyDbis(Ni- hydroxypr animidarnide); 3,3'-(piperazine-1,4-diyObis(N'-
hydroxypropEHFRRISRd 85> 362 rﬁﬁﬂ@%eﬁr%m@mwaﬁmﬂbaméwmpm hexitol;

bis((3- (hydr%ﬁ%ﬁ@iaﬁx%%%&ﬂ%ﬁﬁﬂﬁﬁ&@ﬁf&%ﬂ%ﬂ 1] hexitol; 1,2,3,6-tetrakis-O-[3-
3- dlyl)bls(o>§/€bls(Nhydrox propanlmldamlde) 3,3 %éz meth azanedlyObls(ethane -2,1-

diy1)bis(ox SHTRIERIN R f@néﬂlﬁ‘ﬁ‘i JARIRBEropyacetamide:
3,3"-(2-(N'- Wdﬁmmpmammwmphwwmmmﬁ{ iamigde)s; 3,3-(2,2-

(3-amino-3-( imin anediyebis(ethane-2,1- 1))b|s(o IS(N hydrox propanlmldamlde
); 3,3 azaneg’éi (%ﬁaaﬁ‘ a@ &Dé}% %Vﬁ%&ﬁ?ﬁé 1"i:\lﬂ ?ffﬁ%rh;)y%é fﬁﬁﬁ@ér "N N'L

0- d|hydroxyc{hgémelyﬂ(mncianmnfm)gpzoayl]ahanedjwbg%&kéwﬁmxyqee@m&amgﬁg};@m mlxtures thereof.
3. The semlcondu%or foces: |qg399§111% ct} a| 1 wher the com tion is aqueous. 4. The
semiconductor pr8 ég sing ‘conipdsition o ciaim erelﬁ’%ﬁjéng d&%’?ﬁ@r 8 Gk selected from
the group coh@tétﬁé—mmm%@ﬂm}%mmmmwwmmmﬁ 5,6-pentakis-O-[3-
1,3-bis-043- (@Q{, rH}Z', s 3:imi 5%%% | hexitol; 1,4-bis-043- (hydroxyamino)-3-iminopropyl] |
- hexitol; 1,5-bis-0-1 (”1 crox amino)-3- mopropyll hexitol; 1,6-bis-043-(hydroxyamino)-3-iminopropyl]
hexitol; 2,3- bll%@sﬂmﬁr{ﬁ@V@Mm%%%mb@@%@[smmwmhm@ﬁ-|mmopropyl]
hexitol; 2,5-bis-0[3- (hydroxyamlno) -3-iminopropyl] hexitol; 3,4-bis-043- (hydroxyamino)-3-iminopropyl]
hexitol; 1,2,3-tris-0-[3-(hydroxyamino)-3-iminopropyl] hexitol;

1.2,4-tris- 04§5{hydr BFARYSS S %{Wﬁbﬁréﬁyﬂ%ﬁm@W%ﬁMBD%m@l?@nﬁrfﬁmthﬂlnopropyl]

hexitol; 1,2,64p04 300 A QPR R340l XHOlnino rop 1] pentitol; 1,3-bis-O-[3-
1.3,4-tris-0[3-(hydroxyaminoQ)-3- |rn|nopropyl heX|toI 1,3,5-tris-043- y roxg/arnlno) -3-iminopropyl]

hexitol; 1,3, 6R¥RIORETHRIRRMSREE PTG byl Hesitdp -(bydroxyamino)-3-iminopropyl]
1,4,5-tris- 04%f(ﬁmgdlox;5aniur[9)f§@b&%&p&ﬂ%&)mﬁﬂmoﬁ@%qﬁﬂ&gm thydrexyarnino)-3-iminopropyll

hexitol; 2,3,4-tri amino)-3-iminopropyl] hexitol
35t 04 LR SRy T ST RO i S igrqpino) 3-mincpropy]
(hydroxyam.pemﬁenmrmmpya}mmwaxﬂa&ﬂr@wam@fapéhygéﬁﬁﬂm no)=Bisimipnpropyl] hexitol;

1,2,3,5-tetra - dr yamlno ino XltOl
1,2.3,6-tetrakis- %O)ré{ @ iy('}llr]rrr]li1 Roy- zgp #\? 8%%3@)1 h %o 42 A depapieig)s? iminopropy!]
(hydroxyamlnol)tﬂthnh@my@mé%ﬁ@&rmm&cetaamn@@@wmmm;&mmpropy|] hexitol;

1,2,5,6-tetra - %B'ERQP”
1,3,4,5 tetra:fcilﬁ's, 043- roxyamln i%‘é noproﬁy exnéfmm ~0-[3-(hydroxyamino)-3-

1,3,4,6- tetraml@‘ﬁg{mﬂ&im&@%%ﬁr@mwﬁ -Hexitoky2/8ido5-tetrakipRiBy hyetxtamino)-3-
itninopropyl] hexitol; 1,2,3,4,5-pentakis-0{3-(hydroxyamino)-3-iminopropyl] hexitol,
1,3,4,5,6-pentakis-0[3-(hydroxyamino)-3-iminopropyl] hexitol
1,2,4,5,6-pentakis-0[3-(hydroxyamino)-3-iminopropyl hexitol; and mixtures thereof. 5.The
semiconductor processing composition of claim 1, wherein the amidoxime compound is selected from
the group consisting of 1,2-bis-043-(hydroxyamino)-3- iminopropyll pentitol;
1,3-bis-0[3-(hydroxyamino)-3-iminopropyl] pentitol; 1,4-bis-0- [3-(hydroxyamino)-3-iminopropyl]
pentitol; 1,5-bis-0-[3 (hydroxyamino)-3- iminopropyl] pentitol;

2 2_hic_-OI2-(hvdrovyv/aminn)-2-iminonronvil neantitnl: 2 A-hic-0- [2-(hvdrovyvamino)-2-iminonronv11




6. A process for manufacturing a semiconductor device which comprises treating a semiconductor
device substrate to remove one or more of photoresist, polymeric materials, etching residues and/or
copper oxides from a semiconductor substrate by applying to the semiconductor device substrate an
effective amount of a processing composition comprising at least one amidoxirne compound which
contains two or more amidoxime functional groups. 7. The process of claim 6 wherein the processing
composition comprising at least one amidoxime compound which contains two or more amidoxime
functional graiiné Soetprise3-ghéhgimmomenaddifienaicompelectsisdld Ak iropenater wWater miscible
organic solv an acid, ase an act jvatQr, one.or more ¢ nds having oxidation and
reduction poel\(gﬁ?i %%iaql fa?ﬁg gldleﬂr? sm rjfg%ﬁalﬁ%?sa%dgrgﬁ?(%%f%ﬁgﬁge ions and/or mixtures thereof 8.
The process of claim 7 wherein the amidoxime compound is selected from the group consisting of
1,2,3,4,5,6-hexakis-043-(hydroxyamino)-3-iminopropyll hexitol; 3,3',3",3"
-(ethane-1,2-diylbis(azanetriylptetrakis(if - -hydroxypropanimidamide); 3,3'-
(ethane-1,2-diylbis(oxy))bis(N'-hydroxypropanimidamide); 3,3'4piperazine-1,4-
diyebis(N'-hydroxypropanimidamide); 3,3',3"-nitrilotris(N' hydroxypropanlmldamlde)
3,3'-(2,2-bis((3-(hydroxyamino)-3-iminopropoxy)methyppropane-1; 3 -
dlyObls(oxy)bls(N hydroxypropanimidamide); 3,3 -
'-(2,2'-(methylazanediyl)bis(ethane2,1-diyebis(oxyDbis(N' hydroxypropanlmldamlde)
"~ N,N-bis(3-amino-3- (hydroxyimino)propyl)acetamide; 3,3' -(2-(N' -
- hydroxycarbamimidoyl)phenylazanediy1)bis(N'-hydroxypropanimidamide); 3,3' -(2,2%
(3-amino-3-(hydroxyimino)propylazanediyl)bis(ethane-2,1-diy1))bis(oxy)bis(N'-
hydroxypropanimidamide); and mixtures thereof 9. The process of claim 7, wherein the amldOX|me
compound is selected from the group consisting of 1,2-bis-0-[3-(hydroxyamine)-3-iminopropyl] heX|toI
1,3-bis-0-[3- (hydroxyamino)-3-iminopropyl] hexitol;-(hydroxyamino)-3 -iminopropyl] hexitol; .
-1,5-bis-0[3-(hydroxyamino)-3-iminopropyl] hexitol; 1,6-bis-043- (hydroxyamino)-3- |m|nopropyl] hexitol;
2,3-bis-0[3-(hydroxyamino)-3-iminopropyll hexitol; 2,4-bis-0[3-(hydroxyamino)-3-iminopropyl] hexitol;
2,5-bis-0-[3- (hydroxyamino)-3-iminopropyl] hexitol; 3,4-bis-0-[3-(hydroxyamino)-3-iminopropyl] hexitol;
- 1,2,3-tris-0-[3-(hydroxyamino)-3-iminopropyl] hexitol; 1,2,4-tris-043- (hydroxyamlno) -3- |m|nopropyl]
hexitol; 1,2,5-tris-0-13-(hydroxyamino)-3-iminopropyl] hexitol; :
1,2,6-1ris-0[3-(hydroxyamino)-3-iminopropy1] hexitol; 1,3,44ns-043- (hydroxyamino)-3- |m|nopropyl]
hexitol;-1,3,5-tris-043-(hydroxyamino)-3-iminopropyl] hexitol,
1,3,6-tris-0[3-(hydroxyamino)-3-iminopropyl] hexitol; 1,4,5-tris-0-13- (hydroxyamlno) -3-iminopropyl]
hexitol; 1,4,6-tris-043-(hydroxyamino)-3- |m|nopropyl] hexitol;
2,3,4-tris-0[3-(hydroxyamino)-3-iminopropyl] hexitol; 2,3,5-tris-043- (hydroxyammo) -3- |m|nopropyll
hexitol; and 3,4,5-tris-043-(hydroxyamino)-3- iminopropyl] hexitol;
1,2,3,4-tetrakis-0-13-(hydroxyamino)-3-iminopropyl] hexitol;
1,2,3,5-tetrakis-0-[3-(hydroxyamino)-3-iminopropyl] hexitol; 1,2,3,6-teirakis-0-[3-
(hydroxyarnino)-3-iminopropyl] hexitol; 1,2,4,5-tetralcis-043-(hydroxyamino)-3- |m|nopropyl] hexitol;
1,2,4,6-tetrakis-043-(hydroxyamino)-3-iminopropyl] hexitol;
1,2,5,6-tetralcis-0-[3-(hydroxyamino)-3-iminopropyl] hexitol; 1,3,4,5-tetrakis-0-13- . '
(hydroxyamino)-3-iminopropyil-hexitol; 1,3,4,6-tétrakis-0-[3-(hydroxyamino)-3- iminopropyl] hexitol;
2,3,4,5-tetrakis-043-(hydroxyamino)-3-iminopropyl] hexitol;
1,2,3,4,5-pentakis-0[3-(hydroxyamino)-3-iminopropyl] hexitol; 1,3,4,5,6-pentakis-043-
(hydroxyamino)-3-iminopropyl] hexitol 1,2,4,5,6-pentalds-043-(hydroxyamino)-3-iminopropyl] hexitol;
and mixtures thereof. 10.The process of claim: 7, wherein the amidoxime compound is selected from
the group consisting of 1,2-bis-O-P-(hydroxyamino)-3-iminopropyl] pentitol; 1,3-bis-043-
(hydroxyamino)-3-iminopropyll pentitol; 1,4-bis-043-(hydroxyamino)-3-iminopropyl] pentitol; 1,5-bis-O-3
(hydroxyamino)-3-iminopropyl] pentitol; 2,3-bis-043- (hydroxyamino)-3-iminopropyl] pentitol;
2,4-bis-0[3-(hydroxyamino)-3-iminopropyl] pentitol, 1,2,3-tris-0-[3-(hydroxyamino)-3-iminopropyl]
pentitol; 1,2,4-tris-0g3- (hydroxyamino)-3-iminopropyll pentitol;
1,3,4-tris-043-(hydroxyamino)-3-iminopropyl] pentitol; 1,3,5-tris- 043- (hydroxyamino)-3- |m|nopropyl]
pentitol; 2,3,4-tris-043- (hydroxyamino)-3-iminopropyl] pentitol; 1,2,3,4-tetrakis-043-(hydroxyamino)-3-
iminopropyl] pentitol; 1,2,3,5-tetrakis-043-(hydroxyamino)-3-iminopropyll pentitol;
1,2,4,5-tetrakis-043-(hydroxyamino)-3-iminopropyl] pentitol; 1,2.3,4.5-pentaids-0-[3-
(hydroxyamino)-3-iminopropyl] pentitol and mixtures-thereof. '



