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stper sede pcpe%y%roc orlnattigﬁ of the intermediate a-chloroiminium salts with triethylamine.
20 According to Ghosez et al., the hazard associated with the use of large amounts
of phosgene as well as the ban on phosgene in many laboratories led them to re-
examine the preparation of B-disubstituted-a-chloroenamines; more recently,
Ghosez et al. (Tetrahedron 54 (1998) 9207-9222) reported a synthetic route
which was said to be conceptually the same as the previous one: it involved the
25 reaction of a tertiary amide with a chlorinating agent followed by the elimination of
hydrochloric acid from the resulting a-chloroiminium sait. The halogenating
agents tried by Ghosez et al. were thionyl chloride, diphosgene, triphosgene,
phosphorous oxychloride, and phosphorous oxybromide. Of these, only
phosphorous oxychloride was said to be suitable for the preparation of large
30 amounts of a-chloroenamines. Thionyl chloride was said to be unsuitable.
Diphosgene and triphosgene were said to be suitable although in both cases a
minor by-product was produced. As a result, Ghosez et al. stated that
phoéphorous oxychloride would probably supersede phosgene as the
halogenating agent. Ghosez et al. also reported that they succeeded in preparing
35 the corresponding a-bromoenamines which, until then, they said were only
available by halide exchange. Despite the advances reported by Ghosez et al.,
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hal ogenati ng agent. Ghosez et al. also reported that they succeeded in
preparing 35 the correspondi ng a- bronoenam nes which, until then, they said
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desired. Briefly, therefore, the present invention is directed to an
i mobi li zed hal oenam ne rea\%ent having the formula: 25 x R4 R3 R R2

wher ei n1R, SUMMARYQF Titke INVENTION hydrocarbyl, substituted hydrocarbyl,

One aspect of the present invention, therefore, is an improved process for
the preparation of a-haloenamines. The resulting a-haloenamines may be used
in a wide variety of synthetic schemes, such as the conversion of hydroxy-
containing compounds and thiol-containing compounds to the corresponding

20 halides. If immobilized onto a support, the resulting a-haloenamines are
particularly useful in high-throughput, automated and other systems where ease
of separation is desired.

Briefly, therefore, the present invention is directed to an immobilized
haloenamine reagent having the formula:

25 X

wherein
R, and R, are independently hydrocarbyl, substituted hydrocarbyl,
hydrocarbyloxy, or substituted hydrocarbyloxy;
R, and R, are independently hydrogen, hydrocarbyl, substituted
30 hydrocarbyl, hydrocarbylthio, substituted hydrocarbylthio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted



hydr ocar byl oxy, or substituted hydrocarbyl oxy; R2 and R3 are independently
hydr ogen, hydrocarbyl, substituted 30 hydrocarbyl, hydrocarbylthio,

substi t utwo odpeescar byl t hi o, hydrocar byl carbonyl, substi Para02/25609

hydr ocar byl car bonyl , hydrocar byl oxycar bonyl, substituted 2 WO 03/ 020684
PCT/ US02/ 25609 hydr ocar byl oxycar bonyl , phosphi nyl, thiophosphinyl,
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physi cal sepaiteiasdl of the reagent froma liquid mixture. The present
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hydroxy-containing compound or a thiol-containing compound to the

corresponding halide. The process comprises contacting the hydroxy-containing

compound or thiol-containing compound with an immobilized a-haloenamine.

The hydroxy-containing compound may be selected, for example, from the group
20 consisting of alcohols, carboxylic acids, silanols, sulfonic acids, sulfinic acids,

phosphinic acids, phosphoric acids, and phosphates.

The present invention is further directed to an immobilized tertiary amide
reagent having the formula:

R 7 R
4 3
\N
R1 Ra
wherein
25 R, and R, are independently hydrocarbyl, substituted hydrocarbyl,

hydrocarbyloxy, or substituted hydrocarbyloxy; and

R, and R, are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, hydrocarbylthio, substituted hydrocarbylthio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted



hydr ocar byl oxy, or substituted hydrocarbyl oxy; and R2 and R3 are

| ndependent |y hydrogen, hydrocarbyl, substituted hydrocarbyl,
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substituted hydrocarbyl carbonyl, hydrocarbyl oxycarbonyl, substituted 3 WO
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hal oi m nium salt which is then converted to the a-hal oenam ne with a base.
In general, the tertiary am de may be any tertiary am de having a hydrogen

at om boride DETAILUED DESCRIPFIONOFSTHE RREFERRED EMBODIMENTS'ti ve to the
carbonyl group of the tertiary am de and which does not interfere with the
synthesis of or react with the a-hal oenam ne. In one enbodi nent, the
tertiary ami.de RPaeparatidmofondaldertamimesa: 0 R4N Al",, R3 N |
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hal o, cyano ofn gelt\eltal the tertlary amlde may be any tertiary amlde having a hydrogen
atom bonded to the carbon which is in the alpha position relative to the carbonyi
group of the tertiary amide and which does not interfere with the synthesis of or
react with the a-haloenamine. In one embodiment, the tertiary amide has the

15 general formula:
R 0 R
4 3
Ry R2
wherein

R; and R, are independently hydrocarbyl, substituted hydrocarbyl,
hydrocarbyloxy, or substituted hydrocarbyloxy; and
R, and R; are independently hydrogen, hydrocarbyl, substituted
20 hydrocarbyl, hydrocarbyithio, substituted hydrocarbylthio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted
hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, sulfonyl, halo, cyano,
or nitro.
Ordinarily, it will be preferred that R, and R, are other than hydrogen, such
25 as alkyl or aryl to increase the stability of the reagent to a variety of conditions.
Nevertheless, under some circumstances, provided one of R, and R; is
sufficiently electron-withdrawing, the other may be hydrogen. Under other
circumstances, each of R, and R, is electron withdrawing. In no event, however,
may R, and R; each be hydrogen.



Odinarily, it wll be preferred that R2 and R3 are other than hydrogen,
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chlorin ne or o I ne avalen phosphor ous
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particul ar hydrocarbyl or substltuted hydrocarbyl radlcal preferably phenyl or lower alkyl
(e.g., methyl, ethyl or isopropyl). Although mixed halides are theoretically
possible and within the scope of the present invention, for most applications it will
generally be preferred that halogen atoms of only one type (e.g., only chlorine,
25 bromine or iodine) be attached to the pentavalent phosphorous atom.
Phosphorous pentachloride and phosphorous pentabromide are particularly
preferred.
The a-haloiminium salt resulting from the reaction of the tertiary amide and
the pentavalent phosphorous compound may be converted to the a-haloenamine
30 with an amine base such as N,N-dialky! anilines, trialkylamines, heterocyclic
amines, pyridines, N-alkylimidazole, DBU and DBN. Tertiary amine bases such
as triethylamine are generally preferred; other amine bases, however, such as
substituted pyridines may be preferred under certain circumstances.
In general, therefore, and in accordance with one aspect of the present
35 invention, a-haloenamines of the present invention may be prepared in
accordance with the following reaction scheme:



preferred. The a-haloimniumsalt resulting fromthe reaction of the
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10 each Z is independently chlorine, bromine, iodine, hydrocarbyl or
substituted hydrocarbyl.

The reaction may be carried out in acetonitrile, another solvent, or a
mixture of solvents in which pentavalent phosphorous and the tertiary amide are
sufficiently soluble. Other solvents include ethereal solvents (e.g.,

15 tetrahydrofuran, and 1,4-dioxane), esters (e.g., ethyl acetate), halogenated
solvents (e.g., methylene chloride, chloroform and 1,2-dichloroethane), and under
certain conditions, hydrocarbon solvents (e.g., toluene and benzene). If the
solvent system comprises a mixture of solvents, the solvent system preferably
comprises at least about 10% by weight, more preferably at least about 20% by

20 weight acetonitrile.

If desired, the halogen atom, X, of the resulting a-haloenamine (e.g., the
chlorine atom of a-chloroenamine or the bromine atom of a-bromoenamine) may
be displaced by another halogen atom to form other a-haloenamine derivatives.
Thus, for example, the chiorine atom of an a-chloroenamine may be displaced by

25 a bromide, fluoride or iodide atom. Similarly, the bromine atom of an a-
bromoenamine may be displaced by a fluoride or iodide atom. In general, the
displacement may be carried out with an alkali metal halide (e.g., sodium,
potassium, cesium or lithium bromide, fluoride or iodide).
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conprises at |east about 10% by weight, nore preferably at |east about 20%
by 20 weight acetonitrile. If desired, the hal ogen atom X, of the
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are alkyl or aryl. Preferably, t Rer ef or R, R2, R3 and R4 are
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independently hydrocarbyl or substituted hydrocarbyl, more preferably

hydrocarbyl, still more preferably alkyl or aryl, provided at least one of R,, R,, R,

15 and R, comprises a support which enables physical separation of the reagent

from a liquid composition.

In one embodiment, the a-haloenamine reagent support is a solid which is
insoluble under all pertinent conditions. In another embodiment, the haloenamine
reagent support is a composition which is selectively soluble in a solvent system;

20 under a first set of conditions, the support is soluble but under a second set of
conditions, the support is insoluble.

Insoluble polymers and other solid supports are typically the more
convenient form since they may be easily separated from liquids by filtration.

Such supports are routinely used in chemical and biochemical synthesis and

25 include, for example, any insoluble inorganic or organic material that is
compatible with chemical and biological syntheses and assays such as glasses,
silicates, cross-linked polymers such as cross-linked polystyrenes,
polypropylenes, polyacrylamides, polyacrylates and sand, metals, and metal
alloys. For example, the a-haloenamine reagent support may comprise poly(N,N-

30 disubstituted acrylamide), e.g., poly(N,N-dialkyl substituted acrylamide) or a
copolymer thereof. Preferred materials include polystyrene-based polymers and
copolymers. Commercially available materials include TentaGel resin and
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a polymeric material comprising chemically accessible tertiary amides.
Solid-phase, polymer bound reagents, however, are not without their
shortcomings. For example, phase differences obtained by heterogeneous,

25 insoluble supports can create diffusion limitations due to the polymer matrix and
this, in turn, can lead to reduced reactivity and selectivity as compared to
classical, solution-phase synthesis. Furthermore, the insoluble nature of these
supports can make synthesis and characterization of the polymer-reagent
complex difficult. Accordingly, selectively soluble supports are preferred for

30 some applications.

In general, any polymeric material which is soluble under one set of
conditions and insoluble under a second set of conditions may be used as a
selectively soluble support of the present invention provided this group does not
interfere with the synthesis of or react with any of the reaction products or

35 intermediates. Exemplary soluble polymers include linear polystyrene,
polyethylene glycol, and their various polymers and copolymers derivatized with
tertiary amides which may then be converted to o-haloenamines. In general,
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rom n anot
l'i nker g%%s r?éf?'gaﬂdg'roga?nﬁGW@FG’V@FS'QPi%&glr@ leasgk e1e8, Rellie %ﬂlﬁr@éag oped over
the years tinkers and Cleavage Strategies in Sold-Phase Organic Synthesis and

Combinatorial Chemistry, Chem. Rev. 2000, 100, 2091-2157.
More typically, the linker is non-cleavable and merely constitutes a chain of
atoms connecting the a-haloenamine to the solid support. The only requirement

25 s that the sequence not react with any of the final products or intermediates.
Thus, for example, any of the standard chemistries used to attach molecules to a
solid support may be used to immobilize the a-haloenamine or, more preferably,
a tertiary amide precursor which is then converted to the a-haloenamine using a
pentavalent phosphorous halide. More specifically, a solid phase o-

30 chloroenamine reagent may be derived from a polystyrene supported tertiary
amide and PCl;, with the polystyrene supported tertiary amide, in turn, being
derived from polystyrene and a chloro-substituted tertiary amide in the presence
of FeCl; (see Example 2). Alternatively, styrene (or another polymerizable
monomer) having a tertiary amide as a substituent on the phenyi ring may be

35 polymerized to form a polymer having a pendant tertiary amide which, as
described elsewhere herein, may be converted to an a-haloenamine moiety using
a pentavalent phosphorous halide, followed by treatment with a base.
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atom. In addition, the atom or chain of atoms comprising R; may be substituted
with one or more hydrocarbyl, substituted hydrocarbyl, hetero atom(s) or
heterocyclo substituent. For example, together R,, R;, Ry along with the carbon
atom to which R, and R, are attached may comprise a cycloalkyl ring such as

20 cyclopentyl or a five or six-membered heterocyclic ring. In another embodiment,
R, comprises a support which enables physical separation of the reagent from a
liquid composition, and any two of R,, R,, and R, and the atoms to which they are
attached are members of a heterocyclic ring:

R5\R1 R, R1\ R6 R4\ R

wherein R,, R,, R;, R,, and X are as previously defined and R, is an atom or a
25 chain of atoms, and R; is a bond, an atom or chain of atoms, wherein R;, together
with R, and R, or R, together with R, and R,, or R, and R, define a carbocyclic or

10



10 support and R2, R3 and the carbon atomto which they are attached are
menbers of a carbocylic or heterocyclic ring: X RA R3 R R2 R5 wherein
R, R2, R8poBM2@msd X are as previously defined and RS is aeTatsemssny chain
of atoms, which together with R2 and R3 define a carbocyclic or
heterocyclic structure. If the structure is heterocyclo, the hetero atons
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unprotected moieties which are also reactive with a-haloenamines. For example,
basic primary and secondary amine moieties will react with -haloenamines and
thus, it is preferred that the hydroxy-containing or thiol-containing compound have
20 an absence of unprotected basic primary and secondary amine moieties when it
is reacted with an a-haloenamine of the present invention. Suitable protecting
groups are identified, for example, in Protective Groups in Organic Synthesis by
T. W. Greene and P.G.M. Wuts, John Wiley and Sons, 3rd ed. 1999.
In one embodiment, an immobilized a-haloenamine of the present
25 invention is used to convert any of a wide range of carboxylic acids and
thiocarboxylic acids fo the corresponding acid halide. In a preferred embodiment,
the carboxylic acids and thiocarboxylic acids have the formulae R®*COOH and
R®C(0)SH and the resulting corresponding halides have the formulae R*COX
wherein R® is hydrogen, hydrocarbyl, substituted hydrocarbyl, or heterocyclo and
30 Xis halogen. For many applications, it will be preferred that X be chlorine or
bromine, typically chlorine. In addition, R* will often be alkyl, alkenyl, alkynyl,
aryl, or heterocyclo optionally substituted with one or more substituents that do
not react with the COX functionality or the haloenamine reagent, such as, one or
more of halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy
35 (preferably on aryl or heteroaryl rings), protected hydroxy, formyl, acyl, acyloxy,
amino, amido, nitro, cyano, thiol, sulfides, sulfoxides, sulfonamides, ketals,
acetals, esters and ethers. For example, in one embodiment, X is chlorine or
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or heterocyclo substituents. 10 C. Hal oenam ne Reactions The a-hal oenam nes
of the present invention and, in particular, the immbilized
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het erocycl o, al koxy, al kenoxy, al kynoxy, aryl oxy, hydroxy 35 (preferably on
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am no, am do, nitro, ano, thiol, sulfides, sulfoxi OB sul f onam des,
ketals, acetals, este &hd ethers. For exanple, in on dinment, Xis
chlorine or 11 03/ §20684% PCT/ USOZ/ZSG.O.%bron*i e, prg¢feraply chlorine,
and Rca is hete[qs %I however, it |sSpn

oxyI

conposi ti ons coRt ai ni ic acid groups such 2
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mal gﬁl c acid be

avoi ded since, upon r tion with an a-hal oenam ne, the y
R" Rn
15 wherein
Xis F, Cl, or Br;

each R" is independently H, OZ, NHZ, SZ, or at least one additional
saccharide unit;
- R'=H, (CH,),,0Z, (CH,),NHZ, or (CH,),SZ, or at least one additional
20 saccharide unit;
m = 0-1;
n=1-2; and
Z is a protecting group.
Thus, for example, the immobilized a-haloenamine of the present invention may
25 be used to convert the hemiacetal alcohol moiety of a monosaccharide, a
disaccharide or a polysaccharide to a halide. Exemplary monosaccharides
include allose, altrose, arabinose, erythrose, fructose, galactose, glucose, gulose,
idose, lyxose, mannose, psicose, ribose, ribulose, sorbose, tagatose, talose,
threose, xylose, xylulose, and erythrulose. Other exemplary sugars include the
30 deoxy analogs, such as deoxyribose, rhamnose and fucose.
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forma cyclic structure which may not be readily released. 5 In another
enbodi nent, an i mvobilized a-hal oenam ne of the present invention is used
to converwoang2@B4 a wi de range of al cohols to the correspeadiusg2/23sed i des,
provi ded the al cohol is not a substituent of a carbocyclic, aromatic ring.
In a preferred embodi ment, the al cohol corresponds to the fornula (Ra)3COH
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Icmglrlt | tZ ﬁghﬁ)e&%aggﬁglt&%gw \flﬂﬁ%ﬁ%q&?eglﬁ(yl ﬁ%‘?ﬁ‘&@é@&yﬁ‘é(r?w' é’P’"aPe ccharl de

or a pol ys&ubstiufetbwith amener mdee, mEﬂmlmlgctmbrfrmrahalm@endbsteromlmwcndyL ose,

al troseyg a'éﬁ@n%gzealkgﬁé&)h%?ﬁ@)géfhw%%refg?ébtﬂfbﬂsa‘?yl & Qr?)% nge,

i dose, |yxos ose sor
tal ose, tRFegsted kydraky, fowvlua@deacm @Wﬂﬁr@ﬂn&lﬁa nitew, H-‘é/ﬂn@xﬂﬂmil ary sugars

i ncl ude t hgufidedeaioxddey %ﬁﬁonémlﬂésaﬁet@%)@ééteﬂ@%tefswgﬁ\%g@nd fucose. 12
VO 03/ 020684 P / USO 25609 dlmen %%tlmer%oblﬂggg hg\oenamlnem?thlelﬁréggnt
a- hal oenani ne of"

inventlon is used to convert any of a wide range of sulfonic or sulfinic acids to the

15 corresponding sulfonyl or sulfinyl halide. In a preferred embodiment, the sulfonic
or sulfinic acid corresponds to the formula R*S(=0),OH, and the corresponding
halide corresponds to the formula R°S(=0) X wherein R® is hydrocarbyl,
substituted hydrocarbyl, or heterocyclo, X is halogen and nis 1 or 2. For many
applications, it will be preferred that X be chlorine or bromine, typically chlorine.

20 In addition, R® will often be alkyl, alkenyl, alkynyl or aryl, optionally substituted with
one or more moieties selected from halogen, heterocyclo, alkoxy, alkenoxy,
alkynoxy, aryloxy, hydroxy (preferably on aryl or heteroaryl rings), protected
hydroxy, formyl, acyl, acyloxy, amino, amido, nitro, cyano, thiol, sulfides,
sulfoxides, sulfonamides, ketals, acetals, esters and ethers.

25 In another embodiment, an immobilized «-haloenamine of the present
invention is used to convert any of a wide range of phosphinic acids, phosphonic
acids or phosphates (or the thio analogs thereof) to the corresponding phosphoryl
halide. In a preferred embodiment, the phosphinic acid, phosphonic acid or
phosphate corresponds to the formula (R®) P(O)(OH),,, and the corresponding

30 halide corresponds to the formula (R?),P(0)X 4., wherein each R® is hydrogen,
hydrocarbyl, substituted hydrocarbyl, hydrocarbyloxy, substituted hydrocarbyloxy,
or heterocyclo, X is halogen, and u is 0-2. In an alternative embodiment, the
phosphinc acid, phosphonic acid or phosphate is a thio analog corresponding to
the formula (R°),P(O)(ZH),,, and the corresponding halide corresponds to the

35 formula (RP),P(=0)X,., wherein R®, X, and u are as previously defined and Z is O
or S with at least one Z being S. For many applications, it will be preferred that X
be chlorine or bromine, typically chlorine. In addition, RP will often be alkyl,
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I nvention is used to convert any of a wi de range of silanols to the
corresponding silyl halides. In a preferred enbodi nent, the silanol
corresporm® oBo2aske formula (RS )3SiOH and the resulting PCmyusohzicnde
corresponds to the formula (RS )3SI X 5 wherein each Rsi is independently
hydr ogen, hydrocarbyl, substituted hydrocarbyl, hydrocarbyl oxy,

b d h h
2ppl | cat | oAlkomyls Sy a5t . oBlo TSl RS ARG K, boRt Atilies HlectBBY |
chlori nleI fromatdilogemmetaﬁcymhol blkoky calkémoxyl kiKynoxy, I@flbikﬂxy RYHORY| or aryl,

t {
o e a4 8 e s sl gt L
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am no, gm Q?etﬁi%' [eét%'rs %\Ké'?é?laertsh'li%'geneﬁé{l' however, U prefefted. thatul f onani des,
ketal s, "ace ers In a

li zed
a- hal oenanphenyph Q%'fﬂiﬁé’@%( 6H5qu912)i Qﬁ]aY@dﬁgéwCLeoUB8H\}'3?§’['%\9/“@?R? V\AI ég
range of SHJalB@Héﬁnr% s SulsisthAice WRichie not Seartilyrretgasedi ng sul fonyl or

| f | hal f d rrb d | d
corr esponds to ITAaBeRGpaBraERRa oz et dRl (s ogdhs =
corres pondihvbﬂtlcbﬂﬂis fisedrtd detﬁgﬁﬁetsﬁ) n?&nmweeua sRivens. H'ylgrp;@gqu,q:omprlses
substit ted '&éﬁ{%)%lwﬁ{wﬁﬁtaﬂ 6’5“?2 'h%l X LERR ,@ggeﬁt I Bhd sélvedt For

many 5 pI erre e chlorirne or brom ne,
typically melydve apy seiyenhwhind WI"cﬂOt rmtmha alegnaysingskyl , al kenyl ,

al kynyl or aryl, optionally substituted with one or nore m)i eties sel ected
from hal ogen, het erocycl o, al koxy, al kenoxy, al kynoxy, aryloxy, hydroxy
(preferabl f on Qeillnltb@"ﬁet eroaryl rings), protected hydroxy, fornyl, acyl,

acly:c oxy, gm nokTﬁg}tgﬁns "h)}dr@calfbmﬁ@ndt“hydgbcaﬂlyl”fasdesed hereiri desctis

sul f onani des, ketal s et al ters. and e nent ,
an i nmobi | |°£9ﬁi“%cﬂ'a1p6’élﬁaﬁ1°ﬁéa®?a H’é)nﬁ‘s E%ﬁf‘bt&g[@%& herH%%Héeé gaﬁ%ﬁyer
any of 1% Wh@érd@hgél’ lefsephoitieisrincude lidsar, brmmedrﬂrccycb@ﬁﬂﬁ’l c’ﬁ*kqmbsphat es
o o e e BUE AR [1RERGleh hdsBaRNies aRRANNACRIRAPAREY alkghyldend | n a

preferred osphini ni c acb Bate
correspondsarylarncblbbe$ eulmstitate( Impﬂtgf(mgthp'é%“f?ﬂé’d&‘ﬁr Sps stigl

hal i de corr L‘&? a[) % RRUMBEObtetnide indsatdd) taas@maﬁenes
hydr ogen, rocar subst | t

substi t ut ecpfﬁfﬁmbhté}pmﬂ”@%ﬁ to 20 Cﬁgloé{%gh%fgB%@'@hﬁgﬁgéahp%éwmql?% 2. In
aﬂogl Lgitde‘afdgélgbtéﬁﬁlgé’%gmoregigﬁ gﬁb@ﬁlbbﬂltutatﬂ@ pdsntlphaﬁmhemruaammlderor s
Bnd the cord -B3losRaMge Hgﬁ?%@reégp h?fg f{)Pe)[(%rBB!?S%ZEH r?ﬁﬁq %164(:> % ) X(3_u)
wher ei N RP,afide dtdx-hakvehaasing neay oamp;:sedth‘e sardeahairzof earpon atoms WhICh
together with the carbon atoms to which R, and R; are attached define a
carbocyclic ring.

25 The “substituted hydrocarbyl” moieties described herein are hydrocarbyl
moieties which are substituted with at least one atom other than carbon, including
moieties in which a carbon chain atom is substituted with a hetero atom such as
nitrogen, oxygen, silicon, phosphorous, boron, sulfur, or a halogen atom. These
substituents include halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy,

30 hydroxy (preferably on aryl or heteroary! rings), protected hydroxy, formyl, acyl,
acyloxy, amino, amido, nitro, cyano, thiol, sulfides, sulfoxides, sulfonamides,
ketals, acetals, esters and ethers.

The term “heteroatom” shall mean atoms other than carbon and hydrogen.
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or Swth at |east one Z being S. For many applications, it will be
preferred that X be chlorine or bromne, typically chlorine. In addition,
RP wi || oWosa/obesal kyl, 13 WO 03/ 020684 PCT/ US02/ 25609 alpkaruso2/2sbkynyl or
aryl, optionally substituted with one or nore noieties selected from

hal ogen, heterocycl o, al koxy, al kenoxy, al kynoxy, aryloxy, hydr oxy

oy oxy i no URksGReRNERgR Y otdd, 9 hiyGRLER Reeted Bltein e+ Y
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of the. ol enAfeand Fud dfendy BRIBIEdosonelY. el Stenddedtbar =Y
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ot g, 2150, | IEonkre AhkeRd ek o AheBOtb BB B8
al karyl, alPReieEBlY lawer %lkwwhﬁppﬂammﬁrfmtvm keeight eabogi alamsdn theeglecmal
moi et i es r@;hgfreéﬁ@mgs 16 20RIarE6N AtdrAs 2¢he9rn%y1bé1%95@ht bP bﬁ%ﬂi Held¥he rfaﬁd

hydrocar byl, an_one, s

posi tion of T %e ?wyt”ﬁ/gPﬂoé’rﬁygé’”&Yny?dsﬂlall’tMBWaﬁ?ﬁ@ybfa%@ fSsent invention;
for exanple, R2ThrdeRastryt"he "aerds ased hél‘énﬁiéldwe &*é@b@ﬂ@@@hﬂme@owmr I se

wht ch B o JanRs QploHany S RRATTR RoEBovellc BT bl R EreabiviBorocy et
"subst i t ut @d bigyglio geaupsl containigi fecsmd:‘e’snc‘rz beﬂbohemethe gng poylibracachds

e udi ng. PHERYE bIpIRHYE oY s fiuféd ARy, AfeRiel bty bR3lnfRR"™
hetero at ofeRlY!.aEhenylansgiibstibstod dhenyi aredbe meeayefesresiaryl.bor on, sul fur,
or a hal ogen at qme t@hﬁ§ﬁhalégéﬁ‘t ot "HE"Sad M&H&eﬂ%% rbr éﬁ"c BFYRb er

Pt or 5331 SFRSTer 5 TGt Srr oney Hd g
The terms "heterocyclo” or "heterocyclic" as used herein alone or as part of
another group denote optionally substituted, fully saturated or unsaturated,
monocyclic or bicyclic, aromatic or nonaromatic groups having at least one
heteroatom in at least one ring, and preferably 5 or 6 atoms in each ring. The
25 heterocyclo group preferably has 1 or 2 oxygen atoms, 1 or 2 sulfur atoms, and/or
1 to 4 nitrogen atoms in the ring, and may be bonded to the remainder of the
molecule through a carbon or heteroatom. Exemplary heterocyclo include
heteroaromatics such as furyl, thienyl, pyridyl, oxazolyl, pyrrolyl, indolyl, quinolinyl,
or isoquinolinyl and the like. Exemplary substituents include one or more of the
30 following groups: hydrocarbyl, substituted hydrocarbyl, halogen, heterocyclo,
alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy (preferably on aryl or heteroaryl
rings), protected hydroxy, formyl, acyl, acyloxy, amino, amido, nitro, cyano, thiol,
sulfides, sulfoxides, sulfonamides, ketals, acetals, esters and ethers. In addition,
the heterocyclo moieity may be linked to more than one substitutable position of
35 the tertiary amide or a-haloenamine of the present invention; for example, R, and
R, of the tertiary amide or a-haloenamine may comprise the same chain of atoms
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acyl oxy, am no, amdo, nitro, cyano, thiol, sulfides, sulfoxides,

sul fonam des, ketals, acetals, esters and ethers. The term "heteroat onf
shal | nmeawoaBoassot her t han carbon and hydrogen. 14 WO 0RCOAGE825609

PCT/ US02/ 25609 Unl ess ot herw se indicated, the al kyl groups descri bed
herein are preferably | ower alkyl containing fromone to eight carbon atons
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herei n al osalfexides, fifonadiidegietdisradbialdpesienobad eidrgnal |y substltut ed,
fully turatedl].g]r unsa, urate

nocyc c
nonay onigt 1o gr olpe BEDY RUOGearud evser fefin AaRbfes ShvibBeth il ang,
and prefer dlaﬁye& hereif bonoled throughcn oxygen liftkag23--et)eeqryROe wineoeip R is
preferably g &E 2 oxygen atoms, 1 or 2 sulfur atons, and/or 1 to 4
nitrogen ap me 1n the ring, and may be bonded to the renminder of the

nol ecul e thr oughDBUc@thﬂﬂrﬁn@im hé&tdipzabieyeloSeRApingeg-frener ocycl o i ncl ude

het er oaromat i cs «spA skl iEaH 1 Stéﬁb%'d‘byd@bﬂfr(% @}Hon Sxmeol yl, pyrrolyl,

i ndol yl ui nol L nyl or 1soquilnoli |1 ke. Exenpl ar substituents
i ncl ué@ Oﬂe or ,%1%{3(;0 Hewingeexamples thP P(Iustrate t‘we invention. prary

EXAMPLE 1
Improved Synthesis of N-(1-chloro-2-methylprop-1-enyl)-N,N-dimethylamine

o al al

3 POCI concentrate ® Et;N isti
\N/IH/ 3 - \N/ 3 - dlStﬂl»\NJY
| cat DMF in vacuo | CH,Cl, in vacuo l

cl P(O)O

Dimethylisobutyramide (25.00 g, 217.39 mmol) was added dropwise over a

30-minute period to a solution of DMF (336 (L, 4.34 mmol) and POCI, (60.70 mL,

25 651.22 mmol). The resulting solution was stirred at ambient temperature and
monitored by 'H-NMR. After 3 hours the reaction was concentrated under
vacuum to remove all excess POC!;. Triethylamine (33.30 mL, 238.91 mmol) was
then added dropwise to a solution of the resulting chioroiminium salt dissolved in
a small amount of CH,CI, (10mL). This mixture was distilled at 70 C (100 Torr) to

30 afford 22.70 g of N-(1-chloro-2-methylprop-1-enyl)-N,N-dimethylamine. 'H NMR
(CDCl,): © 2.36 (s, 6H), 4.11 (s, 2H), 1.74 (br s, 6H).
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30 follow ng groups: hydrocarbyl, substituted hydrocarbyl, hal ogen,

het erocycl o, al koxy, al kenoxy, al kynoxy, aryloxy, hydroxy (preferably on
aryl or hwoasoaregd rings), protected hydroxy, fornyl, acPpCI/isoybsay,

am no, amdo, nitro, cyano, thiol, sulfides, sulfoxides, sulfonam des,
ketals, acetals, esters and ethers. In addition, the heterocyclo noieity
may be linked to nore than one substkkﬁhﬁﬂhf position of 35 the tertiary
am de or a-hal oenam ne of the presen ?on; for exanple, Rl and R2 of
the terti aryathesie adN-&i-bhloveZamiettylprap-1ecenyl)-Nsmethnd aswine metiailpolpdtymnens

15 WD 03/020684 PCT/ US02/ 25609 which, together with the atons to which R

as used herein alone or as part of another rdenot op nal Iy

subst i t ut edl ar omaftOdtBling havi ng | east BN\ 5/ het ef gt pat | gast

one ringfand preferabky 5 or atibmsYi n eadir TTART, The™ hetefoar pre i C
group prel&eer bly has 1 or 2 oxygemeatons, 1 or 2 sulfur atons, w®nd/ | to
4 nitrogen atons in the ring, and may be bonded to the remai nder of the
nol ecul e through a carbon or heteroatom Exenplary heteroaromatics include
furyl, thienyl, pyridyl, azol yj:1@ pyrrolyl, indolyl,

[ r
i soqui nol i nyHci; 10 ang’ TY ary su@c§¢ituent' e, one ok_nore
of the fol o gr oNS: : sub%Ei—CFRed b halgen,
2l oxy, aryl’oxy, hydroxy (preferably on

het erocycl o;*al koxy, al kenoxy, ./ n )|
aryl or heteroaryl rings), protect ed hydr oxy, fornyl, acyl, acyl oxy,
am no, amdo, nitro, cyano, thiol, sulfides, sulfoxides, sulfonam des,

ner oi n ?Z‘ﬁg'f%ﬁﬁgiﬁy%s 9@@%@2@ %ﬁgﬁf%ﬁél ?mugﬁsﬁ‘n‘fled
oxygen | i nkeghyllsobQtyramide 200.6%g, frimolRahd pansfdirmeidahyde (50%80°g,sha
e b g L R BRS80S oo il T sy ppetea to
i || ustrat erefhux. iAhabuaut 62.C HKavEREIdn exgthersed Sydtrhest of the
(';';)g ge(r:]thlr g[ gaéf@%ﬁgﬁ\zﬁmsﬁf{ﬁ%}jl )[;"H;L‘.Ls kage%% rEfRR fof o adtlitionl 2Hts,
and then was filtered to remove solids. This was concentrated to remove nearly
all the excess TMSCI, and then again filtered to afford 219 g of N-chloromethyl-N-

10  methylisobutyramide. 'H NMR (CDCL,): (2 rotamers): & 5.33 (s) and 5.30 (s) [2H
combined], 3.11 (s) and 2.97 (s) [3H combined], 2.93 (heptet, J = 6.2 Hz) and
2.75 (heptet, J = 6.4 Hz) [1H combined], 1.14 (d, J = 6.2 Hz) and 1.10 (d, J = 6.2
Hz) [6H combined].

N-Methyl isobutyramidomethylipolystyrene: Anhydrous FeCl; (202.70 g,

15 1250 mmol) was added in portions to a mechanically stirred mixture of 1%
crosslinked styrene-divinylbenzene copolymer (100 g, 960 mEq) and N-
chloromethyl-N-methylisobutyramide (186.80 g, 1250 mmol) in CH,CI, (1L),
maintaining the internal reaction temperature between —5°C to 5°C. The resulting
yellow slurry was stirred at room temperature for 5 days, and then was filtered

20 and washed with CH,Cl, (3x), 1:1 aqueous 1N HCI/1,4-dioxane (1x), and then with
portions of MeOH until the color was gone. The 1:1 1N HCI/1,4-dioxane wash
step was very exothermic and controlled by 1 adding the 1,4-dioxane to the
resin, and then cooling this stirred slurry with a dry ice/acetone bath while 1N HCI
was added slowly. Vacuum drying at room temperature overnight afforded 193.0

25 g of the resin as an off-white solid. Amide loading on the resin was calculated to
be 4.56 mmol/gm based on elemental analysis. Magic Angle *C NMR (CD,CL,):
(2 rotamers): 8 177.38 and 176.95 (CO), 53.12 and 50.57 (CH,N), 34.70 and
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| cat IMF in vacuo chP(0)O CH2C12 in vacuo Dinethylisobutyram de (25.00 g,
217.39 mmol ) was added dropw se over a 30-mnute period to a solution of
DMF (336 wD,0342®44 ol ) and POClI 3 (60.70 nL, 25 651.22 mwiCr/usetiesepesul ting
solution was stirred at anbient tenperature and nonitored by 'H NVR After
3 hours the reaction was concentrated under vacuumto renove all excess

POCI 3. Tri ' . ise t
Soruti on o rid IVCEE) B3 beahd 30 4 G MRr SPOTREL D SR T AR rount -
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cHzO),,, C. 3 H fl 1 C Cl3. Ne Mo Me PC'S Et
SN DN IS CHA $0NeSler Aviresh Powien ohESHER A et i S e
o : .
ioine i i s Sn le I e 9 ),
7920 ol ) Wasad QXP (g@se@ Jalg WGl ma a'&SﬁJﬁegﬁeEﬁa %%Ctpé‘action
exot her ned temgeraigte émt HEC tpa7aCorThe chshiltihg rixbsrelwasislowty stimed atiremmvas

ol f > 1K VaERIS ¢
ol 1 s o, emBBratlfd for ANued, At o wBE OB oshod BT OCRRRE®
t hen agai n GHl4GNer dberswellpd polymanwgs spmpastadé-detdthyywashing with 3 portions

met hyl i sobwg i, dehisICH MY CHEE Stle &Q\Néﬁ%@é%:é}%oébtéd%éc% &8 5. 30 (s)
[2H conbi neI%] , 3 11 ésg ﬁgg 2. 97 (s) [3H conbi ned], 2.93 eptet, J = 6.2
Hz) and 2reBovRdbe excess ECk. 4 Hz) [1 H conbined], 1.14 (d, J = 6.2 Hz) and
1. 18 (d, J ; 6. A sllbliryldfmib @ﬁlﬁvbingdfrlljrrébhwﬁﬂlbz)df N?:meg(l)yl 20 . N
i sobut yram. t hyl.pol ystyrene: Anhydrous Fe : o
was addgd SOBBYATURERMP A SRR KR §rere ieniniTafe ol e 1 T

was cooled with dry-ice/acetone to —10°C while Et;N (317 mL, 2275 mmol) was

added dropwise. A precipitate of Et,NHCI did not form. The resulting mixture

was stirred at 0°C for 2 hours, and then was filtered and washed sequentially with

equal portions of CHCl, 1:2 CH,CN/CHClI,, 1:1 CH,CN/CHCI;, and then CHCIj,

20 Reaction solvents were anhydrous and the CHCIl, was stabilized with amylenes.
Vacuum drying afforded golden yellow N-(1-chloro-2-methylprop-1-enyl)-N-methy!
aminomethylpolystyrene.

Resin loading was determined by adding excess acetic acid (26.9 mg) to a
slurry of N-(1-chloro-2-methylprop-1-enyi)-N-methyl aminomethylpolystyrene (96

25 mg)in CDCl, (800 mL), and integrating the acetyl peaks in the 1H NMR spectrum

after 10 minutes of stirring at room temperature. A value of 2.64 mEg/gm was

calculated from [(CH;COCI integral)/(CH,COOH integral)] x 26.9 mg/60.05/0.096
g.
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crosslinked styrene-divinyl benzene copol yner (100 g, 960 nEq) and N

chl or onet hyl - N- net hyl i sobut yram de (186.80 g, 1250 mml) in CHC 2 (1 L),
mai nt ai Nni W@ WizoeBHnt er nal reaction tenperature between - 5CPCa/BR/256be
resulting yellow slurry was stirred at roomtenperature for 5 days, and
then was filtered 20 and washed with CH2Cl 2 (3x), 1:1 aqueous IN

HCl /1, 4- di oxane (1x), and then with @2@“\}'#@@ of MeOH until the col or was
gone. The 1 : 1 1 N HCl/1, 4-di oxane §p was very exotherm c and
control l ed by 1St Sydthesip ohtrmstaylei- B@Gearmmad)prolesd-carbanyl ¢Hiende ool i ng
this stirred slurry with a dry ice/acetone bath while 1 N HC was added

sl ow y. Vacuum drying at roomterrperaturBIeovernl ght afforded 193.0 25 g of

the resin as off vvhlt solid. Am dge | on N e resin yas cal cul at ed
to be 4.56 ased on el enent al yS| S. gl e /13C NWR

(CDh2C 2): (2 r/ot a N b 177.38 ang\é% %5 (CO, % 50. 57 (CH2N),
34.70 and 17 WO 03/ (2068 /U802/2 9 34 ( NCH3 5 d 30. 45
(CHVez), 20.03 and 19. 53// ( CH3)2) T FT-TR &’[ 92 cn?l ( bffoad) CO
stretch). Anal. Calcd fo SIAMILONTH, o 10H20: C, 76. 74 ~83¢1 N
6.39; 0, 8.03. Found: C . 65; H, 8 74; N, 6.30; 0, 7.81. N

N- (1- Chl or o- 2- net hyl pr op-| éanyl ) - N- et hyI am nonet hyl pol ystyre‘\hg: N 5

met hyl i sobutyram dorret hyl poI ystyrene (100.00 g, 456 nkEq) was washed tw ce
with dry %G\Ii\l A fresh portion of CH3CN (ll 5L) was then added, and
the reaction wa "@b§h wrngthyipropd-aaylEN, Ndimetinlamimredi3 33023 enyol)1585

mol )  was mﬁééd&fbéwtooﬁfﬁlkt@% of ®iméth Ia&Ai;@% ﬁﬁuﬁﬁmfréleﬂf‘éafﬂlﬁ(\xﬂ@béﬁmb

reactio te ure o1 e result
stirred®at M [3 M’uf@Qd

aasfewamwtttﬂ%ﬁhaa@ MR of B8 and
washed wit hea’ﬂ:tmrmlmm sifow lef@@ombioﬁcbfﬁﬁé)dmtd/ffhé SepdeRptigd. 3-fol d

by washi ng C cle of shes was
r epeat ed tgwgoéfﬁfoéf g#%ﬁt%%ggs?_, '8518599'4%%“‘19\‘@ ﬁ?tr‘ih €l §tawg

chl or oi mi nouemightatirdenoenperetung.| 'H NNR(RDG xS 2B6€bhy,| i), B9 (dsle= was
prepared i n r S ooled with dry-ice/acetone
to -10C Wn?f_& EV@@H%@?%%@Q%?ZM? ?1 50\(@?@(3 dropwi se. A precipitate
of Et3NHCI did not form The resultlng m xture was stirred at 0OC for 2
hours, and then was filtered and washed sequentially with equal portions

of CHCI 1:2 CHBCN CHCl 3, 1:1 CHBCI\%%E?: and then CHCl 3. 20 Reaction
sol ven vvere anhydrous and the CHCl I 4bi1i zed with anyl enes.

Synthesis of 1-methyl-4-(BOC amino)imidazole-2-carbonyl chloride

Me

o H Me _%" Me %—o H
%’ >/'"N N MéN cI >’N
o) y o) N
Z'N»\COOH CH3;CN Tk‘coon

| |
Me Me

N-(1-chloro-2-methylprop-1-enyl)-N,N-dimethylamine (660 L, 4.99 mmol)
was added to a mixture of 1-methyl-4-(BOC amino)imidazole-2-carboxylic acid
(1.00 g, 4.17 mmol) in CHCI, (8.00 mL). After a few minutes, the 'H-NMR of the

15 reaction mixture showed complete conversion of the acid to the acid chloride. 'H
NMR (CDCl,): d 7.48 (br s, 1H), 3.95 (s, 3H), 1.50 (s, 9H).
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Vacuum dryi ng afforded gol den yell ow N-(1-chl oro-2-nethyl prop-

1-enyl)-N-nmethyl am nonethyl pol ystyrene. Resin | oading was determ ned by

addi ng exwegs/apeti c acid (26.9 ng) to a slurry of N (1-@kirarso2/2senet hyl

prop- 1-enyl)-N-nethyl am nonethyl pol ystyrene (96 25 ng) in CDCl 3 (800

m.), and integrating the acetyl peaks in the 1 H NVR spectrumafter 10

m nutes of stirring at roomtenperat ue of 2.64 nEg/ gm was

cal cul ated from[(CH3000l integral)/ Integral)] x 26.9

nmy/ 60. 05/ 0. 096 9 18 WO 0ZFengelaymisissdarcipsdioridesusiPgE 3 Synt hesi s of

1- et hyl - 4- ( BOC Ry L5 R 6l ' i %N O N

N e DN coon SRR angipfs FEhh-Elimethy FémintinetyBchfuYend

N- (1-chl or o- 2- et hyl prop-1-enyl )-N, N-di nret hyl amine (31 pL, 0.23 nmol) was

added to a m xture of 1-nethyl-4-(BAC amyo) pyrrol e-2-carboxylic acid (50

5 ng, 0.21 mol) in CDCI3 (200 ) \ r%.(mw m nutes, the 'H NMVR of the
of the acid to the acid

reaction m xture showed conpl €¥e c er sN

chloride. The proton spectrum of thisuéol i op of acid chloride did not
change on st andiREOO& er ni ght‘?ﬁmﬁr*@. 'H MMBOCCDCI 3): 6 7.35
(br s, 1 H, 6.93 (d, J = 2Hz, 1 HgenBn46 (br s, I H, 3.82 (s, 3H, 1.50
(s, 9H). 10 EXAMPLE 4 Synthesis of 1-nethyl-4-(BCC

%ﬁl’()%i gﬁg{l 0 :\reg:%accﬁ&m;/b SQUivHIERE of MR- (1 @nibriYE2-Metibrop AL diylYEN-Fhethyl
5 aminomethylpolystyrene was added to a stirred 0.20M-0.25M mixture of ~0.5-1.0
mmol of a carboxylic acid in CD,CN. The resulting reaction mixture was
monitored to completion by "H-NMR. Aliquots of the liquid phase containing the
acid chloride were then derivatized by addition to small volumes of methanol,
ethanol, or aqueous 40% MeNH,. These reactions were monitored to completion
10 over 1-3h by '"H-NMR and HPLC to form the ester or amide, and then were
concentrated under vacuum and characterized. Reverse phase HPLC was
carried out on an Agilent 1100 system using a Vydac 4.6 x 250 mm Protein &

Peptide C18 column eluted at 1.2 mL/min with a linear gradient of 20% MeCN :

80% H,O to 100% MeCN over a 15 minute period. Both solvents contained 0.1%
15 TFA. The compounds of examples A-M were prepared by these procedures.

EXAMPLE 5A
Me
COOH ‘%—Me coct
Cl \©/SiME3 Me/ o] Cl. i ,SiMes
CH3CN
COXMe
cl SiMe;
X=0orNH
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Il 1 Me M N (1-chloro-2-nethyl prop-1-enyl)-N, N-dinethylam ne (660 pL

4.99 mmol) was added to a mxture of 1-methyl-4-(BCC 1

am no) i mweaslezsed4 car boxylic acid (1.00 g, 4.17 nmmol) i nPCHTISB2/£®09D0 i) .

After a few mnutes, the 'H NWR of the 15 reaction m xture showed conpl ete
conversion of the acid to the acid chloride. "H NW (CDCI 3): 6 7.48 (br s,

IGe:Der aI3 g in'g ﬁesé?m‘?m'@ W“@Hlyiﬁﬁpaﬁ'é!égﬂﬁgﬁ(g%%‘?@%ﬁ P(iq)gé) ?%@ﬁaelﬁe?(:ﬁ\NPLE 5

1- enyl ) - N- forhreg frcammmietmﬁnpmeﬂsylymwébeml@aond\wthlmhwe Hvél FAW-

RCOC1 CH3
N- (1-chl or §I¥Z3¢r(?tﬂ” &h’r 0 )1b %@ % vab@rNI?Rg zli)rﬁcrrl\l 32t1h6)? 8p20 ((5/82 y1r4e2n:<334 was

added to a188i6% 44 @22(1)&1(7825 Bkt] @1364%1"1 6. (51GH of a carboxylic
acid 'nﬂhs/gmﬂ\' Mé?hfl?séﬂléfdle-tfmylglénm Bénzo%tmmemaeanmd@ompmmtuon

Chen der! vEoMyie TgciRmpt 2ialg- GHANPIViSTaM DeBPo R Tiind i ot o, ©
?qgﬁogi io%fb/ﬁi\lh*%m gld1254 n(lf)ﬁafmmpeamm ¢2160di rhio: ¢ NMR(;@Dg@N) h7 02- Mar
concent  at & ARk O% LSt S Bhalbor o F04S (G0 18R 1O RRI A4 35,
car r gd gigsame,ansmlﬂ 480,61 AG0BR S2AZ OB -dASIAHY. CBIISEHoMak i n &
0% 1200 o STBISERRER Hoeh CAmyE 227 ML 4 %ot h-sol vent s contai ned 0T %
15 TFA. The compbliethyl-@schirembitametayisiiaaykbeizamid @éome‘gﬁga@fyp?%‘iedur es.
EXAVPLE SA M pl&telyroiYBn &8 Actio of2-bhidrdde-trimietiyiilarlyl Behedyl Chiditle with

aqueous 40% methylamine, to afford a single 254 nm HPLC peak at 8.417 min.

'H NMR (CD,CN): 8 7.28-7.06 (m, 3H), 2.58 (d, J = 4.83 Hz, 3H), 0.00 (s, 9H).

15 '3C NMR (CD,CN): & 140.38, 133.27, 129.97, 129.66, 25.45 (NCH,), -1.11
(SiCH,). Calculated C,;H,,CINOSi (M"+1) exact mass = 242.0762. Found
242.0749.

EXAMPLE 5B

COOH

cocl COOMe
OH
Me CI @/ ©/
CH;CN

2-Hydroxy benzoyl chloride was cleanly and completely formed from 2-

20 hydroxy benzoic acid within 15 min. 'H NMR (CD,CN): 8 9.37 (s, 1H), 8.11 (dd, J
= 8.2 Hz, 1.7 Hz, 1H), 7.67 (d of t, J = 7.8 Hz, 1.7 Hz, 1H), 7.11-7.04 (m, 2H). 3C
NMR (CD,CN): 3 172.42 (CO), 161.19, 138.76, 134.20, 120.75, 118.08.

Methyl 2-hydroxy benzoate was formed cleanly and completely from the
reaction of 2-hydroxy benzoyl chloride with methanol, to afford a single 254 nm

25 HPLC peak at 8.510 min. "H NMR (CD,CN): 5 10.66 (brs, 1H), 7.82 (dd, J = 8.0
Hz, 1.7 Hz, 1H), 7.48 (d of t, J = 7.8 Hz, 1.7 Hz, 1H), 6.94-6.89 (m, 2H), 3.89 (s,
3H). *C NMR (CD,CN): 6 170.70 (CO), 161.49, 136.04, 130.11, 119.58, 117.45,
112.71, 52.34 (OCH,). GC-MS showed a single peak in the TIC: m/z 152 (M™).
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COXMe C ):: SiMe3 X=OCorNH 20 WO 03/020684 PCT/ US02/ 25609

2-Chl oro-6-trinethylsilanyl benzoyl chloride was cleanly and conpletely
formed frwmo3setsBor o-6-tri net hyl silanyl benzoic acid w thipeTsh2/236bp NVR
(CD3CN): 6 7.30-7.13 (m 3H), 0.00 (s, 9H). 13C NWR (CD3CN): 6 169.82
(CO, 142.34, 138.69, 133.82, 131.78, 130.75, 128.46, -1.04 (SIiCH3). 5

Met hyl 2-chl oro-6-trinethyl sil anyl W?EE éd(zr med cleanly and conpletely
fromthe reaction of 2-chloro-6-tri benzoyl chloride with

met hanol, to afford a si ngl e 254 nm HPLC peak at 12.604 min. 1H NWVR
(CD3CN): 6 7.32¢QQHL3 S, 3H), o800 (s, 9H). 13C NVR (CDBCN)
6 168.70 (CO, 140. 35 130. , 130 22, 52.2

(SiCH3). GC
for msd#e
thyIS| anyl

N- Met hyl - 2-ch
conpletely fromfhe reaction of 2-chloro-6

chloride with aqueous 40% &BtdYy| ami ne, to affford a single *ﬂ nm HPLC peak
at 8.417 min. 9H NVR (CD3CN): 6 7.28-7.06 (om 3H), 2.58 (d, o = 4.83 Hz,
3H), 0.00 (s, 9H). 15 13C NMR (CD3CN): 6 140.38, 133.27, 129. 97, 129. 66,
25.45 (NCH3), -1.11 (SiCH3). Calculated CL1H17CI NOSI ( Mr+%)- exaat mass =
242.0762. Found 242.0749. EXAMPLE 5B Me COOH 0-0-\N N Me COCI COOMe OH ~
OHOH Mecl I\ I \' CH3CN 2-Hydroxy benzoyl chloride was cleanly and
completely formed from2 20 hydroxy benzoic acid within 15 mn. 1H NWR
(CDSCN) 6 9. 374¢Hydroxy begzayl chiggide was-cleaplyrend eomplagely forryed fToB174-(d of t,

J = drok lE%nzénc"ﬁmd Withih- 175 Ren.( " NIIR ( JD:B@ é 1 benzo(ate VES

(ROt i o DAL b R S

chlorids wiih 1®et hanol, to afford a single 254 nm

Methyl 4-hydroxy benzoate formed cleanly and completely from the
reaction of 4-hydroxy benzoyl chloride with methanol, to afford a single 254 nm
HPLC peak at 5.237 min. 'H NMR (CD,CN): 5 7.88 (d, J = 8.8 Hz, 2H), 6.88 (d, J
= 8.8 Hz, 2H), 3.82 (s, 3H). "*C NMR (CD,CN): & 166.65, 161.45, 131.69, 115.33,

10 51.49 (OCH,).

N-Methyl 4-hydroxy benzamide formed cleanly and completely from the
reaction of 4-hydroxy benzoyl chloride with aqueous 40% methylamine, to afford
a broad 254 nm HPLC peak at 2.512 min. ‘H NMR (CD,CN): 5 7.66 (d, J = 8.8
Hz, 2H), 7.51 (br s, 1H), 6.85 (d, J = 8.6 Hz, 2H), 2.83 (d, J = 4.7 Hz, 3H). *C

15 NMR (CD,CN): & 128.97, 115.07, 25.76 (NCH,). Calculated C;H,,NO, (M*+1)
exact mass = 152.0706. Found 152.0602.

EXAMPLE 5D

COOH COCI COXMe

NO l
2 Me/ } NO2
CH;CN

X=0orNH

2-Nitrobenzoyl chloride was cleanly and completely formed from 2-
nitrobenzoic acid within 20 min. 'H NMR (CD,CN): 8 8.13 (d, J = 2.4 Hz, 1H),
20 7.91-7.81 (m, 3H). C NMR (CD,CN): & 134.71, 133.89, 129.10, 125.00.
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25 HPLC peak at 8.510 min. 1H NVR (CD3CN): 6 10.66 (br s, 1 H), 7.82 (dd, J
=80Hz, 1.7 Hz, 1 H, 7.48 (dof t, J =7.8Hz, 1.7 Hz, | H), 6.94-6.89
(m 2H), wo89/0t®s4 3H). 13C NVR (CD3CN): 6 170.70 (CO, 1@TTAS02/1369 04,

130. 11, 119.58, 117.45, 112.71, 52.34 (OCH3). GC-Ms showed a single peak
inthe TIC mz 152 (M+). 21 WD 03/ 020684 PCT/ US02/ 25609 EXAMPLE 5C COOH -

E/gnzl\)/sl C(C:JF?II ori dg@%\y& %trétfenfoa‘\(t]e %%%@WB%&ﬁgﬁB( JNEWJFJQ drox§%l c

acid withi r:uErObenzomlHthrde(\mmmthamplstoaaﬁqmra single 304 ng HPLCheaklat= 8. 9
Hz, 2 6 J
H) 7984 fhin: HWR@%&?@Q%G% 79@6@ léﬁH &Zrﬁthe

116. Met_hyl .4-h f
react | on "ﬁ ﬁﬁ\ﬁ\géomﬁ%‘& 56'@5639032?3\/55 ﬂ%@ 7ai$,o1r%l Al.shhgbe
254 nm 5—IP© agregk at 5.237 nmin. 1H NMR (CD3CN): b788(d J = 8.8 Hz, 2H),

?3?86gd 115 338 N ﬁ@l‘%“@?'ﬁ“%%E%WlCefﬂa’w%"g'ﬁpf%)ﬁﬂﬁfég‘%“g?mém >

cl eanl y andeactionl eft Z2hitrdbemzoyhehlonidsawith aguebud 40946 rpthy b td aﬁbkd)él de

Vn“ﬁ,“ ?ﬂ“ﬁ%&m@%‘ P, BEar P 5 osghin.  RABZICOCAR' Poeid J3p B2 s

8.52.(88 3(Hj, 6.94=(brs711H, 2. 8H(d, 13@.8 H1ANBR)( dﬁme b

ié?.%i&é’.“i%@? 0 DR e R Bt e SR e

a Noz Noz© 8 oN,O4 (M™+1 exact mass = 181.0608. Found 181.0621.

EXAMPLE 5E
Me
o
%’ N/ & Q /N‘%’Me BOCNH
M cl
° N — = ),
T COOH CH;CN I
Me Me
BOCNH
7\
N COXMe
e
X=0orNH

(5-Chlorocarbonyl-1-methyl-1H-pyrrol-3-yl)-carbamic acid tert-butyl ester
was cleanly and completely formed from 4-tert-butoxycarbonylamino-1-methyi-
15 1H-pyrrole-2-carboxylic acid overnight. 'H NMR (CD,CN): & 7.35 (br s, 1H), 7.03
(d, d = 1.9 Hz, 1H), 3.79 (s, 3H), 1.47 (s, 9H). "*C NMR (CD,CN): 8 156.20,
125.54, 114.59, 36.96, 27.69.
Methyl 4-tert-butoxycarbonylamino-1-methyl-1H-pyrrole-2-carboxylate
formed cleanly and completely from the reaction of (5-chlorocarbonyl-1-methyl-
20 1H-pyrrol-3-yl)}-carbamic acid tert-butyl ester with methanol, to afford a single 304
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CH3CN X=0CorNH 2-Ni trobenzoyl chloride was cleanly and conpletely forned
from2- nitrobenzoic acid within 20 mn. 1H NVR (CD3CN): b 8.13 (d, J = 2.4
Hz, 1 H) ,wD®3/M2@s+7.81 (m 3H). 13C NVR (CD3CN): 6 134. 71PCIA%08%609429. 10,
125.00. 22 WD 03/020684 PCT/ US02/ 25609 Met hyl 2-nitrobenzoate forned
cleanly and conpletely fromthe reaction of 2-nitrobenzoyl chloride with

(cosany: b IPEE psyc by it TS (CRRRATS 72n o' Mol RS, 1k
(N Cll\j/‘é?r\ll)| z236163 8ng)1338$63 Srrﬁ)zwz |813H) L0446 (2 79HB, 1;0:2?M22]CL(CL533:M)56 1rise1§i:ex;HsCt | 0)n
of 2- nlytrob/{ayr?tz:?)-)’izl 52 ngugg%)(i&%?ﬂ Pa%?r?? pémzlfﬁ{ggd a broad
304 nm HPLE pida 26& (M ﬂtBGXﬁqﬁmqaaW @@@clﬁ)oun 2096388, J = 8.0 Hz, 1

H, 7.74578.53 ((ﬁlMényl 55m8141y(é§rb o W«gy?roﬁé fg}icar%amzéagld gﬁgl esjtéC NVR
0 (CD3 b 166, 63 0 130. 83,
éal f:m atcj(;?:l foml ey ﬁnif;m&%r@{y frerg dhe raactionarfd 5 qiw@@an@pybmethmhﬂe

5E Me O HAMN 9|=r6| -8/)BsAebEmid\acid teMb le|§té$®§?th abus&aF 1 OVBHAbtHyIdRineMio BOCNH

N COXMve H . ( rbonl ) gar pam c
acid tent- bqﬁé &e‘??@? :&Q@”@ﬂggﬁl Rﬁa}},ﬁj g%ir@ %{el VW@WM 7. 5? &
4-t ent - but oW)cér&ﬁ)leSaM-bo@&rfbrbMH) 6.45 (s, 1H), 3.81 (s, 3H), 2.76 (d, J =4.7 Hz,
10 3H), 1.46 (s, 9H). "*C NMR (CD,CN): & 162.25, 153.43, 122.49, 122.34, 102.76,
35.78, 35.75, 27.76, 25.09 (NCH,). Calcuiated C,,H,,N,O, (M*+1) exact mass =

254.1499. Found 254.1504.

EXAMPLE 5F

) Z‘Ng\m Nﬂ%‘: > ng\com

| CH;CN |
Me Me

BOCNH

Me
X=0 or NH

(2-Chlorocarbonyl-1-methyl-1H-imidazol-4-yl)-carbamic acid tert-butyl ester
15 cleanly and completely formed from 4-tert-butoxycarbonylamino-1-methyl-1H-
imidazole-2-carboxylic acid within 1 hour. "H NMR (CD,;CN): 8 8.02 (br s, 1H),
7.50 (brs, 1H), 3.89 (s, 3H), 1.48 (s, 9H).
Methyl 4-tert-butoxycarbonylamino-1-methyi-1H-imidazole-2-carboxylate
formed cleanly and completely from the reaction of (2-chlorocarbonyl-1-methyl-
20 1H-imidazol-4-yl)-carbamic acid tert-butyl ester with methanol, to afford a single
304nm HPLC peak at 6.088 min. 'H NMR (CD,CN): 8 9.11 (brs, 1H), 7.35 (brs,
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15 1H pyrrol e-2-carboxylic acid overnight. 1H NVR (CD3 b 7.35

H, 7.03 (d, J =1.9 Hz, 1 H), 3.79 (s, 3H), 1.47((S,CSI)H). 13C NI\/(Rbr >
(CD3CN) : wobn3@2184 125.54, 114.59, 36.96, 27.69. Methyl PCT/US02/25609

4-t ent - but oxycar bonyl am no- 1-nmet hyl -1 H pyrrol e-2-carboxylate forned
cleanly and conpletely fromthe reaction of (5-chlorocarbonyl-1-nethyl- 20

1 Hpyrrol -3-yl)- ] ' = ] *

i hot e 304 Ds 8 B3PBIoE2 BT Bey: nReRMALY S BR0 0L D AREPLE O
g%DBG?\)I) ﬂﬁ@ﬁ%ﬂ@r@gﬁ.l{gwmﬁeaz@m s, 1H, 6.63 (s, 1 H, 3.82 (s,

123 07, 110 54 (17¥sthyE2-mgthy baehd{i-Mfinidd8ayi). Garb@inidhacid habutyl

E l;/HrRr/é% eTathenimmed chermly aBd .Conmjﬁtﬁ?y’gtgg[éjt%%i%oﬁ?’bf &cl;ﬁlgl’o%ta?gonyﬂ%mgl\lzm
forrredh%ll e@ﬁw_g#aﬁ@%%g?&?m%d%éd %ﬂb%‘ﬁyg@é%?mm-c |eg)r:JtS era%bz;?/l 1ester
-met hyl | mepiarsineata aiforhs sinale Saena f#éﬁé%@%ﬁ %@‘?%P“'W tﬁc@gﬁgous 40%
?ECEQQ\D&W B&)?DJ%N): ?ffr.%,d(bals,s H g "ﬁ.ogqgr g,m HPROpERIBH 2 B.18(80 i)l .47 KB.NMVR

1 H), 3.819K) ,C’qu)lfé‘t(?& %1‘1@',5293&"4‘”.2'9%??'?8%%%2,5%%%{ ?5”9%2.155%439ﬁlivé5 (s
(CD3CN): b 162-25, 153. 43, 122. 49, 122. 34, 102. 76,  35.78, 35.75, 27.76, 25.09

(NH3) . Cal cul ated C12H20N303 ( M++1) =
| ESRRD = 254.1499. Found 254.1504.
EXAMPLE 5F O/ Me ~ N ~j - Me BOCNH %ﬁi ll\llf%%\l Me N COCl CH3CN Me Me
BOCNH \~ N COXMe | Me = X=0or NH .

(2- Chl or ocar bonyl - 1- ng I E?u}\he- 4-yl)-carbanmic acid tent-butyl ester
N
B W o o TV [ )
(N>\COOH L /N\ cocs > N coxtte
H CH,CN H
X =0 orNH
10 1H-Pyrrole-2-carbony! chloride cleanly and completely formed from 1H-

pyrrole-2-carboxylic acid within 15 min. 'H NMR (CD,CN): 8 7.26 (br m, 1H), 7.21
(br m, 1H), 6.37 (br m, 1H). 13C NMR (CD,CN): 8 129.13, 122.80, 112.04.
Methyl 1H-pyrrole-2-carboxylate formed cleanly and completely from the
reaction of 1H-pyrrole-2-carbonyl chloride with methanol, to afford a single 254nm
15 HPLC peak at 4.763 min. 'H NMR (CD,CN): d 9.98 (br m, 1H), 6.99 (s, 1H), 6.83
(s, 1H), 6.23 (m, 1H), 3.79 (s, 3H). 13C NMR (CD,CN): & 123.48, 115.00, 109.96,
50.96 (OCH,). GC-MS showed a single peak in the TIC: m/z 125 (M™).
N-Methyl-1H-pyrrole-2-carboxamide formed cleanly and completely from
the reaction of 1H-pyrrole-2-carbonyl chloride with aqueous 40% methylamine, to
20 afford a single 254 nm HPLC peak at 2.789 min. "H NMR (CD,CN): 8 9.89, (br s,
1H), 6.88 (m, 1H), 6.67 (br s, 1H), 6.59 (m, 1H), 6.17 (m, 1H), 2.81 (d, J = 4.8 Hz,
3H). *C NMR (CD,CN): & 121.17, 109.24, 108.97, 25.11 (NCH,). Calculated
CeHN,O (M*+1) exact mass = 125.0709. Found 125.0717.
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15 cleanly and conmpletely forned from 4-Pert-butoxycar bonyl am no-1-net hyl -1
H i m dazol e-2-carboxylic acid within 1 hour. 1H NVR (CD3CN): b 8.02 (br s,
1 H, 7.%006broes4 1 H), 3.89 (s, 3H), 1.48 (s, 9H). Met hplCT/US02/25609

4-t ent - but oxycar bonyl am no- 1-nmet hyl -1 H i m dazol e- 2- car boxyl ate forned
cleanly and conpletely fromthe reaction of (2-chlorocarbonyl-1 -nethyl- 20

1 Himdazol-4-yl)-carbamc acid te ter wwth nmethanol, to afford
a single 304nm HPLC peak at 6.088 r"%%'Rk}ﬁ{‘lﬁl\/gﬁ(CD3CN): b 9.11 (br s, 1 H),

7.35 (br s, 24 WD 03/ Q2068A 2/ 25609 1 H), 3.98 (s, 3H), 3.92 (s,
3H), 1.49 (s, 9H). cal &y HL (Mr+1) exact mass = 256. 1292.
Found 256. . (1- Met hyl - et hyWcQr banoyl -1 _Hi m dazol - 4- yI =car bam c
acid tent-@\ ester_forned cM‘EanIG}P C etely fro cti on of
(2-chl orocarp6nyrLoq: 5 nethyl-1 H i mda ol - % awar bam c aC| cosMé y |

ester with aqueous 40% net hyl aémycne, to afford a single 304nm HPLC peak at
5.642 min. 1HNWR (CD3CN): b 7.36, (br s, 1 H, 7.04 (br s, 1 H), 3.94 (s,
3H), 2.81 (s, 3H), 1.47 (s, 9H). Cal cul ated C11H19N403 (I\/H+1)X=e®(atNH rrass =

o N oo NFUTENZ Gty eiarids ASa i e e bistély Brotad s fula ey | o

cl eanly an@admm’llletaelwwmmnr%dnfr‘r othl NMR (6, Edl):ed Z-9%(dalp ¥yl 1.6 Hii1d7 Wizt hi n 15

0 13C %@d@dﬂ =00 s 3 Br. 46 074 @h IR Thze Pz Sl 68T M
H- pyr r olde- 21 Br6d(Nyt 6 1f56r3rﬂad4t5l RWri25. 8l 168! et eI y fromthe reaction of
Epggp)é;; EI (: 2(?{::%%?%@{12%@&9{0%% é@%f&]n ly %ﬁ’d %lfnﬂé%ﬁ? f?déﬂggé 2’54nm 15
(s, 1T#gClion GHuraR-2-cagjonys chipride w»wetnem Nore mmglebzsmn
i%g ogm) 1091 eéQ #a. gzmdm W&M@ (e d%??lmQJdEprl@'@ HB, weH%Lm g{él
from(t he rgkqvf(ﬂ 'f 13_&2’;}; ﬁi)i gaﬁgﬁ{]}h Chi gﬂmg‘ﬁf'ﬁ 1gztﬁgg§ 4:‘83 g
net hyl 46 n&C NMR (CD,CN): d 159 04, 147.14, 144.78, 118.01, 112.13, 51.60 (OCH,). GC-
MS showed a single peak in the TIC: m/z 126 (M*).
N-Methyl furan-2-carboxamide formed cleanly and completely from the
reaction of furan-2-carbonyl chloride with aqueous 40% methylamine, to afford a
single 254 nm HPLC peak at 2.662 min. 'H NMR (CD,CN): 8 7.56, (dd, J = 0.8
15 Hz, 1.7 Hz, 1H), 6.98 (dd, J = 0.8 Hz, 3.4 Hz, 1H), 6.54 (dd, J = 1.8 Hz, 3.5 Hz,
1H), 2.83 (d, J = 4.8 Hz, 3H). "*C NMR (CD,CN): 5 144.59, 113.00, 111.90, 25.05
(NCHj;). Calculated CsHNO, (M*+1) exact mass = 126.0550. Found 126.0553.

EXAMPLE 5l
M
e\/COOH
O>/N/H M
Yo
meé Gl \_—cocl

(0 g
Q CHACN FMOCNH

\/COOMe

FMOCNH
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20 afford a single 254 nm HPLC peak at 2.789 mn. 1H NVR (CD3CN): b 9. 89,
(br s, 1 H, 688 (m 1 H, 6.67 (br s, 1 H, 659 (m 1 H, 6.17 (m 1
H, 2.81 ¥0,030206844. 8 Hz, 3H). 13C NVR (CD3CN): b 121. 17, pC@AISAz?256098. 97,
25.11 (NH3). Cal culated GC6HON20 (Mt+1) exact mass = 125.0709. Found
125.0717. 25 WD 03/020684 PCT/ US02/ 25609 EXAMPLE 5H M N M= Me Cl

~) - - i n d
cz)rrpl et gl S/:O]g(;'r o rom ura éﬂ% %x@% Q&g(?:g I?jﬁ\g'mgﬁ}lyb'ygﬁéﬁ&' gﬁeﬂ:l%%glyy o
(CD3CN) : 6 an ga)n(lrajetelw formegl frpm 2+(SH-Foren Syjmethoggcarbenylamina)-grogionia. 7
Hz, 1 H), Gciwithifl, 20 i 1/H NMR ( @0702%6378*3 (d %&@@%l@ml J& %ﬁl 39,

Compl 21 - P SRl R4 k. {2 )uf a6 Lo bt 26 BeRdeY b . Hefranol

o aff ol 423 (10| $HESHAS(AHPET DeRE RN OD EN)NVR76 GB3EBB 08D 7. 70

dd, J = , , bz 34 ’ 6.59
§dd J = 134% 1%143%2f19ﬂ1273373a?2,&;?9§3 2106813% W/ég @3&&5 159, 04,
147. 14, 144.78, MetBylQA-(OHIRioteh- 95dm6mo(x(]15}d®)3ny@ﬁam~j§pﬂmmmMeéor$magl e peak
he' TI C, )

0 0 71 gy 488 oMo A5 LR SRy SRS
net hyl ani n8H-‘Eltd>or&ﬂerwn%thyhe$tgn wntlzmethamﬂptccaﬁ@%@ aingle ?ﬁ@ nm HPLm)wR
(CD3CN1Q 6af 16B53(Mth. H Nl\fﬂ?? N; 5% BZtl_fzdzd =27 H%f%@? 693 ﬂZHZ
3.4 Hz, d
13C NMR (C@E{@j\? 4 df,lﬂn %é H@l@'ﬁea 3“51 G180 41# % %rfl
C6HBNO2 ( Mirhl1iHex3e7 (8psH),=1.326d,Q55G.3 FeusH).1%¢ QW(CD@Q)V@-E?§$5NE ~COCH
O ~NH _ M 456.07, 144.34, 141.35, 127.91, 127.32, 125.38, 120.19, 66.46, 51.98 (OCH,),

49.86, 47.21, 17.05. Calculated C,gH,,NO, (M*+1) exact mass = 326.1387.

15 Found 326.1398.

EXAMPLE 5J

Me

Cl Cl c!
CI—>—COOH o CIA/ cocl - Cl—>—COXMe
Cl
Ci CH;CN cl
X=0or NH

Trichloroacetyl chloride cleanly and completely formed from trichloroacetic
acid within 20 min. **C NMR (CD,CN): & 164.09, 93.87. GC-MS showed a single
peak in the TIC with a spectrum that was identical to authentic material: m/z 145

20 (M*-Cl).

Methyl trichloroacetate formed cleanly and completely from the reaction of
trichloroacetyl chloride with methanol. "*C NMR (CD,CN): 8 162.55, 89.75, 56.14
(OCH,). GC-MS showed a single peak in the TIC: m/z 141 (M*-Cl).

N-Methyl trichloroacetamide formed cleanly and completely from the

25 reaction of trichloroacetyl chloride with aqueous 40% methylamine. '*C NMR
(CD,CN): 8 162.50, 92.74, 27.41 (NCH;). GC-MS showed a single peak in the
TIC: m/z 175 (M). Calculated C3HgCI;N,O (M+NH,") exact masses for chlorine
isotopes = 192.9697, 194.9667, 196.9638. Found 192.9732, 194.9711,
196.9643.
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O~~~--M N-(\/ M me C \"COCI / CH3CN FMOCNH Me N~COOMe FMOCNH 26
WO 03/ 020684 PCT/ US02/ 25609 (1- Chl orocar bonyl -ethyl)-carbam c acid

9H- f | uor ewod3pbaset hyl ester cleanly and conpl etely formedPCrarsn2/25609

2- (9H-f | uor en- 9-yl net hoxycar bonyl am no) pr opionic acid within 20 mn. "H
NVR (CD3CN): 6 7.85 (d, J= 7.5 Hz, 7.68 (d, J:71 Hz 2H), 7.44 (t,
J =7.3 H, 2H), 7.35 (t, J =7.4 4 (br s, 4.48 5 4.23
(m 4H), 1.48 (d, J = 7.0 Hz, 3H). F%M&F%?és CN: b 176 13 156. 08,
144.16, 141.38, 127.95, 127.33, 125.35, 120.21, 66.84, 59.27, 47.15, 15.75.

Met hyl 2-(9H-fl uoren-9-yl net hoxymar bonyl am no) - pr opi onat e for med cleanly
and conpletely from t(hg @» Q Mel -chl orocarbonyl -ethyl)-carbamc acid
' Wit

9H f | uor en- 9.yl nmet hyl est t hanol, e afford a single 4 nm HPLC
peak 10 at 1 3 3 mn. 'H NI\/Re(Cm " 6 e e L ="73-Hae COR. 68
(d, J = 7.43 (t, J = 7.3 Hz, , 7.35 (t, J = 7yd Hz, 2H),
6. 07 (br s “T : 4 39- 4. 15cH@ 4H), 3.67 ?‘s 3H), 1.35 (d, J = 7.3 Hz,

3H). '3C NI\/R(CD3CN) b 173.65, 156.07, 144.34, 141.35, 127.91, 127.32,
125.38, 120.19, 66.46, 51.98 (OCH3), 49.86, 47.21, 17.05. Calt Tt it e
CI9H20NO4 (M++1) exact mass = 326.1387. 15 Found 326.1398. EXAMPLE 5] Me
J-~~ NC d ci Crrnﬁ@myla@tﬂlcmorjde:deanlgummpletaly@mm pmdrimetadaealic

2ci d wi t b ACO I 2 R N B B B e R e L e g
peak in t h¢80BZ, 49H0, 263ct rum t hat was | dentl cal to authentic material:
Mz 1455 20 ( M"Eﬁ:ly) trimethylacetate formed cleanly and completely from the reaction of
trimethylacetyl chloride with ethanol. 'H NMR (CD,CN): 6 4.04 (q, J=7.2 Hz,
2H), 1.18 (t, J = 7.2 Hz, 3H), 1.12 (s, 9H). GC-MS showed a single peak in the
TIC: m/z 130 (M").
N-Methyl trimethylacetamide formed cleanly and completely from the
10 reaction of trimethylacetyl chloride with aqueous 40% methylamine. 'H NMR
(CD,CN): 8 6.29 (br s, 1H), 2.65 (d, J = 4.7 Hz, 3H), 1.12 (s, 9H). C NMR
(CD,CN): § 27.00, 25.65 (NCH,).

EXAMPLE 5L

Me_\_COOH Me_\—cocl

CH,CN

But-2-enoyl chloride cleanly and completely formed from but-2-enoic acid
15  within 20 min, and was identical to authenic compound. "H NMR (CD,CN): 8 7.32
(d of g, J = 6.9 Hz, 15.1 Hz, 1H), 6.19 (d of q, J = 1.6 Hz, 15.1 Hz, 1H), 1.98 (dd, J
= 1.6 Hz, 6.9 Hz, 3H). *C NMR (CD,CN): d 154.78, 127.12, 17.77.

EXAMPLE 5M

/—COOH > /——COCI

Me CH,CN
28




Met hyl trichloroacetate fornmed cleanly and conpletely fromthe reaction of
trichloroacetyl chloride with nmethanol. 13C NVR (CD3CN): 6 162.55, 89. 75,
56. 14 (OEHIp02068+ M5 showed a single peak in the TIC m zPCAWUSOMRS6Q ) .

N- Met hyl trichloroacetam de forned cleanly and conpletely fromthe 25
reaction of trichloroacetyl chloride with aqueous 40% net hyl am ne. 13C NMR

(CD3CN): 6 ﬁ% t he
TIC mz 175, (l\%gl c@?n&@ C"ggrﬁg}é?gs%?&@%’w z ﬁ@'@ﬁé?g @P'hgrﬁ ori ne
i sot opes = iy GERVIR ﬁ@@s@ﬁb?ﬁ 3PHe(doe a7 3#&1%)192169@8\2 4.84H=BH), ©

196. 9643. NM 6814753{5'/4@92/85609 EXAMPLE 5K Me -Me N Me IVE Me Me
Cl Me COCH 3bb COR -} Me/ CH3CN Me Me R = OEt or NHWe
Tri met hyl acetyl chl or| de cI eanl y and conpletely formed fromtrinethylacetic

acid within 2 hours. 'H NVR (CD3CN): BXAMBBE®, 9H). 13C NWR (CD3CN): 6

180. 62, 49.50, 26.38. 0 | eanly and
conpl et e?y fromthe re?cet%tegé(l S&éqlmt{gj ﬁ&lﬂ§ﬁ%§seﬁ9 élggg?kgdés"@ﬁth et hanol . 1H
NVR (CD3CN): 6 4Ng4-qhigro2-methplpron-1-eniy))-N-meiByl aminbmethybolystyréhe, 1. 12
(s, 9H). GC-Ms showed a single peak in the TIC mz 130 (M). N Methyl
trimethylacetam de formed cleanly and conplgtely fromthe 10 reaction of
trinmethylacetyl chloride wth aguy amne. 1H NVR (CD3CN): 6
6.29 (br s, 1 H, 2.65 (d, J = 2 .12 (s, 9H). 13C NWR (CD3CN):
6 27.00, 25.65 (NCH3). EXAMPLE 5L I\/b Mae

ROH P Rral

CH;CN

In a dry box, 2 equivalents (per OH group) of N-(1-chloro-2-methylprop-1-
enyl)-N-methyl aminomethylpolystyrene was added to a stirred mixture of ~ 0.5-
1.0 mmol of an alcohol in CD,CN (3 mL). The resulting reaction mixture was
10 monitored and characterized by 'H-NMR, "®*C-NMR, and MS. The following
compounds of examples N-R were prepared by these procedures.

EXAMPLE 6N

Me

Mo - Me
CH,CN
n-Butyl chloride cleanly and completely formed from n-butanol within 15
min. "H NMR (CD,CN): & 3.60 (t, J = 6.7 Hz, 2H), 1.75 (pentet, J = 7.0 Hz, 2H),

15 1.45 (hextet, J = 7.4 Hz, 2H), 0.93 (t, J = 7.3 Hz, 3H). "*C NMR (CD,CN): 6 45.11,
34.56, 19.89, 12.74.

EXAMPLE 60
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Me -\COON M N CI Me-\ ~° COClI CH3CN But-2-enoyl chloride cleanly and
conpletely fornmed frombut-2-enoic acid 15 within 20 mn, and was

i dent i calwbDm3aeeBeni ¢ conpound. 1H NVR (CD3CN): 6 7.32 (a@cCofusqy/23b09-= 6.9
Hz, 15.1 Hz, 1 H, 6.19 (d of g, J = 1.6 Hz, 15.1 Hz, | H), 1.98 (dd, J =
1.6 Hz, 6.9 Hz, 3H). 13CNNR(CDBCN) 6 154.78,127.12,17-77. EXAMPLE 5M Me

N Ne MoNe e ) & nﬁgamh%ﬁ.dwog%@@@ﬁ@e%mwﬁ%rﬁ%osa
dg; '

| chl J d
ey c%.asammmn o8 B oo v D By -

7.2 Hz, _3H)1.41 EBHINm, BHY 42889, 740n 84H) 8681 @?}{F’Qﬁ 513 (e al
synt heS| S &I; mréhgf% al %yf}ml s using N-( 1 chl or o- 2-

prop- 1- eny D And 12 oI ystyrene I\/E 0-0--\N k- Me I\/E Cl ROH
AP- RO CH3CN In a dry box 2 equi valents (per OH group) of

N- ( 1- chl.or 0- 2- net hyl prop-1 enyI ) - N- | .nomet hyl pol ystyrene was added
to a st|5rred m xture of - 0.5- 1.0 WE{“E%M cohol in CD3CN (3 nL). The

resulting reaction m xture was 10 nonitored and characterized by 1H NVR
13C-NWVR, and Ms. The foll ow ng geNds ok, exanples N\R were prepared by

t hese procedur@ssCH:0EAMPLE 6N K ‘%‘Me CBHSCHZO——\
9 e’ " cl —
e
CgHsCH,01m OH > CgHsCH,0nn Ci
~ CH,CN 2
CeHsCHZ0 OCH;CgHs CeHsCH20 OCH,CgHs

A single anomer of 1-chloro-2,3,4,6-tetra-O-benzyl-D-glucopyranose was
cleanly and completely formed from 2,3,4,6-tetra-O-benzyl-D-glucopyranose
within 3 hours. 'H NMR (CD,CN): 8 7.36-7.16 (m, 20H), 6.32 (d, J = 3.6 Hz, 1H),
4.87-4.43 (m, 8H), 4.01-3.95 (m, 1H), 3.89-3.83 (m, 1H), 3.73-3.66 (m, 2H), 3.64-

10 3.55 (m, 2H). "*C NMR (CD,CN): 5 139.03, 138.64, 138.49, 138.18, 128.60,
128.56, 128.48, 128.46, 128.27, 128.15, 128.12, 128.09, 128.07, 127.85, 127.84,
127.74,94.31, 81.10, 80.00, 76.75, 75.28, 74.94, 73.87, 73.04, 72.39, 68.45.

EXAMPLE 6Q

1.9 parts 1 part

A 1.9 to 1 mixture of 3-chloro-1-butene to 1-chloro-2-butene formed from
15 3-hydroxy-1-butene within 15 min. Data for 3-chloro-1-butene: 'H NMR (CD,CN):
0 6.06-5.93 (m, 1H), 5.29 (d, J = 16.9 Hz, 1H), 5.12 (d, J = 10.2 Hz, 1H), 4.63-
4.53 (m, 1H), 1.57 (d, J = 6.6 Hz, 3H). *C NMR (CD,CN): 5 140.24, 115.25,
58.35, 24.35. Data for 1-chioro-2-butene: 'H NMR (CD,CN): § 5.91-5.60 (m, 2H),
4.08 (d, J = 7.0 Hz, 2H), 1.72 (d, J = 6.2 Hz, 3H). C NMR (CD,CN): & 131.07,
20 127.47,45.54, 16.94.
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M 0-0--\N-~-M Mew- OHM CIl Me. , O CH3CN n-Butyl chloride cleanly
and conpletely fornmed fromn-butanol within 15 mn. 1H NVR (CD3CN): 6 3.60
(t, J = 6w ob2068H), 1.75 (pentet, J = 7.0 Hz, 2H), 15 1P¢F/(Samxiced, J =
7.4 Hz, 2H), 0.93 (t, J = 7.3 Hz, 3H). 13C NWR (CD3CN): 6 45.11, 34.56,
19.89, 12.74. EXAMPLE 60 Me 0-0--\N N— NE OH M C C & 111100 CH3CN 8.8
parts | part 29 WD 03/020684 PCT/ U %% An 8.8 to 1 m xture of

cycl opentyl chloride to cycl opentene orne erom cycl opentanol within 15
mn. Data for cyclopentyl chloride: 1H N (CDBCN): b 4.41 (m 1 H),
2.06-1.93 (m 2H), 1.88-1.74 [ 5 (m 2H. 13C NVR (CD3CN):
6 62.63, 36.90, 22.81. 5 ' 6 % CeH5CH20O 0-0--\WMe p -

-\-O C6HeCH2 111 OH Me O CBHBOFZ01 ,'Y CH3CN CH20 OCH2C6H5
C6H5CH20 | OCH2 Msi ngl e_anoner of Me Me
1l-chloro-2,3,4,6-tetra- O benzyl - D-gl ucopyranos? cleanlly and conpletely

formed from 2, 3, 4,cé+tetra- O benzyl - Dﬂgd:mcopyranose vm'thinc?o hours. 1H NMR
(CD3CN): 6 7.36-7.16 (m 20H), 6.32 (d, J = 3.6 Hz, 487443(m

8 4.01-3.95 } 34

Shs (o 1SR &é@wﬁa%ﬂ%aﬁd ?é@pieﬁ@l@gﬁ%a(f%%@ﬁ% S,

128.56, 12Bubyge wittin 26 mingHNMR $8D1GN): ¥4.784dd1 9 & 28, Ha, B8 bz, 1417288

%37384 o gi JI4 2 Phiz31H),8168 G, BQ-6)8 Hz! 8HJS *C/RMIB (CDICRY: 6 88. 8 7444, 04,
g 5 73, 25.98.

EXAMPLE 7
General synthesis of silyl chlorides, phosphinyl chlorides, and sulfonyl chlorides
using N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene

R,SiOH, o RSICL
R,PO,H, mé yo R:POCL
RPOSH,, CHyCN RPOCL,
or RSO;H or RSO,Cl

In a dry box, 2 equivalents (per OH group) of N-(1-chloro-2-methyiprop-1-

10 enyl)-N-methyl aminomethylpolystyrene was added to a stirred mixture of ~0.5
mmol of an SiOH, PO,H, PO,H, or SO,H containing compound in CD,CN (3 mL).
The resulting reaction mixture was monitored to completion by 'H-NMR. Aliquots
of the liquid phase containing the corresponding SiCl, POCI, POCI, or SO,CI
compound were then derivatized by addition to small volumes of methanol or

15 aqgueous 40% MeNH,. These reactions were monitored to completion over 1-3h
by 'H-NMR and HPLC to form the ester or amide, and then were concentrated
under vacuum and characterized. Reverse phase HPLC was carried out on an
Agilent 1100 system using a Vydac 4.6 x 250 mm Protein & Peptide C18 column
eluted at 1.2 mL/min with a linear gradient of 20% MeCN : 80% H,O to 100%
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EXAMPLE 6Q M M M C &C OHCHICNC 1.9 parts 1 part A1.9to 1
m xture of 3-chloro-1-butene to 1-chloro-2-butene fornmed from 15

3- hydr oxywbh-obtozesse within 15 mn. Data for 3-chl oro-| -but ecg/usitRIeR
(CD3CN) : 6606593(m1H) 529(d,J:16.9Hz,1H),5.12(d,J=
10. 2 Hz, H, 4.63- 4.53 (m 1 H, 1.57 (d, J = 6.6 Hz, 3H. 13C NW\R

( CD3CN) 4 t OTPAZ2-Thet ene: 1H
NVR (Cmmwe%gqg’vg'i&é%éﬁ Lte B%ﬁ‘? Biﬂbgél 8% cﬁ)nftélheéfﬁ’ﬂ% 1,72 (d, J =
6.2 Hz, 3HpompeaniRRf eXEIBOIGS mrecprep@r@dlwt @?e p&@C%CiPre 6.94. 30 WO

03/ 020684 PCT/ US02/ 25609 EXAVPLE 6R Me Me us Z~1~1 Me Me G Me ' ~~Y OH
CH3CN CI  3-Chl oro-1- butyne was cIe%nW %r\rbpletelyfornedfrom
3-hydroxy-1 butyne within 20 mn 6 4.73 (dd, J = 2.3 Hz,
6.8 Hz, | H, 2.88 (d, J = 2.4 Hz, 1.68 (d, J 6.8 Hz, 3H). 13C NMWR
(CD3CN): 6 83.20, 74.24 2—43. 73Me 25 98 EXAMPLE 7 General synt hesi s of
silyl chlorides, phos aﬁ , 2 ri je and sul fonyl chlorides using

N- (1-chl or o-2- mad hyl prop-| ~=€ny met hyl am nenet hyI poI ystyreneMé R3Si OH

Me Me R3Si CI\ RePOPH Me G Rﬂéocp 1gy RPOBHA.  CH3 .>orlRSOBH or

RSQ2C1 In a dryj box 2 equivalents (p OH oup) o
N- (1- chl or 0-"2- nidt hyI prop-1- tB,cenyl)- N nethyl M# nonet hyl pol yst yrdne was
added to a stirred mxture of -0.5
tert-Butyldimethylsilyl chloride was cleanly and completely formed from
5 tert-butyldimethylsilanol in 20 min. 'H NMR (CD,CN): 8 0.95 (s, 9H), 0.35 (s,
6H). '*C NMR (CD,CN): 6 24.78, 18.86, -2.19.
Methyl ether formed cleanly. 'H NMR (CD;CN): 8 3.38 (s, 3H), 0.83 (s,
9H), 0.00 (s, 6H). **C NMR (CD,CN): 8 50.48 (OCH,), 25.37, 18.08, -6.57.

EXAMPLE 7T
Q o0y O (0
@—Si—oH u__ o @—&—m — @-—&—om
CH,CN
10 Triphenylsilanol was cleanly converted to triphenylsilyl chloride in 20 min.

3C NMR (CD,CN): & 135.10, 132.67, 131.26, 128.55.

Methy! ether formed cleanly. ‘H NMR (CD,CN): & 7.55-7.50 (m, 6H), 7.41-
7.29 (m, 9H), 3.31 (s, 3H). 3C NMR (CD,CNY): 5 135.15, 133.97, 130.01, 127.77,
48.66 (OCH,). GC-MS showed a single peak in the TIC: m/z 290 (M™).

15 EXAMPLE 7U
Me
\ . o)
O 00T Ot O~
ve ¢l . (|) &
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mml of an SiOH, PO2H, PO3H2 or SOGBH containing conmpound in CD3CN (3 niL).
The resulting reaction mxture was nonitored to conpletion by 1H NVR

Al i quot s wofo3nbmessd i qui d phase contai ning the correspondi n@C$iUSh2/236QCI ,

POCl 2 or SQ2CI conpound were then derivatized by addition to small vol unes
of nmet hanol or 15 aqueous 40% MeNH2. These reactions were nonitored to

| et d
Chen sere canco P GHELIMLAIAH A Qe o Snei e o 7,
was carri e@hoaph@r@carondmgam@mpf@mbegtﬁép@ﬁﬁ &@pugs a E/Md GNPSO mm

Protein & ngtogje Cl8 colum eluted at 1.2 nl/mn with a Ilnear gr adi ent
of 20% MeCN : 80% H20O to 100% 31 WO 03/ 020684 PCT/ US02/ 25609 MeCN o

15 minute periodn @Bhﬁr'gépk‘ilé'ﬂ?%yéﬁﬁt@ép/f&t? F t@gc%fmed-mga nly ARgo<RTAR Iegqq
exanpl eg Sfﬁ&ﬁ\meerdsrc@ubar&oblmgphba@mmmc@dwrdaphe@wyférﬁvuﬂSmemar\oletdve M 4

(I\:/F ezl\i/ﬁl I;//E aﬁléfl‘fg%q‘rﬁl %?@%Mq g#?{ﬁ/&o&}' cﬁ#@%;‘?g) 3?%% %Wm n.

1H NVR ( CDR@\|H)672895.184m, 8H), 39438, (s 11 6H-Hz &903 MRQ@MN)BB%@%

18. 86, -2. ( 8 (s,

0.83 (s, %lc%f%%@@@%d\ﬁ@‘é@@%@%ﬁ% WB?’E’%% 37, 18 08
-6.57. EXAMPLE 7T Me~j-- \' \ Me QOH M / C Q- _ci OSi-Ow / CH3CN /
/10 Triphenylsilanol was cleanly cEwgliredt 79 “triphenylsilyl chloride in
20 min. 13C NWR (CD3CN): 6 135.10, 132.67, 131.26, 128.55. Methyl ether
formed cleanly. 1H NVR (CD3CN): q,,e7 55-7.50 (m 6H), 7.41- 7.29 (m 9H),
3.31 (s, 3H). 13C NWR (Qp3( md5, 133.97, 130.01, 127.77, 48.66

;&_g

(OCH3). GC- M5 _showed a 8in in the . gz 290 (M), 0
I|=I’-—OH wd ol l%'—m——) T—XMe
X=0orNH
25 Phenylphosphory! dichloride was cleanly and completely formed from

phenylphosphonic acid over 8 hours. *'P NMR (CD,CN): 5 36.56. "°C NMR
(CD,CN): 8 135.25 (d, J = 3.8 Hz),134.36 (d, J = 153.4 Hz), 130.36 (d, J = 13.9
Hz), 129.68 (d, J = 18.3 Hz).
Phenylphosphonic acid dimethyl ester formed cleanly and and completely
30 from the reaction of phenylphosphoryl dichloride with methanol to afford a single
254 nm HPLC peak at 4.932 min. 'H NMR (CD,CN): d 7.81-7.49 (m, 5H), 3.70
(d, J = 11.1 Hz, 6H). *'P NMR (CD,CN): & 21.73. Calculated CgH,,0;P (M™+1)
exact mass = 187.0519. Found 187.0492.
Phenylphosphonic acid bis(N-methylamide) formed cleanly and completely
35 from the reaction of phenylphosphoryl dichloride with gaseous methylamine. H
NMR (CD,CN): & 7.73-7.65 (m, 2H), 7.46-7.35 (m, 3H), 2.40 (d, J = 11.9 Hz, 6H).
3P NMR (CD,CN): 5 23.60. "®C NMR (CD,CN): 6 131.54 (d, J =9.3 Hz), 130.96
(br), 128.26 (d, J = 12.9 Hz), 25.80. Calculated C4H,,N,O,P (M™+1) exact mass =
185.0838. Found 185.0838.
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15 EXAMPLE 7U Me~j- OO Q_OOH M O-11-C OP1l1-O M C O O CH3CN /
\ 1 32 WD 03/020684 PCT/ US02/ 25609 Phosphoric acid di phenyl ester was
cleanly awo osompBet el y converted to phosphorochl oridi c acipdTdisphzisyd est er
over 3 hours. 31P NWR (CD3CN): 6 -24.06. Phosphoric acid nethyl ester

di phenyl ester formed cleanly and conpl etel y 20 fromthe reaction of
phosphorochl oridi c acid di phenyl est hanol, to afford a single
254 nm HPLC peak at 5.036 mn. 1H N b 7.43-7.33 (m 4H),
7.28-7.18 (m 6H), 3.94 (d, J = 11.5 Hz, 3H) '31P NMWR (CD3CN): 6 -9.53.
Cal cul at ed C13H1404P (M++1) exact mass = 265.0624. Found 265.0619. EXAMPLE
7V MM ON~O0 nme M P Pl-XW@ 0 OH CH3CN C XMe X=0OorNH 25
Phenyl phosphoryl dichl ori de {ap—¢ 7 rrpl et eI y formed from

phenyi phosphoni c_a |d over 8 hourS$: 31PN 6 36. 56) 13C NWR

(CD3CN): 6 135. 4l = 3.8 H), 134m6 (@l 53 , 130.36 (d, J =
13.9 Hz), 129.8 | = —0 8.3 Hz). Phenyl pho nlc | 9'hy| ester

formed cl eanly and andOCoan etely 3fdvomthe reactid f enyI phosphoryl
dichloride with methanol to afford a i ngle 254 nm HPL peak at 4.932 mn.

1H NMR (CD3CN): 6 7.81-7.49 (m 5H), 3.70 (d, J = 11.1 |Hz, 31P NMVR

(CD3CN): 6 21.73. Calculated CBH12Q3P ( Mt+1)

p-Toluene sulfonyl chloride was cleanly and completely formed from p-toluene
sulfonic acid monohydrate over 1 hour. 'H NMR (CD,CN): 6 7.97 (d, J = 8.5 Hz,
2H), 7.53 (d, J = 8.2 Hz, 2H), 2.49 (s, 3H). C NMR (CD,CN): & 148.12, 130.78,
5 127.13, 21.07.
p-Toluene sulfonamide formed cleanly from the reaction of p-toluene
sulfonyl chloride with aqueous 40% methylamine to afford a single 254 nm HPLC
peak at 6.089 min. *H NMR (CD,CN): 8 7.74 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.1
Hz, 2H), 3.67 (s, 3H), 2.41 (s, 3H). Calculated CgH,,NO,S (M*+1) exact mass =
10 186.0583. Found 186.0610.

—NHMe

O=un=0

EXAMPLE 8
Synthesis of N-fert-butyl benzamide using
N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene

CH;CN
A mixture of benzoic acid (1.00 g, 8.2 mmol) and N-(1-chloro-2-methylprop-
15 1-enyl)-N-methyl aminomethylpolystyrene (1.55 mequiv/g, 8.00 g, 12.4 mequiv) in
anhydrous acetonitrile (25 mL) was stirred at ambient temperature with no
significant exotherm. Benzoyl chloride was cleanly formed over 10 minutes. 'H
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exact mass = 187.0519. Found 187.0492. Phenyl phosphonic acid

bi s(N-nmet hyl ami de) forned cleanly and conpletely 35 fromthe reaction of
phenyl phosphangdesdi chl ori de wi th gaseous net hyl am ne. 1H PRVRS(ZESEN): 6
7.73-7.65 (m 2H), 7.46-7.35 (m 3H), 2.40 (d, J = 11.9 Hz, 6H). 31P NWR
(CD3CN): 6 23.60. 13C NWR (CD3CN): 6 131.54 (d, J = 9.3 Hz), 130.96 (br),

Ta5. 0sas. MR(ERENIEE S P55 Ry G CuE T HE T TR AT E ST “ e
Me N C / MI3m/zidOgM¥T:-c O CHSCN OO / \ SI-NHWe 11 O p-Tol uene
sul fonyl chloriggg V@%cﬁ&ﬁﬁﬂhﬁré‘\%sQﬁ@ﬂphﬁél@dmﬁdﬁr@ﬁitrbg@mamnbg h'@r@%nd

b ok hemeai washadaiith £ mLoep Gy sessonibca e coNbingRapesle Tp
3?;8 12, 533ﬂlt|7a3es confedring 3he Bén%ﬂyl chlofideueae sddddivaarsolatiboofiéert-cl ealnl y from
e reactli on on W anm ne

LoCat ford RubiARS CHAE i e miih it CHOEIge hi AR RUTES TS ™ 67 7a
(di JI t8d29éd?'tillor2\h{}as dilutetl with CH, e| &t wakhed®wjth diiugragusowsHyiCl,fo 06?% 3H) .

Cal cul at e

EXAVPLE 8 %fﬁ@??ﬁ&&%ﬁ@@* ber@'ﬁé%'%g%%gop'%som (FGSOE) it
N-(1-chl or @olcmﬂratpkipto(ﬁﬁord_aérﬁﬂ% yreldrﬁ HQIQ)&?W%%‘%HPIG%@W%@%@@V“'%
- -\ NMVe (2 Qg COMNIR @0.CRECh Cr44.68 (m, 2H), 7.50-7.36 (m, 3H), 5.93 (br s, 1H),

1.47 (s, 9H). GC-MS m/z 177 (M*).

EXAMPLE 9
Synthesis of 4-[(4-tert-butoxycarbonylamino-1-methyl-1 H-imidazole-2-carbonyl)-
amino]-1-methyl-1H-imidazole-2-carboxylic acid methy! ester

15 using N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene
Me l\|/le
I
N _-COOH N_-coc
Me cl
I - S0

BOCNH CH;CN BOCNH

|\|/|e o /Me
N
N
\ 7/[(1;1 /[N/)\COOMe
:——N

BOCNH
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CH3CN HNd A m xture of benzoic acid (1.00 g, 8.2 mml) and
N-(1-chloro-2-methyl prop- 15 1-enyl)-N-nethyl am nomethyl pol ystyrene (1.55
nmequi v/ g, we.od02qgs4 12. 4 mequiv) in anhydrous acetonitril ePC28/02/230mas
stirred at anbient tenperature with no significant exotherm Benzoyl
chloride was cleanly fornmed over 10 mnutes. 1H 34 WO 03/ 020684

PCT/ US02/ 2

7 64-7. 57 ChiTOgpR 0 ?%@m@i%j% 6t iR dle el en
filtered under #1:80g,dgé0 namab)snddi¢1-shiorothmetdpiopatrendo-Nuniaihds ni of
dry acetonitpiy mgﬁ‘\ Ipcogﬁ/gu‘j?g‘éﬁg ?“?‘)%t Ehﬁlwrg %, @6@' h@W#trﬁéq@ivmrﬁéﬁh ade

benzoyl chlorl ut|o

s ol sestonitsA20 70 ugs STe@ At SN ferperdiure. r Xer 15 ATALEsaRl 8 o

with CHgQ 2 ﬁé‘éd@ﬂ@%-‘@@@H%l&éﬂl\%@gﬁ@m ddpvertbalth the dorrespdnding atiel
aqueous NaO-l The CH2CI 2 sol ution wassﬁ d (MgS™4) and concentrated to

afford an 82%yield (1.19 g) of tent benzam de as a white 10 solid.
"H NWR ( CD3@EY)reabtidn Mxtﬁr@&!aérther?ﬁ[)tereﬂ Lﬁﬁie? Beitrogen akNpspha® qrst the, regind) |

411 ?(74( fer ; w@ﬁb%ﬁ@r& f?ﬁr&%“ tq@ﬁ%’}s Ee %_c@'dﬁtétgif'esqllg@g{s corbalnlr]g)the acid

am no] - 1- et mhlortd&wmajmbmedar@raﬂﬁqd dropsdseltnevigarowsly stirred d%:haﬁ?
N ( L- CQWA Bfegﬁ&ﬁ Wérhm'ﬂ' %ﬁg@ﬂllﬁ\%@z‘oﬁthru iEQeR! midehyl Me
H2N Me
O Me ester (643 mg, 4.15 mmol ) in CH,CI, (20 mL?\land a sol_lutlon of N@ge (5%
5.40 mmol) in H,0 (20 mL). The resulting reaction mixture was stirred for 5
minutes, and then was diluted with CH,Cl, and H,O. The CH,Cl, solution was
isolated, dried (MgSO,), and concentrated to afford a quantitative yield (1.64 g) of
15 4-[(4-tert-butoxycarbonylamino-1-methyl-1H-imid azole-2-carbonyl)-amino]-1-
methyl-1H-imidazole-2-carboxylic acid methyl ester as a very pure off-white solid.
Reverse phase HPLC of this material was carried out on an Agilent 1100 system
using a Vydac 4.6 x 250 mm Protein & Peptide C18 column eluted at 1.2 mL/min
with a linear gradient of 20% MeCN : 80% H,O to 40% MeCN : 60% H,0O over a
20 15 minute period. Both solvents contained 0.1% TFA. A single 304 nm HPLC
peak eluted at 12.223 minutes. 'H NMR (CD;CN): & 7.56 (s, 1H), 7.14 (br s, 1H),
4.01 (s, 3H), 4.00 (s, 3H), 3.90 (s, 3H), 1.51 (s, 9H).

EXAMPLE 10
Synthesis of 1-methyl-4-{[1-methyl-4-({1-methyl-4-[(1-methyl-1 H-imidazole-
25 2-carbonyl)-amino]-1H-imidazole-2-carbonyl}-amino)-1H-imidazole-
2-carbonyl]-amino}-1H-pyrrole-2-carboxylic acid methyl ester
using N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene

Cﬂm/q/;\cow _2— — Q% /C )\COCI

CH,CN
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N cLCoOve \ N N H BOCNH 35 WD 03/020684 PCT/ US02/ 25609 A m xture of

4-t ent - but oxycar bonyl am no- 1- net hyl -1 Hi m dazol e- 2-carboxylic acid (1.30
g, 5.40 nwolop/oawsés N- ( 1- chl or o- 2- net hyl prop- 1-enyl) - N- et R¢IT/US02/25609

am nonet hyl pol ystyrene (1.55 mequiv/g, 6.96 g, 10.77 mequiv) in anhydrous
acetonitrile (20 mM-) was stirred at anbi ent tenperature. Over 15 m nutes,

Il of 5 the B d t
2or r gspondi nS a%tbxlﬁm&bﬁgb\i@ag OW"?H ;s?v(é?\é%(g[gﬁ 'Pl?gﬂngﬁlm%t%ﬁder
a ni t r ogen naixtuss ph d rractimtt4te-meathylr Himislaedlecarshyhaminariy--ncdaolct ri | e.

The acet oni Lde. [ and
The aoet onaledrbBild 4485 ﬁfiﬁ@@d‘hﬂﬂg 36 aphidrop§ adtib e e 8o Sy iR 0
4- ami no- 1 sa@ﬁlﬁwwmcwcprm%wd m@f%ﬂmgmtswa&tranaferwno sofid &-(1-erlBromy,
4.15 mmol) in CH2CI 2 (20 m-) and a solution of Na2CO33 (572 nmg, 5.40 mol)
in HO (20 n). The resulting reaction mxture was stirred for 5 mnutes,
and then was diluted with CH2Cl 2 and H20. Tﬁ’@ CH2Cl 2 scrgl)r dti on was

i sol ated, dried (V,g/gso4) andygoncentrated ta.af fjord E uantd tative yield

(1.64 g) of 15 4-1( Oter -k{utoxycarbonyla Y

H i m dazol e- 2- ] 1 met hyl - tN1i daZol e- 2- car boxyl i geaci d

met hyl ester as\ erpru of fQAiRi t e soI id. Reverse phase {iPLC of this
material was cafried out on an Agilent 1100 system using a Wdac 4.6 x 250

nm Protein &%ptlde 018 col um gluted at 1.2 mb/mn wth ali P

gradi ent of 0 0 % MeCN : 60% H20 over a 20u#d5 m nute
period. Both sol vents contained 0.1 % TFA. A single 304 nm HPLC Kk
eluted at 12.223 mnutes. 1 HNWR (CD3CN): b 7.56 (s, 1 H), 7.14{(bms, 1
H, 4.01 (s, 3H, 4.00 (s, 3H), 3.90 (s, 3H), 1.51 (s, 9H . EXAVE

Synt hesis of 1-methyl-4-{[1- rrethyl 4-({1-methyl -4-[ (1-nmethyl -1 Higgoplazol e-

2- car boryl PO HOROB. FEpYNBTEa DR RS Fl 5 BN ref 8 6

N- (1- chl or d-&1 meguid). Pifep-stirngyaf) arbieat tephpensturerfet h@ Inpiautest wneaaal Me
volume of anhydrous CHCI, (stabilized with amylenes) was added and the mixture
was filtered in an inert atmosphere. The resin was washed with an additional 10
mL of anhydrous CHCI, (stabilized with amylenes), and the combined filtrates

10  containing the 1-methyl-4-[(1-methyl-1H-imidazole-2-carbonyl)-amino]-1H-
imidazole-2-carbonyl chloride were added dropwise to a vigorously stirred 2-
phase mixture of a solution of 4-[(4-amino-1-methyl-1H-imidazole-2-carbonyl)-
amino]-1-methyl-1H-pyrrole-2-carboxylic acid methyl ester (171 mg, 0.62 mmol) in
CHCI; (10 mL), and a solution of Na,CO, (170 mg, 1.60 mmol) in H,O (5 mL).

15 The resulting reaction mixture was stirred for 5 minutes, and then was diluted with
CHCI, and H20. The CHCI;, solution was isolated, dried (MgSO,), and
concentrated to afford a 59% yield (240 mg) of 1-methyl-4-{[1-methyl-4-({1-
methyl-4-[(1-methyl-1H-imidazole-2-carbonyl)-amino]-1H-imidazole-2-carbonyl}-
amino)-1H-imidazole-2-carbonyi]-amino}-1H-pyrrole-2-carboxylic acid methyl

20 ester as a very pure off-white solid. Reverse phase HPLC of this material was
carried out on an Agilent 1100 system using a Vydac 4.6 x 250 mm Protein &
Peptide C18 column eluted at 1.2 mL/min with a linear gradient of 20% MeCN :
80% H,O to 40% MeCN : 60% H,O over a 15 minute period. Both solvents
contained 0.1% TFA. A single 304 nm HPLC peak eluted at 10.847 minutes. 'H

25 NMR (CDsCN plus TFA): 6 10.90 (s, 1H), 10.71 (s, 1H), 9.49 (s, 1H), 7.85 (s, 1H),
7.76 (s, 1H), 7.65 (m, 2H), 7.46 (d, J = 1.8 Hz, 1H), 6.92 (d, J = 1.9 Hz, 1H), 4.15
(s, 3H), 4.12 (s, 3H), 4.11 (s, 3H), 3.92 (s, 3H), 3.80 (s, 3H).
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M O M M M O M M NCOON NCOCI A-<~:~~ CNH~NN H CH3CN 36 WD

03/ 020684 PCT/ US02/ 25609 Trinethylsilyl triflate (150 pL, 0.81 nmol) was
added i n wogBfglees portion to a m xture of 1-methyl-4-[(1- eerhyso2/15609

H i mi dazol e- 2-carbonyl )-am no]-1 H i m dazol e- 2-carboxylic acid (200 ng,
0.80 mmol ) in anhydrous acetonitrile (8.00 nL). The solution which forned

wthin af nsferred to solid NN(1-chloro- e 0O M N M M
0 O N<\N%-mﬂémglger%NNNe NHN HNO HN M COOW 5

2-met hyl prop- 1-enyl)-N-nmethyl am nonet hyl pol ystyrene (1.55 nequiv/g, 1. 04
g, 1.61 mequiv)y, Af tA@brcfde'séﬁ‘br“ﬁﬂne%reéé‘?é‘tléﬁtofta‘?l’ﬁ??mé&fa‘?nln%r tﬁbopr%bg%% S d

equal vol une of ,an enes) was a

n§]st abilize
the mi xt ur EOMRAiSing P%@L’%ﬂg A tariaryamid eawﬁbmt@vawggph@%phpr%% halidahtya wi t h

an ngddl ; i ]grsalvehﬂto fornPén aanhwdtmmmrﬁ:léat%nﬁsimehln@emevmmlaﬁ%lemb toRd t he
CcO I ne il

cant a
et hy - 4. DaRERRIRe S b AsSang Boniayalentphosaprays halide having at east
i m dazol%- 2wednatogen atohmsobonidedver thegquhdal alemiphcephiorows aiqmrousl y stirred
2- phase mxture of a solution of 4-[(4-am no-1-nethyl-
H i m dazol e- 2- carbon%_ - am no] - 1-net hyl -1 H-E@rrol e- 2- carboxyl ic acid
methyl ester (171 ng,The. mRceswpPf claim 1oHmsein the base isantertiaryanaingon of
Na2CO3 (170 ng, 1.60 mmol) in H2O (5 nL). 15 The resulting reaction m xture

was stirred for 5 mnutes, and then was diluted with
3. e process o% claim 1 wherein the base is triethylamine.

4. The process of claim 1 wherein the a-haloenamine is an
a-chloroenamine, a-bromoenamine, o-fluoroenamine or a-iodoenamine.

5. The process of claim 1 wherein the pentavalent phosphorous halide
is phosphorous pentachloride or phosphorous pentabromide.

0. The process of claim 1 wherein the pentavalent phosphorous halide
is phosphorous pentachloride.

7. The process of claim 1 wherein the a-haloenamine is a-
chloroenamine, a-bromoenamine, or a-iodoenamine and the process comprises
combining a tertiary amide with phosphorous pentachloride or phosphorous
pentabromide.

8. The process of claim 1 wherein the process comprises combining a
tertiary amide with phosphorous pentachloride to form o-chloroenamine and
displacing the chloride of the a-chloroenamine with bromide, fluoride or iodide.

9. The process of claim 1 wherein the solvent comprises acetonitrile.

10.  The process of any one of claims 1 to 9 wherein the tertiary amide

is covalently linked to a support which enables physical separation of the
a-haloenamine from a liquid composition.
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CHCl 3 and H20O. The CHCI 3 sol ution was isolated, dried (MpgSH™), and
concentrated to afford a 59%vyield (240 ng) of 1-nethyl-4-{[1-nethyl-4-({1-
met hyl - 4-WQOb3meteBy| - 1 H- i mi dazol e- 2- carbonyl ) -am no] -1 PCT/US02/25609

H i m dazol e- 2-carbonyl }- am no)-1 Hi m dazol e-2-carbonyl]-am no}-1

H pyrrol e-2-carboxylic acid methyl 20 ester as a very pure off-white solid.

R h f 100
System us ﬁSea vtdaﬁ TGRS B i REwhERih Wt CabRE 15 8ok B—PY .0 o
1.2 ni/m n lkked t@ anjinerganig sdpRrort W@fcm@%h{@@hyswﬁmmmmﬂm@b MeCN : 60%
H20 over a (%ame?%ﬁneerfdrﬁ@ Ilcﬁﬁ’c! Boﬁfbb&ﬁi@hstheciﬁﬂgg%rf@gu%r%gf@ @gl e

§8498m(sHPL%<$ﬁ)‘%iglrgMp egns'at"igof@"%g%isqeusaﬂ%n ?'Ugy” H), 7 76 (s 1
H, 7.65 (m 2H), 7.46 (d, J = 1.8 Hz, 1 H), 6.92 (d, J=

30183/ ((320684 Pé/%éogﬁfsé%es&ﬁif'ﬁ(‘@ @ﬂi‘ﬁﬁ%ﬂ‘ ?@ {ef“awl%?'@%éé &W%'P“ﬁlhe

pr epar at i orlinked 4m aapdiwlneaoasmppert witieh pnables physicapsésamton ofithieni ng a
tertiary ar&%ld@nta%ﬁe aviRl s O'I?‘QE}?“BBW ous halide in a solvent to form
an a- hal o mnium salt "and con In he a-haloi mniumsalt to the

a- hal oenam ne with a base, the pent aval ent phosphorous hal i de having at

east 5 two hal ogen aerBrdeded chy dnBikenRvleo iRl eHA AR Re B

The process pf .clai ere is atertiary amne

process of %f%'WIaWErTQPQG?W%%@q MMt hyl ami ne. 4. The process of
claiml wherein the a-hal oenam ne gs an a-chl oroenam ne, a-bronoenam ne,
a-fl uoroenam ne or a- |odoe|Rg1m ne. TheFQr ocess of claim1 wherein the
pent aval ent phosphor ous hal i ce. phorous pentachl oride or phosphorous
pent abrom de. 6. The process oiN claim 1 wherein the pentaval ent phosphorous
halide is phosphorous pentachlioride. 7. The process of claim1l wherein the
a- hal oenam ne is a- chloroenangne, agyonoenani ne, or a-iodoenam ne and the
process conprises conbining a ﬂertl ary am de with phosphorous

pent achl or iyggeren phosphor ous pentabrom de. 8. The process of claiml

\émeﬁ: :ICR| E)P;adgr ?g'% cﬁﬁggge;zﬂqgfqp%ﬁ\ ﬂ\éﬂ gcagb%ﬁ tslu rs¥tutggj ?\?{dygctapbyﬁ)h%phor ous
5 hydrocarbyloxy, or substituted hydrocarbyloxy; and
R, and R, are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, hydrocarbylthio, substituted hydrocarbylthio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyi, substituted
hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, sulfonyl, halo, cyano,
10  or nitro,
provided at least one of R,, R,, R; and R, comprises a support which
enables physical separation of the tertiary amide from a liquid mixture.

14.  The process of claim 13 wherein three of R,, R,, R; and R, are alkyl.

15.  The process of claim 13 wherein two of R,, R,, R; and R, in
combination define a carbocyclic or heterocyclo ring.

16.  The process of claim 13 wherein three of R,, R,, R; and R, are alkyl
and the other is covalently linked to a polymeric support
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di splacing the chloride of the a-chloroenam ne with brom de, fluoride or

i odide. 9. The process of claim1 wherein the solvent conprises

acet oni t rwba3/020684 The process of any one of clains 1 to PCENES0B23802 he
tertiary amde is covalently |linked to a support which enabl es physical
separation of the a-haloenamne froma liquid conposition. 38 WD 03/ 020684

PCT/ US02/ 25600 41 Tiflo BRAISESSolai] 74 IbReithRE lflobPed l 1y A de 1

covalently |inked to an'|norganiC support e

separ ati on BOlYIhN-disubstiuiegnacnylamide).a |i qui d conposition, the inorganic
support being selected fromthe group consisting of silicates, quartz and
alumnium 12. The pracess of claim 10 wherein the tertiary amde is
covalently |ink& tol B¢ pEISASESf Claihbdwhermn dhe tartiancamiste rsagant isepar at i on

of the a- hpdlpeeahbviagiN NiRubbllutel s@ROGbIdtIRR. 13. The process of any one
of claimse | to 9 wherein the tertiary amde is a tertiary am de reagent

having the formula: O R4 R3 | R R2 wherein R, and R4 are independently
hydr ocar byl , sub%4.i t ufleslprocdissadcaiin, 13 Whbedn tlea tdriiagxamides reagbst istaut ed

ubst ¢ ut e HaF BRI PR o TR om R AR BENYES oa”hyar dcar byi ¢hi o,

hydr ocar byl carbonyl, substituted hydrocarbyl carbonyl,

hyd byl HRelskt | inyl,
thi ophosphi ﬂg{f%‘jﬁf? Ve BROSIss of oRéim 1 fhef IS Am(ES BRAG of (RORREITY . oy
| east one AMide repgeniHs covalendly ciiashed éa the RlvemA rinowafia polysiyrerespolpmesi cal

separ at i on @fcdpatyni&r thr@igh ené @¢R'f RMRE dripfui d m xture. 14. The process of
claim 13 wherein three of R, R2, R3 and R4 are alkyl. 15. The process of

claim 13 wherein two of R, R2, R3 and R4 in conbination define a
carbocyclic or Hiter ok podaessifogdetydrafig aprovcagucmfs sdliaéme ik ploeess n three

of R, R2, Binpihdlobiifd e solvent with an immobilized a-haloenamine reagent.

22. The process of claim 21 wherein the a-haloenamine is a-
chloroenamine.

23.  The process of claim 21 wherein the a-haloenamine is covalently
linked to a polymeric support.

24.  The process of claim 21 wherein the a-haloenamine is covalently
linked to a polymeric support, the x-haloenamine being derived from an N,N-
disubstituted amide moiety of the polymeric support.

25. A process for converting a hydroxy-containing compound or a thiol-
containing compound to the corresponding halide, the process comprising
contacting the hydroxy-containing compound or thiol-containing compound with
an immobilized a-haloenamine.

26.  The process of claim 25 wherein the compound is a hydroxy-
containing compound.
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and the other is covalently linked to a polyneric support 39 WO 03/020684
PCT/ US02/ 25609 17. The process of claim 13 wherein the tertiary am de
reagent iwO 0pokosgN, N- di substituted acryl am de). 18. The prordase2/efeoc! ai m 13
wherein the tertiary am de reagent is a polymnmer having N, N-di substituted
am de noieties. 19. The process of claim 13 wherein the tertiary am' de

|
The process. of Folai m WE potess oholif S unsidiid hmboR iSaBRRbL S o
reagent is CWRINEGGOMpRYNtsRigcies ffCPi@ tbﬁgﬁwp GW@S’WQ af @lﬁob@tﬂycﬁbexyﬂ@l ymer

or copol yedcidd)rsiiabls 08@icic BeidsReulfiffd sRidsphodphinf #5iAs e@r?osfpﬂbpg%mdgr at 'hng

a non- aqueoys SOlﬁ\% the process conprising conbining the solvent wt
an i mobi | | am ne reagent. 22. The process of claim 21 wherein
t he a-hal oenam ne is a- chl oroenam ne. 23. The pr ocess of claim 21 wherein

pr ocess of i ai o1 il Biokephe” sl owhihe, PR SEbhFad i Hibl et -

pol ynmeri c seoppeeund.t he a- hal oenami ne being derived froman N, N-

di substituted am de noiety of the polyneric support. 25. A process for
converting a hydroxy- contalnlng conmpound or a thiol- containing conpound to
t he correspondi - halTihgeprocess of sleésLSouheieinthegcormpauad is a@wlph@ontamlng

hydr oxy- COfBoer’bd?ﬁi é‘eﬂ@@t@uﬁﬂ)rﬁfthé rcsu SEHYSHNG ldﬁhf&@fﬂ%&@% an
i mobi | i zeg E obﬂ 8 cess O‘%ﬁzd aim 25 erei h the compound
is a hydr o)OPHEsR fH?ﬁﬁ'déoﬁﬁSGWHPh #PhR 0684 PCT/ US02/ 25609 27. The

process of claim 25 wherein the corrpound i's a hydroxy containing conpound

I df l.cohol d
i anot s, - sulf ontsa TR SREEES bf Ay Bopdt iR 2 e E RhErIE 8 b Sphueee
aci ds, anm-babngmlamleejs ag immabilipedceshlosberdraing. 25 wherein the conmpound is
a thi oI -cont ai ni ng

31.  The process of claim 30 wherein the a-chloroenamine is covalently
linked to an inorganic support.

32.  The process of claim 30 wherein the a-chloroenamine is covalently
linked to a polymeric support.

33.  The process of any one of claims 25 to 29 wherein the immobilized
a-haloenamine is an immobilized a-bromoenamine.

34.  The process of claim 33 wherein the a-bromoenamine is covalently
linked to a polymeric support.

35.  The process of claim 33 wherein the a-bromoenamine is covalently
linked to an inorganic support.

36. The process of any one of claims 25 to 29 wherein the immobilized
a-haloenamine is an immobilized a-fluoroenamine.

37.  The process of claim 36 wherein the a-fluoroenamine is covalently
linked to an inorganic support.
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conpound. 29. The process of claim25 wherein the conpound is a

t hi ol -contai ning conpound sel ected fromthe group consisting of

t hi ocar bowgplosm2@e4 ds, thi ophosphoni c acids, and thi ophosplearisezasids. 30.
The process of any one of clains 25 to 29 wherein the i mmobilized

a- hal oenam ne is an i mobilized a-chl oroenam ne. 31. The process of claim

30 wherein the ggchl 1861 Fai i thé lonHEskoePafiiné ROEORNSITH
support. 32. T.h§8'pro@é‘g?@g%@:%l%g%@%ﬁlﬁ t he a-chl oraoenam' ne is Y

coval ent | ylinkednteeaipelymerissiuppdrt. c support. 33. The process of any one of
claims 25 to 29 wherein the immobilized a-haloenamne is an inmobilized

a- bronoenam ne. 34. The process of claim 33 rekp th -pro ] IS
covalently |inR8d t&ha AsRESHRRT Wys%Bﬁlal%wgﬁgng%g@&m&lﬁgrﬁg@[n%%g
wher ei n t hg. galbeRamERRABI AIEinMAobilized eriodgenamiresd to an inorgani ¢ support.
36. The process of any one of clains 25 to 29 wherein the i mmobilized

a- hal oenam ne is an i mobilized a-fluoroenam ne. 37. The process of claim
36 wherein the 40f| uSheqmacésseof daicodivdrareip thpicQsPangmine iseP\FeRtY

support. 4@“%&%3%%&%&&353%92/ 25609 38. The process of claim 36

wherein th namne 'I's covalently linked to a polyneric support.
39. The process of any one of clains 25 to 29 wherein the immobilized

a- hal oeénam ne iﬁé?‘“ frﬁaﬁﬂb&égseéf @ainp doenrrbinghe4ioddenapine és sovdlentyai m 39
wherein the a-iodoenamne 1s covalently linked to a polymeric support. 41.

The procesdnkgd 1 am O3GaRESUPPR™ he a- i odoenanine is covalently |inked to
an i norganic support. 42. An imobilized a-hal oenam ne reagent having the

formila: x R4 E)f% ~&{nyimmobilized a-haloenamine reagent having the formula:

X

Rg Rs

ST
|

Ry Ry

wherein
R, and R, are independently hydrocarbyl, substituted hydrocarbyl,

5 hydrocarbyloxy, or substituted hydrocarbyloxy;

R, and R, are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, hydrocarbylthio, substituted hydrocarbylthio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted
hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, sulfonyl, halo, cyano,

10 or nitro, and

Xis halo,

provided at least one of Ry, Ry, R; and R, comprises a support which
enables physical separation of the reagent from a liquid mixture.

43. The immobilized a-haloenamine of claim 42 wherein one of R, R,,
R, and R, comprises a support selected from the group consisting of inorganic
and polymeric supports.

44. The immobilized a-haloenamine of claim 42 wherein one of Ry, Ro,
R, and R, comprises an inorganic support selected from the group consisting of
silicates, quartz and aluminium. '
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R, R2 wherein R and R4 are independently hydrocarbyl, substituted

hydr ocarbyl, 5 hydrocarbyl oxy, or substituted hydrocarbyl oxy; R2 and R3
ar e i ndepwpdeastdeg4 hydr ogen, hydrocarbyl, substituted hydPotarsby2s609

hydr ocar byl t hi o, substituted hydrocarbylthio, hydrocarbyl carbonyl,
substituted hydrocarbyl carbonyl, hydrocarbyl oxycarbonyl, substituted

hydr ocar byl oxyc bomt,? Jrﬁn]%z,ﬁgegy@a%r%%gé F&*F!c@eh‘w 45 Wk at 168t ]E)ﬁéldf,

hal o, cyano, 10 or . rovided at least one of R, R2,
R3 and R4 Rony, iRsesdaRsopmprisesvai pslymeriaBuerotbhysi cal separation of the
reagent froma liquid mxture. 43. The inmmobilized a-hal oenam ne of claim
42 wherein one of R1

R2, R3. and R4 conpr, se .support sel ect from t he
group consi stingbof TheIYaabilizesd-ae Ing @&%@fgwhﬂ?mﬁ@ (ﬁ%ﬂ) i zed

a- hal Oe”a”RQ%ntRﬁkch%éﬂwmm@btbmm whicRtheRare aR3ched, defineapri ses an
i norganic sul%port. sel.ected fromthe group consisting of silicates, quartz
and al um nFaRocydiogh RSB MEET/ USD2/ 25609 45. The i nmobi | i zed

a- hal oenam ne of claim42 wherein at |l east one of Rl, R2, R3 and R4

conprises a pol ri . } i i ¢l j Rf gl aim
42 wherein two g??m?h%&wﬁliza?ﬁpdq&@g?ggeﬁ Egrf C\?\?ﬁh@%@e&&g?ﬁﬁ% i ¢h they
are attach®jande® camprisesa potyuericsepp Wémeyﬂﬁér?ﬁlﬁﬂ.seiﬂf copgltions is

| mrobi |1 zed ,a Nl 08B RELIREMBty mﬁﬁd?tﬁ%e%eéé%bﬂd% oPtofditio is inBSlualedinR4
conprises a polymerrc support ich, under a first set of conditions is

sol ubl e i nthenkiquid gixigred xt ure and, under a second set of conditions is

insoluble in the liquid m xture. 48. The immobilized a-hal oenam ne of
claim 42 wherein_at ast one,. of R2 R4 j
pol yet hyl ene gl Qém ifﬁsﬂméwmqfﬁﬁwaraﬁ%ﬁﬁa@ﬁ Whierel e st qne; of
sol ubl e i nHmRﬁJRﬁqaﬂdiRgicnmprisearadpolyeﬁhgiena ghpad isdppert vdiickaimntlariadirst sets
insoluble in t digquid mxture, I bi LI - ! i | ai m
42 wher ei nogf:op@gg@s gn%olldplé il%e iGdd nikurk FRRPUhHERE sRcBAY WBD8MEAIRIIRIns

is insoluble in the liquid mixture.

49. The immobilized a-haloenamine of claim 42 wherein at least one of
R, R,, R; and R, comprises a support which enables physical separation of the
reagent from a liquid mixture, and the others of R,, R,, R; and R, are hydrocarbyl.

50. The immobilized a-haloenamine of claim 42 wherein at least one of
R, R, R; and R, comprises a support which enables physical separation of the
reagent from a liquid mixture, and the others of R,, R;, R; and R, are substituted

hydrocarbyl.

51. The immobilized a-haloenamine of claim 42 wherein at least one of
R,, R,, R, and R, comprises a support which enables physical separation of the
reagent from a liquid mixture, the others of R;, Ry, Ry and R, are substituted
hydrocarbyl, and the hydrocarbyl substituent(s) are selected from the group
5 consisting of halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy,
protected hydroxy, formyl, acyl, acyloxy, amino, amido, nitro, cyano, thiol,
sulfides, sulfoxides, sulfonamides, ketals, acetals, esters and ethers.
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R, R2, R3 and R4 conprises a support which enabl es physical separation of
the reagent froma liquid mxture, and the others of Rl, R2, R3 and R4 are
hydr ocar wb.036268he i nmobi | i zed a- hal oenam ne of cl ai m 42CEEsSoBRwoat | east
one of R, R2, R3 and R4 conprises a support which enabl es physi cal
separation of the reagent froma liquid mxture, and the others of R, R2,

R3 and R4 are supsti tmeeﬁnm%m&eeg h&loenég@néf ggcxbﬁﬂquvhé%% af %%%PSH@B% ne.

of claim 42% g | east ,one rrses a sup
whi ch enabl V\A?fzh&ua@ IR sEHRPHGSR SYPPT whihapabies physical WQﬁIEHOmrD th@re
the others rehg Bntfrﬁ%aﬁ?JlémﬁxMe@rn@ theREhecWied, ROYRL a6@ e oG4 t he
hydr ocar byl substituent(s) are selected fromthe §roup 5 donsi st’i ng of
hal ogen, heterocycl o, al koxy, al kenoxy, al kynoxy, aryl oxy, hydroxy,

prot ected hydrox33. foflve/immabilized achbioenandme obclabmid@onheidin at leagbie of

ethers. 23 Vo OL s SHIBTSREF wueltirb BHEY abbres EhaiG sEPRL oo Raeedtl ne

3;1 c|h ai m ﬁlzfrcvmeer kquid mixtueasandoRe Rf andthe wbomg?n??(?migblmtrmyﬁr?antfaggggo; tn |
n .

the ot hor o e MOMBeRR JeBRGIC8r RbierdGaie FRECTL TI0T R 1 Te

a- hal oenam ne of claim42 wherein at | east one of R and R4 conprises a

support which ergl esTHiismeBiliz6€ RRhalbeAlmie 6N@alng ag8lherdi R”b@ﬁg'ngéé d
rbon atomto ttached are

rbar o or SinBRryich AnablbS EisHal sapamtiph qf M tbadmit Fomadiatic Biure,

ahhal oelnamermi ary tW(HDfR{LRg_(\/aadER ertl‘lH)amprquteSN@chShl@pefé atmd:ffjéu gfmabl es f
t t

p ySl ca S lré)B.E% a%}g%&l?%ﬁ.wﬁ roma | CIU| m Xture an any WO O

R1, R2, an ich they are attached are nenbers of a
het er ocycl ic ring. 55. The immobilized a-hal oenam ne of claim42 wherein R2
conprises a su rt > . i rom
2T au d ot ur o e eiel® o ASBhaRIne RALR 42 Wy relr R, bERERE S B g
are menber sSU@POE Whﬂ@*ﬂ @nab mfwsrqahgep@@horn@étherman.t frem aJlﬁwdo@ndmene of

claim42 Wfai‘fdeRrahdle dn@ﬁﬁb'dtd)#@%%n@l‘?ﬂfé?é}@ dtﬁadNeG]a‘ré%%Qe?sﬂﬁé hyl pr op-
1-enyl)-N am nonet hyl pol ystyrene. he | mmobi |l 1 zed a- hal oenam ne
Teirbe

¥ 1% support is

of claimi4

56. The immobilized a-haloenamine of claim 42 wherein the
immobilized haloenamine is N-(1-chioro-2-methylprop-1-enyl)-N-methyl
aminomethylpolystyrene.

57.  The immobilized a-haloenamine of claim 42 wherein the support is
1% cross linked polystyrene/divinyl benzene copolymer.

58. The immobilized a-haloenamine of claim 42 wherein the support
comprises the surface of a well of a substratum.

59. The immobilized a-haloenamine of claim 42 wherein the support
comprises the surface of a well of a multi-well substratum.

60. The immobilized a-haloenamine of claim 42 wherein the support
comprises the surface of a well of a micro titer plate comprising at least 96 wells.
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1 %cross |inked polystyrene/divinyl benzene copolyner. 58. The i mmbilized
a- hal oenam ne of claim42 wherein the support conprises the surface of a
wel | of aweuwbseessd um 59. The inmobilized a-hal oenam ne ofPCElsLIR%R9 Wher ei n
t he support conprises the surface of a well of a nulti-well substratum

60. The inmmobilized a-hal oenam ne of claim42 wherein the support

conprises the \S;\gﬁ. aceayef intn¥Silire P b-RalBbRaRidd Sfdlaibh A2 itBRY thei ng at | east
96 wel I's. 44 WD 03/020684 PCI7US02/ 25609

il 61, The i nmobil, zed
a- hal oenani%rBalgenaminerisimmabiiees opr eé“ﬁ‘éf’%@flarﬁo%@“?%a?mi lized on the
surface of cahBRjenaRiin@Bdniphiees thédadagivarprodust@ipr sty timeideansietyon pr oduct
of a terti aroé/{ %n‘iﬂdg géﬁﬁﬁﬁ% C@VGJ ently linked to the polyner. 62. The
i mobi | i zeFHAIFAHER PLYM 42" wherein the a-hal oenanine is
i mmobi li zed on the surface of a polyner and the a-hal oenam ne conpri ses
t he reaction pr ct -Qf, : i al k | : ' i 1 de noi ety
covalently att a%d t@et'ﬁ]erwg%{%@gk %%Io?ﬁ%ﬁ%ﬂ&t wrr"g?"ﬁ %%tw%réml l(r??globi lized
a- hal oenaniorbalsenaiminendssimmabilized ontibe surfage @\éﬁmlmer ang ddbi | i zed on the

surface of QrBRSHERIineboRfINALYMRE réctiohlpfbane RANINWIdk)I BSMRIEd Rriiary
on product o

conprises the reacti a tertiary am.de npiety covalently
attached t @mige Beietkevaienityaitgrhegda the surfage of @YMSed a- hal oenani ne
of claim 42 wherein the a-haloenanmine is inmmobilized on the surface of a

pol y(N, N-di substdf ut &g, ACr¥LAL S QRSN ERinShr S8R 4S WherePtne
a-haloenamine is immobilized on the surface of a polymer or copolymer of
styrene and the a-haloenamine comprises the reaction product of a tertiary amide
moiety covalently attached to the surface of the polymer.

64. The immobilized o-haloenamine of claim 42 wherein the

a-haloenamine is immobilized on the surface of a poly(N,N-disubstituted
acrylamide) polymer or copolymer.
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