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agricultural agents and as gene-specific drugs. Such sequence-specific DNA-

binding compounds include, for example, triplex-forming oligonucleotides,

peptide nucleic acids, and polyamides that bind to the minor groove of DNA.

20 In particular, the stability and simplicity of structure of minor groove-
binding polyamides make such molecules especially suitable for most -
sequence-specific DNA-binding applications. For example, polyamides
containing N-methylimidazole and N-methylpyrrole amino acids are especially
promising as DNA-binding compounds because they bind to form antiparallel,

25 side-by-side dimeric complexes with the minor groove of DNA, and because the
sequence specificity of the binding can be controlled by changing the linear
sequence of imidazole and pyrrole amino acids. (See, e.g., Wade et al., J. Am.
Chem. Soc., 114: 8783, 1992.) Modified polyamide molecules that include a
simple “hairpin motif” to link polyamide subunits have been described which

30 show increased DNA binding affinity and specificity over individual unlinked
polyamide pairs. (See, e.g., Mrksich et al., J. Am. Chem. Soc., 116: 7983,

1994.) '
In general, a useful approach toward further development and testing of
novel binding agents, including polyamides, includes the use of combinatorial

35 chemistry to develop libraries of molecules that are then analyzed using high
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In general, a useful approach toward further devel opnment and testing of
novel binding agents, including polyamdes, includes the use of
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techniques to identify DNA sequence selectivities and binding affinities.
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for ~ prepar PHEdINglQ@ksaunbers of pure pol yami des (libraries) for high

t hroughput scr egywtSer, although peptide coupling agents, such as carbodiimides and
20 HBTU, are known to form the amide linkages in the growing polymer chain, the
imidazole-CONH-imidazole and pyrrole-CONH-imidazole amide linkages have
not been easily formed in high yields. Furthermore, the reactions using such
agents typically produce a mixture of products, at least in part due to the fact
that a large excess of such agents are needed in order for the reaction to
25 proceed, thus requiring laborious processing to obtain the desired end-products
in sufficient purity. Ultimately, the reactions only produce the polyamides in very
small quantities. Therefore, such methods have limited application for preparing
large numbers of pure polyamides (libraries) for high throughput screening.
Alternatively, certain acid chloride compounds have been used to prepare
30 certain polyamides and related structures. For example, oxalyl chloride and
thionyl chloride can be reacted with certain carboxylic acids to prepare acid
chlorides that can then be used to prepare polyamides. (See, e.g., Krowicki et
al., J. Org. Chem., 52 (16): 3493-501, 1987 and Konig et al., Chem. Commun.,
1998, 605-6.) However, such methods are of limited value for a number of
35 reasons. For example, the acid chlorides are not always produced at high levels
of purity, and the methods involve harsh chemistry, such as elevated
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be used; and, the provision of such a process wherein novel amino acid halides
are used as monomeric or oligomeric building blocks.

20 Further among the features of the present invention is the provision of an
amino acid halide, and an efficient process for the preparation thereof, which is
particularly well-suited for use in the preparation of polyamides; the provision of
such an amino acid halide having improved purity; the provision of a process for
preparing such an amino acid halides in high yield; the provision of such an

25 amino acid halide which enables the preparation of polyamides having high
purity and in high yield; the provision of a process for preparing such amino acid
halides wherein a novel a-haloenamine is employed; and, the provision of such
an a-haloenamine which may optionally be immobilized on a support, the
resulting a-haloenamine being particularly useful in high-throughput, automated

30 and other systems where ease of separation is desired.

Briefly, therefore, the present invention is directed to an amino acid halide
comprising a 5-member heteroaromatic ring, the amino acid halide having a
formula (4), (5) or (6):




preparing such an am no acid halides in high yield; the provision of such
an 25 am no acid halide which enables the preparation of pol yam des havi ng
hi gh purwoy3am#$si n hi gh yield; the provision of a proces®CrTarSope®pari ng
such am no acid halides wherein a novel a-haloenam ne is enployed; and,

t he provision of such an a-hal oenam ne which may optionally be i mobilized
on a support, the resulting a-hal oenam ne being particularly useful in

hi gh-t hroughput, automated 30 and ot her systens where ease of separation
is desired. Briefly, thegefore, the present gnvention is directed to an

am no acid halide conpyising a 5-nenber heteroaromatic ring, the am no
acid halide havingéa—f™ornula (4), (5 6): 3 WO 03/01%

PCT/ US02/ 27953 R3 X1 N X, XzZ [ N COQ N X3
(4) (5) (6)z_ whergin: (s O ¢or Br; and
an am ne prot in up ioch t fled

are Endepe dent |
or ~dj #f exept

that at | east pne of & and Z', todgether with the nitrogenXatomto which
they are attactied, forma carbamage noiety; X, is Ngr CR; X2 is 0, S or
NR; X3 is Nor CRA(;1 X4 isOorS; 10 R 'gs i ndependently selgcted from
hydr ogen and substi tLPt ed or unsubstituf®d al kyl; R2 is inde@endently
sel ected from hydrogen, substituted or unsubstituted C1-Cl10 al kyl,
subst i t ut ewhefeidhsubstituted C2 C10 al kenyl, or substituted or
unsubstituted Cgje.® pgyny! . provided that when X3 is CHand X, is N R2
i s not

X3 22722
hydrogen or

Z and Z' are independently hydrogen or an amine protecting group which
may be the same or different, provided that at least one of Z and Z', together
5 with the nitrogen atom to which they are attached, form a carbamate moiety;
X, is N or CR";
X, is O, S or NR';
X, is N or CR%
X,isOorS;
10 R' is independently selected from hydrogen and substituted or
unsubstituted alkyl;
R? is independently selected from hydrogen, substituted or unsubstituted
C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, or substituted or
unsubstituted C,-C,, alkynyl, provided that when X, is CH and X, is N, R?is not
15 methyl;
R? is independently selected from hydrogen, substituted or unsubstituted
C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, substituted or
unsubstituted C,-C,, alkynyl or halo, provided that (i) when X, is S and X, is N,
R? is not hydrogen, and (ii) when X, is N and X, is S, R®is not hydrogen or
20 methyl; and,
R* is independently selected from hydrogen, hydroxy or alkoxy.
The present invention is further directed to an amino acid halide oligomer
comprising a 5-member heteroaromatic or a 6-member aromatic or
heteroaromatic ring, the oligomer having a formula (10), (11) or (12):



15 net hyl ;
unsubstituted C,-C o0 alkyl, substituted or unsubstituted CZ C o al kenyl,
substi t utwo oem18sensubstituted C2 C o al kynyl or hal o, proPCaamsor/bms3 (i)

R3 is independently sel ected from hydrogen, substituted or

when X2 is Sand X3 is N, R3 is not hydrogen, and (ii) when X, is N and X4

is S, R3is not hydrogen or 20 nethyl;

and, R4 is independently selected

from hydrogen, hydroxy or al koxy. The present invention is further directed

to an amno acid halide oligomer conprising a 5-nmenher heteroaronatic or
6- menber aromatic or heteroaromatic ring, the olig r having a formul a
(10), (11) or (12): 4 WD 03/018552 PCT/ US02/27953 /R2 O Xj N AL Na COQ
orR3 OXL A'( \1LNCCDa4XZ—f—&%)\I or RB3 O2 AL NCOQ
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wherein:

Qis Clor Br;

a is at least about 1 and represents the number of tandem units present
in the oligomer;

Ais Hor NZZ';

a
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Qis O or Br; 5ais at |least about 1 and represents the nunber of tandem
units present in the oligonmer; Ais Hor NZZ'; 5 WO 03/018552

PCT/ US02/\2093818858and Z' are i ndependently hydrogen or an &grrsopemsecti ng
group which is the sane or different, provided that at | east one of Z and
Z', together with the nitrogen atomto which they are attached, forma
carbamate noiety; X, is Nor CR; 5 X2is 0, S NR, -CR=CR"'-, -CR =N,

“NECR - of - NEN o X3 | XA : 3 |
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unsubstit umﬁbdgeﬂ atehPtaviith they s iatidbred ToriRsedrdhiniaié atbie!); - C1 O al kenyl ,
or substitute %H%&apegﬁl tuted CZ C10 al kynyl; R3 is independently

selected fromh bstituted or unsubstituted C -C o alkyl,
substifuted or 0d4siC5tS INREICRECR 3| ORIEN-, -NHBRI-tort-BekNoy 15 unsubst i t ut ed
C2 A O al kynyl \or. Eﬂl On 4 is independently selected from hydrogen,

hydr oxy or al ko?@"s f is a subunit of the tandem unit independently
selected fromsuQdsiQat8J or unsubstituted al kyl ene, substituted or

bstituted | | ' t ,
wherein (1) L my S8 BnateJidecrdindy selecte BURRRSLER PR FERRLICFOF,
(ii) no mwsuhaﬂiUMQWYbne_ L is present which enables a hairpin turn
thereqd. The preeaginddyiidiehl sbiectd from! hdrog§én HUREHAE] 0P uRsBb&RERY T Or

1 d hal ?de gd

Comor ] 565 Gy ARSI HOR AT YBRUAPALIESHEr G BKERY. GF SHRRLBEY 5. member 25
het er oar ONMginsObSIRURKELC;, alkiAyl; wherei n sai d carboxylic acid corresponds to
AT Gt AR R A Y e
C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, substituted or
15 unsubstituted C,-C,, alkynyl or halo;
R* is independently selected from hydrogen, hydroxy or alkoxy; and,
L is a subunit of the tandem unit independently selected from substituted
or unsubstituted alkylene, substituted or unsubstituted arylene and substituted or
unsubstituted heteroarylene, wherein (i) L may be the same or different for each
20 tandem unit, and (ii) no more than about one L is present which enables a
hairpin turn therein.
The present invention is still further directed to a process for preparing
the amino acid halide monomers noted above. The process comprises
contacting an a-haloenamine and an amino-protected, 5-member
25 heteroaromatic carboxylic acid, wherein said carboxylic acid corresponds to
formula (4), (5) or (6), except that Q is OH and not Cl or Br.
The present invention is still further directed to a process for preparing
the amino acid halide oligomers noted above. The process comprises
contacting an a-haloenamine and an amino-protected, 5-member
30 heteroaromatic or 6-member aromatic or heteroaromatic carboxylic acid,
wherein said carboxylic acid corresponds to formula (10), (11) or (12), except
that Q is OH and not Cl or Br.
The present invention is still further directed to a process for preparing an
amino acid halide, P-COQ, wherein P represents a substituted or unsubstituted,
35 5-member heteroaromatic or 6-member aromatic or heteroaromatic ring which
has a protected amino group bound thereto, CO represents a carbonyl group



the am no acid halide oligomers noted above. The process conprises

contacting an a-hal oenam ne and an am no-protected, 5-nenber 30

het er oar owato3018362 6- nenber aromatic or heteroaronatic car lpersz2mss d,

wherein said carboxylic acid corresponds to formula (10), (11) or (12),

except that Qis OH and not C or Br. The present invention is still

:‘/\Erther directed to a process for preparing an amno acid halide, P-COQ
erein P |
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bound to the carbo car bon ess., C contacting an

a- hal oenanRWN0 @Rid Fﬁﬁgk%ﬁ roﬂ%ﬁﬁ%%ﬁ{Qiﬁagand a carngyllc acid,
P-CQ2H that coln Qﬁ@%ﬂ&xﬁéﬁmbbiﬂﬁiém of thddeeproass s, disé &k-halbedeminechas t hat
Qis hydr0ﬁ¥ %pstﬁgd of halo. 5 In one particul ar enobi dnent of these
processes, Ghier | oenamine has the fornula: Q RO ~ Nly RB R6 R7
wherein: R6 and RO are independently hydrocarbyl, substituted hydrocarbyl,
10 hydrocarbyl oxy or substituted hydrocarbyl oxy; R7 and R8 are

| ndependent |y hydrogen, hydrocarbyl, sulystituted hydrocarbyl,

hydr ocar byl t hi o, substituted hydr carbylthio hydrocarbylcarbonyl

substi tuted hydrocarbyl carbonyl, %h d&ycarbonyl substltuted

hydr ocar byl oxycar bonyl , phosphi nyl, t hi pphosphi nyl , squinyI, sul f onyl ,
hal o, cyano, or nitro; and Qis chlgro orgbrono; provided that, when the
a- hal oenamne is imobilized, at Ieas% one of R6, R7, R8 and R conprises
a support mhlch enabl es phyS|caI separation of the reagent froma liquid

m xture. 2WNERe @Mpresent invention is further directed to processes for
enpl oyi ng such R, and R, are independently hydrocarbyl, substituted hydrocarbyl,
10 hydrocarbyloxy or substituted hydrocarbyloxy;

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

15 thiophosphinyl, sulfinyl, sulfonyl, halo, cyano, or nitro; and

Q is chloro or bromo;

provided that, when the a-haloenamine is immobilized, at least
one of Ry, R,, Ry and Ry comprises a support which enables physical
separation of the reagent from a liquid mixture.

20 The present invention is further directed to processes for employing such
amino acid halides to prepare polyamides. More specifically, the present
invention is directed to a process for preparing a polyamide oligomer or polymer,
the process comprising: (a) forming a population of amino-protected, amino acid
halide building block units comprising (i) a 5-member heteroaromatic ring and

25 having a formula (4), (5) or (6), or (i) a 5-member heteroaromatic or 6-member
aromatic or heteroaromatic ring and having formula (10), (11) or (12), as
described above; (b) combining a member of the population of amino-protected,
amino acid halide building block units with a moiety comprising an unprotected
amino functionality to form a reaction product possessing an amide linkage and

30 a protected amino functionality; (c) deprotecting the amino group of the reaction
product; and, (d) repeating steps (b) and (c) at least once, wherein the
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ratio of monomer to growing polymer chain end is significanily lower than
20 conventional methods (wherein the ratio of monomer to growing polymer is
typlcally 4:1).

More specifically, as further described herein below, in one embodiment
the present invention is directed to a method of preparing an amino acid halide
monomer or oligomer, the amino acid halide comprising a 5-member

25 heteroaromatic or 6-member aromatic or heteroaromatic ring and having a
formula (1), (2) or (3):
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typically 4:1)
one enbodi nent

. More specifically, as further described herein below, in
the present invention is directed to a nethod of preparing

an am no woiod/oisss2 de nononer or oligonmer, the am no aci dPealtisds26mpri si ng

a 5-nenber 25
and having a

het eroaromati ¢ or 6-nenber aromatic or heteroaromatic ring
formula (1), (2) or (3): R OXI -NANaLCGCOQ13 z (1

8 WD 03/018552 PCT/US02/27953 or R3 O X1 A 1ILNCOQ a X4 Z° (2) or R3 O
X2 A ILNCQY a X3 Z' (3) wherein: Qis halo (e.g., chloro or brono);
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wherein:
Q is halo (e.g., chloro or bromo);

5 a is greater than or equal to 0 and, when greater than 0,
represents the number of tandem units present in an oligomeric amino
acid halide;

Ais Hor NZZ', provided that when a is 0, A is NZZ,
Z and Z' are independently hydrogen or an amine protecting group,
10 which may be the same or different, provided at least one is a protecting
group, such that each N present is protected thereby (or protected in
some other manner, for puposes of the reactions described herein
below);
X, is N or CR";
15 X, is 0, S, NR', -CR'=CR"-, -CR'=N-, -N=CR'- or -N=N-;
X, is N or CR*;
X,isOorsS;



5 ais greater than or equal to 0 and, when greater than O, represents the
nunber of tandemunits present in an oligoneric amno acid halide; Ais H
or NZZ', womsiotks®2z t hat when a is 0, Ais NZZ'; Z and Z areTiusdepesdlent |y
hydrogen or an amine protecting group, 10 which may be the same or
different, provided at |east one is a protecting group, such that each N
present is protected thereby (or protected in some other manner, for

pupgses of the react kognqdescrd AHolasEhy sé?ﬁht%%ror%hyﬂﬁ)%rpén@ 15 X2 i's

isOorS;, 9 WO 03$msa$t5tsdmur@gb§mtgm§lkyﬁe GninathylaetByl. piepd Cﬁpﬁng@ ect ed
from Ihyd[)ogeln ag@ ywubstituted or unsubstituted al kyl (e g. rret hyl , ethyl,
pr opy uty penty endent| y_sel egt ed hyd
substituted or 5 unéu&k"ﬁ?ﬂ?@@le%fﬁ(%le%@ggmm yd ge@zsﬁgs@g Cg‘(P)rknylgl o9
substig uted or un@m&mmalgﬂ?ﬂ(@.gkﬂmr CetooCy, e(]]@l)i;bﬂbailﬁamfd/bb or

substituted, of LRSS BN RSN, €2 han oo pabikbnindiilirer

(e.g., C or Cakgn@le.q] €H0,, akkybg);i t uted or 10 unsubstituted al kenyl

(e, 3: Z 10 al kenyi s puapbbhbhifegbon iy Cgfei\ spkiiidq 6.0, C2 C.0

al kynyl) or halo | ndependent |y
sel ected from hydsmig&tmteﬁﬂkxd@ 9orCaPkexip Ce.aJkyl), Substiuted 88 or

unsubgg i tut ed ”Eﬁﬁ\ﬁ’d‘éf RaRShy tIli’é P%Z‘p}lcé Ritkeny), subSitLisYor @isubstitaed, 15 L
¥) RE

is a subunit of 't t an emum ent | | ected frgm su t ut ed
unsubstituted afikyn¥He;9.-abyfenalyR @'Poé@ @l glﬁgro estagled ﬂuor(q ?(f_ Ima; Se o

the same or di fferenR4f|s)rnd?@hdémmdmm@utfrmmmerarwdfc»xy)or aiboxyore t han

about one L i
! © 'S er.gfes%smte or unsubsﬁltlﬁe Fhé Io>r2y,(ee"th8xy pqgﬁ&y, butoxy,
pentoxy, etc.); and,
15 L is a subunit of the tandem unit independently selected from

substituted or unsubstituted alkylene, arylene and heteroarylene, wherein
(i) L may be the same or different for each tandem unit present, and (ii)
no more than about one L is present which enables a hairpin (e.g., beta
or gamma) turn therein.

20 In general, the protecting group may be essentially any group known in
the art which will prevent the amino substituent from reacting with the acid halide
substituent of another amino acid halide molecule (e.g., a group which prevent
the protected amino acid halide from reacting with itself), or a reagent used to
generate the acid halide functionality (e.g., an a-haloenamine, as further

25 described herein). 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, the entire contents of which is incorporated
herein by reference. In addition, the protecting group is preferably selected so
as to increase the solubility of the molecule of which it is a part in a desired

30 reaction medium or mixture. For example, as further described herein, one
approach for preparing the protected amino acid halides of the present invention
is to react a corresponding amino protected carboxylic acid or thiocarboxylic acid
with an a-haloenamine, the protecting group preferably being selected so as to
increase the solubility of the carboxylic acid in the reaction medium or mixture.
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or gamma) turn therein. 20 In general, the protecting group nay be
essentially any group known in the art which will prevent the am no
substi t uewD oBowessz eacting with the acid halide substituerCTafSoamsher

am no acid halide nolecule (e.g., a group which prevent the protected

am no acid halide fromreacting with itself), or a reagent used to
generate the acid halide functionality (e.g., an a-hal oenam ne, as further

25 described herreirfigulafy vr@fbh@dﬁfr@te@ﬁhg B0 p@sérﬁfthéi Fés‘eht menﬁ@ﬁ
exanple, in_Pro
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removadl e Lm@tanmdes; acidic condltlons (e.g., t- but oxycar bonyl or "Boc"),
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or ooy, (i 119 P aS0a T R BB Bt B s er B TRy TR i ons, or
various cormnaealiydaﬁersrhertexﬂfnummsgfo,r rerodinglihs ipcotecting goawugp wg[chearedesé)am c
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reactivity st:opanﬂthehprqseot ewentign.giroagddifion ait fsetio behaoted that, as indicated, in
20 some embodiments one protecting group is used, Z' thus being hydrogen, while
in other embodiments two protecting groups are used. In such instances, the
two protecting groups may be the same or different. Furthermore, in yet other
embodiments (e.g., when a is 1 or more), both A and Z' may be hydrogen, the
nitrogen atom present in each tandem unit therefore being protected by the
25 amide linkage of which it is a part.

Finally, It is to be noted that, in some preferred embodiments, the
halogen present is selected from chloro or bromo (i.e., in at least some
embodiments the present invention is preferably directed to amino acid chlorides
and bromides), and more preferably is chloro, and, as appropriate (i.e., in view

30 of the limitations described elsewhere herein), (i) R* and R® are hydrogen or
methyl, (ii) X; is N or CH, (iii) X, is N or CH, and (iv) X, is S or O.

forma
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a hydroxide (or simlar reagent in terns of reactivity toward the
protecting group). In this regard it is to be further noted, however, that
t he prot ewODiRE1§FsDUP(S) utilized may be ot her than herei npPdease2/L®eE wi t hout
departing fromthe scope of the present invention. In addition, it is to
be noted that, as indicated, in 20 sone enbodi nents one protecting group
is used, Z' thus being hydrogen, while in other enbodinments two protecting
groups arg use t two protecting groups may be the
same or dlelffer g?ﬁdtaﬁﬁéq:ﬁg*rlﬁrérﬂéaalqﬁalf/&e%?ot her enbodi nents (e.g., when a is
1 or nore), both A and Z2 may be hydrogen, the nitrogen atom present in
each tandem uniA, thqmgf,-,@,rnqaeﬂgei ng protected by the 25 am de |inkage of

which it t. Fi d. t hat .
onbodi rent s, -t B OriePageATes e BresBobuBRliG s Sftctad & 5 WP RIS BinS,
in at | easicig datide ﬁlidimﬂhmEMmptlélagwBmmbemhehemammemcmr@‘ éneprotediedect ed

he apt opr sing g gt raLBShY Shbeudets TR RAER HRAR & 1 S pocohay P0d
her ein), (ne)atRQ\shrmoﬂRﬂ"l@rlBg Iﬁlymirtls@subﬁtltue‘rés helng geparatesl bys1qaporcef  (iii)

X, N
e T3, i g O e
i nvention ®fsth6|3u@§tl’@@nlt$)0& this singds delievrchiy errbla tia PPyanigas Aefv mpri si ng

a 5-menber @Eéf%rﬁ%?ﬁ@r‘é &fﬁ&i’e’ﬂﬂ bmbewwﬁmttﬁéhqﬁorérowerm BNA. aci d hal i de
groups or substituents prefera relationship on

avi 0 i,onal
the rithg (i.e., Acsrrdnghsit h?lﬁ‘é‘?ﬂ%‘x%@‘i’ ﬁ@'@%ﬁ‘é‘éﬂ%@eﬁftfih%wwtﬁ} Venfigfler oat om
inthe ri n?[)efer‘ébtwwln@%lf@ﬂnhl%i(d)t(ﬁ anyg)particular theory, this spacing of
the substituents 'on this ring is be ieved to enabl e the pol yam des derlved
therefromto nore efficigntly bind within the m nor groove of
Accordingly, the nmononefic amno acid hali es of the present i vent| on

pref erably havi ngXa—f—oNnuIa (4), (5) . R2 R3 R3 Xsz ZEN X COQ z
X1 ZE EN X4 COQ/N&% ﬁ\
coQ \
z
“ ®) (6)
wherein:
Qis Clor Br;
Z and Z' are independently hydrogen or an amine protecting group
15 which may be the same or different, provided that at least one of Z and

Z', together with the nitrogen atom to which they are attached, form a
carbamate moiety;
X, is N or CR’;
X, is O, S or NR;
20 X, is N or CR*;
X,isOorS;
R' is independently selected from hydrogen and substituted or
unsubstituted alkyt;
R? is independently selected from hydrogen, substituted or
25 unsubstituted C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, or
substituted or unsubstituted C,-C,, alkynyl, provided that when X; is CH
and X, is N, R?is not methyl (i.e., R? is in this instance hydrogen,

12



ZZZ (4) (5 (6) wherein: Qis d or Br; Z and Z' are independently
hydr ogen or an am ne protecting group 15 which nmay be the sane or
di fferentwopsowisded that at | east one of Z and Z', toget irem/usne/troshe
nitrogen atomto which they are attached, forma carbamate noiety; X, is N
or CR; X2 is 0,SorNR; 20 X3 is Nor CR4; X4 isOorS;, R is independently
sel ected from hydrogen and substituted or wunsubstituted alkyl; R2 is
Ic ndgpendleﬂt:y swtﬁtmlt@t@t(jfdrqmmhdmga{lc :mpa lsugdtlmedzér unmﬁmdmgt ed |
o al ky substitute unsubs r stitute
O K SHRBbY S Bl S PR e A ) S eorgPS: U1
R2 }s no; methyl (i.R%js Iﬁﬂepende\nﬂmaectadtfmmmydmgmgsubsﬂmteﬂbﬂw018552
PCT/ US02/ 27953 | r u I uted or
unsubsti t ut ed gﬁ%qﬁ%&e@ﬁgﬂ @a’t%@étl d{gﬁ @ﬁs Gpgtt'tgcéw #’R ﬁ%?ﬁéhg
descritbhed her ei sibstidtedsor unsepetittded Cy-G e Blkynydrfvalm mwtd@gl at guwbent ut ed
Ol emmsubst | L ut RelsCs dndOCAHHY. R0 BRI Ui O LF@S:Ht?ﬁFHlé%ﬁé"né@ C10

al kenyl, 5 substf ed or® unsubstitu "al kyn al o, provided

that (i) when s@bstiutgdgraineubstituted gtkyi, §Uh§tﬂtUFﬁﬂd@'b@'éW hstituted aENYEOF n t hi s
instance subst §pstRGte@rorUiubSHiiuted ank ﬁi/lkéé degémséd héﬁe@@) @hd I")Swhélﬁl tuted
Gy hen x, T SANHENR] @L%s#p“rioé%w‘é?oq%'y Gheimbl Srernis m?é'sﬁét%'ﬂ%% i
this fistance  d@bstitbisd druiredbstitutes Ch<d.| b B@uﬁétutu@dbahhs'mbstmubdtutut ed

desor bed her ei AKERYE SUosthusH %ﬁéaéﬂ%éﬁvﬁ%y SR SRR 2 ar oxy
]9: O?r: koxy. Among thR*jis iidepeadestynsetbeted frar dwydeogemthydroxyrer alkoxyet ur es

is in

Among the preferred 5-member, heteroaromatic ring structures from
which the amino acid halides of the present invention are derived include those
15 selected from, for example, substituted or unsubstituted pyrrole, substituted or
unsubstituted imidazole, substituted or unsubstituted furan, substituted or
unsubstituted pyrazole, substituted or unsubstituted thiophene, substituted or
unsubstituted oxazole, substituted or unsubstituted thiazole and substituted or
unsubstituted 1,2,4-triazole. However, without being held to a particular theory,
20 it is believed that binding in the minor groove of DNA is aided by the presence of
a nitrogen atom at the one position of the ring; that is, it is believed preferable to
have a nitrogen atom present between the acid halide and amino substituents.
Accordingly, in some particularly preferred embodiments of the monomer,
X, is N. Such monomers therefore have a formula (7A) or (9A):

RS
/- ﬁ
: \
~ /4 )\ z /4
T N/ Coa ™y \N coQ
| )
(7A) (9A)
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whi ch the am no acid halides of the present invention are derived include
those 15 selected from for exanple, substituted or unsubstituted pyrrole,
subst i t utwo os18sensubsti tuted i m dazol e, substituted or umewhisn2/2195%d
furan, substituted or wunsubstituted pyrazole, substituted or unsubstituted
t hi ophene, substituted or wunsubstituted oxazole, substituted or
unsubstituted thiazole and substituted or unsubstituted 1,2,4-triazole.
However, wj L i e 0 B fidia o liheved t hat
bi ndi ng iﬁh%%@M%F£g$Qgggo§g’%Plikﬂﬁ{g %ﬁ%ééd%§ﬁ§%§b8§§§@%U§§%§&tg ni trogen
atom at t Heronkasdds antdh). sespeativelyagrxamplary embogdimentsdnelidedhenef erabl e to
have a nit Qgﬁg Iiiesent between the acid halide and am no
substituedﬁs. gg%rdlngfy, in sone particularly preferred enbodi nents of
the mononer, X3 is N Such nononmers therefore have a fornula (7A) or (9A):
/IR RB Xf NX2 Z'*~z N~ COQENOGCQZRN(7A) (9A) 13 WD 03/018552
PCT/ US02/ 27953 wherein Q Z, Z', X1, X2, RL/ R2 and R3 are as defined
above with respect to forrmulas (4) a N respectively. Exenplary
enbodi ments include those having the/formula: R N ZEN/ COQ N Z
wherein: 5 Z is preferably hydrogery) Z is RBoc or Fnoc, prefererably Boc;
R2 is preferably hydrogen or t hyl .~Aand,

p y ny g EE\‘g ///' coa

ZI

wherein:
5 Z' is preferably hydrogen;
Z is Boc or Fmoc, prefererably Boc;
R? is preferably hydrogen or methyl; and,
Q is chloro or bromo, preferably chloro.

In an alternative embodiment, however, X, is CR,, the monomer having a
10 formula (7B) or (9B):

~ o N coq

(7B) (9B)
wherein Q, Z, Z', X,, X,, RY, R? and R® are as defined above with respect to

formulas (4) and (6), respectively. Exemplary embodiments include those
having the formula:

14



Qis chloro or brono, preferably chloro. In an alternative enbodi nent,
however, X3 is CR4, the nononer having a 10 fornmula (7B) or (9B): / RR R 3
X N X2 NWOOQoisssN COQ 71 71 (7B) (9B) wherein Q Z, Z' pPCXHSOA2I95RL, R2
and R3 are as defined above with respect to formulas (4) and (6),
respectively. Exenplary enbodi nents include those having the formula: 14
WO 03/018552 PCT/ US02/ 27953 R2 N COQ Z' wherein: Z' is preferably
hydrogen; Z is Boc or Fnoc, prefererably Boc; R is preferably hydrogen or
methyl; and, 5 Qis chloro or brono, prefergﬁly chl oro. Among the
additional, preferred enbodi nents are: for L rmula (4), those wherein Z

is H Zis Boc or Fnoc, and nore prefgpably\s Boc; Qis chloro or brono,
and nore preferably is chloro; X, is N CH or CCH3; and, R2 is H or
CH3; for formula (5), those wherein Z, is Boc or Fnoc, and nore 10
preferably is Boc; Qis chlorp-qr gﬁgreferably is chloro; X
is N X4 is 0; and, R3is Hor drB; andhrtTor fo la (6), those wherein Z
is H Zis Boc or Fnoc, and nore| preferably is Boc; Qis chloro or brono,
and nore preferably is chloro; X is NH X3 is CHor N, and, R3is H or
CH3. B. digomers 15 In another preferred enbodi nent, the present invention
is directed to an oligomeric amno acid halide, which can be prepared and
utilized bywherin:

Z' is preferably hydrogen;

Z is Boc or Fmoc, prefererably Boc;

R? is preferably hydrogen or methyl; and,
) Q is chloro or bromo, preferably chloro.

Among the additional, preferred embodiments are: for formula (4), those
wherein Z' is H; Z is Boc or Fmoc, and more preferably is Boc; Q is chloro or
bromo, and more preferably is chloro; X, is N; X; is CH or CCH,; and, R?is H or
CH_; for formula (5), those wherein Z' is H; Z is Boc or Fmoc, and more

10 preferably is Boc; Q is chloro or bromo, and more preferably is chloro; X, is N; X,
is O; and, R®is H or CH,; and, for formula (6), those wherein Z' is H; Z is Boc or
Fmoc, and more preferably is Boc; Q is chloro or bromo, and more preferably is
chloro; X, is NH; X, is CH or N; and, R®is H or CH;.

B. Oligomers

15 In another preferred embodiment, the present invention is directed to an
oligomeric amino acid halide, which can be prepared and utilized by the
methods described herein. The oligomer comprises a protected amino group
and a 5-member heteroaromatic or a 6-member aromatic or heteroaromatic ring,
the oligomer having a formula (10), (11) or (12):

15



met hods descri bed herein. The oligoner conprises a protected am no group
and a 5-nenber heteroaromatic or a 6-nmenber aromatic or heteroaromatic
ring, thwoaBioggsser having a formula (10), (11) or (12): PETWSID379838552
PCT/ US02/ 27953 R2 OXj NAL Na COQ 3 Z (100 or RB X1 O A 1LNCOQ a
X4 Z (11) or RB 2 O AL NCOQ a X3 Z (12) wherein a is at |east about
1l and Q A Z Z, X1, X2, X3, X4, R, R', R, R3, R4 and 5 L are broadly
defined as noted with respect to formulas (1), (2)_and (3), respectively.
More preferably, however: 16 R

L/
DN
3
L.
(10)
or
R3
o) 71&
|a X4
L.
(11)
or
R3
X2
° \
A\<L/“\N?/©\COQ
|a X3
J
(12)

wherein a is at least about 1 and Q, A, Z, Z', X,, X,, X5, X,, R, R", R%, R® R* and
5 L are broadly defined as noted with respect to formulas (1), (2) and (3),
respectively. More preferably, however:

16



WO 03/018552 PCT/US02/27953 Qis O or Br; ais an integer of at |east
about 1, and typically is an integer ranging fromabout 1 or 2 to about 10
(e.g., abwoto3migss2 about 10, about 2 to about 8, or about P8TIuSOZARE: 5) and
represents the nunber of tandem 5 units present in the oligoner; Ais Hor
NZZ'; Z and Z' are independently hydrogen or an am ne protecting group
which is the sane or different, provided that at |east one of Z and Z',
together with the ni@r@@@BrB}.omto whi ch they are attached, forma 10
car bamat e noi ety; , 1s Norr CR; X2is 0, S, NR, -CR=CR'!-, -CR :
“NECR - or -N=N-; O®isian tegerarat loastiabopt dr arg typicaly 18 20 IREeSF o
i lngeloenggn_t ly. sghgmtg%@lréwulﬁlwr?ywﬁ?mﬁ 1 r?sﬁ’b@-t' abotet tt)@tepumtsmabmmaed
al kyl ; i s i ndependen se e r.am rogen ubstituted. or
unsubsti t ut ed %P@?EI' R‘E/é?o'éﬁggq ?g?llt'tefg %}J{ﬁ%%ﬂt??rﬂﬁ 84 regf?rgekr%nyl, or
subst Bt ut ed or unisylreteniihdbe Clgéheral kynyl ; 20 R3 is independently
selected from hydroggn sqﬂ\zi'%tzut ed or unsubstituted C1l-Cl10 al kyl,
substituted or unsudsty il Cl0 al kenyl, substituted or unsubstituted
C2 C10 al kynyl or haf andiZ airs indegepdatiyhygrogenartasrdamingpiojerte@ediouny dr oxy
or al koxy; and,ni2h i+ oM hdt d |y

q/vhlég tlﬂﬂufse%nélbqlﬂ?ﬂféreﬂﬁ _ﬁrBﬁggégﬁifﬂl yﬁlt‘{&hét drispeadgnt

sel ected from Ssu J or_unsubstit ut ene, substjtuted or
unsubstitut ed degethes witnibeditiegen atasa t@Whﬁfbhr@é/tar?lﬁt@Ghﬁét@@éi yl ene,
whergiph (i) L @yphmdidenois@me or different for each tandemunit, and (ii)
no nore than about one L. 1S present which enables a hairpin turn therein.
30 I n sone preferredxeﬁ%QT&;ﬁi L is selected from (i) substituted or
unsubstituted ethyl exgis(®; §; NR! CEFCHTR'6( -GR kN eflag Réner, -N=MH2 CH( OR) -,
wherein R is hydr ogﬁn. q\rl Slttf_%t_ Ituted or unsubstituted al kyl (e.g., nethyl,
ethyl, etc.)); 3 ISINOrLR,

X,is OorS;

15 R' and R" are independently selected from hydrogen and
substituted or unsubstituted alkyl;

R? is independently selected from hydrogen, substituted or
unsubstituted C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, or
substituted or unsubstituted C,-C,, alkynyl;

20 R? is independently selected from hydrogen, substituted or
unsubstituted C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl,
substituted or unsubstituted C,-C,, alkynyl or halo;

R* is independently selected from hydrogen, hydroxy or alkoxy;
and,

25 L is a subunit of the tandem unit independently selected from
substituted or unsubstituted alkylene, substituted or unsubstituted arylene
and substituted or unsubstituted heteroarylene, wherein (i) L may be the
same or different for each tandem unit, and (ii) no more than about one L
is present which enables a hairpin turn therein.

30 In some preferred embodiment L is selected from: (i) substituted or
unsubstituted ethylene (e.g., -CH,CH,- or alkoxyethylene, -CH,CH(OR)-, wherein
R is hydrogen or substituted or unsubstituted alkyl (e.g., methyl, ethyl, etc.));
(if) substituted or unsubstituted propylene (e.g., -CH,CH,CH,-; aminopropylene
(-CH,CH,CH(NZZ')-); and, (iii) a substituted or unsubstituted, 5-member

35 heteroarylene or 6-member arylene or heteroarylene ring having a formula:

17



(ii1) substituted or unsubstituted propylene (e.g., -CH2CH2CH2-;

am nopropyl ene (-CH2CH2CH(NzZZ')-); and, (iii) a substituted or

unsubst i twoad/o1$srenber 35 heteroaryl ene or 6-nenber aryl @oe/usn2/27953

het eroaryl ene ring having a fornmula: 17 WO 03/018552 PCT/ US02/ 27953 R2
/21 N C\ C, X3 or RB X2 CC\/CG 3 or RB XI -CC3\ C1L X4 wherein
X1, X2, X3, X4, R2 and R3 are as defined above, and further wherein the
ring has a 1, 3-bond orientation within the tandemunit, one of the C, or C3
5 carbon atons in the ring adjacent to X3 or X4 being bound to the nitrogen
atomin the tandemunit and the other being und to the carbonyl carbon
in the tandem wunit. In this regard it is to/be noted that "C," and "C3" in
t he above ring structures are provi dgg—entM for the purpose of indicating
| ocation of the amno 10 and acid hal/i de supstituents on the ring,
relative to each other. Accordingly, //hey are& not intended to necessarily
indi cate the proper nunbering of thegiring a such, should not be
viewed in alimting sense. 18 WO 03 85 C&/U802/27953 It is to be
further noted that preferably only one SyBunit, L, is present which allows
the formation of a hairpin (e.g., a beta or gamma) turn; that is, it is

X C/R3
C/ \\o
3 \X 3/ 1

wherein X,, X,, X;, X,, R? and R® are as defined above, and further wherein the
ring has a 1,3-bond orientation within the tandem unit, one of the C, or C,

5 carbon atoms in the ring adjacent to X, or X, being bound to the nitrogen atom in
the tandem unit and the other being bound to the carbonyl carbon in the tandem
unit.

In this regard it is to be noted that "C," and "C," in the above ring
structures are provided only for the purpose of indicating location of the amino
10 and acid halide substituents on the ring, relative to each other. Accordingly, they
are not intended to necessarily indicate the proper numbering of the ring and, as
such, should not be viewed in a limiting sense.
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preferred that only one of the subunits present is other than unsubstituted
et hyl ene, arylene or heteroarylene (a hairpin turn being formed from for 5
exanpl e, W9 0aloksszy| et hyl ene, propyl ene, am nopropyl ene, ePCT)US0L795% to be
still further noted that the preferred enbodi nents set forth above with
respect to the central ring of the amno acid halide nononer, as well as
the substituents attached thereto, also apply here; that is, it is to be

noted that thesprefgds Aﬁ%ﬁ@&é@p{é@@@%m%ﬁ mg@bwm ISBRAGHE L O the

nonomeri ¢ 10 am no aci

resent nventi on
appr opr i atwhich@llgyisethefformation,pa Sairain (GPQ g@rb@itﬁ“ er Sﬁi“ﬁ'éa);é' tﬁgqp'?d'éés of the
present in r‘é'?ér‘réﬁ‘thd‘l/‘éfn%/ ofOBEtHd s@units PressstTe oftictfthan essabtitdietent s the

oo SERecanie (IR e et bR 2 125,
15 or 2 &xathpld, By lalkdx@eth@ené, ptopylehiB) amirtbpiepidne @652 PCT/ US02/ 27953
or R3 OkX2 A lJf K‘ tg:c@tlll ?ur%er noted that the preferred embodiments set forth
above with respect to the central ring of the amino acid halide monomer, as well
as the substituents attached thereto, also apply here; that is, it is to be noted
that the preferred configurations noted above with respect to the monomeric
10 amino acid halide of the present invention also apply, as appropriate, to some of
the preferred oligomeric amino acid halides of the present invention. More
specifically, in some preferred embodiments the oligomer comprises a 5-
member heterocyclic ring, and more preferably has a formula (16A), (16B),

(18A) or (18B):
R2
0 7—N
A\<L/U\N>/& )\COQ
A
7
(16A)
15 or
RZ
X¢——N

A\\<L N a // //// COoQ
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Z' (18A) or R3 X2 O AL NCOQ a (18B) wherein: a, A, Q Z Z, X1, R,
R2, R3 and L are as previously defined and X2 is 0, Sor NR. 5 Anpong the
addi ti onawp opoefsez r ed enbodi ments are those wherein a in &aT/Usny/z2yse3 in the
range of about 1 to about 10 or about 2 to about 8 and: for formula (17A
or B), those wherein Z' is H Z is Boc or Fnoc, and nore preferably is Boc;
Qis chioro or brono, and nore preferably is chloro; X, is CHand R2 is H
or CHS; qﬂd, for formula (1 9A or B), those wherein Z' is H Z is Boc or
Fnoc, and nore 10 preferably is Boc; Qis chioro or bronpb, and nore
preferably is chloro; X2 is CH and R3is Hor CH3. It is to be stil
further noted that, in alternative enbodi nents, tRie protected amno acid
hal i de ol i gomer conprises a 6-nmenber aromatic ot/ heteroaromatic ring.
Among the preferred 6-menber ring structg om whi ch the oligomeric 15
am no acid halides of the prese@t inventfon arg\ derived include those
selected from for exanple, supstitute bstituted pyridine,
substituted or 20 WO 03/018552 RCT/ US02/ 27953 substituted pyrim dine,
substituted or unsubsti d ridaz Lfu 8r unsubsti tut ed
pyrazi ne, substituted or u $Ubst it riazid@,Qand substituted or
unsubstituted benzene, wherein for Fach the am no and acid halide
substituents are separated by a single carbon atomor heteroatom(i.e., 5
the two substitutents have a 1,3 positional relationship within the ring).
Il. Acid Halide Preparation In another enbqd8A®nt, the present invention is
directed to an efficient

or

A

(18B)

wherein: a, A, Q, Z, Z', X,, R', R%, R*and L are as previously defined and X; is
O, SorNR'.
5 Among the additional, preferred embodiments are those wherein a in an

integer in the range of about 1 to about 10 or about 2 to about 8 and: for formula
(17A or B), those wherein Z'is H; Z is Boc or Fmoc, and more preferably is Boc;
Q is chloro or bromo, and more preferably is chloro; X, is CH and R?is H or CHj;
and, for formula (19A or B), those wherein Z'is H; Z is Boc or Fmoc, and more

10 preferably is Boc; Q is chloro or bromo, and more preferably is chloro; X; is CH
and R¥is H or CH,.

It is to be still further noted that, in alternative embodiments, the protected
amino acid halide oligomer comprises a 6-member aromatic or heteroaromatic
ring. Among the preferred 6-member ring structures from which the oligomeric

15 amino acid halides of the present invention are derived include those selected
from, for example, substituted or unsubstituted pyridine, substituted or
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met hod for the preparation of am no acid halides, as described herein,
using an appropriate carboxylic or thiocarboxylic acids and am

a- hal oenawpDrg/0(855. , an 10 a-chl or oenani ne or a- br onbenanmPo&)usoxniosh nmay or
may not be immobilized on a support. Experience to-date indicates such a
method is preferred because it enables the preparation of the desired

am no acid halides in high purity, the purity typically rangi ng from about

95 Wt %'t 6 Wt
97 wi (%‘; 0 éﬁ%%p%tltggeﬁf%r@dlﬁe SBubshtuied ok Ying bﬁ&uteh%ﬁfdaéﬁ’\%u Esu 95“’[!}@6% ord 0

/oor even ield, the
yi el d typlwulwtlwmpﬁ@zf%ﬁﬂgﬁl iader 'd'PﬁHRSt'gﬁ%?ﬂ\?rs ﬁﬂﬂﬁ?—me ()é g., at
! ]‘?aSt haFOLgub%ﬂ?@te@ %?’Mngé%tltg@gﬁ %&%e%ﬁfgﬁém m@l‘;@%ihhfﬁé%dmfrmidiamdnsang ;Js et
of a-hal oenani ne scri be w, and in urt her at en
ool T cat i drAIGE bt Sresesaratec By pdiioh Bauitl 405 of RoBispabhy e, e
i ncor por atipd tivd substikiténtsdiavelel S podijonad relatiornship 20thin tHer Bp@k at i on of
a- Hal oenam nes I n accordance with one aspect of the present invention,
a- hal oenam nes nay be prepared fromtertiary am des and pentaval ent
phosphor odt hal AciesHalidePreparatioty ani de reacts with the pentaval ent

phosphorous halide to produce a haloimniumsalt which is then converted
to the a-hal oenamne with a base. 25 In general, th rqqﬁ@élar .de may be

any tertiary anndnaiasi egbadingits tropreseBhinyBRdyIS GRitch is in

the al pha @eﬁidd for theé ?éria‘fétléﬁ’of éhﬁwaéuamarhegrwaes&nudmmm uu@mg ami de
and whi ch does not interfere nt hesj s of oLoSereact ﬁEhe

a- hal oenan@RRIOPTIAtEFRIDEX WJWOC?F@)WE??EQISFndaWQ% n(awéna
formylpa: 2&-cHdrodhahiRSar BBrohEENa2TIABR wHItiRehayeor rﬁéylﬁbt bwhmnmmllzelm and R9

Cubst 1t ut coh Aotk Bt Rrso S lnstathES sONE BERBIRN s mpoiEcERECRLS™Y O

hydr ocar byit enablestthe lpre[niaraﬁohyxﬂtlmdeﬁ;&d amjrdy a@drh@ghblea ) hlgé’lmgtty,t'fbﬁed
hydr ocar byt il Qunic BXARGHPHO TSRS wik S bbbi 66l oTWdE 0681, Ry baty ey | .
least about 95 wt%, 96 wt%, 97 wi%, 98 wt%, 99 wt%, 99.5 wt% or even 99.9
15 wt%) and high yield, the yield typically ranging from at least about 90% to about
99% (e.g., at least about 90%, 92%, 94%, 96%, 98%, 99% or more).
The preparation and use of a-haloenamines is described below, and in
further detail in U.S. Patent Application Serial No. 10/061,617, filed on February
1, 2002, which is incorporated in its entirety herein by reference.

20 A. Preparation of a-Haloenamines

In accordance with one aspect of the present invention, a-haloenamines
may be prepared from tertiary amides and pentavalent phosphorous halides.
The tertiary amide reacts with the pentavalent phosphorous halide to produce a
haloiminium salt which is then converted to the a-haloenamine with a base.

25 In general, the tertiary amide may be any tertiary amide having a
hydrogen atom bonded to the carbon which is in the alpha position relative to
the carbonyl group of the tertiary amide and which does not interfere with the
synthesis of or react with the a-haloenamine. In one approach, the tertiary
amide has the general formula:
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hydr ocar byl oxycar bonyl , substituted hydrocarbyl oxycarbonyl, phosphinyl,

t hi ophosphi nyl, sulfinyl, sulfonyl, halo, cyano, or nitro; and, Qis halo,
and pref ewalB145s2 chl oro or bronp, and nore preferably i sPCIUSONRT96D;

provi ded that, when the a-haloenamne is inmobilized, at |east one of R6,
R7, R8 and RO conprises a support which enabl es physical separation of the
reagent froma liquid mxture. In at |east sone enbodinents it is preferred
that R7 and R8 are other than 15 hydrogen, such as alkyl or aryl, to
increase the stability of the reagent to a variety of conditions.
Nevert hel ess, under sone circumstances, provided one of R7 and R8 is
sufficiently el ectron-w thdrawi ng, the other ¥%be hydr ogen. Under ot her

ci rcunst ances, each of R7 and R is & drawing. In no event,
however, may R7 and R8 each be hydrogeny 20 Iin one instance, one of R6, R7,
R and R9 conprises a support which e bIesthyS|caI separation of the
tertiary amde (or a derivative thereoff from'a liquid mxture. The
support may be, for exanple, any solid or soluble, organic or inorganic
support thbbmﬁm:conventionally used in chem cal synthesis or any of a

variety of assays. SHCh,gHpRgLlifg océ‘?ﬁlg HyBF‘cﬂcﬁr ByI95Gtflited a@'récsaﬁ‘bﬂ?"mer e

25 herein in connecti®dn w tth the eham ne rea
Preferably, it hy@Opal‘Qy@Werrﬁélb@fltlléedjéb’dl@&ﬁrbb@%)’hereof for exanple, a 1 %

CLOSShl [ nkedh loogystmrﬁgﬂglpglyﬁepme | R TRy drodaeb eg%@ém{t@at
osphorous haljde conprises a a onded to a

Bent Pl ont phoBYHeFatRY!, d}yémcafhﬁlﬁ}'ﬂr%@\g?'gﬁﬁﬁ %gfﬁgycag@ﬁ@%,og/ 018552

EclT/ U802lt27953 hy@rb@aﬂ:ﬁﬁca}atbﬁ?yﬁpéwtgmmby hydesairiedcimpobghds to car bon olr ;
al ogen at ons ener a eref o i de
may ge repr esenb)é%fg royigyyc Fg?é]rg ”bSPmih%?@%%@%&&ﬂ&}&%r@ggﬁﬁaw

i ngepengenz : y atHrmmeWi csulﬂr()é sulfonghlhata oganb,rmm)roaaﬂd,each Eis

i ndependen a halo c :
hydr ocar byl or supst & SR @%%5&%539 g,ogggpb%p Qggz“meérefgﬁgﬁiﬁdséd

wi thit0 t hi s genehlaro;f ormul a are pent aval ent phosphorous halides in which

the pentaval ent phosggﬁf@é&trﬁa&%éﬁtrf@amoé%m i tfRSbilizeout losRt 11 ve
hal ogen at ons sel ect Tjrom anon orine, brom ne ﬁ ?
one of R, R;, Rg and R comprises a support which enables physwal

separation of the reagent from a liquid mixture.

In at least some embodiments it is preferred that R, and R are other than

15 hydrogen, such 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 Ry each be hydrogen.

20 In one instance, one of R;, R,, Ry and R, comprises a support which
enables physical separation of the tertiary amide (or a derivative thereof) from a
liquid mixture. The support may be, for example, any solid or soluble, organic or
inorganic support which is conventionally used in chemical synthesis or any of a
variety of assays. Such supports are described in greater detail elsewhere

25 herein in connection with the supported a-haloenamine reagents. Preferably, it
is polystyrene or a derivative thereof, for example, a 1% cross linked
polystyrene/divinyl benzene copolymer.

The pentavalent phosphorous halide comprises at least two halogen
atoms bonded to a pentavalent phosphorous atom. The three remaining
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If fewer than five hal ogen atons are bonded to the pentaval ent phosphorous
10 atom the renmaining val ences are occupi ed by phosphorous-carbon bonds
wi th thewoaslhmwssbei ng part of a hydrocarbyl or substitut @dThisdz/amas byl
radical, preferably phenyl or |ower alkyl (e.g., nmethyl, ethyl or

I sopropyl ). Although m xed halides are theoretically possible and within
the scope of the present a- hal oenam nes, for nost applications it wll

gl YRl st A bkt Yampois 2
osnor cuGeHerabEBHOES 1o OBt PhPFR OIS S ThaV B8 rSPYSEBIH BY um
szﬁl); L gf g Lthmgerﬁemﬂdrhwla e4Qhj(En vtrd:eremeeacﬂf Qi |anr}depandientlyrad1atlb@emammvglme2te
base such Z%-ﬁmf%)%%f@?‘"@’ﬁﬁ% RS hRebPudhigla NRIRAL AR oY bR, 2

pyri di®es, atonal(whidhnis geariodfea hym'ocartnyl pBsLbsthutedaydracanbyl radicadls larch as
triethyl ag&& mﬂcﬁ lﬁaﬂﬁé&W%‘urPﬂﬁé ﬁéﬁ@r‘%ﬂ fd?ﬁﬂﬁ’é a?é@@ﬁta%%‘?ﬁ ho %5, such as

substi t ut [ erred tain tances. 25 In

general , th@%ﬂ?%meWh@hﬁbe@@ﬁéﬁﬁa'@ﬁ phggPBerovsciamdg hQﬂ‘d@é’ct@rtWQHti‘éeewth t he

ngle gg FQAC bt fie ﬁﬁl@)@@h at@n@ Llectsd MINRBNTY cHibnive, FIDMRIE aR§ iGdhae base

nd |
hydr ocar byllﬁg%?ﬁgﬁfi E{Y%E«i W&P(ﬁ;‘é‘%ﬁﬁm b@&ﬁ@eéh%pgé%bp%ﬁ%%ﬁgﬁt Pﬁ‘?ed
Eyg;gﬁ%;byla&g}nb thé&’e‘ﬁﬁlﬁ G/bﬂ@ﬁ%t s%béﬁﬁ@(eﬂ%ﬁho@hﬁ@ds-ﬁarbﬁrﬁbl ordiewithdent | y
roca i
Subst it ot edi GaDRELY9 PR ¢ OUTDeartilpESRistiyea NORSERPU e e
hydr ocar by pcefebably phenyle'rlower biklybbeyg.ammiimyt] ethyLbisisoprapst). Although mixed

hydr ocar bylh%ﬁé@@é@m@om&%ﬂg?&ﬁg%ﬁe and \Aﬁdlh ﬁ% sﬁﬁbe”dfltlﬂe?ﬂééélﬂy& sul fonyl ,

hal o, cyano, OF ni ne or brom ne; and
haloenamines, for most appllcatlons it will generally be preferred that halogen

15 atoms of only one type 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 -

20 haloenamine with an amine base such as N,N-dialkyl 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.

25 In general, therefore, a-haloenamines may be prepared in accordance
with the following reaction scheme:

0 o @ Q
Rg\N Rg P(Q2A(E)s RQ\N+/ Rs amine base RQ\N 8
| | |
Rs Ry Rs Ry R Rz
wherein:

Rs and R, are independently hydrocarbyl, substituted hydrocarbyl,
hydrocarbyloxy, or substituted hydrocarbyloxy;

23



each E is independently chlorine, brom ne, iodine, hydrocarbyl or
substituted hydrocarbyl. The reaction may be carried out in acetonitrile,
anot her swbweni8ssnr a 10 mi xture of solvents in which pentraraisent79s3
phosphorous and the tertiary amde are sufficiently soluble. Oher

sol vents include ethereal solvents (e.g., tetrahydrofuran, and

1, 4-di oxane), esters (e.g., ethyl acetate), halogenated solvents (e.g.,

met hyl ene chl oride, ehlprqe 05i@ iﬁags)énd%rﬂlind%ge)e%, fdcarByd substdetedcer tai n

condi tions, hydrocarbdn solvents (e.qg.. tolu and benzene). If 15 the
sol vent syst em BYHFRFRERS hydrpsargy 'stwt&gﬁgg',ydf‘?f@rg)ﬂlﬂ?)@nt ) system

pref erabl y conphy@esafiyldaabshylpbebstitdietioHyrosdroyicarbomy preferably at | east
about 20% by wej ght aetlonltrlle I i red, t : t he
resulting a-hal bgwgﬁ?ﬁ%}' ma[}éonybisyéﬁﬁt@i%é §¥d@ﬁam&)ﬁ§%ﬁmoﬂﬁofﬁh{n&"f orm
ot her &- hal oenathioghaphimdj sulfisyl, sitfonyh inslo,fayanexampitre, antle chl orine at om
of an a-chl oroenam ”Sggﬁg Bqngéﬁé%w@ﬁlg MOlﬂbéj&oﬁ?o%nef Ligride or iodide

ont ne at'om of an” a-

atom Simlarly, the ne a _brondenam he may be di spl aced by
a fluoride or iodi deeaclhfn islindepanseatly chiasined bspninee indine.ydroearbyk e ed out

wi th an al kal i | ., sodium potassium cesiumor |ithium
G R N

brom de, fluori | mobi |l i zed a- Hal oenam ne Reagents An
i mobi |i zed a- hal oenam ne reagent conprises an a-hal oenam ne conponent

s, L o Seschens ssab sl satonta ahope g cresper,
suppotd by HF%S&&MG'MSHR@Y "3?1B?“@‘ﬁf?%&ﬁﬁh’%h%{g@ﬁé‘@é'rtheéﬁﬁl‘?w ﬁﬂﬁ%? 'a|9ez ed :
30 hal ?)lenagmﬁgireirengggﬁgjbtie. mheaﬂ?lmmtsﬁndswe iethoetrbal solesdnt(eignvent i on,
B re Ry (EERORh R A8k sl o e et el O
defined pr selvents, (e.qromesteylenatchlosidet chineofofmrid R2:dicdorrrthane)cengri ses a
O ¢ ' Lilo P OaRl BonBfEHS RYarBEARIORA! bt (4,85, 16RRARMUN b&lfRchd)! 1!
15 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 weight acetonitrile.
If desired, the halogen atom, Q, of the resulting a-haloenamine may be
displaced by another halogen atom to form other a-haloenamine derivatives.
20 Thus, for example, the chlorine atom of an a-chloroenamine may be displaced
by a bromide, fluoride or iodide atom. Similarly, the bromine atom of an o-
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).

25 B. Immobilized a-Haloenamine Reagents

An immobilized a-haloenamine reagent comprises an a-haloenamine
component tethered to a support which enables physical separation of the
reagent from a liquid composition. The a-haloenamine component is tethered to
the support by means of a linker and, optionally, a spacer. Such immobilized a-

30 haloenamine reagents, suitable for use in the present invention, generally
correspond to the formula:
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reactivity tends to be greater when R6, R7, R8 and R are |less bul ky and
when R6, 5 R7, R8 and R are alkyl or aryl. Preferably, therefore, R6, R7,
R8 and Rowerog/o18saziependent |y hydrocarbyl or substituted hpdrasar/bisy nore
preferably hydrocarbyl, still nore preferably al kyl or aryl, provided at

| east one of R6, R7, R8 and R9 conprises a support which enabl es physi cal
separation of the reagent froma liquid conposition. 10 In one enbodi nent,
t he a- hal oenam ne reagent support is a solid which is insoluble under al
pertinent conditions. In another embodi @nt, the hal oenanine reagent
support is a conposition mhlcth@selectlvely luble in a solvent system
under a first set of conditions, t he p I s soluble but under a second
set of conditions, the support i s ingol ubl 15 I nsol ubl e pol yners and

ot her solid supports are typically t%e nor conveni ent form since they may
be easily separated fromliquids by ®ltration. Such supports are
routinely used in chem cal and biochem cal synthesis and include, for
exanpl e, any insoluble inorganic or organic material that is conpatible

Wi th cheniwbéreim@ isinaloggn @inddyg tRveRe andridy aresas/previgisadelinagsrieyidedpo

si licates, &&é&?e?béq |%5§Poﬁ@b¥ﬁef§7,w%cm %ﬁmsés RRADORA Wi epaBfos

pol ypropyl enes acr S an net al and net al
al | oys. Fap W#ﬁﬁ‘@ar&tﬁ@ @ftharw%ﬂf%n ?é@@'&cﬁf’o@ﬁﬁﬁ PP rlr'ﬁ)geESF%H se
gglr yl( glm'\tjg*e%eggtyatbﬂggg? %rg’rb?f]érﬁ}ﬁ')en R?D Qin\d( Arelical lb)alkysza,ﬂwwmuﬂ?%d

ere A a
pol gs@y n%w R%ﬁé[@ 'sa%{LdBf?JE %re @S’wﬁr%rﬁﬂl ‘ﬂ?& F%bl e
rralt er It al s |hd§be|ﬁ@eﬂf§ﬂﬁ)aﬁebanb@5®rrslmuﬁtutéd g;g@mca(rlsﬁymof)e pmfembly )
ol ystyren LVin zen r f with -
07 2% o os syl SR AE BBist el M RF ofy Bne 1 R A
copol yrrer ém:RgIB))nmrmelsamSlq)part whichrey@higs pbyswajlagpaﬁatmo (téegeag@mto 400
nmesh) . d@&g%ggﬂﬁoz/m%s In general, solid supports may be in
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titer solvent system; under a first set of conditions, the support is soluble but under a

second set of conditions, the support is insoluble.

15 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
include, for example, any insoluble inorganic or organic material that is
compatible with chemical and biological syntheses and assays such as glasses,

20 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-disubstituted acrylamide), e.g., poly(N,N-dialkyl substituted acrylamide)
or a copolymer thereof. Preferred materials include polystyrene-based polymers

25 and copolymers. Commercially available materials include TentaGel resin and
ArgoGel (Bayer), both polystyrene/divinylbenzene-poly(ethylene glycol) graft
copolymers (with ~ 1-2% cross-linking) and 1% cross-linked
polystyrene/divinylbenzene copolymer (ACROS) available in a range of particle
sizes (e.g., 200-400 mesh).
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plate (96 well, 384 well or greater) or other nmulti well format substratum
may have the a-hal oenam ne reagent tethered to its surface. Alternatively,
beads, paoto3olsss2 or ot her solid supports having an a- hal eemarsoneroseagent
of the present invention bound to its surface nmay be added to one, a
plurality of, or each of the 10 wells of a mcro titer plate or other nulti
wel | substratum Furtherm)re If the solid support (whether in the form of

a bead, part I
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20 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
25 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, provided this group does not interfere with the
synthesis of or react with any of the reaction products or intermediates.
30 Exemplary soluble polymers include linear polystyrene, polyethylene glycol, and
their various polymers and copolymers derivatized with tertiary amides which
may then be converted to a-haloenamines. In general, however, polyethylene
glycol is preferred. Polyethylene glycol exhibits solubility in a wide range of
organic solvents and water but is insoluble in hexane, diethyl ether, and tert-
35 butyl methyl ether. Precipitation using these solvents or cooling of polymer
solutions in ethanol or methanol yields crystalline polyethylene glycol which can
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be purified by sinple filtration. Attaching a hal oenam ne group to the

pol yet hyl ene glycol thus allows for honbgeneous reaction conditions while
perm ttiryofoo1sset atively easy purification. The a-hal oen®eirneso2/27953
functionality or conponent of the a-haloenanmine 5 reagent is preferably
attached to the support by neans of a linker. The only requirenent is that
the linker be able to withstand the conditions of the reaction in which
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tertiary a rene supported tertiary amde, in
turn, bei n@/dmddrw-fammrwewfﬁhbamF%e%ﬂiﬁ of%ee g+ | Gullisg etebr tiary
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requirement is 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
25 converted to the a-haloenamine using a pentavalent phosphorous halide. More
specifically, a solid phase a-chloroenamine reagent may be derived from a
polystyrene supported tertiary amide and PClg, 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
30 (or another polymerizable monomer) having a tertiary amide as a substituent on
the phenyl ring may be 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.
35 Regardless of whether the linker is cleavable or non-cleavable, it may
optionally include a spacer having a length and/or included moieties which
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treatment with a base. 35 Regardl ess of whether the linker is cleavable or
non-cl eavable, it nmay optionally include a spacer having a | ength and/or

i ncl uded woiogisssz whi ch 27 WD 03/ 018552 PCT/ US02/ 27953 proxisdz2m9he

a- hal oenam ne reagent with nore "solution-like" properties and better
solvent conpatibility. In general, the spacer group, if present, may be any
atom or linear, branched, or cyclic series of atons which distance the a-

hal oenani n o@fdéuﬂhefd%dé?%rﬁm@ﬁéééentmi% ﬁ{d?éﬂsolﬁ%nﬂKémmo@ertmam sel ect ed
5 from car oxyge n Preferred spacers

con.
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carbon atom to vvhlchthe ' r
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Q are ms pfrem carboy, cbquemedltmmnmmfummwcmm Brefetdispastraineiusle whi ch

t oget her ocyclic or heterocyclic structure. If
t he struc%&ge{ﬁgleﬁﬁd%?gd%{d éﬁw h%ﬁﬁﬁbero atons are %r ef erably sel ected
from oxygen andlnsome ambqﬂmeet@fme@g@a@wmee@@e 8bRy angtR, ¢4iBPiRSI2as a
ring atom d;gmp@rﬁgha RONR, BhE tA @& ﬁt"cb% fo Whichi tABY a@@@ﬁébﬁe@greﬂ o 15 may be

substituted ne ‘or “nore hydrocar Iy substituted hydrocarbyl, hetero
at on( s) or”'l%‘@@'ﬁ&f@l‘@r@g%lclqrd'@{?rocﬁC@%nple toget her R7, R and R10,
along with the carbon atomto which R7 and R8 are attached, may conprise a
cycloal kyl ring such as cyclopentyl orc five- or six-menber heterocyclic

ring. In another enbodi nent, corrprl ses a pport whi ch enabl es physi cal
separation 20 of the reagent from osition, and any two of R,
R7 and R9 and the atons to which t y ar att ched are nenbers of a

heterocyclic ring: QQ RO QRR9\ S5 Ryg

10 wherein R, R,, Rg, Ry and Q are as previously defined and Ry, is an atom or
chain of atoms, which together with R, and R, define a carbocyclic or
heterocyclic structure. If the structure is heterocyclo, the hetero atoms are
preferably selected from oxygen and sulfur; basic nitrogens are preferably not
included as a ring atom. In addition, the atom or chain of atoms comprising Ry,

15 may be substituted with one or more hydrocarbyl, substituted hydrocarbyl,
hetero atom(s) or heterocyclo substituent. For example, together R;, Ry and Ry,
along with the carbon atom to which R, and R are attached, may comprise a
cycloalkyl ring such as cyclopentyl or a five- or six-member heterocyclic ring. In
another embodiment, R; comprises a support which enables physical separation

20 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:

R ¢ R T
Rg )Y SN s ST e
| |
|

R
R10\R6 R6\R11/R7 RQ\R1 1/ 7
wherein Rg, R,, Ry, Ry and Q are as previously defined and Ry, is an atom or a

chain of atoms, and R, is a bond, an atom or chain of atoms, wherein Ry,
together with R, and R,, or Ry, together with R; and R,, or R; and R, define a
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8/ NRIO ~-R6 R7T R6 ~R11 R7 R9 X19 R7 wherein R6, R7, R8, RO and Q are as
previously defined and Rlo is an atomor a chain of atons, and R11 is a
bond, an woeawwsszhai n of atons, wherein RLO, together wPCh/UR02/z09683 RO, or
R11 together with R6 and R7, or R7 and R define a 28 WD 03/018552

PCT/ US02/ 27953 carbocyclic or heterocyclic structure. If the ring is
heterocycl o the hetero atons are preferably selected from oxygen and
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wll react with a-hal oenamnes and thus, it is preferred that the

carboxylic or thioca Dq.g“rpounds have an absence of unprotected
basic primry a?d se([:?%%éﬁroy%%ﬁﬁg' noleties when it is reacted with an

a- hal oenam ne of the present invention. As previously noted, 25 suitable

protefd i ng 9r oURReY-faldifRniht§deséMeEhHerdM 8nd, iR diedhrREéHrE efabodifient)
the immobilized a-haloenamines, may be used to convert a wide variety of
carboxylic and thiocarboxylic acids to the corresponding acid halides. However,
to avoid or at least minimize unwanted side reactions, these acids preferably
have an absence of other unprotected moieties which are also reactive with
20 o-haloenamines (e.g., hydroxy, thio, amino, etc. substituents). For example,
basic primary and secondary amine moieties will react with a-haloenamines and
thus, it is preferred that the carboxylic or thiocarboxylic acid compounds have an
absence of unprotected basic primary and secondary amine moieties when it is
reacted with an a-haloenamine of the present invention. As previously noted,
25 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 accordance with the present invention, an a-haloenamine is used to
convert any of a wide range of carboxylic acids and thiocarboxylic acids to the
30 corresponding acid halide monomer or oligomer. More specifically, in one
embodiment, an immobilized a-haloenamine as described herein and a 5~
member heteroaromatic, or 6-member aromatic or heteroaromatic, carboxylic
acid or thiocarboxylic acid, which has a protected amino substituent attached
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Organic Synthesis by T. W Geene and P.GM Wits, John Wley and Sons,

3rd ed. 1999. In accordance with the present invention, an a-hal oenamne is
used to womsmrsssany of a wi de range of carboxylic acids &aa/uSht/owas boxylic
acids to the 30 corresponding acid halide nononer or oligonmer. Mre
specifically, in one enbodi ment, an immobilized a-hal oenam ne as descri bed
herein and a 5- nenber heteroaromatic, or 6-nenber aromatic or

het er oar o j r i i i 14 i i as a

pr of et ed Heyaie: GRHciel to Mol 1R SRR chemBSt B oMefBrb 203

t hereto, arotented atire acis halide afttbe poesard hovaiting. 5- nenber or 6- menber
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car bom, FOcEargé a@borg be)_éﬁ@hp!éaa][ﬁmtede@d dmiid aciddshlofidd bethereesant y
i nvention .and the carboxylic aci romwhi.ch.it iV essentially
differ Onlp\{,eriltqum(ﬁf@ F%rbeﬁyl&%c'fjﬁr%&'w '%&%Hh\%ﬂ&@reosggnﬁ%lh{gl@afatter. |
Accor di nglonly irhthat Qisbahigia ia the fotmercandooydrbky irattiedattsui Aagordingly, thee in
the present_ | t [ QR: r r 2) or
(3. i th BN ikRhordfc AGRE'tabia BFLES TR pilehf Ehlon Hay ()
exenpl ary hageosplly cepreisastacbvefarmuta ()1 &)idB), a¢th the exgeption hatQ iscz /- N
| Z \ N@Q%l_ ﬁ:% X3 1 X4 X3 ZZ wherein Z, Z', X, X2, X3,
X4, éo, R2, §nd ﬁggtrhg@ﬁ?odefined herein with respect to fornmula (4),
(5) and (6), wiPeMREXeMRIZAECHPEXVIC %H%Yﬁi?rf%ﬁﬂ'é‘ab%cﬁ@&nitrogen or CH
(i.e., having a forrmula corresponding to formulas (7A), (9A) or 15 (7B),
(9B), respectively, as described above, with the exception that jn this

instance Qis -OH rat her/Rt han chloro or brojffo). Alternatively, Mfowever,
X1—N X1 X2
. 0N \
\NA )\COZH \N/< CoOH N AN CO,H
| X3 | X3 | X3
Z' ZI Z|

wherein Z, Z', X,, X,, Xa, X,, R, R R® and R* are as defined herein with respect
to formula (4), (5) and (6), with X, in some preferred embodiments being
nitrogen or CH (i.e., having a formula corresponding to formulas (7A), (9A) or
15 (7B), (9B), respectively, as described above, with the exception that in this
instance Q is -OH rather than chloro or bromo). Alternatively, however,
oligomeric acids (e.g., carboxylic acids) may be used, such as those having a

formula:
2
/R
X——~NH @ 7—_N
Z OH
A I A
/N x3/ | a & “
H H 0
or
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oligoneric acids (e.g., carboxylic acids) may be used, such as those having
a formula: R X1 NXI NHOZ COH NX3 X311 HHOor 30 W 03/018552

PCT/ US02/ 095381855t R3 X2 X2 OZ OH N NC \ | a X3 11 X3pCHUS02/z195H R3 X,
OX, ZOH \NNXCX41 a4l HHwerein, for exanple, Z is H and a,

Z, X1, X2, X3, X4, R, R2, R3 and R4 are as defined herein with respect to
formula (10), (11) or (12). 5 Cenerally speaking, the reaction to prepare

the am no acid halides of the present invention may be carried out using
means common in the art; that il_sl, an

Xo

X, Q \
7 \ OH

N T X o
/N \X3 | . X3 I |
4 H 0
or
H Rs
X4 0] ?1 X\
/N H
Z\NK N% C/O
/ Xz | a a |
o H 0

wherein, for example, Z' is H, and a, Z, X, X5, X5, X,, R", R?, R® and R* are as
defined herein with respect to formula (10), (11) or (12).

5 Generally speaking, the reaction to prepare the amino acid halides of the
present invention may be carried out using means common in the art; that is, an
o-haloenamine and an appropriate carboxylic or thiocarboxylic acid may be
brought into contact to react using means known in the art. Typically, however,
these reagents are contacted in a ratio of about 1:1, although in some instances

10 a slight excess of the a-haloenamine will be used (e.g., a ratio within the range
of about 1:1 to about 2:1 a-haloenamine to acid, about 1.2:1 to about 1.8:1, or
even about 1.4:1 to about 1.6:1). Optionally, these reagents will be contacted in
the presence of a suitable solvent (e.g., acetonitrile or dimethylformamide
(DMF)), the concentration of the acid in solution ranging from about 0.01

15 molesfliter to about 1 mole/liter, from about 0.05 moles/liter to about 0.5
moles/liter, or from about 0.075 moles/liter to about 0.25 moles/liter. The
resulting reaction mixture is maintained at room temperature for less than about
30 minutes, about 20 minutes, about 10 minutes, about 5 minutes or even about
1 minute, in order to obtain the resulting acid halide, with the reaction time
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a- hal oenam ne and an appropriate carboxylic or thiocarboxylic acid nmay be
brought into contact to react using neans known in the art. Typically,
however, woh@sessseagents are contacted in a ratio of aboutrCIiusp2/2M9shough in
sonme instances 10 a slight excess of the a-hal oenamne will be used (e.g.,
aratio within the range of about 1:1 to about 2:1 a-hal oenam ne to acid,
about 1.2:1 to about 1.8:1, or even about 1.4:1 to about 1.6:1).
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about 10 nabeute®S°CAl t hough the tenperature and pressure of the reaction
may be controlled, for exanple, to inpact the reaction tinme, typically the
reaction mxture is maintained at about room tenperature (e.g., about 20C
to about 3BIC) aRolyamidenPrepargtieBsure for the 5 duration of the reaction.
Al ternatively, however, the tenperature of the reaction mxture may be in
t he range of about 25C to, about 100C, or about 30C to about 75C 1I1.

Pol yami de Prepafati ofPVervieW,er vi ew 10 Once the amino acid halides of the
present invention have been prepared, they nmay be used by means common in

Such 8 ocesses MapedbSERRpp abbneRier opbiFe ST RERE AR B8 O Wt h
sol i d phasprepeired, thegieay be useddly heass commeon imihedinimpeenrse daeletennd he
Genral 1y BOUdTAGERY iyariidel criReqty Stopl iBogrdsil MR RTIED: e
may be, fosoletianphaseldriselid phesedwitle soki@ghase bekg preferred fpat legsipime 7
(the entirg foRfRBRE BEcalbDt the Al sRRERIFSbIARSIERAd PUrifiS4IRITEACE:
15 resulting polyamide.
Generally speaking, the solid phase polyamide synthesis protocols
employed may be, for example, like those disclosed in U.S. Patent No.
6,090,947 (the entire contents of which is incorporated herein by reference).
(See also Baird et al., J. Am. Chem. Soc., 1996, 118, 6141-46.) Briefly, the
20 method of preparing, for example, imidazole and pyrrole carboxamide
polyamides according to the present invention may be generally defined to
- include the following series of steps:

(1) The appropriate amino acid monomer or oligomer (e.g., dimer, trimer,
etc.) is protected at the amino group and activated at the carboxylic acid
25 group. The amino group is preferably protected with a Boc or Fmoc
protecting group and the carboxylic acid is activated by the formation of
the acid halide (e.g., chloride) as described herein, to yield, in the case of
the pyrrole and imidazole, the amino acids Boc-pyrrole-COCI, Boc-
imidazole-COCI, Fmoc-pyrrole-COCI and Fmoc-imidazole-COCI.

30 (2) Beginning with the acid halide terminal, Boc-protected and activated
amino acid halides are then sequentially added, for example, to a
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(See also Baird et al., J. Am Chem Soc., 1996, 118, 6141-46.) Briefly,
the 20 method of preparing, for exanple, imdazole and pyrrole carboxam de
pol yan desoaspwssdi ng to the present invention nay be generalrfugozizished to
i nclude the following series of steps: (1) The appropriate am no acid
nmononer or oligonmer (e.g., diner, trimer, etc.) is protected at the am no
group and activated at the carboxylic acid 25 group. The amno group is

preferably pr Otc%?ﬁrﬁgrc‘,’}%ly"?\?alﬁﬁfe %hdzémfpo?f(etgfcbb@gtﬂér%'?e@ﬂmhlhﬁ HeRr boxylic

acid is activated t t he
descri bed he\r/elm'eV*PHS |QQQ!‘Otrrg@afelfjﬁgs ggggseﬁryaiﬁr% %S/%Or greég%@ew@& : g,e)tﬁz
gm) no. %Ch g;OFgCarﬁMbr ap@cﬂ@bhewo:eretdn vm}zﬁrcﬂ?ﬂmhn hrﬁrt:mentrahmse@fCOCI and

| nni e ac
Boc- pr ot ect ed a?%n QMWQS’Q%P 421% r#chgf m&@?”b%fgot“ﬁi’k&gé?ﬁém%l‘g
added5 for exargolgmet oharn%ré/‘mrl%don&'ﬁﬁéttd?ﬁmﬂdSﬁrZVe@EGEBe raterateviiclathey
aval | abl e soll dcoir'ﬂ)@ﬂg srégét?or% ocdef! ¥ %F%&C%?(?IH& tr‘éYfH r?\%%egigh@éhwl y

been treated, I N order to am no group
att ached t her etmmuphddiver mim may bei emplayedeas ﬂather@s&rnbe@l&rer%t ed nonomer

(i.e., a4:1ratio of nonomer to unprotected growi ng 5 pol yrrer chain) are

utilized in an attenpt to increase the rg &Hgt whi.ch f he

reactions occurn%@éfa“Z%@%PB?W{fthsluﬁ Iz "’b‘?%%@ﬁt'qrh\(y@hﬁ?egﬂc' a much
l'ower ratio maychglyeanrénedal @fSBd@prdr@cmr@er@u bmmwcﬁhénmt@re‘smts in

neutral i zation hems til t d
cat al'lzed reno PfQFmB{B‘X” Bfﬁt%é‘latlo:’“% h@ﬁunc IO@EE\# é!ggp%ghl ts in 10
Ej Qgr 1; ;)r) Lrgt Ie gn o(ie;ﬂrommatt@dlahﬁ?e wrgel@ratdd)smﬁmaneouhmthetheumhamn efa

ani ne.ls ra t f
Conn 1t mo s eact remiPipA SRRRITL S Ale) HBRERE Bl BrbRmbl, Aange 8 i)
U.S. Patent No. UES (ReteatiNo) 65080, 9147n)/eﬁ®tr|Conm$nt!Q§‘lﬂhm%we%@gﬂpliﬂﬂgtlmﬁﬁes
are typically o tgﬁi},anfﬁ(/erp%ﬁ hBGFBQF%srd&WSWeV%C%ESQrM fcPthbreBEms ent

15 i nvention an escri herei n, suc P I Ng r.eactions
generld |y take inwestiemand gsdurthandescibedarging skehn £pUp! "(93§e%ﬁﬂﬁﬂst he desired

BiLty?S“ed.es“2fea€§ébf?9%%eﬁ§8? R oo mpltel ect ed and the
(3) When the desired polyamide has been prepared, the amino acids are
deprotected and the peptide is cleaved from the resin and purified using
techniques common in the art. The reactions may be periodically

20 monitored using, for example, picric acid titration and high pressure liquid
chromatography (as further described by, for example, Dervan et al. in
U.S. Patent No. 6,090,947).

B. Polyamide Synthesis using Protected Amino Acid Halides

Accordingly, in one embodiment the present invention is directed to a

25 process for preparing a polyamide oligomer or polymer which comprises forming
a population of amino-protected, amino acid halide building block units
possessing a 5-member heteroaromatic or 6-member aromatic or
heteroaromatic moiety therein, the units being formed by contacting an
immobilized a-haloenamine and a corresponding, amino-protected, S-member

30 heteroaromatic or 6-member aromatic or heteroaromatic carboxylic acid. A
member of the population of amino-protected, amino acid halide building block
units is then combined with a moiety comprising an unprotected amino
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t echni ques common in the art. The reactions nmay be periodically 20

noni tored using, for exanple, picric acid titration and high pressure
liquid ocWwoesmissqr aphy (as further described by, for exanpCe/ushyemwan et al .
in US. Patent No. 6,090,947). B. Polyam de Synthesis using Protected

Ami no Acid Halides Accordingly, in one enbodi nent the present invention is
directed to a 25 process for preparing a polyam de oligoner or polyner

uni ch. CoMngasndiRy 16 fiim & @RRINAbATcYoRBsIRGRIPEAILSThkaRS gy acl d hal i de
bui | di ng bl'ock units possessing a 5-nenber heferoaro IC_O{ 6- menber
aromatic oproteried aine Aerctionalivetp thesree AF seltPDAse SYHBEAIS: & Moty
contact| ngc@}ﬁprisiﬁgwm LhpestedteldrmigBEIhRorRINEY I8 iBPhdisiiarnoh Bgolid support,

am no- prot ected, . b-menber, 30 .heteroaronmatic or 6-nenber aromatic or

het er oar on¥HS a%QYﬁBX?‘FPﬁb%‘#'HQ' A nenber of the popul ation of

am no-pr ot ect edOnagitihe readtibnHals ateumad, thergminegroupuai the reactidreprociocbi ned

peri usoz Zraes SRR e RelAE BRRAA HIAERr Andidri s Bat0ned with

am de | i nkanethandmino-prateeiededmimé aocidfhalidei wrilding §lock.n Thisesegusncefoisol i d

phase synt L 1 LB } benality
o o | 228 0! G ing BERFed ISAH DE meRRA bR BT LOVAGT BROST 12
reaction heligaseeihasbeen aehighedo Firalypthss remainingRrotesingrbauR s i s

depr ofgect egbmi\idd) @nt&RBA N BBl dliBoki? iftleavaddrdnh @it slippsit APoe: Red

wi th anot her ag1 no-lgjot ected,” am no acid halﬁde bw ng bltock. TI‘[])I S
sequence oPresenbNg RUisG Wsing Means sormondadhe ag- | A TERCHE BEN P&

wei ght of gdeerall yepresenteddy thersshehas(Ustepfonmbie¢do ilfistaite)y, the

remai ning protecting group is 10 renoved, and then the polymer or oligoner
is cleaved fromthe support (if one is present) and purified using nmeans
comon in the art. Such a reaction may be generally represented by the
scheme (using forrmula (4) to illustrate): 34 WD 03/018552 PCT/ US02/ 27953 E
0 CE
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U-Nm OF1mbga ~0Eo/ O M-z XE Z ce) X~ZNma~i = Z OUDO
O W3~" WD 03/018552 PCT/ US02/ 27953 As previously noted, the present
process iwoadwstageous over existing nethods, at |east i®Cparspz/posause the
amno acid halide is very reactive. As a result, the reaction process
proceeds further toward conpletion, thus inproving efficiency and yield.
In addition, the reactivity of the amno acid halide enables 5 |esser

amounts of the jg ﬁgé'\ﬂélﬁl? nB?ecP 'Tﬁ% pY&ghnt E%Q%QQT&H%nt‘é@bblﬁﬁ ovenygastin@nal

processes, wherel am no acl ? rr to ot e ted
pol ymer or methastset lgast H‘s@@!’t b@ﬁ@“?ﬁ thasaming ﬁ‘é'gg? idpdpIey rgag
equi val entl%sgft ﬂw'é@e%h&?pﬂfd&%%r@@ee&dﬂu%e&%ﬂarhladdrﬂﬁeb@m|t¢lu9§mbfmm+@ units

e by eyt acHIRRC e, P Rkl agh gl Bt L 1 @
gt |1i | tsﬁngr (ra Iy arpggﬁ&r@ﬂim rtbagem talimJerlnSonedntﬁw eaaipe amlikeabout 2. 5: 1,
nost pref ef \1935‘ 888(}?”?35&% ¥ﬁ%€3'8 a]is‘ej’n1t ra@é@e@éﬂénﬁh}bﬁﬁ ePéLl ?:l én?r Sven
product i onumpropextgcpotimser or dliggmariieuged, thﬁqorysgntoprpypss%analgleﬁ@l iagowaft hi n
the range of abaHis S dRABIHotdBOF2 arftitd acid halide building block units to the
moiety comprising an unprotected amino functionality to be within a range of
10 about 1:1 to less than about 4:1, or from about 1:1 to about 3:1, the ratio
preferably being about 3:1, more preferably about 2.5:1, still more preferably
about 2:1, still more preferably about 1.5:1 or even most preferably about 1:1.
The present process enables the efficient production of polyamides in high yield,
the yield typically being within the range of about 90% to about 100%, and
15 preferably being at least about 92%, 94%, 96%, or even 98%.
The process of preparing polyamides maybe also be carried out under
conditions known in the art, including room temperature and ambient pressure,
the reaction to add each monomer typically being completed in less than about
30 minutes, 20 minutes, 10 minutes, 5 minutes or even 1 minute, with reaction
20 times of about 1 to about 20 minutes or about 5 to about 10 mintues being
typical in at least some embodiments.
In one preferred embodiment, the monomer utilized in the polyamide
synthesis of the present invention has a formula (4), (5) or (6), and more
preferable has a formula (7A), (7B), (9A) or (9B). Among the particularly
25 preferred monomers for this embodiment are those previously noted with
respect to these formulas, as well as those wherein Q is chloro, Z is Boc or
Fmoc and:
(i) X, is N or CH, X, is N or CH, and R? is hydrogen or methyl, (ii) X, is N or CH,
X, is O or S, and R® is hydrogen or methyl, or (iii) X, is S, O or NR', X3 is N or
30 CH,and R'and R® are hydrogen or methyl.

IV. Definitions
The terms "hydrocarbon" and “hydrocarbyl” as used herein describe

organic compounds or radicals consisting exclusively of the elements carbon
and hydrogen. These moieties include linear, branched or cyclic alkyl, alkenyl,
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15 preferably being at |east about 92% 94% 96% or even 98% The process
of preparing polyam des maybe al so be carried out under conditions known
in the arwp ofocdsszi ng room tenperature and anbi ent pressuPer/USHhizT9sEact i on
to add each nononer typically being conpleted in |ess than about 30
mnutes, 20 mnutes, 10 mnutes, 5 mnutes or even 1 minute, with reaction
20 ti rres of about 1 to about 20 m nutes or about 5 to about 10 m ntues

bei ng péﬁﬂ{“: oa%ryi%? |e%0n19né‘d@%ié’ﬂé§ta§so inlreealR |eéﬂ<rehyuamvh gi ment ,

t he nmo

has & f Sferéndaath;nowt@'s”@ibs@@;tedém’@ oeeaighaica el hx@r%am Tt

(er77’|32)d| Ergﬁ%SLgﬂrh és?ﬁ}ggmrmg@wéﬂye?memynamr Unleds gihefidse ediicatadntivesef or t hi s

vi ols
ool ! a1 HBOI e ErelerAty conitich, D 25 obtigh biR? Ataddhidil St B RY, 5o
SHO Xg i's tgieQErt@'y anride B2 oi-salbgdamirendescrivetrhereing the hydrocertyl groiety, X4 is
r an

o 30 i Mg e hiIo SR Ban Tk Hostlliabls ok, 5 St 5N§2d15%<?f{ o s

" hydr ocar bihe"tediady amijde ocm—bglbenamlmmymr@prﬁed@%amc aingfifaEbed mpounds

or radical ﬁ'ﬂ’f&ﬂ t6me!t6 Wi dehégogen
These noi et es mchgg; I near, Hﬁ%%@tﬁgd orgggcl | cﬁgcgylaqma?%ﬁgl gGQV\D

03/ 018552 definaUsgartopysiic “agkynyl and aryl noieties. These noieties al so
incluge al kyl, ph&eqdstitabl FocarWldmii’ e/tlesrdhsthbed hewbiatare tiyedcbosirbyl ot her

al i phatic or .cyclic hydrocarbo u uch I

al kynaryl . é§§”*@i?lﬂé\r Q\FHESQ"‘H%CE‘Q&?)%? Ie[aﬁigge ﬁ%rs%spe%éﬁabﬁ;ycoﬁggl se
1to 20 camb,mmag ﬁm’ﬁetldmnamlch laasarbon 'channeaipﬂsms stucbsﬁtult%thbra heteyo ami de or
a- hal oenam ne de cr| b g @hsgggf“c!i gob(gw %g hleyo t
more than 81080 §Y 9P ik IJ AR ??H Kd °
tertiary aafotie Eheae Isabsintuenisnecllmdgt hadﬂrgﬁﬂ thFQQYQWk@WMWQW)X&’ar bon

at ons
at omey i Clhy b BGLLRAEI Hirb B (cf8fohBsly iy o bBReee at tached
dgsl')::]l bgdchy&dr@%%gflé)ﬂ@yhpggl:@gylggﬁy, am%y%égng@o Vm?réhg o OC%@%@FI&E%? :Mef h at

| east one af@migddIuItbAamidey, Retals, acetals, esters and ethers.
The term “heteroatom” shall mean atoms other than carbon and
hydrogen.

20 Unless otherwise indicated, the alkyl groups described herein are
preferably lower alkyl containing from about one to about eight or ten carbon
atoms in the principal chain, and up to about 20 carbon atoms. They may be
straight or branched chain or cyclic and include methyl, ethyl, propyl, isopropyl,
butyl, pentyl, hexyl and the like.

25 Unless otherwise indicated, the alkenyl groups described herein are
preferably lower alkenyl containing from about two to about eight or ten carbon
atoms in the principal chain, and up to about 20 carbon atoms. They may be
straight or branched chain or cyclic and include ethenyl, propenyl, isopropenyl,
butenyl, isobutenyl, pentenyl, hexenyl, and the like.

30 Unless otherwise indicated, the alkynyl groups described herein are
preferably lower alkynyl containing from about two to about eight or ten carbon
atoms in the principal chain, and up to about 20 carbon atoms. They may be
straight or branched chain and include ethynyl, propynyl, butynyl, isobutynyl,
pentynyl, hexynyl, and the like.

35 The terms "aryl" or "ar" as used herein alone or as part of another group
denote optionally substituted carbocyclic aromatic groups, preferably monocyclic
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i ncluding noieties in which a carbon chain atomis substituted with a
hetero atom such as nitrogen, oxygen, silicon, phosphorous, boron, sulfur,
or a hal ogem3oatssan These substituents include hal ogen, heCesoyzioss

al koxy, al kenoxy, 15 al kynoxy, aryloxy, hydroxy (preferably on aryl or
heteroaryl rings), protected hydroxy, fornyl, acyl, acyloxy, am no, am do,
nitro, cyano, thiol, sulfides, sulfoxides, sulfonam des, ketals, acetals,

esters and

and  hydrd) %{chégtﬂﬁhﬁ%égﬁﬂ f‘amtﬁ%q?a%%@*% ang, r'ghﬂi‘f"diﬁ%”. carbon
her ei n” ar ephgnykfoiphanyy, naﬁmlﬂylaSUktyﬂtlt@f@dtmeﬂNh@UbSW% kﬁ’heBWeo"to about ei ght
or ten Car&%tmﬁ%@ﬁéghﬂ\a& hﬁh8h¥l | PihstilAEA pheRgl At the rﬁ@@;ﬁre?&r@cﬁémn

atons. They nay I

met hyl , et hyI Trotgrms |h§g19%p3ﬂr "ﬁggﬁ?;*/lusegz}ﬁ??m alﬂﬁéy'rfaamrwf;an#ﬁ%r 25
Unl ]?5?: glt | $§fe'r*f<§ibﬁﬁiri¢1@; bdtaindl Redwre, @ndlipdinéescri bed herein are

Barbon_ atyon-ﬁ“‘“‘hwef R TR0t OO S0RY UB ReBBPHEnE A Bl e
may be St?fawghercgrohpwmim@b optmnailymubsymteat faliy satucatedeoratrsatyaiedsr openyl

i sopropen ut.en

Uni s ot HEPAPSHTE O bisylel, Aot o erifiatis SRR havifl ey a8t hhéree

pr ef er abl yhétemmtoml ikyatyéast omeaing, mg!dfprefﬁraﬂmﬁ ot @aterps abeach énghtTher t en
car bop atﬁ&@rq]c&cfoh&oﬁgh@ﬁécgﬂé SHddim gﬁféd g‘r'é’fg?é’ol?%%ﬁ 82 SRy ﬁ)trﬁ’é's’l They

may be stral chal n_an tynyI
i sobut ynylQr2 p@lmrﬁtswms reagiaiyi 1o 4piirages atpms indke T'H@ ?@9‘ H%afé‘? épnd%ﬁlij
as used hejyahB rBhRARIcHofaRe PRBIECE tRRRIART cAIbBHDY Hé@él@faﬁ)mptﬂmn@dlbryy
substituted carbocycl matic nmonogyclic
03/ 018552 Rei¢ragyely 'Q?bﬁﬁ%%?r%f% fite gﬁ‘?‘bgﬁg‘l'&’[ﬁﬁ'&%%ﬂ’ é”‘ﬁ ey
gﬁ[ng?insuit 2 rbetylr lﬂ@i@l;ﬂﬁ%@l?@lmyl Serdso@sinoljrtye and th@llhéLeEybmplmmmﬂvﬁtltuents
and sttbst i 8 wymoge? |8¥ ﬁ}?e%”&vﬁ%p&é}"gg QS!H talrtwt%:oﬂwgahyl hargegxl or
"hal 0" as hmﬂdcim@ylslhmlcagemémetberoayclpaalkoxy, adk&ndxyr alkgngxyo @sylpsy, dyydlr@(y
e ey Ry LA itoRIA AR roTitod R R AR S Gy
amino, amldo nltro cyano, thiol, sulfides, squOX|des sulfonamides, ketals,
acetals, esters and ethers. In addition, the heterocyclo moiety may be linked to

20 more than one substitutable position of the tertiary amide or a-haloenamine; for
example, R; and R, of the tertiary amide or a-haloenamine may comprise the
same chain of atoms which, together with the atoms to which R; and R; are
attached define a heterocyclo ring.

The term "heteroaromatic” as used herein alone or as part of another

25 group denote optionally substituted aromatic groups having at least one
heteroatom in at least one ring, and preferably 5 or 6 atoms in each ring. The
heteroaromatic group in some embodiments 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.

30 Exemplary heteroaromatics include furyl, thienyl, pyridyl, oxazolyl, pyrrolyl,
indolyl, quinolinyl, or isoquinolinyl and the like. Exemplary substituents include
one or more of the 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,

35 nitro, cyano, thiol, sulfides, sulfoxides, sulfonamides, ketals, acetals, esters and
ethers.
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of another group denote optionally substituted, fully saturated or
unsaturated, nonocyclic or bicyclic, aromatic or nonaromatic groups havi ng
at | east woa@3/ossseroatomin at | east one ring, and prefer 0mUss2/oNsd at ons
in each ring. The 10 heterocyclo group, in sonme enbodi nents, preferably has
1 or 2 oxygen atonms, 1 or 2 sulfur atonms, and/or | to 4 nitrogen atons in
the ring, and may be bonded to the remainder of the nolecule through a

carbon or het erpgd o | Jsa?}r Ioﬁetﬁwﬁ&eimééﬁé’t@s@hﬁ!r@@é r‘dil‘f) such
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het eroatom i n st .one, r| and ef er abl 6 ring.
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hydr o et er.ocy

al kenoxy, mdtwogym WWW@UPW@WC@W fr\%!ld%f%wp 'arVWC*b %’F‘é“r%aryl

ringsj, . h ?&?ﬁ %dqr%i'élftééﬁw hfé’bFG’tbctn@gﬂou hoa@y foﬁ@itdlﬁpleathedloc% nitro,
i sul

cyano, f oxi esters

and et her Protegtinggratgs st ‘P’EYF’P[%?J’Q%Z gsenkﬂ?é" Rrgferﬁ%nﬂﬂf%ﬁg byl oxy, " as
used her ei pyudrsEHyRrRethdxyea®oayhy! group
20 The term “acid halide oligomer” as used herein refers to acid halides

including at least one amide group, one carbonyl halide group, and 0-1 amine
groups in which the amine group is protected with a protecting group such as,

Boc or Fmoc.
The term “acid halide intermediate” as used herein refers to an acid

25 halide monomer or acid halide oligomer.

The term "tandem unit" as used herein refers to units, which may or may
not be identical, in the oligomer which are consecutive or appear one after the
other in the larger molecule.

“DBU” shall mean 1,8-diazabicyclo[5.4.0Jundec-7-ene.

30 “DBN” shall mean 1,5-diazabicyclo[4.3.0]non-5-ene.

"Boc" shall mean t-butoxycarbonyl.

"Fmoc" shall mean 9-fluoroenylmethoxy carbonyl.
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as defined herein bonded through an oxygen l'i nkage (--0--), e.g., RO
wherein R is hydrocarbyl. The term "polyam de" as used herein refers to an
ol i goner wp opoissaer of 5 heterocyclic am no acids attachedTiusopem®sanot her
by ami de |inkages (CONH). The term"am no acid" refers to an organic

nmol ecul e i ncl udi ng both an am no group (NH2) and a carboxylic acid group
(COOH). The term "am de conpound” as used herein refers to a polynmer chain

of at |east t“ﬁfﬂﬂ@%g E&Qﬂ'@}éﬁﬂh?%&é‘ﬁnétms lﬂlﬁ‘ﬁfﬁ@&dﬁohlbﬁl@ﬂgﬁe 10 The

terns "acid hall erivative," as, used terc eably
herein, reresentindentiom(a.geihepraparation gta protesiasdoaminaacid d%‘lraé‘ga%ggepar ed

using a S‘iféé‘f?\'e‘?eé\‘ t?ﬁir@ﬁ R BBy ahﬂdé%ln?éﬁ@l?’)' WhMe@rﬁT‘@ﬂfbrﬂﬁﬁtances faktraie”’ and

"hal o-" S contal nin m Cl .. but

al t er nat i Waripusifeatuips GE Pl ‘P%”%Pﬁ!‘el‘ﬁh*ﬁ"ﬁés f‘g‘?ﬁinm Bﬁﬁ?fﬁéﬁ“? BERERer  as
used Ier ei amfrRf £ig Hatides bﬂtt’fwiﬁne@eat inveniiortli Mpeparatherefaye mop tabe viaveed

car bonyl hall@ﬂ? %9 |n which the amne group is protected with a
protectind 5 S&s, for exanpl e, the Boc protecting group
(tent-butoxycarbonyl), or the Fnoc protecting group (9-
f1 uoroenyl net hoxycarbonyl). 20 The term "acid halide oligoner” as used
herein refers to acid halides including at |east one am de group, one
carbonyl halide group, and 0-1 aminE BLBES! i n which the amine group is
protected wi hidtelp- I¥ _amﬁeth famineci d
hal i de i nt erlhﬂjd'ls\é?%' ?éﬁgﬂﬁﬁe{?% n rnggr’feghwERgpnq):C 25 hal i ge nmonomer or
acid halide oligoner. The term”tandemunit”_ as used herein refers to

uni ts, which y or not be identical i n the %I #\Tgomar Whl ch
consecut i vesQ e%l?o af P¥F e ot hery J\F@J
shal | nean 1|8 di az(gpbp[y 0[5,,5}:,05;)1] undec-- éne. 3Q:H2@§N zsb@b& nean
1, 5-di azabi cycl o[ 4. 3. 0] non- 5- ene. CEY®® shal | nean t- but oxycar bonyl .
"Froc” shal | mean 9-f| uor oenyl met hoxy carbonyl. 39 WO 03/018552
PCT/ US02/ 27953 ,

10 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, 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 POCI,. Triethylamine (33.30 mL, 238.91 mmol)
15 was then added dropwise to a solution of the resulting chloroiminium salit
dissolved in a small amount of CH,Cl, (10mL). This mixture was distilled at 70 C
(100 Torr) to afford 22.70 g of N-(1-chloro-2-methylprop-1-enyl)-N,N-
dimethylamine. 'H NMR (CDCl,): 8 2.36 (s, 6H), 4.11 (s, 2H), 1.74 (br s, 6H).

EXAMPLE 2
20 Synthesis of N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene

(e}
(CH;0),, CISiMe; ,
—_— S
H’i‘ reflux c ’i‘
Me Me

Et3N
CH,Cl,
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The following Exanples in sone instances illustrate a portion of the
present invention (e.g., the preparation of a protected am no acid halide
and the weaspkssseof to prepare a polyam de ol i goner), whiPCe/usn2/amher
instances illustrate various features of the a-hal oenam ne which is used
to prepare the protected 5 amino acid halides of the present invention.
They are therefore not to be viewed in a limting sense. EXAMPLE 1

| mproved Synt hegignfoMefry ARy FsomirahidePAImgee)ofN- di met hyl ani ne O
Cl C 3 POCL3 c t Et SN“dj st ] i
%1 5 cacbluTehebrymce,on e 5 oo seioRs T g ©
g :] gp\g osc ?30‘7%%0 7rgnﬁﬂ7yiﬁidgﬂt§r©tmﬁéﬂh9|ltiléﬂgr ﬁswnatg, 7920fmiig WaSEloply hdatdd mmol )
: . lhe [

b ent s et A aolfass B redcts SR AR RaHids e Tl bhct i on.
\(Ng:s), gg}qﬁﬁnpamf@dnajddbyde dissolvedt d hisamiyx;tereawgse!&ﬂim feoanzadditianed Byl ani ne
Fesui ti ng' 8RS BeiTHRY as et d Rflofe pas” RN cdhceriateld fiRpRve )
Lh.( i mhrt unea;\melé mesemeastc; Msclrtgartd thencapaio filtgradstoatiasd 21920 PONg of

- €Nl or BRigr R-QRtHy8BK Ly rdn e, FHRIMIY (@PTNS: (2 BtAMYErs)-B613D) (s) 6 2. 36
(s, 6H), 41 ‘%mbé"ﬂgm% 1 % 6H) . EXAMP 32
N- ( 1- chi or 8ng- 4 @Il Hcﬁpm@ngﬁl;ﬁ)sﬂxﬁﬁsbﬁnﬁﬂ-%r@% ?gfpg'%@ﬂiim ??éé‘ﬁépteb%
(CH20)g , , Sl Med.and 2.78 (hepteeld £56.4£Hz) [TH cbhbirfed), CHAGH?,) Fe.CHz)MA 0 Me

)
Me Cl PC15 0O Et3N
et/ US02/ 3 91&3((11’5‘] o 6%2 oy (%—ln%glllh%d?{é C[ Me C 40 WO 03/018552

N-Methyl isobutyramidomethylpolystyrene: Anhydrous FeCl, (202.70 g,
1250 mmol) was added in portions to a mechanically stirred mixture of 1%
crosslinked styrene-divinylbenzene copolymer (100 g, 960 mEq) and N-

15 chloromethyl-N-methylisobutyramide (186.80 g, 1250 mmol) in CH,Cl, (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 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 HCl/1,4-

20 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 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.

25 Magic Angle *C NMR (CD,CL,): (2 rotamers): & 177.38 and 176.95 (CO), 53.12
and 50.57 (CH,N), 34.70 and 34.00 (NCH,), 30.56 and 30.45 (CHMe,), 20.03
and 19.53 (CH(CH,),). FT-IR: 1642.92 cm-1 (broad CO stretch). Anal. Calcd for
1.00 C,,H,,NO + 0.10H,0: C, 76.74; H, 8.83; N, 6.39; O, 8.03. Found: C, 76.65;
H, 8.74; N, 6.30; O, 7.81.

30 N-(1-Chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene: N-
methyl isobutyramidomethylpolystyrene (100.00 g, 456 mEq) was washed twice
with dry CH,CN (@1.5L). A fresh portion of CH,CN (1.5L) was then added, and
the reaction was cooled with an ice-water bath while PCl; (330.16 g, 1585 mmol)
was added in portions, at a rate which maintained the internal reaction
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N- Chl or onet hyl - N-met hyl i sobutyram de: A m xture of N methylisobutyram de
(200.00 g, 1980 nmol ) and paraf ormal dehyde (50.50 g, 1680 mmol) in

chl or ot r iwetobplsss: ane (860.40 g, 7920 nmol) was sl ow y heaCedsoyorsef | ux.
At about 62 C, the reaction exothernmed and nost of the 5 parafornmal dehyde
di ssolved. This m xture was refluxed for an additional 4 hours, and then
was filtered to renove solids. This was concentrated to renove nearly all

h f

Chtor oot RSMPEREE A 16T BOTY T The RS EnBilif 4ot ol %f“g%raé)mm 5. 33
(s) and aesme(ramrqamzbbﬁmswa]i then WES(f&t)er%anvah@si)WI[f@ﬂ ROGHISed], 2.93
(heptet, GJ%lji Grr% éﬁéu ppg%ﬁmé? actéd 3-Bid by asﬂwhgn/vﬂwlg@bd‘rﬁdhs 1.14

d J = 6H nb
|(sobutyr ar15?1c sh Ihf!ﬁ)% %‘ﬁ?&’f&{% E@@(ac\?or@ﬁlﬁg‘?efi)fogcomﬁl%%ymml) was

addedsi n Q@mdmﬁetéxcésgm‘?m cally stirred mxture of 1 % crosslinked

ah! or onet hyl - S oLy AP o V98 %mol ) Tn ceaz (1 1),

mai nlt ai ni rigobtlhtgramkjemmhylpeb/stweme Wasnnelaaneldelnlwmodmus GHGIp(15EL). Thbis

hen vas” Wis PR WL ANARRIR ISR SR REREIAT E, 2975 Tl asnd

HCl / 1, 4- di addatediopwise. Arpfecipiiate of EyNPEH tdid)ﬁ@t f@rmweim eaulting fﬁéd'é@l or was
gone.qgrhe v?l%s sth%d 'élég% kdp %hgﬁrsd 'a?igeiﬂén W@a%kﬂlﬁatr@@ anaswshed W c and

controll ed

to t h |
this sti rr\@,‘tﬁh snuakgoRipnS 050(51@13,|103/q| Oéagxa"?f%éﬂ Ob Tﬁ(\;ﬁﬁ@qﬁ&d (ﬂb%nogd:jgg
The'r osi - op O, ReadBnoNGRTMCE m”%‘é“ﬁ“ﬁ:&.‘w‘*‘mm e As a2y dul at ed
to be 4. SGa'HH@Inﬁﬁm b grying @ﬁ‘éﬁ‘g&g%\ﬂ%ﬂ }'@P@Nﬂgg RE@'% I'\é\ﬁpfgéa]
g SD%JI 2): 3 ); NtméﬂTW)amlﬁori:gg\y&ﬂ)Iystwrehéﬁ 95 (CO, 53.12 and 50. 57 (CH2N),
(OH( )2) 1 RESINIgAgng 3w %ﬁﬁ%@?@&%@é@%%ﬁ%ag&' R @8R o,
CLl4H19NO +a@l11t@/l—dﬁ0\l -(Gehirgo2kmetthylprags -eNyl)eN-pesthyl arginosnethyipatystyreng 6. 65;
H, 8.74; | Nrret hyl
am nonet hy 62'[“92 y@eDr?i élbpn?\g rfd]1| sﬁ%jog{l@q é%éér:(gl Fﬁé%oﬁ;/tgfayﬁeﬁe (100y00 g,
456 1EQ) mcﬁmaﬁerwcmmum siwng:agmm@meﬁyatuwf/r\é@wep%fr% Pén of CH3CN
(1.5L) Msm(@ag@nw&éaealca@@ed th [(EREEOT) iMegraApE e @OHinksyrahpx 2BIer  bat h

whi | e PCI 5 8
mg/60.05/0. 96 g.

EXAMPLE 3
Synthesis of 1-methyl-4-(BOC amino)pyrrole-2-carbonyl chloride

Me

eSO Sl

)’N Me  Cl )’N

© - - S
N CGOH CH,CN COCI

| |
Me Me

N-(1-chloro-2-methylprop-1-enyl)-N,N-dimethylamine (31 uL, 0.23 mmol)
was added to a mixture of 1-methyl-4-(BOC amino)pyrrole-2-carboxylic acid (50
25 mg, 0.21 mmol) in CDCI, (200 mL). After a few minutes, the "H-NMR of the
reaction mixture showed complete conversion of the acid to the acid chloride.
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was added in portions, at a rate which nmaintained the internal reaction 41
WO 03/ 018552 PCT/ US02/ 27953 tenperature from 10C to 17C. The resulting

m xture W 0sloessby stirred at room tenperature for 4 houPST/toz29een was
filtered and washed with 2 portions of CH3CN. The swell ed pol yner was
conpacted 3-fold by washing with 3 portions of CHCI 3. This CH3CN CHC 3
cycle of washes was repeated to conpletely 5 renpve the excess PCIS. A

slurry of Tﬂé?e&%h%r IFUR SMHES AL oP heith dHESYAE did not change on standin
s o0l odoVRITE B Foa AEFBEEEIR.o  NIRVBDWL ED SRS S0 AP BDMIaTS was

added drongge1szfp4s bpist #H8, @BQE@W1 50 (5,1004). form The resul ting
m Xture 10 was s |rre at 0C for hour s, and then was filtered and washed

sequentially wth equal portions of CHCI 311:2 CH3CNCHCI 31 1:1

CH3CN/ CHCI 3, and then CHClI 3. Reaction solvents were anhydrous and the

CHCl 3 was stabilized with anyl eneSEX\fﬂWér_ &Iryl ng af forded gol den yel |l ow
N- (1- chl or o- 2- et hyl prop-1- enyl am nonet hyl pol ystyrene. 15 Resin
| oadi ) was det Synihasis 0&1-mﬁthyﬂg":-éﬁ@@senmwIdaa@llecQ-Ga@@Wg‘)'Oﬂ@e a slurry
of N-(1-chloro-2-nethyl prop- 1-enyl)-N-nethyl am nonethyl pol ystyrene (96
nmg) in CDCI3 (800 nL), and integrating he acetyl peaks in the 1 H NWR

spectrum after 10 m nutes of stirrl omte rature. A value of 2.64
nEq/ gm was ca oated lHrom[(CHBOOOI ’él)/( intdgral)] x 26.9
20 ny/ 60. 05 NPLE 3 Synth of 1- met hyf - 4-
amno)pyrroleZc hIorlde IVEOH O Me//C N N COOH
CH3CN N Cocl oro 2- 1 -enyl9-N,

i met hyl am ne (31 pL 0 &)OH CH;CN )\COCI

Me Me

N-(1-chloro-2-methylprop-1-enyl)-N,N-dimethylamine (660 pL, 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 CHCl, (8.00 mL). After a few minutes, the 'H-NMR of the
reaction mixture showed complete conversion of the acid to the acid chloride.
10 'H NMR (CDCl,): 8 7.48 (br s, 1H), 3.95 (s, 3H), 1.50 (s, 9H).

EXAMPLE 5
General synthesis of acid chlorides using
N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylipolystyrene

RCOOH RCOCI

CH;CN

In a dry box, 2 equivalents of N-(1-chloro-2-methylprop-1-enyl)-N-methyl
15 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
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was added to a mi xture of 1-nethyl-4-(BOC am no)pyrrol e-2-carboxylic acid
(50 25 ng, 0.21 mml) in CDCI3 (200 nL.). After a few m nutes, the 1H NWR
of the rexotmBomsat xt ure showed conpl ete conversi on of thePatiusor/aroshe acid
chloride. 42 WO 03/018552 PCT/ US02/27953 The proton spectrumof this

sol ution of aci d chloride did not change on standi ng overnight at room

tenperature. 'H NVR (CDCl 3): b735(br S, 6.93 (d, J = 2Hz, 1 H),
6.46 ( br bkorb %n%ﬁ@tﬁﬁél s of

1- met hyl - é‘%’%@ﬁt%"r‘nmégf f-atboy SNy %ﬂ@%@@ﬂogﬁ e Ve ' HOH--)-
N Me CI /Nh@nmere@qnc@nmat rvagam and rlzed everse p ase

N-(1-chl OrHPECrWéé‘Méﬁféélpo&t cm% Agﬁbﬁi’ﬁﬂ(ﬁé%féﬁmgi eafmam 64260 mml ) was

dded t t box
(1760 o PteinbPepide 18 Sdbmruguie 2 Rerbk NG & aaReeh of 2% o
the meact IRCNIBBYLIFEO36A06¢ MON ever s dbvairsieperiodt Betiasoents t he aci d

o) - ExapeeR i 8, e abgendi pfereimpbs ELP el prebhed bytess:

N- ( 1- chl orpro2edutesy| pr op- 1- enyl ) - N-met hyl ami nomet hyl pol ystyrene M
Q\/--\Nve M O RCOOH RCOCL CH3CN In a dry box, 2 equival ents of

N- (1-chl oro-2-net hyl prop- 1-enyl)-Nnethyl 15 am nonet hyl pol ystyrene was
added to aEXAMPIRE 5A 20M 0. 25M m xture of -0.5- 1.0 mmol of a carboxylic
acid in CD3CN. The resulting reaction m xture was

BOCNH

COocCl

BOCNH

COXMe

NS —~=
Z2—= -‘ =—=
[0 — @ =

X=0orNH

(5-Chlorocarbonyl-1-methyl-1H-pyrrol-3-yl)-carbamic acid tert-butyl ester
10 was cleanly and completely formed from 4-tert-butoxycarbonylamino-1-methyl-
1 H-pyrrole-2-carboxylic acid overnight. 'H NMR (CD,CN): 5 7.35 (br s, 1H), 7.03
(d, J = 1.9 Hz, 1H), 3.79 (s, 3H), 1.47 (s, 9H). 3C NMR (CD,CN): & 156.20,
125.54, 114.59, 36.96, 27.69.

Methyl 4-tert-butoxycarbonylamino-1-methyl-1H-pyrrole-2-carboxylate

15 formed cleanly and completely from the reaction of (5-chlorocarbonyi-1-methyl-
1H-pyrrol-3-yl)-carbamic acid tert-butyl ester with methanol, to afford a single

304 nm HPLC peak at 8.547 min. 'H NMR (CD,CN): 8 7.27 (br s, 1H), 7.03 (br

s, 1H), 6.63 (s, 1H), 3.82 (s, 3H), 3.74 (s, 3H), 1.46 (s, 9H). 13C NMR (CD4CN):
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nmonitored to conpletion by "H NVR Aliquots of the |iquid phase containing
the acid chloride were then derivatized by addition to small vol unes of
nmet hanol ,woaBh#361 , or aqueous 40% MeNH2. These reacti ons P@ErEsonomss ored to
43 WD 03/ 018552 PCT/ US02/ 27953 conpl etion over 1-3h by "H NWR and HPLC to
formthe ester or amde, and then were concentrated under vacuum and
characteri zed. Reverse phase HPLC was carried out on an Agilent 1100

1 | uted at
D5 o SRR 2 S T S OB IR e v
15 m nut e @elpumed §oi|'rh|9|§l M@ﬂt"'é')eé(ﬁﬁtt@?ﬁ%d %55113 :FROUR, éoﬁig nds of
exanpl es A-M 1%@&%@’-@@ cdrbamRyl-PH! ﬂjl”3e§l -CEKAMRE BciNeMebut! NH \ / N

fe:YE

Me BOCNH 0.0 Orea§ W?P&WA&%W I Me

X=Cor NH (&steh %?‘&éa‘?'%%'y @an ‘?FE‘E‘F%
tert - gut yl mesiyer HLpynals3-gl)emnbamicratid d)aszbatyt lepter avitheaiqdeara 40%

overni gnt . ETIRT RS E & Tt ép 6?4’““%55%%6?’57?’” i HERR,
3.79 (s, 34€)D3GN)4?SK§7 Gs, 1.5 .RRRLL SDBENG.58 (5. 141), 6,466, 4i), 3.84. (§9
36. 96, 27. @%éé\’ﬁégdl | 4 44 217 BUHOX MBS PONY! B MRL(BIAN): 51162.25, 153.43,

H pyrrol e-
122.49, 122.34, 102 76, 35.78, 35.75, 27.76, 25.09 (NCH,). Calculated
10 C,H30N;0, (M*+1) exact mass = 254.1499. Found 254.1504.

EXAMPLE 5B

T

N N
| |

Me Me

BOCNH
N

i,

BOCNH

Me

X =0 or NH

(2-Chlorocarbonyl-1-methyl-1H-imidazol-4-yl)-carbamic acid tert-butyl
ester cleanly and completely formed from 4-tert-butoxycarbonylamino-1 -methyl-
1H-imidazole-2-carboxylic acid within 1 hour. 'H NMR (CD,CN): & 8.02 (br s,

15 1H), 7.50 (br s, 1H), 3.89 (s, 3H), 1.48 (s, 9H).

Methyl 4-tert-butoxycarbonylamino-1-methyl-1H-imidazole-2-carboxylate
formed cleanly and completely from the reaction of (2-chlorocarbonyl-1-methyl-
1H-imidazol-4-yl)-carbamic acid tert-butyl ester with methanol, to afford a single
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15 formed cleanly and conpletely fromthe reaction of (5-chlorocarbonyl -
-nmethyl- 1 Hpyrrol-3-yl)-carbamc acid tent-butyl ester wwth nethanol, to
af ford a wongloesss804 nm HPLC peak at 8.547 min. 1H NVR ( CBBTN)SN2/87933 27 ( br
s, I H, 7.03 (br s, I H, 6.63 (s, 1 H, 3.82 (s, 3H), 3.74 (s, 3H), 1.46
(s, 9H). 13C NWR (CD3CN): 44 WD 03/018552 PCT/ US02/27953 b 161.35, 153. 37,
123.07, 119.54, 107.68, 50.70 (OCH3), 36.13, 27.73. Calculated C12H19N204

M++1 ch

fI\/lezrhi/l ex%{‘ﬁ%&%éggkﬁ%mfﬁw ﬁgﬁm}zﬁfér &im?g 1a‘lmbrs gr’ﬁé ESS br ester
formed cl @ﬂII-L) 08 (603’1&93 82)(S,f1%/‘d)n1t4'% (s i Galcstated ConleNoPa 'ﬁ %ll)l 1-5
met hyl - 1 Hopuf hfdlss &ggéﬁggb%u@,d%gjm@{t butyl ester with aqueous 40%
ittt ke Tt N L et
|( H, 53 8]e§t§r, formedl clgant$ ahd, coi’n et@l 1f2rbﬁn th%l'ﬂ)aagﬂ%r‘ﬂﬁf (2SchIBI-d)ca5rl1@@INg’7R 7
25. 09 (NCI-‘TQ? l:i?’ lm@%f] 4It§') ﬁﬁé‘; ‘?6&955%/?8?&? %ﬁ%@%o@ 4ip7f499 Found
254. 1504. méiidthines éifférd\@srnglida 804nRGIRECpeak at 5.642 mis. GH NMR NN ~COOH
N COCl | %H

(2-¢Cnhl oromwl Msﬁ@t@? ITHA M dﬁy'e? ﬂ"t’%g‘% I’bar?i %"ﬁélcgs 3Hg 1 47L§t ester
cleanly ar&l—i):o@pllcetaée@@dﬂ@lﬁwg‘ﬂ\émmeb@ﬁit megs w%@@ﬂi’o@%yl:@ﬁﬂﬁ(.%ﬁ gKyl

1H i m dazol e-2-carboxylic acid within 1 hour. 1H NVR (CD3CN): b 8.02 (br s,

15 1 H, 7.50 (br s, 1 H, 3.89 148 (s, 9H).
0 ( " (S exAuple® (5 99

Synthesis of 4-[(4-tert-butoxycarbonylamino-1-methyl-1 H-imidazole-2-carbonyl)-
amino]-1-methyl-1H-imidazole-2-carboxylic acid methyl ester
using N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene

z—=
©

|5

“I,le o /Me
N
N
?/Z(N[ /)\COOMe
\ /N7

BOCNH

A mixture of 4-fert-butoxycarbonylamino-1-methyl-1H-imidazole-2-

15 carboxylic acid (1.30 g, 5.40 mmol) and N-(1-chloro-2-methylprop-1-enyl)-N-
methyl aminomethylpolystyrene (1.55 mequiv/g, 6.96 g, 10.77 mequiv) in
anhydrous acetonitrile (20 mL) was stirred at ambient temperature. Over 15
minutes, all of the BOCNH-Im-COOH dissolved and was converted to the
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Met hyl 4-tert-butoxycarbonylam no-1-nethyl-1 Him dazol e-2-carboxyl ate
formed cleanly and conpletely fromthe reaction of

(2- chl or ovaroborsss2 1- net hyl - 1 H-i m dazol -4-yl)-carbam ¢ a®ca/usent?Bst yl
ester with nmethanol, to afford a single 45 WD 03/018552 PCT/ US02/ 27953
304nm HPLC peak at 6.088 min. '"HNWR (CD3CN): 6 9.11 (br s, 1 H, 7.35 (br
s, 1 H, 3.98 (s, 3H, 3.92 (s, 3H), 1.49 (s, 9H). Cal cul ated C11H18N304

(MH+1)  ex gw c}ﬁ&% Found 256 1291
(1- I\/Ethyl-gqﬁrre écmé -1 H-|mdaz l_zdcarb m c agi tert-butyl 5
ester forned cl EBAIrgagtian @Bﬂb'lee‘ﬁ@? 87 Fﬁ"?’ﬁé" ehe! ﬂg%ﬁxamosphere and

(2- chl or ocgyebyeRid wésh%W’fh'Z(ﬂrﬂﬂ-dJﬂﬂrﬁmtorﬁ%rﬂé)Th@labemm’crlm:ﬂltfat@nt but yl

t h %, ]
S b m h cANARI e paiegronaeeRS conBirgt i afudd RSO 18 B grbugses oL
g|5-|)5 1%21 lgzmredBEI)pShahe%l)(cme ofa-$olutiah oﬁneamnjoellmﬂﬂtbwélm-lmmam e-dxact mass =
0 6
4L (4- cont CRNEBVRA B RE oS e p R B EheCl 20 mip and 8.
am noJ - 1- meolbfion DFNayCEhA67 2 ng,das® oxypl) dn HePd20ethy| TB@{%U'U@Q Fraction

N (1 eh OF Aadureha! dif e foﬂ5‘?ﬁi¥1hlé§\"a'ﬁ€ttﬁéhm?dﬂdnfﬂﬁé@W'C}Hgtlyﬁ]?%?N Ve M

l\/e N 5) Nc CoeneH Gk spﬂ_ﬁpmwas,qsql‘a;@q”cglegjl\)lg%[t) arw concentrat\ed to-affor
4- ter1o but aesaﬁ%h@élylemﬂezﬂg)muqﬂ-fé:ﬁbum)@aamoay%maocawmnwm acid (1.30

9. 5.4 lm?dazole-é\l_ cglbonyll)oer\r%mo] qemeYh)}? 1?P|mlgiazc% Q carboxyllc 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 :

15 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 12.223 minutes. 'H
NMR (CD,CN): 8 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 7
20 Synthesis 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-carbonyl]-amino}-1H-pyrrole-2-carboxylic acid methyl ester
using N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene

Me o Me v Me Me o e
| N Y N
CZ/KH/[N/)\COOH e {} CZ/ILH/[;/)\COCI

CH4CN
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met hyl am nonet hyl pol ystyrene (1.55 nequiv/g, 6.96 g, 10.77 nequiv) in
anhydrous acetonitrile (20 nL) was stirred at anbient tenperature. Over 15
m nut es, \ablo3pissshe BOCNH | m O00H di ssol ved and was converCag@sop2dhe 46 WO
03/ 018552 PCT/ US02/ 27953 corresponding acid chloride. The reaction m xture
was then filtered under a nitrogen atnosphere and the resin washed with 20
mL of dry acetonitrile. The acetonitrile filtrates containing the acid
chl ori de were conbi ned and added dropwi se to a vigorously 5 stirred 2-phase
m xture of a solution of 4-am no-1-nethy,) -1H—|mdazmle 2- carboxylic acid
met hyl ester (643 ng, 4.15 mmol) in CHZO °2 (20O T and a solution of
Na2CO8 (572 ng,wmb. 40 mmol )Min H2O (20 gc_d le tyhg reaction mxture
| ut

was stirred for;LS nutest and then wa %d wt h\CH2Cl 2 and H20- The
CH2Cl 2 sol uti S i\ls@e@oo,\gri ed (MgyS™4), and COHM €d to afford a

10 quantitative—yield (1.64 g) of N=
4-[(4-tent - but oxycar bonyl am no- | -net hyl - 1H 0
i m dazol e- 2= thyl -1 Him dazol e-2-carbgxylic acid

methyl ester as a very pure off-white solid. Reverse phase LC of this
material was carried out on an Agilent 1100 system using ai\yeag 4.6 x 250
mnm Protein & Peptide C18 columm eluted at 1.2 nL/mn with aflinear

gradi ent of 20% MeCN : 15 80% H20O to 40% MeCN : 60% H2O over caoMe5 mi nut e
period. Both solvents contained 0.1 % TFA. A si ngl e 304 nm HPLC peak

oot (a7 SugnmatasSRa g 119D GG el kS abded n Blyndle Rl 55
gynt hgg insl Qfmli(ttm‘éfdﬁylLméﬂ{){l-ﬂ-[(r?a-trﬂmythyMH(I-ﬁmtdaszwQ-oaftbcmyl):r&th}d] ~1H+ i ni dazol e-
2-can bon | gL ARl AT EaRhS ARl By L Ak 8 Acéehie o.00
N- (1- chl or m)- ﬁmemdlmmpwhmdprmemvnﬁumg|fewnmmmtswapénay§fqrresh@ solid M Me
Me Me 5 Me Q—H-éﬁlo%-Z-m&h\/ldﬂap M\ erll\ﬁ) KL mE'thyI aminomethylpolystyrene (1.55

mequiv/g, 1.04 g, 1.61 mequiv). After stirring at ambient temperature for 10

minutes, an equal 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),

10 and the combined filtrates 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

15 mmol) in H,O (5 mL). The resulting reaction mixture was stirred for 5 minutes,
and then was diluted with CHCI, and H20. The CHCI, solution was isolated,
dried (MgS0Q,), 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-carbonyl]-amino}-1H-pyrrole-2-

20 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,O over a 15 minute
period. Both solvents contained 0.1% TFA. A single 304 nm HPLC peak eluted

25 at 10.847 minutes. 'H NMR (CD,CN plus TFA): 8 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),

48



~N/ \' ()& cCOOH N H CH3CN 47 WO 03/018552 PCT/ US02/27953 Me ON Me Ne O
N M CNHNMe ~NHH2N O HN NMe COOVe Trimethylsilyl triflate (150 pL,

0. 81 nmmolwowasissdried in a single portion to a m xture of PCT/US02/27953
1-nmethyl -4-[ (1-nmethyl -1 H i m dazol e-2-carbonyl)-am no]-1 H

i m dazol e-2-carboxylic acid (200 ng, 0.80 nmol) in anhydrous acetonitrile
(8.00 nL). The solution which forned within a few nonents was transferred
to solid (4; g By1 (0B £1p! (5; BHWEL. Y (s, 28R )38 [y I3ph)] yst yr ene
(1.55 rre56l§2(§ gé plgq=|£ ﬂcq?)tl ms{qunt;? After S{ﬂitr“ rgg at)ﬂlarrbl gtm
terrperatu 80dE. & ) ni nut es, an equal volunme of anhydrous CHCI 3 (stabilized
wi th anyl enes) was added and the mxture was filtered in an inert

at nosphere. The resin was washed with an additional 10 nL of anhydrous
CHCI 3 (stabilized with amyl enes), 10 and the conbined filtrates containing
the 1-nmethyl-4-[(1-nethyl-1Him dazol e-2-

car bonyl )-am no] - 1Hi m dazol e- 2- carbonyl chloride were added dropwi se to a
vigorously stirred 2-phase m xture of a solution of

4-[ (4-am no- 1- met hyl -

i m dazol e- 2-carbonyl ) -am no] - 1- net hyl - 1H pyrrol e- 2- carboxyl i ¢ acid net hyl
ester (171 ng, 0.62 mmol) in CHC 3 (10 nL), and a solution of Na2CO3 (170
ng, 1.60 15 mmol) in H2O (5 nL). The resulting reaction mxture was stirred
for 5 mnutes, and then was diluted with CHCI3 and H2O. The CHCI 3 sol ution
was isolated, dried (MgSO™4), and concentrated to afford a 59% yield (240
nmg) of 1-nethyl-4- {[1l-nethyl-4-({1-nmethyl-4-[(1-nethyl-

H i mi dazol e- 2-carbonyl )-am no] -1 H

i m dazol e-2-car bonyl }-am no) - 1H-i m dazol e- 2- carbonyl ] -am no}-1 H pyrrol e-2
20 carboxylic acid nethyl ester as a very pure off-white solid. Reverse
phase HPLC of this material was carried out on an Agilent 1100 system
usi ng a Vydac
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4.6 x 250 nm Protein & Peptide CI 8 colum eluted at 1.2 nL/mn with a
l'inear gradient of 20% MeCN : 80% H2O to 40% MeCN : 60% H2O over a 15
m nute pwoioda18sBot h sol vents contained 0.1 % TFA. A si nglpeTAGA2/2nysHPLC
peak eluted 25 at 10.847 mnutes. 'H NVR (CD3CN plus TFA): 6 10.90 (s, 1
H), 10.71 (s 1 H, 9.49 (s 1 H), 7.85 (s, 1 H, 7.76 (s, 1 H, 7.65 (m
2H)1, 97H;16 (:I-m\] = 1.8 Hz, 1 H, 48 WO 03/018552 PCT/ US02/27953 6.92 (d, J
= 1. gﬁp , 4.12 (s, 3H), 4.11 (s, 3H), 3.92 (s, 3H,
3.80 (s, ‘H) Tbé%ig 1 2 PCT/ US02/ 27953 V\HAgl' | S |(_:I')_AI VED I(S: 1. I_')An
amno acid halide conprising a 5-nmenber heteroaronatic ring, the am no
;E:\l dcg%l Iztée haV1.n%%{ﬁ@wb@c(dj?aliog&aorgsriﬁﬁ a %éﬁb@ﬁhe@hﬁo}ﬁat%&ir@a\l chg
. X . er : IS or Br; 5 Z an
Zare inde ﬁ@éﬂiﬂ'Pﬁ%B?@%ﬁawggﬁhggﬂufﬁ t%ﬂg 0

r group which may be the

same or different, provided that at |east one of Z and Z', together wth
t he nitrogen atomto Wmc;d% they are attachedk® forma carbamate mdiety; X
is Nor CR; X2|sO g or 10X3|sNoCR4 X4 is O or S
i ndependently sele ed krom hydr oge Sybstituted or tituted
alkyl; R2 is inde ndent y sel ected f om hydr ogen, substifuted\or
unsubsti t ut 1 - C zubst ut ed unsubsgi t c2 o al kenyl
or substitut edNor COQ coQ N coQ
X3 X4 | X3
z' z'
@ ®) ©
wherein:
Qis Cl or Br,;
5 Z and Z' are independently hydrogen or an amine protecting group which

may be the same or different, provided that at least one of Z and Z', together
with the nitrogen atom to which they are attached, form a carbamate moiety;
X, is N or CR’;
X, is O, S or NRY;
10 X, is N or CR%
X,is OorS;
R’ is independently selected from hydrogen and substituted or
unsubstituted alkyl;
R? is independently selected from hydrogen, substituted or unsubstituted
15C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, or substituted or
unsubstituted C,-C,, alkynyl, provided that when X; is CH and X, is N, R?is not
methyl;
R? is independently selected from hydrogen, substituted or unsubstituted
C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, substituted or
20unsubstituted C,-C,, alkynyl or halo, provided that (i) when X, is $ and X; is N,
R? is not hydrogen, and (ii) when X, is N and X, is S, R® is not hydrogen or
methyl; and,
R*is independently selected from hydrogen, hydroxy or alkoxy.

2. The amino acid halide of claim 1 having formula (5), wherein when
X, is S and X, is N, R® is substituted or unsubstituted C,-C,, alkyl.
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unsubstituted C2-C, 0 al kynyl, provided that when X3 is CHand X, is N, R2
is not nethyl; R3 is independently selected from hydrogen, substituted or
unsubsti twDed018332 Cl 0 al kyl, substituted or unsubstitut edPCI/USppm2Abkenyl ,
substituted or 20unsubstituted C2-C, o0 al kynyl or halo, provided that (i)
when X2 is Sand X3 is N, R3 is not hydrogen, and (ii) when X, is N and X4
is S R3is not hydrogen or nethyl; and, R4 is independently sel ected from

hydrogen, hydrogy ory mﬁ‘é?ﬁlﬁoa%ldﬂ_ﬁlﬁie’"@?é@m@qlhé fdteusd (4 Whére’inbménng

formula (5),.wherein d

unsubst i gu el I@:@'éI)&a'&I IR ﬁfm@@? 9‘13‘5@%5{ /%é@%/s"f’% 3&%{'11 no
acid halide of claim1l haV| ng formula (4), wherein when X1 |s N and X3 is
CH R2 is hyd bsti t t Th
am no alczlsd Kalr ?ggn 0 g%rﬁmlﬁarl# ﬁﬂl@gg{(ﬁ%ﬁtl(l%%ﬁ%ﬁ&%% w‘henN gnd

X2 is S RX i§NsauidSX§ 58, e isrsubstiubed bt unetmbsmiuted(C@Cl@;alky% The am no acid
hal i de of cfal m 1l having the fornula: CH3 N ZEN COCI wherein Zis a
protecting group as defined in claiml1l. 6 The amino acid halide of claim5
wherein Z is t-but oxJberavoinglacid halidehef elaimd kavirg kg fod@uws: cl ai m 5 wherein
Z is 9- fluoroenyl met hoxycarbonyl. 8. The am no acid halide of claiml
having the formula: Hs NZEN COCI | NH wherein Zis a protecting group
as defined by claim1l. 9. The am no acid halide fHe:Ial m 8 wherein Z is

t - but oxycar bonyl. 51
N

/ COCl

Z\T
H
wherein Z is a protecting group as defined in claim 1.

6. The amino acid halide of claim 5 wherein Z is t-butoxycarbonyl.

7. The amino acid halide of claim 5 wherein Z is 9-
fluoroenylmethoxycarbonyl.

8. The amino acid halide of claim 1 having the formula:

CH3

/

Z—_

N/ cocl

T
H
wherein Z is a protecting group as defined by claim 1.

9. The amino acid halide of claim 8 wherein Z is t-butoxycarbonyl.

51



WO 03/ 018552 PCT/ US02/ 27953 10. The am no acid halide of claim8 wherein Z
is 9- fluoroenyl net hoxycarbonyl. 11. The am no acid halide of claim]l

wherei n twWe ohetssspar omatic ring is selected from pyrrol ePCrriSdazobe,

furan, pyrazole, thiophene, oxazole, thiazole and 1,2,4-triazole. 12. The
amno acid halide of claiml having a fornula (7A), (7B), (9A) or (9B):
/IRR RB3 Xj NX2 Zz COQZENCOQ NI NZ (7A) (94 / R Rs X} NX2 2z Z

N COQ N COQ |t101 (Tﬁé aﬁﬁﬁb ach“ﬁélﬁié”'of(%mZS wherelh Zig@, R, R2 and R3 are

as deflnedln cl é am no acid halide of claim12 wherein Zis a
protecting 5‘?"9@53’% o>2ycqr§o drogen. 14. The anmino acid halide of claim13
wherein Z is t-butoxycarbonyl or 9-fluoroenyl net hoxy carbonyl. 52 WO

03/ 018552 PCT/ UgP2/ 24953  15. T ] ' ' f

s G T6. The i nol RS AmAgackLiafte pEeiR d ikeltER) eﬁrﬁfd’vf%é}*‘f‘?%(%@
17. The anisrselected fioah pyeols, inldaizolel 6urahe pyiazobe, tmepmn@mmla,ﬂuaz CH3.
18. The a”bﬂ& 1?21:15{r|5%lbqe of claim15 having formula (9A) or (9B).

12.  The amino acid halide of claim 1 having a formula (7A), (7B), (9A)
or (9B):
R® R3

/

X1_—N X2

N N coQ
I |
Z Z 1]
(7A) (9A)
R2 R3
/
Xy——N X,

N / coQ N \ coQ

(7B) (9B)
wherein: Q, Z, Z', X,, X,, R", R? and R® are as defined in claim 1.

13.  The amino acid halide of claim 12 wherein Z is a protecting group
and Z' is hydrogen.

14.  The amino acid halide of claim 13 wherein Z is t-butoxycarbonyl or
9-fluoroenylmethoxy carbonyl.
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19. The am no acid halide of claim 18 wherein X2 is NH or NCH3 and R3 is H
or CH3. 20. The amno acid halide of claim 18 wherein X2 is 0. 21. An amn ho
aci d hal iwe osloiggszrer conprising a 5-nenber heteroaronati ecarusaz/sMsenber
aromatic or heteroaromatic ring, the oligomer having a formula (10), (11)
or (12): R OX -N-~( ALNZ11'~ COQ X3 | ) aZ (100 R3 or OX, AL
NCOQ | a X4 Z° (11) 53 WO 03/018552 PCT/ US02/27953 5or R3 O kX2 AL N

COQ a X3 (12) qmhergha: an%b?cﬂ h&lide3ht clinh 34athdrersQ igigut 1 and

represents the nurrber of tandemunits present

16.  The amino acid halide of claim 15 having formula (7A) or (7B).

17.  The amino acid halide of claim 16 wherein X, is CH and R*is H or

CH,.
18. The amino acid halide of claim 15 having formula (9A) or (9B).
19.  The amino acid halide of claim 18 wherein X, is NH or NCH; and
R3is H or CH..

20. The amino acid halide of claim 18 wherein X, is O.

21.  An amino acid halide oligomer comprising a 5-member
heteroaromatic or a 6-member aromatic or heteroaromatic ring, the oligomer
having a formula (10), (11) or (12):

R2
0 7—N
A\éL/“\TK&X)\COQ
3
2
(10)
or R®
AR
- PR Y&
L N coQ
| a X4
2
(11)
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in the oligoner; 10 Ais Hor NZZ'; Z and Z are independently hydrogen or
an amne protecting group which is the sane or different, provided that at
| east onewofo3fissnz Z', together with the nitrogen atom t ®@CEiiSoI298RY are
attached, forma carbamate noiety; X, is Nor CR; 15 X2 is O S, NR,
-CR=CR"'-, -CR=N, -N=CR - or -N=N-; X3 is Nor CR4; X4isOorS; R and
R' are independently selected from hydrogen and substituted or
unsubsti tg(rc)fd al kyl; 20 R2 is independently sel ected from hydrogen,
substituted or unsubstituted C1-Cl10 al kyl, substituted or unsubstituted CZ
C10 al kenyl, or substituted or unsubstituted CZ €30 alkynyl; R3 is
i ndependently sel ected from hydrogen, substituted or unsubstituted C1-C10
al kyl, substituted or unsubstituted CZ Co;g2 yl, substituted or
25unsubstituted C2 Coo al kynyl ap hal o; i
hydr ogen, hydroxy or al koxy; an L is a/subuni
i ndependently sel ected from subsfituted
substituted or unsubstité e
heteroaryl ene, wherein (i) [Lmmy beNhe samsyef différ@®t for each
30tandemunit, and (ii) no re thar‘{ about ofi2 L is present which enables a
54 WO 03/018552 PCT/ US02/ 27953 hairgpin turn therein. 22. The oligoner of
claim?21 wherein L is independently selected from substituted or
unsubstituted ethyl ene, substituted or unsqlp;x}i tuted propyl ene,
substituted or unsubstituted heteroaryl ene, and substituted or
unsubstituted arylene. 23. The amno acid halide oligoner of claim?21
wherein a {\hepdini Nteger in the range of about 1 to about 10. 24. The am no
acid halide oli omsé of _claim 23 wherein a is an integer in the range of
about 2 to abou& ig Clor Br; _

ais at least about 1 and represents the number of tandem units present

of the tandem unit
unsubgsti tuted al kyl ene,
i Lt or unsubsti tuted

in the oligomer;

10 Ais H or NZZ';

Z and Z' are independently hydrogen or an amine protecting group which
is the same or different, provided that at least one of Z and Z', together with the
nitrogen atom to which they are attached, form a carbamate moiety;

X, is N or CR';

15 X,is O, S, NR', -CR'=CR"-, -CR'=N-, -N=CR'- or -N=N-;

X, is N or CR%

X,is O orS;

R' and R" are independently selected from hydrogen and substituted or
unsubstituted alkyl;

20 R? is independently selected from hydrogen, substituted or unsubstituted
C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, or substituted or
unsubstituted C,-C,, alkynyl;

R? is independently selected from hydrogen, substituted or unsubstituted
C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, substituted or

25unsubstituted C,-C,, alkynyl or halo;

R* is independently selected from hydrogen, hydroxy or alkoxy; and,

L is a subunit of the tandem unit independently selected from substituted
or unsubstituted alkylene, substituted or unsubstituted arylene and substituted or
unsubstituted heteroarylene, wherein (i) L may be the same or different for each

30tandem unit, and (i) no more than about one L is present which enables a
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25. The amino acid halide oligomer of claim23 wherein a is an integer in
the range of about 3 to about 5. 26. The am no acid halide oligoner of

cl ai m 23 wewsfgstornul a (11) wherein X4 is 0 and X, is Nrom/uSke/22%3 The
am no acid halide oligoner of claim23 having fornula (11) wherein X4 is S
and X, is Nor CH 28. The am no acid halide oligoner of claim23 having
formula (12) wherein X2 is NR and X3 is CH 29. The amno acid halide

ol i goner Oﬁaﬁ‘élﬁ'tmnzﬁleli‘éini. ng formula (10) wherein X3 is CHand X, is N or
CH. 30. The amno acid halide oligonmer of claim23 having formula (10)
wherein X3 is Nand X, is Nor CH 31. The am no acid halide oligoner of

claim2l conprigpng Erhé-on Freg lof REfirDiawherdin ¢ is independently isalgcted fromul a

(N0 30" 7 Stpsthigdiod! E@%@% e Buaiindy Gilys *%%%4@%8%%@@“@%0 ¢
A A L N C guiitituted ar uBEQbstiTited hé@yodryimie, andsubistituted opungybstituted, X1,
R2, R3 and hn&ﬁee. as defined in claim?23, and X2 is

23.  The amino acid halide oligomer of claim 21 wherein a is an integer
in the range of about 1 to about 10.

24.  The amino acid halide oligomer of claim 23 wherein a is an integer
in the range of about 2 to about 8.

25.  The amino acid halide oligomer of claim 23 wherein a is an integer
in the range of about 3 to about 5.

26. The amino acid halide oligomer of claim 23 having formula (11)
wherein X, is O and X, is N or CH.

27.  The amino acid halide oligomer of claim 23 having formula (11)
wherein X, is S and X, is N or CH.

28. The amino acid halide oligomer of claim 23 having formula (12)
wherein X, is NR' and X; is CH.

29.  The amino acid halide oligomer of claim 23 having formula (10)
wherein X; is CH and X, is N or CH.

30. The amino acid halide oligomer of claim 23 having formula (10)
wherein X; is N and X, is N or CH.

31. The amino acid halide oligomer of claim 21 comprising a 5-
member heteroaromatic ring and having a formula (16A), (16B), (18A) or (18B):
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O Sor NR. 32. The amno acid halide oligoner of claim31 having fornul a
(16A) or (16B). 33. The am no acid halide oligonmer of claim 31 having
formul a (WBAp/018562 (18B). 34. The ami no acid halide ol i gomeCcTafSopt=@sm 21
conprising a 6- nenbered aromatic or heteroaromatic ring. 35. The am no
acid halide of claim34 wherein the ring is selected from benzene,
pyridine, pyrimdine, pyridazine, pyrazine and 1,2,4-triazine. 36. A
process for preparing an am no acid halide, P-COQ wherein P represents a
substituted or unsubstituted, 5-nepber heteroaromatic or 6- memper aromatic
or heteroaromatic ring which has protected am no group 56 WO 03/ 018552
PCT/ US02/ 27953 bound t hereto, represents a carbonyl

f
process conpri si ng cont a i mmobi |i zed a- pal oenam
carboxylic acid, respond struc ura I
hal i de excep [ \Q

36 wherein the\an |ad hatnde hasa for lfa(l)
-NALNaCOQ | ( or R3 QXL Ala 4 1LTc
(16A) (18A)
R3
R2
X
X1--—-—N Q : \
\</“\ M \<L)J\N \ coq
coQ I a
Zl
(18B)
(16B)

wherein: a, A, Q, Z, Z', X,, R", R, R* and L are as defined in claim 23, and X; is
O, SorNR".

32. The amino acid halide oligomer of claim 31 having formula (16A)
or (16B).

33. The amino acid halide oligomer of claim 31 having formula (18A)
or (18B).

34. The amino acid halide oligomer of claim 21 comprising a 6-
membered aromatic or heteroaromatic ring.

35. The amino acid halide of claim 34 wherein the ring is selected from
benzene, pyridine, pyrimidine, pyridazine, pyrazine and 1,2,4-triazine.

36. A process for preparing an amino acid halide, P-COQ, wherein P

represents a substituted or unsubstituted, 5-member heteroaromatic or 6-
member aromatic or heteroaromatic ring which has a protected amino group
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Z' (2) 5o0or 3 x20 ALNCOQ a X3 Z (3) 57 W 03/018552 PCT/US02/ 27953
wherein: Qis O or Br; ais greater than or equal to 0 and, when greater
than 0, rwpre®essss t he nunber of tandem units present i nPam/usb2/gmseri c
amno acid halide; 10 Ais Hor NzZ', provided that when a is 0, Ais NzZZ';
Z and Z' are independently hydrogen or an am ne protecting group which is
the sanme or different, provided that at | east one of Z and Z', together
with the ' t j tof ha, sad lgamat e -

ot ety x, SUQERe 2O Fehrtts d bR B to (RE Tind, BAd TR ©
R is indoieprerants g halp sreuribeyvrgriniig %@[@ﬁnﬂrﬁ@%&bﬁtm%%s%?omP“S'”g
Sbs 1 Ut o e ot it et RSUDRt 1 Ut ed C2
substituted or unsu itu - a o SUbSt i (o1 itute
&0 al kenyeorrespngbetiuctitely ts e AbRsces aufd Ebabtingf el AR, |

i ndependenkiesgiedfdedled from hydrogen, substituted or unsubstituted C,-C O
al kyl, substituted or unsubstituted C2 Cl10 al kenyl, substituted or

25unsubstituted C2-C10 al kynyl or halo; R4 is independent lP/ sel ected from
hydr ogen, hydr 08Y. or Theé lpoagessarfdiaim 36 wherein the amino acid halide has a

formula (1), (2) or (3):

or S

R2
0 71_—N
A L/“\N )\COQ
[
X
1)
or
R3
O 7&
A\€L/“\N>A coQ
| a X4
¥
)
Sor R3
o Xzé\
A\<L/”\N>/& coQ
| a X3
3.
(3)
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L is a subunit of the tandemunit independently selected from substituted
or unsubstituted al kyl ene, aryl ene and heteroaryl ene, wherein (i) L may be
the sanmeworosdifsferent for each tandemunit present, and @CIT)UuSap27963 € t han
about one 30L is present which enables a hairpin turn therein. 38. The
process of claim37 wherein the amno acid halide has the formula (1), and
wherein X3 is CHor Nand X is CHor N 39. The process of claim 37
wherein thﬁpgﬁhgﬁ acid halide has the forrmula (3), and wherein X2 is NH
and X3 is 40. The process of claim 37 wherein the am no acid
hal i de has the Qfi9Gher8r(2), wherein X, is CHor Nand X4 is 0 or S. 41.

The process of rel I
T e s é#@d};ﬁa@ thaRTR e'&gubhfb @ahal Wﬁ@ﬁ@r@@teh@h?art oerepea@sae\rfgb ggas 233552

i ndependenfyfpb ﬁ&@f@@gﬁﬁwmt%g'&s?ﬂ%ﬁ\%@ OH%WSE"&PWPO ac%l&éﬁb@gr byl oxy or
substituggd hydags gy SyNBXY prévided thaR8vimerea imGepds tiiat;l y hydr ogen,

hydr ocar byl , subst |t ted, d

hydr ocar byl t hi 02 (?d'ﬁr' Qe%\%%gﬂyfﬁydm%% &:ﬁj?mj%bg’ EHPQS)% r‘@@89|

mdg gﬁgg gﬁilsghwsammorydjlﬁesemsprawdm:btthmayma@taneyolf &anshZbhtegetl ebwﬁiémﬁ nyl ,

or brono, B‘F%’@FH@W‘&Q h'?ﬁ QQO%%M&R%O %%&8&2%&4 ﬁliglbq%o?rg(rjl SelssaChl oo

support which XmsbNﬁ Qiﬁ&fm caI separation of the reagent froma liquid

m xture. 142. The ,@§1cla|m36 wherein the resulting am no acid

hal i de has a u?ltéwth1narange of at |east about 95 wt % to about 99.9
W% 43. The pr8csH af CRl;ai m 36 wherein a yield of the resulting am no

acid halide raggesofdrgn at | east about 90% to about 99% 44. The process

of claimcl
aim & |S\Aﬁ1%%%|endent?y sé?ectedaf(r:om hy% éie% gﬂcﬁj substituted or

unsubstituted alkyl;
20 R2 is independently selected from hydrogen, substituted or unsubstituted

C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, or substituted or

unsubstituted C,-C,, alkynyl;
R? is independently selected from hydrogen, substituted or unsubstituted

C,-C,, alkyl, substituted or unsubstituted C,-C, alkenyl, substituted or

25unsubstituted C,-C,, alkynyl or halo;
R* is independently selected from hydrogen, hydroxy or alkoxy; and,
L is a subunit of the tandem unit independently selected from substituted
or unsubstituted alkylene, arylene and heteroarylene, wherein (i) L may be the
same or different for each tandem unit present, and (ii) no more than about one

30L is present which enables a hairpin turn therein.

38. The process of claim 37 wherein the amino acid halide has the
formula (1), and wherein X, is CH or N and X, is CH or N.

39. The process of claim 37 wherein the amino acid halide has the
formula (3), and wherein X, is NH and X; is N or CH.

40.  The process of claim 37 wherein the amino acid halide has the
formula (2), wherein X, is CH or N and X, is O or S.

41. The process of claim 36 wherein the a-haloenamine has the
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t he a- hal oenam ne are contacted in a reaction zone for a duration of |ess
than about 10 mnutes. 45. A process for preparing an amno acid halide
the am noweaBdisssal i de conprising a 5-nenber heteroar omat iPCTAISB2796ber ’
aromatic or heteroaromatic ring and having a formula (1), (2) or (3): 59
WO 03/ 018552 PCT/US02/27953 R 2 OXI -NALNaCOoQ | 32(1) or RB X O
ALNGCOQ | aX4Z(2) 5or R3 X2 0 AL NCOCOQ a X3 (3) wherein: Qis
A or Br; @rndiPreater than or equal to 0 and, when greater than O,

Q
Rg\N N Rs
|
Re Rz
wherein:
5 R, and R, are independently hydrocarbyl, substituted hydrocarbyl,

hydrocarbyloxy or substituted hydrocarbyloxy;

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

10hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, sulfonyl, halo,
cyano, or nitro, and

Q is chloro or bromo,

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

42. The process of claim 36 wherein the resulting amino acid halide
has a purity within a range of at least about 95 wt% to about 99.9 wt%.

43.  The process of claim 36 wherein a yield of the resulting amino acid
halide ranges from at least about 90% to about 99%.

44, The process of claim claim 36 wherein the amino acid halide and
the a-haloenamine are contacted in a reaction zone for a duration of less than
about
10 minutes.

45. A process for preparing an amino acid halide, the amino acid

halide comprising a 5-member heteroaromatic or 6-member aromatic or
heteroaromatic ring and having a formula (1), (2) or (3):
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represents the nunber of tandemunits present in an oligoneric amno 10
acid halide; Ais Hor NzZZ, provided that when ais 0, Ais NZZ'; 60 WO
03/ 018552wB@3h1sS82/ 27953 Z and Z' are independently hydro@em/usn2/ae5am ne
protecting group which is the same or different, provided that at | east

one of Z and Z', together with the nitrogen atomto which they are
attached, forma 15 carbamate noiety; Xl is Nor CRL; X2 is 0, S, NR,
-CR=CR"'-, -CR=N, -NECR - or -N=N-; X3 is Nor_£R4; X4 is Oor S; 20 R1

and R' are independently selected from hydrogen a & substituted or
unsubstituted alkyl; R2 is independently selected from hydrogen,
substituted or unsubstituted Cl-CJO0 aIkyIX1su55 ituted or unsubstituted Cz
C10 al kenyl, or substituted or ungubstityted C2-C10 al kynyl; 25 R3 is

i ndependent |y sel ected fron1hydrog%n, ituted\or unsubstituted Cl-C10
al kyl, substituted or unsubstiftu substituted or
unsubstituted C2 C10 al kynyl hal o; NB4 i s Zog@épendefPRy sel ected from
hydr ogen, hydroxy or al koxy; nd, 30| is a Stbunit of the tandem unit

i ndependently selected from substituized or unsubstituted al kyl ene, aryl ene
and heteroarylene, wherein (i) L nmay be the sane or different for each
tandem unit present, and (ii) no nore than dbbut one L is present which
enables a ®airpin turn therein; the process conprising contacting an

a- hal oenam ne and an am no-protected, 355-nenber heteroaromatic or

6- menber aromati c or heteroaromatic carboxylic acid, wherein said
carboxylic acid corresponds to fornmula (1), (2) orR?3) except that Qis CH

and not O or Br. 46. The process of claim45 whefein the resulting am no
acid halide has a purity wthin a range of; ast about 95 wt % to about
99.9 Wt % 0 / , \
A /“\
L N COoQ
| a X4
Zl

2)
5or
R3
Xo
° \
A )j\
\<|_ N)Q\COQ

| a X3

Z 1]
(3)

wherein:
Qis ClorBr;

a is greater than or equal to 0 and, when greater than 0,
represents the number of tandem units present in an oligomeric amino

10 acid halide;
A'is H or NZZ', provided that when a is 0, A is NZZ,
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47. The process of claim45 wherein a yield of the resulting amno acid

hal i de ranges from at | east about 90%to about 99% 48. The process of

cl ai m 45 wibeseisssz he am no acid halide and the a- hal oenarcmasaz/z796dnt act ed
in a reaction zone for a duration of |ess than about 10 m nutes. 61 WO
03/018552 PCT/ US02/ 27953 49. The process of claim45 wherein a is 0, the
am no acid halide conprising a 5-nenber heteroaromatic ring and having a

formila (4), (5) or g@n eﬁﬁdéﬁ’en&éml Nyfiogsh &b XSty GRRPZEN \
3 00Q | 5) WA
defined in 45) &szlséhwag%@r Nﬁereﬂiazprpqueﬁdbaéﬁﬁ'@ﬁﬁ 9”%8?2&'1512? fom.

hydrogen, subst tdgé‘tl?é’r Wwith H@Hlﬂ@béh HieH toWhicH they) &nd attsaHesk férut ad or
unsubsti tuted C2 Ikenlxéh) or substituted or unsubstituted CZ C O
e

al kynyl ; 18nd, R @m aéB% ntly selected from hydrogen, substituted or
unsubstituted 10Cl- &NquGRﬂsubstltut ed or unsubstituted C2-C o al kenyl,

substituted or unsup<s ér]g%eﬂl;% &QO_@ﬂ{kynéh; ﬁuﬁl—% SQ’ﬁgthﬂ .process of
or

claim45 wherein the™a ne has 't he 1 R6 R7
wherein: 5 R and RoXgieNiordeBkndent |y hydrocar byl , substltut ed
hydrocarbyl, hydrocs hy yg.or substituted hydrocar byl oxy; R7 and R8 are

|ndependently hydr oge ocar byl , substituted
20 Y J ﬁand R{ are independently selected from hydrogen and

substituted or unsubstituted alkyl;

R? is independently selected from hydrogen, substituted or
unsubstituted C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, or
substituted or unsubstituted C,-C,, alkynyl,

25 R is independently selected from hydrogen, substituted or
unsubstituted C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl,
substituted or unsubstituted C,-C,, alkynyl or halo;

R* is independently selected from hydrogen, hydroxy or alkoxy;
and,

30 L is a subunit of the tandem unit independently selected from
substituted or unsubstituted alkylene, arylene and heteroarylene, wherein
(i) L may be the same or different for each tandem unit present, and (i)
no more than about one L is present which enables a hairpin turn therein;

the process comprising contacting an a-haloenamine and an amino-protected,

355-member heteroaromatic or 6-member aromatic or heteroaromatic carboxylic
acid, wherein said carboxylic acid corresponds to formula (1), (2) or (3) except
that Q is OH and not Cl or Br.

46. The process of claim 45 wherein the resulting amino acid halide has
a purity within a range of at least about 95 wt% to about 99.9 wt%.

47. The process of claim 45 wherein a yield of the resulting amino acid
halide ranges from at least about 90% to about 99%.

48. The process of claim 45 wherein the amino acid halide and the a-

haloenamine are contacted in a reaction zone for a duration of less than about
10 minutes.
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hydr ocar byl , hydrocarbyithio, substituted hydrocarbylthio,

hydr ocar byl carbonyl, substituted hydrocarbyl carbonyl,

hydr ocar bwbasgesasbonyl , substituted 10hydrocar byl oxycar bomgir;usptiz®phi nyl ,

t hi ophosphinyl, sulfinyl, sulfonyl, halo, cyano, or nitro, and 62 WO
03/018552 PCT/ US02/ 27953 Qis chioro or bronb. 51. A process for preparing
a polyam de oligomer or polymer, the process conprising: (a) formng a
popul ation of ajp “?h%&ﬁrb@éééféf claith 48 \M%rélméihd dethetarhiongcid blalddk unit s

possessi ng a 5-nenber teroaronatic ic or

Shet er oar oﬁ@mPHS'ﬁ*ﬁ|3e5§f“@'l‘?§?éhﬁter%%ﬁ°8ﬁ}ﬁ rllnég ﬂ'ggﬁﬁ&'”& QN&IWI% 4: DS Ghier ei n
P represents the aromatic or heteroaromatic noiety to which is bound a
protected anmino group, RO represents a carlgdnyl group bound toRrthe
aromatic or heteroarongtic noi ety, and Q r/fepresents a hal o grgup bound to
the carbonyl carb®m, the units being/formed by contacting2ana- hal oenani ne

and a car boxyl i c Cacid, P-CO2H, th corResponds structiural |y to the
am no acid hali exce hat ZQ\:N dr ox nst ead\of ; conbi ni ng
a nenber of t v@po E( i on"Gsfa a - pr t ed,"C@@ no "Naci i de ¢4 | di ng

bl ock units V\nth a notety corrpr|5| ng an tﬁnprotected adn no tinctionality to
forma reacti of’ product possessi ng'an ani de |inkage aAd a 15protected
anmno functionality;afc) deprotecting tpg amino group of theyeaction
product; and, (d) repeating steps (b) and (c) at |east once, wherein the
deprotected reaction product formed in step (c) is used as the noiety
conpri si ngA§reilhpr ot ect ed amino functionality in a subsequent step (b).

52. The process@fz, @ aXmgIXyRranichRS arelaadetinedlin 46; has a purity within a
range of %t | ea by ﬁ%to about 99.9 wt % 53. The process of claim
51 wherei ¥ the |% D 'sing an unprotected amno functionaljity is
supported. 54. Rids pmdmpessently sélactadstomtudedgen, rrabstifuied g vupubst 'ttl#tééen is
protected @s_ 10t%f"liiéﬁ)a§%tsﬁtuté§0rEHQU%‘LQ&%ESCZO@OC&%WI?& satiaitedarrati o of

equi val ent S0
unsubstituted C,-C,, alkynyl; and,

R? is independently selected from hydrogen, substituted or unsubstituted
10C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, substituted or
unsubstituted C,-C,, alkynyl or halo.

50. The process of claim 45 wherein the a-haloenamine has the

formula:
Q
RQ\N N Rg
|
Rs R7
wherein:
5 R, and R, are independently hydrocarbyl, substituted hydrocarbyl,

hydrocarbyloxy or substituted hydrocarbyloxy;
R, and R, are independently hydrogen, hydrocarbyl, substituted

hydrocarbyl, hydrocarbylthio, substituted hydrocarbylthio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted

10hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, sulfonyl, halo,
cyano, or nitro, and
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protected, am no acid halide building block units to the noiety conprising
an unprotected amno functionality is wthin a range of about 1:1 to |ess
than abowwo 03/0185553 WO 03/ 018552 PCT/ US02/ 27953 56. The pCodses2wf3 claim
51 wherein the yield of said reaction product is wth a range of about 90%
to about 99% 57. The process of claim 51 wherein a menber of the

popul ati on of am no-protected, am no acid halide building block units is
conbined with aQ|§‘éQ%trdo?%Fm’ﬁb5' ng an unprotected am no functionality to
forma reaction product for a duration of |ess than about 10 minutes. 58.
The process of claimb51 wherein the a-hal oenam ne has the fornmula: Q RO R8

R6 R7 wherein: 5R6 anproesy for prsteringe polyrniigel oligamey br pelyirerj thet ed
hydr ocar by| drocar byl oxy or substituted hydrocarbyl oxy; R7 and R8 are

i ndependenProyeﬁﬁs/ﬁPB@é'ﬁm ydrocarbyl, substituted hydrocarb
hydr ocar byl t hi o{a)sfobsing atpegulation af antipbtbtectd; cmioardsjd baﬁ/ctﬂ)hyillding

Pydr ocar by PBRSAATE BRgFeio g R mentbet tRRStRKoBaE o %"'“‘éhbe?%?@"“b"%?ﬁy
hal o, | Oibemeooaromailctmoletsaﬂwe}m galdmrtﬂsmawngaa mulﬁr%ﬁ dWheEgin E’whe’n t he
a- hal Oe”amrﬁg)?%%é:‘nté QHrh ﬁt,dor %te'r@é\%héﬂ&%@fetf% whigh.is BBupad Hoteqspr i ses

i iFEPS”5gmlmgf&%@&@we§éﬁ§.#%p%r pearen bospSdnthe SEPGURAT T de buil di ng
ihoﬁk has hatet@ardatic(rhbiety, AndOQ réplesehts ¥RafBRLPRIGUICY thERaHaG1E3 R2 O
carbon, the units being formed by contacting an a-haloenamine and a carboxylic
10acid, P-CO,H, that corresponds structurally to the amino acid halide except that
Q is hydroxy instead of halo;
(b) combining a member of the population of amino-protected, amino
acid halide building block units with a moiety comprising an unprotected amino
functionality to form a reaction product possessing an amide linkage and a
15protected amino functionality;
(c) deprotecting the amino group of the reaction product; and,
(d) repeating steps (b) and (c) at least once, wherein the deprotected
reaction product formed in step (c) is used as the moiety comprising an
unprotected amino functionality in a subsequent step (b).

52. The process of claim 51 wherein said acid halide has a purity within a
range of at least about 95wt% to about 99.9 wt%.

53. The process of claim 51 wherein the moiety comprising an
unprotected amino functionality is supported.

54. The process of claim 51 wherein the amino group nitrogen is
protected as a carbamate.

55. The process of claim 51 wherein a ratio of equivalents of the amino-
protected, amino acid halide building block units to the moiety comprising an
unprotected amino functionality is within a range of about 1:1 to less than about
3:1.
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ALNCOQ I X3Z (1) or RB 5X O ALN a X4 zl (2 or R3 0O X2
LNCOQ | a X3 Z (3) wherein: Qis d or B?;OQGS V\DO3/0(18)552

PCT/ US02/ 2093818582 i s greater than or equal to 0 and, whenpgmamsbze79shan O
represents the 1 Onunber of tandemunits present in an oligoneric am no
acid halide; Ais Hor NZZ', provided that when a is 0, Ais NZZ'; Z and
Zare |ndependently hydrogen or an am ne protecting group which 1is the sane

or different, & t f
r & clélﬁﬁ§1 \Ail’fé‘?elﬁ the yidd of said! re@etioe broduot is he
nltrogen atomto WhIC i@gsare forr)r/l%,a car banat e rmlpety, 15 X, is

N or CR : Wiltpajrange géamlt ?§|9§/‘€R4

57. The process of claim 51 wherein a member of the population of
amino-protected, amino acid halide building block units is combined with a
moiety comprising an unprotected amino functionality to form a reaction product
for a duration of less than about 10 minutes.

58. The process of claim 51 wherein the a-haloenamine has the formula:

wherein:
R, and R, are independently hydrocarbyl, substituted hydrocarbyl,
Shydrocarbyloxy or substituted hydrocarbyloxy;

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

10cyano, or nitro, and

Q is chloro or bromo,

provided that, when the a-haloenamine is immobilized, at least one of Ry,
R,, R; and R, comprises a support which enables physical separation of the
reagent from a liquid mixture.

59. The process of claim 51 wherein the amino acid halide building block
has a formula (1), (2) or (3):
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X4 isOorS; R is independently selected from hydrogen and substituted or
20unsubstituted alkyl; R2 is independently selected from hydrogen,

substi t utwo oem18sasubstituted C -C,, al kyl, substituted oPCunsobsss uted C2
-Cl O al kenyl, or substituted or wunsubstituted C2 C10 alkynyl; R3 is

i ndependent|y sel ected from hydrogen, substituted or unsubstituted

25C,-C, 0 al kyl, substituted or unsubstituted C2 Cl10 al kenyl, substituted or
unsubstituted C2 -Cl O al kynyl or halo; R4 is independently selected from
hydrogen, hydroxy or al koxy; and, L is a subunit of_fhe tandem unit

i ndependently selected fromsubstituted or unsubrsyg?t uted al kyl ene, aryl ene
and heteroarylene, wherein (i) L may be the 30sa or different for each
tandemunit present, and (ii) no nore than’about—Nne L is present which
enables a hairpin turn therein. 6. The pr claim59 wherein a is 0.
61. The process of claim®60 wherei i .
wherein Z is t-butoxycarborﬂé 63 The\pt aime6l wherein Zis

9- f | uor oenyl net hoxycar bony\~ o4 T
integer in the range of about\ 1 to aﬁ' : . The process of claim®64
wherein a is an integer in the range 9f about 66 WO 03/018552

PCT/ US02/ 27953 2 to about 8. 66. TheZprocess of claim65 wherein Qis d.
67. The process of claim66 wherein Zis t-bu{el xycarbonyl. 68. The process
of claimb59 wherein steps (b), (c) and (d) ar automated. 69. A process
for preparing a polyam de oligoner or polyner, the process conprising: (a)
form ng a Bbpul ati on of ami no-protected, amino acid halide building block
units conprising a 5-nmenber heteroaromatic ring and having a fornmula 5(4),
(5) or (6):

R3
5 X4
AR
A ﬂ
L N coQ
I a X4
70
2)
or
R3
0 e \
A\<L /“\NA 00
l a X3
7
3)
wherein:

Qis Cl or Br;
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IR RB R3 XI -NXq x2 Zzz Nx3COQNX4COQN\N COQ 43 | ' (4) (95
(6) wherein: Qis O or Br; Z and Z' are independently hydrogen or an

am ne prowewsiomysyroup which may be the sane or differentCcTasov2mssl t hat
at least one of Z and 10 Z', together with the nitrogen atomto which they
are attached, forma carbamate nmoiety; X is Nor CRl; X2 is O SorNR ;:

X3 is NorCR4; 15 X4isOorS; Rl is independently selected from hydrogen and

substituted or I f
hydr ogen, subst?tﬁ?%é”h%hﬁdiuéyg@%ou?gnaéwhgg g?ﬂl%@wo toprescits ete 11 om

t ut ed
unsubst i i QpwEbeyotiandenk Ui prasent WaW@'WGTQ@gﬂ”é@?}fﬁg e|2755§ (Z)(r)
substituted or Ansupst Nzat ?ﬁo@ed@hé@vﬁﬁéwé)@ 0, R3s NZZ'ndependent | y sel ect ed

O 3 ok At Sagsbond MRS S, e Prdlbng B efE o
g Ir kg)a:lyo amm%miﬁf difilepentd providedsthat at kst onfrﬂﬂZ(Hmeh ,tog@tmbw;th e
amino  aci até?gfepoaﬁowuﬁiwﬁﬁ@ PR afeotleh RS B aetnBls b

unpr ot ectiéd am Kois NuwrdRbnal ity to form a reaction product possessing an
am de |inkage aRglsaO’@r&thRﬁ,ed am no functionality;

X, is N or CR*
X,is OorS;
R’ is independently selected from hydrogen and substituted or

20unsubstituted alkyl;
R? is independently selected from hydrogen, substituted or unsubstituted

C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, or substituted or
unsubstituted C,-C,, alkynyl;
R? is independently selected from hydrogen, substituted or unsubstituted
25C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, substituted or
unsubstituted C,-C,, alkynyl or halo;

R* is independently selected from hydrogen, hydroxy or alkoxy; and,

L is a subunit of the tandem unit independently selected from substituted
or unsubstituted alkylene, arylene and heteroarylene, wherein (i) L may be the
30same or different for each tandem unit present, and (ii) no more than about one

L is present which enables a hairpin turn therein.
60. The process of claim 59 wherein a is 0.
61. The process of claim 60 wherein Q is Cl.
62. The process of claim 61 wherein Z is t-butoxycarbonyl.

63. The process of claim 61 wherein Z is 9-fluoroenylmethoxycarbonyl.

64. The process of claim 59 wherein a is an integer in the range of about
1 to about 10.

65. The process of claim 64 wherein a is an integer in the range of about
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(c) deprotecting the am no group of the reaction product; and, 30 (d)
repeating steps (b) and (c) at |east once, wherein the deprotected

reacti on woedoetssf orned in step (c) is used as the noi etyPCOMsNY/$iong an
unprotected am no functionality in a subsequent step (b). 70. The process
of claim69 wherein said amno acid halide building blocks have a formula
(7A), (7B), (9A) or (9B): /R RB X NX2 ZZ NCOQNCOQNI N Z Z
(7A) (9A) Af2addut8 -N X2 ZZ NCOQNCOQI, I, (7B) (9B) 68 WO

03/ 018552 PCT/ US02/ 27953 wherein: Q Z, Z', X, X2, R, R2 and R3 are as
defined in 69. 71. The process of claim69 wherein the am no acid halide
has a purity wiéghi Thepraoege offclaimn 6ebheraib@iis G5 wt % t o about 99.9 wt %
72. The process of 69 wherein a ratio of equivalents of the am no-
protected, amno acid halide building block_units to the noiety conprising
an unpr ot ect ed &ni He proness eislaimo6a wharainiZisd-udexyeapporbout 1: 1 to | ess
than about 3:1. 73. The process of claim69 wherein steps (b), (c) and (d)

are automated. 74._The process of claim 69 vvher@i n &he yield of said
reaction product®8: sThepraressod GlRiMA9 WHSIRIN strRs )50 andddyare

automated.

69. A process for preparing a polyamide oligomer or polymer, the
process comprising:
(@) forming a population of amino-protected, amino acid halide building
block units comprising a 5-member heteroaromatic ring and having a formula
5(4), (5) or (6):

RZ R3 R3
/
» /N B
y4 z
\N/< )\COQ \N/< coa Z\N/& coq

| X3 | X3 I X3
z' z 2

4 (5) (6)

wherein:
Qis ClorBr;

Z and Z' are independently hydrogen or an amine protecting group
which may be the same or different, provided that at least one of Z and
10 Z', together with the nitrogen atom to which they are attached, form a
carbamate moiety;
X, is N or CR";
X,is O, S or NR';.
X, is N or CR%;
15 X,isOorS;
R' is independently selected from hydrogen and substituted or
unsubstituted alkyl;
R? is independently selected from hydrogen, substituted or
unsubstituted C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl, or
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75. The process of claim69 wherein a nmenber of the population of

am no-protected, amno acid halide building block units is combined with a
noi ety coOwprod®i8se2 an unprotected amno functionality to f®CEE02Z/2A63 1 ON
product for a duration of |less than about 10 m nutes. 69

20 substituted or unsubstituted C,-C,, alkynyi;

R? is independently selected from hydrogen, substituted or
unsubstituted C,-C,, alkyl, substituted or unsubstituted C,-C,, alkenyl,
substituted or unsubstituted C,-C,, alkyny! or halo; and,

R* is independently selected from hydrogen, hydroxy or alkoxy;

25 (b) combining a member of the'population of amino-protected, amino
acid halide building block units with a moiety comprising an unprotected amino
functionality to form a reaction product possessing an amide linkage and a
protected amino functionality;

(c) deprotecting the amino group of the reaction product; and,

30 (d) repeating steps (b) and (c) at least once, wherein the deprotected
reaction product formed in step (c) is used as the moiety comprising an
unprotected amino functionality in a subsequent step (b).

70. The process of claim 69 wherein said amino acid halide building
blocks have a formula (7A), (7B), (9A) or (9B).

R2
X4 ———N
\T/\ % A
2 3
Z
(7A) (9A)
R? R3
/
X;——N X,

~  coa N AN coQ

(7B) (B)

68



WO 03/018552 PCT/US02/27953

wherein: Q, Z, Z', X,, X,, R', R and R? are as defined in 69.

71.  The process of claim 69 wherein the amino acid halide has a purity
within a range of at least about 95 wt% to about 99.9 wt%.

72. The process of 69 wherein a ratio of equivalents of the amino-
protected, amino acid halide building block units to the moiety comprising an
unprotected amino functionality is within a range of about 1:1 to less than about
3:1.

73. The process of claim 69 wherein steps (b), (c) and (d) are
automated.

74. The process of claim 69 wherein the yield of said reaction product is
with a range of about 90% to about 99%.

75. The process of claim 69 wherein a member of the population of
amino-protected, amino acid halide building block units is combined with a
moiety comprising an unprotected amino functionality to form a reaction product
for a duration of less than about 10 minutes.
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