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10 Technical Field _
This invention is related to photoactive nucleoside analogues that can be
incorporated into synthetic oligonucleotides during automated DNA synthesis for

use in crosslinking of complementary target nucleic acid sequences.

15 Background

The use of crosslinkable probes in nucleic acid hybridization assays to
crosslink to target sequences is demonstrated in U.S. Patent 4,826,967 by
K. Yabusaki et al.; compounds are based on furocoumarin (or psoralen) attached
to existing polynucleotides (usually through adduct formation) and are satisfactory
20 for many applications. However, the crosslinking group/nucleoside adduct is
difficult to synthesize, particularly in large quantities. In U.S. Patent 5,082,934,
Saba et al. describe a photoactivatible nucleoside analogue comprising a coumarin
moiety linked through its phenyl ring to the 1-position of a ribose or deoxyribose
sugar moiety in the absence of an intervening base moiety. The resulting
25 nucleoside analogue is used as a photo-crosslinking group when inserted into a
polynucleotide as a replacement for one or more of the complementary nucleoside
bases present in a probe used in hybridization assays.
Nevertheless, new types of compounds that offer additional advantages,
such as stability throughout probe synthesis and use, and conformational

30 flexibility, continue to remain desirable.
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'SUMVARY OF THE | NVENTI ON I n accorgdance with a first aspect of
the present invention, there is prOV|ded a conpound having the
formula: [err] wherein AR L INVENTON near, branched,

or cyclic hydrocarbon group containi,n frp 2 to 0 car bo atoms and, if

cyclic, containing a 5- IBf CYITERL ipvention proy egpoxmtjc eosidic, staple, PRAIGACHYS gt i ¢

ring system contai Qbﬂﬁoﬁd@tha?&arﬁbﬁﬁf&%‘iﬂoﬁd?&shﬁ&h reBkehls Mmubleid)acRE NY
substituted with 1, 2| groups of the formula err], wherein Rerr]

i ndependently repr éybmuaaoorassgyhm thriappitis: applicatigns as ellias tschaiques andg gr oup

ol ynucl cot o, -or TR ifar 38 b8 oo et Rl bV TP 2 e

connected to the renai nThe cmhpmmdsjcdmpmmlmumannyl\daavaﬂvns preparcd by linkiag ¢leer bon

atoms of the hydr O%ﬁerny nngl r()?la{%o@tglgnﬁ %1%'1 ufé or d\énvauve to a hydroxy or polyhydroxy
hydrocarbon molecule, such as one of the terminal hydroxy groups of a glycerol
molecule. The (poly)hydroxy hydrocarbon moiety of the resulting compound is

10 equivalent to the sugar of a nucledside, while the coumarin moiety occupies the
position of a base. Accordingly, the compounds can be inserted into growing
polynucleotide chains using automated (or manual) techniques of polynucleotide
synthesis. The double bond between the 3 and 4 positions of the coumarin ring
system is a photoactive group that covalently crosslinks to nucleosides in the

15 complementary strand when an oligonucleotide containing this non-nucleoside
analogue (the "probe") is used in a hybridization assay and/or therapeutic
application.

For the most part, the photoactive compound has the formula

2
0 w, Y
X Z
B— X A
0”0
25

in which the substituents and linking groups are described below in more detail.
The (poly)hydroxy hydrocarbon backbones give maximum flexibility and
stability to the oligosaccharide structure in which they are located as well as good
_ solubility in aqueous and organic media.
30
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an .oxygen, nitrogen, or sulfur atom wth the proviso that B does not
.represent a deoxyribose or.-a ri bose—Re+etys X represents—(1) a
bond, (2) a Ilnear branched, or cyclic hydrocarbon group containing 1 to
10 carbon atons or (3) the X(2) group in which one to three carbon atons of
t he hydrocar kppogsgasd are repl aced by an oxygen, sulfur or nPCT/USp6M3I34 oM
and wherein the shortest |linking chain of atons in X between atons in other
parts of said fornula attached to Xis 1 to 10.atons. wherein X is
optional Iy substituted with 1-3 substltuents selected_fron1the gr oup

consi sting of hydroxy, hal og@ESCRIBFION: QFSPECIEICEMBOBEIINIS,

perfl uoronet hyl, and. n nfﬂoﬂ q]ggp {o
t he benzo ring of sai dc*‘@ %&&PWF@%R}Q ﬂE%b%‘&f n&gdﬁt%}ltb? s
or 3; each VY phetogeinatitié hgn-nmmtmsmnkgrdn ohgonmubn@empbesmsqu

am do, . azido, nitrpo, thiq, carbox rbon uor. r
functional group; BYPAGIZAHPR AFsAYH @%" "TNE‘?’BE%'&B)?P&“"MS ﬁ?yﬁﬂﬂhon assaf¥, the
2a group of 10 orc&ﬁ;y&hdscae’dnerh@hﬁ&&. ar® typially ubedlsqraar ¢NSynBERDNA or RNA
substituted with 1-3 of said functional groups or _in which on c%b%ré atRm

i s. repl aced by an ohg@eﬂwmmﬁmmmmtmmweﬁm@ﬁa%

together can repre E@{ﬁﬂe ﬂﬁéﬂl’r fovide

with the provisos ?%gwﬂwmﬁe{l or % subs |t¥l§?m§;nﬁ§/tg?ocarf) the
total nunber of suberivativesrattached tb(acntabw |ﬂexihm (polipdhydrony hvmbmumbomuml
~carbon atons in sajd X or than one, su et eroatom
is attached to a g%ﬁ#‘@&?ﬁvﬁtﬂa‘“ﬁﬁl‘:&%@‘ EFOMpRUDds; 'Hg‘ﬁi’“a‘g‘ﬁg’g‘ & gen at ons
on said given carbon andoipdunds of thetinventian have thé gemeralfommdla:W subst i t uents

is 15 or fewer; and Y and Z independently represent H or |ower alkyl
or F.

Backbone moiety - Linking moiety - Crosslinking moiety

"Moiety" here and elsewhere in this specification indicates a part of a
15 molecule that performs the indicated function. A given moiety is usually derived
from another molecule by covalently linking together two or more molecules, with
the identifiable remnants of the original molecules being referred to as "moieties. "
For example, if a psbra!en molecule is attached to a glycerin molecule with a
divalent linker, such as a methylene group, the resulting single molecule is
20 " referred to as being formed of glycerin, methylene, and psoralen moieties. It is
| not necessary, however, that the three moieties actually arose from three separate
molecules, as discussed below. Thus "derived from® can refer to theoretical, as
well as actual, precursors.
The crosslinking moiety will be derived from molecules having a fused
25 benzopyrone structure, such as the following: (1) coumarin and its simple
derivatives; (2) psoralen and its derivatives, such as 8-methoxypsoralen or
5-methoxypsoralen (at least 40 other naturally occurring psoralens have been
described in the literature and are useful in practicing the present invention);
(3) cis-benzodipyrone and its derivatives; (4) trans-benzodipyrone; and
30 5) compounds containing fused coumarin-cinnoline ring systems. All of these
molecules contain the necessary crosslinking group (an activated double bond)
located in the right orientation and at the right distance to crosslink with a



In accordance with a second aspect of the present invention, there is
provi ded a. conpound having the fornula: _[err] wher ei n

B represents (1) a branched or cyclic hydrocarbon group

containing from3 to 10 carbon atons and;, if cyclic, containing a 5- or 6-
menbered ri ngwiyosagdsgd heterocyclic aromatic ring system contpgiriisdgessss® OF

-6- nrenbered ring, said B(1l) or B(2) being substituted with 1,
.2, or 3 groups of the formula OR[efr], wherein R err] represent
‘H or a hydroxy protecting or hydroxy- coupling group capabl e of

protecting or couplriuwiorddincthe rarge strami. dAliof ghese molecules are coumhiie defvatives] in
pol ynucl eoti de or 2, groups. when err] represents .a.nucleotide, p

pol ynucl eot i de conr{E%taglu‘g’l"[?“l ﬁ’&‘%ﬁﬁ?ﬂﬁ’eﬂ“ "@am“?)o?%?ya‘?"‘a%"%&r'% n one
to t hr aemamABOF thé aivtechle i§ BaseBydr ocar bon group are repl aced by
an oxygen, nitrogen or, sulfur atom wth the proviso that B

does not represent a ri JdedinkinggaRisty Wil wognally be formed from a precursor that contains
2b X | § AN .
§ epreseiis 104108, Qﬁfégabi%g)m 9%,0 h@%mfeﬁfb@fgfij%azﬁéfni@'fg?cgggali .

hydr ocar bon group contai ni ng car bon atons or
whi ch one to three groupsat twe toratians fohattaohing theootherrmojetinsto gach otherl aAfier by an

oxygen, sulfur, or Bl t609e theirllirsc? 18 rMICthe i ncil§! € ttar bl 3 So5s Tn
the shortest linking chain of atoms between the coumarin ring system and the
backbone moiety (sugar substitute) is generally from 1 to 15, preferably 1 to 7,

10 more preferably 1 to 3. Otherwise this part of the structure can vary widely, as
this is essentially just a flexible linkage from the crosslinking moiety to the
backbone moiety.

The linking moiety is most often a stable cyclic or acyclic moiety derived
by reaction of a molecule bearing appropriate functional groups (usually at its

15 termini) for linking the crosslinking molecule at one end and the backbone
molecule at the other end. However, if sufficient functional groups are present in
the backbone and crosslinking moieties, a precursor to the linking moiety need
not be used (i.e., the backbone and crosslinking moieties can be connected by a
covalent bond).

20 It should be recognized that description of a particular part of the final
molecule as belonging to a particular moiety of those identified above is somewhat
arbitrary and does not necessarily mean that there were three original molecules
that reacted to form the final product. There are a number of coumarin
derivatives, for example, that have a functionalized methyl or methoxy group

25 attached to the coumarin ring that can react with a functional group on a backbone
moiety precursor to form a product from only two starting materials. However,
the resulting structure will generally appear to have threc parts as indicated above:
the backbone molecule that is incorporated into the sugar backbone of a
polynucleotide, the crosslinking moiety that occupies the space occupied by a base

30 in a normal nucleoside, and the atoms (i.c., the linking moiety) that join the two
principal parts together. For the sake of convenience, the linking moiety is
considered to consist of atoms between the nng atom of the crosslinking moiety at



of .atons in X between atons in other parts of said fornula attached to X is
+1 to 10 atons.—whereln X i s opti opaly—stubst+totee—wi-t h 1- 3 substituents
seLepted fromthe group consisting of hydroxy, hal ogen, am no, am do,
~azi'do, carboxy, oxo, perfluoronethyl, and cyano functional groups; and
-wherein X is vobamisd to the benzo ring of said fornula direR€TYS6O3IBHr ough
- W nis 1,2, or3; each Windependently represents a hydroxy,

- hal ogen, am no, am do, azido, nitro, thio, cabboxy, carbonyl,

perfl uoronet hyl, or cyano functional group; an unsubstituted hydrocar byl

'groEplog 1]9 or ;e}mbepomtbbmhmm -ang thes lastorarhesasem that (clegrly forms pagy ofithe o

W t of sai un b
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represent a ring ftueed-bbmatdnebhﬁngm hyidraxyb grompi(or feactmlmduct of a hydrekylh t he

provisos that (1) whe substi tut ed hydrocarbon, the total

nunber of substltlﬂﬂ‘ﬂg'ﬁﬁ‘ﬁ("ﬁé"%‘?@"’lc SUNkINE MOICHY-+ ot Al nunber of car bon
atons in sakd X or W anghebackbune nidie}, svcalisd bedauselie nitintatelp diretions inrplace of
attached to a given carbon, unless said substjtuents are hal ogep atons on

said given carban, the sbogeyr deqiynibase portian 1o she-lpakhone pf 2 RolXANE nts is
or fewer; an vl
2c I n accor dan ene hxv‘faﬁ??g(aspect g:?‘d?%ht\eﬁrd'r&@'i $RABS (o7 sBhilar Ritiofalky

_ résent |nvent|on there is
pr-ovi ded a corrpourgi'ohpsv asnglst:lkseed‘ below) attached tpéhffgrent sp*-hybridized carbon atoms.

The backbone moiety is generally uncharged so that it can function as a substitute
10 for ribose or deoxyribose in the final modified nucleotide. Backbone moieties
include but are not limited to the following: (1) linear hydrocarbon moieties such
as a three-carbon propane unit or a longer hydrocarbon chain with appropriate
functional groups, usually selected from the group consisting of -OH, -NH,, -SH
-COOH, acid halides, and acid anhydrides, and (2) cyclic hydrocarbon moieties
15 typically having a 5- to 7-membered carbon ring structure bearing one to three
hydroxyl group or other functional groups as in (1) above. The functional groups

are shown in the preceding sentence in unreacted form and will be present as

derivatives of the indicated functional groups in many embodiments. The reactive

functional groups mentioned above (other than -OH and -SH) are generally present
20 only in intermediates; however, after reacting with other functional groups, they

become stable groups or form covalent bonds to other parts of the molecule.

In addition to the basic structure described above, one or more coupling
moieties can be attached to the backbone moiety to facilitate formation of bonds to
existing or growing polynucleotide chains. The coupling moieties will typically

25 comprise hydroxy coupling and/or protecting groups that are used in solution or
solid-phase nucleic acid synthesis when the molecule in question is an intermediate
being used in the preparation of a probe molecule. Typical coupling groups
include phosphoramidite, phosphate, H-phosphonate, phosphorothioate, methyl
phosphonate, trityl, dimethoxytrityl, monomethoxytrityl, and pixyl groups. Non-

30 phosphorous coupling groups include carbamates, amides, and linear and cyclic
hydrocarbon groups, typically connecting to the remainder to the molecule with
heteroatom substituents, such as -COCH;, -CH,OH, -CF;, -NHCH,;, and



In accordance with a fourth aspect of the present invention, there is

.provi ded a conpound havi ng-the-for mia— [er rJ—o _
2d The current invention provides non-nucl eosidic, stable,

phot oacti ve conpounds that can be used as photo-crosslinking reagents in
-nucl ei c aci d Wyyghsizgat i on assays and therapeutic applicati operusssngss! as
it echni ques and internediates that can be used to prepare the final
‘products. The conpounds conprise counarg nyl derivatives prepared by
‘linking the phenyl ring of a coumarin nolecule or derivative to a hydroxy
or pol yhydroxy hydrR,EH0H,.mFoe a weview of sichachemizery péeet 1Qligomicleondé Simthesiz A
groups of a glycer nol.ecul e. . Th pol.y) hy hydr.ocar.bon | ety . of e
resul ting corrpound(ulr%cngﬁ‘di&m &o‘t‘g’ézseag%i%sé Iﬁﬂcl%d%“tﬁég’
coumarin noi ety OCGHHHIER Hefein Redigordiéd BY referemee. Accordingly, the conpounds
can be inserted into grow ng

Preferred compounds of the invention have the formula:

5

N M

10

wherein
B represents (1) a linear, branched, or cyclic hydrocarbon group containing
from 2 to 15, preferably 3 to 10, more preferably 3 to 6, carbon atoms and, if
15 cyclic, containing a 5- or 6-membered ring or (2) a heterocyclic aromatic ring
system comprising a 5- or 6-membered ring, both of B(I) and B(2) being
substituted with 1, 2, or 3 groups of the formula OR,;
X represents (1) a linear, branched, or cyclic hydrocarbon group containing
l to 15, preferably 2 to 10, more preferably 3 to 6, carbon atoms or (2) such an
20 X(1) group in which one to three (preferably one) carbon atom or atoms of the
hydrocarbon group are replaced by an oxygen, sutfur, or nitrogen atom and in
which the shortest linking chain of atoms in X between atoms in other parts of the
formula attached to X is 1 to 10 atoms, wherein X is optionally substituted with 1-
3 substituents selected from the group consisting of hydroxy, halogen, amino,
25 amido, azido, carboxy, carbonyl, nitro, thio, perfluoromethyl, and cyano
functional groups;
nis 0, 1, 2, or 3;
each W independently represents a hydroxy, halogen, amino, amido, azido,
nitro, thio, carboxy, carbonyl, perfluoromethyl, or cyano functional group; an
30 unsubstituted hydrocarbyl group of 10 or fewer carbon atoms, preferably 6 or
fewer, more preferably 3 or fewer; or such a hydrocarbyl group substituted with



pol.ynucl eoti de chai ns using automated (or manual ) techni ques of
polynucl.eoti de synthesis. The dou 3 and—#—positTons of

"the coumarin ring systemis a photoactive group that coval ently crossinks

to 'nucl eosides in the conplenentary strand when an ol i gonucl eoti de
cont ai ni ng t hywoe ogedassiucl eosi de anal ogue (the "probe") is useBCTHS26/03134
hybri di zati on assay and/or therapeutic application. For the nost

| part, the photoactive conmpound has the fornul &.
i lerr] in which the substituents and |inking groups are described

bel ow i n nore det ailt3. of the functiphal g(rwwhyahiykwnnya%%ambﬁ eRlaseddeh gi ve
maxi mum f | exi bi |i té"%ﬂ ahﬁllgl &1 ﬁ'Yro%% %&ﬁ ol i gosacchari de structure in which
1 qSol ubh T

they are located a as goo ty in agqueous and organi c nedia.
WD 96/ 28438 with the provisos that (1) when X or W is a substituted hydrocarbon, the
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conpounds that cana@slfekk XSor W and no moredh4iétieGRbstitoent bbheteroatomnis attsuhed ¢ C
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h
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compounds of the 1 Bl BiiBoft hmisAR afl W sibstihidfisas 19 Feult, Bitieily 10 oPHMG!

RNA ol i gonucl eotides to termne the presence or absence of a
speci fi c DNA and Rhare preferably 6 or fewer; and (3) two W’s together can form a ring when taken
together with the remainder of the atoms to which they are attached (e.g., as in a
10 psoralen);

Y and Z independently represent H, F or lower alkyl (usually 5 of fewer
carbons, preferably 3 or fewer); and

each R, independently represent H, F or a hydroxy-protecting or hydroxy-
coupling group capable of protecting or coupling a hydroxy group during synthesis

15 of a polynucleotide or one or two (preferably two) R, represent a nucleotide or a
polynucleotide connected to the compound.

The oxygen atom or other non-C atom (if present) of a functional group
(such as an ether or carboxylate) that bridges the B-X linkage often arises from a
hydroxyl group in the precursor of B, but is considered part of the X linker '(for

20 ease of defining the various groups) in this and the following formulas, unless the
contrary is clear from the context of the discussion.

Within general formula I above, certain compounds are preferred. The
most important part of the molecule (at least in view of the difference between
these compounds and what was previously known) is the B or backbone moiety.

25 Preferred B moieties belong to a group of a first sub-formula
R o+

21

30 a group of a second sub-formula
Rz

e
Ry



base sequence in a sanple. Mre specifically, this invention provides

counmarin derivatives attached to a stable, flexible, _

(pol y) hydroxy hydrocarbon backbone unit that act as photoactive

crosslinking conpounds in hybridization assays. 10 Conpounds
of the inventwyoehgasg t he general formul a: PCT/US96/03134

Backbone noiety - Linking noiety - Crosslinking noiety
"Moiety' here and el sewhere in this specificatg on indicates a part of a 15
nol ecul e that perforns the indicated function. A given noiety is usually

derived f r omoaa @rdupr of ravthixd shib-famynutaoval ent |y i nki ng toget her two
or nore nol ecules, with the identifiable rennants of the
original nolecules being referred to as "noieties.” For exanpl e,

if a psoralen nolecule is attached to a glycerin nol ecul
di val ent linker, such as a nethylene group, the resulti néc hgl e nol ecul e

s 20 referredto as being fornmed of glycerin, gen
psoralen moigties. It is rmﬂ,_rﬁédeé&aﬂﬂ ﬁﬁ:gy (c@ %{]he t hree

noieties actually arose fromthree sdparate | ecul es as
di scussed bel ow. Thus "derived fronfggan refer(F'('!)*}nheore zcal , as

wel | as actual, precursors. Tée crossliking noiety wll
be derived from nol ecul es havi.ng a fused 25 Y benzopyrone structure,
such as the foll owwhgteif 1) courmarin and its sinple derivati ves;

(2) psoralen and its derivatiyes, such as 8-nethoxypsoral en or
5- net hoxypsoral en (at | £2%% %48 ot her natural ly occurring psoral ens have

been 10 descri brg R’n a{,@g‘hﬂ&g‘;ﬂ&mﬁmﬁ&gm@mpoﬂgﬂ -ul in practicing
t he present invention); Ci s benzod|P¥rone and its

‘derivatives; (4) trans- Bbﬁz&dﬂp%h!‘d)eﬂﬁﬁﬂﬂg ly represent @91 1 orpounds cont ai ni ng
:fused coumarin-ci nnolin
. &nd b*lﬂoie)i%ﬁﬁ@subﬁ*o &b id fafe l(yjy a co‘{)allentB d@‘iﬂé &S

contain the necessary cross I ng group (an act
| ocated in the riggroupt aht ati on and at the right distance to crosslink

\gcg'/h Ugg 6/ 03134 Vo 9651? gﬁéﬁ substituents and definitions of the formula of the compound4gm as
15 previously defined for general formula I.

The hydrogen atom of the sub-formula that is replaced by a covalent bond
to the X group is usually a hydrogen of a hydroxyl group (i.e, at least one OR,
would represent a hydroxyl group in such a precursor molecule). However, this
preference is for convenience of synthesis only, as the resulting B-X linkage can

20 readily be prepared from (poly)hydroxy hydrocarbon precursors, many of which
are commercially available. Other hydrogens can be replaced by the indicated
covalent bond if desired. The actual molecules used in synthesis are often still
derived from a (poly)hydroxy compound in which one of the hydroxyl groups has
been replaced by the functional group, often through a series of reactions. For

25 example, a hydroxyl group can be replaced by a halogen atom or other leaving
group, and the leaving group can participate in bond formation with an electron
donating group in the precursor of the X group.

Compounds in which B is formed from a saturated hydrocarbon are
preferred, although unsaturated compounds (including cyclic aromatics) are

30 permitted. In unsaturated compounds (including aromatics), the -OR, substituent
preferably is not attached directly to an sp>-hybridized carbon, but is attached to



nucleotide in the target strand. Al of these nolecules are counarin

~derivatives_in t hat : . -coumatim—

" (benzopyrone) ring syst em on which the remai nder of the nol ecule
i s based. The linking moiety will normally be formed from
a precursor tigbgmeitains from1l to 100, preferably 1 to 25pCTS96/03134
preferably 1 to 10, atons with functi onal groups at two

| ocations for attaching the other noieties to9each other. After

' reaction of the precursor to formthe | i nki ng i ety, the total nunber of

“atons in an intesvesting spd sarbpn, s ing % epresents #Hhar an alkyl
counmarin ring systf@ﬁnd t he backbone m)l ety (sugar substitute)
is generally from ) 15, preferably I to 7, 10 nore preferably 1 to
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However , e resultin genet al | y appear to have
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a normal nucl eosi dimxdmd: pijRridine)'Pyridine; .pyrdziie, byniuhidhg pyiazidine, thisghepg)i n the
t wo princj pal 'P its { oget her F r the s e of. conveni epce, the
linking noi ety is andine, indole, Gﬁmﬁ%r‘&ﬁ“m ‘E"orﬂé‘l"é%° g B%t’%@@ﬁ g ffe

ring atom of the c[,QMJﬁg,H?,gﬁﬁgngﬁ{ehsat

20 Also not preferred but within the scope of the invention are compounds in
which B comprises a bridged hydrocarbon ring system, such as bicyclo [3.1.0]
hexane or [2.2. lj heptane ring system. These molecules have configurations with
reduced mobility so that various cis and trans substitution pattern can be easily
prepared and maintained. See, for example, Ferguson, "Organic Molecular

25 Structure,” Willard Grant, Boston, 1975, chapters 17-19, for a review of this
chemistry and synthetic techniques. In a like manner, compounds in which B
comprises a spiro or dispiro hydrocarbon ring system are also within the scope of
the invention.

As previously. noted, the X linking group is not particularly restricted in

30 structure, as it is not present in a part of the molecule that interacts either with the
remainder of the backbone structure or with a complementary strand of a
polynucleotide. However, there are preferred structures for this part of the



WD 96/ 28438

PCT/ US96/ 03134. - —_ _ 5.

t he, point of attachrrent and the |l ast carbon atomthat clearly forns part of
the backbone structure in the noiety that replaces the sugar

nol ecul e, whiwssasgsual | y t he carbon at om bear i ngper/oysdrosisy |
group (or reaction product of a hydroxyl group) that is closest
to the crosslinking noiety. 5 fdhe backbone noiety, so called
:because it ultimately functions in place of the ri bose or

deoxyri bose porti omoldculeh sudheaaskthe fodlowing: whith/rangtpresenti, inither of the two
generally have 1 tg s3s iesol[l:rée}l t Bs. nore) hydroxyl groups (or simlar
functi onal po 5’ ﬁ ®%di scussed bel ow) attached to different
spl- hybridi zed carbon atoms The backbone nmn ety is generally
uncharged so that it can function as a substitute 10 ' for ri'lbose or
deoxyri bose 3 n the finatO@8difi ed FTHeteot i d&HCBaok boreCHmi et | esC-0-,

i ncl ude but are not Ilmted to the following: (1) linear hydrocarbon

noi eti es such s a three- cef;‘ bon propane unit or a | onger
hydr ocarbon chain with pLopri at fun gr oup. syal | y
sel ected fr t he groupag %51 sti nav%f -'OH, nﬁH[ eﬁ’i(% iHPani éhl}"

acid halides, and ggbgeggﬁygrﬁdqs IE)Z)orcggl LRghydr qg;ar,}t;org,rngl eties 15
car

typically haV|ng a 5- menber’e on ring structure earing one to
t hree hydroxyl group or other functional groups as in (1) above.

The functional groups  ofer but lessélf BrefifMbonpoltd 7 foSin Whish X! Eiifpisks'a

unreacted formand will be present erivatives o
i ndi cated functi ongychgrswmrq withra Py oc Groeinbased earborher heteregyicliering (the latter

f I |1
orosent 20 8 °'7° EBHhAR S B B hARD. paftd: cyltbitins. HhoRbfad® Ul 11 Y,

functi onal groups,dihbdmfuran pyrrole, crlpgudlle stabl e groups or form coval ent
bonds to ot her partso ition to the

e rml ecu
‘basic structure descri b “ﬁ‘b'}%"‘B'lﬂynﬁfr@dc%ﬁﬁ'ﬁwy have'$ &1 fewve Pes
can be attached tOpﬁemTHlylcldiqal eengtahcﬁre hestfpiéfeﬂablyahi&hil(lf ey iafealiRy] é?&ipil | s to
exi sting or grow ng po ynuqer,l e cha coupling nojeties w
typically 25 8" EBAHds dg r Bx s @83[% ag ¢lihydrasgen ﬂ?ed?"ég'@f'?‘ilrgasgﬂ"%ups t hat
are used irpgsol uti gdingbunds in which W $94 b?mﬂ@%?ﬂuﬂr\lﬁhfhfse@% ﬁe%ﬁéﬁﬂ?ﬁxg%f‘fﬁben
.the nolecule in questlon i s an internediate ng used in the

preparati on of a pfosmalanpThese faser compourds ase preferaly QP@B‘M“‘S in which all of the yde
-phosphoram dite, p _ g.ﬂatb‘?ho §ﬁwrﬂpﬁﬁn§h PR‘EM% aﬂﬂ

phosphonate, trityl, di nmet trityl, nonomet hoxytrityl, p| xy# gr oups.
Non- 30 phobgnzodipyrone,cerrans-denrodipy eone oc lalngtevamrpbbnmfewthnamecfesnuland

| i near and cyclic hydr ocar bo r.ou e n
the remai nder to the no ecfﬂ"lp(%f'?%o orfilla 1 in “R’P‘Fé]t eﬁ'%?ﬁ%gpr% éug‘a?"n{‘:ﬁ%h? is such
‘as - COCH[ er2s5] , - CHiomnedtédto thefchmpound ardlddlle (bt nonaishays) connected via a
' phosphorous-containing linking group. Preferred phosphorous-containing linking

groups, as well as other linking groups, are discussed elsewhere. Such compounds
are preferred compounds of the invention, as they can be used directly in the
assays and crosslinking processes that are the principal end use of this invention.
30 These compounds have the formula (N,,,;Q,.sNy)es in which ml and m2 are
integers (usually less than 200, preferably less than 100; one of m1 and m2 is
usually at least 14, preferably at least 17, most preferably at least 20); m3 is an
integer from 1 to 10, preferably 1 to 5 (m3 is generally less than (m1+m2)/10);
each N independently represents a nucleotide of a desired polynucleotide sequence;
35 Q represents the nucleotide-replacing molecule of the invention incorporated into
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PO err]CH err] CH err] For a review of such chem stry, see "Aigonucl eotide
‘Synt hesis, A

:Oxford, G eat widrdehasdss, 1984,

reference
’forrrula 5

(1) a

i near,

Practical Approach,” MJ. Gait, ed, IRL Press Ltd.,
whi ch i's herein i ncomorussaesriy

Preferred conpounds of the invention have the

10 wherein 11. B represents

branched, or cyclic hydrocarbon group containing

from2 to 15, pref ehmrmaBlewlmteoud@seaugmef anchipityis B-5¢ pre&mwmrlbbnltas@he and,

if 15

het er ocyclic ar Omﬁ?%s&fiﬂ?gﬁa%qgo%r mo'ggjlglpréﬁrg%%h%rqfeé:f%gn gﬁcg(&ﬂerraoé' %e%er ed

bO]E h (r)]f ]I?( 1) (tlimdlsBéﬁ’é oo @ormal bases in a mlynaﬁ(lédtﬂbeéqubhédﬁasglgng? as lﬂ(ere'ixs
groups o t he or mul a err|., . r sent I hear,
or cyclia@n wyﬁ%m%mwmf pysirotidey tgmake thé hybrid @1%-0151‘31

br anched,

ring,

preferably Ato 10

sediBhicds Bfcédsiabiel & bt qfivaleith ARinfrRPRd QW séqtbnch C Préfermed

X(1) group in which one to three (preferably one) carbon atom or atons of

t he

nitrogen atom and |

hy d leseths mwm@r@mw@k@ad%wawcwygéﬁ setqutt phgve fgr ml

whi ch the shortest |inking chain of atons

in X between atons I n of her parts of the formula attached to X
isT1 to 10 atons, wher eQmal( beprespoti eithat inythe dnteiort of tthelpelymuiciedtide or at one of its3

Subst 1 Cuents oo oo ssubd SRS, h SHAmRTRE MRSl S Mo AGR R0,

cyano

amnm do,

10

15

20

30

in order to allow the Q molecule to connect to ends of two separate strands; 1f Q
is inserted at a terminal position, only one R, is required, although others may be
present in both cases.

In these formulas it should be recognized that each N,;Q,.N,, can differ |
from each other in a polynucleotide sequence in which m3 is greater than 1; i.e.,
multiple Q moieties can be present randomly along the length of a molecule,
provided that the remaining parameters described above are complied with.

One group of preferred polynucleotides has a long sequence of
uninterrupted normal bases with 1-5 Q moieties present at either or both ends of
the molecule (preferably 1-3 Q moieties). As noted, the Q moieties can be either
consecutive or can be interrupted with a few normal nucleotides. Plural Q
moieties (either consecutive or not) in the middle of a probe also represents a
preferred embodiment, with relatively long uninterrupted sequences to either side
of the crosslinking Q units.

In all preferred embodiments, there is at least one uninterrupted sequence
of nucleotides that is complementary to the corresponding target nucleotides. This
uninterrupted sequence provides stability during the hybridization process so that
proper recognition of the target will occur. The factors tﬁat lead to stability and
selectivity are the same in the present process as in any other hybridization
process. Uninterrupted sequences of complementary nucleotides followed by Q
moieties are no different in this regard from uninterrupted sequences of target
nucleotides followed by a non-complementary normal base. Thus, the stability of



functional groups; nisO, 1, 2, or 3
each Windependently represents a hydroxy, halogenr_an1no am do,--azi do,
nitro, thio, carboxy, carbonyl, perfluoronethyl, or cyano functional group;

.an 30 unsubsti tuted hydrocarbyl group of 10 or fewer carbon atons,
preferably 6 g 968438 fewer, nore preferably 3 or fewer pcoussswsissa
hydr ocar byl group substituted with WO 96/ 23438

'PCT/ US96/ 03134 12 7.

i1-3 of the functional groups or in which one carbon atomis repl aced by an
oxygen, sul fur, or polynnclestides containing the crosslinking moiety of the inveatipn can sadilyt beat

(1) when X or Wis ltute dro t ot al nunber
of substituents inP}F‘%‘;{“@\gff’g‘ﬁ 'f?gﬁ' g oqfé’f’glﬁﬁr?ﬁ@rhy(wdﬁtfod‘on 5
atoms in the X or WandAnsb preferell Ra conipounddm wiitietwo RI ghitipS afoprestnt f the B
attached to gl ven carbon, #nl ess the substituents are hal ogen

atoms on the given "L‘&?‘Méﬁ bpthy represent a differeqt hydroxyloupling erbysroxyl-protecting v
substituentssis 15 gfbup] QUK hd&r@t; ROk rebldy Fr ds8 i the synthesis of

preferably 6 or fe andc wo Ws tog }ét lPer cane Pmeséls?l?lg]m\%ﬁ{elﬁm%ken
together with the rpelmnﬁwldeof'memp@tm and aotivating: groypsarealse discussetl (e. g.
as in a 10 Y and Z independently :
represent H, F or ﬁﬁ%ﬁééqiwwfpﬁua y *5 of fewer car bons,
preferably 3 or fevver) Amother particularly preferred growaofconipeands ofnhe weostiontHaye
represent H, F or dro rotecting.or. hydroxy: coupl i ng
group capabl e of pt ﬁélgﬂoﬁ'oﬂﬁf'yg@wg'%fd? 5’*‘5'"94“3@&'8@%5’“@9&%@%‘?% 15
of a pol ynUlZdGOtld%oﬁboﬂﬂeoﬂhdswﬁ)e(ﬁﬁhﬁﬁlalﬂy two) Rlerr] represent a

nucl eoti de or a pol ynucl eoti de connected to the conpound.

The oxygen atom or other non-C atom (if present) of a functjonal group
(such as an ether or carboxylate) that bridges the B~% lin age often arises
froma hydr oxyl group in the)aprecursor of '@ onsi der ed
part of the X Iinkere(fogcd0) = CH (adsk of xdqtiup) ng—4d arifous groups)Y@n
this and the foll ow nnggr nﬁ?%\% ] unl ess Th de( Q) ot Is clear

fromthe context of é@e di scussgon
15

I Y,

where _
n, is 0 to 10 (preferably O to 5, more preferably 1 to 3);
n, is 0 to § (preferably 0 to 2, more preferably 0 or 1);
20 n; is O to 5 (preferably O to 2, more preferably 0 or 1);
each W is independently a small stable substituent containing up to 15
atoms (especially a lower hydrocarbyl group; a halogen, nitro, thio, 6yano,
carbonyl, carboxy, hydroxy, amino, amido, or polyfluoroalkyl group; or a
hydrocarby! substituent containing one or more hetero atoms (i.e., an atom other
25 than carbon or hydrogen that forms a stable covalent bond with carbon at 25°C in
water));
Y and Z independently represent H, F or a lower alkyi group;
X is an organic group containing (a) 1 to 10 carbon atoms and (b) O to 10,
preferably O to 2, hetero atom selected from the group consisting of O, S and N,
30 ‘and wherein X comprises a shortest linking chain of 1 to 10 atoms between the
other atoms of the formula to which it is attached;
R, is H or OR,; and



Wthin general formula | above, certain conpounds are preferred. The
nost—inportant part --ef—t he nol ec ' ' of the—difference

bet ween t hese conpounds and what was previously known) is the B
or ‘backbone noiety. 25 Preferred B noieties belong to a group of a
first sub-forwelesrssss 30 a group of a secoRETASH/BHHNUI a
[err] WD 96/ 28438

PCT/ US96/ 03134 13. 8

or a group of a third sub-formula [err . ) wherejn

sis 2 or 3; 10 R, is H qq[acgropp qqaglerqf,coaﬂalsw@} PY PrOFGHRS fibe fRrmer

represent Hor (R breferably being located only on a terminal hydroxy! of the backbone moiety) a

hydroxyl group during automated polynucleotide synthesis. Alternatively R,
represénts a nucleotide or polynucleotide linked to the compound by a

5 phosphodiester linkage or other typical group used to couple sugars in
polynucleotides. Preferred coupling groups include phosphorous containing groups
such as phosphite, phospohramidite, phosphate, H-phosphonate, phosphorothioate,
phosphorodithioate, and methyl phosphonate. Non-phosphorous coupling groups
include carbamates and amides. Lower hydrocarbon groups include C,-C, alkenyl

10 and alkenyl group as well as C;-C, cyclic groups, and preferably include C,-C,
alkyl and alkenyl groups, especially methyl, ethyl, propyl, isopropyl, butyl, iso-
butyl, sec-butyl, and tert-butyl. Typical hydrocarbyl groups with hetero atom
substituents include -COCH;, -CH,0H, -CF;, -NHCH;,

-CO,CH,CH,, and -CON(CH,),.

15 Compounds of the invention are useful either as intermediates in the
preparation of or as components of photoactivate polynucleotides used for example
as probes in hybridization assays. Since the intention is that one or more of these
molecules eventually form part of a polynucleotide, the backbone moiety that
forms part of the molecules is derived either from glycerin or a different

20 polyhydroxy! hydrocarbon molecule in most cases. The glyceryl or other
polyhydroxy] hydrocarbon molecule is incorporated at any position into the
backbone of a nucleic acid typically by phosphodiester type linkage with the 3'
and/or 5' hydroxyl groups of the adjacent nucleotides in the molecule, with the
crosslinking moiety normally being attached to the backbone moiety prior to such

25 incorporation.

The crosslinking moiety portion of the compound of the invention can be
derived from coumarin itself or any number of substituted coumarins. An organic
functional group at the position in the crosslinking moiety precursor where
glycerin or another backbone moiety will be attached is typically used to join the

30 crosslinking moiety to the backbone moiety in the final product. Since final
products can be often prepared by alternative synthetic routes, any given final
product will likely have several possible precursors. ' The linking moiety can arise



m N, p, q, and r independently represent 0 or 1, one
hydrogen of the sub-fornula_is replaced by a covalent bond to-the X
group; and ' all other substituents and definitions of the
foriul a of the conpound are as 15 previously defined for general
formula I. wo 8 The hydrogen atom of the sub-for gptRséchaissl S
repl aced by a coval ent -bond to the X group is usually a hydrogen
of a hydroxyl group (i.e, at |east one OR 14. woul d represent a
‘hydroxyl group in such a precursor nolecule). However, this

preference is for fromuspararemoleculy b beformed by Yeaction poitioneofithe ci@slinking

br 6GUT Sor o, many oMols# BRcursor aad the BAeRbore ARIEH BrURFPFava | abl o) G hor
hydrogens can be repl acﬁﬂlobﬂiohbﬁthgf‘ﬁiaﬁﬁeeﬂgdng position, tHeQb@har F(%}Qﬁ'ﬂ:rj fing

desired. The actual nolecules used in synthesis are often sti

derived from a ( potyyiemendeeitbenynsubstituted omsubstitetad.  Jlypicalcsuhstitutenty lon gheoups
has beer&zgﬁsﬁ h }e .series
of reactiong. For W wﬂt%x“‘&%b%‘%%%ﬁ&y&@r B%Q%Hlj%&#ie%%ﬁ%‘égdﬁ by a
hal ogen at om or ot drgani¢t eampoupds. Substitutentgycanihe, scleoidd b dedired 1o cbange ¢hep can

participate in bond faormatio i t n_electr . nati,n Loup _in
t he precursor of t%"é\}m&r%ﬂ'ﬁg“% of i cdiinafh’ %ubmgﬁﬁﬁg‘ei%g ’Wil"ﬁ %"‘Tném
formed fr O(T a sat wypicaity ﬁn«ﬁpdll dﬁednh_ Qife lih_“o@t often hydrocarbp ! neﬁt&ggmms, ithhfetbit .
unsat ur at ed conpounds, (i ncludi ng cyclic arqnatics) are . permtted.
I'n unsat urat ed corﬁygﬁ nts Pﬁ'eglfgqsﬁé'ﬁﬁ“eﬁ‘raﬁ@g‘)‘gh ﬁﬁéocam ?fsquglap{l@glpﬁltutems.
preferablyps not ﬁhtwm%%%}g% léﬂé thst fterd RluRd &l B ¥0)51 81 7% GAd 834oliAbns, bUt 1S

attached to
PCT/ US96/ 03134 In certain preferred embodiment the coumarin moiety precursor, pripr to

Ayt ervent 19 SPlkdon AR badibohd ol BieblialH, Gi hate it Brklhyzach Z
represents H or an alkyl group: npound of
formula | in which B has the third sub-fornula are preferred

anong the three sub-fornulas, especially those in which m+ n + p + q +r
5 0, 1, or 2. Even nore preferabl ywtheseYcorrpounds of the third
sub-f or nul 35 n

20 in which
Y, Z, n,, M and W have the meanings previously defined; and
X, is a precursor of all or part of the X linking moiety. X, will react with
an organic function group on the precursor of the linker moiety to form a covalent
bond. Typical reactive functional groups include hydroxy, amine, halogen, thio,
25 carbonyl, carboxy ester, carboxy amide, silyl and vinyl groups. These precursors
can be synthesized by standard methods of organic synthesis from coumarin itself

or from the many commercially available coumarin derivatives.



represent an acyclic, saturated, di- or tri-hydroxy hydrocarbon, especially

. gl yceral and 1, 2- or 1, -3—ei-hdiawyatkanres—of 3 te—5—earbons t hat
are attached to the X group at their termnal position furthest
fromthe indicated hydroxyl groups, such as 4, 5-di hydr oxypentyl,

i 3, 5-di hydr oxyswe'vkidssss 2, 4- di hydr oxy- 2- net hyl butyl, 3- 10 PCT/US96/03134

i hydr oxy- 2- (hydroxynet hyl ) propyl, and 2, 3-di hydr oxypropyl .

Al t hough such conpounds are not preferred, asiflready indicated, aromatic
ring systenms can be present in the B noiety. These include both hydrocarbon

“and het er er obycerfain prefemediembodiments,the glycerolbackbrnecmoistyRICVERST | n
whi ch B conpri ses . benzene or naphthal ene ring systemare
preferred, especi aﬁ?syth'i,f%m% di (hydroxynet hy) - substi tut ed
aromatics. The sanme substituents are preferred when B conpri ses

a heterocyclic ring system such as a furan, pyran, pyrr)c;ée, pyrazol e,

I m dazol e, piperidine, pyridine, FREN PYEHT Eigng, P zi di ne,

t hi ophene, 5 acri di ne, iﬁg{oﬁa{é{:nhai"ﬁol i"‘rr;(reéuf z'b’qui n%l i ne,

qui nazol i ne, qui noxal i ne, xant heng, or 1, 2- benzopyran ring
systens. 20 Also o preferre§=but wi thin the scope of the
I nvention are conpounds in whi ch B conprises a bridged
hydrocarbon ring system such as bicyclo [3.1.0] hexane or
[2.2.1] heptane ring system These nol ecul es have configurations with

-reduced nmobility so @B?fﬁ‘ various cis and trans substitution pattern can be

easily i1 ed and nmi ntai ned. See, for exanple, Ferguson,

' Organi c Mojeecul ar 25 R, R,, 8hdl W tan8 @i, havdy the dicaning prévioustysdefined 475,
chapters 17-19, for a review of this m.str synt hetic

h and
techniques. In a |ike n¥Xnied P’eﬁb‘ﬁ%eﬁﬂgqu@ﬁ%ﬁmg group. conpri ses a

spiro or dispiro hydrocgl RGf rédch¥ith%n cRBANAE fanddicial Phohip ofl the \usifafiiGndiéty to
t he inventi on. As previously noted, the X |inking group
is not particul ar| formes covalens dondingthe final linking ¥areiely. Zatypicallyswilobe ssfected

romai nder of the bUeRE g heloAbCErBhsCend dubfRbotiic the chirophilc grovps that are
pol ynucl eotisde. Hoespable, oftunderzoimgmupieaphilic exlelsttrapbilia substifution onaddifien.t of
}3?;-/ US96/ 03134 VO Gz/u%p%g gf specific functional groups include hydroxy, amino, halo%x_, thio,
nol ecul e, such as ti®ohyl] tavdbxydestes)éaaboxyeamideviggipmid slicanrdeeivatives. Ghist he
(o precursor can be synthesized by standard methods of organic synthesis from
{poly)hydroxy hydrocarbons such as glyceriri, commercial available 1,2- or 1,3-
20 dihydroxy alkane derivatives, or such compounds with a protected hydroxyl group
at the location of the indicated hydroxyl groups. See Misiura, K., Durrant, 1.,
Evans, M.R., and Gait, M.J., Nucleic Acids Res. (1990) 18, 4345-4354, which is
herein incorporated by reference, for a discussion of attaching moieties having
structures similar to those of the present backbone moieties to bases used in
25 polynucleotide synthesis.
Compounds of the invention can be prepared by standard techniques of
synthetic organic chemistry, using the guidelines outlined in this specification.
For example, a typical synthesis based on commercially available starting materials

is set forth in the following reaction scheme.



possi ble orientations: [err] 10 represents H F, d, |, or
Br and n = 0,. 1 or 2. — O her—(but-lesser) preferred
conpounds are those in which X conprises a cyclic structure with
a 5- or 6-nenbered carbon or heterocyclic ring (the latter 15

cont ai ni ng ongodensaagOr N atom), such as cycl opentane, cycl oberweswiosiss

di hydrofuran, pyrrole, or pyridine. In the crosslinking
moiety, Y and Z generally have 5 or fewer carpgns, preferably 3
‘or fewer, and are nost preferably nethyl if they are al kyl groups.
Conmpounds in which W Y, and REACHON SCHEMBDFOR TYPIGAIeS¥NTHESISs are 20
conpounds in which Wis a pyrone or furan ring fused to the phenyl ring of
t he formul a. These | ater conpounds are preferably conpounds in
which all of the formula to the right of X in fornula

represents counmarin, psoralen, cis- benzodi pyrone, or
trans-benzodi pyrone or a derivative thereof within the formula.

The conpoundg of formula | in which a-gWicleotide or polynucle mde
connected to the conpound are us y (but not anmays) con

phosphor ous-cont ai ni ng | i nking oup. Prefer oro s c ntalnlng

I i nki ng groups, as wel S other lin | g groups®gr® di scussed
el sewhere. Such conpounds are preferred conpoun t he

i nvention, as they can be used directly in the assays and
~crosslinking processes that are the principal end use of this invenfion. 30
These conpounds have the formula (Njerr]Q@err]Nerr])[err] in |ch g?}and

n2 are 10 integers (usually | ess than 200, preferably
100; one of mM and n2 is usual ly at |east 14, preferably t | east
17, nost preferably at least 20); nferr] is an integer frm1 to

10, preferably 1 to 5 (nB is generally less than (m +nR)/10);
each N i ndependently represents a nucleotide of a desired pol ynucl eoti de

sequence; 35 Q represents the nucl eotide-replacing nol ecul e of the
i nvention incorporated into X
~N
‘5 OO0, —~ L2,
o o0 {e)
OMTr— OoH
T |
Y
20
25 Reagents

(@)  sodium hydride (NaH)/CH;-0-CH,CH,-0-CH;

(b)  7-bromomethyl coumarin

(¢)  HCI (aq.), THF (tetrahydrofuran)

(d DMT:Cl (4,4’-dimethoxytrityichloride), pyridine
30 (¢)  CIPN(ipr),0CH,CH,CN, CH,CH,N(ipr),, CH,Cl,
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the normal pol ynucl eotide sequence and mt is 1-5, preferably 1-3. It is

al so possi ble to have two or nore Q noieties separated from each
other by a fewo 9628438 (usual Iy one or two) normal bases PCTAS96/03134

pol ynucl eoti de sequence as long as there is an uni nterrupted
sequence of nucleotides to nake the hybrid stghle. Such 5 sequences
.are considered to be equivalent to uninterrupted sequences. Preferred

| engt hs of uninterrupted nor mal nucleotldﬂﬁﬁﬁges are as set out above
for m and ng. I-Coumarinylnethyl solketal esent either in the
interior of the polynucleotide or at one of its t erm nal
positions. In an interior position, at least two R err] groups nust be
present 10 | ln or deo 1t20gaéihﬂmdgyconm:mmrMsemeslonceta@(zadg,woltwo
separ at e strands; | at a_t nal . posi tion, only
one Rlerr] i reun"r °)%dtﬂ?el9§hhm"ﬁ§t(6%§§ysg@m“‘°le %6%‘“"13\“5@% To ¥t h
cases. resulting sl.ébeaéi&ise,a; addel Imnmbmsmgubﬂn% (s gawwﬂxd&at
each Nlerr]Jerr]Nerr] can dif fromeach othér in a

pol ynucl eot i de seqaanléoomnqum moﬂs)fgrmm@s #Afgn 10;mip. b.5 mhef glacial acetic
multiple Q noietie ecul e,
provi ded that the ?%ﬁa%ﬁ?ﬁd&{o@rsﬁeépeﬁhers escrlif)g‘g %%k\e/%gklg?%}aﬂ %Nlth
One group of pref esuspensipml splutioh dyt dentrifugation. ammnguamqwmﬂmnmbncemmted toa

uni nt er r upt nor nal,. S_\u.t p t either or both

ends of ﬁ)d s?l'ﬁ’ba'ﬁ% ‘?@f& "éasg‘{}?’bﬁgﬁ?&e‘sy sﬁc\g g@?ﬁlﬁrpg?fi i‘ YR80t ed, the
Q noi eties can be elhlbi‘wém?&hyl acetatsmm esmelemnnr Thé fraétionk abﬁinhuet;ﬁ@hw wbrea
few normal nucl eotdes. Plura jeties $6I t her consecutive or

not) in the middl e‘dGFt‘%edp‘?Yo%Caqngd"%ﬁ?@@E?ﬂ gndaconcentraed to a whitsr yolid g vacuo.
embodi ment . wi th. I ¢4dd A€ 630 g the ¥R pbinP bas!75-804ENFA=0 85 GA L her si de
‘of the crossllnkln Q unit all preferred

embodi ments, there !‘@hﬁ@thylmeﬁﬂe uni nt er r upt ed sequence 25 of

nucl eot i deslst hat is conplenmentary to the correspondi ng target nucleotides.
Thi s uni nterrupted sequence provides stability during the

hybri di zati on process so that Wogmtlon of the target
will occur. The factors thap-(4,85dinies Rt 2 3

are the sane in the present process as in any ot her hybr| di zatlon

process. Uninterrupted sequences of conplenentary nucleotides followed by Q
30 noi eties ar e nﬁc‘éhﬁxﬁﬂﬁﬁ%ethﬁ sbiltbtﬁl ?99%9 2f TQM) W disdBvESin a
sequences of targ nucl eoti d a non-conpl ement ary
normal base0 Thus sqlﬁ@nsqfémhyggpfgpn (12 ml) and in hydrochlonc acid (6 ml) for 20 minutes.

The solution was then dried by co-evaporation with absolute ethanol (2 x 5 ml) to

give an oil. The resulting solution was washed with 25 ml of saturated sodium
carbonate solution and then extracted with 3 x 25 mi of diethyl ether. The
solution was concentrated to an oil in vacuo. The oil was dried by co-evaporation

25 with pyridine (2 x 5 ml) to give a dry product. To the liquid was added pyridine
(30 ml), 4-dimethylaminopyridine (25 mg) and triethylamine (200 xl). To the
resulting solution was added 4,4'-dimethoxy trityl chloride (305 mg, 2.95 mmole).
The reaction mixture was stirred for two hours. 37.5 ml of water was added to
stop the reaction, and the resulting solution was extracted with 2 x 180 ml of

30 diethyl ether. The combined ether extracts were concentrated in vacuo, dissolved
in 15 ml methylene chloride, and purified by silica gel chromatography using
acetone/hexane 4&6 as the elution solvent. Fractions with R;=0.5 were collected
and evaporated to dryness to yield the product (770 mg, 55% yield).



WO 96/ 28438
PCT/ US96/ 03134 12.

ipol ynucl eot i des contalnlng t he crossllnklng nolety of t he invention can
‘readily be predi cted from standard consi derati ons of nucleic

aci d hybri di zgig ssns43s Al so preferred are conpeeraseda3isahi ch
‘two Rlerr] groups are present in the B noi ety and both represent
ja different hydroxyl-coupling or hydroxyl-protigcting 5 group, as
|such conpounds are ready for use in the synthesis of a cross-I|inkable
!polynucleotlde These protecting and actlvEKAhgﬂQiﬁups are also di scussed
el sewhere in this specificatile@(4,4 -Dimeth rinylmethyl
preferred group of conpou:

B e O e 2" &oxytﬁaﬁ frorﬁdwﬁ%‘éﬁ%'l%eet tvn%fycemgr%o 3
nferr] is 0 40 10 (zor@m{owé)ha/as(botaaéomearvmhpz R665 AP ixel dofutidh; (s ml pyridine and
nferr] is 0 to 5 (preferably 0 2, nore preferably 0 or 1

nferr] is 0 to 5 (pr2methylang cblome)ztwmes pT@#l@rmlrgacmbwaaydded methylene
h Wi depend t 15
each Wis indepen Jﬁﬂefu%}gil) land | gqup@%@@uﬁg f.87 8l @'sﬁ'nﬂﬂolyfh'i‘ﬂe

atons (especially a Tower ogen, nitro cyano,
carbonyl, carboxy, shspgnsicry was stinned umﬁi:ﬂbmameapﬂﬂayﬁcblum:oa’ﬂ'kgd 2gtyampthbe1ﬁ-

nydr ocar by! SUbS i e oy Ch B SpiospboREnile (5Ll 51 Sandi Was(ddada to GE 21 O

10 solution. The resulting solution was stirred for 65 min. The reaction mixture was
then diluted with 45 ml of ethyl acetate and 2.2 ml triethylamine, extracted with
10% aqueous sodium carbonate (2 x 30 ml), and with saturated sodium carbonate
(2 x 30 ml), and with saturated sodium chloride (2 x 30 ml). The organic phase
was concentrated in vacuo. The resulting product was purified by silica gel

15 chromatography with a solvent system (methylene chloride/diethyl
ether/triethylamine 90:7.5:1}. Fractions with R;=0.73 were collected. The yield

was concentrated in vacuo to a solid. Yield was 1.06 g (1.41 mmole, 64%).

20 EXAMPLE 4
Preparation_of Oligodeoxynucleotides Contajning a

Non-Nucleosidic Coumarin Functionali

Using the reagent prepared in Example 3, above, an oligonucieotide was
25 prepared via the 8-cyanoethylphosphoramidite method of DNA synthesis that was
identical to a segment of human papilloma virus type 16, comprising nucleotides
397 to 417 of the E6 gene in which the 20th base (adenine) was replaced by 3-(7-
coumarinylmethyl)glycerol.
After assembly, the oligonucleotides were cleaved from the solid support
30 with 3 ml 30% NH,OH for 1.5 h at room temperature. The ammonia solution
was then heated at 55°C for 1.5 h. After cooling, the NH,OH was removed in
vacuo. The crude oligonucleotide was purified to homogeneity by reversed phase
high performance liquid chromatography.



25. than carbon or hydrogen that forms a stable coval ent bond with

carbon at 25C4+n— — wat er)-)= Y and Z-+ndependently —

represent H, F or a | ower al kyl group; X is an organic
group containing (a) 1 to 10 carbon atons and (b) 0 to 10,
preferably O sweodnsfigt ero atom sel ected fromthe group consi FCTWEIENB13, S

and N, 30 and wherein X conprises a shortest linking chain of 1 to
10 atoms between the other atons of 19he fornmula to which it is
attached; Rlerr] is Hor ORerr]; and WO

96/ 28438 The oligonucleotide was hybndlzed in 0.75 M NaCl buffer (20uL)

PCT/ US96/ 03134 3.
Rlerr] is Hor a ngdea %ﬁ?@“@ ?p*abﬂad m% ohgonu %%et r? lar e or mer
preferably being |@ﬁﬂ1‘eﬁﬁi‘geﬂ1=ylmll) for tletionr aa#O’I@dAoﬂyé timé thd’lmllktmkvmna'adiated

noiety) a dr oxyl n au.tomat ol. ynuc| eot.i d
synthesis. Alter natW'V‘e%/ ?13“3‘8 hgt‘j‘ fof 90 ﬁf"?qmqgﬁﬂlﬂg%sgl

pol ynucl eotigle |i n'é%tréﬂoﬁ‘é&& ﬁﬁl}i@ﬁ%‘ih@h‘aﬁlateﬁ mixture mdiﬂ&tb‘iﬂhﬂdh@lﬁldroﬁ i nkage

or other typical group used to couple sugars_ i nucl eoti des.
Preferred coupling PQ@@GMIM@MQMW%U@MﬁWWSP% target was

such as phosphite, SB%OSEBMQXEOSF)%"&?% {iﬁﬁ& us 'di &gﬁﬁaﬁﬂﬁ%mamm one of the

phosphor ot hi oat e, hos onat e.
Non- phosphor ous  coumptleosidig cowparin derivative descmbedl mcSeba:etriﬂarféeSe T&moN@trri des.

Lower hydrocar bon i ncl ude err ken

al kenyl group as &i@ Cge{%caw brpg{?ﬁsf Eﬁed"@%ﬁlggbggfmlgngpa%m
Cerr]-Cergg obtained \ﬁhkml-.seaa&dgeaiskmltsow onacnrdmgnemcadohmoum ofythe

ethyl, propyl, isopropyl, butyl, iso- ¥ tﬂ¥ i an
tert-butyl. Typi calinvep W?“‘@%ﬁ?@ﬁ%‘ﬁw{@%% tb?r? more efficiéncy
substituents inclu e Eficien&hl €rr1OH, -CF[err], -NHCH err],
-CJerr]CHerr]CHerr], and - CON err])[err]. 15 Conpounds
of the invention are useful either as internediates in the

‘preparation of or as conponents of phot oac_ié_%%gl ynucl eoti des used for

exanpl e as probes in hybridizat s. Since the intention

is that onel®r nore of Bycfollowing a similar reamion shévers incthe prayidus \eximples pa?.tandf a
pol ynucl eot i de, th one ety that t he
‘mol ecul es i s deri v '?CR’QF f‘ggh‘? @i Ving grsre,conlqd P%P@{ﬁmu%ﬁ well

o-OMTr
20 0
]
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A
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25

This compound would be also useful for the preparation of oligodeoxynucleotides
containing non-nucleotide psoralen derivatives.
30



20 - pol yhydroxyl hydrocarbon nolecule in nost cases. The glyceryl or

.ot her pol yhydr axyl _hydr ocarbon nol ecule_is incorporated at any
position into the backbone of a nucleic acid typically by
iphosphodi ester type |inkage with the 3 and/ or 5" hydroxyl

groups of thewrshepapgt nucl eotides in the nolecule, wth thepcrusssnsizs
crosslinking noiety normally being attached to the backbone noiety prior to
:'such 25 i ncor poration. 20.The crosslinking noiety
portion of the conpound of the invention can be derived from
coumarin itself or any nunber of substitutEAMBIBE6I nS. An organic

functional group at the _position in the cyosslinking . .noiety recursor ere
gl ycerin or anot her bac%%m&&’mmg%am@]@ﬂggﬂ t'@ﬁﬂ"?"ﬂ%%o
join the 30 . Gipti! 8-Byanb&hyipheiphorhmidite SndiifsaSTAODINANRhksls that WBR ilidntdl
product. Since final products can be often prepared by

al ternative synt hettPegmentsef the gpnome, ahhumag papilloma virus typeghbe (The ~ wi | |

li kel y have gever al;pg5thddkifes iére Horpletenthfiftd hidlchfides 9L 108Y%nd 283302 3F the E6

WD 96/ 28438
PCT/ US96/ 03134 gene, respectively (the sequence of which is herein incorporated biy4reference). In

froma separate nolecul e ar, be fQorned cLi ortions of th .
crosstinking - ca meBe, fog o BT 80 o Bl By (Bposins) ws
At | ocations ot her reflacedtbyes-(7-cdunteginglndtliylpglycerdle ThRBTend terfrirate With X bioting
system can be either unsubstituted or substituted. Typical substitutents on
the 5 . phgnylmﬁ"F‘Hg are small, stable substitutents normally found on
aromatic rimpgs in In parafE1) %Rb GdARSMA0 DNIS moftdiies wei! syhthesifdD PiRse
sel ected as desired to chaqge t he excitation wavel ength of the
coumarin. Substi t utaligeaucleotideschad compiementagy saquensesstogither nucleotides 8%-108 eral | y
non- pol ar and are t2n9f S e LSl dSotipWhd cleotiRLY |
substitutents bei néﬁ%"gt? °E§%%g£‘%?ﬁgg&? ‘tﬁhqgésicocat I on hgpﬁ%:(l)unaér{'n
‘substitutents 10  3-(7-copemarinpimethydgiyaol was esplacediby theowicleosidie reofimanin derivative
4-,5-,6-7, and 8-positions. n tal,n, prefe I ment
t he counmarin noi et j’% Sribed, j Spba eélail.op.§.ol>atem Nd] f&&r gtPf ) "%E'{eﬁ’df@'gp%
backbone noi®ty pr aitisspropyl phbsphotamidite) [58-0f ¢f,4"dimethoxytrityl) derivative at the 5°
position of the 2’-deoxyribonucleotide, herein referred to as the “Saba compound.”

After assembly, the four oligonucleotides were cleaved from the solid
support with 1 mi 30% NH,OH for 1.5 hours at room temperature. The ammonia
solution was then heated at 55°C for a further 1.5 hours. After cooling, the

20 NH,OH was removed in vacuo. The crude oligonucleotides were purified to

homogeneity by high performance liquid chromatography.



-[err] 20 i n which Y, Z, n[ferr], Mand W

.have— the-—eant-hgs--previ-eusty defi nedi—and XFer—s a
precursor of all or part of the X |inking noiety. X[err] will react with
an organic function group on the precursor of the linker noiety to forma
.coval ent woosnsnd. Typical reactive functional groups iroTiusS@o3134
‘hydroxy, am ne, halogen, thio, 25 carbonyl, carboxy ester, carboxy
am de, silyl and vinyl groups. These precursopg can be

synt hesi zed by standard nethods of organic synthesis fromcoumarin itself
or fromthe many commer Thebligonucledtideh werechybridized in 0,75\MtNalisbuffer (20ul) with WO

20/ 28438 a134  complementary 5*-*P-labeled oligonucleotides (molar ratio of unlabeljed:labelled
I'n certain preferroligoitierkdeseatiQ0ilh forgl Hoar2/40bE.Ciarahis tinm the yolptietuveer
has the formila: {r?z{d%ed with UV-B wavelength light (XL 1500 UV cross-linker, Spectronics,
5 Inc.) for 15 minutes. The extent of crdsslinking (with respect to the radiolabeled
targets) was detem;ined by denaturing polyacrylamide gel electrophoresis followed
by scintillation counting of the excised bands. The results are set forth in the

following table:

10 E6 Gene Crosslinking | Crosslinking
Sequence Crosslinker Used in Reaction Efficiency
Position Oligonucleotide Site 5’3’ %
89-108 3-(7-Coumarinylmethyl) glycerol TTT 64%
89-108 Saba compound TIT 54%
15 283-302 3-(7-Coumarinyimethyl) giycerol TTT 76%
TIT 68%

283-302 Saba compound

The results indicate that the compounds of the current invention undergo
20 photochemical crosslinking more efficiently than the compound of U.S. Patent
5,082,934 (>10% greater relative efficiency).



in which 10 Rlerr], Rerr], and n[err], and n[err] have the

‘meani ng previously defined_and _ . _.X2._t_s a precursor..of. all or
part of the X |inking group. X2 will react with an organic
functional group on the coumarin noiety to forma coval ent bond

in the final YWwodsheds X noiety. Xlerr] typi caIIy w | be sel epefiisesnsizs
‘fromreactive functional groups and nucl eophilic and el ectrophilic groups

.that are 15 capabl e of undergoi ng. nucl gpphilic or electrophilic
substitution or addition. Exanpl es of specific functional groups
i ncl ude hydroxy, am no, haI ogen, th| o, Wr bonyl , carboxy ester,

carboxy amide, vinyl —and_si| . hyl R SHL SO fan
be synt hesi zed by e e TS ¢ F TS PR S S O
(pol y) hydr oxy hydr ggadnl ey Bivesrop! Yceri n, connercial avail able 1,2- or
1,3- 20 di hy ane derivatives, or such conmpounds with a

protect ed hydroxyl gr ouﬁﬂf’thel’ embodiment of e inyention syas synthesized weing 7t ed

it Mo K or S otndin apalfl bmolotyiooumari ge in MAfipi 11 e 2nC

her ei n i ncor por at edeabtion s‘.lhemerfoethefsmthamhfsb—as(étﬁ-rdlméthwmmhfm (#oi eties
havi ng struct ur of the sent
noi eti es to bases ﬁglﬂﬁarf'wﬁ%g &'-cyanoebml ?ﬁnﬁ Q‘S}H 'Efdéte ycergl Is as

Compounds of the i palRyst on can be prepared by standard t echni ques of
synthetic organic chem stry, using the guidelines outlined in this
speci fication. For exanple, a typical synthesis based on

commer ci al | yp avai | abl e starting naterials is set forth in t
fol 'owi ng reaction sche Tt ey -5, YOO 8 K100, CH:-CH-CH,—07 " %o
PCT/ US96/ 03134 ¢ 1=br 7 .167 > N/ REACTI ON—>
SCHEME FOR TYPI CAL SYNJ;HES| S [err] . afene o
(\ e
. v 1 , , _ n_ l_ .
r-l-..Sd;.> s.:.g._,_..f:—‘-c;.{:-o/\‘/@:s T Chy -0 (:/ ? [/ 0cH;
15 Hao © gL Q)
$ K
?gv:cl.‘»; CHy —CH=Ciy - & W+ Ci-p- PILETT
k N
? O I CH-CHy
0 .
Ol\'tT C'H C"}
20 c'u:

—_— CHa-cCit-cH, -

cHacla 1 {
o o
bt pon’
25 L
e

This synthetic route requires less time to complete than the reaction sequence
using 7-bromomethylcoumarin and provides a cost savings of about 50 percent

30 compared to the 7-bromomethylcoumarin Synthetic sequence. The 7-
hydroxycoumarin derivatives can be introduced into oligonucleotides and are more

stable during deprotection of the oligonucleotides (exposure to concentrated NH, at



10 . 15 20 25 Reagent s (a) I odi um hydri de
( NaMy-+cHFet+—eHer+-eHker+] - 0- CH-ef+f—————fbidweert - pbr onomethyl- coumarin

;(c)_ HC (aq.), THF (tetrahydrofuran) (d) DMrr Cl
(4,4 -dinmethoxytritylchloride), pyridine -
WO 96/28438 PCT/US96/03134

23.

room temperature) than compounds of U.S. Patent 5,082,934. The 7-
hydroxycoumarin derivatives exhibit a different absorption spectrum (A maximum
of 325 nm) compared to the 7-bromomethylcoumarin derivatives (A maximum of
310 nfn). The 7-hydroxycoumarin derivatives are red shifted relative to the 7-

5 bromomethylcoumarin derivatives, which reduces the effect of quenchers, such as
nucleic acids. The spectral shift also allows for more selective excitation of the
7-hydroxycoumarin derivatives.

Synthesis of 7-Glycidyl Coumarin
The intermediate 7-glycidyl coumarin was prepared in a reaction flask

10 equipped with a reflux condenser containing 16.2 g of 7-hydroxycoumarin, 15.8 g
of epibromohydrin, 13.8 g of potassium carbonate and 270 ml of acetone
("reaction solution"). The reaction solution was boiled and refluxed ovemight,
cooled, treated with 100 ml of 5% NaOH aqueous solution, and extracted three
times with 80 ml of methylene chloride. After evaporating the solvent a crude

15 yellow solid was obtained. The crude solid (1.5g) was dissolved in a solution of
30 m] hexane and 20 m! acetone at S0°C. The hexane/acetone solution was then
cooled at 0°C for 2 to 3 hours. White crystals formed and were collected by
filtering and dried to a white powder. 290 mg of white powder was obtained. The
melting point of this new compound (7-glycidyl coumarin) was 110-112°C. Thin

20 layer chromatography (TLC) was done in 8% (v/v ethyl acetate/CHCI;; the R,
value of the 7-glycidyl coumarin was 0.6.
Hydrolysis of Glveidyl C .

7-Glycidyl coumarin (2.0g) was dissolved in a solution of 80 ml acetone

and 50 ml of 1.8 M aqueous H,SO,. The acetone/acid solution was heated to a

25 boil for 20 minutes. The solution was cooled and neutralized with a 1.6 M
NH,OH aqueous solution until a pH 7-8 was reached. The neutralized solution
was extracted with 50 ml ethyl acetate three times. After evaporating the solvent,
the product, 7-(1-0-glyceryloxy)coumann was obtained with a melting point of
118-120°C. i i

30 Coumarinyl glycerol (1.37g) was coevaporated with 11 ml of purified
pyridine by rotary evaporation three times. The coevaporated coumarinyl glycerol
was added to 44 mg 4-dimethylaminopyridine, 330 u! triethylamine, 45 ml




30 . (e) CIPN(ipr)[err]OCl—l[err]Cl—l[err]Cl\l, CHerr]CH err]N(ipr)[err],

CH err]Cl[err] D 96/ 28438 —_—

PCT/ US96/ 03134 17.
IEXAI\/PLE 1 7- Coumari nyl net hyl

Isol ket al WO 9628438 To 120 g ethylene glycol dinethylerrisbiziisas
,added sol ketal (2.64 g, 19.0 5 nmol e) and sodi um hydride (0.88 g,
'22.0 mmole, 60%in mneral oil). To the 24. resul ti ng suspensi on was
added 7-brononet hyl coumarin (4.8 g., 19.0 mole) in smal |
portions over a perpysidinefand lrﬁaﬂglbéduneéﬁmmmyl&htdnde II‘thohltiod wags stixvred ataroerhi C
acid was added to stop the e lon...The spolid was t arated fromthe
suspensi on sol ut i oﬁerﬂg"‘rﬁ@ﬁ{"r?‘ UES: ohhe FEAGHOBYas § 6&6‘;}(9&#'*%?%@
to a 10 sol i dwaTéle mmdctm&otuheﬂmym&ﬂadaa&wﬁaesg@im 35 ml of

chr omat ogr aphy usi chlorofgrnf et hyl acetate 97:3 as the

el uant. The f ract i Mhﬂm‘aﬂ‘?ﬂqﬁg Thesrganic phase was dried over sodiymysulfatee [Theycradec

s 41 0 e SGUERRRRELS B ks B AWM ey vin

CHCI /ethyl acetate acsilica, gelgolumn and eluting with a solution of 70% hexane, 28% acetone and
EXAMPLE 2 . .

-0 (4. 4" -di net hoxytzr% E?‘T‘S‘Y‘Q"B?( “? %&?ﬁﬂ’flﬂ% PWSP‘H}F')O'& - Jimgthoxytrityl)-3-0-(7-
7-Counarinyl met hylcoamhfi@iylyceD0zave a sihgled TDOTPOY withhan mssohmﬁn'gmeasaﬁﬁ
sol ution of tetrahydrofuran (12 m) and in hydrochloric acid (6 m) for 20

m nut es. solye®t SY$F®t i on was t hen dried by co- evaporat ion wWith
absol ute et pgnol (% thesif bi 11@44'- imethoxytrifV1).$- A -Qiulmarid E{dnBethyl-
sol uti on was washed W t] _ satura e SO |um car bonat e

solution and then e¥ £radi et byl et her. The

sol ution was concentrat efjdé’ﬁﬁuﬂ%os&ﬁn&%0-«?&%&1&1)3@&& @38 Qs

co- evaporati on
coevaporated with 12 ml of 75% pyridine and 25% methylene chloride two times.

A solution of S ml methylene chloride and 5 ml pyridine was added to the dry

15 viscous liquid (methylene chloride/coumarin solution). The methylene
chloride/coumarin solution was added under argon to a 50 ml flask containing a
solution of 3 ml of diisopropylethylamine, 10 m] of methylene chloride and 1.8 g
of 2-cyanoethyl N,N-diisopropyl chlorophosphoramidite. The solution was stirred
for 90 minutes. The reaction mixture was diluted with a solution of 60 ml ethyl

- 20 acetate and 3 ml triethylamine. The reaction mixture was extracted two times with

50 ml of saturated sodium chloride aqueous solution. The organic phase was then
dried over sodium sulfate. The crude product was purified by a silica gel
chromatography column. 2.6 g of purified product gave a single spot by TLC
with an R, of 0.2 using 80% hexane and 20% acetone eluant.

25

EXAMPLE 8
Using the reagent prepared in Example 7, oligonucleotides were prepared

via the 8-cyanoethylphosphoramidite method of DNA synthesis that were identical
to segments of the cryptic plasmid of Chlamydia rrachomaris. The

30 oligonucleotides were complementary to nucleotides 876-900, 6857-6878, 7118-
7140, and 6725-6752 of the cryptic plasmid (the sequence of which is herein
incorporated by reference), the first two oligonucleotides containing one



25 . with pyridine (2 x 5 m) to give a dry product. To the liquid was

added—pyri di-ne — (30 M), —4—d4—n=e-t—h-y-l—a-m—n-e-pyr—| di ne ((25—+rgr—and
triethylamne (200 [err]l). To the resulting solution was added
4,4" -di methoxy trityl chloride (905 ng, 2.95 mmole). The

reaction m Xtwoosgds stirred for two hours. 37.5 m of water pogtsssidesd t o
stop the reaction, and the resulting solution was extracted with 2 x 180 n
of 30 di et hyl ether. The conbi ned et hepsextracts were concentrated
i n vacuo, dissolved in 15 m nethylene chloride, and purified by
silica gel chromat agsﬁmhyxgmmpgundperohgonumwwthemtm 6ligonutieatides ut i on

sol vent. Fractions_wt.h e co cte . and evaporat ed
to dryness to yi el 8"'1‘%5'"?5‘886&531"3% ﬂ*é)?\a?qucleoudc. WO 96/ 23438
PCT/ US9 6g 03134 After automated synthesxs, the ohgonucleotides were cleaved frdifi .the solid
EXAMPLE

1-0- (4. 4' - Di met hox§l{PPPWP5’ deprgtected ¥jthnd m1 30% BEQH) for 2 b at room temperature. The
2-0-1(N. N-dis sopr oy hfPw mwm )acaboa%mﬁe emdélohgallucﬁbﬁ&e& pugified to
1-0-(4,4" - Drrethoxgtrltyl 0- (7-counari ny glycerol (1.20 g 5
2.18 mol e) was cohemogeneityt bﬂdmanmnz mb@cwlamdmalaieompmmm (5 m pyr| di ne
and 1.5 met e F) t

added net hyl ene hﬂ m&qﬁg‘l?l?&&iedg%% %V&h%'d ntlil}jﬁ?,g(%\g?‘(r)ag}?"effﬁaﬁgnﬁ? i
(1.87 m, 8.59 mmd:mx)ple:ihaary 5'-3p-labeled ehgqmclmtides (raslas fatio rof dinlabéled: labkled

chi or ophosphor an b igsnpeieaseni= TSGR ThIimus at 016 picgne 2 oibldms

sol ution. Tige res ub&terigmaﬁiddtwmuwaa ﬁvbfehglﬂ lfgﬂf (W mﬂjs) for 20 hivdfes] Ahe
m Xture was then diluted with 4 of eth acetate and 2.2 ni

triethylamne, ext$xentof cpsslipking (with fespei'()%‘hﬂfﬁé’éﬁl%b liganucigobidewas (2 x
30 m), and wth S i dﬁ%@ﬂ&hh@%ﬁﬁﬁ%&aﬁdﬁ%gﬂ elec plfo%esl% fofloWtd by 27 and wi th

saturated sodi um c ni.- c
concentrated in vascinsillationecounting of the qxloslzﬂJhandwag’hpueauits etd: sot/ fogthl mab: gel 15

chr omat ogr aphy wit I § system (nmethyl ene chloride/diethyl
ether/triethylam n@l@gﬁ% %&? Fractions with R err]=0.73 were coll ected.

The yield 15 was concent rated in vacuo to a solid. Yield was 1.06 ¢
Cryptic Plasmid of | Number of Crosslinkers | Croslinking | Crosslinking
Chlamydia trachomatis in Oligonucleotide Reaction Efficiency,
Site %
53
876-900 1 TAA 88
6857-6878 1 TIT 86
20 7118-7140 2 TTT, TAT 99
6725-6752 2 TAC, TIT o8

The results indicate that the compounds of the current invention undergo

25 photochemical crosslinking more efficiently than the compbund of U.S. Patent
| 5,082,934, |
EXAMPLE 9

Coumarin derivatives can be synthesized containing various side chains,
including, (1) short side chains, such as glycerol, (2) long side chains, such as
30 poly(ethylene glycols), (3) aromatic rings, and (4) aliphatic cyclic rings, such as

ethylene-dioxy rings. Such coumarin derivatives can be synthesized from the



20 . EXAVMPLE 4

Preparation of Oigodeoxynucleotides—Cantaining.a—

.Non- Nucl eosi di ¢ Counarin Functionality Usi ng the reagent
prepared in Exanmple 3, above, all oligonucieotide was 25 pr epar ed
via the [err]webgaeds hy! phosphoram dite nethod of DNA synt hepégusdsasizyas
|dent|cal to a segnent of human papilloma virus type 16, conprising

‘nucl eot i des . 397 to 417 of the E6 gepe in which the 20th base
(adeni ne) was replaced by 3-(7- counari nyl net hyl ) gl ycerol .

After assenbly, thgpibpria@ et stefing\Raritl Caick ds,§ T-msthyh countaking 7hydpey t 30
with 3 mM 30% NH4 for. 1.5 h at roomterrperature The ,anmoni a, sol uti on
was then heated atcoygaging prculeip (6,7=slihydroyycaumariny or Aegtycidyd coymarin, | Aftached to
renoved in %ﬁﬁﬂ r aifado to
honogenei ty by rever se ﬁ-é &Qﬁmﬁ M&a@%@gﬁuﬁ}gra%dredn@nce “%.gfdic%

chr omat ogr aphy. functlonal gtmp96/ 28438

PCT/ US96/ 03134 19.

The ol i gonull eotide was hybridized in 0.75 M NaCl buffer (20[err]L)

with a conplenentary 5 -[err]P-1abel ed target oligonucleotide (nolar ratio
of probe/target = 10:1) for 1 hour at 40[err]C. At this tinme the
solution was irradiated with 302 nmwavel ength light for 10

m hut es. Denaturing pol yacrylam de gel 5 el ectrophoresi s anal ysi s of
the irradiated m xture indicated that the |evel of phot ochem ca
crosslinking achieved with respect to the radiol abel ed target was

80% Control experinents with anal ogous ol i gonucl eoti des contai ni ng one of

t he nucl eosi di ¢ counmarin derivative described in Saba et al., US.
Pat ent No. 5,082,934, were carried out in parallel. The opti nal
crosslinking efficiencies 10 obtained with these reagents were 60%

Accordi ngly, the conpound of the



I nyenti on underwent photochem cal crosslinking with 20% nore efficiency

([ e greater rel ative et+eteneyr

EXAMPLE 5 15 By following a simlar reaction shown in the
- previous exanples 1, 2, and 3, a product with the foll ow ng
structure couwe obresssy Nt hesi zed as wel | . [err] 20 PET/US6/03134
. Thi's conpound woul d be al so useful for the preparation of

ol i godeoxynucl eot i des cont ai ni ng non2hucl eoti de psoral en

deri vati ves.

PCT/ US96/ 03134

10

15

20

25

W06/ 28438

This compound is not itself a compound within the general formulas described
above, but is an intermediate that can be used to prepare such compounds via
reaction of X and/or B unit precursors with the hydroxyl group that is activated by
formation of a phosphoramidite in the last step of the reaction shown.

@O—OH epibromohyclvin ‘O o, *
7 ™o /-OH 7 o’/ 03/\°H

o AL, (2
AT, (b2

~

AEL,(c)> ’/:},\ 0’ |; - )J)~
0 O
17

cAN

Reagent

(a) potassium carbonate/acetone
(b)  potassium hydroxide
()  2-cyanoethyl N,N-diisopropy!
- chlorophosphoramidite/diisopropylethylamine/pyridine

- mixture of

o
o
ts/‘)/\uﬂ onel mol , oH
P o o

o



EXAMPLE 6 Using the reagent prepared in Exanple 3,

ol i gonucl eoti des were prepared _— via the—— —_—
[err]-cyanoet hyl phosphorani dite nethod of DNA synthesis that were identi cal
to segnents of the genone of human papillonma virus type 16. The 5

‘ol i gonucl eot i ggasMEhse Conpl enentary to nucl eotides 89-108 anpcrBswsdsids Of
the E6 gene, respectively (the sequence of which is herein

i ncorporated by reference). In eachgnol ecul e, the 5 term nal
nucl eoti de of the natural sequence (adenosine) was repl aced by
3-(7-coumarinyl methyl) @Rexetincit step§® with eneu.mmm:daqdwxymmwmddmf

noi ety. 10 . In parallel, two addit nol ec
synt hesi zed. These ep:bromohydn%(glyega% ‘F‘H’é‘?“ﬂ‘é{g% é‘ﬁgbﬁ ib iéq{t\g‘nces
to either nucl eoti dapan§arok{PSutate; which then candidZorlttelfto 1 0B OFG, ﬂftﬁﬁethh@ﬁﬁwf

in these nodified oligdnucleotides 3-(7-counarinyl met hyl) gl ycol

was repl aced by thé—ﬂdﬁtcy&memYb‘NcM'deENSPBQW@“G)Q 3-0,0-(6, Heansm -in

Saba et al.,sU S R g the 3'-O (NN 15

d| i sopropyl phospho?éd%r%ﬁew?y[@o&g&aﬁgéfhgﬁl met hoxyt rityl) derivative at the
p05|t|on of the 2'-deoxyribonucleotide, herein referred to as

the "Saba conpound.” After assenbly, the four

ol i gonucl eoti des were cl eaved fromthe solid support with 1 m

30% NH err]OH for 1.5 hours at roomtmerature The ammoni a

solution was then heated at 55[err]C foraa further 1.5 hours. After

cooling, the 20 NH err] OH was remgved in vacuo. The crude

ol i gonucl eojpdes were purified to by ki gh perfornmance
l'i quid chromat ography. WD 96/ 28

PCT/ US96/ 03134 21.

‘The ol i gonucl eoti des were hybridized in 0.75 k err]l) wth
~conpl enentary 5'-32P-1 abel ed ol i gonucl eotgdes Yo [ (o)

‘unl abel | ed: | abel | ed ol i gonucl et]i des 100:1) for 1 hour at
40[err]C. At this tinme the Iut| os wer o irradiated with UV-B
wavel ength light (XL 150 S-11 pi(r Spectronics, 5 Inc.) for

15 m nutes. The extent of crossl i nki ng’ (with respect to the radiol abel ed

Y



targets) was determ ned by denaturing polyacrylam de gel el ectrophoresis
f ol ewed——— by scintill ati oh—eeurtinrg—of—t-he—exci sedbands—The

results are set forth in the foll owi ng tabl e: 10 E6
Gene Crosslinking Crosslinking
Sequence wo 96r288380ss!| i nker Used in Reacti on Ef pe0U9603134
Posi tion QO | gonucl eot i de Site 5 ->3' %

89-108 3-(7-Coumari nyl net hyl) gl ycerol 9T 64%

89- 108 Saba corrpound i 54% 15

{7

283' 302 3- ( 7- ,luu:!f: KL_A_»

s g A )
283- 302 Saba conpoun /
The results indicate t h%fcutl?%m (g 9n§2)und§tm?d Y’Htéacsalrupé-%—g;f ntf}se('ﬂnm m%'g egl %og%o
phot ochemi cal cr osahd 260 ag dﬂnnbjdedlfsmetem for 1t o at i‘ubncmmpeunﬂe of U.S.

P 2 4 I ff
22. 5 solutlon was then refluxed overmght PE%AM?#E droxide (0. dg) was tHed 4
4' -Di met hoxytrityl)-3-0-(7-coumarinyl anoehl-NN— i sopropyl

phesphor ani di t e) ~ gRgdegragd refluxed for one RO‘"’ m'ﬁtsﬁ@{‘% wawenémamﬁd f'ﬁ@ the sdlids
i nvention was synt BF%&.&E@I@J&@(‘QTK&T sol\i\lon]_ﬁas thﬁwgé%&?% e&sﬁgé]&?& Ofhe

7- brononet hyl coumarfn as 1n i on ene for the
synthesis of 1-O ( zk;sultmg |pmrluhbwys then gisyol@eddin(50-ml of water. The aqueous solution was

coumari ny! ) - 2- O ( 2ycyagpet iy Akl LRBS s RARABACHTAL il SRUSEihice

as
10 was extracted twice with 50 ml of 2M sodium hydroxide. The resuiting organic

phase was dried over sodium sulfate. Afier evaporating the solvent, 200 mg of
white solid was obtained. TLC in 50% acetone/hexane shows Ry 0.42. The yield
was 26% by weight.
Preparation of Aliphatic Heterocyclic Ring Derivative (Step AT

15 6,7-(Hydroxymethylethylenedioxy)coumarin (200 mg) was coevaporated
with 1 mt of dry pyridine, twice. To the dry reactant, 0.9 ml of dichloromethane
and 0.9 ml of pyridine was added. 2-Cyanoethyl-N,N-diisopropyl
chlorophosphoramidite (280 mg), was dissolved in 2 solution of 0.2 ml of
diisopropylethylamine and 0.9 ml of dichloromethane. The phosphoramidite

20 solution was added to the coumarin solution. The resulting solution was stirred at
room temperature for 2 hours. The reaction mixture was then diluted with a
solution of 10 ml of ethy] acetate and 0.5 ml of triecthylamine. The solution was
extracted three times with 6 ml of saturated sodium chloride solution. After
evaporation of the solvent, the resulting product was purified by a silica gel

25 column with the following eluant: acetone/hexane/triethylamine = 36/60/4. The
purified product (100 mg) was obtained with an R, = 0.57 (in TLC using the

same eluant).



[err] 10 This synthetic route requires
less tine to conplete than the reaction sequence—— usi ng

. 7-bronmomet hyl coumarin and provides a cost savings of about 50 percent 30
“conpared to the 7-brononet hyl coumarin synthetic sequence. The 7-
hydroxycourravaat i ves can be introduced into oli gonuclregiissessiznd ar e
' nor e stabl'e during deprotection of the oligonucl eotides (exposure
to concentrated NH err] at 30.

C FOR ARIN C T MATIC

5
10

Kalo [Acetent N (a) 5

ald h
BT o : OH BiL

15

7 7

™o ot —0 Y Yo g

) \p/ \/\C.fJ
|

" +
25

Reagents

(@)  2-cyanoethyl-N,N-diisopropyl chlorophosphoramidite,
diisopropylethylamine/pyridine/dichloromethane.
30



WD 96/ 28438

PCT/US26/ 03134 -23.
~roomtenperature) than corrpounds of U S. Patent 5,082,934. The 7-
~hydroxycoumarin derivatives exhibit a different absorption spectrum ([err]
L maxi mum woosnsd8 325 nm) conpared to the 7-brononet hyl c PCRAISPGH3I134
“derivatives ([err] maximm of 310 nm). The 7-hydroxycoumarin
derivatives are red shifted relative to the 7431.5

br ononet hyl coumar i n derl vatl ves, Whl ch reduces the ef fect of quenchers,
such as gti Bro 164 : gpiR) al so all ows for nore
sel ective excitation of # ives.
Synthesis of 7-d ycidyl fcg@M‘PHm““ (285 Mbgﬁ%w’g$%[ irtn't e%r’re late

7-gl ycidyl coumari iN-bRfinduedninge (3018g) wesaided o 14(amk of Chloroform inegoriedjteniflask

with a reflux condenser contajning 16.2 g of ,7-hydrox oumar
of epi bronohydrin, apd the &'SB‘F“SM‘&&Fgﬂ’FMW@? y'g‘ﬁ 83"“&%8’1‘@1‘3’0 ml
("reaction sgluti orbf)cmomr&,eamel resultiy eﬂ,a@gmm mlrbﬁgstﬂﬂfbdrﬁéﬂlmednl of

over ni ght, cooled, treated with u

sol ution, and extr dgetene.t Wy white solid (21g) wag ?‘?@QC‘W’{% 38031“?8 P.ff“‘ tlﬁ%@ﬁ C was
chlori de. Af ter eva&gl?édl ng the solvent a crude 15 yel | ow solid was
obt ai ned. The crude solid ([ 59) was d| ssol ved in a soI ut| on of
30 m hexane and 2QPreparating ] = b on was -

t hen cool ed 0 errCfor t ' 0 - d
and were col |l ected by a}'B om “&‘?‘l“f‘b‘ﬂf‘r{g @th%rfddﬁﬁ?u%ﬁéﬁa%%e %'%290
ng of whitejgowder Ptifoﬁsﬁiﬁﬂﬁ cafttmate (1 7Sg) and acetohé (209 mm (The sblution wamew
conmpound (7-gl yci dy coumarin) was 110-1

chr omat ogr aphy  ( TLeatgd and gtigred FP'B%‘?‘W v T@? %@F“‘Lfb&'?%f ?W%’r from ‘F%é““’-

Her] d dbt WS dséived in 40 ml of
Hydr0| yS| s Of e yCIW\a&'&hﬁg &le&b%ﬁt Yﬂe(ﬁ‘@&‘f%ﬂ t ved 1n ml o

mar n -d yci g‘x counarin f%
was dissolved in a d;dtlmomthaot e erganiccobition was “'e" extract thregotimes with 8“'
aqueous Herr] SJ er [ | a Aft
boil for 20 m nut esJf erigﬁsg}%ejv(vgé cocf)?'hglt%%%' neut raf’h?qéé% t hégzl er

NH err] OH aqseous sewhpﬁmting thetsolvent, tid produchaas recaystadlized from GE:Chithy} g@ptate

sol ution 50, i et etate three tines.
After evaporating tﬁ?@ﬁ'sgﬂi 5@{@ "Ei.dp"“rted md“?‘h‘é" ‘%ﬂ"gf

7- (1- O gl yceryl oxy)meptiadic ‘ SHliisopropyl

118-120[err] C. Synt esi s o,_ 4" -Di vl ) - 30(7 counari nyl

gl ycerol 30 h 2 ' PRGSO -399) was coevapor at ed

with 11 m of purifi Ed 2-cyanoethyl IPW &lﬁbﬂ%p?lyml&bﬁ{o!pl@fa’*ﬁiﬁflﬁ%@k&lhﬂ &fth the
times. The coevaporated counarinyl (%%cero was_added to 44 ng
4- di net hyl a@0nopyr i pipdust of SEp[BH in p Tashjoatsimilarip that of Step AL




WO 96/ 28438

PCT/ US96/ 03134 —_ i 24,
pyridine and 1.78 g of dimethoxytrityl chI oride. The solution was stirred
at room tenperature for 3 hours. The reaction was stopped by
adding 66 m efo skrisgusi zed wat er. The reaction sol yicrRisesias hen
extracted three tines with 35 m of nmet hyl ene chl ori de. The
organi ¢ phase was dried over sodiumsulfate. 3ghe crude 5 product

obt ai ned by evaporati ng the sol vent, was pur| fi ed by chr orrat ogr aphy u5| ng
a silica gel colum aRBA B : R ] 7, AININ( N5 SITbF
and 2% yl am ne. 2. 6 g of purlfled product (1 O (4, 4'

di met hoxytri tyl )-3&%2&‘-]’I counari nyl )gI ycerol ) gave a si ngI e TLC
spot with an R err}.g 5 ¢ £ivid
Synthesis of 1

-0 (4.4 -di net hoxyts33 b 4 ARy

N. N- di i sopr apyl phosphoram di te) gI ycerol

1-0- 4,4 -Di net hoxytrityl-3-O (7-counmarinyl)glycerol (2.5g) was

coevaporated with 12 of .75 % pyridine and 25 % net hyl ene chloride two
tinmes. A ony of 5 m a*et hyl ene chloride and 5 m pyridine
was added to the dry W5 dcods L{_gghd met HyKene e/ counaria
sol ution). The net hgfeWe CEHT Uy <ol ’?ﬂdg‘e’ ,
under argon to a 50 ml flask containring a SO|QItI n of é 25 — s
dii sopropylethylamne, 10 ml of nethylene chloride and 1.8 g

2- cyanoet hyllo NN-di i sopropyl chl orophosphoram dite. The solution was stirred
for 90 mnutes. The reaction m xture was diluted with a solution of 60 m

et hyl 20 acetate and 3 ml triethyl ama Th%i on m xture was
te

extracted two ti mestwHONCHLCH)- O-CH, CHROOH! e-f—-s-a-t-hr, di um chl ori de

aqueous sol ution. The organic phase was therCb) ¢ dPi-ed-{dﬁ@{;O@WamCl{.;OH
sul fate. The crude product was purified by a silica gel UH

chromat ography colum. 2.6 g of purified product gave a single spot by TLC
with an Rerr] of 0 ﬁum ng 80% hexane and 20% acetone eluant. 25

EXAMPLE 8 15 > "

(c) o7 o —C”.:-fH-c;f,,- OCHCH.~O-CH.tH, ~0- DMT
OH

= e
Cd) o,/ - \o.—CH,_off-"C‘{;'DCH;CH-;”OCH;CH;—'O"DMT

D/‘F‘A/“‘<
S A
cw

20

25 Reagents

(@  potassium carbonate/acetone
(b)  sodium hydroxide/ethylene glycol dimethyl ether
(¢©) 4, 4'-dimethoxytritylchloride/pyridine
30 (d)  2-cyanoethyl N,N-diisopropy! chlorophosphoramidite, diisopropyl
ethylamine/dichloromethane



Using the reagent prepared in Exanple 7, oligonucleotides were prepared

Vi a—the-f-ert+-}-cyanoet-kyphosphor am-d4-t-e=n=et=h-e-el=e-f=-DNA-synt hesis—that were

i denti cal to segnents of the cryptic plasm d of Chianydia
trachomatis. The 30 ol i gonucl eoti des were conpl enentary to

nucl eoti des 8w 484386857- 6878, 7118- 7140, and 67ptTniSséidsisd t he
cryptic plasmd (the sequence of which is herein | ncor porated by
reference), the first two oligonucl eoti des co@s.ai ning one . WO

96/ 28438

PCT/ US96/ 03134 Preparation Of 7-Glycidyl Coumarin (Step CI) 25

crosslinking conpound p b |€51 .
ol i gonucl eot i des %lscgoﬁgwlﬁlgﬁgwggg%gﬁ Ing C rrpounds per
. o ok vetisoxy)etliviel

ol i gonucl eot i de. 1 F : BN 95
ol i gonucl eot i des cI eaved fromt he solid support and
deprotected with 3 30% NH4OH for 2 h at roomtenperature. The 5

NHAOH was regroved in vaguflyciagl dodwagﬁ@aphism%a%mﬁenwsowbﬁsoaﬂmi0
honpgenei ty by denaturing E&I yacryl am el ectrophor esi

The ol i gonucl eot | dbyd %ldé T4 Pﬂﬂmlqﬂﬁ g&vcvlsarm %ﬁ’tpf Bibylens glyeolglimethy] ether.
with PB%F Was hedt&d fol @Fﬁ:@ﬁfr' @Hﬁb %ﬁﬁ?m é%ﬁted

rati o of wunl abeI ed abe I gonuc eot| es = :
m nut es at 40][ er r] @ithak0 mhof de-ianined water aod mas exgactsi threenmesmulew miafii at ed

wi th UV- A wavel engt,h ht | a 20 m nut The tent
of crosslinking (\g/]m lcﬂj f@gf}géﬂe \A@'et‘ﬁgzrp Fé‘@élt@’& ‘g'feidgod'ﬁﬁ?ﬂdgg? selfage.
determ ned fy denatvdpofugingthe/ sulvent,afit dﬂxde@kodabzewisrmah?imcsbyf obilica\gél ddlamn
r fort h in
VLacetone. hexane A major pm@cg,ryftfm&g @s@% mg) and a

'scintillation countin t he eX|c ed bands. The resu
t he foll emh%&% 8
Nurber of Crossli nkfikcr prédue WithR, 0034 (50Ga) (T iwvent 50% (v/v) hexdnBlagetiid) dvere
trachomati s in Adigonucleotide  Reaction Efficiency,
Site obtained. 5- 3 876- 900
11 Pfeparation Of 3-0-(75Cbumarinyl)-1-0-2-[2-(4.4'-
15 i xytrityloxylethoxylethylglycerol

The dihydroxy coumarin derivative (230 mg) obtained as the product of
Step CII was coevaporated with dry pyridine. Dimethoxytritylchloride (320 mg),
60 ml of triethylamine and 10 mg of 4-dimethylaminopyridine were added to the
coumarin derivative. The solution was stirred at room temperature for 16 hours.
20 The solution was diluted with water and extracted with dichloromethane, then
dried with sodium sulfate. After evaporating the solvent, the crude product was
purified by a silica gel column with 40% (v/v) acetone/hexane as eluant.

thyl-N N-dii
hosphoramidite)-1-0-(2-[2-(4.4-dimethox ytrityloxy)ethoxvylethyDglycerol
25 CIvi

2-Cyanoethyl-N,N-diisopropyl chlorophosphoramidite is reacted with the
product of Step CIII as described in Step AIII.
jon h midite Used In Steps _BIII
The general procedure for preparing the phosphoramidite is as follows.
30 Under an inert atmosphere 1.2 eq of 2-cyanoethyl-N,N-diisopropy!
chlorophosphoramidite and 2.4 eq of N,N-diisopropylethylamine are dissolved in
0.9 ml of dichloromethane in a glass container capped with a septum. The



6857- 6878 1 TTT 86 20
7118-7140 _—2 - TTI,—TAT —99. .

.6725 6752 2 TAC, TTT 98

‘The' results indicate that the conpounds of the current invention undergo 25

Jphot ochem cal wiygepgdagnki ng nore efficiently than the conpoungcefusséndiss
{Pat ent 5, 082, 934.

EEXAIVPLE 9 Coumarin derivativegs can be synthesized
cont ai ni ng various side chains, i ncluding, (1) short side chains,

such as glycerol, ¢(dimdringecirshe (tlﬂaéq)ssnchmmean'ocﬂm of steps AFIpBII(cartCH) evae
glycols), (3) aro I nd | clic ring h as

et hyl ene-di oxy ri % ?‘§ﬂ£98&ﬂ%ﬂf‘ﬁmg \9%1"@/8@]8@8’%&@& ﬁg@f"z@ﬁ fromthe
WO 96/ 28438 chlorophosphoramidite solution is stirred, the coumarin solution is added Stirring
PCT/ US96/ 03134

appropriate counar isfostinedifor2 hays, i Ethylacetatz i added, ?“W%W‘BQ)M‘FWS washed
7-hydroxy 5 ﬁﬂlﬁgﬁl'( ue&ﬁ?mr@é tithet Bnd’ dﬁéﬂﬂﬁ WuWér%meﬁ%the _

7-glycidyl coumarin. Attach each coumarin start terial
is-the desired si delhithe emdmmqumgxsavnfo@by column chrqmmamnlwa&sugr oups. 5

acetone/hexane/triethylamine (36:60:4). Appropriate fractions are collected and
concentrated under vacuum.

The invention now being fully described, it will be apparent to one of

10 ordinary skill in the art that many changes and modifications can be made thereto
without departing from the spirit or scope of the appended claims.

All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be

15 incorporated by reference.



WD .96/ 23438 _ PCT/ /03134
27, REAGT”HI'HSMH""W UVARI'N "“L:FHI'S SHEET 1IAS BE
.CONTAI Nl NG AN ALI PHATI C HETERCCYCLI C*RI NG 'DEH VATI YE REPI Af iy EN

'1- O [ 2-cyanoet hyl - N. N-di i spropyl phosphoram dite]-2.3+0 (6, 7
gl ycerol 5 wo096/28438i S conpound is not itself a conpound w tHGCTUISYEE3134

‘general formnulas described above, but is an internediate that can
be used to prepare such conpounds via 3seaction of X and/or B unit
precursors with the hydroxyl group that is activated by formation
of a phosphoram di &k p of the reaction shown. 10
[err] 15 0 FRARS . (a) potassium
car bonat e/ acet one & (Q) co?)‘g?asm u?n‘tght%rf%%uglé (c)
2-cyanoet hyl N, N-di i sopropyl 25
chl or,ophosphor am di t e/ di i sopropyl et hyl ai ne/ pyri di ne m xture
of [err] | w Y
5 " ya
=
e — X
o o
. wherein
10 B represents (1) a linear, branched, or cyclic hydrocarbon group containing

from 2 to 10 carbon atoms and, if cyclic, containing a 5- or 6-membered ring or
(2) a heterocyclic aromatic ring system containing a 5- or 6-membered ring, said
B(1) or B(2) being substituted with 1, 2, or 3 groups of the formula OR,, wherein
R, independently represent H or a hydroxy-protecting or hydroxy-coupling group
15 capable of protecting or coupling a hydroxy group during synthesis of a
polynucleotide, or OR, represent a nucleotide or a polynucleotide connected to the
remainder of said formula, and wherein one to three carbon atoms of the
hydrocarbon group can be replaced by an oxygen, nitrogen, or sulfur atom;
X represents (1) a bond, (2) a linear, branched, or cyclic hydrocarbon
20 group containing 1 to 10 carbon atoms or (3) the X(2) group in which one to three
carbon atoms of the hydrocarbon group are replaced by an oxygen, sulfur, or
nitrogen atom and wherein the shortest linking chain of atoms in X between atoms
in other parts of said formula attached to X is I to 10 atoms, wherein X is
optionally substituted with 1-3 substituents selected from the group consisting of
25 hydroxy, halogen, amino, amido, azido, carboxy, carbonyl, perfluoromethyl, and
cyano functional groups; and wherein X is attached to the phenyl ring of said
formula directly or through W;
nis0, 1, 2, or 3;
each W independently represents a hydroxy, halogen, amino, amido, azido,
30 nitro, thio, carboxy, carbonyl, perfluoromethyl, or cyano functional group; an
unsubstituted hydrocarbyl group of 10 or fewer carbon atoms; or said hydrocarbyl
group substituted with 1-3 of said functional groups or in which one carbon atoms

This Sheet Has Beeh Reﬂlaced '




B 1] g

2, 3- di br ono- 1, 4-di hydroxybut ane i nst ead epi i br oo ydri rp;;q.tm@@at%e
simlar conmpound 2,3-0-(6, 7-counarinyl) - 1 2.3.4-

tetrahydroxybﬁmﬁhi ch then can be converted to PCT/US96/03134
1-0-0-(4,4" -dinethoxytrityl)- 4-0- (P-cyanoet hyl - N, N-di i sopr opyl
phosphoram dite)-2,3-0, 0-(6, 7-coumarinyl) - 6.

1, 2, 3, 4-tetrahydroxybut ane as shown below. [err] 10

0 WO 9Gépised By an oxygen, sulfur, or nitrogen atom and wherein two Ws together can
PCT/ US96/ 03134 9

Preparation Of 6.7 TeRiERLXJingfwsed &9 the rbeayiting of saidfarmyiai steps Al & Al
(Ei gﬂ)g; in (0.909) was stjidtRé!pitvisBs thab O) WHeA X BF WORlARDE RS HyBOBADEN, the
total number of substituents in X or W is less than the total number of carbon
5 atoms in said X or W and no more than one substituent or heteroatom is attached
to a given carbon, unless said substituents are halogen atoms on said given carbon,
and (2) the total carbon atoms in all W substituents is 15 or fewer; and
Y and Z independently represent H or lower alkyl or F;

wherein said formula contains one photoactive bond and said bond is

10 located between the carbons to which Y and Z are attached in said formula.
.2. The compound of claim 1, wherein X, in either orientation, is
0] o]
] i
15 -OCH,-, -SCH,-, -NHCH,-, -CCH,-, -C-0-,
o] 0
] ] .
-C-S§-, 'NH'C', or 'CL;(CH:)". in which L = H,
20 F,

Ci, I, or Br and n=0, 1, or 2.

3. The compound of Claim 1, wherein X is a cyclic structure with a 5-
25 or 6-membered ring or a 5- or 6-membered heteroring containing one O, S, or N

atom.

4. The compound of Claim 1, wherein all of said formula to the right
of X represents coumarin or a derivative thereof within said formula.

30
| 5. The compound of Claim 1, wherein X is covalently connected to the

7 position of a coumarin moiety.

6.  The compound of Claim 1, wherein B represents:

35 a group of a first sub-formula ; 0
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and. 200 nl of anhydrous acetone for H“uﬂ ul"jl Ilzummutrrper at yr-e-
Epi brenohydrin (1. 05g) was added to yel | oW BUSSHEST ¢S BEEN
sol ution was then refluxed overnight. Pot assi Uum ?1ydrOX| de (@. 700) RERIAGEDEn

-added and refluxed for one hour. The solution was then separated—fromthe
solids woesidsysscentri fugati on. The sol ution was then evpgmosdsesizdy a
wat er aspirator. The resulting product was then dissolved in 50
m of water. The aqueous sol ution was. 37. then extracted three tines
with 35 m of nethylene chloride. The organic solution 10 was
extracted twice with 50 m of 2M sodi um hydroxide. The resulting organic
phase was dried over sodiumsulfate. After evaporating the solvent, 200 ng

of white solid was obtained. TLC in 50% acet one/ hexane shows
Rlerr] 0.42. The yield agroup of a second sabforimaiarei ght . Preparation
of Aliphatic Heterocyclic Ring Derivative (Step Alllgp_15

6, 7- (Hydr oxynet hyl et hyl enedi oxy) coumarin (200 ng) wa z “Wpor at ed

with 1 m ofgdry pyridine, twice. To the dry reactant, & Kxof

di chl or onet hane and 0.9 m of pyridine \/\HS{ atded.

2- €yanoet hyl - N. N-di i sopr opyl chl or ophosphoranidite (280 ng), was
dissolved in a solution of 0.2 m of di i sopropyl et hyl am ne and
0.9 m of dichloronethane. The phosphoranidite 20 sol uti on was added

to the counarin sol uti oror algreup efathirdhspbsformglaon was stirred at
roomtenperature for 2 hours. The reaction mxture was then diluted with a
solution of 10 m of ethyl acetate and 0.5 m of triethylagne. The

sol ution wago extracted three tines with 6 m of ssaturated sodi um
chloride solution. After evaporati on of t he soIL_gJe{ﬁ. )t he . :
resul ting product was purified by a silica cal th the
follow ng el uant: acetone/ hexane/tri et hS/Harﬁg ég'/ %67‘-‘4) _Fr@rp)v\u

purified product (100 ng) was obtained With an Rkénrj 0 7 (in TLC using

t he sanme el uant). WR 6/ 28438

PCT/ US96/ 03134 30. ﬁ REACTI ON SCHEME
'FOR COUVMARI N CONNECTED TO AN AROVATI C SIDE™Y
: ' 15 wherein

R,, R,, and R, independently represent H or OR;;

m, n, p, q, and r independently represent 0 or 1;

one hydrogen of said sub-formula is replaced by a covalent bond to said X
20 group; and

all other substituents and definitions of said formula of said compound are

otherwise as previously defined.

7. The compound of Claim 6, wherein B is saturated.
25

8. The compound of Claim 6, wherein B has said third sub-formula.

9. The compound of Claim 6, whereinm +n+p+qg+r=201,
or 2.
30

10.  The compound of Claim 6, wherein said third sub-formula

represents an acyclic, saturated, di- or tri-hydroxyhydrocarbon.
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CHAKN 3- O (7- Counari nyl net hoxyuwu m “ l t hyl - i sopr ophyl
5 phosphoram dite]-1- 3_d¢_h.3Ldroxyb IH H* 10 L‘"‘*"'

TH!.:)ZEF} ...... y
20 25 Reagent s cyanoet hyl - N, N-di i sopro,@' F[,LLA IAS BEEN
chl or ophosphoramni di te,
pll I sopropyl et o agrgasy pyri di ne/ di chl or omet hane. PCT/US96/03134
38.

11.  The compound of Claim 6, wherein said third sub-formula
represents tri-O-substituted glycerin.

12. The compound of Claim 1, wherein said nucleotide or
5 polynucleotide is connected to said compound via a phosphorous-containing linking

group.

13.  The compound of Claim 12, wherein said phosphorous-containing
group is a phosphate group.
10
14.  The compound of Claim I, wherein B contains a benzene or

naphthalene ring.

15.  The compound of Claim 1, wherein B contains a bridged
15 hydrocarbon ring.

16.  The compound of Claim 1, wherein B contains a bicyclo [3.1.0] or
hexane or [2.2.1] heptane ring.

20 17.  The compound of Claim 1, wherein B contains a spiro or dispiro
hydrocarbon ring.

18.  The compound of Claim 1, wherein at least one R, represents a
trityl, pixyl, dimethoxytrityl, monomethoxytrityl, phosphite, phosphoramidite,
25 phosphate, H-phosphonate, phosphorothioate, methylphosphonate, phosphodithioate
or phosphotriester group.

19.  The compound of Claim 1, wherein B contains a heterocyclic ring
selected from the group consisting of furan, pyran, pymole, pyrazole, imidazole,

30 piperidine, pyridine, pyrazine, pyrimidine, pyridazine, thiophene, acridine, indole,
quinoline, isoquinoline, quinazoline, quinoxaline, xanthene, and 1,2-benzopyran.
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ggmgund_hmng_t he .f-gr-ml a. [erer] ”IIIIII mlu\mu MIHI IIII %5 rc:l,cnf S '(A\ﬂ

a linear, branched, or cyclic hydrocar boh group dont'ai ni ng f I’T{J&dﬁmriﬂfaAS BEEN
car bon atoms and, if cycl ic, containing a 5- or 6-menbered ring orPKm)(\CﬁD
heterocyclic @9gdsysy 1 Ng system containing a 5- or 6-nenber 9
B(1) or B(2) being substituted with 1, 2, or 3 groups of the formul a
OR[err], wherein R err] independently represegy. H or a hydroxy-protecting
or hydroxy-coupling group capable of protecting or coupling a hydroxy group
during synthesis of a p@0ynudl eonipodad obClm[lemrh]ereixegmdecmpomdnuspelynﬁdmﬁde

a pol ynucl eoti de copnected ¢ i.nd of rnul a, .a er

one to three car bor??gf tﬁ?ﬁmglf'whgfw ?‘i‘ w@&ggpgeﬁgbpgggcﬂldﬁm Esired
oxygen, nitrogen, leﬁuéléolfde%éﬂéhcel\ﬂ(l l"bpi'étent@ lhb\/mﬁlboﬁdfﬁaiepﬁcﬁlg Qﬁoléb&le m the
represent a deoxyribose or a ri bose lety; X represents (

bond,” (2) a |inear forgudmef, bf%@ﬂa@zhmwmmgﬁﬁoé’ﬂﬂ Bgrit S50 h§° 10to

10 carbon atpns or (3) the X(2) group in which one to three carbon atons of
t he hydrocarbon group are replaced by an oxygen, sulfur, or nitrogen atom

and wherein the shortes2ll i nAicompohed of Claim 2 wherein m1 and m2 are less than 100.

22. A compound of Claim 21 wherein at least one Q is at a terminal
position and at least one Q is at an interior position of said polynucleotide
10 sequence.

23. A compound of Claim 21 wherein at least one Q is at a interior

position of said polynucleotide sequence.

15 24. A compound of Claim 21 wherein Q is at a terminal position of said

polynucleotide sequence.

25. A compound of Claim 1 wherein B-X- is R,-O-CH,-CH,-O-CH,-
CH,-0-CH,-CH(OR,)-CH,-O-.
20
26. . A compound of Claim 1 wherein X is -CH,-O- and B is

(L.
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of _atons in X between atons in other mul a attached to X is
1 to 10 atons. wherein X.is optionall ﬁm“ﬂm“nﬁuﬂ |Ulﬂh 1- 3 BETHS SHEERNHAS BEEN
'selected fromthe group consisting of hydfoxXy, "nafogén, aninp, “ampdpLACED

‘azi-do, carboxy, oxo, perfluoronmethyl, and cyano functional gretps—eard
.wherein X is W@I to the benzo ring of said fornmula direptctyswmnstsiar ough
W nis O, 1, 2, or 3; each Windependently represents a

hydr oxy, hal ogen, am no, am do azido, nitro, 4ghi o carboxy, carbonyl,

perfl uoronethyl, or cyano functional group; an unsubstituted hydrocar byl

36 group of 10 or fewea7.cardosompoondhaving theifdrmiuladr ocar Qyl gr ouy
substituted with 1-3 of said functional groups or in whi
is replaced by an oxygen, sulfur or nitrogen atom and
together can represent a ring fused to the benz@ H-Rg¥o ;.
with the provisos that (1) when X or Wis a substituted VA\-Q.. t he
total number of substituents in X or Wis less than the total Sunber of

car bon at ong in saj o rin®" Wand no nore than one substituent or heteroatom
is attached™t o a given carbon, unless said substituents are hal ogen _atons
on. sai d gi ven carbon anB régysentsd]) obmnched dysyclis hydgocarbon) growy eantaining frem &

is 15 or fewer; an Y and .Z | pde LYe r eRr : r
al kyl or F. to .cm“ﬁgmégpéo"gﬁ#ﬁgf 9@% TBS \ﬂ%re&r'gwé 81; W@r
orientation, is  heérotyclic aromatic ring system containing a 5- or 6-membered ring, said B(1)

or B(2) being substituted with 1, 2, or 3 groups of the formula OR,, wherein R,

10 represent H or a hydroxy-protecting or hydroxy-coupling group capable of
protecting or coupling a hydroxy group during synthesis of a polynucleotide, or 2
groups when OR, represents a nucleotide or a polynucleotide connected to the
remainder of said formula, and wherein one to three carbon atoms of the
hydrocarbon group may be replaced by an oxygen, nitrogen, or sulfur atom; or B

15 represents a group of a third sub-formula 4
(cH)w
\
cH, CeH, ) cw (chy ), c(cH.) H
!
R x (cHs), Re
1
20 27
wherein

R,, R,, and R, independently represent OR;;
m, n, p, q, and r independently represent O or 1; and

25 one hydrogen of said sub-formula is replaced by a covalent bond to
said X group;

X represents (1) a bond, (2) a linear, branched, or cyclic hydrocarbon
group containing 1 to 10 carbon atoms or (3) said X(2) group in which one to
three carbon atoms of the hydrocarbon group are replaced by an oxygen, sulfur, or

30 -nitrogen atom, and wherein the shortest linking chain of atoms in X between
atoms in other parts of said formula attached to X is 1 to 10 atoms, wherein X is
optionally substituted with 1-3 substituents selected from the group consisting of

This Sheet Has Been Replaced
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O s 0 o L I
heteroring containing one 0, S, or N atom £ the® conpour{d_of BERiApEpL.

whefein all of said fornula to the right of X represents coumarin
derivative thaveefnsass hin said fornula. 5. The conpound of p€lras9si03134
wherein X is covalently connected to the 7 position of a coumarin noiety.
12. The conmpound of Claim1, wherein said gucleotide or polynucleotide is
connected to said conpound via a phosphorous-containing |inking group. 13.
The conmpound of Chydroxy,2halogess ahinosamidopaxidy Foarbouy,- cadbonyl, perfipogonethyl] anda

h h ) . . . . . 37
Te "™ The Conpoun@y2gP fupctionp! rounsapd Mhersin X s aachsgtoupe phawy} s o€ sAid s

trityl, pixyl, di rorinutxdirdctly)or throRgtowet hoxytrityl, phosphite,
phosphoram dite, phosphate, H-phosphonate, phosphorot hi oat e,
met hyl phosphonat e, pho%ﬁhbd?:t?f':bat e or phosphotriester group. 19. The

compound ofs O aim 1. YRR InfpERRAA) Rprékchif a @S] hlofcn! Inie] i ko™

t he gr oup COI’ISI sting uran, pyran yrro
pi peri di ne, pyri dhites, ﬂp9,r carbony, cpjmnyh mrﬂeqromymyuamcumo i[unctuml@reup, an

SorL 0L ok Sy Bl By R ABE ! SERR! bifrany
compound i s a pol grouplsebstinded with t1-3 of satdrfilnational groups or in which one carbon atoms
replaced by an oxygen, sulfur, or nitrogen atom and wherein two Ws together can
10 represent a ring fused to the phenyl ring of said formula;
with the provisos that (1) wﬁen X or W is a substituted hydrocarbon, the
total number of substituents in X or W is less than the total number of carbon
atoms in said X or W and no more than one substituent or heteroatom is attachéd
to a given carbon, unless said substituents are halogen atoms on said given carbon,
15 and (2) the total carbon atoms in all W substituents is 15 or fewer; and
Y and Z independently represent H or lower atkyl.

28.  The compound of claim 27, wherein X, in either orientation, is

. 0 o]
20 _ 1 I
-OCH,-, -SCH,-, -NHCH,-, -CCH,-, -c-0-,
0] 0
" ]
25 -C-8-, -NH-C-, or  -CL;(CH,),-, in which L = R,
F,
Cl, I, or Br andn =0, 1, or 2.
30 29.  The compound of Claim 27, wherein X is a cyclic structure with a 5-
or 6-membered ring or a 5- or 6-membered heteroring containing one O, S, or N
atom.
30. The compound of Claim 27, wherein W is a pyrone or furan fing
35 fused to the phenyl ring of said formula.
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(Nlerr]Qerr]Nerr])[err] in which eac mu ﬂﬂ"j rﬂm mgucleotlde af -
desired pol ynucl eotide sequence, Qrepr ti de-TglSHEETGHAS BEEN
mol ecule in the formula of claiml, and m, , and’ ng are IL'GQGIREPLMEDWB
is from1l to 10. 21. A compound of Claim 20 wherein nl ankd—e—are—tess
than 100. 22.wooédesmasypround of Claim 21 wherein at | east one f¢16s96/03134
termnal position and at |l east one Qis at an interior position of said
pol ynucl eoti de sequence. 23. A compound ofgaCl ai m 21 wherein at | east one
Qis at a interior position of said polynucl eotide sequence. 24. A
conpound of C aim 21 wWHt ei ITh® compaindooftGlaim 22, witeysin tallaf saitl fermula to the right
pol ynucl eoti de se . 25. caonmpound. of Claim| wherein B— X- '
R err]0 G er r ] - Qb estaRsemin: BRpevRngue o s EpaeRs g
CHerr]-O. 27. deﬁvmwmﬁuedfbmﬁhrsﬁdtfaﬁnﬁwr mul a: [err]
38 wherein represents (1) a branched or
cyclic hydrocarbon group cont aining from3 to 10 carbon
atoms and, §f cyclic, cpnt a"l’ﬁb'égm?oﬁd dH'Clfim 27, wherein X is covalgﬁlv)&fnﬁ&tédﬁg or
(2) a heterocycl ic aromatic rin stem contalining a 5-
menbered ring, saithe B(m}ltxonoeezymnmgafmgmﬂmm@atmth 1 2 or 3 groups
of the formula OR[err], wherein Rerr] represent Hor a
hydr oxy-protecting or hydroxy-

33.  The compound of Claim 27, wherein B represents:

a group of a first sub-formula

Rz
10
Rx
Ry
a group of a second sub-formula
15 2z
G Ry
Ry
and all other substituents and definitions of said formula of said compound
20 are otherwise as previously defined.
34.  The compound of Claim 27, wherein B is saturated.
35.  The compound of Claim 27, wherein B has said third sub-formula.
25
36. The compound of Claim 35, whereinm + n+p+q+r =0, I,
or2.
37. The compound of Claim 36, wherein B represents an acyclic,
30 saturated, tri-hydroxyhydrocarbon.
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coupling group capable of protecting (ﬂlm Lﬂwum ﬂ}ﬂt OXyegroup during
synthesis of a polynucleotide, or—2-grik ALk r epHeSeBILEETRHAS BEEN |

‘nucleotide or a pol ynucl eoti do connected to] the REppACKter of
.said fornula, and wherein one to - three carbomatone—et—the
hydr ocar bon ewesasssse repl aced by an oxygen, nitrogen PCT/US96/031340

sul fur atom wth the proviso that B does not represent a ribose or

deoxyri bose: X represents (1) a bond3. (2) a linear, branched, or

cyclic hydrocarbon group containing 1 to 10 carbon atons or (3) said X(2)
group in which one to38hr eThe compound ob Faimf 36, weherejni Baepressots WirGupbstipuged

repl aced by an Oxa‘if%&q“ sul fur, or nitrogen atom and wherein the shortest
| i nki ng chai n of ons in X between atons in other parts of said fornula
attached to Xis 1 to 10 atonms. wherein X is optionally substituted with

1- 3 substituents sel egied om the qgr .C L stin f en,

ani nd, amido, azi do, TboI{E’? °?%9““§é’?%?‘8ﬁt‘ﬁ&‘7f":“95‘ﬁ' s@&ﬂ%%hﬁ%ﬂ‘tggal

groups; angl wher gy, ik, dinteRiRgdity1p mohem&aaderityl, phosphite,aphibsfhoramitiie,

directly or through nis 1, 2, or 3; each W

i ndependent | y r ephespbatesH-phosphosats, Phosphogahioats methylphasphgnate, ;i 4o nitro,

thi o, carboxy,. C?ﬁ@%ﬂb{oditﬁ%ﬁtfa'o‘r‘%@éﬁﬁ&tmﬁiterélﬁu;?.yano functional group; an
ocar by!

unsubstituted hydr group of "10 or f'ewer carbon atons; or said
hydr ocar byl group substituted with 1-3 of said functional groups or in

‘whi ch one carbon at oma?r eDﬁ-ﬂ‘&S&ngé{lnﬁ%fwﬁegh mg&vk,coﬁﬁxéﬁb;me%&}fﬁ%ﬂg% e

‘wherein two W together” can represent a ring fused to t
'said formaa, selected friotmhtht lzgoupr comsisting aftfatan( pyranjpyrrole, pyragoles imidazole,

substituted hydrogcarhon, the total . nunber.of substitugnts in X.ar Wis |ess
‘than the total n@REAINGE PYINNG PYRZYIFs PYRMERCy PG, §“%P§‘ﬁ?)°’r$8?em?’hlﬁér’f§%’ne

‘substituent or heufiofad, 386quinofihé,aphfgoline, quidoatific,canihens, and |1¢2sbenzapydan.
‘substituents are 39

-hal ogen atons on said given carbon, and (2) the total carbon atons in all W
substituents is 15 or 4f evel coijfbund of Claim 27, wherein said compound is a

15 ~ polynucleotide of the formula (N,;)QuNya)xs in which each N represents a
nucleotide of a desired polynucleotide sequence, Q represents the nucleotide-
replacing molecule in the formula of claim 1, and m1, m2, and m3 are integers,

and m3 is from 1 to 10.

20 42.  The compounds: 1-O-(4,4’-Dimethoxytrityl)-4-O-(8-cyanoethyl-
N,N-diisopropy! phosphoramidite)-2,3-0,0-(6,7-coumarinyl)-1,2,3,4-
tetrahydroxybutane; 2,3-0,0(6,7-coumarinyl)-1,2,3,4-tetrahydroxybutane; 1-0-8-
cyanoethyl-N,N-diisopropyl phosphoramidite]-2,3-0,0-(6,7-coumarinyl)-glycerol;
or 2,3-0-(6,7-coumarinyl)-giycerol.
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Yand Z in
conpound o
|, or Br a
cyclic str

“heteroring
‘wherein W

formul a.

t he right
trans-benz
compound
of a furan
wher ei n° at
nonomet ho
phosphor ot

.group. 40.

ring selec
I m dazol e,
t hi ophene,
gui noxal i n

dependently represent H or |ower alkyl. 28,

he.

f claim?27, wherein X, in either orientation is |
nd n=0, 1, or 2. 29, The conpound of C aim 27m. 4C3E EM“%
ucture with a 5- or 6-nenbered ring or a 5- or 6-pepbere
containing one 0, S, or Natom 30. The conpolinf &9 &ER 19987,
Is a pyrone or furan ring fused to the phenyl ring pf_said

()

1)
o T
b

31. The conpound of C aim 27, wherein all of saljd forrmula to

of X represents psoral en, cis-bepzodi pyrone, or
odi pyrone or a derivative thereof within said fornula. 32. The

of Caim27, wherein fnf1A0Y¥ Uik INVBRIRONEd to the 4 position

ring of a psoral en nolety. 39. rne conpound of Claim 27,

| east on d tyl,
xytrityl, ?rb%c dﬁJ' AL %osph regtrﬁhi}h% é‘les nlghf% t%totné{hgﬁ-ﬁﬁ%sp#gnat e.
hi oat & cnmbbﬁ;ddrbiamghmrfamia phosphorodi i oate or phosphotriester
The conpound of Cl aim 27, wherein B contains a heterocyclic™
ted fromthe group consisting of fug,an pyran, pyrrole, pyrazole,

pi peridine, pyridine, pyra¥se pyrimndine, pyridazine,

acridi ne, indole, quinoline, ol ige, quinazoline,
e, xanthene, and 16 benﬁ)py

wherein

B represents (1) a linear, branched, or cyclic hydrocarbon group containing from 2 to 10
carbon atoms and, if cyélic, containing a 5- or 6-membered ring or (2) a heterocyclic aromatic
ring system containing a 5- or 6-membered ring, said B(1) or B(2) being substituted with 1, 2, or
3 groups of the formula OR,, wherein Ry independently represent H or a hydroxy-protecting or
hydroxy-coupling group capable of protecting or coupling a hydroxy group during synthesis of 2
polynucleotide, or OR; represent a nucleotide or a polynucleotide connected to the remainder of
said formula, and wherein one to three carbon atoms of the hydrocarbon group are replaced by
an oxygen, nitrogen, or sulfur atom, with the proviso that B does not represent a deoxyribose or a
ribose moiety; ' .

X represents (1) a bond, (2) a lincar, branched, or cyclic hydrocarbon group containing 1
to 10 carbon atoms or (3) the X(2) group in which one to three carbon atoms of the hydrocarbon
group are replaced by an oxygen, sulfur, or nitrogen atom and wherein the shortest linking chain
of atoms in X between atoms in other parts of said formula attached to X is 1 io 10 atoms,
wherein X is optionally substituted with 1-3 substituents selected from the group consisting of
hydroxy, halogen, amino, amido, azido, carboxy, oxo, perfluoromethyl, and cyano functional
groups; and wherein X is attached to the benzo ring of said formula directly or through W;

nis0,1,2,0r3:

each W independently represents a hydroxy, halogen, amino, amido, azido, nitro, thio,
carboxy, carbonyl, perfluoromethyl, or cyano functional group; an unsubstituted hydrocarbyl



40 *41. A conpound of Caim 27, wherein said conpound is a " v atide. _
of theforrrula(N[err]Qerr]N[err])[err] I n which each Nre SHEET
nucl eoti de of a desired pol ynucl eoti de sequence, Q represenjsfthne — '
nucl eoti de-replacing nolecule in the formula of claim1l1, anfl Qﬁg'ﬁﬁnd nB
are integers, and nB is from1 to 10. 43. The:conpound of ainf PEF 1998

wherein said fornmula contains one photoactive bond.and sai d Pere—i~s-lacate
between the carbons to which Y and Z are attached in said flormula. 44. A
conpound having the fornula: [err] 2a 45. A conmpoumt—avi-hg

the formula: [err]
group of 10 or fewer carbon atoms; or said hydrocarbyl group subsumted with 1-3 of said

functional groups or in which one carbon atom is replaced by an oxygen, sulfur, or nitrogen atom
and wherein two Ws together can represent a ring fused to the benzo ring of said formula;

with the proviéos that (1) when X or W is a substituted hydrocarbon, the total number of
substituents in X or W is less than the total number of carbon atoms in said X or W and no more
than one substitvent or heteroatom is attached to a given carbon, unless said substituents are
halogen atoms on said given carbon and (2) the total carbon atoms in all W substituents is 15 or

fewer; and
Y and Z independently represent H or lower alkyl or F.

In accordance with a second aspect of the present invention, there is provided

a compound having the formula:

wherain

B represents (1) a branched or cyclic hydrocarbon group
cpnzaining from 3 to 10 carbon atoms and, if cyclic, containing a 5- or é-
membered ring or (2) a heterocyclic aromatic ring system containing a S- or 6-
membered ring, said B(1) or B(2) being substituted with 1, 2, or 3 groups of the
formula ORy, wherein R; represent H or a hydroxy-protecting or hydroxy-
coupling group capable of protecting or coupling a hydroxy group during
synthesis of a polynucleotide, or 2 groups when OR; represents a nucleotide or 2
polynucleotide connected to the remainder of said formula, and wherein one to
three carbon atoms of the hydrocarbon group are replaced by an oxygen, nitrogen

or sulfur atom, with the proviso that B does not represent a ribose or deoxyribose;



\WD: 96/ 28438 : | PCT/ US96/ 03134

37. a group of a second sub-formul ] '
or a group of a third sub-fornmula [err] 10 CENE%H‘SHEET
wherein Rirtt], Rerr], and R err]. ipdependent!|y
represent H or OR[err]; m n, p, g, an iChBeidhesst 1 |y |
‘represent 0 or 1; one hydrogen of said}syb-fornula.is
irepl aced by a coval ent bond to said X 20 group; and

2b

X represents (1) a bond, (2) a linear, branched, or cyclic hydrocarbon group containing !
to 10 carbon atoms or (3) said X(2) group in which one to three carbon atoms of the hydrocarbon
group are replaced by an oxygen, sulfiir, or nitrogen atom, and wherein the shortest linking chain
of atoms in X between atoms in other parts of said formula attached to X is 1 to 10 atoms,
wherein X is optionally substituted with 1-3 substituents selected from the group consisting of
hydroxy, halogen, amino, amido, azido, carboxy, oxo, perfluoromethyl, and cyano functional
groups; and wherein X is attached to the benzo ring of said formula dirvectly or through W;

nisl,2,or3;

each W independently represents a hydroxy, hélogen,- amino, amido, azido, nitro, thio,
carboxy, carbonyl, perflucromethyl, or cyano functicnal group; an unsubstituted hydrocarbyl
group of 10 or faewer carbon atoms; or said hydrocarbyl group substituted with 1-3 of said
functional groups or in which one carbon atoms replaced by an oxygen, sulfur, or nitrogen atom
and wherein two Ws together can represent a ring fused to the benzo ring of said formula;

with the provisos that (1) when X or W is a substituted hydrocarbon, the total number of
substiments in X or W is less than the total number of carbon atoms in said X or W and no more

than one substituent or heteroatom is attached to a given carbon, unless said substituents are
halogen atoms on said given carbon, and (2) the total carbon atoms in all W substituents is 15 or

fawer; and

Y and Z independently represent H or lower alkyl.



al | other substituents and definitions of said formula of
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~ot’herwi se as previously defined. , 7. § JeTre—conpoundy
of Caim6, wherein B is saturated. 25 -
.conmpound of Claim®6, wherein B has said third sub-fornula. 089%&?’3%
9. The conpound of Cl aim6, wherein +n+p+q+r —

or 2. 30 10. . e conpound of. G g m6, wherein
|said third sub-fornula represents an acycli ¢, —saturatetr—ch

Lor tri-hydroxyhjidamosdabeswith a third aspect ofithe gresgnt 3gvention, there is provided

PCT/ US96/ 03134 : . 38.

11.  The co:r%pgﬂrﬂaou&d}@lvg}grnthg,fo%%l?bi n said third sub-formula

.represents tri-Osubstituted glycerin. 12. The
“conpound of Claim1, wherein said nucleotide or 5 pol ynucl eotide is
-connected to said conpound via,a phosphorous-containing |inking

group. . 13. "' Nghe conmpound of Claim 12, wherein said
phosphor ous- cont ai ni ng roup i s a phosphate group. 10

14. The conpound of Claim1l, whefein Bycont ains a bepzene or

0 0
NC/\/ ~p”

Y

In accordance with a fourth aspect of the present invention, there is provided
a compound having the formula:

~o~cy,—a{- Cly = OCHCHy =0 CHCH - O ~ pur
’p ; ‘

e 0

,'F-wu-( o
SN
N/




napht hal ene ring. 15. The compound of

wherein B contains a bridged 15 hydr ocarbon ring. . RH’BACEMENT SHEET
16. The conpound of Claim 1, wherein B contains a bicyeclp ]3.1.0] or
hexane or [2.2. 1] heptane ring. 20 17.. TﬁeQ:QIfqt(binqqgof
iClaim1, wherein B contains a spiro or dispiro hydr ocar bon ring.
+18. The conmpound of Claim1, wherein & |east one R[err]L_afpresents a

tri tyI pi xyl, dinethoxytrityl, nonomethoxytri ti/ws phosphi
'phosphor ani dite, 25The currenpiiveptioe provides mosphustessidic, pw@bqorpcbowammat e,

met hyl phosphonat e, phosphodi t hi oat e hosphot ri est.er group.

19. The conpempEwd d?%ilq'?ﬂle u§ed s iphote- ‘E}'GFRLH‘KHEEP &[%Fb ‘iﬁz?‘? éC'al ng

sel ected from e SISt u a r | e,

ool ected 1rom LIS ALARSHYE A Mo Bhul g s kA BR8 o
pyridazi ne, t%%?ﬂﬁ_ Hf% tesShal e uée‘ad@nﬁepare the final pduéte! i ne, isoquinoline,
qui nazol i ne, qui noxal 1 ne, xant hene - enzopglran

REPLACED WD 96/ 2F#88ompounds comprise coumarinyl derivatives prepared by hnluno the

PCT/ US96/ 03134
20. A conpoudenst riegafa aoumarin eolecyls @F desivabive o adydreyy gm&x*wéfqme

of the forml WQ fyé‘ 16cul Stk hk Bht b thl WA $38HL) dré st A Efcdtol

nucl eoti de of
molecule. The (poly)hydroxy hydrocarbon moiety of the resulting compound is

equivalent to the sugar of a nucleoside, while the coumarin moiety occupies the
position of a base. Accordingly, the compounds can be inserted into growing
polynucleotide chains using automated (or manual) techniques of polynucleotide
synthesis. The double bond between the 3 and 4 positions of the coumarin ring
system is a phdtoactive group that covalently crosslinks to nucleosides in the
c.omplementary strand when an oligonucleotide containing this non-nucleoside
analogue (the "probe") is used in a hybridization' assay and/or therapeutic
application.

For the most part, the photoactive compound has the formula

Y
R

in which the substituents and linking groups are described below in more detail.
The (poly)hydroxy hydrocarbon backbones give maximum flexibility and
stability to the oligosaccharide structure in which they are located as well as good

solubility in aqueous and organic media.
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from1l to 10. 5 21. A cbnpburld &f & af'm 20{wherein ni
‘and n2 are |ess than 100. - 22. A conpound ¢f (CRajHw fhog
‘wherein at least one Qis at a term nal position apdfat |east one
|Qis at an interior position of said polynucleotide 10 - - Sequence:.

| 23. A conpound of Claim21 wherein at least one Qis at a Loterior
position of said polynucl eoti de sequence. 3515 24. A

compound of Claim21 wherein Qis at a tC ﬂgal position of said

pol ynucl eoti de sequence. : A conmpound of C aiml
wherein B-X- is Rerr]-OCHerr]-CHerr]-OCH err]-
CH err]-0-CHerr]-CH(OR[err])-CHerr]-O. 20 26. A

P Blife the Srftal err]-0- and B is [err]
VO 56/ 2gagg | Aeer RRNELRg the Bl

PCT/ US96/ 03134 40.
27. A compound having the formlayy, Y :

8 —X

wherein

B represents (1) a linear, branched, or cyclic hydrocarbon group containing from 2 to 10
carbon atoms and, if cyclic, containing a 5- or 6-membered ring or (25 a hetérocyclic aromatic
ring system containing a - or 6-membered ring, said B(1) or B(2) being substituted with 1, 2, or
3 groups of the formula OR,, wherein R) independently represent H or a hydroxy-protecting ot
hydroxy-coupling group capable of protecting or coupling a hydroxy group during synthesis of a
polynucleotide, or OR, represent a nucleotide or a polynucleotids connected to the remainder of
said formula, and wherein one to three carbon atoms of the hydrocarbon group are replaced by
an oxygen, nitrogen, or sulfur atom, with the proviso that B does not represent 3 deoxyribose or a
ribose moisty;

X represents (1) a bond, (2) a lincar, branched, or cyclic hydrocarbon group coniainlng 1
to 10 carbon atoms or (3) the X(2) group in which one to three carbon atoms of the hydrocarbon
group are replaced by an oxygen, sulfur, or nitrogen atom and wherein the shortest linking chain
of atoms in X between atoms in other parts of said formula attached to X is 1 to 10 atoms,
wherein X is optionally substituted with 1-3 substinuents selected from the group consisting of
kydroxy, halogen, amino, amido, azido, carboxy, oxo, perflucromethyl, and cyano functional
groups; and wherein X is attached to the benzo ring of said formula directly or through W;

nis0,1,2,0or3:;

each W indepsndently represents a hydroxy, halogen, amino, amido, azido, nitro, thio,

carboxy, carbenyl, perfluoromethyl, or cyano functional group; an unsubstituted hydrocarbyl
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atons and, if cyclic, containing a 5- or 8-nenbered r¥ind or

2) a .
"heterocyclic aromatic ring systemcontaining a 5- or 6%% r e§ 9 PBY, 1998

' B(1) or B(2) being substituted with 1, 2, or .3 dgroups of the
formula OR[err], wherein Rerr] 10 represent H or} a :
| hydr oxy-protecting or hydroxy-coupling group capabl e of
protecting or coupling a hydroxy group dufi ng synthesis of a

pol ynucl eot.i de, 2 _ groups, when ORerr] represents.a L
nucl eoti de g(ﬂ“?a"fgm Phifoice senban akashsicst Bl hygracady! group substinuted sitai hdeol sofd

sai d for muligyerig I . £ 4mal -~ h et At
hydr ocar bona]gs F’ﬁ%g‘r ﬁeﬁ@%ﬁé}%gaygéﬁéﬁ&%eg%h& b%r"%%%eﬁ: S.xé{u: 'LEPHAES LS/
or B 15 2nd whereingwo 8&aogeshen e meppeserft aaing fiseditoxhibbdnes Fing af Jaif fohmula; 20
wher ei n Rlerr], Rerr], and R err] independently
represent OR[err]; . . m,n, p, q, and r

i ndependent |y r gbb dsdrevigs ghat {1) whim X or B&is a substiruted hydrocarbon, the gfal migrdieoafen
of sai d subgysi, ' I P

said X gr quﬁ:sﬁﬁ_@ﬁ{ls?hx%r W I&Q%ﬂuﬁ%{g ?Dé%ggtgiéﬁa EC%?g@daé&g%wos&d(}é)orgl f.r?%%oarlnf)re
branched, thanope sibstitognt arcleetdroatom is attached to a givealdarbeaNiudledi il dubk@rudls are

carbon atopg or (3) said X(2 roup jin ich one to . three '
carbon at oﬁ'g"‘iﬁ" aﬁq{és‘?%ldo%&‘?%@%b‘ﬁ’r d2b§ﬁ2magﬁar§e@erom§ i pll §% supstituentsist dror or

b

30 Nfdwep3gR atom and wherein the shortest Iinking chain of atons in
X bet ween ’ atoms in other parts of said fornula attached to X
is 1 to 10 atonms, wherein X is optionally substituted with 1-3

substituents seYeénd dindepanderitlyrepresany Hoophmies aikpbord

2. The compound of claim 1, wherein X, in either orientation, is

| 0 o

I I

-OCH?.'Q : ‘SCHz‘, 'NHCHz-, -CCH;-, -C-O-

O 0
f lf .
-C-8-, -NH-C-, or  -CLyCHp)-, inwhichL=H,F,

CLL,orBrandn=0, 1, or 2.

3. The compound of Claim 1, wherein X is a cyclic structure with a 5- or 6-membered ring

cr & 5- or 6-membered heteroring containing one O, S, or N atom.

4. The compound of Claim 1, wherein all of said formula to the right of X represents
coumarin or a derivative thereof within said formula.

3. The compound of Claim 1, wherein X is covalently connected o the 7 position of 2
coumarin mofety.

12 The compound of Claim 1, wherein said nucleotide or polynucleotide is connected to said

compound via a phosphorous-containing linking group.

13. The compound of Claim 12, wherein said phospherous-containing group is a phospf.z:e
zoup.
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hydr oxy, hal ogen, am no, am do, azido, darboxy, ®tard ortyl , perfl uor-onet hyl
and cyano functional groups; and wher ein Xis attackedgtg_a_sgpqqgs.
phenyl ring of said formula directly or through W
'nis 1l 2, or 3; 5 each Wi ndependently repregents a hydroxys
“hal ogen, am no, am do, azi do, nitro, thio, carbox car bonyl .,
perfl uoronethyl, or cyano functional groupm7an unsubsti t ut ed

hydrocarbyl grogﬁe of 10 or fewer carbon atons; or said hydrocar byl
group subst!®t ut wompour*ds of f Ckémd 1f wwherdimreal Iegstomps Rar rapmsamscm tnryé, (p&nbon
| fur, mIro ereln

t d by
RN SHANS: ST U e TR TG
sai d for nulphssphorothioate, rremf\lnhOSphWnﬁtE ﬁﬁaﬁmeWbaﬁeﬁ%s%%hoﬁQsBWg X or Wis a

substi t ut ed hydr ocar bon er ‘of su |tUents in X or
Wis less than the total nunber of carbon atons in said X or W
and no nor é9t hahhe cemsung tof tCleint 19 wheesie Boadntaing s hetetoagdlzdring selected frofmotha

gi ven carb u unl ess Sa"rE( substituents are hal,ogen atqns_gn sai,d, given
car bon, g;o p consisiing of) furane PYBPa PYRYF L igidezoley) piperiding RyFidisenpgatiae. 15

or feW@r 9%1dme pyridazine, guoph\énﬂ“Qc@dlixé‘dﬁ:gﬁlédedéﬁfdoﬁnéS@io%@ﬁnﬁn&&n&%ﬂ

al kyl . e co
ei t her or|éwnaxanhomxamthex{eemd]lz-benzopyran c, |, or Br. and
n =20, 1, or 2.

20. A compound of Claim 1, wherein said compound is a polynucleotide of the formula
(N1 QmsNm2)m3 in which each N represents a nucleotide of a desired polynucleotide sequence, Q
represents the nucleotide-replacing molecule in the formula of claim 1, and m1, m2, and m3 are
integers, and m3 is from 1 to 10. |

2. A compound of Claim 20 wherein m1 and m2 arc less than 100,

22, A compound of Claim 21 wherein at least one Q is 2t a terminal position and at least one
Q is at an interior position of said polynucleotide sequence.

23. A compound of Claim 21 wherein at least one Q is at a interior position of said
polynucleotide sequence.

24. A compound of Claim 21 wherein Q is at a terminal position of said polynucleotide

sequence.

25. A compound of Claim 1 wherein B-X- is R;-0-CH;-CH;-0-CH,-CH,-0-CH,-CH(OR)-
CH;-0-,

27. A compound having the formula:

3 —X -




heteroring containing one O, S, or N L attoms *
“The conpound of Caim27, wherein Wi's a pyrone or furan fipg/35 .
fused to the phenyl ring of said fornula. . WO 9 /128%&? 1998
t PCT/ US96/ 03134 42 '
31. The conpound of Caim 27, wherein all of said fornmulg to the right
of X represents psoral en, cis-benzodi pyrone38 or trans-benzoes

30 . 22. The corrpoung of nbclawmﬁli"]m mmllx.s acyclic
structure with a 5- or 6-nme i OF;WMET_

derivative ‘Li%?é'-gzof Wi thin said fornul a. 5 32. The
conpound of A m 27, wherein X is covalently connected to the 4
position of a furan ring of a psoral en noiety. 33.

The conpound of C aim 27, wherBi megedefisr ¢€Demt dranched or cyclic hydrocarborgrgslp
of a first sub-formula | [err] 10 a group of_a

second sub-formul a 1%ontaining from 3 to 10 carben atoms and, if cyclic, containing a 5- cr é-
z'ﬁembered ring or (2) a heterocyclic aromatic ring system containing a 3- or 6-
membered ring, said B(1) or B(2) being substiruted with 1, 2, or 3 groups of the
formula OR;, wherein Ry represent H or a hydroxy-protecting or hydroxy-
coupling group capable of protecting or coupling a hydroxy group during
synthesis of a polynucleotide, or 2 groups when OR, represents a nucleotide or
polynucleotide connected to the remainder of said formula, and wherein one to
three carbon atoms of the hydrocarbon group are replaced by an oxygen, nitrogen

or sulfur atom, with the proviso that B does not represent a ribose or deoxyribose:

X represents (1) a bond, (2) a linear, branched, or cyclic hydrocarbon group containing 1
to 10 carbon atoms or (3) said X(2) group in which one to three carbon atoms of the hydrocarbon
group are replaced by an oxygen, sulfur, or nitrogen atom, and wherein the shortest linking chain
of atoms in X between atoms in other parts of said formula attached to X is 1 to 10 atoms,
wherein X is optionally substituted with 1-3 substituents selected from the group consisting of
hydroxy, halogen, amiro, amido, azide, carboxy, oxo, perfluoromethyl, and cyano finctional
groups; and wherein X is attached to the benzo ring of said formula directly or through W;

nisl, 2, or3;

each W independently represents a hydtoxy, halogen, amino, amido, azido, nitro, thio,
carboxy, carbonyl, perfluoromethyl, or cyano functional group; an unsubstituted hydrocarby!
group of 10 or fewer carbon atoms; or said hydrocarbyl group substituted with 1.3 of said
functional groups or in which one carbon atoms replaced by an oxygen, sulfur, or nitrogen atom

2nd wherein two Ws together can represent a ring fused to the benzo ring of said formula;

with the provisos that (1) when X or W is a substituted hydrocarbon, the total number of
substituents in X or W is less than the total number of carbon atoms in said X or W and no morz

than one substituent or heteroatom is attached to a given carbon, unless said substituents are



anﬁ al | other substituents and definiti on 0- RERHACEMIND W
20° are otherw se as previously defi lm I| ﬂ" IIﬂIIIT"‘ m
The conpound of O aim 27, wherein B is saturated

The conpound of O aim 27, wherein B has said thi rd sub for
36. The conpound of Cla|m35 wherein m+ n +p +q +r =
or 2. 37. The conmpound of C ai m 36, V\/nerel n B
represents an acyclic, 30 saturated, tri-hydroxyhydr
This Sheet Has Been Repl aced VY 96/ 28438

PCT/ US96/ 03134 . 43. .
'38.  The cOMIBUIOBS orsaid sivabcarbpieped (B et eRamasoms inad ¥ plbsipghisds 15 o

fewer; and

Y and Z independently represent H or lower alkyl.
28.  The compound of claim 27, wherein X, in either orientation, is

0 0
. ] i
-OCHy,  -SCHy,  -NHCH», -CCHy,  -C-0-

0 0.

Il Il
-C-S., -NH-C., or «CL2(CHa)e inwhich L=H, F,

CLIL,orBrandn=0,1,0r2.

29,  The compound of Claim 27, wherein X is a cyclic structure with a 5- or 6-membered ring

or a 5- or 6-membered heteroring containing one O, 8, or N atom,

30.  The compound of Claim 27, wherein W is a pyrone or furan ring fused to the pheny! ring
of said formula.

31.  The compound of Claim 27, wherein all of said formula to the right of X represents
psoralen, cis-benzodipyrone, or trans-benzodipyrone or a derivative thereof within said formula.

32, The compound of Claim 27, wherein X is covalently connected to the 4 position of a

furan ring of a psoralen moiety.

39.  The compound of Claim 27, wherein at least one R; represents a trityl, pixyl,
dimethoxytrity!, monomethoxytrityl, phosphite, phosphoramidite, phosphate, H-phosphonate,
phosphorothioats, methylphosphonate, phosphorodithioate or phosphotriester group.

40.  The compound of Claim 27, wherein B contains a heterocyclic ring selected from the
group consisting of furan, pytan, pymole, pyrezole, imidazole, piperidine, pyridine, pyrazine,
pyTimidine, pyridazine, thiophene, acridine, indole, quiroline, isojuinoline, quinazolire,

cuinoxaline, xanthene, znd 1,2-benzopyran.
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glycerin. The

least one Rlerr] represents a 5 wm"l “ﬂwmﬂ

-nononet hoxytrityl, phosphite, phosphoram s *ph o p hat e,

H phosphonat e, phosphor ot hi oat e, met hyl phosphonat e, 0 9 SEP 1998
phosphor odi t hi oate or phosphotriester group. 40. The

.compound of Claim 27, wherein B contains a heterocyclic ring{l
‘sel ected fromthe group consisting of furan, pyran, pyrrole, Lpyrazole, .

i m dazole, - pi peridi ne, pyridine, pyrazine, pyrimdine,
pyri dazi ne, thiophene, acridine, indole, qui nol i ne, i soqui noli ne,
.quinazoline -qui noxal i ne, xant hene, and 14@-benzopyran

4 A d,of Cda
Epol ynucl ggt | ggno‘f\o‘i"ﬁ’é“’%{nﬂﬁég‘f(‘% ; nﬂs'gh?q gﬂé)ggq?"?g[’%? rpplyinﬁclmdﬁpfe@ckfomula
‘represents le,N\.-v)vJ in g'f‘&h%%ﬂ ﬁ‘?‘cﬁ@seﬁts‘%ﬁ&&&ﬁiﬂ%‘?%ﬁgﬂﬁgwh’nﬁﬂg tfc@lrjsﬁaﬁ?egc%

-represents ecu

claim1, andprclser‘tmh-‘ naddouﬁiﬁ rmlecmgltng(;eule in the fonm.la of chid 178nd fa1f R2Tadd kB 10
e conpounds:

20
'1-0- (4, 4 d“ﬁé?%cﬁ{@tm-‘? sy1om Wl [ err] - cyanoet hyl - - N, N- di i sopr opyl
'phosphorani dite)-2,3-0,0-(6, 7- counmarinyl)- 1,23, 4-

| aegr ?2?’?; oxyfut afgy co&g ano(ﬂ((ﬁmﬁn Ki ih B4 }'orﬁ’uﬁ ' Bnidink Shi Eﬁ'&’tge{c%x BURE D8 said

I'1sopro

| phos phor ani bfindé§ logated E:t@eaﬁn&hi earbonsab wh;ch)\’ aJid)Eaé &ktached in said formula.
52, 0-(6, 7-counmari nyl)-gl ycerol.

44. A compound having the formula:

45, A compound having the formula:

\O"CH;"C”. CH;'DC”‘CH"‘O C’ﬁc;ﬁ o~ D”r

,r’w—(
7 A
c/
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