WO 2009/000523PCT/EP2008/005164 METHOD FOR PREPARING FMOC - BASED

HYDROLY, 6 | ?ERS CROSS REFERENCE TO RELATED APPLI éATTy% This
application c a?rdr?s%t ég enefit of priority to U.S. provisional application SSegr:la { %%88)5}3%&25 filed
June 26, 2007, which is incorporated herein by refer--ence in its entirety. FIELD OF THE INVENTION
The present invention relates to the preparation of a hydrolysable linker, 10 which is useful for the

modification of protein and E(}ltide druas. BACKGROUND OF THE INVENTION Most peptide and
protein drugs METHBR dER &@&@&r&&%&@#mﬁﬁém%dd%@ﬁ that

peptide and protein drugs are not absorbed 15orally, prolonged maintenance of therapeutically active
drugs in the circulation is a desirable feature of obvious clinical importance. An attractive strategy

for improvirlg @R BT Gi5etds B TSPoRim-6r Fp filetrlfg& Td@Nnodification of protein or peptide drugs

with polymers e-Q’-rF?_@'Méﬂﬂﬂﬁﬂ@ﬁ%ﬁw@%%@r@f%fwkﬁnﬁwgl_.@%rééis@r%ﬂiédﬁ@&?ah or
polysaccharides 20like Pol%/smllc acid (Fernandes etal., Biochim Blthys Acta 1341, 26-34 (1997)),

dextrénes SR TRINSREPSI staror$fe Mtsi#RafiBR Wit ik RtRGRS Qr@%ﬁ?ﬁﬁé@?%égfﬁgen known

for a whileg g vies gnpeification of proteins with PEG often leads to reduction of the activity of the
protein. Therefore alternative systems were developed allowing the releasable coupling of the polymer
to the protein or 25 peptide drug using hydrolysable or degradable chemical linkers (US 6,515,100, US
7,122,189FWODDOE8BAEONNVENIBIDB8572). The protein-polymer conjugate can be regarded as a
prodrug and the activity of the protein can be released from the coﬁr:{}'ugate via a controlled release

|

mechanism. Using $iR'e8RBE FYSRIRDVEEIPRIN 18 IBFRR BHATL R L IHIGFRIRA @ 4R ¥ obtained
(Zhamet alvhBindenjaghtefor the modification of protein and peptide drugs.

BACKGROUND OF THE INVENTION

Most peptide and protein drugs are shori-lived and have often a short circu-

latory half-life in vivo. Considering that peptide and protein drugs are not absorbed
15  orally, proionged maintenance of therapeuticaliy active drugs in the circulation is a
desirable feature of obvious clinical impoertance.

An attractive strategy for improving clinical properties of protein or peptide
drugs is a modification of protein or peptide drugs with polymers e.g. polyalkylene-
oxides (Roberts et al., Advan Drug Rev. 54, 459-476 (2002)) or polysaccharides

20  like Polysialic acid (Fernandes et al., Biochim Biophys Acta 1341, 26-34 (1997}),
dextranes or hydroxyl ethy! starch. The modification with poly(ethylene glycol)
(PEG) has been known for a while. However, modification of proteins with PG of-
ten leads o reduction of the activity of the protein. Therefore alternative systems
were developed allowing the reieasable coupling of the polymer o the protein or

25  peptide drug using hydrofysabie or degradabie chemical linkers {(US 6,515,100, US
7,122,188, WO 04/088280, WO 06/138572). The protein-polymer conjugate can
be regarded as a prodrug and the activity of the protein can be released from the
conjugate via a controlled release mechanism. Using this concepts improved
pharmacokinetic properties of the drug can be obtained (Zhao et al., Bioconjugate

30 Chem. 17, 341-351 (20086)).

Therefore, WO 04/089280 suggested the use of a hydrolysable PEG-linker. (All
documents cited in the specification are incorporated by reference.)

Tsubery et al., (J Biol Chem. 279, 38118-38124 (2004)) demonsirated a hy-



30Chem. 17, 341-351 (2006)). Therefore, WO 04/089280 suggested the use of a hydrolysable
PEG-linker. (All documents cited in the specificatign are incorporated by reference.) Tsubery et al., (J
Biol Chem. 279, 38118-38124 (2004)) demonstrated a hy- 2 drolysable PEG-linker for derivatization
of proteins based on the Fmoc (9- fluorenylmethyl carbamate) group. A fluorene group is reacted with
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hydrolysdhletgkdmethyledddkiame}OSeb(@®@. A fluorene group is reacted with

Hydroxy'?ﬁé?é’i%ﬁ?d&%%%%@aéﬁ H‘PdBrOBl%é‘aﬁ%f%f&%c?éﬁﬁﬁ]iHdekﬂé%ﬁucFé“iEUWP{EFarbO”ate)’

suffers from low yie reduced-reproducibility. The key problem with the synthesis according to
Tsubery eeattsdtheithtrgeiiptthylengigaollEihide grodp pripteinstidryofl®eiydrokyenaitaiipe-amino

fluorene wjth maleimido propionic agi ide, In this;: u ired side t} like.
este rifica\fi!(,)})nwor%vt%?é% ggr\é%%%r% %t%?tﬁorﬁ%%g ﬁfes . Eﬁfb@ﬁ?gﬁ ir%%ﬁi%cz%qﬁtﬁé@g {09(?, r?tjaiﬁng an
additionaHstdpofompetiwtistaotitte DHalptugiogsaliookiped -SURMIMAR Yfluorenige preséit disclosure
provides ; S i a cQipReUN f gengral farmula 1. RG la 1) wherein
PGisa pﬁ&iﬁ?{%ﬁ?gﬁéﬁfég lzt I%%gtggr%‘%f posnior?éll, %r%ﬁ 4, @\% %’c@% is]%%gnd%g%@al Y.Yisa
radical caminitgstbNityndibarieylpnohdeyn withAbeosditiesia isstaadsctoticbrrprel/kleisa method
of preparipa 3 GABPRHEA %?Rédmglé%t:%@%&b %@ Yéaction of 9-Hydroxymethyl-2-amino

fluorene with maleimido propionic acid anhydride. In this step undesired side

reactions like esterification of the OH group in position 9 occurred. Thus, an

improved synthesis containing an additional step for protection of the OH group

was developed.

SUMMARY
The present disclosure provides a new method for the synthesis of a

compound of general formula 1:

PG

(formula 1)
wherein PG is a protecting group and at least one of position 1, 2 |3, 4, 5,6, 7 or
8 is bound to radical Y.
Y is a radical containing a N-maleimidyl-moiety.
According to a first aspect, there is provided a method of preparing a

compound according to formula 1:



1110 PG (formula 1) wherein PG is a sisyl protecting group and at least one of position 1, 2 ,3, 4, 5, 6,
7 or 8 is bound to radical Y; Y is a radical contairiigg a N-maleimidyl-moiety having a structure R1is
a (C1-C8)-alkyl; R2 is selected from the group consisting of--.C(0)NR-, -C(0)NR-( C1-C8)-alkyINR-,
-NRC(0)- and -NRC(0)-(C1-C8)-alkyl-NR, wherein R is independently either hydrogen or Ci-C8-akyl;
and at least one of an available position 1; 2,3, 4, 5, 6, 7 or 8 is optionally bound to radical X; X is
-S03-R3; R3 is independently sélected from the.graup consisting of hydrogen, (CiC8)-alkyl and
(Ci-C8)-alkyl-R4; and R4 is a polym / ' prises the step of reacting the
9-hydroxymethyl group of a compoli

PG

(formula 1)

wherein PG is a sisyl protecting group and at least one of position 1, 2 ,3, 4, 5, 6,
7 or 8 is bound to radical Y,
Y is a radical containing a N-maleimidyl-moiety having a structure

0
SEE—
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Ry is a (C4-Cg)-alkyl;
R; is selected from the group consisting of ~C{O)NR-, -C(O)NR-( C4-Cg)-alkyl-
NR-, -NRC(O)- and -NRC({0)-(C1-Cs)-alkyl-NR, wherein R is independently either
hydrogen or C4-Cg-akyl; and
at least one of an available position 1, 2,3, 4, 5, 6, 7 or 8 is optionally bound to
radical X;

X is -SO3-R?;

R? is independently selected from the group consisting of hydrogen, (Cs-
Cg)-alkyl and (C4-Cg)-alkyl-R*; and

R*is a polymer;
said method comprises the step of reacting the 9-hydroxymethyl group of a

compound of formula 2:



2b 54 fal OH (formula 2) wherein at least one of position 1, 2, 3, 4, 5, 6, 7, or 8 is bound to an amine,
with a sisyl protecting reagent introducing PG, ang,subsequently reacting said compound with an
N-maleimidyl reagent to form the compound of formula (1). In addition to being bound to radical Y
the compound of formula 1 may optionally be bound to radical X in at least one of the available
position 1, 2,3, 4, 5, 6, 7 or 8. X is -S03-R3. Rg is selected from the group consisting of hydrogen,
(C1-C8)-alkyl and (C1-C8)-alkyl-R4.RR4-is.a polymer.... 3 Compounds of the present disclosure are
prepared according to a multistep pr , protecting group for the 9-hydroxymethyl
group of the fluorene ring system ig eipg/ derivatives can be further modified to yield
an activated ester such as an succinimjdy

{formula 2)
wherein at least one of position 1, 2, 3, 4, 5, 6, 7, or 8 is bound o an amine, with
a sisyl protecting reagent introducing PG,
and subsequently reacting said compound with an N-maleimidyl reagent to form
the compound of formula (1).

In addition to being bound to radical Y the compound of formuia 1 may
optionally be bound to radical X in at least one of the available position 1, 2,3, 4,
5,6,7 or 8.

X is -S03-R®.

R% is selected from the group consisting of hydrogen, (C1-Cg)-alkyl and
(C-Cg)-alkyl-R*.

R*is a polymer.

Compounds of the present disclosure are prepared according to a multi-

step protocol



According to a second aspect, there is provided a compound of the formula 1, PG (formula 1) wherein
PG is a sisyl protecting group and at least one of-position 1, 2,3, 4, 5, 6, 7 or 8 is bound to radical Y;
and at least one of an available position 1, 2 ,3, 4, 5, 6, 7 or 8 is optionally bound to radical X; Y is a
N-maleimidyl-containing moiety having a structure: X is -S03-R3; R3 is independently selected from
the grou isting kgl g;ﬂ@% sal ; i r-Rd is a
(C1-C8)-a yI;%ﬁndgg%g,%ﬁ%é%%n@fgﬁoﬁ}:])%{:Qgrrésistin 031?- (%) Rﬁ%é%gﬁgh%ﬁglr& -alkyINR-,
-NRC(0)-systemfeCene viiigpdikyhrse ﬂﬁ@VéﬁH/RSiﬁy(?%@émeCIﬂe@mﬁﬂytp JiEISEFAILED
DESCRIRTIONLF gﬂéﬁé%ﬁ%@@?@uccinﬂﬂ%?@%@é\‘. invention allows to overcome the above
problemsaby a synt%esis which utilizes a protecting group to yield a compound of formula 1. A
compound of fofaaRIding ateuRaBRCPRSELRSBRES H0BSedBeRITuagsbRsRYBRMIBThPE HRirolysable
linker, like %{MS-OSU and other MAL-Fmoc-OSUderivatives containing an active maleimide
(MAL) ané)a N-hydroxysuccinimide (OSU = NHS) group and provides the desired products in high
yield and purity. These linkers can bg further modified with one or more polymers and can then be
used to modify a peptide or protein d Thecompounds of formula 1 are prepared starting from
an amino-substituted fluorene. Theyr col introduces a protecting group for the

(formula 1)

wherein PG is a sisyl protecting group and at least one of position 1, 2 .3, 4, 5, 6,
7 or 8 is bound to radical Y; and at least one of an available position 1, 2,3, 4, 5,
6, 7 or 8 is optionally bound to radical X;

Y is a N-maleimidyl-containing moiety having a structure:

8]

X is -SO+-R%; |

R? is independently selected from the group consisting of hydrogen, (C4-Cg)-alkyl
and (C4-Cg)-alkyl-R*;

R*is a polymer;

R is a (C4-Cg)-alkyl; and

R, is selected from the group consisting of ~C(O)NR-, -C{(O)NR-{ C+-Cg)-alkyl-
NR-, -NRC(0)- and =NRC{O)-(C+-Cg)-alkyl-NR, wherein R is hydrogen or C4-Cg-
akyl.



WO 2009/000523PCDEP2008/005164 1-Hydroxybenzotriazole THF CH3-Si---CH3 BF3'Et20
Dichloromethane 3a

DETAILED DESCRIPTION OF THE INVENTION

The present invention allows to overcome the above problems by a
synthesis which utilizes a protecting group to yield a compound of formula 1. A
compound of formula 1 is a suitable precursor for subsequent reaction steps
yielding a hydrolysable linker, like MAL-FMS-OSU and other MAL-Fmoc-OSU-
derivatives containing an active maleimide (MAL} and a N-hydroxysuccinimide
(OSU = NHS) group and provides the desired products in high yield and purity.
These linkers can be further modified with one or more polymers and can then be
used to modify a peptide or protein drug.

The compounds of formula 1 are prepared starting from an amino-
substituted fluorene. The new synthetic protocol introduces a protecting group for
the hydroxylmethyl group at the 9 position of the fluorene in step 4 of the protocol
shown below. The synthetic scheme below iilustrates the preparation of a

compound of formula 1 as an example:

NaH
Ethyiformate

Boc-Anhydride
2N NaOH Q NaBH,
————-‘—u—-—%

. NHg Dioxane/H.0 . NH=Boc eOH

2N HEWAcetonitrile TS,DMS'C'
imidazole
o i g
NH™Boc NH; DMF

O i Qo



CH3CH3 CH3 H3  Further reaction steps:  Step 1: In a first step (see scheme above), an
amine gro%) of an amino-substituted fluorene is protected by a BOC grou tert- B@Imﬁcarbonyl) for

example by AW BOC- -anhydride or the like. Any other suitable pr ftreene et
— 4 -
(N Q.Q L\
Maieimidopropionic acid
o pcc
L 1e Hydroxybenzotnazoie THF
CH;—8MCHj am F——CHy BF 4 Ety0

e
Dichtoromethane

CHg

CH3

Further reaction steps:

= O

O~

TFA
Chlorcsu!fomc acid
Dlethyle{her HO,S .

o) /0
5 b%
Step 1:
In a first step (see scheme above), an amine group of an amino-substituted

fiuorene is protected by a BOC group (fert-Butyloxycarbonyf), for exampie by reac-
tion with BOC-anhydride or the like. Any other suitable protecting group (Greene et

10 el., Protective Groups in organic synthesis, Jon Wiley & Sons, Inc., Third Edition,
New York (1999)) for amines can be used. An additional example is the Z (Benzy-
ioxycarbonyl) group.



loel., Protective Groups in organic synthesis, Jon Wiley & Sons, Inc., Third Edition, New York (1999))

for amine éa? e}% An additional example is the Z (Benzyloxycarbo
SRl ki

2009/0005 08/005164 - 5 - Multi-amino-substituted fluorenejgg%%%jﬁ{/}{axsg ggn be used in
a similar reaction in order to synthesize a compound;of formula 1 having more than one radical Yin
position 1, 2 ,3, 4, 5, 6, 7 or 8. Step 2: 5In a second step a hydroxymethyl group is introduced at
position 9 of the fluorene core, for example, by reaction with NaH or Lithiumdiisopropylamid (LDA) and
ethylformiate andulbistirensubstdoteditiveBe derativesshiciiteungshis keimiBAreac-

(DiisobutyiglyTH iR PYIGOIENRMB W iR tind Brka L R FNG RIS L dRR cleaved.

for example, w CF3000H or p-to onic acid. Step 4. In a fourth step the
9-hydroxyMdtrgt gl s Preietdd Sor ®tdple, by reaction with a silyl halogenide such as tBDMS-CI
(Corey et §teé Am Chem Soc. 94, 156190-6191 (1972)) or 4,4"-Trimethoxytritylchlorid. In one
embodim ilylnalogenide is tBDMS-CI (tert-butyldimethylsilyl chloride). Preferably, the reaction
with tBDMS-CI idpérfsarad wigPimidud i Aeiny @rkes ifrerusrd aimesitiand? 868 protecting

group ma‘f&?o%ﬁéﬂ%%wsr@seﬁﬂp@pB@i%%t&ﬂ@%&wm% RiRRArdRaRrSRMARIAGEDAlich are
bound to 20more than one radical Y. )
and ethylformiate and subseguent reaction with NaBH, or other reductive agents
iike DIBAL (Diisobutylaluminium hydride) in MeOH.
Step 3:
10 In a third step the BOC protecting group is cieaved, for example, with HCI
CF3COOH or p-toluolsulfonic acid.
Step 4:
in a fourth step the 9-hydroxymethy! group is protected, for exampie, by re-
action with a silyl halogenide such as tBDMS-CI (Corey et al.,, J Am Chem Soc. 94,
15 6190-6181 (1972)) or 4,4 -Trimethoxytritylchlorid.
fn one embodiment the silyl halogenide is {BDMS-CI (tert-butyldimethyisilyl
chloride). Preferably, the reaction with tBBMS-Cl is performed with imidazole in
DMF (dimethylformamide). The use of a silyl protecting group makes the molecule
. more lipophiiic, thus facilitating the preparation of compounds, which are bound to
20 more than one radical Y.
Step 5: |
In a fifth step a N-maleimidyl-moiety is introduced, for example, by reacting
the amino group with a maleimidoalkyiic acid or a maieimidoalkylic acid anhydride.
The maleimidy! group is reactive towards thiole groubs. Therefore, modified
25 polymers such as PEG-SH can be covaiently bound to the hydrolysable linker to
vield a polymer-modified hydrolysable linker.
Step 6:
in this optional step, radical X (-803R3) is infroduced in the fluorene ring
system. This acidic group makes the compound more hydrophilic and allows to
30 perform subsequent coupling reactions in aqueous solvents. In addition a sulfonic
acid group allows the coupling of a second polymer by esterification with a OH-
group of a polymer,
This procedure aliows to introduce radical X to yield a compound of formula



Step 5: In a fifth step a N-maleimidyl-moiety is introduced, for example, by reacting the amino
group Withvgdgg}ghm%%lkylic acid or a maleimidoalkylic acid anhydride. W@i@@%&ioup IS
reactive towards thiole groups. Therefore, modified 25 polymers such as -SH can be covalently
bound to the hydrolysable linker to yield a polyr'ne[_-nlfgified hydrolysable linker. Step 6: In this
optional step, radical X (-303R3) is introduced in the tluorene ring system. This acidic group makes the
compound more hydrophilic and allows to 30perform subsequent coupling reactions in aqueous
solvents. Ih, additpisiguticritidicn troadiedbXWsnpwsiiaing 213, dedrit] BalyrBaity extéification

with a OH:gr, Y. This; e allows-ta-infrodugesadigal X to yield a compound of
formula W%%&%%&agggzé};’?é?é@i%§&(%ﬁ%§% gil?%d%ﬁélﬁéhgﬁ g'iddition to radical Y in position
1,2,3,4,56,7 mwma@mwm at_least one mdi@h%ﬂﬁawwmmsiﬁms,a,a B, 70r a. In
one embogyRey 72t PaRLenE: larisaLE RO Adi{a PRLiBRAr fo BAAH 7. In another embodiment,

radical X is bound to position 7. n another embodimenf radical X (-SO3R3) is introduced in the

fluorehe ring systerarditiesiepreofinseriiadical 083k ESDBHredpcRHh Ibdhnrdleetemsying
esterificatign. (s H{thREFRAcHON ${ere:,ROAdtesthgcprdansatioguilh sarleilseadoticiagiddhe

9-hydroxymethyl can
terification.

Further reaction steps:

10 After the condensation with maleimidoalkylic acid, the 9-hydroxymethyl can
be deprotected by removing the protecting group (PG) to yield compounds of for-

mula 2. Deprotection is preferably performed with BF;, .g. BF3'ERO (Boron tri-

fuorid etherate).

3
A7
8 1

OH
{formula 2)

MAL-FMS-0SU or its derivatives may be synthesized by reacting a com-

15 pound of formula 2 with N-hydroxysuccinimide or its derivatives, such as N,N'-
Disuccinimidyl carbonate. Reaction conditions for the formation of a succinimidyi-
ester are weall known in the art. A succinimidyl-modified compound for formula 2
can be further modified by reaction with SH-polymers and subsequently reacted
with amino groups of peptide or protein drugs to yield conjugates of peptide or pro-

20  tein drugs having a hydrolysable linker containing a polymer.

The protocol exemplified above yields a compound of formula 1:



be deprotected by removing the protecting group (PG) to yield compounds of for- mula 2. Deprotection
is preferab‘l,élggze({égfor&}egswith BF3, e.g. BF3'Et20 (Boron trifuorid etherate).P f1Q @EI%S%JOMQL-FMS-OSU
or its derivativeés may be synthesized by reacting a com- 15pound of formu Wi
N-hydroxysuccinimide or its derivatives, such as N,N,--Disuccinimidyl carbonate. Reaction conditions
for the formation of a succinimidyi- ester are well known in the art. A succinimidyl-modified compound
for formula 2 can be further modified by reaction with SH-polymers and subsequently reacted with
amino groups of peptide or protein drlégs tayield conjugates of peptide or pro- 20tein drugs having a
hydrolysable linker containing a polym proto¢erexémplified above yields a compound of
formula 1: WO 2009/000523PCT/EP2008/0y5164 ormula 1) wherein PG is a protecting group
and at least one of position 1, 2,3, 4, 3, 6 %o radical Y. Yis a N-maleimidyl-containing
moiety. 8 g

PG
(formula 1)

1

wherein PG is a protecting group and at least one of position 1, 2,3, 4,5, 6,7 or 8
is bound to radical Y.
Y is a N-maleimidyl-containing moiety.
Compounds of formula 1, which are substituted with at least one radical Y
5 may also be bound to radical X in at least one of the available position 1, 2,3, 4, 5,
6,7 or&.
X is -S05-R%.
R® is independently selected from the group consisting of hydrogen, (C1-Ca)-
alkyl and (C+-Cg)-alkyl-R",

10 “C4-Cg -alky!l” refers to monovalent alkyl groups having 1 to 8 carbon atoms.
This term is exemplified by groups such as methyl, ethyi, propyl, butyl, hexyl
and the like. Linear and branched alkyls are included.

R*is a polymer. Examples of polymers are poly(ethylene glycol) (PEG),
polysialic acid (PSA), hydroxyalkyl starch (HAS) and the like.

15 in another embodiment the invention relates to a compound of formula 1,
wherein PG is a silyl group. Examples of a silyl group are trimethylsilyi, triethyisityl
or t-butyldiphenylsilyl,

In another embodiment PG is a tert-butyldimethyisilyl group.
In one embodiment Y is!

el
r

20 ©

R’ is at each occurrence independently a {C4-Cg)-alkyl.



Compounds of formula 1, which are substituted with at least-one radical V" 5may also be bound to
radical X in at least one of the available position 1, 2 ,3, 4,5, 6,7 or 8. X is -ST(?3-R3.)?3 IS

independeWﬁg/zgg?éGgf]esa?’from the group consisting of hydrogen, (Cl-C8)aII? arﬁ%zt)(ﬁ'i-%gl)ﬁ-‘élkyl-R4.

"C1-08 -alkyl" refers to monovalent alkyl groups havjng 1 to 8 carbon atoms. This term is exemplified
by groups such as methyl, ethyl, propyl, butyl, hexyl and the like. Linear and branched alkyls are

included. R4 is a polymer. Examples of polymers are poly(ethylene glycol) (PEG), polysialic acid
(PSA), hydroxyalkybsmerhitpriisieah®ins mearsivesviancenihdensade il pestiod foates o a

ety e %?é%.??;%%%@ﬁﬁ'ﬁ? D B ety lsiyl arou. 1 one
embodiment Y iSR0j0rterrpdenthoselected from the group consisting of -C{O)NR-, -
C(OINR-(C1-Cg)-alkyl-NR-, -NRC(O)- and -NRC(O)-(C4-Cs}-alkyl-NR, wherein R is
5 independently either hydrogen or C4-Cg-alkyl. '
In one embodiment R? is ~C(O)NH-.
in another embodiment R? is ~NHC(O)-.
In one embodiment the compound of formula 1 is bound to radical Y in at
 least one of position 1, 2, 3 or 4.

10 in another embodiment the compound of formula 1, which is bound {o radi-
cal Y in at least one of position 1, 2, 3, or 4 and is further bound to radical X in at
least one of position 5, 6, 7, or 8.

in another embodiment the compounds of formula 1, which are substituted
with at least one radical Y in at least one of position 2 or 3 may alse be bound to

15 radical X in at least one of position 7 or 8.

in another embodiment the compound of formula 1, which are substituted
with at least one radical Y, radical X is bound to position 7.

in another embodiment the compounds of formuta 1 are bound to radical Y
in positions 2 and 7.

20 in another embodiment the compounds of formula 1 are bound to radical Y
and radical X in positions 2 and 7, respectively.

in another embodiment the compound of formula 1 is:

The present invention is illustrated by the following examples without being
25 limited thereto.

CPAp gt

PG



R1 is at each occurrence independently a (C1-08)-alkyl. WO 2009/000523PCT/EP2008/005164

In one embo izm()(% (E Ii}i]zgs at each occurrence independently selected frompwr[e/’t%rgo%gﬂ%q?gisting of
methyl, etr%'/,, pro y?, Utyl, and hexyl. R2 is independently selected from thé grouf) consisting of
-C(O)NR-, - C(0)NR-(C1-C8)-alkyl-NR-, -NRC(0)- ang -NRC(0)-(01-C8)-alkyl-NR, wherein R is 5
independently either hydrogen or C1-C8-alkyl. In one embodiment R2 is -C(0)NH-. In another
embodiment R2 is -NHC(0)-. In one embodiment the compound of formula 1 is bound to radical Y
in at least one of position 1, 2, 3 or 4. toln another embodiment the compound of formula 1, which is

bound to radi- cal Y in at least.qne of position 1, 2, 3, or 4 and.is furtherbound to radical X in at least
one of position 5, 6, 7, or 8 [ ' / ormula 1, which are
substituted with at least 8ne rag

; 3lso be bound to 15radical
3 In another embodiment the
compounds of formula 1 are bgund to radical Y in positions 2 and ¥. 20In ther embodiment the

grehound t8 radical Y and radical X irfposi ] 2 and 7¥respectively. In
another embodiment the compeound of formula 1 is: Thep%resent invention is illustrated by the
following examples without being 25limited thereto.

——T —— T
o) 0!
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SO,H  NH
MilH
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WO 2009/000523PCT/EP2008/005164 -9 - PG PG EXAMPLES MAL-Fmoc-OSu molecules can

be synthesised %gﬁ}ggging to the following protocol (Examples 1-8): Exam lS f#%%%%s( ff
2-(Boc-amW1 )%Puorené fAIbericio et al., Synth Commun, 31, 225-32 (2001)) -Boc T A

suspension of 2- Aminofluorene (14,4 g, 79.7 mmol), was prepared in a mixture of 145 ml dioxane-H20
(2:1/V:V), cooled with an ice bath and 42.5 ml 2 N NaOH under gentle stirring. Boc20 (19.1 g, 87.7
mmol, 1.1 equiv) was then added and the stirring was continued at 25C. The evolution of the reaction

PN VassN
L,
B

Nﬁv\ , Q.
A

EXAMPLES
MAL-Fmoc-CSu molecules can be synthesised according to the foliowing

X
G

I

5  protocol {(Examples 1-8):

Example 1: Synthesis of 2-(Boc-amino)fiuorene (Albericio et al., Synth Com-
mun. 31, 225-32 (2001))

S

A suspension of 2- Aminofluorene (14.4 g, 79.7 mmol) was prepared in a
mixture of 145 ml dioxane-HzO (2:1 / V:V), cooled with an ice bath and 42.5 ml 2 N
NaOH under gentle stirring. Boc,O (19.1 g, 87.7 mmol, 1.1 equiv) was then added
and the stirring was continued at 25°C. The evolution of the reaction was foliowed
15 by TLC [Rs = 0.75 for 2-(Boc-amino) flucrene. CHCl;-MeQOH-HOAC (85:5:3)] and-
the pH was maintained between 9-10 by addition of 2 N NaOH. After 24 h TLC

10



15 by TLC [Fit = 0.75 for 2-(Boc-amino) fluorene. CHC13-MeOH-HOACc (95:5:3)] and the pH was

maintained_between 9-10 by addition of 2 N NaOH. After 24 h TLC WO
2009/000525PEY/EB3008/005164 analysis showed the presence of 2- amﬂ%lﬁﬁg%b%ée?ﬁ]t“ 0.60,

CHC13-MeOH-HOACc (95:5:3)], so another 5.2 g Bogz0 (23.8 mmol, 0.3 equiv) were added and the
reac- tion was continued for additional 3 h until the total disappearance of the starting product. The
suspension was acidified with 1 M KHSO4 to pH 3. The solid was fil- 5 tered and washed with 30 ml

ColddHZC()sé’aQ h@@%@e‘d%ﬂé%ﬂés@ﬂd’é|$f%?ﬁaﬁ@ﬂt@ﬂéﬁ{ef[ﬂa&lmmomei@19¢.ﬂ@oﬁW'g\]/v .
owder an
Eharacterlﬁ%%%éay%%m%m%ﬁ -é*_% %g%@%"%%&#%ﬁ%@?ﬁ‘ﬁ%ﬂ H1, H4,
H5); 7,59 ilqmwmomlrﬂ@%:mgié@g@@ﬁ houptilbye ot gisappeBiance e5BRMRIES

MHz/DM Stoalizci SPHe @wsisk ichi @8s(ESial]fiad 2v@ A8 K3 Q2,(D4bh] 338 Te(€aljdn8ss2f{C4a);

305 (ot B"&%%%%é%ﬁgi@% e e kol 5 o) Mubrene
(Albericio ap |d2§%ﬁ| &ﬁHH{Dn %[f@ fO%?Lg?Lye%BIQO Jﬁrﬁ%r?o% %5@6 ?gﬁun%c) fluorene
(13.499, 4gh@winiolr m@rhv&y@mf (#ré)sﬁﬁa Gistied\iefatEbEa)0as Shrend ghaidsdein a
suspensiopgd 648 NGB NaH (160 mmol, 3.3 equiv) in 20 ml dry THF under argon atmosphere. Gas

evolu tion and spontaneous warming were observed. After the complete addition of 2-
25(Boc-amino)fluorene the reaction r&xture was, stirred for 1 h at 40C. Th n the re V\;_& ixture was
ly

cooléf to rebMNNYEMRIAMEZ I P Petngi4ariliEtieSi 120 e 2 £ g(-fu %gPe E§’I‘l) d to
avoid vigoress h?d‘r@’g[éih'ibu’utiﬂﬁg-fﬁ‘ﬁé&hlthﬂﬁ Atk didhideroivd 2SpeissibBpidly clarified to a dark
brown solution upon addition of ethyl formiate and was stirred for 1 h. The evolution of the reaction

Was 130 NMR (50 MHZ/DMSO) & = 152,8 (Amid-C); 143,8 (C9a); 142,6 (C8a); 141,2
(C4b); 138,7 (C2); 135,2 (C4a); 126,7 (CB); 125,8 (C7); 124,9 (C8); 120,0 (C4);
15 119,2 (C5); 116,9 (C3); 114,8 (C1); 79,02 (CHz); 39,5 (Cq t-Bu); 28,2 (3xCH; t-Bu)

Example 2: Synthesis of 8-Hydroxymethyi-2-(Boc-amino) fiuorene (Albericio et
al., Synth Commun. 31, 225-32 (2001))

o

20 Ol

A solution of 2-(Boc-amino) fiuorene (13.49 g, 47.8 mmol) in 140 mi dry THF
(freshly distilled from sodium) was carefully added to a suspension of 6.3 g 60%
NaH (160 mmol, 3.3 equiv) in 20 ml dry THF under argon atmosphere. Gas evolu-
tion and spontaneous warming were observed. After the complete addition of 2-

25  {Boc-amino)fiuorene the reaction mixture was stirred for 1 h at 40°C. Then the re-
action mixture was cooled to room temperature and 9.7 mi ethy! formiate (120
mmol, 2.5 equiv) were slowly added to avoid vigorous hydrogen bubbling. The ini-
tially thick, fight brown suspension rapidiy clarified to a dark brown solution upon
addition of ethyl formiate and was stirred for 1 h. The evolution of the reaction was

30 followed by TLC [Rf = 0.52 for the intermediate product, CHClz-MeOH-HOAc
(85:5:3)] . The reaction was quenched with ice chips and 10C mi HzO and the or-
ganic solvent was removed by rotary evaporation. To the aqueous phase 10 mi 2
N NaOH were added and it washed with 3 x 50 ml diethylether, cooled in an ice
bath and acidified with 25 mi glacial HOAc until pH 5. The off-white precipitate that




30 followed by TLC [Rf = 0.52 for the intermediate product, CHC13-MeOH-HOAc (95:5:3)] .-The |
reaction was _quenched with ice chips and 100 ml H20 and the organic solvent was removed by rotary

evaporatioW. O‘fﬁlgoga%feous phase 10 ml 2 N NaOH were added and it whShed Wit 9% mi

diethylether, cooled in an ice bath and acidified W_i_th1 5 ml glacial HOAc until pH 5. The off-white
precipitate that WO 2009/000523PCT/EP2008/005164 - 12 - then appeared was dissolved in 300 ml
EtOAc. The aqueous phase was extracted with 50 ml EtOAc and the organic phase was washed with 2

X 25 mlOI sahatrhiSragaadey a&mmmma@g@?dmgﬂmb%@éua@@@w \lwag @H@amg@g ;noder
reauce ress . ==Ql -4 - aren S n In e N .
NaBHa (S T L S 2 e A B oo

wise. The #0dpeXsi6rTthRi RS RN JESRANRT NWaeShigidkaaitterarifHeaierimidsioduct

disappeargddot pheasmwem temperature [TLC, Rf=0.57, PE:MTBE (1:2)]. The reaction mixture was
directy dissaived s L R O e e D anc 1
50 1 bred BNARa ) S o RADE RS R IS VUg vl eRia g S aol
which coufémsl uesiaddssLpaItibe MIafidatoALUTPRNSIoBUbEN ERDINHIgRRT &Y NIVFRELBIZE; 88%
ﬁg')d)% éﬁ h@tiﬁgﬂﬁ éﬂ?@%ﬂ%%ﬁa’iﬁ%ﬁ%é(ﬁldt aié‘ébiieéf’gd(f;dﬂ ;tghFdﬂe)ﬁob@’tear‘r’uﬁéré@!}‘r;erg;HH)4,4 00

7. T4 = - Hay. ’ _ . — 4 80 Hz-OH): 4.
-3.88 (1Hf+n!1jcﬂg_§-‘f ng %%%@F &4%%2 - f,i%h(g?? iﬁ‘%%ﬁ%ﬁ%@éﬁ%ﬁ&%éf%ﬁ) 5=
152,88 (AR asialigbwiBdd) m@ﬂw&dﬁgj‘\; 240 BT RoFEBIB PrRIpEiY WeIEHRr 27 13 (Cé);
125,85 (Cals<a9a@binCE0 TDRIDADA)TNA Digh (RS | NEER AVAOBR SHES MIHCH X79000(€at-Bu); 63,85
(CH2); 50:19(6905,28201(66 T bRne da&xadplevdarnhesieohtlstydroneaetbghwmino  — -
fluorene rotary evaporated to give a solid, which could be used without further purification.

The product was analyzed by NMR (13.1g, 88% vield).

15 .
'H NMR (200 MHz/DMSO) 8 = 9,42 (1H; s; NH); 7,87 (1H; s; H1); 7,79 - 7,66 (2H;
m; H4, H5); 7,61 (1H; d; J = 7,71 Hz; H8); 7,48 - 7,15 (3H, m, H3, HB, H7;); 5,07
(1H, t, J = 4,80 Hz; OH); 4,00 - 3,88 (1H; m; H8); 3,82 - 3,63 (2H; m; CHy); 1,49

(9H; s; t-Bu)

20
¥C NMR (50 MHz/DMSO) § = 152,88 (Amid-C); 146,05 (C%a); 144,90 (C8a);
140,81 (C4b); 138,64 (C2); 134,80 (C4a); 127,13 (C6); 125,85 (C7); 125,05 (C8);
119,93 (C4); 119,16 (C5); 117,47 (C3); 115,24 (C1); 79,00 (Cqg t-Bu); 63,85 (CHy);
50,19 (C9); 28,20 (3x CHs 1-Bu)

25

Example 3: Synthesis of 8-Hydroxymethyl-2-amino fluorene

(N

OH

13.0 g 9-Hydroxymethyl-2-(Boc-amino)fluorene was dissolved in 110 ml
30  acetonitrile and sfirred under reflux. 42 ml 2 N HCI (2.0 equiv, 84 mmol) was added
drop-wise. The reaction mixture was stirred under reflux for 45 min. The reaction
mixture was cooled to room temperature and the reaction was monitored by TLC
[R=0.1 PE-MTBE (1:2)]. The solvent was pariially eliminated by rotary evaporation
and the residue was dissolved in 70 mi 2 N HCI. The solution was carefully washed



13.0 g 9-Hydroxymethy1-2-(Boc-amino)fluorene was dissolved in-110 ml 30 acetonitrile and stirred

under ref I ‘?r ?% HO (2.0 equiv, 84 mmol) was added drop-wise. Tp&rﬁﬁ, H&D Eglfg;t re was
stirred under retlux for 45 min. The reaction mixture was cooled to room temper ure and the reaction

was monitored by TLC [Rf=0.1 PE-MTBE (1:2)]. Thessolvent was partially eliminated by rotary
evaporation and the residue was dissolved in 70 ml 2 N Ha. The solution was carefully washed WO
2009/000523PCT/EP2008/005164 - 13 - with 2 x 50 ml MTBE. The aqueous phase was adjusted to
pH 9 by NaRA@3xah0 exthATERE. Witie 2570 Bitese Mae adjasieghagtiEalbywssbe®witncb0 ml brine

and dried é@ﬂé&%ﬁ%ﬁ 2R aqhapiones. SiHBIRARMRIIRIAY RYSNIEMAY TAA BIOAEBHYRS used
without fu élcatlon T tural ide t| wa verlfl bé/ rile 8.76 %9% gﬂ) 1H NMR
(200 MHAPRETFS VP Az oy (A SO MR R AT T B, SHARHT LR8I Ar b
6,68 (1H; pl:cn:luca SR HHESAE- w)trmbfmeg mﬂfzb;asr% (Tme 5tweturgélﬁ§nmw@99@ﬂ &SBRSH: m;
H9, GH2) AESE YR EDMhigidpMS0) 5 = 148,36 (Ar-Cqu); 146,81 (Ar-Cqu); 143,97 (Ar Cquy);
141,87 (Ar-Cqu); 129,03 (Ar Cqu) 126,92 (Ar-CH); 124,85 (Ar-CH); 124,24 (Ar- CH); 120,40 (Ar-CH);

117,81 (A -CH); 113,00 (A ;110,76 (Ar-CH); 64 27 (CHZ) 49,90 (‘CH\)S 15 EX (%Ie 4. S)énthe3|s of
tert- Butyldﬁ]& |13 R0/ é{ oQhfirofuBrnd 40 (3H: m; 3xAr-H); 7,37 - 7,0
Ar-H): 6,87 (1H: s; Ar-H): 6,68 (1H: d; J = 8,34 Hz; Ar-H); 5,19 (2H; s; NH); 5,03

(1H; t, J = 4,93 Hz; OH); 3,93 - 3,58 (3H; m; HY, CHy)
10

3C NMR (50 MHz/DMSO) & = 148,36 (Ar-Cquy); 146,81 (Ar-Cqu); 143,97 (Ar-Cqu);

141,87 (Ar-Cqu); 129,03 (Ar-Cqu); 126,82 (Ar-CHY); 124,85 (Ar-CH); 124,24 (Ar-

CHY); 120,40 (Ar-CH); 117,81 (Ar-CH); 113,00 (Ar-CH); 110,76 (Ar-CH); 64,27

(CHa); 49,90 (CH)

Example 4: Synthesis of tert-Butyidimethy!siloxy-9-methyl-2-aminoflucrene

)

Q
!

CH; ™ 3FCHj
CHg/]T\CHa
CHy
5.91 g Imidazole (86.8 mmol, 2.1 equiv) was dissolved in 24 ml| dry DMF
20 and stirred 10 min in an iced bath under argon atmosphere. 7.47 g tert-
Butyldimethylsilyl chloride (49.6 mmol, 1.2 equiv) dissolved in dry DMF was added.
After 15 min stirring on ice 8.73 g 9-Hydroxymethyl-2-amino fluorene (41.3 mmol)
dissolved in 40 mi dry DMF was added drop wise under cooling and argon atmos-
phere. The reaction was continued 15 min on ice and then at room temperature.
25  The reaction was monitored by TLC [title product R=0.6, PE-MTBE (1:2)]. After 2
hours the starting product [R=0.1 PE-MTBE (1:2)] had disappeared and the reac-
tion mixture was diluted with 400 mi CH,Cl, and 100 mi 5% NaHCO; was added.
The organic phase was washed with 5 x 200 mi Hz0O and dried over Na,S0..
CH.Cl, was eliminated by rotary evaporation and DMF was eliminated by
30 azeotropic distillation with toluene. The residual brown oil (13.4 g, 99% vield) was
analyzed by NMR and was used without further purification.



cH3cm3 5.91 g Imidazole (86.8 mmol, 2.1 equiv) was dissolved in 24 ml dry DMF 20and stirred 10 min
in an iced bath under%rgon atmosphere. 7.47 g tert- Butyldimethylsilyl chloridfe 49.6 Ep_m(?ll, 1.2 equiv)
dissolved W%&?‘ﬁ% s added. After 15 min stirring on ice 8.73 ¢ 9-Hycfr'8;{ %?HW—?Egmino
fiuorene (41.3 mmol) dissolved in 40 ml dry DMF was added drop wise under cooling and argon
atmosphere. The reaction was continued 15 min on ice and then at room temperature. 25The reaction
was monitored by TLC [title product Rf=0.6, PE-MTBE (1:2)]. After 2 hours the starting product [Rf=0.1
PE-MTBE (1:2)] had disappeared and the reaction mixture was diluted with 400 ml 01-12012 and 100
ml 5% Na ic phgse w ghed. with 3 X, | H ri er
Na2S04. gﬁ%ﬁgz\?ﬁs@ gﬁyﬁ%}]ﬁ@dg kt)g r%ta?bgvappfraft)ig% ahegit\;%F Was% gﬁ%agz’?gﬁﬁé‘zﬁd’o%%pic
distillationNiiofBhe HheSre lia M Brofne Bif (18 4%, 9gvSyield) s aRa38d By NMR: ad fvas
used withdBtHusthdithyification3, WO 20090 00BR BPE TEEP2EBAOE 16 CHY - QBN (BRI (20Bx
MHZ/BMS@V3\=0/ 6T (6 H48: BFim,13x Ar-H); 7,34 - 7,00 (2H; m; 2x Ar-H); 6,81 (1H; s; Ix Ar-H); 6,59
(Ix; dd; J = 8,02 Hz & 1,83 Hz; Ix Ar-H); 5,19 (2H; s; NH2); 3,97 - 3,76 (2H; m; CH2); 3,75 - 3,57 (1H;
m; CH); 0,38 (9H; s; 3x 5CH3); 0,03 (6H; s; 2x CH3)
C NMR (50 MHz/DMSO) & = 148,40 (Ar-Cqu); 145,81 (Ar-Cqu); 143,67 (Ar-Cqu);
141,88 {Ar-Cqu); 129,08 (Ar-Cqu); 127,10 (Ar-CH); 124,87 (Ar-CH); 124,16 (Ar-
CH); 120,47 (Ar-CH); 117,87 (Ar-CH); 113,22 (Ar-CH); 110,58 (Ar-CH); 66,04
10 (CHz-OH); 49,60 (C9); 25,88 (3xCHg; t-Bu); 18,04 (Cau; t-Bu), -5,04 (2CHa; Si-

CHa)

Example 5: Synthesis of tert-Butyidimethylsiijoxy-8-methyl-2-(amino-3-
maleimidopropionate) fluorene

CHSICHS
CHa CH,

CHy

15

To a solution of 13.5 g 9-tert-Butyidimethylsiloxymethyl-2-aminoflucrene
(41.5 mmol) in dry THF (freshiy distilled from sodium) 9.42 g N,N'-
dicyclohexyicarbodiimide (75.7 mmol, 1.1 equiv) and 651 mg 1-

20  hydroxybenzotriazole (4.8 mmol, 0.1 equiv) were added. 13.5 g (41.5 mmol, 1.1
equiv) 3-maleimidopropionic acid was dissolved in 50 mi dry THF and added drop-
wise. The reaction mixture was stirred at room temperature over night under argon
atrosphere and the product formation was monitored by TLC [starting material
R=0.8, title product R=0.18, PE-MTBE (1:2)].

25 As soon as the starting material could not be detected, dicyclohexylurea
was filtered out and THF was eliminated by rotary evaporation. The residual solid
was dissoived in 200 mi CHyCl,, washed with 50 ml 5% NaHCO3; and 50 mi brine
and dried over Na>S04. The brown crystals were digerated in 20 ml MTBE. After
filtration the residue was washed with small portions of MTBE until the washing so-

30 lution maintained colortess. The yellow crystais (10.5 g, 53% yield) were anaiyzed
by NMR.



13C NMR (50 MHz/DMSO0) 8 = 148,40 (Ar-Cqu); 145,81 (Ar-Cqu); 143,67 (Ar-Cqu); 141,88 (Ar-Cqu);

129,08 (Awﬂﬁ%zg%g (Ar-CH); 124,97 (Ar-CH): 124,16 (Ar- CH): 120, %‘%ﬁﬁ'é?* gui_g 7 (Ar-CH):
( X

113,22 (Ar- Ar-CH); 66,04 10(CH2-0H); 49,60 (09); 25,88 (3 4 (Cqu;
t-Bu), -5,04 (20H3; Si- CH3) Example 5: Synthesis g§tert-Butyldimethylsiloxy-9-methy1-2-(amino-3-
maleimidopropionate) fluorene 15 To a solution of 13.5 g
9-tert-Butyldimethylsiloxymethyl-Z-aminofluorene (41.5 mmol) in dry THF (freshly distilled from

sodium) 9 42 NAEN PGy BB H eiihids (7837 51iNbi) 17198(iV); andHe517he8 1-7,70 (2H;
gormer%?fﬁewt&aﬁcsbe A reeldd-d eq;uw@ w&re @d4é3( 5{-9 Qﬂllﬁ—rrgm i ‘?—@BJ)'V)7 a1-

Wi mixture
S B RS e &i e s Hhedopen e
monitored- b@ﬁﬁ;@[‘éta‘nmaf@m@h‘aﬂﬁf&o@*m@"@ et R@z@ 1@@@!\;41‘-8@ P g oBpepsbbiras the

starting matega o@4d Diat be JjetaBtedHIREvhexyIBe 46 filtereCiaySind THF was eliminated by
rotary evaporation. The residual solid was dissolved in 200 ml OH2CI2, Washed with 50 ml 5%

NaHCOS3 and 50 ml brine and dried ov%é, r Na2304. Thﬁméown rystals wer erat in 20 mI MTBE.
il

After filtration ¥R <iallea¢/ 53%% ith ér%gi%o(f B@%rﬁﬁt %01%! fion
maintaineQ2dgyladst Re(Gay tA36E (Tak)y, IEDPTidaRveiSaiRyeddly NIR‘IRESZ (2xCH
Mal); 127,34 (C8); 126,02 (C7); 125,15 (C8); 119,99 (C4); 119,37 (C5); 118,63
10 (C3); 116,31 (C1); 65,54 (CHOTBDMS); 48,85 (C9); 35,01 (Prop-CHz-N); 33,91
(Prop- CH2~CO) 25,84 (3x CH; (1-Bu); 18,01 {Cqu t-Bu); -5,40 (CH3-Si); -5,44 (CHs-
Si)

Example &: Synthesis of S-Hydroxymethyi-2-(amino-3-maleimidopropionate)
15 fluorene

Be S S,

OH

10.3 g tert-Butyldimethylsiloxy-9-methyl-2-(amino-3-maleimidopropionate)

fiuorene {21.6 mmol} was dissolved in 230 mi CHCl, under argon atmosphere. 35
mi boron trifluoride etherate were added drop-wise over 30 min. The reaction was

20  monitored by TLC [starting material R=0.6, title product Ri=0.38, CH.Clz-Methanol
(10:1)]. As soon as the starting material had disappeared the solution was hydro-
lyzed with sat. NaHCOj3; solution. The resulting crystals were filtered. The organic
phase of the mother liquor was evaporated. This residue and the filter cake were
re-dissolved in 250 ml EtOAc and 120 mi 5% NaHCOs.The organic phase was

25  washed with 1x 50 ml 5% NaHCO;, 50 ml H>O and 50 ml brine and dried over
NasS0,4. The solvent was eliminated by rotary evaporation. The structure of the
product was verified by NMR and mass spectroscopy.

"H NMR (200 MHz/DMSO) & = 10,09 (1H; s; NH); 7,88 (1H; s; H1); 7,82 - 7,69 (2H;

30 m; H4 & H5); 7,66 - 7,52 (2H; m: H3 & H8); 7,41 - 7,17 (2H; m; H6 & H7); 7,03
(2H; s; 2x Mal-CH); 5,09 (1H; t; J = 4,93 Hz: OH); 5,08 (1H: t; J = 6,06 Hz; HI);
3,97 - 3,53 (4H; m; Prop-CHo-N& CHo-OH): 2,61 (2H: t; J = 8,82 Hz; Prop-CHy-
C=0)



WO 2009/000523PCT/EP2008/005164 - 15 - 1H NMR (200 MHz/DIVISO) 5 = 10,06 (1H; s; NH); 7,92
(1H; s; H1); 7,82 - 7.7Q (2H; m; H4 & H5); 7,62 (1H; d; J = 7,20 Hz; H3); 7 - 0, J =808 Hz; H8);
7.41 - 7,1§"( g@r%’?‘fligé H7): 7,03 (2H: s; 2x Mal-CH); 4,02 (1H; t; J -= 6,5%%&’;0]%%- 3,66 (4H:
m; Prop-CH2-N & CH2-0TBDMS); 2,61 (211; t; J= {07 Hz; Prop-CH2- C=0); 0,84 (911; s; 3x t-Bu
CH3); 0,10 - -0,56 (6H; m; 2x CH3-Si) 130 NMR (50 MHz/DMS0) 5 = 170,81 (C=0 Mal); 168,30 (0=0
Amid); 145,12 (C9a); 144,62 (C8a); 140,68 (C4b); 138,05 (C2); 136,02 (C4a); 134,62 (2xOH Mal);
127,34 (C6); 126,02 (C7); 125,15 (08); 119,99 (04); 119,37 (C5); 118,63 10 (03); 116,31 (Cl), 65,54

(CHz0TBEYAS BEI0HFALBI0 CHADSSICLIT (209 3656 (Riaf3 (4Bi0018.01
(Cu LBUY S0 (SIS (Sl abaAmBiBe: QUeHs 86 (caa): 134,62 (xCH

tert-Butyldifadthy ok - 0Bt AR Q8 ntin )3 1RaeIMidapropibd&8) flubrend EB6(mbiol} Wag®
dissolyed jz 23078 8612C1A) UpdBEDM.SA FUa e (S8 )NBBAION( Pt T, 2N CBBBRERrgoided
drop-wisecq_"\_/géqg)min. The reaction was 20 monitored by TLC [starting material Rf=0.6, title product
Rf=0.38, CF ‘Methanol (10:1)]. As soon as the starting material had disappeared the solution was
hydrolyzed with sat. NaHCO3 solution. The resulting crystals were filtered. The organic phase of the
mother liqES WiS: doapdrdiddNE)s B8GdRecalulithtetiltéedia)v&85e-dissolved in 250 ml EtOAc and
120 ml 5% NaHCO3.The organic phase was 25 washed with Ix 50 ml 5% NaH003, 50 ml H20 and 50

ml brine apd dried oyer.Na2SO4. T lvent was elimj d hy rotary evaporation. T.he strycture of
the d%dugw 8r%i:e§¥)n a#c%%i%@?ﬁgméhgfﬁr?W%é ﬁ%&%ﬁl@(ﬁign:ak ,09 (1H; s;
NH); 7,88 fluarene N-twdpoxysugeprinidy! markemier 66 - 7,52 (2H; m; H3 & H8); 7,41 - 7,17 (2H;
m; H6 & H7); 7,03 (2H; s; 2x Mal-CH); 5,09 (1H; t; J = 4,93 Hz; OH); 5,08 (1H; t; J = 6,06 Hz; H9); 3,97
- 3,53 (4H; m; Prop-CH2-N& CH2-0H); 2,614(2H; t; J = 6,82 Hz; Prop-CH2- 0=0) WO

2009/000523P

From a solution of 1.8 g pyridine in 7.3 ml abs THF 1.7 mi {56.1 mmol) were
15 added drop wise to a stirred solution of 0.93 g 8-Hydroxymethyl-2-(amino-3-

maleimidopropionate) fluorene (2.6 mmol) and 1.1 g triphosgene (3.6 mmol, 1.4
equiv) in 75 mi dry THF (freshly distilled from sodium). After 40 min the precipi-
tated pyridine hydrochioride salt was filiered out over celite, and the THF was re-
moved by rotary evaporation. The oil obtained was dissolved in 75 ml dry tetrahy-

20  drofuran with 1.1 g N-hydroxysuccinimide (13.6 mmol, 5.3 equiv). 2.6 mi of the

| pyridine solution (8.2 mmol) were then added, and the solution was stirred for 40
min. Some additional precipitated pyridine hydrochloride salt was filtered out over
celite, and the THF was removed by rotary evaporation. The oil obtained was dis-
solved in 70 mi chloroform and washed with 4 x 40 ml 0.1N HCI, 3 x 50 m! of an

25  aqueous 5% NaHCO; solution, then with 1 x 40mi water, 40 mi brine and dried
over Na,S0.. The chioroform was removed by rotary evaporation. Structural iden-
tity was verified by NMR and mass spectroscopy.

'H NMR (500 MHz/CDCls) 8 = 8,35 (1H; s; NH); 8,00 - 7,95 (1H; m; H3); 7,71 -
30 7,65 (2H; m; H4 & H5); 7,50 - 7,46 (1H; d; J = 7,25 Hz; H8), 7,42 - 7,36 (2H; m; H1
& H6); 7,30 - 7,25 (1H; m; H7); 6,69 (2H; s; 2x Mal-CH); 4,66 (1H; dd; J = 10,40 Hz



13C NMR (50 MHz/OMS) & = 170,82 (0=0 Mal); 168,38 (0=0 Amid); 146,00 (C9a); 144,89 (C8a);-
140,63 (C4b{)) 138,05 (02); 135,92 (04a); 134,62 (2xCH Mal); 127,16 (06); 126.09 %50%&}125 ,03 (C8);
119,93 (CHOPPE44%2%). 118,39 5(C3); 116,36 (Cl): 63,86 (CH20H); 50, 1465

(Prop-CH2- N) 33 92 (Prop- CH2-00) ES1-MS: foungh (M-i-Na): 385.2; calculated (M-i-Na): 385 io
Example 7: Synthesis of 9-Hydroxymethy1-2-(amino-3-maleimidopropionate) fluorene
N-hydroxysuccinimidyl carbonate From a solution of 1.8 g pyridine in 7.3 ml abs THF 1.7 ml (5.1

mmol) weg 4 9adged-raHatse m rstirkedtsolution,000-88 #iPEHsDx Rt H2damine 846
maleimidagiop %@y ¥ 4258 Pl a0 I7 L UploRgeTe s Bde LIl oy

THF (fre stll’led um). After 40 min the precipitate he hydrochloride salt was
filtered ouf%iﬁé md et Ok RPr&ReedBY rotary evaporation. The oil obtained was
dissolved in 75 ml dry tetrahy 20drofuran with 1.1 g N-hydroxysuccinimide (13.6 mmol, 5.3 equiv). 2.6

ml of the pyadinaR I@@W@@Wg werq ?'@esﬂaa@e@ ma%th%é@wtm—@aﬁr%ﬁ ied 4qr 49 min. Some

dditional t | eT
e e e r e eab el e BT AR TN i
x 40 ml 0. i@ﬁﬂbﬁ 380 (Anridials d¢Geda4 &0, N&ﬁ@éé%)ufi@ﬁ; th1 Q%Q@M%ater 40 ml
brine and dgeReV@3NalB86 T08)CHIVEEY TOVRSAZBIDYEHRE Yol e Va8 62 Puctural identity

was Verlfl%HJ NNI\@% q@%g}ggsége%r CORY47 S%N%Rd fV1Hz/CDCI3) 8 = 8,35 (1H; s; NH);

800 7,9 71-3 750 - 7,46 (1H; d; J = 7,25 Hz; H8); 7,42 -

7.36'@H: %gw%%?#uﬁ GRS 51’43& é@%ﬁzﬁ?@ 2x Mal-CH): 4,66 (1H; dd: J = 10,40 Hz
ESI-MS (found): (M+H)™: 5041 (M+Na) :526.1

Example 8: Synthesis of 9-Hydroxymethyl-2-(amino-3-maleimidopropionate}-
7-sufio fluorene N-hydroxysuccinimidyl carbonate

0 L
g™
To a soiution of 1.2 g 9-Hydroxymethyi-2-(amino-3-maleimidopropionate)
fluorene N-hydroxysuccinimidyl carbonate (2.1 mmol) in 80 mi triflucroacetic acid 7
ml chlorosulfonic acid was added. After 30 min the reaction mixiure was cooled to

20  4°C and 350 mi cold diethylether was added. The precipitated product was filtered
and washed twice with diethyiether and dried in vacuum.

15

Structural identity was verified by mass spectroscopy.
ESI-MS (found): (M+H)": 583.9
ESI-MS (calculated): (M+H)"; 583
25
The synthesis of MAL2-Fmogc-OSu starting from 2,7 Diaminofiuorene is illus-
irated in Example 9.



'WO 2009/000523PCT/EP2008/005164 - 17 & 5,99 Hz; Ha-CH20); 4,14.(1H; t; J = 10,09 Hz;
Hb-CH20) J =9,46 Hz & 5,99 Hz; H9); 3,95 (2H; t; J = 7,09 ) 2,86 (4H;
s; 2 Suc ‘Hﬂ%@@ﬁ% 54 (2H: m; Prop-CH2-C=0) 13C NMR (125 MHzfggcgé%@S% {53 (0=0
Mal); 168,21 (C=0 Amid); 151,41 (C=0 Carbonate); {43,79(C2); 141,13 (C9a); 140,94 (C8a); 137,36
(C4b); 137,11 (C4a); 134,20 (2xCH Mal); 128,33 (C6); 126,82 (C7); 124,62 (C8); 120,63 (C4); 120,23
(C3); 119,96 (C5); 116,50 (Cl); 72,67 (CH20); 46,49 (C9); 35,62 (PropCH2-N); 34,15 (Prop-CH2-00);
25,47 (2x ByampldX): 1DHERHNS H aaf Gldiatho gvirmieih§b2, TNDirfain BRS-ESI-MS (found): (M+H)+:
504.1; (MisNpirmabgrbyrrpifeP riRurds Rl e nenmitnli(@arBerataleimidopropionate)-
7-sulfo fluorene N-hydroxysuccinimidyl carbonate 15 To a solution of 1.2 g
9-Hydroxymethy1-2-(amino-3- malelmldoproplonate) quorene N-hydroxysuccinimidyl carbonate (2.1
mmol) in 60 ml trifluoroacetig acid 7.m| chlor ded. After 30 min the reaction
mixture was cq too/z\y&nd 350 M ed. The precipitated product was

filtered and waghed twice with¥iiethyde g ' . Stiuctural identity was verified by
mass spectroscopy, ESI MS (found): (M H)+ 583. 9 ESI-MS (c lated): (M+H): 583 25

5 g-Hydroxymethyl-2,7-Di-(amino-3-maleimidopropionate) fluorene N-
hydroxysuccinimidyl carbonate is prepared under the conditions as described in
Examples 1-8. The amino groups in 2,7-Diaminofiuorene are protected with
BOC.0 as described by Albericio et al., Synth Commun. 31, 225-32 (2001). Then
the :

10 formyl-group is introduced in position 9 by reaction of Lithiumdiisopropylamide
(LDA) and ethylformiate. The aldehyde obtained is reduced with sodiumborhydride
to the corresponding alcohol to form g-Hydroxymethyl-2,7-di-(Boc-amino)iuorene.
Subsequently the BOC protecting groups are cleaved with 2N HCI in CHzCN and
9-Hydroxymethyl-2,7-diaminofiuorene is obtained. Then the OH-group is protected

15 by reaction with tert.-Butyldimethylsilylchloride as described in Example 5 to form
tert-Butyidimethylsiloxy-8-methyl-2,7-diaminofluorene. Then the reaction of the free
amino groups with maleimidopropionic acid in the presence of N,N'-
dicyclohexylcarbodiimide and hydroxybenzotriazole is performed and tert-
Butyldimethylsiloxy-8-methyl-2,7-di-(aminc-3-maleimidopropionate) fluorene is ob-

20 tained. After deprotection of the OH group in position ¢ with Boron trifluoride
etherate §-Hydroxymethyl-2,7-di-(amino-3-maleimidopropionate) fluorene is
formed. Finally the reaction with Triphosgene and N-hydroxysuccinimide is carried
out and $-Hydroxymethyl-2,7-di-(amino-3-maleimidopropionate) fluorene N-
hydroxysuccinimidyl carbonate is prepared.

25



WO 2009/000523PCT/EP2008/005164 - 18 - Example 9: Synthesis of
9-Hydroxymethy1-2,7-Dkamino-3- maleimidopropionate) fluorene N-hydroxysuccinimidyl carbonate
9-Hydroxymethy1-2,7-Di-(amino-3-maleimidopropiondte) fluorene Nhydroxysuccinimidyl carbonate is
prepared under the conditions as described in Examples 1-8. The amino groups in
2,7-Diaminofluorea s5ecp SyinBRSAMasdesriipgcdYoMberCio et al., Synth Commun. 31,
225-32 (2001). Then the 10formyl-group is introduced in position 9 by reaction of
Lithiumdiisopropylamide (LDA) and ethglformiate The aldehyde obtained is reduced with

sodiumborhydride to the correspofidin Icohol orm 9-Hydroxymethy1-2,7-di-(Boc-amino)fluorene.

Subsequently the BOC protecting g are ¢feaved with 2N HCI in CH3CN and
9-Hydroxymethy1-2,7-diaminoflubre obta ed. Thén the OH-group is protected 15by reaction with
ten.-Butyldimethylsilylchloride as degcribedin-£Xxarjple 5 to form
tert-Butyldimethylsiloxy-9-methyl-2,7-diaminofluorene. Then the reaction of the free amino groups with
maleimidopropionic acid in the presence of N,N'- dicyclohexylcarbodiimide and hydroxybenzotriazole
is performed and tertButyldimethylsiloxy-9-metRy1-2,7-dkamino-3-maleimidopropionate) fluorene is
ob- 20tained. After deprotection of the OH group in position 9 with Boron trifluoride etherate
9-Hydroxymethy1-2,7-di-(amino-3-maleimidop o?)ionate) fluorene is formed. Finally the reaction with
Triphosgene and N-hydroxysuccinimide is(fafﬂgqgogt and
9-Hydroxymethy1-2,7-di-(amino-3-maleimidopropionate) fluorene Nhydroxysuccinimidyl carbonate is
prepar%\c’jhg%n %39(3 ilé. Qé?sey}pgpo’gc%%pgrrg]gpaa%%r%r‘g?gggt %%%Og?lggsﬁ%grmlﬁléé 4545%; 7Tor8

is bound to radical Y

Y is a radical containing a N-maleimidyl-moiety having a structure

0

O .

Ri is a (C4-Cg)-alkyl;
R, is selected from the group consisting of —C{O)NR-, -C{O)NR-( C4-Cs)-alkyl-NR-, -
NRC(O)- and —-NRC(0)~(C+-Cg)-alkyl-NR, wherein R is independently either hydrogen or
C+-Cs-akyl; and
at least one of an available position 1, 2,3, 4, 5, 8, 7 or 8 is optionally bound to radical
X

X is -S03-R?;

R® is independently selected from the group consisting of hydrogen, (C4-Cg)-alkyl
and (C4-Cg)-alkyl-R*; and

R* is a polymer;
said method comprises the step of reacting the 9-hydroxymethyl group of a compound
of formula 2:

OH

(formula 2)
wherein at ieast one of position 1, 2, 3, 4, 5, 6, 7, or 8 is bound to an amine, with a sisyl
protecting reagent introducing PG,



(formula 1) wherein PG is a sisyl protecting group and at least one of position 1, 2,3, 4 is bound to
radical Y; Y is a radical containing a N-maleimidyl-moiety having a structure O --R 2PIN O Rlis a
(C1-C8)-alkyl; R2 is selected from the group consistttiy of-C(0)NR-, -C(0)NR-( C1-C8)-alkyl-NR-, -
NRC(0)- and -NRC(0)-(C1-C8)-alkyl-NR, wherein R is independently either hydrogen or C1-C8-akyl;
and at lgass0peatwhayataltiingasiicdmBoBnd, with.ah i-Bnisleiptioybiiyagemdadasuite X; X is
-S03-R3; R3 |s mde endently selected from the group consisting of hydrogen, (C1-C8)-alkyl and
(C1- CESW mq?é@olymer said method comprises the step of reacting the
9-hydroxymethyl group of a compound

2. The method according to claim 1, wherein said sisyl protecting reagent is a silyl
halide.
3. The method according to claim 2, wherein said silyl halide is tert-

butyldimethylsilyl chloride (tBDMS-CI).

4, The method according to claim 3, wherein said reaction with tBDMS-Cl is

performed with imidazole in dimethylformamide (DMF).

5. The method according to claim 4, wherein said N-maleimidyl is maleimidoalkylic
acid.
6. The method of according fo claim 3, wherein at least one of an available position

1,2 .3, 4, 5,6, 7 or 8 is bound to radical X.



of formula 2: (formula 2) wherein at least one of position 1, 2, 3, 4, 5, 6, 7, or 8 is bound to an amine,
with a sisyl protecting reagent introducing PG, - 20 - and subsequently reacting said compound with
an N-maleimidyl reagent to form the compound of forddula (1). 2. The method according to claim 1,
wherein said sisyl protecting reagent is a silyl halide. 3. The method according to claim 2, wherein
said silytfhalide)aj%@ﬁt@@mgigquylﬁjmmgide (tBDMS-CI). 4. The method according to claim 3,
wherein said reaction with tBDMS-CI is performed with imidazole in dimethylformamide (DMF). 5. The

PG

(formula 1)
wherein PG is a sisyl protecting group and at least one of position 1,2 ,3,4,5,6, 7or 8
is bound to radical Y; and at least one of an available position 1,2 ,3, 4, 5,6, 7or 8 is
optionally bound to radical X;
Y is a N-maleimidyl-containing moiety having a structure:

o

—R,—R—N

X is -S03-R?,

R®is independently selected from the group consisting of hydrogen, (C+-Cg)-alkyl and
(C1-Cg)-alkyl-R*:

R*is a polymer;

R1is a (C+-Cg)-alkyl; and

R- is selected from the group consisting of —C{O)NR-, -C{O)NR~{ C4-Cg)-alkyl-NR-, -
NRC(O)- and —NRC(Q)-(C-Cs)-alkyl-NR, wherein R is hydrogen or C4-Cg-akyl.



PG (formula 1) wherein PG is a sisyl protecting group and at least one of position 1, 2 ,3, 4,5, 6,7 or 8
is bound to radical Y; and at least one of an ava% e position 1, 2,3, 4, 5, 6, 7 or 8 is optionally bound
to radical X; Y is a N-maleirnidyl-containing moiety having a structure: X is -S03-R3; R3 is

independently selected from the group consisting of hydrogen, (C1-C8)-alkyl and (Ci-C8)-alkyl-R4; R4

N oL R e SR O S R AR R ogen or
'C1-C8-akyfiotegting. le&pompound according to claim 7, wherein PG is a t- butyldlmethylsnyl protecting
group.



