SYNTHESI S OF DEOXYBI OTlI NYL HEXAMETHYLENEDI AM NE- DOTA
FI ELD OF THE | NVENTI ON The i nvention reported here

WO edoawer7§ o an i nproved procedure for the syntPEBEB2006/062800
deoxybi oti nyl hexanet hyl enedi am ne- DOTA. BACKGROUND OF
THE | NVENTI ON The conpound deoxybi oti nyl
hexanet hyl enedi am ne- DOTA has been described in
i nt er nati onal _pat ent a | ication WO 02066075 under_t he

naheNTHESIS Qi REQXYBI %tN’ﬂ_I-gEXAMETHYLENEDIAMIN DOTA

1,4,7,10-tetraazacycl ododecanotetra-acetic acid ( 1
FIELD OF THE AENTIONdodecanet et ra- acet i ¢ aci d). The
structural formula of deoxybiotinyl

TR ave b NRporBd NRefOTaldtss rePaht fpfved Eticedure for the
conpl et eness. The process for synthesising this

amHE nt
g%ﬁﬂgglgtqu’ﬁaWEﬁ@é%? an %’It‘%g reporDt?jgIt in the

f ove- nenti oned application.
5 @ mﬁg?u ua&g%ﬁ:‘ &Vé&iﬁ@s ST2210 corresponds to

LI A > v v

corrpound 4 of the Exanple of WO 02066075. In

paet icompaundh edegxybiotivyl ahexameiytenediamingyDOTA has  been
hexanet hyl enedi am ne

described in international patent application WO 02066075 under the name

of the Applicant. DOTA is 1,4,7,10-tetraazacyclododecanotetra-acetic acid
(1,4,7,10-tetraazacyclododecanetetra-acetic acid).
10 The structural formula of deoxybiotinyl hexamethylenediamine-DOTA is

reported here for completeness.
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15 The process for synthesising this product is also described in the same
patent application WO 02066075 and also reported in the example on page
15 of the above-mentioned application. The compound reported here as
ST2210 corresponds to compound 4 of the Example of WO 02066075. In
particular the intermediate product biotinyl hexamethylenediamine

20  hydrochloride (ST2551 or compound 3 of the example of WO 02066075),



hydrochl ori de (ST2551 or conpound 3 of the exanple of
WO 02066075), was obtained with preparatory

wa@ boogedsagyr aphy with a yield of 55% and an undedT/BRZN06/062800
titre. The final deoxybi otinyl
hexamnet hyl enedi am ne- DOTA product (ST2210 or conpound
4 of the exanple of WD 02066075), was obtai ned by
condensi n% ST2551 with DOTA as illustrated in di agram
wasgbtgined wilin msep@stony cchrpmeatagsanhy gritbayyielghef 55% and an
reacti on conducted in this way produced | ow synthetic
uneéfiteed tithee presence in DOTA of four unprotected
carboxylic functionality equival ents, involved the

frAE Mirdl Odle My biGliny P e xBieliydshdismirt b OTApRIcHI(S12210 or
purification. Indeed to obtain the end product it was
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synt hesi s process has the foll ow ng
advant ages over the one
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.The reaction conducted in this way produced low synthetic yields (the
presence in DOTA of four unprotected carboxylic functionality equivalents,
involved the formation of various by-products) and problems with purification.
Indeed to obtain the end product it was necessary to use HPLC on a

preparatory scale with a yield of 20%.
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described earlier: 1. in the coupling step or
condensati on (described in WO 02066075 as "step d")

wo b@7ner7of tri-te/if-butyl-DOTA avoi ds the f oP@HEPING062800

of nore condensation products, due to the parti al
reactivity of the free carboxyls, which occurred even
when wor ki ng under controlled pH conditions; 2. still

in the sane step, the condensing agent and the base
OF; HaE| i el d was obtai ned using

benzotriazol -1 -yl oxytripyrrolidi nophosphi um
hettef $cale-aphstagyaneorfey ROMBene dhe iyiald lof the process and make
-yl -oxytripyrrolidi nophosphoni um hexaf | uor ophosphat e),

e t perificafioANroesdehsiand ditdrRativg agyritResis EAMemdds hevere
base; 3. biotinyl hexanethyl enedi am ne (ST2251) is
gﬁﬁqg‘%ﬁ'a free base, having shown that the use of the

I’ hydrochl ori de caused an increase in the quantity of

1he ek Puthissis aroetsshas e lnllasing o aaossivgr tae one
the diner, in which ST2551 reacts with 2 nol ecul es of
describaglearliemOTA;

1. in the coupling step or condensation (described in WO 02066075 as
“step d”) the use of tri-tert-butyl-DOTA avoids the formation of more
condensation products, due to the partial reactivity of the free
carboxyls, which occurred even when working under controlled pH
conditions;

2. still in the same step, the condensing agent and the base were
changed; the improved yield was obtained using benzotriazol-1-yl-
oxytripyrrolidinophosphium hexafluorophosphate (PyBOP -
Benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate),
as the condensing agent and triethylamine (TEA) as the base;

3. biotinyl hexamethylenediamine (ST2251) is used as a free base,
having shown that the use of the dihydrochloride caused an increase
in the quantity of unwanted products; in particular there was a
noticeable formation of a by-product corresponding to the dimer, in
which ST2551 reacts with 2 molecules of tri-f-butyl-DOTA;

4. the final step consists of the hydrolysis of the three ter-butyl groups in

acid aqueous solution, for example using from 3N to 6N HCI in
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4. the final step consists of the hydrolysis of the
three ter-butyl groups in acid aqueous solution, for

weza@mpbr78ising from 3N to 6N HCl indifferent reCT/8B2006/062800

with the product for times 4anging between 1 hour and

12 hours, with yields rangi ng between 96% and 98% 5.
elimnation fromthe synthesis process of tvvo r at her

| abori gus preparatory chromatography stages;

obt ai fiffiesertt ra? igg dth %ﬁtmodust for dimgs Iran@mgah%wezergmour and
Therefore the object of the present invention is a

pr oced2 hoars, witht yiekissangindauetwben 968y bnd 98%;

hexamnet hyl enedi am ne- DOTA whi ch conpri ses reacting

bi @.1 Biithir2@iaMHony | fiee dyndids Whideess | of -t YatH&PT fabdtious

the presence of

benzo r i nophosphoni um

hexaf PFéﬁgeﬁ’Géﬁ%g{‘%xg gi& énsgen3| ng agent, and

tr| am ne, t he. ba The eSS, the present
S a PN w'mas'*@r@smi} QD% B P8 ng t he

condensat| on step which is hydrolysis at acid pHs.

Cheresersatheonbjest pf éh%rpaweptdavent@m ud pracess &rgsyntbesising

solvent. More preferably this solvent is

deox/bistinyet hexemebiylehediamimeslDOTA, whighbesdmphisddheseacting

nmet hod devel oped is the one which

biotinyl hexamethylenediamine with ftri-f-butyl-DOTA in the presence of

benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate, as the

condensing agent, and triethylamine, as the base.

The process of the present invention therefore involves a step following the

condensation step which is hydrolysis at acid pHs.

Condensation is preferably carried out in an organic solvent. More preferably

this solvent is dichloromethane.

Of those analysed, the best synthesis method developed is the one which

involved the stages illustrated in diagram 2.

In addition, the invention is illustrated with Examples which are in no way

limited to the invention itself.



i nvol ved the stages illustrated in diagram2. In
addition, the invention is illustrated wth Exanpl es
waokdocihorre in no way limted to the inventi on PCI/EP2006/062800
itself.Diagram2 | ) PyBOP,5S TEA, DCM 2) Silica gel
chr omat ogr aphyEXAMPLES (for the nunbering of the
conpounds refer to Diagram 2) Methods The tests
carried out were nonitored using an anal ytical HPLC
onnected to a diode array detector and to a
mass spectroneter with an el ectrospray. The anal yti cal
met hod devel oped i nvol ves the use of an ACE C 18
anal ytical colu (150 x 4.60 mm 5m , a flow rate of
1.0 m _/mn ang,&-|, near elution gradient of 5-95% of

Bin 20 min (Ag +01%TEFA B= ACCN + 0. 1% TFA),
or 10-90 % of B/in).20 mn alternat vely a 10%
i socratic sol uti®h df/w | ded by the

gradi ent 10-90 % of B in 20 jn. g r the end product
ST2210, a nmethod working in i s3¢ratic solution of B
at 15%is used for 40 m OHThe range of wave | engths
exam ned by the detecyor 1s 205-400 nm
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2)Silica gel chromatography

HNJLNH Wb H #/

H H H
H
K”/O\}/
4 5
1) HCI 6N
2) Lyophilisation

ci-
i HO\”/\N_;/\ cl—
HN” “NH o H HNWL/\H/OH
s ///\/\/g}/\/\/\” ZIH_\/\NH [

OH

§T2210 (5) (o)



10

15

20

Rapid nmonitoring by TLC invol ves the use of eluents

m xtures of the OEt acid type: isopropanol: NH3 30% or
WO@AM7/003430pr opanol : NH 3 30% (4:5:1 ) , reveal i POI/ERB®06/062800

products sorted out (not UWvisible) by neans of or

phosphonol ybdi ¢ reagent. Preparation of biotinyl

hexanet hyl enedi am ne (ST2551) as the free base ( 2.)
Product ST255% [(1), purit of 91% 400]c _1.0 nmol )

put |nto a separ atl ng funnel, a sol ution of Na(]—| 2M
Matmdds was added and the product precipitated was
extracted with DCM (40 nlL) three tinmes. The conbi ned

Pheaftists RAATRP ol Welte hysHirred Vaditg aaH hahHiRaNdH-a@ system

and evapor at ed under reduced pressure. The product was

SRR 207 ﬁ@éd@e%v;s%%etdpsané@?@ Lhask| Shétirorf with an
& g‘%@(n%? 5“%@ t)n§§ qu-}ﬁ%?qqqu @qé[gﬁﬁ)tﬁedrusﬁofn% ACE

1H, CHCHNH) 1H, CONH); 6.05 (s, 1H, CONH)
gsla/gnMCaIm:ran[( #4.60 mm, Su), a flow rate of 1.0 mL/m|n and a

linear elution gradient of 5-95% of B in 20 min (A= H,O + 0.1% TFA; B=
AcCN + 0.1% TFA), or 10-90 % of B in 20 min, or alternatively a 10%
isocratic solution of B for 6 min, followed by the gradient 10-90 % of B in 20
min. For the end product ST2210, a method working in an isocratic solution
of B at 15% is used for 40 min. The range of wave lengths examined by the
detector is 205-400 nm.

Rapid monitoring by TLC involves the use of eluents mixtures of the OEt acid
type: isopropanol: NH; 30% or DCM : isopropanol:NH;3; 30% (4:5:1), revealing
the products sorted out (not UV visible) by means of |, or phosphomolybdic

reagent.

Preparation of biotinyl hexamethylenediamine (ST2551) as the free base
(2)

Product ST2551 [(1), purity of 91%, 400 mg, 1.0 mmol) was dissolved in
water (20 mL) and the solution was put into a separating funnel; a solution of
NaOH 2M (20mL) was added and the product precipitated was extracted with

DCM (40 mL) three times. The combined organic phases were dehydrated
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Synt hesi s of deoxybioti nyl hexanet hyl enedi am ne - ter-
butyl - DOTA (4). A solution of tri-terf-butyl-DOTA

wQ e®y/ 008281 ng, 0.915 mml, 1 eq], PyBOP (714 neCT/EPB¥6/062800

nmmol, 1.5 eq) and triethylamne (166 m _, 1.19 mol,

1.3 eq) in DCM (5 m _) left under agitation at room
tenperature for 10 m nutes, was added drop by drop to
a_solution of ST2551-free base [(2), 300 ng, 0.915

Witbl anhydrgysi NapBfu ( 8ndi eyapasgted nidepyraskigedngrassare. The
m xture at 400C for 5 mn. It was left to react at

progiuct eapatbddined (2)pas 8 whiter solidn@90trog i yigldt=h88%).
conpl eteness of the reaction by TLC and LC M5,
H4NMR (200 MHRe CBERPTS (BPRYe 1.28-210% [RNt eM

reaction the SOI vent was evapor at e under reduce
R ES S 4L, TR RS SRS Yy 4.3
JETYE B4, REER 100 YGBRAL ESter Yo . 11

silica gel colum (ratio in weight of crude product:
€QONMh 1:30), using as theeluent systema DCM mi xture:
i sopropanol 5:4 to which is added an increasing
ES-MSWW2t32905 {¥1+Bi0'% aqueous NH3 (from 0.2 to 1). The
col um

CH2)4 and

Synthesis of deoxybiotinyl hexamethylenediamine — ter- butyl-DOTA
(4).

A solution of tri-tert-butyl-DOTA [(3), 524 mg, 0.915 mmol, 1 eq], PyBOP
(714 mg, 1.37 mmol, 1.5 eq) and triethylamine (166 pL, 1.19 mmol, 1.3 eq) in
DCM (5 mL) left under agitation at room temperature for 10 minutes, was
added drop by drop to a solution of ST2551-free base [(2), 300 mg, 0.915
mmol, 1 eq) in DCM (5 mL), obtained by heating the mixture at 40°C for 5
min. It was left to react at room temperature for 3 hours, monitoring the
completeness of the reaction by TLC and LC-MS, according to the methods
above.

At the end of the reaction the solvent was evaporated under reduced
pressure, the residue was dissolved in DCM and was washed twice with
NaOH 1M. The organic phase was dehydrated on Na,SO, and evaporated
under vacuum. The residue thus obtained underwent chromatography on a

silica gel column (ratio in weight of crude product: silica 1:30), using as the
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was packed with the initial DCM m xture: isopropanol:
NH3 (5: 4: 0.2) and the process was continued with the

w@e@dioezars of NH3. [the el uent m xture usual |y PETBPES6/062800

honobgeneous after agitatiom only in the final phase

of the elution, with NH3=I it may prove to be

necessary to add i sopropanol to inprove m sci bi lity,

in this case using the volunetric ratio (4:5:1 )
eloent | sysir™® pan BCNHMixture: Aisoprepana) §ié th)V\WBiChy'S added an
product was obtai ned which tended to produce a foany
poréasing dencertcatiom p{ 30% aqBe6usThHay(frind 02 Td%). The column
1H-NI\/R (300 MHz, DMSO-d6, T=50C) d (ppm: 1.16-1 .70

Ked Qh@HR)ikitiaNDCNHEINAG s r@ﬁé‘n& NI—?‘@ 4: 0.2) and the
-3.32 (m 34H, 2 x HCHS and

Eﬁ%e%;w% %’ﬁt i 1%@%&\@9.&5%@1%9%@&%“4)% usually
Bpdorues hafncannacps SHiet AaRigHSTiu the Bealifass e eldtion
27.22; 27.35; 27.56; 28.50; 28.61 ; 29. 04; 29 23;

with 14H33h ibmay3oree tadel necassary ;tosadd isomepagol to improve
52.82; 53.24; 54.72; 56.14; 56.92; 57.38; 59.31 ;

Afisdibilityd 1irP0; thi). 76asdl 63usihy 11he 98 voluMetrig5. ratio  (4:5:1)
(DCM:isopropanol:NH3). A slightly yellow oily product was obtained which
tended to produce a foamy solid under vacuum [(4), , 600 mg, yield = 74%).

"H-NMR (300 MHz, DMSO-ds, T=50°C) & (ppm): 1.16-1.70 (m, 43H,
CH(CH-)s and NHCH2(CH,)s and 9 x CHs); 2.40-3.32 (m, 34H, 2 x HCHS and
3 x CH:N, 8 x DOTA-ring CH, and CHS and 4 x DOTA CH,CO and NH
amine); 4.13 (m, 1H, CHCHNH); 4.29 (m, 1H, CHCHNH); 6.18 (s, 1H, NH
biotin); 6.21 (s, 1H, NH biotin); 8.10 (t, 1H, NH amide).

BC-NMR (75 MHz, DMSO-dg) & (ppm): 27.22; 27.35; 27.56; 28.50; 28.61;
29.04; 29.23; 30.14; 30.25; 30.39; 39.14; 40.42; 50.07; 52.59; 52.82; 53.24;
54.72; 56.14; 56.92; 57.38; 59.31; 60.05; 61.90; 80.75; 163.34; 170.98;
171.25.

ES-MS miz: 883.4 [M+H]".

Synthesis of deoxybiotinyl hexamethylenediamine —-DOTA [ST2210, (5)].
A solution of (4) (210 mg, 0.238 mmol) in HCI 6N [1 mL, 20% w/v solution of

(4)] was left under agitation at room temperature for 1 hour. Then the mixture
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ES-MS nfz: 883.4 [ MtH] +. Synt hesi s of deoxybi oti nyl
hexanet hyl enedi am ne -DOTA [ ST2210, (5)]. A solution

W@R00gA)34(210 ny, 0.238 nmol) in HC 6N [ 1 nl_PCROPNE/W62800

solution of (4)] was left uhder agitation at room
tenperature for 1 hour. Then the m xturewas evaporat ed

at reduced pressure, the residue was dissolved in H20
(approx. 1:50 wv) and the solution was subjected to
waspeyanasatadoat raduged orassure. Je residipnwas(gigsolvgd in H20
96% . 1H- NVR (200 MHz, DVMSO-d6) d (ppm: 1.30-1 .77 [m
@iﬂroﬁl—l(:samw)am mldCsdﬂ(Jmnﬁ)Mﬁs subjjeéied(tad, Iyaphilisd[ﬂeﬁ) ;A white
2.77- 2.88 (m 7H, HCHS and 3 x CH2N); 2.98-3.70 (m

S oo 216,45 ) ANMRLALUEETDUSEER 3 o)

Fartri RO Sl el By 277
S5, 2, 1S 48 28504 B, By Horang o
54.51 ; 55.38; 56.02; 59.90; 6 1.61 ; 163.44; 165.58;

a8 ©bS amd Bx DOIA (GQ) 415 (;,[ MMHCH@HNHYS4.31 (m, 1H,

CHCHNH); 7.58 (br s, 2H, 2 x biotin NH); 8.86 (t, 1H, NH amide); 9.19 (br s,
2H, NH,").

3C-NMR (75 MHz, DMSO-d¢) & (ppm): 25.77; 25.85; 26.32; 26.53; 26.70;
28.74; 29.16; 47.08; 47.16; 48.54; 49.00; 51.35; 53.13; 54.51; 55.38; 56.02;
59.90; 61.61; 163.44; 165.58; 168.90; 172.31.

ES-MS m/z: 715.4 [M+H]".
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1. Process for synthesising deoxybiotinyl
hexanet hyl enedi am ne- DOTA whi ch i nvol ves reacting

whr@vionmal’s hexamet hyl enedi ani ne with tri-f-but yPeT/DENW6/062800

in the presence of 10

benzotri azol - 1-yl oxytri pyrrolidi nophosphoni um
hexaf | uor ophosphate, as the condensing agent, and
triethylam ne, as the base. 2. Process according to
claim1, in which biotinylClAMSet hyl enedi amine is
reacted with tri-f-butyl-DOTA in an organic sol vent.

sol vent i's d| chl oromet hane. 4. Process according to

any oRfich .nwbﬁearreaetmdqﬂauoﬁhw Wéxarhéth9levieBmndine with tri-t-butyl-
subsequent step of rolysis in an aqueous

envi " BIYTFEA W rh an ﬂ’fé d IOl_bresence of benzotriazol-1-yl-

oxytripyrrolidinophosphonium hexafluorophosphate, as the
condensing agent, and triethylamine, as the base.

2. Process according to claim 1, in which biotinyl hexamethylenediamine
is reacted with tri-t-butyl-DOTA in an organic solvent.

3. Process according to claim 2 in which the organic solvent is
dichloromethane.

4. Process according to any one of the preceding claims, involving a
subsequent step of hydrolysis in an aqueous environment with an acid

pH.



