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with an tntosylate of the tetraazamacrocycle; 2) reacting the protected tetraazamacrocycle with an
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organic dihalide, e.g., dibromo-p-xylene, in acetonitrile in the presence of a base such as
potassium carbonate; and 3) de-protecting the bis-tetraazamacrocycle prepared in 2)
employing freshly prepared sodium amalgam, concentrated sulfuric acid or an acetic
20  acid/hydrobromic acid mixture to obtain the desired cyclam dimer in the form of a salt.
U.S. Pat. No. 5,047,527 is directed to a process for preparing a mono-functionalized
(e.g., monoalkylated) cyclic tetraamine comprising: 1) reacting the unprotected macrocycle
with chrominum hexacarbonyl to obtain a triprotected tetraazacycloalkane compound; 2)
reacting the free amine group of the triprotected compound prepared in 1) with an organic
25  halide to obtain a triprotected mono-functionalized tetraazacycloalkane compound; and 3)
deprotecting the compound prepared in 2) by simple air oxidation to obtain the desired
compound. |
In addition, the reference discloses alternative methods of tri-protection of cyclic
tetraamine employing boron and phosphorous derivatives. These tri-protected intermediates
30  are used in the preparation of linked compounds, including the cyclam dimer 1, 1°-[1,4-
phenylenebis (methylene)]-bis1,4,8,11-tetraazacyclotetradecane, by reacting with an

organic dihalide in a molar ratio of 2:1, followed by deprotection.



organic dihalide in a nolar ratio of 2:1, followed by deprotection. 1 WO
02/ 26721 PCT/ US01/ 30948 Synthetic Communi cations, 28(15), pgs. 2903-2906,
(1998) desan/bast an i nproved net hod adopting the above- neRCT/OREMB04S
phosphorous protection, deprotection sequence to make 1,

1'-[ 1, 4- phenyl enebi s (nethyl ene)]-bisl, 4,8,11-tetraazacycl ot etradecane.
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in an aprotic, refatlvely non- pol ar solvent in the absence of a base. No

exanpl e dibsanetylens, torpbtajy thenb4 phenylene bis-methylene bridged acyclic dimer;
20  3) hydrolysis to remove the six trifluoroacetyl groups of the compound prepared in step 2);

4) tosylation of the compound prepared in step 3) to obtain the hexatosylated bridged
tetraamine dimer; 5) cyclization of the compound in step 4) with ethylene glycol ditosylate
to obtain the hexatosylated cyclam dimer; 6) detosylation of the compound prepared in
step 5) to obtain the cyclam dimer 1, 1’-[1,4-phenylenebis (methylene)]-bis1,4,8,11-

25  tetraazacyclotetradecane in the form of a salt using HBr/HOAc mixture.

U.S. Pat. No. 5064956 discloses a process for preparing mono-alkylated
polyazamacrocycles by reacting unprotected macrocycle with an electrophile in an aprotic,
relatively non-polar solvent in the absence of a base. No example resembling the synthesis
of cyclam dimer was provided.

30 Although the current approaches to 1, 1’-[1,4-phenylenebis (methylene)]-
- bis1,4,8,11-tetraazacyclotetradecane via tri-protection of cyclam or starting from acyclic
tetraamine as demonstrated previously are suitable to prepare the compound (supra), they

both suffer from the fact that the key step in each process is low yielding. The average yield
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anti-HV conpounds (U.S.
field. It will be obvious to those skilled in the art that these N-1 protected cyclic
20  polyamines are useful intermediates that will lead to, after necessary manipulation, mono-
substituted cyclic amines. Hence these are key intermediates having great potential in the
preparation of MRI diagnostic agents (U.S. Pat. No. 5,994,536; U.S. Pat. No. 5,919,431;
U.S. Pat. 5,871,709; U.S. Pat. No. 5,410,043; U. S. Pat. No. 5,277,895; U. S. Pat. No.
5,132,409; U. S. Pat. No. 4,885,363.) or for the preparation of anti-HIV compounds (U.S.
25  Pat. No. 5,583,131; U.S. Pat. No. 5,698,546; U.S. Pat. No. 5,021,409; and U.S. Pat. No.
6,001,826), or for the preparation of compounds disclosed in PCT WO 2000/45814.

More recently, U.S. Pat. No. 5,705,637 discloses a process for preparing tri-
benzylated macrocycles following a macrocyclization/amide reduction sequence. The three
benzyl groups are removed eventually to afford mono-substituted cyclen.

30 For those skilled in the art it will also be obvious that the N-1 protected cyclic

macrocyclic polyamines of the present invention are useful, after necessary additional

protection deprotection steps, for the preparation of N-1 substituted cyclic polyamines.
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The present invention is based on the discovery that, when certain protecting agents
20  are used to protect cyclic polyamines containing N ring nitrogen (N =3) with each nitrogen
being separated by 2 or more carbon atoms , the rate of reaction will slow down sharply
once N-1 nitrogens are protected, even when all of the nitrogens in the cyclic polyamine are
originally chemically equivalent. These controlled reactions thus afford, in an excellent
yield, the important N-1 protected polyazamacrocycles at high selectivity..
25

SUMMARY OF THE INVENTION

The present invention relates, for example, to efficient high yielding N-1 protection
of cyclic polyamines containing a total of N amine nitrogens, where the ring has from 9 to
20 ring members and N is from 3 to 6 amine nitrogens spaced by 2 or more carbon atoms,
30 using fluroronated acid esters and other structurally related protecting agents (formula IIT).
The resultant protected amines prepared by this method are useful intermediates for the

preparation of selectively N-substituted protected cyclic polyamines. The protected



once N1 nitrogens are protected, even when all of the nitrogens in the
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reacti onsvohuge7af ford, in an excellent vyield, the inportpar/usbilsopssot ect ed
pel yazamacrocycl es at high selectivity.. 25 SUMVARY OF THE | NVENTI ON The
pr esent invention rel ates, for exanple, to efficient high yielding N-1
protectig 0, [ it rogens,
Wher e t hseel?cltlr\]'alyha gul?sgrt\i(tjtfr%ecggxc'inc gfa& O R r&ngg d%pllo?efﬁ:?%q u(?ldm%\l'nelg1 C (PP t§m. ne

ni trogenﬁ,rﬁlrsameﬁv@ymswsnmgdecyempapalﬁhﬁgns, 30 using fluroronated acid
esters and other structurally related_ protecting agents gforrrula [11). The

resul tant proMoee partigwrisdhe fupat syepyon ¢isdoses: it aélf’ethﬁ whoneldimgdrinedi at es

pol yar S AL BE LA, DSl AR L 5 T Bl cbdcine
N-sulfst i (cytled) amdadiipeoteetionperl Ind 7 tsazaepdotgnatepsing egﬁnesxkuundethom | d condi tions
to formselectively N-substituted cyclic polyam nes. Mre particularly,

the cur rERteseeERY fgmula B oses, inter alia, the high yielding tri-
protection of In]add‘ﬂhtﬁmlghe ﬂr@éeﬁﬁﬁ%&ﬁ%ﬁ'p?éﬁ&é@ﬂle&@ﬂ%ﬁle(féfﬁkﬁm andecfnonit

0-tetraazacycl ododecane (cyclen) "and di-protection of
1, 4, 7-t r prazess \foi maparbngel, dé—[h@-phgmcmbm(mtmerteh]dsel A8present ed by fornul a

[11. In ditio resent i.nveptian vides an extre fi.ci,ent and
beonon cletnrpeEdeckifecRl RS icxt Rt By u8f Bt e srihssiiet & Budhotlimifeh

(et hyl ef&ﬁir]ﬂdb‘r@al:etﬂfl &onawmtg@tresza@a@yqﬂeﬁ&@@frtﬁgﬁﬁ@aﬁoﬁ aylvalaad by using
protecting groups such as, but not linited 1 trlfluoroacetyl

f ol | owi néepaoteeiid: i on sequence of tri- prot ection, alkylation and

deprotection Eqﬁ@ﬁgout t he
specificati onoéﬁr?ggl e@&%?ﬁie mQ%nél%)nt Igliriérgcsmm %&gﬁgﬂﬁ% OF THE
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Figure 2 depicts the 1H NWR of Tri-trifluoroacetyl cyclam 20 Figure 3
depicts the 19F NVR of Tri-trifluoroacetyl cyclam

15
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts the >*C NMR of Tri-trifluoroacetyl cyclam.
Figure 2 depicts the "H NMR of Tri-trifluoroacetyl cyclam.
20 Figure 3 depicts the '’F NMR of Tri-trifluoroacetyl cyclam.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to N-1 (i.e. all but one) protection of cyclic
polyamines containing a total of N amine nitrogens on the ring system, where the ring has
25  from 9 to 20 ring members and contains from 3 to 6 amine nitrogens spaced by 2 or more
carbon atoms, using trifluoroacetyl and other structurally related protecting agents as

represented by formula III.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to N-i
(i.e. all but one) protection of cyclic polyamnes containing a total of N
am ne ni twogeng2pbn the ring system where the ring has 2BCTremmIM4so 20
ring nmenbers and contains from3 to 6 ami ne nitrogen spaced by 2 or nore
carbon atons, using trifluoroacetyl and other structurally rel ated
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HF1 )n,. nT ven nore prere a e exanpl es are cyclam
(formul a I m=mnm = =n = cyclen (formula I, m = =0, n=n" =
1) and 1, 4 7- tr|azacyclonpmap@H(fornula [, n=ty = n"= 1) I n anot her
enbodi ment, one or nore boN tons on th%\{ ,kfornula | and I'l) 10 may
al so be substltuted W t re atons a oxygen and/ or sul fur.

The protecting agents a wsented by f where X is a fluoro-

substituted, preferably pe uoro substi t ut nar t|c het er oaromat i c,
al kyl , aIkenyI and/ or al kypyl group, nore preflerably perfluoro substituted
Iinea; or branched al kyl group, nost preferably perfluoro substituted

saturated |inear alkyl ?roup containing 1-5 carbons, and
Even more preferable examples are cyclam (formula I, m=m’ =n=n’ = 1), cyclen

(formulaI, m=m’=0,n=n’ = 1) and 1,4,7-triazacyclononane (formula I, n=n’=n"’=
1).
In another embodiment, one or more carbon atoms on the ring (formula I and IT)
10 may also be substituted with one or more atoms such as oxygen and/or sulfur.

The protecting agents are represented by formula III, where X is a fluoro-
substituted, preferably perfluoro substituted aromatic, heteroaromatic, alkyl, alkenyl and/or
alkynyl group, more preferably perfluoro substituted linear or branched alkyl group, most
preferably perfluoro substituted saturated linear aikyl group containing 1-5 carbons, and

15  further wherein X is preferably CyHpFz, wherein y is from 1 to 10 inclusive, p is from 0 to
20 inclusive, preferably 0 to 5, more preferably O to 2, and z is from 1 to 21 inclusive,
preferably 1 to 9, more preferably 1 to 5; Lv is a moderately reactive nitrogen, oxygen, or
sulfur containing leaving group such as, but not limited to, alkoxy, phenoxy, mercaptyl,
imidazoyl, N-hydroxysuccinyl or other nitrogen or oxygen containing group preferably

20  alkoxy containing 1-6 carbons, more preferably C1-C4. As would be well understood by
someone skilled in the field, where u is the total number of rings and pi (double) bonds in
the group, and t is the number of nitrogen atoms in the group, z=1 to 2y+1-2u+t, and
p=2y+1-z-2u+t. These and similar reagents can also be in the form of polymer—bound
derivatives, such as those described by P. Suirskaya and L. Letnoff, J. Org. chem (1987)

25 52:1362-1364.

Compounds représented by formulas VIII and IX shown below are prepared,
according to conditions detailed elsewhere herein, from reactions of I and II with III,

respectively. In formulas VIII and IX, CyHpFz is as described above; m, m’ are from 0 to



15 further wherein X is preferably CyHpFz, whereiny is from1l to 10
inclusive, pis from0O to 20 inclusive, preferably O to 5, nore preferably
0 to 2, amaloz2d731from1 to 21 inclusive, preferably 1 toPOT/USDIr3®948
preferably 1 to 5; Lv is a noderately reactive nitrogen, oxygen, or sulfur
cont ai ning | eavi ng group such as but not limted to, al koxy, phenoxy,
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Sui rskaya and L. L f'I‘,N g Chem (19m2 1364. Conpounds
represented by for s VII yand 1 X sheype ar ared, according to
condi tions detaile se e herein, fromredcti ons of ¥Ehd 11 with L,
respectively. In formf is Aand | X, CyHpFzi escri bed above; m m
are from0 to 6 WD 02/ 2671 &T/ US01/ 30948 2 ‘’hcl usive, n, n'and n" are
from1l to 3 inclusive gqgjbons, and m ni, n, V\and|)(1" may be identical or

different for any speC|f|c corrpound Q/Hsz Oo O=~Y/ \ --CyHpFz ( O N M
N (CM)M CyHpFz N N CyHpFz H'~ N ( /n' OCyHpFz n'n, VII1 IX 5 This N1

protection | S panyled ouL s e d 0,001 F A 00, GO GLSRt S, prsher b1y

gle]ljly Ine; r rbq; | ]ggf; ?}u @Fi&tﬁ*zﬁenﬁi ?Hés@?l‘e&éorf@lﬂg )I/\l(':-??%@ RS eqmmeﬁg néflafityl ireffdrbatetare as
and/or other reagents with similar reactivity as defined by formula III per mole of cyclic
polyamine where N = the number of ring nitrogens in the cyclic polyamine.

10 This N-1 protection reaction may be carried out in the presence of a diluting agent
or a combination of diluting agents, such as: a C1-C12, preferably C1-C4, straight chain or
branched chain alkanol, or a mixture of any other non-aqueous solvents with any alkanol
described, including but not limited to methanol, ethanol, or low molecular weight (less
than 5 carbon) alkanol such as butanol, or propanol; and/or pure alkyl trifluoroacetate,

15  preferably methyl trifluoroacetate or ethyl trifluoroacetate, or other protecting agents
adopted as defined by formula III.

Solvent or solvents used may contain certain levels of water without very serious
product formation problem; however, it is preferable to exclude water. This may be
accomplished by using additives that will sequester water.

20 The quantity of diluting agent employed may range from 0 to100 litres per mole of
the cyclic polyamine, preferably from O to 5 litre, most preferably from 2 to 3 litres, per
mole of the cyclic polyamine.

Additives that will keep the reaction system acid free may be used such as
carbonates, bicarbonates, phosphates, oxides, aluminates, aliphatic or aromatic amines, or

25  polymer supported basic resins. Examples of amines includes aliphatic or aromatic amines
that contain up to 24 carbons and preferably 3 to 12 carbons. Example of inorganic bases
include alkali carbonates preferably sodium or potassium carbonate. The amount of this
additive can range from O to a large excess, such as 0 to 10 equivalents, preferably O to 1

equivalents, more preferably 0.1 to 1 equivalents, per equivalent of the cyclic polyamine.



pol yam ne where N = the nunber of ring nitrogens in the cyclic polyam ne.
10 This N-1 protection reaction may be carried out in the presence of a

di | uti ng vegenteé72pr a conbi nation of diluting agents, suchrapvUs@/i0sds- C 12,
preferably C 1-C4, straight chain or branched chain al kanol, or a m xture
of any ot her non-aqueous solvents with any al kanol described, including
but not limt to..net han et hanaol . I Laht. (] than 5
carbon) al kan%lqtegll?g{ﬁrglgst ngk-éﬁ{ﬂt?c 18? OB?%%%%I\%%%#%%{;%S\@&%}P% ofita
trifluor eageiates fibh P78ICEIARIIC, Peéforablyt frorh -2@CBASVHT, et plfdiybly from
trifluoroacetate, or other protecting agents adopted as defined by formula
111. Sol 0&nto &Csol vents used may contain certain |evels of water without
very serious - i P o |8 to

exc! ude vt or TRk PLER BoBLRR F Bine A Fthe older oF1BRERGEEO'R |
sequeSt ehowd) freferably frbm Qh@ntto 24 hoiirs dnbnetprefgrabhefibmentpl l0warsray range from
O tol0O litres_per nole aof _the cyclic polg_am' ne, $ref raht;,b% t&)rq?mo to 5
litre, nost phéferdyplohisiped somdharepptiqnomedigmymaypy purfied yametheds quch

pol yam n ATV - M r i t j [ be
used suc ﬁs’ g@fi H(%:ta{ rxr\élgeﬁjat%’gsgf,lc%\%éé gﬁ%ﬁ%%@ybﬁgg}%ﬁg? g g?‘ﬁ’oa)%imd‘ggé,h%gla t?rﬁn§ I’OI gﬁtég S,

al i phat i cormmoalypratticed aniifieationdechnifiep dihg peedustippmoalsacl iselsied bydrsiatngent

Exanpl es o i.nes includes alipphatic or aromtic i nes, .that.contain up to
74 car boNg Al Ay riee R 15 B 85Thine sih.sBoan b adt b g ESREELS

incl ygle ghlbabé saeAIRAMOSElyPMehesdubl ap BE sk foF fiPGeAMmStMIAER Hrade. The
amount of this additive can range fromO to a |arge excess, such as 0 to
10 equi vaitbautsfurthergruefigplion.0 to 1 equival ents, nore preferably. 0.1 to 1
equi val ent s, qui val ent | of. t [ I 1

ety Usod 3004l e AP eh S el ebafte i B8 BT R Gundr LRl KA the
advant ageipgkl uhneske¢d fline uiitragen tveilipsieqiant: Ehederroavtion§ Gvhich 2G@pwhpraef efithd| y
from-20§ to 100C, nost pref_eraiblé fr%’n 0C.to 60C. , The duyation of the N1
pr ot ect i §fld: Wiljlead famopodnaticaalized M- 1ghtfersntly Rinteied eychis polyaminsss

pref geab I : I : urs. The
pr odgét (k):%{lgl:i (ﬁg% %dr]%vf %lgn%é{i:?yoﬁmﬁg%?ﬁnm&rﬁgégﬁghp% rnfl Q%g%ggﬂ’n%%ﬁ%s such
as, but ranovednirtdedvannussianidard agd mikhvonduionstagive, momefupstiedalizedeychn, aci d

\(/:vg?‘] h a? 2 g pglg{x?‘lgt{gp ﬁ'ew? g{}@‘@%ﬁg %@MW&& P%gaci:twec rtoiugsn int Pgr;rrllljccg'jy%afesi-sr,hfd product

edition, 1999, Wiley & Sons.). These are important intermediates and useful in the

preparation of many known and potential cyclic polyamine based MRI chelating agents.

20 The aforementioned reactions may be used to synthesize compounds XIV and XVII
as described herein, wherein CyHpFz is a fluoro-substituted alkyl, alkenyl, alkynyl,
cycloalkyl, aromatic, or heteroaromatic group, wherein y is from 1 to 10, p is from 0 to 20,
and z is from 1 to 21; wherein m and m’ are from 0 to 2 and n, n’ and n” are from 1 to 3;
and wherein m, m’, n, n” and n” may be the same or different; and wherein E is an alkyl,

25  acyl, alkenyl, alkynl, hydroxyalkyl, cycloalkyl, aromatic, heteroaromatic, carboxamide,
thiocarboxamide, carboxyl, phosphoryl or sulphato group.
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with salt formng acid in the formof amne salt, such as, but not limted
to, the hydrogen 10 chloride salt. Alternatively, the product nay be used
for furtiveo oedefi cati on as crude w thout further purifiear/ivses/3oddse N1
protected cyclic polyam ne can be used in further reactions where the
singl e unmasked am ne nitrogen will take part. These reactions, which are

known art "of 10gmbAHE TV dl LPALE B TROAHALERBLLE o, lich 1 {erent Y

protected cyclic polyam nes. y and convenre *"the N1

pr ot ect i attadhed tppsnesmadroglit mitfdgeo o eavhtnydcroayalic belyamererandds preftalyly war i ous
standard and mld conditijons, . .to give nQ-functionalized cyclic

pol yam nebepenenepBarRb R R o BB oy B G EPn o

Synt hesi gonsiliftlg o®dikyl, aPy1, ARS8, alﬂiﬁﬁy&o&ﬂﬁl&gen,ﬂ&ﬁiﬁgﬁéﬁcdrﬁ@ﬁﬁﬁd’&t _
intermedi ates and uSeful in the préparation of many known and potenti al
cycliZ pol yanﬂmenwa%e@emlsemahatfmagcoag@nn@ may (e Tepresentaddrigomponad XX:
reactions may be used to synthesize conpounds XIV and XVII as descri bed
herein, wherein CyHpFz is a fluoro-substituted al kyl, al kenyl, al kynyl,

cycl oal kyl, aromatic, or heteroaronmaQiE”-geoup, whereiny is from1l to 10, p

is fromO to 20, and z is from1l to 21; whereinin and mM are fromO to 2
and n, n' and n" are from1l to 3; andXX/nerein m m, n, n and n" may be

t he sane or di ; i j , al kynl,
hydr oxyal kyl . "ot Gapd g BbyHahe bhindor ArBlnfurlre st Riic ke

t hi ot@r beepacsenied bg dodnnad I ordil olsgp lace ilked viaskl. phat o group. 0 CyHpFz O 0 O=~
ft-N CyHpFz ,M N N CyHpFz N --~~ CyHpFz )Ym 1, : N~~m N E JW CyHpFz | n'
XIV XV 8 \Agomnﬁtza ¥ 1@3@&70%@_&@& ﬁ%ﬁaﬂmowtaﬂ%segmf E may

al so for s érbﬁﬂ%letbgéiﬁég:w form the‘ﬁ’ﬂ%x%BuﬂcPac%?ﬁgl?‘égEtﬁ%ﬁﬁulQ REXTTRHERGY EVHBF At r 0gen

of each nmacrocycliC polyamne and is pre y a phenylene ring
opt i onal kylugrdsitbistitutadchlkylt dkenyl.eillsmyl ericldaliyl aregnatic, o heteiparainatic grovop

consi sti ng 0f, atkyl | A0Nb; p AEOR0 BB0M- HBLOTYs 2 MY A B O
15 arefromOto2 and nandn’ are from 1 to 3; and wherein m, m’, n and n’ may be the same
or different, and wherein Ar is a phenylene ring, optionally substituted with an electron
donating or withdrawing group such as alkyl, aryl, amino, alkoxy, hydroxy, halogen,

carboxyl or carboxamido.

o 0 FzHpC o)
FZHPCY%(/')n_\ }—CprFz 0=( ﬁn_\ >—CprFz

N N N N
Qe N})ml (@N el
FszCy—<z\9ﬁ/ \ / (\-)—/ }—CprFz
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XXI
20



5 1n a nore general sense, the final conpound nmay be represented by
conpound XX: QE'-Q XX where Qand Q@ nmay be the sane or different and
are macr g ot/2a2pol yam nes 10 represented by fornulas | peT/UBO/I0ad8 ar e

| rnked via E'. For instance, when E is an aromatic ring, it may function to
Tink two conpound XIV groups together to formthe conpound according to
formula XXI, wherein CyHpFz is a fluoro-substituted al kyl, al kenyl,

al kynyl , cyc| Brgferghly, linkendAr iscformed fiemepawenmbXicviareind x andder efethy is from
1to 10, pis fromO to 20, and z is fr({)ml t% 21; and wherein mand m 15
are fronfanes Biferrpf and argympictigs hat ¢agRerdisplaced by 2n uppratested gpingpitragenng '

opt 1 onal T ey B e P este e Loh, L] R PG KHGRARHE (Boup such

as al kyl ryl. am no | Kk hyvdr o h en ar boxyl or carboxam do.
&0 Lt o e hace A GRS aton 8.7\ P, CE T
~N) mp FzHpCy- \) ' /~>-CyHpFz O Ar = XXI 20 9 WD 02/26721 PCT/ US01/ 30948

Preferably, linker Ar is fornmed from conpound X, wherein Lx and Lx' are
the same or different and are noieties that fan be di splaced by an
unprotected am ne nitrogen. Preferabl Lx and Lx' are selected fromd,
Br, I, aryl sulfonate and al kyl sulfo e.g., 4-tolylsulfonate,

met hanesul fonate and trifl uorongghane onate). 5 Lx' Lx Xl

Xl

By way of example, the following description pertains to a process for preparing
1,1’[1,4—phenylenebis (methylene)]-bis 1,4,8,11-tetraazacyclotetradecane, which is a
representative process according to the present invention, with the protecting step described

10 above given by step 1.

H. /™\ .H RO\ R
<:N N:> step 1 <:N N:> step 2
— —-
N N N N
{\/ ) H\/%
v \"

o dp
A L J
vi Vil
Thus, the present invention is exemplified by the process for preparing

1, 1’-[1,4-phenylenebis (methylene)]-bis1,4,8,11-tetraazacyclotetradecane via a three step
sequence as depicted above. As shown, R in formula V and VI is the protecting moiety

15  thatis represented by formula III, where Lv is removed, preferably when X in Formula III
1s CyHpFz, and is a perfluoro substituted alkyl group containing 1 to 6 carbons, more
preferably CyHpFz=CFs.

10



By way of exanple, the follow ng description pertains to a process for
preparing 1,1 [ 1,4-phenylenebis (nmethylene)]-bis 1,4,8,11

-t et raazaxgot/od7et radecane, which is a representative prorergs@acmossdi ng to
the present invention, with the protecting step described 10 above given
by step 1. H/-\ HR/\ RDstep 2 CNN) stepl ~c NNHHHt--/RIVVR
I\, Rr-GWHH ~11 NN NJ (N N~ ~-/ Rstep 3 ~-/ R CJ~~1HHNNNGOCN:)
NN R VI VIl Thus, the present invention is exenplified by the

process for pmefaresp@t tb thd individdal BepRyth€figbbtsp involves the reaction of cyclam IV
(et hyl ene ]-bisl,4,8,ll-tetraazaciﬁlotetradecane via a three step
sequence WAl afepgcat Eprapeed by Aermuda i, The seactianyay useremd 191100 qpiyalents,

Cocti e i Vi
Femoved, PRIORYY aip 10 shiRbichis ot BRIESAR' B M, WL Aqlckle 81080 Br Eildive |
subst3 t ubfsblednky/duigbleup dssoivathd matedals,préfecabibmethaneip ethangiraad/fer athkey low

CyHpFz=CF3. 10 2/ 26721 PCT/US01/30948 step.-1 Wth respect to the
i ndi vi du&olwl@ﬁ\s/\gaﬁwé yeot o sventy Bixtue cptaining thess Bolat pelvaRts Wt dith a

eaden! SRR, TSI P o LTI e oS 0 100,
non- agueous s@hy eftti@r may raketftone 36 nofiutevioVARrHoarss,Wepailirg dbotidiydadl ve t he
MRt el Al S sBed hererabt) oo 3 hocs'to 1D RauS: Ofer 1o s ebivent System described
10  above, suitable protecting agents such as depicted by formula III, preferably alkyl
trifluoroacetate, more preferably methyl and/or ethyl trifluoroacetate can also serve as
solvent for this reaction.
Additives that will keep the reaction system acid free may be used such as
carbonates, bicarbonates, phosphates, oxides, aluminates, aliphatic or aromatic amines, or
15  polymer supported basic resins. Examples of amines includes aliphatic or aromatic amines
that contain up to 24 carbons and preferably 3 to 12 carbons. Example of inorganic bases
include alkali carbonates preferably sodium or potassium carbonate. The amount of this
additive can range from 0 to 10 equivalents, preferably from 0.1 to 1 equivalent, per
equivalent of cyclam.
20 The product of Step 1, such as the tri-protected cyclam V, can be used as crude for

the next step, or can be purified by silica gel column or using other common practice in the

field such as, but not limited to, aqueous extraction work-up or recrystallization.

Step 2

25 The second step concerns functionalizing the remaining secondary amine from step
1 with a mono-reactive or di-reactive electrophile. For example, compound V obtained
from step 1 can be alkylated using 1,4 - dibromoxylene, 1,4 - dichloroxylene, the ditosylate
analogue or other similar alkylating agents. A wide range of organic solvents are suitable
as diluting agents including acetonitrile, toluene, THF, DMF, 2-propanol and any other

30  solvent or combination of solvents desirable for amine alkylation. The reaction may be
carried out at a temperature from 20°C to 150°C, preferably from 60°C to 120°C. Further,
any single or mixture of iodide anion containing compounds may be used as additives,

including but not limited to KI, Nal, BuyNI, preferably KI. Additives that will keep the

11



nol ecul ar al cohol sol vent or solvent m xture containing these polar
solvents, at a tenperature between -78C to 120C, preferably between 20C to
60C. The weaztd’on nay take from 30 mnutes to 72 hours, depoEndéwEy94sn t he
yireld pursued, preferably from2 hours to 10 hours. Qher than the sol vent
'system descri bed 10 above, suitable pr otecting agents such as dep| cted by

forml & Mabrof LAl A e iy pelkd LRLORGSLANE: oIRESREETAEARLITRIRN

and/ or e uor oace a serve as

Addi ti Vesluhhﬂdtesmh}bhalﬁe @P aton@atic @adhdsQor ;ﬁﬂﬁha’fﬁuppmﬂﬂedf Ka@ﬁ raays b&m;ﬂ@h &uch as
car bonat es, bi carbonates, phosphates, oxides, alum nates, aliphatic or
aromatic a@meﬁ@sc ludgs aliphatis o praspatic appaesthet coRlinUR s34 earbqng e peederablysni nes

I ncl ”des &{Eﬁ‘éﬂfc E% reomﬁ@;a,ﬁm&% e a(fm&}tg)nldf%s&ﬁ)efgr%?%%a ﬁﬁoxa“d

preferab ons anple of I norgani ¢ bases

car bohat pstasnnﬁﬁembhgtesodl um or potassium carbonate. The anmount of this
additive can ngefrom to 10ewval§8f prefera?lyfromo l1tol
equi val ent, m@HYJ‘? YEEHRtive Rmination met sm@'?ﬁ‘éﬁiﬁc obfXagiNls 1, such as

the tri- ﬁih@l?atlc?éﬂy&é/ ﬁﬂa?%b Yedu @ el GmitRech With E6HpGuldoV usﬁlg% rBfutingSdee OF can

be purified by silica gel columm”or using othel common ractlce I'n the
field susirhas sodium ayanobiarehiydeide oo ptharjo@obpiratetredusin gagentsy ér-wip caialytlc

recrysta zatl 5 The cond s concerns functio i zing the
o ni iy BEtRiE, AfRidaRy i Bt Hom sl 1 SRS s Rt BOH cact  ve
el eci@ Opblhlloﬁde BCHbteﬁﬁ mo@nesﬁd?ﬂmgﬂlﬂrn}deowﬂalv@@ QK rédiRibS tegEve tHeaRxhe

al kyl ated using 4 - di bronoxylene, 1,4 - dichloroxylene, the ditosylate

anal og uetreﬂuomaweﬁyi eyokgm érm@n kbé arodnet %@méheSAaWYéPéwnaﬁ@éom may hansed
| vent t ol
ToE DS e Kk 85, g prifle, ARFRLAA T CORRRASORRA Ry | D0

desi r abl ﬂniture afisblvental Rl}dsatsolomt syitems arhidepbutimpy/ndidimicsirto] ehlyladétar! a
t enper at ur to 150C, preferably from60C to 120C. Further, any

from 20
si ngl e omeﬁiaﬁ?]ufs@a%?? MEHARRI-KHPRIEWRELS ni ng conpounds may be used as

addi {4 ves, i ﬁP&ﬂédén%dli}HEnt%?tthé nDedtfod §t%) o chidpriseBHhion Hf &Jng{ oahd Wit -
Additives that wll keep the 11 WD 02] 26721 P /USOl/ 30948 action system

aci d fr egivampbdre witlethe silkgyfating agamtbmnmpasd Xbigoznbboet todpriphosphatdeX. oxi des,
al um nates, aliphatic or aromati c am nes, or polyner supported basic

resins. Exanpl es of
FszCy—( /—\>—CprFz

CprFz
FszCy—( m

FszCy—< \—-/ )—CprFz

X

20 Step3
The third step of the process is deprotection (e.g. by saponification) of all the

protecting groups in compound VI. Reagents that are useful for this saponification include,
but are not limited to, alkoxides, hydroxides, amines, hydrazines, thiolates or other
nucleophiles or reagents that generate nucleophiles such as metal carbonates in wet

25 alcohols or water.

12



am nes includes aliphatic or aromatic am nes that contain up to 24 carbons
and preferably 3 to 12 carbons. Exanple of inorganic bases include al kali
car bonat aw0 pr/af7er abl y sodi um or 5 pot assi um carbonat e. Al PeT/IaM1/30248y,
reductive am nation nmethods may be used. For exanple, terephthal dehyde may
be reductively am nated with conpound V using a reducing agent -such as

sodi um oyanobonalyatLden Ao RURSF aRIEIMATL e LRSI TSNS ViTmd) B

catal ytic hydrogena I ona Py ep n aI SO

react wi effedted agifg hadioyxbndiflosd¥ueh sl thok® desdtibedint W . GresesaadRIGIM. Wuasm de,
foll owed by reduction to give the hexa- trifluor oacetyl cycl am di rrer The
pr oduct Vrotwtwmqrﬁe@semQrswatsmtﬁe%léa?ctqdeﬂﬂ;l, ha9P> Yhile@ Ponas Acrarigy ¢for t he

next St eBincPlcRoRlEiAkNodd SELIBIAbLMAG okt %l?&@’fﬁ@gﬂ%e‘éﬁ%ﬁ eHng ‘o

m xture o vent's ese solvent systenms Inc are no
et hyl5ac @t@.ﬂ\e , WutspPiogaetive Gedupa o Organit Sumtbésas;va’t’ editiochxI99eWaley.& $6nd.n one

enbodi ne f the.in tion, ste conpr.i ses reactlo of . conpound VI I I
gi ven ab%s km@%@f&%%&@%ﬁ%ﬁ%ﬁ% Worgw@ﬁ seshest 3t ngk m
Corrpoundh%uteg t8), re&ﬁ#ﬁ’l@lati]on salt f(”)nn@((h‘pﬁﬁic “&Mpl’ﬂl\ I I~-CyHpFz O O.
FzHpCy- ~ FzHpCy-<\ \-/ /--CyHPFz O 0 X 20 Step 3 The

third st ep of In e pmipwlewentiof tmmmnémmmpq eteg 2 lbysezdapdmﬂ ﬂlcanuenn@dmi& al |

the protectin rqu n co nd VI t ar or this
sapont 11 E5e5H e S Beh VRHT stheted T REE SV ke RpBUL ke Bfmuco.
ani neg, khediradp easistihdbPo@hfis halided! fdeylateBUsieey, halpbﬁﬂes) &ms@}&a@teﬁ gnd hat
gener at e _nucl eophil es such as net al carbonates in wet

isocyanates to form a compound given by formula XIV above, wherein E is a functional

group bonded to the nitrogen as described above.  Then, step 3 consists of removing the

(C=0)CyHpFz groups from the formula XIV compound using a method compatible with E

to form a compound given by the formula XV.

15

& D
¢ O n
XV
In another embodiment, step 3 comprises removing the (C=0)CyHpFz groups from

a compound given by formula XVII above using a method compatible with E to form a

compound given by the formula XVIIIL.

NH HN

im?

20 XV
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25 al cohols or water. 12 WO 02/26721 PCT/USO01/ 30948 Alternatively,

hydrol ysis of the nitrogen protecting group in conpound VI may be effected
usi ng aciwddo2/zordi ti ons such as those described in T.W CGernsoizzosusP. G M
Wits, Protective Goups in Organic Synthesis, 3rd edition, 1999, Wley &
Sons. A variety of other deprotection nethods are al so known to those
skilled in the art. See T.W Geene and 5 P.GM Wits, Protective Goups in

Organi ¢ Synt h&bYe anather %chﬁnaﬁm WogHConUEy Xeaspsisribedabeve isfleprqipcdelict Vi |
can be ngﬁ'tlf}ﬁéitlﬁﬁ‘?esﬁh'ﬁnffbﬁﬂ BHﬁBuﬁEPdeS such as, but not limted
Tormat

recrys i’zation, salt and chromat ogr aphy. I n one enbodi ment
of the present invention, step 2 is used to formthe internmediate given by
formula VIIl above, whi ch is reacted with a suitable el ectrophil e sel ected
from 10 the group consisting of orpani c halides, tosylates, triflates,
epoxi des, thiocyanates and isoc ahnqit s to forma conpound given by for rrul a
X'V above wherein E is a functl j group bonded to the nitrogen as
descri bed above. Then, step 3 cowmw ng the (C=0) CyHpFz groups
fromthe fornmula XV conpound usi t hod npatible with E to forma
conpound given by the fornmula XV. 15 H3)ni 4 -:JN H E xv |n another

enbodi nent, step 3 conprises renoving the ) CyHpFz groups from a
conmpound given by formula XVII aboyf using met hod conpatible with E to
forma conpound given by the formula XVIIl. INHHN N nl|I W E 20 XVIII
13 5

Step 4

Optional step 4 involves functionalizing all of the secondary amines released in the
third step with an electrophile that includes but is not limited to an alkylating, acylating,
sulphonylating or phosphorylating agent.

10 In one embodiment, step 4 comprises reacting the compound given by formula XV
above with an electrophile, E’, which is different from E, to form the compound according

to the formula XVI

B\ £

{ 3>>m

XVI

wherein E’ is selected from the group consisting of organic halide, tosylates,

15 triflate, epoxide, thiocyanate, and isocyanate.

In another embodiment, step 4 comprises reacting the compound given by formula
XVIII given above with an electrophile as described above to form the compound
according to fhe formula XIX.
20



WO 02/ 26721 PCT/ US01/ 30948 I n yet another enbodi nent, when conpound X as
descri bed above is deprotected in step three, this results in formation of
conpound W b2/2¢#21 CNH a N~ / Un CN HN XIlI U 5 Step 4 OppCDusbl/®b4sp 4
involves functionalizing all of the secondary am nes released in the third
step with an electrophile that includes but is not imted to an

al kyl ati ng, acylating, sulphonylatl osphoryl ating agent. 10 In one
enbodi ment, step 4 conprises reactm&npound given by fornula XV

above with an}l%{/ﬁlgtﬂogp@nleﬁilyﬁescn‘{’f@& afe 1h§erfﬂ1'of1f tﬁé @ﬂhe (N’il‘?ﬁé E‘noré féafl m the

corrpound accordin ormul a , ~\ / ayj
E, E Xuhderstbet by wafof reziersmeetotﬂmjfc)ﬂlpwmgmng)ﬂqsuﬂlldomslpm\ﬂdgiim‘d organl c

anot her URBRBERGRE aratl ot e EBEp S BB AR s IS SR 1 or mul 2

XVI'115given above with an el ectrophile as described above to formthe
conpound according to the formula XIX. 20 N N
EXAMPLE 1
Preparation of 1,4,7-tris-(trifluoroacetyl)-1,4,7,10-tetraazacyclododecane

AKX
CFy” >N N CF
EN HNj

cr—f L]
o)

10 Cyclen (2.13 g, 12.35 mmol) was dissolved in MeOH (20 mL). To the clear solution
was added NEt; (1.70 mL, 12.35 mmol) in one portion, followed by slow addition of ethyl
trifluoroacetate (7.35 mL, 61.76 mmol) during a period of 5 minutes. The reaction may be
chilled to keep temperature under 25°C. Stirring was continued under N, for 15 hours.
Volatiles were then removed under vacuum. The residue was dissolved in the minimum

15 amount of CH,Cl; (~2.0mL) and passed through a short silica gel pad, eluted with 100%
EtOAc. The eluent was concentrated to give the product as a white semi solid (5.25 g,
92.5%). '"H NMR (300 MHz, CDCl3): & 3.90 — 3.76 (broad multiplet, 4 H, 3.68 — 3.20
(multiplet, 8 H), 3.10 — 2.65 (multiplet, 4 H), 1.40 — 1.25 (multiplet, 1 H). Mass
Ci14H;7FsN4O3 requires C 36.53, H 3.72, N 12.17, O 10.43, found C 36.49, H3.71, N 12.11,

20 010.59.
EXAMPLE 2
Preparation of 1,4-bis (trifluoroacetyl)-1,4,7-triazacyclononane
0
CF/IJ\N N/U\ CF
3
A
25 .1,4,7—triazacyclononane (115.0 mg, 0.89 mmol) was dissolved in MeOH (2.0 mL).

To this clear solution was added NEt; (0.13 mL, 0.89 mmol) in one portion, followed by
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nl n XX 14 WO 02/26721 PCT/US01/ 30948 EXAMPLES Havi ng now generally
descri bed the invention, the sane will be nore readily understood by way
of referanae2ta2t he foll owi ng exanpl es which are provi dedra@ngsoi/dobasst r at ed,
and are not intended to be Iimting of the present invention, unless
specified. 5 EXAMPLE 1 Preparation of

1,4, 7-tris-(trifluoroacetyl)-1,4,7,10-tetraazacycl ododecane . 0 0 C 3AN
N~CF3 cNethwd tgiflyogogcetafe 1@4&@ dR-562nmal) during a peniadaf § mipesy SHEHSWE i n MeOH
(20 n1_). in one
por 1 on, “TPRf g R Ll HAAR R ORI oty EFrdiivepp The TR

61. 76 m"rwbs dﬂwlve@nahqamunmﬂmdm@nmﬁcfhﬁlz (:Fhénﬂf)and pmedmyo@ aghottl | ed to

keep tenperatuyre under Stirring was continued under 15 hours.
Vol at i | cBnied PRt HEUIg0 @A%ﬁ‘éaaﬁﬁenfr%s COBEF TR 281V e Brosal don ¢ he

m ni gm 4 3&@‘26‘1&6& 00(/)0%%@43(: K 2 NRR)(3 60 RESEL,): Blaqusah3 95%ﬁﬁrtfple'i'iH§a gel

pad, elute The eI uent was corficentrated to give theée
product 280a 3l (meultiplet, 29d), B3 $0(-53.26 (rgultipks,. HHY), 3(1H21Q0|'\Qm(uaiwetl\mﬂ) oZ13): S

> 65 (rrﬁisf?q%ﬂ)éte ﬁ?gMﬁBS ohdlgipa fof gt %ﬁgfpiz B?E‘? f°f'g@3<)’ d-caarrionacs

requires C 36.53, H 3.72, N 12.17, 0 10.43, found C 36.49, H 3.71, N 12.11,
20 0 10.59. EXAMPLE 2 Preparation of 1,4-bis
(trifluoroacetyl)-1,4,7- trlazacycIEMMBbE% 0 CF--~NN

10 Preparation of 1,4,8-tris (trifluoroacetyl)-1,4,8,11-tetraazacyclotetradecane

CFa)?\mj)\CF
[N HNj
CFa\g/ k)

Cyclam (7.53 g, 37.58 mmol) was dissolved in bench MeOH (30 mL). To this clear
solution was added NEt; (5.20 mL, 37.58 mmol) in one portion, followed by portional
addition of ethyl trifluoroacetate (18.0 mL, 150.3 mmol) during a period of 5 minutes. The

A15 reaction may be chilled to keep temperature under 25°C. Stirring was continued under N,
for 5h. Volatiles were then removed under vacuum. The residue was dissolved in minimum
amount of CH,Cl, (~2.0mL) and passed through a short silica gel pad (~25 g), eluted with
100% EtOAc. The eluent was concentrated to give the product as a white semi solid (17.05
g, 92.5%), 'H NMR (200 MHz, CDCls): & 3.85 — 3.25 (multiplet, 12 H), 2.80 (broad

20  singlet, 2 H), 2.74-2.50 (broad singlet, 2H), 2.30-1.90 (multiplet, 2 H), 1.85-1.63 (multiplet,
2 H), 1.25- 0.60 (multiplet, 1 H). >*C NMR (75.5 MHz, CDCl3): 6 158.74-157.31
(multiplet, C=0, muitiplets due to existence of conformers), 122.84-11.32 (quartet, CF3,
due to C-F coupling, Jc.r ~ 264 Hz, further split due to existence of conformers), 51.2 —
46.2 (multiplet, CH; next to N), 29.4 — 27.8 (multiplet, CH>); Mass of Ci¢H»;FoN4O3

25  requires: C 39.35; H 4.33; N 11.47; O 9.83; found: C 39.19; H 4.36; N 11.33; 0 10.04.
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3\ CF3 25 1,4,7-triazacycl ononane (115.0 ng, 0.89 mmol) was dissolved in
MeCOH (2.0 nmL). To this clear solution was added NEt3 (0.13 nL, 0.89 nmol)
in one pawobom72fol | owed by 15 WO 02/26721 PCT/ US01/ 3094BCT/@Bbiyd0948
trifluoroacetate (0.43 nL, 13.56 muvl) during a period of 5 m nutes.
Stirring was continued under N2 for 15 hours. Volatiles were then renoved
by rotavapor. The residue was dissglved in the m ni num anmount of CH2Cl12
(-2.0nL) and passed through a shor EXAMPLES gel pad, eluted with 100%

Et OAc. The el uent r d t a white solid
(267.0 ngy, 94% . i a%*{b%ed%‘lr«&ﬁ %:B%erghéﬁ%%ﬁzﬁlgg{’?&%ﬁgbéé rrsSItlpI et, 2 H),

3.80 - 3. 72 (mul tiplet, 2(HhuobadiyD- 1?434@1%&&&&% 4 H, 3.0- 290
(multiplet, 4 H, 1.59 (SI ngl et Hj ‘Mass cal cul ated for C, OHL3F6N302
321.2, found M+l 322.1. EXAVPLE 3 10 Preparation of 1,4,8-tris
(trifluoroacetyl)- 1,4,8,11 -tetraazacycl ot et radecane ono CFAN NACF3 CF CN
HN 3 Olvd Cyclam(7 53 g, 37.58, % di ssol ved in bench MeCH (30
m.). To this clear solution was & (5.20 nmL, 37.58 mmol) in one
portion, followed by portional addi ethyl trifluoroacetate (18.0
mL, 150.3 mmol) during a period of es. The 15 reaction may be
chilled to keep tenperature under 25C i f*i ng was continued under N2 for
5h. Vol atiles were then rem)vedoun vBcuum The residue was dissolved in
m ni mum anmount of CH2Cl2 (g _QEQ\ dnd passed through a short silica gel
pad (-25 g), eluted with 100 The el uent was concentrated to give
the product as a white sem i>05 g, 92.5%, 'H NWR (200 IHz,
CDC13): 6 3.85 - 325(rm|t|c \,_/l , 2.80 (broad 20 singlet, 2 H,
2.74-2.50 (broad singlet, - 1. 90 (multiplet, 2 H), 1.85-1.63
(rmultgplet, 2 H, 1.25- 0 60 (rrultlplet 1 H. 13C NWR (75.5 MHz, CDCl13):
6 158.74-157.31 (multiplet, C=O nuitiplets due to existence of
conforners), Iqaramdllmt@m(laphawase:harg@tMSﬁisdnﬁmlo@@eb@hbnﬁnlg} JC-F - 264

bz, furt @%5 cloteg ecane 6)905 785 %m fl) anggnﬁyd}%{lss bH;éﬁI (30 mL). The mixture
was stirred at rt. until a solution was obtained (~10 min). To this solution was then added
K,COs (98%, 1.57g, 11.35mmol), KI (62.8mg, 0.38mmol) and Dichloro-xylene (663.0mg,
10  3.78mmol). The mixture was refluxed under N,. TLC (1:1 EtOAc/Hexane) was used to

monitor the reaction progress, which was completed after ~16h. The mixture was cooled to
rt. and filtered through a sintered glass filter to remove insoluble salt (washed with 20mL
CH;CN). The solution was then concentrated to give a slightly yellowish solid. The solid
was recrystallized using 4/1 EtOH / H,O to give the purified product (3.47g, 85%) as an off

15  white solid. "H NMR (300 MHz, CDCls): & 7.25 — 7.06 (multiplet, 5 H), 3.80 — 3.20
(multiplet, 28 H), 2.75 (broad singlet, 4 H), 2.45 — 2.20 (multiplet, 8 H), 1.90 — 1.60
(multiplet, 4 H); *C NMR (75.5 MHz, CDCl;): 6 155.6 — 154.5 (multiplet, C=0, multiplet
due to conformers), 135.9 — 134.0 (multiplet, aromatic C), 127.9 — 126.7 (multiplet,
aromatic C-H), 118.0 (quartet, J c.r ~ 287 Hz), 58.3 — 57.7 (multiplet), 55.0 -52.0

20  (multiplet), 50.4 — 42.7 (multiplet due to conformers), 26.5 — 21.8 (multiplets due to
conformers). Elemental analysis for C40HsF13NgOg calculated C 44.53, H 4.48, N 10.39, O
8.90, found C 44.46, H 4.40, N 10.26, O 9.11.

25
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46.2 (multiplet, CH2 next to N), 29.4 - 27.8 (multiplet, CH2); Mass of
Cl6H21FON403 25 requires: C 39.35; H 4.33; N 11.47; 0 9.83; found: C 39.19;
H 4.36; WaQ22/33210 10.04. 16 WD 02/ 26721 PCT/ US01/ 30948 PERBMALIA4E
Preparation of 1, 1'-[1, 4-phenylenebis (nethylene)]-bis-tris-
(trifluoroacetyl)-1, 4,8, ll-azatetradecane 0O OCNNNNMN \/ CF3 OOCF 3
[--\ CNNNNMN CF3- ~/ > E@ﬁ?gglja round bottom fl ask was charged
1,4,8-tris (trifluoroacetyl)- 1 4 8 aazacycl ot etradecane (3. 70g,

7. 57mol ):re?glqn@ﬂgyﬁrp!.ﬁ 4R ENehdfts (ﬂiéth)glz -msmg £ téfﬁﬁza'é&élstreﬁﬂde%hnét

until a solution was obtained (-10 mn his solution was then added
K2C03 (98wspaun8XJI: 11. 35mml ), KI (62. 8ny, 0.38mm|) and Di chl or o- xyl ene
(663.0nmg, 10 3.78mmmol ). The m xture was refluxed under N2. TLC (1:1

Et OAc/ Hexane) was used to rmnit t he reaction progress, which was

conpl eted after -16h. The mxtu s cooled to rt. and filtered through a
sintered glass filter to rem)v luble salt (washed with 20mL CH3CN).
The solution was then concentr ive slightly yellow sh solid. The
solid was recrystallized usi ng P@&-& Oto give the purified product
(3.47g, 85% as an off 15 white 30lid. (300 MHz, CDC13): S 7.25 -
7.06 (multiplet, 5 H, 3.80 - 3.20 (nul hpA , 28 H, 2.75 (broad singlet,
4 H, 2.45 - 2.20 (multiplet, 8 H, 1.90 1,60 (nultiplet, 4 H; 13C NWR
(75.5 MHz, CDC13): S 155.6 - 154.5 (nultiptet, C=O nmultiplet due to
conforners), 135.9 - 134.0 (nmultiplet, aromatic C, 127.9 - 126.7

(multfplet, 4 1. [1,4-phenylenebis (methylene)]-bis-tris-(trifluoroacetyl)-1,4,8,1 1-
azatetradecane (3.30g, 3.05mmol) was dissolved in MeOH (6.0mL). K,CO; (1.27g,
9.1mmol) was added in one portion. The suspension was heated at reflux for 3h. Toluene
(30mL) was then added to the cooled mixture. MeOH was removed by forming an
azeotrope with toluene. After all MeOH was removed, the hot toluene solution suspended

10 with inorganic salt was filtered and concentrated to give AMD3100 free base (1.32g, 86%)
as a white solid. All characteristics of this product are in good agreement with an authentic

sample prepared according to reported methods.

EXAMPLE 6

15 Preparation of 1,4,7 -triazacyclononane-1- acetamide

A
~A L
HZN\[H

(o)

Bis-TFA 1,4,7-triazacyclononane (261.4 mg, 0.81 mmol) was dissolved in
acetonitrile (5.0 mL), bromoacetamide (168.1 mg, 1.22 mmol) and K,CO3 (225.0 mg, 1.62
mmol) were added sequentially. The mixture was refluxed for 15 hours. Filtration and
20  chromatography of the residue after removal of all volatiles gave the desired product as an
0il (214.0 mg, 70%).
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aromatic CGH), 118.0 (quartet, J CF - 287 Hz), 58.3 - 57.7 (multiplet),
55.0 -52.0 20 (nultiplet), 50.4 - 42.7 (nmultiplet due to conforners), 26.5
- 21.8 (mbov2/pd7et s due to conforners). El enental anal ysi BCT/@O801/30948
CA0HA8F18N806 cal cul ated C 44.53, H 4.48, N 10.39, 0 8.90, found C 44. 46,
H 4.40, N 10.26, 0 9.11. 25 17 WD 02/ 26721 PCT/ USO1/ 30948 EXAMPLE 5
Preparation of 1, 1'-[1, 4-phenylen %P&pp E7
(nethylene)]-bisl,4,8,11-tetraazac§ 0 ePradecane, conmpound XIl: H CNH a
N~/ \V CNNHNS5 1, 1'-[ 1, 4-phenyl enebis
(methylene)]-bis-tris-(trifluoroacetyl)-1,4,8,11- azatetradecane (3. 30g,

3. 05mol Prepamtion e§ bhdesi(peniaituqremgominnyl)- 1146 b tqtrpazaryclotpiradessnt ) was added
in one portion. The suspension was heated at reflux for 3h. Toluene (30nL)
was then added to the cooled mxture. MeOH was renoved by form ng an

azeotrope with toluene. After all f}kﬁﬁf renoved, the hot toluene
sol ution suspended 10 with i n%%g sglt~umas filtered and concentrated to

gi ve AMD3100 free base (1.32g as white solid. Al characteristics
of this product are in good agree |£h an authentic sanple prepared
according to reported methods*f éw% 15 Preparation of 1,4,7
-triazacycl ononane-1- acetam de 000 ~n~ 3/ N\ CF3 H2N J O Bis-TFA
1,4,7-triazacycl ononane (261.4 ng, 0.81 mol) was dissolved in

5 Cyclam (618.9 mg, 3.08 mmol) was dissolved in methanol (5.0 mL). NEt; (0.43 ml,
3.08 mmol) and methyl pentafluoropropionate (2.0 mL, 15.44 mmol) were added
sequentially. The reaction was continued at room temperature for 15 h. After removal of
volatiles, the residue was chromatographed to give 1,4,8-tris (pentafluoropropionyl)-
1,4,8,11-tetraazacyclotetradecane (660.0 mg, 34%) as a white foam. 'H NMR (CDCls,

10 200MHz): 6 4.0-3.28 (multiplet, 10 H), 2.86 (broad multiplet, 2 H), 2.64-2.59 (multiplet, 2
H), 2.48-1.99 (multiplet, 2H), 1.8-1.7(multiplet, 2H), 1.1 (s, 1H); ’C NMR (75.5 MHz,
CDCl3): 6 159.4 — 157.7 (multiplet, C=0), 123.9 — 111.8 (triplet of quartet, J c.r = 249 Hz,
34Hz, CF3CF,), 112.6 — 104.6 (multiplet of triplet, J c.r = 308 Hz, CF,CF3;), 50.3 — 44.4
(multiplet, CH; next to N), 28.9 — 27.8 (multiplet, CH,); C19H,1N4F;505 requires: C 35.75,

15 H3.32,N8.78,0 7.52, found C 35.81, H3.37, N 8.55, O 7.74.

EXAMPLE 8
Preparation of urea derivative of 1,4,7-tris
(trifluoroacetyl)-1,4,7,10-tetraazacyclododecane
0 o}
CFa)jENI_—\NﬁLCFa
N NZ _NHPh

CF3—0|(L__I\g/

20 (Ph = Phenol)

1,4,7-tris (trifluoroacetyl)-1,4,7,10-tetraazacyclododecane (303.5 mg, 0.658 mmol)
was dissolved in CH,Cl, (5.0 mL). Phenyl isocyanate (0.14 mL, 1.32 mmol) was added in
one portion. The reaction was continued at room temperature for 15 hours. After removal

25  of all volatiles, the residue was chromatographed to give the desired urea derivative

19



acetonitrile (5.0 nL), bronopacetam de (168.1 ng, 1.22 mol) and K2C03
(225.0 ng, 1.62 mmol) were added sequentially. The m xture was refl uxed
for 15 howoe22d7ei trati on and 20 chromat ography of the respdnesafioess r enoval
of all volatiles gave the desired product as an oil (214.0 ng, 70%. 18 WD
02/ 26721 PCT/ USO1/ 30948 EXAMPLE 7 Preparation of 1,4,8-tris

(pent af | bonvyi ; 1 a C ) ,GR3C 2 AN
orzora IIRERORDY R fePcl 0 AT 24T 4 GhURHEEARE, 2007k

di ssol vegmulfipregt1EN4.03 3% O(mdlfipletNES 31){ BiSAdlculated for @8, HmNLB,Oq 1509 Apfolnid
pent af | uor ogr ogi gnate (2.0 nmL, 15.44 mol) were added sequentially. The
reaction :084®t nued at room tenperature for 15 h. After renoval of

vol atiles, the residue was chromatographed to give 1,4, 8-tris

(pent af | uoropropionyl)- 1,4,8,11-tetraazacycl otetradecane (660.0 ng, 34%
as a ite foam 1H NWR (CDC13 10EX0XMPEEO S 4.0-3.28 (nultiplet, 10 H),

2.86 (broad nultlplet , 2.64-2_59 l.t.i pl et, , 2.48-1.99
(multiplet, 2H), 1. 1“’%‘ it 9fjneRo- Cg%ﬁr(‘sqyfngu%eﬁ“ﬂﬁ?y%& NVR (75.5 MHz,
CDC13): 5 159.4 - 157.7 (rmul tiplet, C—O) 123.9 - 111.8 (triplet of
quartet, JCF = 249 Hz, 34Hz, )1\112 6 - 104.6 (nultiplet of

triplet, JCF = 308 Hz, CFZCF3;<: okd. 4 (nultiplet, CH2 next to N),
28.9 - 27.8 (multiplet, CH2); C1 H21NMA;F1503 requires: C 35.75, 15 H 3.32, N
8.78, 0 7.52, found C 35.81, 3. 237 &55, 0 7.74. EXAWPLE 8 Preparation
of urea derivative of 1,4, 7-trisl L_J I cren

(trifluoroacetyl)-1,4,7, 10 tetraazacyc?ododecane 0 0 C 3AN N~CF3 CN N NHPh
CFY

(Ph = Phenol)
Tri-TFA cyclam was dissolved in CH;Cl, (10 mL) at room temperature. Na,CO;

10 (566 mg, 5.34 mmol) was added in one portion, followed by slow addition of Cbz chloride.
The reaction was monitored by TLC (1:1 ethyl acetate: hexane). The reaction was stopped
after 15 hours. Usual work up followed by column chromatography using silica gel
afforded the product (1.30g, 94%) as a white foam. "H NMR (CDCl;, 200 MHz): & 7.31
(broad multiplet, 5 H), 5.02 (s, 2H), 3.54-3.10 (multiplet, 16 H), 2.04-1.54 (multiplet, 4 H);

15  Mass for Co4Hy7F9N4Oy, calculated: 622.5, found M+1 623.2.

EXAMPLE 10

Preparation of mono-tosyl-tris-(trifluoroacetyl) cyclam

20
-0 o)
el s
T
(Ts=toluenesulfonyl, or tosyl)
25 Tri-TFA cyclam (3.31g, 6.77mmol) was dissolved in CH,Cl, (30 mL). Triethyl

amine (1.40 mL, 8.12 mmol) was added in one portion. The solution was cooled in an ice

water bath. TsCl (1.55g, 8.12 mmol) was added in small portions during a period of 5

20



0 0 20 (Ph = Phenol) 1,4,7-tris

(trifluoroacetyl)-1,4,7,10-tetraazacycl ododecane (303.5 ng, 0.658 muol)
was di ssaveezi2d7a1 CH2C12 (5.0 nmlL). Phenyl isocyanate (0. l4pei/usd/®24smol )
was added in one portion. The reaction was continued at roomtenperature
for 15 hours. After renoval 25 of all volatiles, the residue was

chronmat ogr.aphedq,to gi.ve the desired urea derjvali 19 2/ 26721

T/ USo L8085%s e SesSteThyas Semsgnicd §TRRR {TapRstite Bud ks Lot 305k i and

(mul tipl %1um§'d)uon¥aé§%éhf§fforﬁéw!h% ldediRld: thd phoduék-(8373, &% "4NNIR! (80 16 H);
MS cal cul ated for N5F904 579.4, found M+-Na: "602.5. 5 EXAMPLE 9

Pr epar at Mite, 6IDChon 6-7Ch 2 48 (insilt{pdeti 2H)y 3r20acB29 (ultipdthil),3.67 €8B8C N N CF3 FC

(10 iy rTBlsin 2Aparbred TRieks Ho? P gstR A RH0T T YE SWhuca i
one port oo, 1.?8((/1&1?11&@%@@@.”@/\1\1@@(15&3101}% COm;)ebligg.udels6.dhsultigREgt | on was

nonitored b et hyl acetate: hexan%. The reacti on was stopped
|

after 15CHO0r KI4.8)s h44.7(6WR singlet due onfamersdl L < b bRk foysings dueimg

(cocis, “Bpe St 35s PN Caal S ReF et buly Al AR 1RECY 5 1o
(mul ti pl gour sifigltl) dudtoM@-Fleoaglif gVt MPS@tHZ)45 1H - 45105 dvbBiplet dtie 624H27FINA04,

cal cul ated: 622.5, found Mrl 623.2. EXANPLE 10 Preparation of
mono- t os§ANeImess) 2§-A 12/t bmulinletdug (e somiermes)2h6.0  F3CAN N) ~CF3

10
EXAMPLE 11

Preparation of mono-Cbz cyclam

[NH HNj
NH N
UTO‘CHZPh

o}

(Ph = Phenol)

15 Mono-Cbz-tris-(trifluoroacetyl) cyclam (4.0 g, 6.4 mmol) was dissolved in bench
MeOH (50 mL). K>COs (2.0 g, 14.5 mmol) was added in one portion. The mixture was
refluxed for 15 h. Most of the volatiles was removed under vacuum and the residue was
taken into CHCl; (100mL). The solid was filtered off and the solution was concentrated to
give mono-Cbz cyclam (1.82g, 85%). '"H NMR (CDCls, 200 MHz): 6 7.21 —7.14 (multiplet,

20 5 H), 4.98 (singlet, 2 H), 3.33 (triplet, 2 H), 3.26 (triplet, 2 H), 2.67 (triplet, 2 H), 2.60-2.51
(multiplet, 10 H), 1.68 ( broad singlet, 3 H), 1.68-1.49 (multiplet, 4 H).

Citation of documents herein is not intended as an admission that any of the
document is prior art. All statements as to the date or representation as to the contents of
25  these documents is based on the information available to the applicants and does not
constitute any admission of the correctness of the dates or contents of these documents.
Further, all publications and patents mentioned in the above specification are herein
incorporated by reference. Various modifications and variations of the described method

and system of the invention will be apparent to those skilled in the art without departing
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FCCNN 3 --fl- 1 ,DIs Ov (Ts=toluenesulfonyl, or tosyl) 25 Tri-TFA
cyclam (3.31 g, 6.77mmol) was dissolved in CH2C12 (30 nL). Triethyl am ne
(1.40 nmLw@o0d»7enol ) was added in one portion. The sol uti paTAwas!/mes ed in
an ice water bath. TsCl (1.55g, 8.12 nmobl) was added in snall portions
during a period of 5 20 WD 02/26721 PCT/US01/ 30948 m nutes. The reaction

was cont o r ol um
chr omat og?apﬁygégp Fd gﬁgﬁfﬁ?&ge@{{eﬁ%@ﬁ@ot}%ﬂ% P%%h'?%g%ﬁl%% Car[h%!d (300
MHz, CDCicghnectionfwith Ep&&dﬁwfeﬂeﬂ |eﬂlbodlﬂfé)1ts it sH&uld bZ uﬂﬂ’erétmjdl thapttetinveatibh, 3. 67
- 3.30 (multiplet, (broad pul ti , 2.95 (broad

mul ti pI efis clgmfrﬂ shgulézwtée u@uﬂa; hmgecitozwchfp q‘?mﬁedlwﬁms Indeqd) Vam‘l‘}SNI\/R (75.5
VHz 4 si ngl et
due' 1 o canpiieaidRbringachsiodt g b Pfivine Sl ind iR inick e brlackih T 09)
133. 8 1those/skilldPin.the §anterar aiymrglatet ﬁélds airmlnwldécbtmbafw)thmiltﬁés@pe oft@. 8 (four
singlet, due.to C—F coupling, JCGF - 287 Hz), 51.8 - 45.0 ( multiplet due
to confflioyingclams. 4 " 27 2 ( nultiplet due to conformers), 21.6. 10
EXAMPLE 11 Preparation of nmono-Cbz cyclam n (NH HN NH N ~O CHZPh O (Ph =
Phenol ) 15 Mono-Cbz-tris-(trifluoroacetyl) cyclam (4.0 g, 6.4 mmol) was

di ssolved in bench MOH (50 nL). K2C03 (2.0 g, 14.5 mmol) was added in one
portion. The m xture was refluxed for 15 h. Mst of the volatiles was
renoved under vacuum and the residue was taken into CHCL3 (10Om). The
solid was filtered off and the solution was concentrated to
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gi ve nono- Cbz cyclam (1.82g, 85%. 1H NWR (CDC13, 200 MHz): 5 7.21 -7.14
(nmultiplet, 20 5 H), 4.98 (singlet, 2 H), 3.33 (triplet, 2 H), 3.26
(tripletw@othe2. 67 (triplet, 2 H, 2.60-2.51 (nultiplepCT/UO0109481. 68
(broad singlet, 3 H, 1.68-1.49 (nmultiplet, 4 H. Ctation of docunents
herein is not intended as an adm ssion that any of the docunent is prior
art. Al statenents as to the date or representation as to the contents of
25 these i.s based on the information available to the applicants
and doesvﬂga?%cwcg%@[%fltlsate any adm ssion of the correctness of the dates or
contents of these docunents. Further, all publications and patents

Var i ous. ol ASrTRNte aAREhe s Al POF, Rk Gh Tyt RRLRStodl, o o o

t he i nventi onalkyl, hikesylapliRsuiynéyclaalitylasemstid, lok Retetoardnheicagrbup)ivitiessint y is
departing 21 WO 02/ 26721 PCT/USO01/30948 _from the scope and spirit of the
i nvention. Al fRBULP 108 15 Homf tootd: Aadz efEem dde &l i Hilgvhereindp ARGEY PBh wit h

speci fic pref efrgg iﬂ@g{ rard I t ) i pyention
as clainmed shgrgfnggtnoot g un ulfyarf ?Pnﬁlpfe)f& 3?39 gﬂﬁgﬁgcﬁ?%%o%?ﬁ%%@é
| ndeed, vari osmne ondlifferenfit i ons of the descri bed nodes for carrying out the
i nvention which are obvious to 5 those skilled in the sanme or any rel ated
fields are intended to be within the scope of the following clains. 22 WO
02/ 26721 PCT/ US01/ 30948 What is clgHgred is: 1. A conpound according to
formula VIIl, wherein CyHpFz is a=€<l ()—wltbsii tuted alkyl, alkenyl,
al kynyl, cycloal kyl, aromatic, or ket er omatic group, whereiny is 5
from1lto 10, pis fromO to 20, (Qund z@ﬁm'oml to 21; and wherein m and
m are fromO td 2 and n and n' areNr 1to 3; and wherein m nm, n and
n' maybe the same or different. CyWgFz/Ocsr~y /n \ ~CyHpFz N N M N
)m in o 'CyHpFz

VI

10
2. A compound according to formula IX, wherein CyHpFz is a fluoro-substituted
alkyl, alkenyl, alkynyl, cycloalkyl, aromatic, or heteroaromatic group, wherein y is
from 1 to 10, p is from O to 20, and z is from 1 to 21; and wherein n, n’ and n” are

from 1 to 3; and wherein n, n’ and n” may be the same or different.

(0]

[o]
Lyl
CyHpFz g—l CyHpFz
]

15 IX
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VIII 10 2. A conmpound according to formula I X, wherein CyHpFz is a
fluoro-substituted alkyl, al kenyl, alkynyl, cycloal kyl, aromatic, or

het er oar owab2/267gr oup, wherein y is from1l to 10, p is frpar/@stisBod4dd and z
is from1l to 21; and wherein n, n' and n" are .from1l to 3; and wherein n,
n' and n" may be the sane or different. 0 Mh® t CyHpFz N NJL CyHpFz b n n'
15 I X 23 WD 02/ 26721 PCT/ US01/ 30948 3. A conpaound _according to_ fornmula
X'V, whePein éy4qpeound ageording e, %mylsatﬂ‘otvélefr%}n (HPFZ %@ Ay pro-subRithted,

cycl oal kyl, Eﬁcggtalk%%loElkp%lfeéﬁ%a?@%drgx?gﬁé)%Phet\%%?&ﬁ&lgy épé erHe %%0 To o

pis fromO to rom wherein m an re
and n and n' &oem f tolf, p is Gods 0 anzD, ahde & fitorm] tm21 whereth m'anday alncefrbimd) samne

or 5 different ein Eis an alkyl, ac ,al kepy]

hydr oxyal kyl , cb%/&nga? %@f{n ar%ESH’a]t Fo3s aﬁgx‘@e ,J&an r‘B‘BXgﬁﬁﬁéame or

Ehl(,{/)ﬁglr:lzjoxal\llqu)ﬁ%r&ﬁr QﬂWﬁerelﬂ@ﬁQﬂ%[Wl a%&l aﬁt@@hﬁkgnlgﬁﬁi&é% %S’T'FU:X%I lggr d g

to fornul a xvanomanmehmmar@mapg,zcaﬂmxanﬁdmdmx;ashmnndq,mabox;dl rydsphakenyl

al kynyl, cycl o aromatic, or heteroaromatic group, whereiny is
alpﬁ'(}{o oup.

CyHpFz O

10
4. A compound according to formula XVII, wherein CyHpFz is a fluoro-substituted
alkyl, alkenyl, alkynyl, cycloalkyl, aromatic, or heteroaromatic group, wherein y is
from 1 to 10, p is from O to 20, and z is from 1 to 21; wherein n, n’and n’’ are from
1 to 3, and wherein n, n’and n’’ may be the same or different; and wherein E is an
15 alkyl, acyl, alkenyl, alkynl, hydroxyalkyl, cycloalkyl, aromatic, heteroaromatic,

carboxamide, thiocarboxamide, carboxyl, phosphoryl or sulphato group.

o]
o]
PR |l
CyHpFz N N CyHpFz
N
n I n
E

XVil
5. A compound according to formula XXI wherein CyHpFz is a fluoro-substituted
20 alkyl, alkenyl, alkynyl, cycloalkyl, aromatic, or heteroaromatic group, wherein y is
from 1 to 10, p is from O to 20, and z is from 1 to 21; and wherein m and m’ are
from 0 to 2 and n and n’ are from 1 to 3; and wherein m, m’, n and n’ may be the

same or different; and wherein Ar is a phenylene ring optionally substituted with an
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fromlto 10, pis fromO to 20, and z is from1l to 21; wherein n, n' and n"
are from 1 to 3, and wherein n, n'and n" may be the sane or different; and
wherei n BvO92/2412115 al kyl, acyl, al kenyl, al kynl, hydroxyaP&piusoie3pedsoal kyl ,
aromatic, heteroaromatic, carboxam de, thiocarboxam de, carboxyl,

phosphoryl or sul phato group. 0 o CyHpFz N N~ CyHpFz n I n. E XV 5. A
conpound acco i ted

20 al kyl, al k%%&t?&l&ﬁtlﬂépy cyél>§ %?O%S?I(%é{ng?ﬁémtﬁe%&kg%%t% |a|(1:]£%roup,
wherein y is afylcmifo,tatkckd, hydrosy, halogef) cabox30 andcatbaxansidér om 1 to 21; and
wherein mand mM are fromO to 2 and n and n' are from1 to 3; and V\/nerein
m m, nand n' may be the sane or different; and wherein Ar is a

phenyl ene ring optionally substigtuted with g4 WQ 02/26721 PCT/ US01/ 30948
el ectron donating or wthexs @Hﬁw&@&ecb FQroup consi sting
of alkyl, aryl, am no, alkox ydmoexy, halo oxyl and carboxani do.
00F X \~ FzHpCy n -~~|--§sz O Q)eyHFQ N N (4~

FzHpCy- _ Ar/ ~Q/Hsz I n' The co

wherein mem =n=n' =1; y=1; F’p’)"“@‘% "2=3."J, ~The (
2 wherein memi =n=n' =I; y=1: p=0° and z=3. 8. The
claim3 wherein nmem :n:n' :1; y=1; p=0; anegng=3.

npound according to

5
The compound according to claim 1 wherein m=m’=n=n’=1; y=1; p=0; and z=3.
The compound according to claim 2 wherein m=m’=n=n’=1; y=1; p=0; and z=3.

The compound according to claim 3 wherein m=m’=n=n’=1; y=1; p=0; and z=3.

© ® N o

The compound according to claim 4 wherein m=m’=n=n’=1; y=1; p=0; and z=3.
10 10.  The compound according to claim 5 wherein m=m’=n=n’=1; y=1; p=0; and z=3.

11.  The compound according to claim 10, wherein Ar is an optionally substituted
phenylene ring.

12, The compound according to claim 10 having the structure:

(0] 0,
CFa—(N/—\N}—CFa
Co
\_/

CF,

N
CF3—< \—/ d—cx,
o O

15 13. A process for making compounds of formulas XV, XVIII, or XX wherein n,n’ and
n’’ are from 1 to 3; m and m’ are from O to 2, and wherein n, n’, n’’, m and m’ may
be the same or different; and wherein E is alkyl, acyl, alkenyl, alkynl, hydroxyalkyl,
cycloalkyl, aromatic, heteroaromatic, carboxamide, carboxyl phosphoryl or
sulphato groups; and wherein Q and Q’ are the same or different and are

20 macrocyclic polyamines represented by formulas I or II that are linked by E”,

25



9. The conpound according to claim4 wherein mem =n=n'=1; y=1; p=0; and
z=3. 10 10. The conpound according to claim5 wherein m=m =n=n'=1; y=1,
p=0; andwe&8226721l. The conpound according to claim10, WhPCEURIIA0948S an
optionally substituted phenylene ring. 12. The conpound accor di ng to claim
10 having the structure: Oo0 CF3-<r-\ YCF, CNNNM~ \-/ J~--CF3 CF3

\/ CNNNN-_,~/. 3 .. GF - . d f
R N R T A AR S PR SRR ©
are from O tooPeachmshcrdtgtiepolyamint, said processasvthprisingalie stbps sfhe same or

different; and wherein E is alkyl, acy I , al kenyl, al] kynl, hydroxyal kyl,
cycl oal kyl, atbmat P‘?,ICCtWSI(YeﬁCMB’PBEﬁ{ i eye E’aﬁ“ﬁ)‘&%sd‘ﬁlacféa“@&r%‘é@f WFsEBASTYI  or

sul phat o groups; aggl WadPLPsL ARy %%%oﬁt?ﬁeémupﬁe%#&&a@t d are 20

macrocyclic polyam nes represented as at“are nked by
E', 25 WO 02/ 2672ﬂu&ﬁTs’uU&lﬁﬂlleﬂ&@ﬁlatmg\mnEDﬁfoﬁhulaﬁlh wherdm Xgis grsohmltvasd

def| ned by E attached t.o one macracy o f each roc

pol yan ne, said prﬁ?é?élcc@ﬁ%f"?@mc’t lsi‘g 8?‘?&1‘}}3%‘?‘5’@?? @(?‘ H% Y& i ng
N-1 cyclic amines iy, @&e@@gﬁtgmn{g%{,ﬁﬁg Wﬁer ein N= the nurrber of
secondary am nes contained within the macrocycl e, W|th ab

f 1 uor o- subst i ht ed funtiphalizingjthg gemaining SEmndaneammb WIWmenmraacmse a
substituted arorrat aromatic Ky. roup; and
wherein Lv i s o Nelegroptie T BARCTcina ot bl KT ¥ xinGe il 0 A
remaj@i ng secondar E]e@t@%}ﬂﬂe% fdtmecotiyvemd O i 3€p 3; and

3) removing the acyl groups added in step 1 to form compounds of formula

XV, XVIII, or XX.

N NH HN E”
<:H ”:})m g/ \J ?
¢ O "
XV XV
15
14.  The process according to claim 13, wherein X in formula III of step 1 is CyHpFz,
and wherein p=0.
15.  The process according to claim 14, wherein CyHpFz is a saturated linear alkyl
20 group wherein y=1 to 5.
16.  The process according to claim 13, wherein Lv in formula III is an alkoxyl or a
phenoxyl.

25 17.  The process according to claim 16, wherein Lv in formula III is a C1-C4 alkoxyl
group.
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el ectrophile to form conpounds of forrmulas XV or XVIII or a di-reactive 10
el ectrophile to formconpound XX in step 3; and 3) renoving the acyl groups

added i nwoep262t o form conpounds of formula XV, XVIII, PeT/XX01/303481 n NH
HN Q-E'" -Q 1 H-NDMMN'"™ Nnl n" E'" YnJ XX XV XVIII 15 14. The
process according to claim13, wherein Xin fornula Ill of step 1 is

QyHpFz,  gnd g’?gpf‘dc@s clordi %t H}ﬁp%%ﬁé%m%&%%ﬂ&ée@ aﬁcﬁlﬁgrf‘g&‘fg 6""“ere' d

CyHpFz |s a s ate |nea group ere The
process accor équigalents of anmgactize amimms&bntahung ﬁofnolrmjl%catbdnsnost}ﬂneza:ltlbnxyl or a
phenoxyl. 25 17. The process according to claim 16, wherein Lv in formul a
111 is a Cl-CA¥M&xyl group. 26 WD 02/26721 PCT/ US01/30948 18. The
process according to claim 13, wherein step 1 conprises adding 1 to 10

equi val ents of unreactive anm nes containing from1l to 15 carbons to the
reacts on19.m xThe procBssiRcording tpchonds, whereinditeryl campiises addi8g awiletisg n step 1

conprises adding . a dil uti nt to.t t t th
di Imatl ng agenf® %‘6%&’1‘3&@“ g@”‘ e t‘,’hi%m @grdéllugﬁg !“é:)qr’]?é??{nxﬁsregf‘ ctﬁr I I kaﬁol .

straight chain or branched alkanol.

20.  The process according to claim 13, wherein step 1 comprises adding 2 to 100
10 equivalents of ethyl trifluoroacetate, and wherein step 1 is carried out in the
presence of methanol at a temperature from 10°C-40° C for a period of between 1

hour and 24 hours.

21.  The process according to claim 13, wherein step 1 results in formation of a
15 compound given by formula VIII, where m=m’=n=n’=1; and wherein the di-
reactive electrophile of step 2 is a 1,4-phenylene alkylating agent of formula XI;

and wherein step 3 results in formation of a compound of formula X.

22.  The process according to claim 21, wherein Lx and Lx' of formula XI are selected

20 from the group consisting of: Cl, Br, I, alkyl sulfonate and aryl sulfonate.

23.  The process according to claim 21, wherein the alkylating agent is 1,4

dichloroxylene or 1,4 dibromoxylene.

25 24.  The process according to claim 21, wherein step 2 comprises addition of an iodide

anion-containing compound.

25.  The process according to claim 21, wherein step 2 comprises addition of a metal
carbonate as the base.
30
26.  The process according to claim 21, wherein step 2 comprises addition of unreactive

organic amines containing from 3 to 9 carbons.
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20. The process according to claim 13, wherein step 1 conprises adding 2 to
100 10 equivalents of ethyl trifluoroacetate, and wherein step 1 is
carried ouwoor/ze7ehe presence of nethanol at a tenperatureP€TOmMIIDGBI0 C for
a period of between 1 hour and 24 hours. 21. The process according to claim
13, wherein step 1 results in formation of a 15 conmpound given by formul a
VIIl, where =n=n.=1; i j 4 . .2 _of step
2 s a 1% pholyPRsesRgPh SERLE D, Wifref me BRI DY Sa B SFARRRRS il %
results in fogsteéntaslected froanthp grovp cohsiktingef aetsnitd2, alkivel prithcfeea 1aodar di ng
to claim21l, wherein Lx an X ormula Xl are sel eﬁted 20 from. the

f

d Lx'" of
group consi st FHGORS cyehic ethgr, tojuene, N O-digettiyd formide.ang B, dl’%‘ﬁﬁhb’gi‘ﬁ?faé‘.“d93. The

process accorgjpa R eleaddp 21, wherein the alkylating agent is 1,4

di chl oroxyl ene or 1,4 dibronoxylene. 25 24. The process according to claim
21, viherein step 2 conprises addition of an iodide anion-containing
conpound

25.,.The process .according.to. claim21, rej.n step.2 conprises
addi ti on2%f aThgpm%eSSéig??}S%tgFggn%ﬁewbgggl_ St@fz)zl’é%emgﬁlé%l% 6&5‘@&5 according to
claim 21, whegrhbrétylshelakOiBPrdséfSn O.ijtbto.’l)é’q]lﬁfraléﬁﬁ SRC0.0YSt0 DEGAMIEtSBT Nes
containing from3 to 9 carbons. 27 WO 02/26721 PCT/ US01/ 30948 27. The

process accor Kil igaddgd.cindiO 2150 egnisatants ofieCGAPdy hddadnandatdie meaction i casigd/ed i n
a solvent sel ect.ed f r .consisti cetoni.trile I | with
from 1 to 1o StinasE8pblSr FeRRRCARRH R0 ARGt bofiseR Bl o "\
N-di reet hyl acewdm Heurs.or m xtures thereof. 5 28. The process according to
claim?21l, wherein step 2, the alkylating agent is dichloroxylene, and is
present in 0.3 to 0.7 equivalents and 0.015 to 2 equivalents of KI is

added, a 0. 5t | MR8 iR 13 K8 gﬁg}g .y ion is
carried ﬁ%i'ut ?n Pﬁoggsps‘r%gggéncg g%ﬁécet ,Omﬁlil?ﬁszepgf e r\}\%gge 4(;0\@“# glr%%? period of
bet ween 4 hougmupd Gosnsbnitduhd Xrwith a deprotecting agent.

15 30. The process according to claim 29, wherein the deprotecting agent is a metal

carbonate.

31.  The process according to claim 29, wherein the deprotecting agent is a metal
hydroxide.
20
32. The process according to claim 29, wherein the deprotecting agent is dissolved in a
solvent selected from the group consisting of a polar organic solvent, water, and a

mixture of a polar organic solvent and water.

25  33. The process according to claim 29, wherein the deprotecting agent is an acid or

mixture of acids.

34.  The process according to claim 29, whérein the deprotecting agent is ammonia in
any form or an organic amine containing from 1 to 20 carbons.
30
35. The process according to claim 29, wherein the deprotecting agent is a sulphur

containing compound.
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29. The process according to claim 13, wherein step 3 conprises renoving
the aryl groups fromconmpound X with a deprotecting agent. 15 30. The
process aveorai’ag to claim?29, wherein the deprotecting apemisoigossnet al
carbonate. 31. The process according to claim29, wherein the deprotecting
agent is a nmetal hydroxide. 20 32. The process according to claim 29,
wherein e d i IR LS i t..selected fromthe
o oUp. cont st TIEPSEes Toaan e sfipd 3SRttt fupitel Gkl Siplng; 3

pol ar or gani cgideh b¢fidrnails VIHwith ar8ledtophilb eclpdtad G the gisugicogsitingtdfai m 29,
wherein the deprotecting agent is an acid or, mxture of acids. 34. The

process accor hgagicthglidesafasyiates, tiflates; poxides. duigeyanates ARd)isaganates & fMEni a in
f o 1 txady Al f 1to 20 b . 30 35. Th
any form or ag?rﬁgg@glg&eg@%g?%ﬂ‘m ng from1l to car bons e

process accor wherein the deprotecting agent is a sul phur
cont & ni ng conpound. 28 WD 02/ 26721 PCT/US01/ 30948 36. The process

according to claim 13, wherein step ZC 0 i ses reacting a conpound given

by formula VIIl with an el ectrophil e=6y o eg/fromthe group consi sting of
organic halides, tosylates, triflat%s T d8¥Z t hi ocyanates and

i socyanates to forma conpound giv, r‘by orytula XIV. 5 CyHpFz 0 O=~ M
--CyHpFz C NN Nm (YWO ' CyHpFz X -NB7. N mhrocess according to claim
36, wherein step 3 conprises renoving W}(CCEQZQ/Hsz groups to forma
conpound gi ven by fornula XV. Mo MY

XIiv

37.  The process according to claim 36, wherein step 3 comprises removing the
(C=0)CyHpFz groups to form a compound given by formula XV.
10

NmN
Quy D
¢ 9/

XV

38.  The process according to claim 13, further comprising step 4 of reacting the
compound formed in step 3 with an electrophile, E’, which is different than E.
15
39.  The process according to claim 38, wherein the electrophile is selected from the
group consisting of organic halide, tosylates, triflate, epoxide, thiocyanate, and

1socyanate.
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10 I'In- NHymM CMN ~ Ei xv 38. The process according to claim 13,
further conprising step 4 of reacting the conpound formed in step 3 with
an el ect voph2/k@21 E', which is different than E. 15 39. TheT/procinsss
,according to claim38, wherein the electrophile is selected fromthe group
consisting of organic halide, tosylates, triflate, epoxide, thiocyanate,
and isocyanate. 29 WO 02/ 26721 PCT/US01/30948 40. .The process accordi ng
to cl ai g9, &ﬁ%?@c?ﬁssae%d@grtggmr{%%‘ﬁ FBIER DS 17 fg ‘&}ﬁ’gagi ven by
formla XV, a@&nMHegiE%n%mnﬂma@@w dnd vierdiR 6B Y R8IRfin fornaABPEEAd gi ven by
formula XVI. E /n\"E NN~ OnNNm E( E n" 5 XVI 41. The process
accordi ng to cémaponndFiventerfermulst®Vl.2 conpri ses reacting a conpound given
by formula I X with an el ectrophile to forma conpound gi ven by formul a
XVI1. 10 0 o CyHpFz N N -J~ CyHpFz N

E'\Nﬁ;\N,E'
(<);N N})m'
E/(\-);-/ E

5 Xvi

41.  The process according to claim 13, wherein step 2 comprises reacting a compound

given by formula IX with an electrophile to form a compound given by formula

XVII.
10
o]
[0}
A1 I
CyHpFz N N CyHoFz
n | n'
E
XVl
42.  The process according to claim 41, wherein the electrophile is selected from the
group consisting of organic halides, tosylates, triflates, epoxides, thiocyanates, and
15 isocyanates.
43.  The process according to claim 13, wherein step 3 comprises removing the
(C=0)CyHpFz groups to form a compound given by the formula XVIIIL.
|
NH HN
ST
n | n'
E
20 XVitl
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nl n. E XVII 42. The process according to claim4l, wherein the
electrophile is selected fromthe group consisting of organic halides,

t osyl at esyov2/2d7kat es, epoxi des, thiocyanates, and 15 i sorgBUSIE®I4843. The
process according to claim 13, wherein step 3 conprises renoving the
(C=0) CyHpFz groups to forma conpound given by the formula XVill. ([V-j'
NHHN N n | n. E 20 XVI I | 0 02/ 26721 PCT/US01/30948 44. The
process %‘corﬁp?@roﬁfs@ﬁéﬁrmﬂgé? c%ﬂ'éya\g ngfa‘é'ps%ef R seacungtheng t he
conmpound gi VegoRyoun@ gRitn®y¥hhhla W Vi1 W?th%@éc’ir@&ﬂi‘lé ® fbfin ftliércf&ﬁr#%ﬁn@ onpound
given by formula XIX"E I'" I E N Nnl W 5 XIX 45. The process
accordi ng to giveihyfermulhXIXin the el ectrophile is selected fromthe group
consi sting of organic halides, tosylates, triflates, epoxides,

t hi ocyanates, and isocyanates. 31
E\N N/E
i
n | n'
E
XIX

45.  The process according to claim 44, wherein the electrophile is selected from the
group consisting of organic halides, tosylates, triflates, epoxides, thiocyanates, and .

isocyanates.
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