Neo2bs5-¢ Lhos
WO 94/ LENeduerss PCT/US94/05134 i

PCT/ US94/ 05134 PROCESS FOR'THE PREPARATI ON OF AZAMACROCYCUC OR ACYCLIC

AM NOPHOSPH(RAEEE - RS EPReARRRHONTH AdRRadRdicECLICOR RBECLIO AMMNOPEESPHONATE NOVEl  process
for the pr eg?{g%tﬁﬁgﬂ“gg azamacrocyclic or acyclic am nophosphonate ester
derivatives.” Suc rocess provides |igands \g@i ch are usefu as 5
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general synjieghbratehRiPésRCIA addiod, MeRdlaePtan Betlyarbiy1ea unuer aaitit her di - ortri - al kyl
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ani nes arld Using stan rocedures, The prese i nyention is directed
to a pr oces%‘“f'b‘r‘”ﬂF&if&P??fb”é’?ﬁ‘ﬁmpﬁm‘fﬁeg %?‘e'fg"'zfi'a'g‘}' prios %‘%’r’fophosphonat e
ester deri veacimentadfnthe{itesaurs bushe raactiqnofepous insareminesapdysipo BdyFizstar y ni tr ogen
at om subst i prgtedstesni t h at | east. one noiety of the formula
-CH err] P( er r] RR &4 dresrt invention is directed to a process for preparing azamacrocyclic or

20 acyclic aminophosphonate ester derivatives which possess at least one secondary or primary

nitrogen atom substituted with at least one moiety of the formula
-CH3PO3RR! (1)

wherein: .
R is H or 4-Cs alkyl; with the proviso that each R is the same group;
25 R1is C4-Cs alkyl, H, Na or K; with the proviso that each R and R is the same group
when Cy-Cg alkyl;

which comprises reacting the corresponding unsubstituted amine compound with a trialkyl
phosphite and paraformaldehyde to provide the derivatives of Formula (I) wherein all R and R?
equal Cy-Cs alkyl; and
30 (a) optionally followed by aqueous base hydrolysis to provide the derivatives of
Formula (1) wherein R is C;-Cs alkyl and R is H, Na or K; and/or
(b) optionally followed by acid hydrolysis to provide the derivatives of Formula (I}
wherein ali R and R! equat H.
When the above ligands of Formula (i) have:
(i) all Rand R equal H, the ligands are referred to as phosphonic acids;
(i) all R equai H, and all Rt equal Cy-Cs alkyl, the ligands are referred to herein as

phosphonate half esters; and
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wher ei-n: wid daasrkd orClerr]-Clerr] alkyl; with the proveeErRwh&tsach R is the

same group; 25 Rlerr] is (err]-Cerr] alkyl, H.  Na or K, with

the provi sot hat eachiinRuaaeh ARequsis:-Cdrkyisbrtigargs perefentranas@ios@onat Kyl ; whi ch

conprises reagiing the corresponding unsubstituted am ne conmpound with a

tF (r) Ir ﬁL |kgl (llﬁ))hoaﬁhl te w;e.:dfaammmlam&)&dﬁam.@ﬁwéﬂaatmmé isead i ves of
erei.n al. nd . - z . . and 30

(a) opti onaf'ﬁf *F6F _fr?)c\‘f\%ccf’r Wég’ﬂ%ﬁ%a%?s%f 5%%{5* g%%oﬁf)éri%vﬁég Eééitl%e

deri vat i vaes 2gentsRgrtigiiry, thejhpif egper prapsqfufas fissuesgegfiqmageetipteiopansg ileeingand Rl err] is

H Na or K; (vandéridast ddajrs Wieh i@t with §agbiinonesivdoy azanacbojtlidr &vdisi s t 0 provi de

][. Ihgaﬁggl \(;]‘?‘t lla:r\éﬁﬁp{?lg;phf Pgémh.[ae%.ﬂdTéﬁg%f@,ﬂhﬁMela&(@@?hB%rrﬁﬂRﬂﬁﬁ ?jrthl:\i[ewe]n t hes i'ibove
. ; . . 1) a an err] equal H,

t he |igands""a‘i’@'ﬁ"%ﬁgﬁ"%’é°d“¥‘§‘§‘§’°8ﬁ‘6’s"ﬁ_ M8 acids: (ii) all R equal il, and

al |l Rl equal Cl-Cs TAtfegpoundsigiFormuipdihphichareazamagrasydicaia¢dic her ei n as ‘phosphonat e

hal f est efps pminpdhosphonate esterariGativdd @B oossess at least one secondary of primary nitrogen

PCT/ US94/ 05 336 skdstitithd vathlat IRa ke idietpépaatiorlier r] - CJerr] al kyl, the ligands are
referred toas phosphonate esters. ~CIHP’0§@% of our copending applications and
patents we r‘}v%grgin.dl scussed the use o

Ris H or C4-Cs alkyl; with the proviso that each Ris the same group;

18 R1is Cy-Cs alkyl, H, Na or K; with the proviso that each Rand R! is the same group
when Cy-Cs alkyl;
encompass known ligands and also those claimed in our copending applications.
The ligands used as starting materials to make the compounds of Formula (i) are
known in the art. Some examples of these acyclic amine ligands are
20 ethylenediamine (EDA);
diethylenetriamine (DTA);
triethylenetetraamine (TTA); and
" numerous known linear or branch chain primary or secondary amines.
Some exampies of azamacrocyclic amine ligands are
25 1,4,7,10-tetraazacyclododecane (Cyclen); and
ather known secondary azamacrocyclic amines.

The azamacrocyclic or acyclic aminophosphonate derivatives encompassed with a
moiety of Formuia (i) must have at least one secondary or primary nitrogen which is substituted
with the moiety of Fermula (i). Preferably, the number of nitragen atoms present which may

30 besubstituted by amoiety of Formula (i) is from 2 to 10, preferably from 2to 6. Usuaily the
nitrogen atoms afe separated from each other by at least two carbon atoms. Thus these
derivatives can be represented by the formuia

A-(N-CH3CH2-N)g-Z (1)
wherein:

35 qis an integer from 1 to Sinclusive;

Amay be 0, 1 or 2 moieties of Formula (1) or hydrogen;

~ Zmaybe 0, 1 or 2 moieties of Formuia (l) or hydrogen;
with the proviso that at least one A or Z moiety of Formula (1) i_s present; and
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t hese a¥@8&¥%Béyclic or acyclic am nophosphonat e estror/usswosizat i ves of
Formula (1) as diagnostic 5 agents. Particularly, the half esters are
useful as tissue shEEmpybejpinghtstiorarvdizorremed. i nagi ng (MRI) contrast
agent swhen chel at emtanvyitds bf sgjaaeie baambcrtidciicSRIAR igahds a PG RGN Blol’c O acyclic

ani nbphospQ%ﬁ%g@ﬁli@om@re%@ﬁ@i@%%a: when chel ated with samarium 153
are useful as pain relief agents for cCalcific tunors in cancer patients.

The conpounds gf= [ ez macrocyclic or acyclic 10

am nophosphonate egfer derivatives ' ossess at | east one secondary or
primry ni t rogeRy DN ast one noiety of the fornula
-CH err]POefr]RRlerr]} (1) whereinf r Jerr]-Cerr] alkyl; wth the

proviso thal each R i the same gnoup; 15 Rl is C1-C5 al kyl. H,
Na or K; vvitlh t he provi sothat eagh R and Rl rs_the same group when

Cerr]-Cerr By ; _enconpass Known |igands and al so those clai'ned in our
copendi ng app ns; The |i gands used as

acyclic amne liygands are 20 N di am ne (EDA);
di et hyl enetriam ne (DTA); triethylenet edraam’ ne (TTA); and nunerous known
linear or branch chain primary or secon8Bary amines. Some exanpl es of

azamacrocyclic amne lig are 25 1
,4,7,10-t et g@aaz | ododdcarie (Cycl en);r@and>ot her known secondary
azarracrocycl%s\m . X ~
’ ——N  Ne— ( N
- ] ’ H-N N-H
H/T__]\H I\/N\/!
I

B

The terms used in Formula (1) and for this invention are further defined as follows.
"Ci-Cs alkyl”, include both straight and branched chain alkyl groups. “Trialkyl phosphite”
includes any alkyl which in the resuiting product of Formula (I} has desirable water solubility
following hydrolysis, e.g. tri{Ci-Cio alkyl) phosphite, preferably tri(Cy-Ca alkyl) phosphite,
including both straight and branched chain alkyi groups.

When the azamacrocyclic ligands of Formula (1) wherein the full esters (R and R!
are both the same C1-Cs alkyl) are prepared, pressure is not critical so that ambient pressure is
used. As the reaction is exothermic, the temperature is controiled to be maintained below 40°C
during the first hour; and after the first hour, the temperature can be raised to faciiitate
completion of the reaction but need not exceed about 96°C. The pH of the reaction is not
critical and the reaction is non-aqueous. Thereactionisrun inthe presenée of a non-aqueous

25

30

liquid, such as the trialkyl phosphite reagent or a soivent. A solventis preferably used;
exampies of such solverts are: aprotic polar solvents such as tetrahyrdofuran (THF), dioxane,
acetonitrile, and other similar inert, non-aqueous solvents; alcohols where the alkyl portion is
the same as the R obtained, such as methanol, ethanol and propanol. THF is the preferred
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* The ‘azaemeamsysdl i ¢ or acyclic am nophosphonat e deri warissassisnconpassed with
a noiety of Formula (1) nust have at |east one secondary or prinmary

ni trogen wheteht. iTige opiebxs tdditiot & thevdattimstah@thepredcyoaeifcofeeycirul a (1) . Preferably,

t he nunber amfnopHoiphérgRRadingmderpiisashticahi ch may 30 besubstituted by a '

moi ety of For rrul a \irheh tedcybikc oftFemmmmﬁfnem&nI Wbt @A Qfﬁmws ual ly the
ni trogen atﬂQ me Taﬁ‘é@?& &Lpﬁ?jﬁﬂ lect%ﬁ(; su?nof dprgly {nﬂr¥ %&eJmucr ﬁss critical to carbon at oms.

Thus t hese

A- (N- CH[ Br r‘j"@H[‘E’r‘FTEeN}‘['%?‘P]" 4%‘("[ 5”%1“]%1’%“%'“3‘\’5’“ Me"“’d“"ﬁm“ﬁ"/l s an integer
from1 to Sertahetsnneaturdarnimywrheici(ss thd presencd ofrap icetatrediiutidn wibsaehw (| ) or

hydr ogen; Zrm&msp&dqrad&ummsde% Feffexfngremab Aethddinv@ilesNydr ogen; with the

\%)0\9”4/5 (2) 6t7 g %Lmb‘%l ngl tﬁe%atlkyp phospfﬁe and paragtpma?dte!dee and m%am“cloo?‘nétu mllxt%rep resent; and -2-

PCT/ US94/ 05%'9edhy g gonyrolfed gdisien gf e aseic 8jng: Whilpmaintipiop the em@fipstind. * Exanpl es of
sui t abl ercarawimermwicspathi c anmi ne |igands that are discussed in our copending

applications are smmn.gws&flfbamfaahbvm‘mgemrewmepn{pe;rea&z.Hnssugrms used in

Formul a (1 ),35nd _f.!,);qa+,m®aa <% alcbihdi Eaﬂﬁh&#&ﬁﬁuﬂ&ffh‘&' I ows.

;'Jﬂ)ﬁgg] S:[T(I?[ ;_'h? fﬂl h?’?@'ﬁlsofﬂ'm bgf'tesrafaéla almetal ydroxl es, e.g. ga.gﬂg‘,' n al kyl

potassium hydrox:de The amount of base used is from about 1-10 equivalents per secondary

15 amine or 2-20 equivalents per primary amine. As the alkyl chain length of the Ror R! group is
propyl or higher, then a cosolvent is used with the water. Suitable exampies of such cosolvents
are organic water miscibie solvent, such z; 1,4-dioxane, THF and acetone.

The full acids of the ligands of Formula (i) may be made from the corresponding
half esters or full esters under known acidic hydrolysis conditions (see published application

20 WO91/07911). '

The present process is advantageous over those methods known in the art far the
foilowing reasons. The prior nrocesses in which dialky! phosphites under aqueous conditions
are used give good results for acyclic amines, but less predictable resuits are obtained when
macrocyclic ligands are employed. Furthermore, the macrocyclic gand cyclenis used, none of

25 thedesired esterisisolated. Incontrast to the art, when the present process is used, the desired
products of Formula (i} are obtained in all instances with yields in excess of 90%.

The invention will be further clarified by a consideration of the following
examples, which are intended to be purely exemplary of the present invention. Some terms
used in the foilowing examples are defined as follows: g = gram(s); mg = milligrams; kg =

30 kilogram(s); mbL = milliliter(s); uL = microliter(s).
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© 25 i ncMeowgezsny al kyl which in the resulting produccrosshassrul a (1) has
desirabl ewater solubility follow ng hydrolysis, eg. tri((err]-Cerr]

al kyl) pho tat M@ateripis grfd tri(CJerr]-Cferr] alkyl) phosphate, including
both strai ght and Apteé wdre‘a&ahéaf@hkaalm&fawmmmeﬂast&e.aeaarmcr ocyclic

 9ands O BRIy Lkl N Dol ol el 34 A Bl B AR 2 e Pl P the sare

C[er critical so that anbient
pressure i ?‘3’(9‘“"6%“@3!”%3"“”1‘@“’? @‘é‘éi’i‘"ﬂ)’ﬁPT°§°‘é"5<BFﬁé’r"?"r‘f’é”"’fﬁé"t“@ﬁberat ure is
cont r ol | £dothewiseindimiad: ‘B iDRP ovre 4£0¢rdatby @pibying solyertt hgpressiorsduistiour ; and after
the first hqibhce (tPREBATCHERRINALIMAF ResitvBtidAR 1H Podr@ she teferdna@hd redabie conpl etion of

t e react'gﬁ&%ﬂ%ﬁ&;%&:@%&%@&%hn S 8613 Cnc HGo L the reaction is

not critic react | q%f us, ,_B react on is run in the
presence ofe"%{’eﬁf}’ﬁ"'&f‘ﬂ@ﬁﬂ‘é"ef’?bd‘ﬁf’ﬁ’"d)sﬁ’é'ﬁ" g1 oI M B Shi te reagent or
a sol vent. a‘#"é’bPif’éfW“ﬁ"@"‘ﬁ?‘éﬁ*E’PCHPﬂ"beM@’G“'%Qa@SQH’f?PW"Ef‘3§Ut‘ sol vents are:
apr ot i c jpolranselevaatrgedtiGhtegRak ot (OChIaVO7TIWIGH CRY) nd lektdrnal doeneane, acetonitril e,

and ot her &dsith fir,0). BRI} sfeQid wadd Heidhged S maNlass H@bgab@dosw@aﬁge the al kyl

0o i Bl eyl s SidBlorire0! e

PCT/ US94/ 0813’29'@87 peartographis sepacgtins wre performed 5 jowprespuppd<§08 plusiteas and t he
azamacr ocy sariderd giess exdumplfitted with hagiracked hienberase Serigrtexchengmimt - al i s not

criticaly YWiRdloshPRatRA Wichahge) bibsRNAS, 2Ad withQh A UR déthotor'el 183 s far iy f Ul | esters
(R and RL %ﬁ: tEahE&ééWﬁregrﬁHehaﬂﬁMiw&th}o@éa‘? Cont ragﬁ' tthe reaction

IS S|gn|f| nor e_exot he IS critic

terrperaturg\”g%‘ W“ﬁ‘UFQT‘?‘T‘f: forthe first hour of the reaction. Methods to
effectively The process to make the full ester derivatives of Formula (I) has been discussed

before. A typical procedure is as follows:
20 Example {: Process for preparing 1,4,7,10-tetraazacyclododecane-1.4,7,10-methylenedibuty!
phosphonate.
Cyclen, 10 g {58 mmol), tributyl phosphite, 62 g (246 mmof) and
paraformaldehyde, 7.4 g (246 mmol) were combined in 70 mt of THF and stirred at room

temperature (the temperature was maintained below 40°C) for 24 hrs. The homogeneous
25 solution was then concentrated in vacuo to give a viscous il (quantative yield) and
characterized by:
TH.NMR (CDCl3)
§0.88 (m, 24H), 1.33 (m, 16H), 1.59(m, 16H), 2.80 (s, 16H), 2.90{d, 8H), 4.00(m, 16H); and
13C {1H} NMR (CDCl3)
30 &813.51,18.65,32.49, 32.57, 43.04, 51.45, 53.10, 53.18; and
31P NMR (CDCl3)
§ 26.16 {s, 4P); and isillustrated by the formula

35
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‘control Wpesremperature are known, such as the presamamsefosgaqp | ce bath,
dilution with solvents or the order and/or speed of addition of reagents.
For exanpl e, one nethod involves conbining the trialkyl phosphite and
par af or mal dehyde and initially cooling the m xture, followed by the
controll ed additie@ o.bhe lic ke, While maintaining the tenperature
10 by using an igelxgg{ ﬁ\&'l tﬁe/rf’@mr%%)éf Formula (1) wherei'n the half
esters are prepared (R —€MerrN-gerr] alkyl and RL = H, Na or K) by
aqueous Base hydrol ysis|is acconplished afterthe formation of the ¢
correspondi ng full estet—mxanm@_eslof suitable basesare al kali netal

hydr oxi des, e.g. sodi um pot as™ um hydroxi de. The anount of base used is
from about 1-10 éGufsvaf+Ent sd@akadplz 15 anine or 2-20 equival ents per
primary am ne. As the alkyl chain length of the Ror Rl group is propyl or
hi gher, then a cosolvent is used with the water. Suitable exanples of such
cosol ventes are qrgani ¢ water mscible solvent, such as 1 ,4-dioxane, THF
and acet oneg.la'—“Fﬁg' PeP FoLResPaTng L7 Bristraazagusieaodecine- bt Wmethvienertietidy be made from
t he correspbefionde-hal f esters or full esters under known acidic hydrolysis
pondidti ons (see pubﬁ&allged:awbgmema&&em%%Mﬁéﬁilaospﬂ{tﬁm&][eelsfnt_ process
i s advant age@esi sk e ar or ol | owi ng
reasons. Th% ﬁ%"?s’é“ﬁ%‘ég’ges |n%%ﬁ%’é{dEsyvfélﬁ%"g's"ﬁmafeé%“{}’gﬁer aqueous
condi t i ops YSPE fA%e gt I go0d results for acyclic amnes, but |ess

predi ct abl é*NMBEPYY are obtai ned when macrocyclic ligands are enpl oyed.

Fur t her nor & ).19(me24HRZTIGC 1681, 2.80 (4, Bigadal (B, y&H);@and | S used, none of 25 the desired
ester is isw{adedr(cba)contrast to the art, when the present process is
used, the @esiB8ds REAMIGH 3. s3B06M &.46.1.4q 7€ Obtained in all instances
with yiel dg,PiNn‘Rf\é%Qé?d%?;%%)&is% e sk o i 11 be further cl arified by a
consi derstion O e follow ng exanples, which are intended to be purely

exenpl ary BF5c P} prdisdlivsrrated e forprla Some ter ns

{CaHg) ;03P ] PO3(CaHg),
\N N—/—-‘

25 _

7] l S
(C,Hg) ,04P PO3(CoHs),

Exampie 3: Preparation of N,N-bis(methyienedimethyiphosphonate)-2,11-
diaza[3.3](2,6)pydinophane,

When the procedure of Example 1 was repeated using trimethyl phosphite in N
place of the tributyl phosphite and 2,11-diaza[3.3}(2,6)pydinophane in place of Cycien, the titie
35 compound was cbtained as a very viscous oil in greater than 95% vield and further -
characterized by: '

30



‘used i nwdwrésd | owi ng exanpl es are defined as fol | owst/ugMmsigr an(s) ; Ny =
mlligranms; kg = 30 kilogran(s); nmL = mlliliter(s); [err]L = mcroliter(s).
35 -4- WEONRIERHRY 53

PCT/ US94/ Oy, SN f, 1240 89, 8h) 5680 hH)RANOHS; andl | reagents were obtai ned
from comre;sgg‘%"@y@gél ers and used as received w thoutfurther purification.
NVRspectra RCorfled on a Bruker AC-250 Mz spectroneter equipped with a
mul ti - nucl @875 fhaHE8HP-SB A (11122.71 ¥E:89. BT a8thd 19F) at 297[err]K unless 5

ot herw se pAEMREDEH. 1H spectra in Derr] O were recorded by enpl oyi ng

sol vent suppiBSelRilusRitkds 1Reamance (" PRESAT", hono-nucl ear presaturation).
1H spectra are referenced to residual chloroform (in CDCl[err]) at 87.26 or
external dioxane (in Derr it 83.55. 13C and 31 P spectra reported are
prot on decoupl ed (broad ba Assi gnnents of 13C (1 H chem cal shifts
wer e ai ded by DEPT(Di stor s._Enhancenment by Pol arization Transfer)
experimegts. 13C (1H) 10 specCtra dre referenced to center peak of CDCl[err]
at 877.00 (in errl), and exter o) at [err]66.66 (in Derr]O.
31P [ 1H) speéﬁé’v\geg’% erenced tﬁgeg%%g?zr%ﬁ%% Herr]PQerr] at 0.00.

Mel ting points were detexm p&d by capillary nelt nmethods and were
uncorrected. Sem preparati -exchange chromat ographi ¢ separations were
performed atl ow pressure (<80Qpsi) using a standard glass colum fitted
wi t h hangd- packed Q Sepharose™ (ani on exchange) or SP- 15 Sepharose" (cation

exchange glaa§§4,¢%mmn oML bNtmbRyiBdidthyiRosbAonatel2g6t or at 263 nm for el uent
diaza[3.31(2,6)pydinophane.
"~ When the procedure of Example 1 was repeated using triethyl phosphite in place
of the tributyl phosphite and 2,11-diaza[3.3](2,6)pydinophane in piace of Cyclen, the title
20 compound was obtained as a very viscous oil in greater than 95% yieid and further

characterized by:

TH NMR (CDCl3)

§ 1.24(t, 12H),3.20 (d, 4H), 3.94 (s, 8H), 4.07 (g, 8H), 6.71 (d, 4H), 6.98 (t, 2H); and
1B3C {1H} NMR (CDC3)

§ 16.48, 55.36 {d), 61.75 (d), 65.14 {d), 122.52, 135.41, 157.04; and °

31p {1H} NMR (CDCl3)

8 24.50; and isillustrated by the formula

.0

(HgC3) 20;F-H,C-N N-CB,~PO4(CaHs) 2

25
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‘moni t orwn@42683/ MS spectra were perfornmed on a Hew exariussgsssd 5890A Gas
Chr omat ogr aph/ 5970 Mass Sel ective Detector. The process to nake the full
est er der i ExamulefoRrenafatprnt NR-Ryridyimethia N . Nj S reritih gviesesiethylipeciriroeate)-At ypi call
pr ocedur e 1.47.@3etfaadatyblomdecat®. Exanpl e 1: Process for preparing
a/ 4i 7,10- t et r aaz agied webrctemribeexdmdle 1Aval Rpdittk ByHg elRagiphsibnik inphes pgonat e.
cl en, an
par af or nmal éghgrgﬁty@ghgmf&ﬂ'l(QE%YTR&@?E%O aa@%ﬂ&d%%ge'ﬁggwfo "THF and stirred
at roomst Py fh‘f"é°'("f°H'é’“taé f’lﬁf’%"%&%“‘i’i‘d’?%‘!“‘ﬁ?’l‘é‘ﬁ%&%\ﬂ‘%O[err]C) for 24

hrs. The hornhegemeceigedy: sol uti on wast hen concentrated in vacuo to give a
Vi scous oanNm'(@a tive yield) and characterized by: 1H NWVR (CDCl[err])

ioH | 2 9018 Mﬁfw e 7R R PSS 545 ' 13, 51,

18. 65, 32. 457 3’2 2y @48821'“4%‘ 53. 10, 53 18; and 31P NMR (CDCl [err]) [err]
26.16 (s9 ‘M’H}WCDC!;M | lustrated bythe fornula 35° WD 94/ 26753
PCT/ US94/ O6x%.34] 16.48 50145, 50.67, 52.41, 53.19, 53.29, 53.48, 53.58, 61.37, 61.47, 61.52, 121.67, 123.28,

136.19, 148.61, 159.90; and
31p {1H} NMR (CDCl3, 297°K)
526.21;
15 P {IH} NMR (CDCl3, 217°K)
§24.18 (1P), 24.32 (2P); and is illustrated by the formula

5%272%3 Hzc l'——]

20

(HgC,) ,04P~H,C CH,~PO5(C,Hg), _
Example 6; Preparation of N-(2-pyridyimethyl}-N' N*,N'"-tris{methylenedipropylphosphonate)-
- 1,4,7,10-tetraazacyclododecane.

25 When the procedure of Example 1 was repeated using tripropyi phosphite in
place of the tributyl phosphite and N-{2-pyridylmethyi)-1,4,7,10-tetraazacyclododecane in
place of Cycien, the title compound was obtained as a viscous oil in greater than 95% yield and
further characterized by:

TH NMR (CDCly)

30 50.91-1.00(m, 18H), 1.60- 1.76 (m, 12H), 2.67 - 2.99 (m, 22H), 3.73 (s, 2H), 3.94 - 4.08 {m, 12H),
7.12-7.15(m, 1H), 7.46-7.67 (m, 2H), 8.48-8.52 (m, 1H);
13C {1H} NMR (CDCl3)
§9.93, 10.21, 23.71, 23.80, 50.17, 50.44, 52.38, 53.09, 53.44, 61.44, 66.79, 66.83, 121.61, 123.23, -
136.14, 148,54, 159.92; and

35 31p {1H} NMR(CDCl3)
§26.20 (1P), 26.23 (2P); and is illustrated by the formuia



EXanpl € 2. Process for preparing 1,4,7,10-tetraazacycl ododecane-1
,4,7.10- met hyl enedi et hyl phosphonate. Wen the procedure of Exanple 1 S
repeated using triethyl phosphite in place of the tributyl phosphite, §he
title cHWOMBFAB was obt ai ned as viscous oil in great W&W@B%yi eld #d
characterized by: 1H NVMR (CDCl[err]) 8 1.19 (m 24H), 2.71 (s, 16H), 7 80
(d. 8H), 4.01 and 13C{ 1H} (CDO [err])

[err] 15. 32, 15(%&31172’32’3.‘1t ,61.34,61.45; and 31P NMR
(CDC1[err]) [err] 26. 02 [ % ndls |IIustrated bythe fornula [er 30
Exanpl e 3: Preparation N | s( met hyl enedi et hyl phosphonat €) - 2, 11-

di aza[ 3. 3] (2. 6) pydi noprane tihe procedure of Exanple 1 was repeafjed
usi ng tri net hyl phosphite”sfn p ace of the tributyl phosphite and 2,1

1-di aza[ 3. 3] [&,8) po@-rgapha ptmgeopfc,Byl en, the title 35 conmpound was
obtained as a very viscous oil in greater than 95%yield and further

char act er i gagipiby: Prepdiation of 3,6,9,15-tetraazabicyclo{9.3. 1]pentadeca-1(15),11,13-triene-3,6,9-
methylenediethylphosphonate.

When the procedure of Example 1 was repeated using triethyl' phosphite in place
of the tributyl phosphite and 3,6,9,15-tetraazabicyciof9.3.1}pentadeca-1(15),11,13-triene in
place of Cyclen, the title compound was cbtained as a viscous oil in greater than 95% yigld and
further characterized by:

TH NMR (CDCl3)

8§ 1.23(m, 18H), 2.77 {m, 12H), 3.04 (d, 6H), 4.13 (m, 12H), 7.17 {d, 2H), 7.60 (t, 1H); and

13C NMR (CDCl3) '

8 16.43. 50.03, 50.31, 50.43, 50.77, 51.23, 51.38, 52.63, 53.30, 60.86, 60.92, 61.63, 61.74, 61.83,
61.93, 62.32, 76.46, 76.97, 77.18,77.48, 122.50, 137.10, 157.18; and

31P NMR (CDCl3)

8 24.92 (s, 2P), 24.97 (s, 1P); and is illustrated by the formula

10

15,

2ﬂ
=

>

( N

| (HyC,) ;0,P-H,C-N- N-CH,=P0,(C,H),

2 I\/ T \/I

Example 8; Preparation of 3,6,9,15-tetraazabicycio(9.3.1]pentadeca-1 (15),11,13-triene-3,6,9-
30 methylenedi{n-propyl)phosphonate.
When the procedure of Example 1 was repeated using tripropyl phosphitein
place of the tributyl phosphite and 3,6,9,15-tetraazabicyclo{9.3. 1]pemdecq_-1 {15),11,13-triene
in place of Cyclen, the title compound was obtained as a viscous ail in greater than 95% yield
and further characterized by:
35 1H NMR(CDC!3)
50.88 (m, 18M), 1.61 (m, 12H), 2.72(m, 12H), 3.03 (d, 6H), 3.97 (m, 12H), 7.13 (d, 2H), 7.55 (t, 1H); .

and




WO 94/ 26753
PCT/ US94/ 05134 1H NMR (CDCl[err]) [err] 3.39 (d, 4H), 3.88 (d, 1 2H), 4.08
(s, 8H), 6.84 (d, 4H), 7.13 (t, 2H); and 13C (1H NWR(CDBC [err]) '

[err] 52WOR4)53 54.88(d), 65.21 (d), 122.71, 135.69,RLAWSKMSHNd 5 31P NMWVR
(CDCl[err]) [err]27.22; and is illustrated bythe fornmula [err] 15 Exanple
4: Prepar aegNMREIMGN, N- bi s( net hyl enedi et hyl phosphonate) -2. 11-

di aza[ 3. 3]da3s,Gi.my disncmnhasves, sV\be st /38295208 sslow, @.78f60.52 ) e2.4d, Was r epeat ed
usi ng tri ebie 3phOEPRE: L& i N pl ace of the tributyl phosphite and 2,1

1-di aza[S.QQM(@cgydi nophane in place of Cyclen, the title 20 conpound was
obt ai ned Iy, .Vj. SCou Il in greaterthan 95%yield and further

char actér?s};e‘ga%@:axdl'ﬁh"fm%%?%) [err] 1.24 (t, 1 2H), 3.20 (d, 4H),
3.94 (s, 8H); 4.07 (g, 8H), d, 4H), 6.98 (t, 2H); and 13C(1H]
NVR(CDCl [err]) 25 6 16.48,55.136(d)], 61.75(d), 65.14(d), 122.52, 135. 41,
157.04; and 31P {1H} NWR ( [err]24.60; and is illustrated by the
formula [err]

5 Exampie 9: Praparation of 3,6,9,15-tetraazabicycio{9.3.1)pentadeca-1(15),11,13-triene-3,6,9-

methylenedi{n-butyl)phosphonate.

When the procedure of Example 1 was repeated using tributyl phosphite in place
of the tributyl phosphite and 3,6,9,15-tetraazabicyclo(9.3.1]pentadeca-1{15),11,13-triene in
place of Cyclen, the title compound was obtained as 3 viscous oil in greater than 95% yieid and
further characterized by:
1H NMR (CDCl3)

§0.84 (m, 18H), 1.27 {m, 12H), 1.58(m, 12H), 2.57 {m, 12H), 3.01 (d, 6H), 3.93 (m, 12H), 7.12(d,
2H}, 7.54(t, 1H); and

13T NMR (CDC)

§13.42, 13.46, 18.50, 18.59, 32.16, 32.43, 49.88, 50.03, 50.16, 50.63,51.11, 51.27, 52.48, 53. 16,
60.71, 60.78, 65.38, 65.48, 65.58, 122.46, 136.96, 157.14; and -

1P NMR (CDCl3)

524.88 (2P), 24.93 (1 P); and isillustrated by the formula

20

25

=

3 >

a
(HoC, ) 05P—H,C~N N-CE,=PO, (C4H,),
‘\/ N | )

3 CH,~P03(C4Hy);

-10-
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PCT/ US94/ 05134 Exanpl e 5: Preparation of

N- (2- pyri dyl met hyl jrebtocdi e Naroryzervr.zséaerhhwh e&e&he&.mbmeﬁrahﬂaat e)-
1,4,7.10- teﬁr&p@@%@%ﬁ% 99# ;has\m&'hs&.ls ‘3%&5 RlealX@opl € 1 was
place o t fripu

repeat ed u ﬂqg?trr et osp Ite1n F phosphite and
N-(2-pyri dyJ ‘hyl ) - 1 4 7,10-tetraazacycl ododecane in pl ace of- 5 Cyclen,
the title cﬁmwdfmsﬁ@let'aﬁ-%’éﬂetfagdedomwﬁvﬂs%ous oil in greater than 95%
yield ang fwﬁmre:@bayrﬂmtpema&mtahmmsalﬁ NVR (CDCl [err]) [err] 1.25- 1.39 (m
18H), 2.66-2.95 (Mne a%d? (Sm%olmascoﬂ\m%&lﬁ L_D’ 7.10-7.15 (m

1 , 1.57 2? NVR(CDCl [ err
[elr_e] 16. 38"‘°"i’€‘i‘%‘(‘§{5°°421%“§6’ %Si“qs“?“d?i’%"é‘ %“%%"F%%“ég Zé’ H%s 6(1 37, terrl)
61. 47, 61. 5Zolutiopagstimed porafiux for 16 Thegne desired ied pradyr vgeobtaingglasaigid( 1H) NVR |
(cod [err] DOy Reschadrefimd by 26. 21; 15 31P {1H} NMR (CDCl [err], 217[err] K)
[err] 24.,9.&!(&5&)(02024 32 (2P); and is illustrated bythe formula [err]

Exarrpl e6: Eﬁf]i‘r;) agﬂsﬂ

fstrated by the f
N (2- pyri dyl met m?t. I\tfy't -etornrnus'? met hyl enedi pr opyl phosphonate)- 1.4.7.

10-tetraazacycl ododecane 25 Wigg+t he procedure of Exanple 1
was repeated using tripropyl phosphite in
C4HgO4P f——l PO,C, H
15 4 >N N/. T

7] ] N
C4Bg03? 20,8,

For other ester derivatives where the alkyl ester is C,-C3 alkyl, hydrotysis proceeds
without the dioxane cosolvent,

Example 11: Preparation of N, N'-bis(methylenephosphonic acid ethyl ester)-2,11.
diazal3.3)(2,6)pydinophane (BP2EP).

When the procedure of Example 10 was repeated using ester of Exampie 4, the
title compound was obtained as a solid in greater than 95% yield and further characterized by:
TH NMR (D;0)

51.10(t, 6H), 2.97 (d, 4H), 3.81 (q, 4H), 3.84 (s, 8H), 6.73 (d, 4H), 7.09 (t, 2H); and
13C {1H} NMR{D;0)

§ 18.98, 58.76 (d), 63.69 (d), 66.53 (d), 126.35, 140.09, 159.37; and

31 {14} NMR (D;0) '

§ 20.65;; and is illustrated by the formula

20

25

30

35

=11«



pl ace of S Wi butyl phosphite and PCT/US94/05134
N-(2-pyridylinmethyl)-1,4,7,10-tetraazacycl ododecane in place of Cyclen, the
title conpound was obt ai ned a viscous oil in greaterthan 95%yield and
further characterized by: (CDCl [err]) 30 [err]0.91- 1.00(m 18H),
1.60- 1.76(m 12H),2.67-2 ,3.73(s,2H),3.94-4.08(m 12H), 7.12-
7.15 (m 1 H), 7.46-7.67{(m "2H), B.48-8.52 (m 1H); 13C (1 H) NWR

coal 29 .21, 23. . 50.17, 50.44, 52.38, 53.09,
( [ergil) {,3?%%;’7%,? g%c. ‘]1"?3%?9@36314 148. 54, 159.92: and 35

53.44, 61.44
31 P (1H NWMR (CDd [err] 26.20 (1 P), 26.23 (2P); and is |Ilustrated
by the fornula -8- [ er Ie? Preparati on of

entadeca-1 (15), 11,13-triene-3,6,9-

3,6,9.15-tetraazabi cycl o[ 9 8\
net hyl enedi et hyl phosphonat e. V\hen the procedure of Exanple 1

56, o hoh Senii g E"“’*‘?*i’ ‘z?”?‘fgf‘r""“* b sl A bt d, Prosenite an
Cycl en, thg'efhg ?T‘M§Wfb‘f‘&'f‘ﬁ8’d"%‘5’a vi scous oil in greater than

95% vi el d and f ur tWhenthe easedere ofiEkampty 1Qwyas repbdteiViing(eidct gxawgid9) the

title compound was obtained as a solid in greater than 95% yield and further characterized by:
TH NMR (D;0)

15 §0.68(m, 9H), 1.14 (m, 6H), 1.37 (m, 6H), 2.76 {d, 6H), 3.41 {m, 12H), 3.73 (m, 6H), 7.24 (d, 2H),
7.76 (1, 1H); and
13C NMR (D20)
& 15.76, 15.80, 21,12, 21.20, 34.96, 35.06, 35.14, 52.08, 52.53, 53.38, 53.48, 54.49,54.75,57.70,
57.76, 61.86, 67.65, 67.75, 67.98, 68.08, 125.15, 142.93, 152.25; and

20 3P NMR

§9.73 (s, 2P), 21.00 (s, 1P); and isillustrated by the formuia

-~
\ !
o
2 ch4osp-azc-1? . N-CH,-PO,C,H,
]
N

3x*

30
Example 13: Preparation of 3,6,9, 15-tetraazabicyclo[9.3.1]pentadeca-1(15),11,13-triene-3,6,9-
methylene(n-propyl)phosphonate tris(potassium sait) (PMPHE).
When the procedure of Exampie 10 was repeated using ester of Example 8, the
title compound was obtained as a solid in greater than 95% yield and further characterized by:
35 31PNMR
§20.49(s, 3P); and isillustrated by the formula

-12-



15 8 1.vEBeqers318H). 2.77 (m 12H), 3.04 (d, 6H), 4.x3mwsswesib2H), 7.17 (d,
2H), 7.60 (t, 1 H); and 13C NVR(CDI[err]) 8 16.43,50.03, 50.31, 50.43,
50. 77, 51. 23, 51. 38, 52. 63, 53. 30, 6, 60.92,61. 63, 61.74, 61.83,
61. 93, 62. 32, 76. 46, 76. 97, 77. 18,{77. 44, 122. 50, 137. 10, 157.18; and 31P NM\R
(CDCl[err]) [err]24.92 (s, ggy,\z . (s, 1PY* and is illustrated bythe

f

formula [err] Exanple 8: Pr paraﬂion -
3,6,9,15-tetraazaky lbog -} 1] pent adgca- 1 1, 1,13-triene-3,6,9- 30
met hyl enedi (n- pr opf?}l%ﬁoéﬁ nat e. V\heﬁ épcfo’r%g&c"edur eof Example 1 was
repeated using tripropyl ph%}p\)}% I p' pl ace of the tributyl phosphite and
3,6,9, 15-tetraazabi cyl o[ 9. 3. ent adeca- 1 (15). 11,13-triene in place of
Cyclen, the title conpound was ogﬁa_ipgeéigas a viscous oil in greater than
95% vyield and further characterized by 35 1H NVR(CDC [err]) [err] 0.88(m
18H), 1.61 (m 12H), 2.72 (m 12H). 3.03 (d, 6H),3.97(m 12H),7.13 (d, 2H),

7.55 (t,mlgg; and -9- WD 94/ 26753 .
PCT/ US94/ 0 le Woc ef[;épp é-peprrazabucyclo{QﬁJlpentadeca-!(ism 1,13-triene-3,6,9-
89. 96, 23. 7 Ined@ledeithpphoivhorate tBhobBiud RItKIMEHE). 51. 23, 52.43.53. 01, 60. 78,
60. 84, 67.27, 67. 40whenthe pracedure of Example 10 was repeated using ester of Example 7, the

title compound was obtained as a solid in greater than 95% yield and further characterized by:

13CNMR (D20) '

15 5 18.98, 19.82, 51.78, 52.06, 53.08, 54.46, 54.68, 57.01, 58.22, 60.24, 63.19, 63.25, 63.36, 63.49,
€3.59, 63.95. 64.18, 64.25, £6.80, 126.62, 141.63, 159.40; and
31P NMR (D, 0) '

§20.58 (s, 2P), 20.78 (s, 1P); and is illustrated by the formula

2 ~
SN
o
| |
N

] 3K*

Exampie 15; Preparation of N-(2-pyridyimethyl)-N',N" ,N*“-tris(methylenephosphonic acid ethy!
ester)-1,4,7,10-tetraazacyclododecane (PD3EP).

30 When the procedure of Example 10 was repeated using ester of Example 5, the
title compound was obtained as a solid in greater than 95% yield and further characterized by:
THNMR (D,0, 338°K)

§ 1.41-1.57 (m, 9H), 3.28- 3.8% (m, 22H), 4.08 - 4.64 (m, 8H), 8.22 - 8.26 (m, 2H), 8.70- 8.75 {m,
1H),9.00-9.12 (m, 1H); and

35 13C{1H} NMR(D;0, 338°K)

§ 19.41, 19.51, 52.58, 53.00, 52.31, 53.75, 53.82, 56.04, 59.53, 64.60, 64.76, 129.86, 131.41,
147.31, 149.06, 154.34; and

-13-



©122.48, W3R8 157. 16; and 31P NVR (CDCl [err]) 5 [ &FF/pssamsidg (3P); and is
illustrated by the formula [err] Exanple 9: Preparation of

3.6, 9, 15- t PPALRPHBIRPEPBO. 3. 1] pent adeca- 1(15), 11 , 13-tri ene- 3, 6, 9-

met hyl enedis@s4 @Rt 19779 (Mandititusedted by Watormdlhe procedure of Exanple 1 was
repeat ed usi ngiétri but yl ghosphite in ce of the tributyl phosphite and
3,6,9,1 5-tet PdHsEnPErE [ET.-G.—EII] p efda-1 (15),11,13-triene in place of
Cyclen, the title conpoun\d~u\/\/as tain as a viscous oil in greater than
95%vyi el d and further cfaract erfzed by: 1H NVR (CDCl[err]) [err]0.84(m
18H), 1.27(m 12H), 1.8[m 12H),2.57(m 12H), 3.01 (d, 6H), 3.99 (m 12H),

7.12(d, 2H), 7.54 (t, 1|-1)—me|? (CDO [err]) [err]13.42, 13.46,
18. 50., 18. 59,4 %23{]3@ o é{ 9. 8§, 0% (5Q§ %ﬁ, 50.63, 51.11, 51.27, 52.48,
53.16 25 60 71°60. 78, 65, 36, 65. 48, 68. 58 455 46, 136. 96, 157.14; and 31P
NMVR ( CDCl [ cxaniple 15:Prepiration oldg2-pidyimeti)-NIR" )" vlnethyiendpHospheriidagig t r at ed by t he
formul a ferokdpyl esterV¥d DbratRddaciciododecane (PO3PP). '
PCT/ US94/ 05134 When the procedure of Example 10 was repeated using ester of Example 6, the
title compound was obtained as a solid in greater than 95% yield and further characterized by:
1H NMR (D20, 353°K)
§1.24-1.36(m, 9H), 1.95- 2.04 {m, 6H), 3.03 - 3.29 (m, 22H), 4.10-4.25(m, 8H),7.74-7.92 (m,
15 2H),8.23-8.29(m, 1H), 8.87-8.96 (m, 1H); and
1C {11} NMR(D,0, 353°K)
8 13.15, 27.20, 50.43, 53.89, 54.48, 54.98, 55.42, 64.33, 69.41, 126.38, 128.30, 141.24, 152.46,
161.45; and _
31P {1H} NMR (D0, 353°K)
20 §21.61(2p), 21.95(1P);and isillustrated by the formula

H(H,C4)0,P-H,C /__O
NG ] I A

N N

25 ed

The process to make the ghosphonic acid derivatives of Formula {f) has been
discussed before. A typical procedure is as follows:
30 Example 17; Preparation of N,N'-bis(methylenephosphonic acid)-2,11-
diazaj3.31(2,6)pydinophane (BP2P).
A conc. HCl solution {37%,4 mL) of N,N"-bis(methylenedimethyiphosphonate)-
2,11-diaza{3.3](2,6)pydinophane, prepared in Exampile 3, (255 mg, 0.53 mmol) was heated at
~ refluxfor 2.5hr. After cooling, the salution was evaporated to dryness, foliowed by co-
35 evaporation with fresh deionized water (3 X 2 mL) to eliminate excess HCl. The final product
was isolated as a hygroscopic brown solid upon freeze-drying of the concentrated aqueous
sojution; and characterized by:




‘The procwssémrydrol yze with base the full ester denvetusvg@af Formula (1)
to prepare the half esters of Fornmula (I) has been discussed before. A

typi cal progesiiai®oj S as follows: Exanple 10: Preparation of

1,4,7,10-t P - . o 4 €t ranet hyl enebut yl phosphonat e,

pot assi um g%f@'/%h%g%tgggrwg'rg%%;hrga;ﬁtﬁzéxaagnpl e 1, 3 g (3 mol) was conbi ned
in an aqueoug g ¥BRBP 501 ut i on (100 miwater:25 nL dioxane), aleng with 3 g
of KOH (48 #7180 6346431051170 1. W adirred at reflux for 16 hrs. The one
desired tgi tiefdupenrdomy was obtained as a solid (94%yvyield) as characterized

by: 10 31P NYR¢Lh&L i dedbGiHeformta 87 (S, 4P); and is illustrated by the
formula 20 [err] For other ester derivatives where the al kyl ester is

Cerr]-err] alkyl, hydrol roceeds wi-t hout the di oxane cosol vent.
Exanpl e 11: Preparation of N Qi s( et hyl enephosphoni ¢ aci d et hyl
ester)-2,11- diaza[ 3. 3] (476) pydi nophane (BP2EP). 25 When t he
procedur ggof Exanple 10 S repeat eéd using ester of ‘Exanple 4, the title
~ conmpound was obt B2BTEA5Na solid i H-§¥=EPH2 t han 95% vyield and further
characterized by: 1H NVR|(Dlegr]O j[err] 1.10 (t, 6H, 2.97 (d, 4H), 3.81
(g, 4H), 3.84 (s, 8H), 6.7 4), 7.09 (t. 2H); and 13C (1H)
NVR(D[err] O 30 [err] 18.98,{d 6 (d), 63.69 (d), 66.53 (d), 126. 35,
140. 09, 159.37; and 31P (1H)™MR (D[err] O
15 Exampie 18: Preparation of Ethylenediaminetetramethylenephosphonic acid (EDTMP).
To a cocled (0°C) THF solution (20 mi) of triethyl phosphite (23 g, 140 mmol) and
paraformaldehyde (4.2 g, 140 mmol) was added ethylenediamine (2 g, 33.3 mmol} with stirring.
After complete addition the solution was gradually warmed to room temperature and stirring
continued for 12 hrs. The solution was then concentrated in vacuo to give the tetraethyl
29 phosphonate ester as a viscous oil.
The tetraethyl phosphonate ester (2 g) was heated to 100°C for 6 hrs. in 12M HCl
(50 mL). The solution was then cooled in an ice bath to give EDTMP as a white crystalline solid.
Other embodiments of the invention will be apparent to thesg skilled in the art
from a consideration of this specification or practice of the invention disclosed herein. itis

25 inter:lded that the specification and examples be considered as exemplary only, with the true
scope and spirit of the invention being indicated by the following claims.

30

35

-15-



Terrl 20Wwe342678nd is illustrated by the fornmula 35 PCcIMIBeSeEIA6753
PCT/ US94/ 05134 5 [err] 10 Exanple 12: Preparation of

3,6,9, 15-t ecalMBzabi cycl o[ 9. 3. 1] pent adeca. 1(15), 11, 13-tri ene-3, 6, 9-
met hyl ene( n- but yl ) phaspR&svet grepbring Sialekaychid ol ydiSdnlinopiokliBhdaestet1EN t he

procedur e Ofierkatddhizh featt SRRy LHMEy ASideh atl subX iR the title
conpound maéaqu‘gal ne S, a %Ol Id in greaterthan 95% vyield and further
s Pt ey

characterize Mo ) 15 [err]0.68 (m 9H), 1.14 (m 6H). 1.37 (m

6H), 2.76 (d. 6H), 3.41 (m 12H), BPeBRYMBy 6H), 7.24 (d, 2H), 7.76 (t, 1H);

and 13C NVRwhé@®) [err] 15.76, 15. 80, 21. 12, 21. 20, 34. 96, 35. 06, 35. 14,

23' 83, 2523' gg, %53%5132&‘3g,%alﬂﬁ;,wit‘%elﬁwsa‘iﬂaZﬂrlgmaziesznﬁeé&up?ﬁ, % 65, 6;3)75 21 00
. , . , . , . , . [ . S, , .

(s, 1P); and is il IRﬁfs%'rcé%Ré'éﬁé'ft%%é‘wﬁég'ﬁé?vggghea?erawgﬁ?%ﬁ%mé QT&‘.’ Prepar ati on

of 3,6,9, 15" Sa%4bi cycl o[ 9. 3. 1 ] pentadeca-1 (15), 11, 13-tri ené- 3, 6, 9-

10 Which comprises reacting the corresponding unsubstituted amine compound with a trialky
phosphite and paraformaldehyde to provide the derivatives of Formula (I} wherein all R and R?
equal Cy-Cs alkyl; and '

{(a) optionally followed by aqueous base hydrolysis to provide the derivatives of
Formula {1} wherein R is C;-Cs alkyl and R1 is B, Na or K; and/or

15 (b} optionally followed by acid hydrolysis to provide the derivatives of Formula (1)
wherein all R and R? equal H.

2. The process of Claim 1 wherein the derivative product of Formula (f) hasall R
and R! equal C,-Cs alkyl.

3. The process of Claim 2 for preparing 1,4,7,10-tetraazacyclodocdecane-1,4,7,10-

20 methylenedibutyl phosphonate which comprises reacting cyclen with tributyl phosphite and
paraformaidehyde in THF.

4. The process of Claim 2 for preparing 1,4,7,10-tetraazacyclodedecane-1,4,7,10-
methylenediethyl phosphonate which comprises reacting cyclen with triethyl phosphite and
paraformaldehyde in THF.

25 5. The process of Claim 2 for preparing N,N'-bis(methylenedimethyl-
phosphonate)-2,11-diaza(3.3](2,6)pydinophane which comprises reacting 2,11-
diaza(3.3](2,6)pydinophane with trimethyl phosphite and paraformaldehyde in THF.

6. The process of Claim 2 for preparing N,N"-bis(methylenediethyiphosphonate)-
2,11-diaza(3.3)(2,6)pydinophane which comprises reacting 2,11-diaza|3.3}(2,6)pydinophane

3p withtriethyl phosphite and paraformaidehyde in THF.

7. The process of Claim 2 for preparing N-(2-pyridyimethyl)-N’,N"" ,N"*’-tris-
(methylenediethylphosphonate)-1,4,7,10-tetraazacyclododecane which comprises n_.-acting
N-{2-pyridylmethyl}-1,4,7,10-tetraaszacyclododecane with triethyl phosphite and
paraformaldehyde in THF,

35 8. The process of Claim 2 for preparing N-(2-pyridyimethyl)-N‘,N* ,N***stris-
(methylenedipropylphosphonate)-1,4,7,10-tetraazacyclodedecane which comprises reacting
N-(2-pyridyimethyf)-1,4,7,10-tetraazacyclododecane with tripropyl phosphite and
parafermaldehyde in THF.
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‘met hyl erVeq s4281s9py| ) phosphonat e tri s(potassi um sal t) ROPVSMBES134 \Wien t he
procedure of Exanple 10 was repeated using ester of Exanple 8, the title
conpound was obt ai netheamcess cSOdim 2lfor prergrinachisay 1 5-tdvanatdyo(yd. dpataaad f urt her

fchar alct er |1 zigq,.pygﬂﬁgggmmhgﬁo&&%&P&;gﬁmnd3$g',1I51 ustrated by the
ormul a

PCT/ US94/ oé‘i‘?ﬂ' e ?Aj/éﬁ" e 19,11 By e Y Sposite ey :

5- tetraazatﬂaE‘?ﬁPé'F e!33"’3"‘i']"pent adeca- 1( 15) 11, 13-tri ene- 3, 6, 9-

met hyl enget hyl phosMWﬁ@@p@fme&mmwﬁ) (PMEHE). When the procedure
of Exanpl e tdtha¥idRycdoPRa pemsbietssi(18)) 1,85 riane-3(5{3-ntetigiapddin-gropylighesphérdatee corpound was

008 a1 ried 2SS fhy ki 554 keSS Hoblalcit il RFR R act e zed by:

19.82.51. 78" 2"’%6’%*’68“3&*%’8"@2’“6@’%‘7 01, 58. 22, 60. 24

63. 19, 63. 25. 63. 36, 613 Thpprocsp! Geima fpr peoagag 368, G 25 '

66. 80, 126, Giltyabhabicfid|9B5 PerkBiecactiic), 131 Pkribel, HIBED)yicheiin-bBDpS&ironat®P) | 20. 78 (s,
1P); and |5~H|Jh|célﬁfr|§¢§1|teﬁ‘<dn LI NB-1durRdzEBiydold. £11pdraBca i) 81, BRrienBRAPAr at i on of

N 1 LRy omabidif L 1y Efephospion ¢ aci ety
12. The process of Claim 1 wherein the derivative product of Formuia (1) has all R

equal H, Na or K and all R? equai Cy-Cs alkyl.

15 13. The process of Claim 12 for preparing 1,4,7,10-tetracyciododecane-1,4,7,10-
tetramethylenebutylphosphonate, tetrapatassium salt, which comprises reacting cyclen with
tributyl phasphite and paraformaidzhyde in THF to form 1,4,7,10-tetraazacyclododecane-
1,4,7,10-methyleneadibutyl phosphonate, followed by separating the formed intermediate, and
then basic hydrolysis with KOH in a cosolvent of water and dioxane to form the desired

20 Pproduct. _

14. The process of Claim 12 for preparing N,N'-bis(methylenephosphonic acid

- ethyl ester)-2,11-diazaf3.3)(2,6)pydinophane which comprises reacting 2,11~
diaza(3.3](2,6)pydinophane with triethyl phosphite and paraformaidehyde in THF to form N,N™-
bis(methylenediethylphosphonate)-2,11-diaza{3.3)(2,6)pydinophane, followed by separating

25 the formed intermediate, and then basic hydrolysis with KOH in water to form the desired
product. _

15. The process of Claim 12 for preparing 3,6,9,15-tetraaza-
bicycio{9.3.1]pentadeca-1(15),11,13-triene-3,6,9-methyiene(n-butyl)phosphonate
tris(potassium salt) which comprises reacting 3,6,9,15-tetraazabicyclo[9.3.1)pentadeca-

30 1{15),11,13-triene with tributyt phosphite and paraformaidehyde in THF to form 3,6,9,15-
tetraazabicyclof9.3.1]pentadeca-1(15),11,1 3-triene-3,6,3-methylenedi(n-butyl)phosphenate,
followed by separating the formed intermediate, and then basic hydrolysiswith KOH in a
cosolvent of water and dioxane to form the desired product.

16. The process of Claim 12 for preparing 3,6,9, 15-tetraaza-

35 bicyclol9.3.1]pentadeca-1(15),1 1,13-triene-3,6,9-methyiene(n-propyl)phesphonate
tris(potassium sait) which comprises reacting 3,6,9,1 S-tetraazabicycio[9.3.1]pentadeca-
1(15),11,13-triene with tripropyl phasphite and paraformaidehyde in THF to form 3,6,9,15-
tetraazabicyclo[9.3.1]pentadeca-1{15),1 1,13-triene-3,6,9-methylenedi(n-propyt)phosphonate,

17~
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30 ¢ wo saners¥hen t he ‘procedure of Exanple 10 was meposspsizaisi ng ester of
Exanple 5, the title conmpound was obtained as a solid in greaterthan 95%
yield and fusltohecrby@&ﬁﬁﬁﬁ&ﬂf&r&@dmb@hednh&ia%n(ha[cef&dl@@S-B{cerim\}:&(ér [err] 1.41 -
1.57 (M 9H)¢q forn B8 dasired ploduct. M 22H), 4. 09 - 464(m 8H), 8.22 - 8.26 (m

EEDC( 1E|} KI(R/R( D?er75 o "é'% ”92%2"'§ 3'59“5' % qﬂz *sg 53 00, 52. 31,
53. 75, 53. 82, %‘6" 235 b t%'lf e‘f@% diqnonafeistagtasium g 154. 34:

and -13- s sﬂ@whgmbgmgeamngs69,15—tetraazab|cyclo[93I]pentadeca-l(lS),H 13-triene with
PCT/ US94/ 05&3&&%@%&@5}&4@&%66&&:}1K}9 ferr] 9.64 (2P), 19.79 (1P);

ﬁp?z' ;y'r:wlsfe& B ok e B &'Lwléwmk hGenfbRARGAR, 0N OF

ester)-1, 4, 7 TU (S Cvd viialer B‘é %t"(a g’(fﬁ’é‘ﬁ'g‘lf"ge pr"gc%t%fu Preog]}/ |
Exanpl e 10 mmmwwmwg ester of Exarrpl e 6, the title conpound was
obtai ned ag a sol i dia. megroeas of Clain 2for DépPRGingiNad-plrigwiraetiyHNL KB "-char act er i zed by:
1H NWVR (D20, Aamd eﬁldﬂsp*dﬁfc bdidletrgfstdn- 881, thﬂzacybo&EecgneM(CMOmpnses
?::?) 380373 érg rﬂ %nﬁylme 4)-1 A E%m%YwZ«ﬁ«Zev%zﬁﬂy: Jh%sp%@a’nd 8.29 ( m
para ormaldehyde in THF to form N-(2-pyridyimethyl)-N'.N" ,N“*-tris{methyienediethyl-
phosphonate)-1,4,7, 10-tetraazacyclododecane, followed by separating the formed
15 intermediate, and then basic hydrolysis with KOH in water to form the desired product.
19. The process of Claim 12 for preparing N-(2-pyridylmethyi)-N',N*",N""'-
tris{imethylenephosphonic acid propyl ester)-1,4,7,10-teu'aazacydododecane which comprises
reacting N-(2-pyridylmethyl)-1,4,7, 10-tetraazacyclododecane with tripropyl phosphite and
paraformaidehyde in THF to form N-(2-pyridyimethyi)-N’,N” N*"-tris(methylenedipropyi-
20 phosphonate)-1,4,7,10-tetraazacyclododecane, followed by separating the formed
intermediate, and then basic hydrolysis with KOH in water to form the desired product.
20. The process of Claim 1 wherein the derivative product of Formula () has all R
and R equal H, NaorK.
21. The process of Claim 20 for preparing N,N'-bis(methylenephosphonic acid)-
25 2.11-diaza(3.3](2,6)pydinophane which comprises reacting 2,1 1-diazal3.3}(2,6)pydinophane
with trimethyl phosphite and paraformaldehyde in THF to form N,N*-
bis(methylenedimethylphosphonate)-2,11-diaza(3.3(2,6)pydinophane, which intermediate
was acid hydrolyzed with heated HCl, and then the desired product separated.
22. The process of Claim 1 wherein the trialkyl phosphite s a tri{C4-Ca alkyl)
3¢ phosphite. )
23. The process of Claim 1, part (a), wherein the aqueous base is an alkali metal
hydroxide. ' '
24. The process of Claim 1, part (a), wherein the R or R group is C3-Cs alkyl and
an organic water miscible cosolvent is present.
35 25. The process of Claim 1 wherein the derivative of Formula (i) isan
azamacrocyclic ligand where R and R are both the same Cy-Cs alkyl, and the temperature is
maintained beiow 40°C during the first hour of the reaction.

g
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13C { IHWOPMRETB] err ] O, 353[err]K) [err] 13.15, 27. 20,r60Us05134
53. 89, 54. 48, 54. 98, 55. 42, 64.33,69.41, 126.38.128. 30, 141.24,152.46. 161. 45;
and 31P (1H) NWVR ( [2b.erhé grées3 S62[ahr 1Hédein2ht dbvativk Sfkoridia (1BF3h, 21. 95 (1P);and i s

i I1ustrat edag)ﬁu?&yc](iﬂ%g}d%& Birkn J&w&&m@wrgbgnmiumﬁmom ¢ acid

derivatives, of Fornu has been di scussed before. typical procedure

is as fol | o€®3p Exanpl e 17: Preparati-on of N, N-bi s(nethyl enephosphonic

aci d) -2, 11- di aza[ 37-3¢ ross phitsirmisphereinthe Bqopiisan aprotis paias soivepor sol uti on (37% 4
m:) of N, 4\ -akshsi( met hyl enedi nmet hyl phosphonat e) -

2, 1lh di ?zg[ 3£ 3] (f2|, ﬁh.wdsr&@@bmmzrm&aa&eﬁlvws@&mﬁmﬁi (255 ng, 0.53 rmn{)d
was heated at re r opn_was evapor at e
to dryness, foll owle%T Qc'%'@’“‘%ﬁ@vh‘@%&g‘ﬁ%ﬁ%ﬁ?ﬁ’?’&g@H’?‘?Fé‘%ﬂ'?%’é'a‘ water (3 X 2
n) to el i m"AYEteng BleabothdhesamefaCrakyland Hie tranerptuiris aeireispdhelow 445 a hygroscopi c
brown sol i dderjpathe fisdeyrottierpiction. of t he concentrated aqueous sol ution; and
char act erjgzed by: -38.4he procex\édcfaiti B@/RErein a trialky! phosphite and paraformaldehyde

PCT/ US94/ 05 13 domblred INiRinftibliy@5didd Pbilolved Bykhedomraiiel GaditihBthedoydiR aidE Sng 8H) . 6. 90
(d, 4H, 7. Z-tegpérat%ms ;ma?mrl\g:ed by using an ice bath.
31. The process of Claim 29 wherein the acyclic amine is ethylenediamine,
diethylenetriamine, or triethylenetetraamine,
15 32. The process of Claim 31 wherein base hydrolysis provides the mono-atkyl
phosphonates.

33. The process of Claim 32 wherein acid hydrolysis provides the corresponding
phosphonic acids derivatives which are ethylenediaminetetramethylenephosphonic acid,
diqthylenetﬁaminepentameﬁtylenephosphonic acid, or triethylenetetraamine-

20 hexamethylenephosphonicacid. .
34. The process of Claim 1 wherein the azamacrocyclic or acyclic
aminephosphonate derivatives are represented by the formula
A-(N-CH,CH3-N)g-Z (1)
wherein:
25 qisan integer from 1 t0 5 inclusive;

A may be 0, 1 or 2 moieties of Formula (1) as claimed in Claim 1 or hydrogen;

Z may be 0, 1 or 2 moieties of Formula (1) as claimed in Claim 1 or hydrogen;
with the proviso that at least one A or Z moiety of Formuia (1) as claimed 1n Claim 1 is present;
and

30 A and Z may be joined to farm a cyclic compound.

35
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13C(1H}NVR(D[err]O [err] 57.80 (d), 63.74 (d), 127.02,144.18, 152.96; and
5 31IP{1IHINVR(D[err]O 8 11.71; and is illustrated by the fornula [err] 15
Exanpl e 18: Preparation of Ethyl enedi am netetranet hyl enephosphonic acid
(EDTMR). To a cooled (O[err]C) THF solution (20 nmL) of triethyl phosphlte
(23 g, 140 mmol ) and paraf ormal dehyde (4.2 g, 140 mmol ) was added
ethylenediamne (2 g, 33.3 mmol) with stirring. After conplete addition the
sol ution was gradually warmed to roen2@enperature and stirring continued
for 12 hrs. The solution was then concentrated.in vacuo to give the
tetraet hyl 20 PROCBSHSEOR FH :fRELi&‘. QN OF AZAMAQRACYCLEQCORYy/|
phosphonat e est erAC¥CHIC AMINQRHQIPHONATE! RSTER PERIVATINES| n 12M HO (50
m.). The sol ution masthen cooled in an ice bath to give EDTMP as a white
crystalline solid. OQher enbodiments of the invention will be apparent to
those skilled in the art froma consideration of this specification or
practice of the invention disclosed herein. It is 25 intended that the
speci fication and exanpl es be considered as exenplary only, with the true
scope an@sERAGIit of the invention being indicated by the follow ng clains.

30 35 16. A novel process for the preparation of azamacrocyclic or acyclic

gminophosphonate ester derivativesis disclosed. The process concerns the reaction of an
appropriate azamacrocyclic or acyclic primary or secondary amine with trialkyl phosphite and

paraformaldehyde.
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CLAIMS A process for preparing azamacrocyclic am nophosphonatg,gst e+
derivatives which possess at |east two secondary or primary nitrogen atons
edch substituted-w-t-h-at | east one noiety of the formJIa

’ REPLACEMERT SHEET

-CH ekr]. Pq er"r'] RR[ er r] -
wher ef ngR H G[err] .al kyl ®th the provi.sa. that_each Ris the
sane gr p' err]»(é?r aIkyI H Na, or KK with the proviso

al kyl | | rwhr & rrp ,es-tyrgacszflrﬁgalt Egl cmgﬂgpngoh“lmﬁmmﬂ"mmr]

corrpoUnd with a trial kyl phosphi te:and par af or mal dehyde im 4 ndn-Aqueous
i qui d maisnt aisnipgstihe t empprat ure :bel ow 40[err] C, during at |east the
first=moun. of" TAmocessddmpwparing azamac@eydheanamptmpﬂwﬁhmestemawames which

derivatives havin es of al. | nd
R equal | ol et PORTRs At <8Rl eBaRact of Bimty TEHARS Sy haih susayfludd wikef
hydrol ysis to paeaybfe ndigty afitheoipmgahonat e ester derivatives having at

| east two noieties of Formula (1) wherein Ris (Jerr]-Clerr] alkyl and
Rlerr] is H Na, or K, optionally followed by acid hydrolysis to provide
t he am nophosphonat e este_rcyqipo MRtives having at |east two noieties ofy
Formula (I) wherein all R and Rl equal H. 2. The process of claim
wherein the am"‘fﬁ\?ﬁ\%sphonate ester derivative, having at

Ris H or C,—C, alkyl;
with the proviso that each R is the same group;
S R'is C,—C; alkyl, H, Na, or K;
with the proviso that each R and R' is the same alkyl group when both are
C,—C; alkyl;
which comprises reacting the corresponding unsubstituted amine compound with

a trialkyl phosphite and paraformaldehyde, in a non-aqueous liquid maintaining the

temperature below 40°C, during at least the first hour of the reaction, to provide the

aminophosphonate ester derivatives having at least two moieties of Formula (l)
wherein all R and R' equal C,—C; alky;
optionally followed by aqueous base hydrolysis to provide the aminophosphonate

ester derivatives having at least two moieties of Formula (I} wherein R is C,—C,
alkyl and R' is H, Na, or K;
optionally followed by acid hydrolysis to provide the aminophosphonate ester

derivatives having at [east two moieties of Formula (i) wherein all R and R equal
H.

2. . The process of claim 1 wherein the aminophosphonate ester derivative, having at

least two moieties of Formula (), has all R and R' equal H.

3. The process of claim 1 wherein the aminophosphonate ester derivative, having at
least two moieties of Formula (I}, has all R equal H, and all R’ equal C,—C, alkyi.

4. The process of claim 1 wherein aminophosphonate ester derivative, having at least
two moieties of Formula (i), has ali R and R' equal C,—C, alkyl.
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| east two mula (1), has all R and R1 equal H 3, T .
process |E‘lma“mleﬂ n the am nophosphonate ester derlﬂfgtLAQ@ylENhSﬁﬁBTat
| east t mula (1), has all R equal H and all Rl equal
Jerr]-Cd _err] ~al kyl . 4. The pr ocessﬁzf claim1 wherein am nophosphonat e
estjelr? derlv?tlve having at |east two leties of Formula (1), has all R
an equa e
trial kyl "phosphi @oc?ég@élfglamt hﬂ!’ﬁ@m ﬁhﬁp’ﬁkﬂhﬂ ﬁﬁ e%fafﬁ @L@ %L@%pgg%}g?of
claim1l whferel n the am nophosphonat e ester deri vat i ve having at | east two
noi eties o

both the 6sam és(s/[déle'ajm I%ﬁz"grq%é gﬁﬁ/r%?h(&%&ﬂ(ggtggégeo 'z‘a’gtﬁ%\?m%?el n the

ani nophospho
(1), is an ai
C[err]-C[err]
wherein the 3
acyclic am n(
secondar y-or
noi ety of the
(1) wherein |

1%&t@ﬁé frioiglies iof Abrimita (Ihas'an@zamabmamhcﬂugmdmhetel RendR'Roe mul a
'amacrocg/cll _é aI where R and R1 are both the sane
A 2Dh

S present 8. The process of claim?7
>0Ihvent] S tetrahydrofuran : A process for prepari ng
)p osp onate ester derjvatives Ss . at ea I WO
prherriPgess; of ciia i whsssis "’e\%éﬁ“'&%\ggtﬁﬁt%ﬂpe %(}FWF’%(F Y% '”Srfé
a liéésgt% ﬁ\déﬂé@%‘f Fbmlé? '(W ]IBBh%éinacrocycllc ligand where R and R' are
err]
both the same C s alkyl, and a soK/ent is present.

The process of claim 7 wherein the solvent is tetrahydrofuran.

A process for preparing acyclic aminophosphonate ester derivatives which possess
at least two secondary or primary nitrogen atoms each substituted with at least one

moiety of the formula

—CH,PO,RR'

wherein
R is H or C,—C, alkyl;
with the proviso that each R is the same group;
R' is C,—C,; alkyl, H, Na, or K;
with the proviso that each R and R' is the same alkyl group when both are
C,—C, alkyl; |

which comprises reacting the corresponding unsubstituted amine compound with

0

a trialkyl phosphite and paraformaldehyde, maintaining the temperature below
40°C, during the first hour of the reaction, to provide the aminophosphonate ester
derivatives having at least two moieties of Formula (l) wherein all R and R' equal
C,—C; alkyl; '

optionally followed by aqueous base hydrolysis to provide the aminophosphonate
ester derivatives having at least two moieties of Formula (I) wherein R is C,—C;
alkyl and R' is H, Na or K;

optionally followed by acid hydrolysis to provide the aminophosphonate ester
derivatives having at least two moieties of Formula (l) wherein all R and R' equal
H.
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with the pr olmﬂlﬁlﬁfegchR i'S the same group; RL is (err]-Cerr] alkyl,

H, Na, or K ' that each Rand Rl is the sane al kyl grou
when both ar Lﬂwmm'ﬁl kyl; which conprises reacti ngREFHe!\CEME%lTSl%ET

correspondi ng unsubst i"t ufed*an ne cogg und with a trial kyl phosphite and

par af or mal dehyde, maintaining the tenperature below 40[err]C, during the

first hoy QT robsack diim § AnBrehy iiPualkg) ABSHARDGAR BARALAARITio aro

derivatives [having at l'east two noleties (I') wherein-all R and
RL equal C[ qroombijest afd initigfly ;cooledi fllawed yotheosasirolisd agdition of g &cyclic

hydrol ysis t V) ] L | ves having at

| east two %e@ﬁg,séﬁthéggwgﬁgﬂ? F?Q@%ﬂ? éeli?'%&l@iﬂss‘?{g[ée}fi%%ﬂér r] alkyl and Rl
is H Na or K, optionally followed by acid hydrolysis to provide the

am nophosphonat e ester derivatives having at |east two noieties of Formula
(1) wherein all R and Rl equal H 18 10. The process of claim?9
wherein the trial kyl phosphite and paraf or mal dehyde are conbi ned and
initially cooled, followed by the controlled addition of the acyclic am ne,
and the tenperature is maintained by using an ice bath.
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PROCESS FOR THE PREPARATION OF AZAMACROCYCLIC OR

ACYCLIC AMINOPHOSPHONATE ESTER DERIVATIVES

ABSTRACT

A novel process for the preparation of azamacrocyclic or acyclic
aminophosphonate ester derivatives is disclosed. The process
concerns the reaction of an appropriate azamacrocyclic or acyclic
primary or secondary amine with trialkyl phosphite and

paraformaldehyde.




