REPLACEMENT SHEET

TRI CYCLOPOL YAZANVACROCYCLOPHOSPHONI C ACI DS, COVPLEXES AND DEI{%IL%QQ; XE."%
THEREOF, FUR BEERs CONTRAST AGENTS This inve 28M*r ns

| igands that are tricycl opol yazamacrocycl ophosphoni ¢ aci ds, conpl exes and
derivatives thereof, for use as contrast agents in magnetic resonance
imaging (MRI). To better understand this invention, a brief background on
MRl is provided in the foll ow ng section. Ml is a

non-i nvasi ve di agnostic techni que which produces well resolved cross-
sectional images of softtissue wthin an ani mal body, preferably a human
body. This technique is based upon the property of certain atom c nucl ei
(e.g. water protons) which possess a magnetic nonent [as defined by

mat hemat i cal equati ons; seeG M Barrow, Physical Chem stry 3rd Ed.,

MG awHi I, NY (1973)] to align in an applied nmagnetic field. Once

al i gned, t hNVTRIENT MEDIUMEROR INGREASING (CELLE ¥ TELDIN FERMENT ATTON nal
radi o frequency (RF) pul se which causes the protons to be tilted out of
alignment with the magnetic field. Wen the RF pulse is termnated, the
nuclei return to their equilibri g 3 LN required for this to
occur is known as the relaxation™tY ' T Xett time consists of two
par anet ers knowWhiginvedtioirélates t@@néw?él}neanﬂx foid ke ﬁﬂkﬂh&xﬁ%ﬂ%ﬁ@ﬁbﬁ@& and it
is these rel axati on neasurenents which give information on the degree of
mol ecuPar inergasad gell yisld comparedite that of lorover mpdiat biese mxnxlanlue the preseohdi ng

envi ronment e .t L_conte i tissue is
substantl é?veétﬁangﬁﬂf’iuat %@%@&ﬂ&&ﬁ%ﬂﬁ%&%ﬂf% IJ%QI‘% ﬁ?ﬁ)ng tissue
types, di aQ0shim bi ebmbareli ROME el PoBIRRLS With Khowh Hedla" 96 a¥MitiGd e | eCt
pr ot on den5| ty an | axat1on tines. "The greaterthe differences In

rel axat i onndreasig Yidld oandls]'z) gighntonm groven jnmoselmedium comtainingtiecithgn extdbitsned,
the greater wl|l &e the contrast in the obtained image [e.g., J. Mgnetic
Resonance ineseasgd effeptivenayy against mosquitoes. It is known that paramagnetic
chel aygs possessing a symmetric el ectronic ground state can dramatically
affect the T1 and T2 rel axation rates of jUXt aposed water protons and that
the effectiveness of the chel BAEKGROI X3 ENEIC in part, to the
nunber of unpaired el ectrons produm ng the magnetl c noment [e. Magneti c
Resonance Annudlermemsatiangs therpaocsss ﬁggw;ng\mm(omm)srns aricelisia Sa¢®3lzbée n shown

T B SRR A e BB LA e

observed igr idiGin g%g ,%,Wg;)e utn PR alpntrast being
observed inrtr1e areas ogusr | at e I% al 1 zat™l on. i/I\H{‘nl?xtltas t g‘?ore been

propodéd mimmnsblagbﬁt,fonmnsqmes: par amagneti c chel at es be adm nistered to
animals in order to. increa g}ethe di agnostic |nfornat|on obtal ned y I\/RI

[e.g. Frontier ORsimabgegwih Jeicraosgaisnydyring-formentatign dependg gg seve

2'? ° aI5 o ig‘%l% %%Jj&ﬁﬁ%%&n%aﬁgﬁ&%g( %@%‘ Fynﬁs{’ ar a magélq 1%%] meﬁﬁ%) )an% EF%Q% sgtcj)ts Eag "

inthis NRAIREE. Miriéé fecesdryt for o¢ll GO A% previddrs ganédiaganéddaingahat r ast

agents.

REPL ACENVEfgrmemiation process Accordingly, the yield obtained from fermentation depends, n part,
There gre adgunber ( g \ petic metalions which can be considered when
undert2 Ki r?& ° fhafﬂ contrast agent. In practice, however, the

nost usef ul pa%@&%@&é@mﬁatshe&matﬁn&ﬁéi@l&eﬂw addGH gy felmentatodrvf
(Fe[err]), manganese (Mi[err]) and (Mi|err]), and chromum (Cr[err]),

because tﬂagmtdwnsgrgme‘eamthﬁ uge deibrized wateeadded o avfinalrvohmoe afiisL and lareie of

th I t I I

hese ot SFORS % ogR ?xt:éc%&a% 3e Arniansi o Samisoir tﬂﬁgF?‘L’ de 1 the
I I f | at

2gent (a1 % %%%@%@ﬂﬁﬁm L RUA Ve L b Sl FObURR. gl 21 1

non-t @3i ¢ “Geovrideand akfis|applidation bfmeéxuamnd isexiid Stag AV E apriidiumrggameund 1 and
T2 relaxation rates of the surrounding water protons Art in

the MR f i(eorayqetesyliagenidislesd ferimesquia contral e meMoole@moAgssgan?r@} W82not

i ntended t )rb]e exhaustive, is provided only as a reV| ew of th| s area and

ot her cor’rﬂga ds that are possibly simlar in struct Pat ent

4,899, 755 discloses a method of alternating the prot Iih’ ’NI\‘/I?‘I’%W'%‘%%W‘B@“@E%S

inthe liver or bile duct of an animal using Fe[err]-et hyI ene I; ﬁé@m
hydr oxyphenyl gl yci ne) conpl exes and its derivativespagd su ng

various other conpoundg§yBSTITUTESSREET (RGLBReR pyridi ne
macr ocycl onmet hyl enecarboxylic acid. U S. Patent 4,880,008 (a CIP of U S
Patent 4 899 755) d| scl oses add| t| onaI |rrag| ng data for I|ver ti ssue of
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where: Ris OH (err]-Clerr] alkyl or -O((err]-Cerr] aIkyI) with the

proviso th noi eties are the sanme: or one T noiety 1
Rl is OH OS’BQ%-Q%S@L R2 is NJerr], NHerr], isothi olcl;yanass fidsas

sem car bazi do, thi oseni car bazi do, nmal ei do br onpacet am do or car boxyl ;or

pharmaceutical | y-acceptabl e salts thereof; conpl exed with a netal ion
sel ected from Gd+3, M+2 or Fe+3. When t he above ligands of fornula
(1) have: all T equal -CH2-P(O ROH, where Ris CH, or the

pharmaceutical | y-acceptabl e salts thereof, the ligands are referred to

herei n as BP2P fAawthieAforamiktibR2Bmbrises(2H) g autolyzecayéasﬂ'emual 0-giBfl6; 0 Flg or the
phar maceuti cal | y-acceptabl e salts thereof igands are referred to

herein as Brhaneal, ARV €aGhZHLY, l(‘EgjngClzﬁHzQ pofge‘ti’ﬂ?ﬁte“diﬁ[l 2|ﬂ}L Fottonsesd,

wh R - A t abl
eai ts ther QU ey ity flg Wasthpd R Ry BAT RGBSR of L ERRRT
and TP30- Algkaddprdu ﬁd@yce@ﬁiagemdla&ls) and M&téﬁtxon@ﬂﬁ%ﬁﬁﬁai B{)@:Jﬁ% Hmﬁfg% Ris

Cerr]-Cferr] alKky t pharmaceutical I'y- acceptable salts thereof, the
| i gands3ar elewesdaheetﬂﬁmgusl e MedaEntainal, 25(6):A52eA60) Ajet anetheERfmdnkationf or (B)

The conpl exes,of this | ntlon C e desig rovi de a specific
overal | chaUmAPBRASE) sa%leafsfﬂzf B PFTIaH 10 A Headi Yot B BARGcmE Pt | on
and i nage n F 1 h t oW ng
can be obt g)lﬂni ge}ﬁ&eedd?%%@dé(\@/‘.g?% I ¢ 'gtrq% g’g - 3- W'{l]\IUMég ]?1%) ‘lgjéﬁTPBP

whi ch are g;ablﬁskiedmdnnﬂacdxft&nstmgqeastemw,sltz gghnbse,ngpovammhatl charge
of -1- when Forrmula (1) is BP2P, ich are useful as calcific tissue

cont r ast a@éﬁl‘ giemp seed ﬁ’ﬁmﬁ/@rlﬁwld%%ﬁ 5e&/Loef solublsprateinydriha kactapgpiose, BRBA,

;ggg? Sﬂ) k) 1uc8£e a:Fd31( f" g.ﬁd""“t%ggjggé B Fygeg,&ﬂ Wﬁggﬁ?ﬁﬁ# vp? %gﬁ? t‘%%r ast

BP2(0- Al k) Bf cﬂhxr@ﬁféﬁﬂnkﬁxﬁht}*"éhdﬂbs ﬁsdg%%ﬁ%os'p? d‘%ﬁ;ﬁﬁ ﬂ&nfdcﬁﬁ%eopont rast

r
agents. he conpl exes nmay ta?orrm | ated to be in a pharmaceutically
accept abl ethcmdifumgzgwmem @mayqetns Lagenidiades),iinl nvertebr. )ﬁhtl‘nl dB835%-3d)m i s
ot her than - CH2, 2- PORHR t he co bi f unct j.onal
| i gand/ conpl ex Hb{g_{ TR, ﬂ‘F@g rﬁger?x};egg% g?fb{“é%f’ﬂ/‘[ ogppiatens
nol ecul e. r f | ature
bur poses. ad fyoﬁlﬁT g@-ﬁﬁ%w% sthe FRBLY &I‘c@ilgad?lxﬁfe%m@ebﬁgle n%sqﬂ%@%r&?[ o
(1A 15 approxxmately the same rate. Thus, in order fodidrbase the yield and infectivity of
(1B aspect of the present invention concerns
devel opme nblqspn@s@\ra@pag ﬂlkaéwﬁmmqg@wmmls @ ngeshifor pe impreved fegmentation
par amagnet | cdcmgl ate enabling site specific delivery of the contrast agent
to a desir &M% sue. The advant age being increased contrast in the areas of
i nterest based upon tissue affinity as opposed to contrast arising from
non- speci fi c perfusion which may or nay not be apparent with an
extracel | ul ar agent. The speci f2U Y ©he
contro ed by a

t he .t qtal char e and |i | har cter of the
Com 020 S TheY ook Bpfiuaior e in Krfhentian B et%%wéﬁ § 8¢t e Degiomng; + 1

o oups. ?%L?% £ RefolEg Foad e ft; 36 € BB N0 fo 90 gpertta ] Lor 1]
upt ake i s eutobeed deasnéraraen sl.fhper liteecononsert ifloah) 3ugheasdroFlo® @oadersRrotein)

(thus neutral, TP3A TP3(Q Al k)P, and TP3£1’G k)P t he conpl ex may have t he
ability toMsnph Maraphis, (I0; 2O - B 8per liser slncosa ¥5tﬁrﬁifﬁtet§|§?-‘5k@ Byt Be

possi bl e. d

6 having RS Rt | 0die g?rqﬁmﬁpéﬁm%&% &Paf itepMeGhs EBA A% Py, the
conpl exs di spﬁmrb@oeo gmtgaéee liter of lecithin, This N¥itf pR&Vidediindiedsed yﬁld@%fbound by
theory, it is be ieved that when a charged conpl éx of the invention is nade
(e. 9. possiLagenidigmigigarseumecomparédio firiov art media, andj yie&d anddiafechivity ofthear i ati ons
in that chel ate i.onic char an influence .bio].0 I|z tion.

Ti ssue spelTHREMY Q\W %%Sffg %‘h]IeF‘ElEH‘S‘dQ I ‘8 ent attachnent of
the chelate to a naturally occurring or synthetic nDIecuIe (e.g. through
Rlerr]) having specificity for a desired target tissue. One possible
application of this approach is through the use of chel ate conjugated
nonocl onal anti bodi es which woul d transport the paranagnetjc chelate to

di seasd® tissue enabl ing visualization by MRI. In additioh’ CHPPaCRIENt Absa
par amagnetic chelate to a macronol ecul e can further increase the contrast
agent efficiency resulting in inproved contrast rel atizig to_ thewunbeund
chel ate. Recent work by Lauffer (U S Patents 4,880,008 and 4,899, 755) has
denonstrated that vari gUBSTTUTEISHEETHRULEI268) can result in tissue-
specific agents and that increased |ipophilic character favors non-coval ent
|nteract|ons mnth blood protelns resultlng |n enhancenent of relaxivity.
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-—and all T noieties are -CH err]-COOH.

8 Schene 1 [err]

wherei n: W®9¥§8049s defined as before for Y when (A and whegot{syridiss
nitrogen atomis substituted with hydrogen; and X is chloro or bronp atom
and Y[err] is defined as before for Y when (A) and when (B) the nitrogen
atomis substituted with -CH2- COOH. The aqueous base is alkali
met al hydroxi de, such as sodi um hydroxi de or potassi um hydroxi de. The pH of
the reaction is maintained about 8-10. Tenperature is between about
60-90[err]C, and pressure is not critical so that anbient pressure is used.
In Schene 2, the conpounds of Fornmula (lI) are prepared wherein Y is (A or

(B), and all T noieties where: R
Scheme 2 [ err The prese e defined as
before for Y Wnenp(Z)mzlinrYdm\l/\?nnerr?lates o | t?%gg%%hﬁnggétg r{ ed with
hydr ogen; mefiianT incessed gialchadeas aﬂr;ebmrﬁteﬂy)fwo\/tovﬂme féld)overihownghediB) Tﬁé‘ e
nitrogen atomis, sus utedvvrth CH[err£ PQerr]Herr]. he
hydr ol ¥si SVERRASR ?sfgfa Hs9d'reﬁlemf agesislium gigantesmn dbidcontsgl agemh as

using 3 tﬁb ]&Mb ochI oric acid. The pH of the reaction is maintained

bel ow 3. Tenpe ature is at reflux. Pressure is not critical so that ambient
pressure i s uspPgfiniffibhaer nati vely, when the reaction is run in one step,
phosphorous acid, hydrochloric acid and excess fornmal dehyde are used. The
pH of the reacts gsediherdin|thsterm ‘@mpetamﬁrrefmmhepmtésumf glemdngeslls or s not
critical so _that .anbi ent gSure i S, ILn Scheme 3, the
conpounds bﬁfoqu?lﬁfff‘%m(ﬁpfc@ %4 yPasplsr eﬁ%"é}’ Gediup’} ¢'mediumy) refess to aselidr

noi eties @fifyuid

ol eTIEs Rﬁlr i euget{aqm (tahraﬁ iN}lICfugrp?rt the %ro wih & Jrgamsm

Schene 3 In a preferred embodiment of th{sem\rehtxon the nutrient medium is prepared as Wher ei n:
Y[err] |s efrned as before for Y when (A) and when (B) the nitrogen atom
i s substi® P‘é’& Wi th hydrogen Y[err] is defined as before for Y when (A)

and when éa pﬁep en atomis substituted wwth -CH2-PO2HR, and R is
-O(derr]: I The hydrolysis in Scheme 3 is done
under, .kno &§§ XZWFGF&%XBH@ such as using excess al kali netal
hydr d%i del- “550 ehiurnot assi um hydroxi de. The pH of the reaction is
above 9. ?r@ﬁmé?égmﬁéhtesgl@rt:oseédermse)Pr essure is not critical so that anbient
pressur e 3.8 gpseliter palm oil; In Schenme 4, the conpounds of Fornmula (1) are

prepar ed Qb grper liteYchalestetdl; or (B), all T noieties are
[err] 0.6 g per liter CaCl, « 2H,0; and
20 0.2 g per liter MgCl, « 6H,0.

Deionized water is added to a final volume of 1 L and the pH is adjusted to 6.5.
The constituents are heated until dissolved and then the medium is sterilized by
autoclaving at 121°C, 15 p.s.i., for 30 minutes. When used in the fermentation of

25  Lagenidium giganteum, this medium increases yield at least two to three fold over known

media.

In another preferred embediment, the nutrient medium is prepared by adding up to
2.0 g per liter of lecithin to the above formulation.

The following example is provided only for illustrative purposes, and is not to be

30  construed as limiting the invention in any way.

This is 18 18F .1gcsment sheet
35
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where: Ris C[err] C[err] al kyl . Schenme 4 shows the
preparation of the conpounds of Forrmula (1) when Ris nethyl.

Schene 4 WO 98/58049 [err] PCT/US97/10343
wherein: Y[err] is defined as before for Y when (A) and when (B) the
nitrogen atomis substituted with hydrogen; Y[err] is defined as before for
Y when (A) and when (B) the nitrogen atomis substituted

Wi t h- CH2- PQ( OH) CHS. The hydrolysis in Scheme 4 is done under
known aqueous basic conditions, such as using excess al kali netal

hydr oxi de,gsucg is sodi um or potassi um hydroxi de. The pH of the reaction is

above 9 ure is at reflux. Pressure is not critical so that anbient
pressure is used 12

I n Schene Shakelflask compansofxofy  yatels f LuFeridinmpiganptaveringdifferentomedia s (A) or
(B), aII T nnletles are [err] where: Ris

Cerr]-Cerr] alkyl. Scheme 5 shows the preparation of the
conpourtls of FoBravwth rgte Jn fip apveknpgieat pmodium was compared with two other media in -
Schene 5 wherein: Y[err] is defined as
bef ore for“‘%ﬂ%%‘ﬂeff}é}“&ﬁﬁ‘m*i\mfﬁf the nitrogen atomis substituted with
hydrogen; Y[ errjjeifntief.i ned as before for Y when (A) and when (B) the
nitrogen atomis substituted with -CH err]-PQQOH)C[err]Herr].

The react i b85S ggh®obefdextioses under acidic conditions with a hydrochloric

aci d. The hRbegfpeptonereaction is below 3. Tenperature is at reflux. Pressure
i's notw:rllggglauﬁ,qyz‘eﬂgéasamm pressure is used.

13 6 shows the preparation of the conpounds of Fornula
(1) when Of'ﬁ E aﬁ‘ngﬂ bi functional nmoiety; and the other T is definec above
for Forrrul(? )ph Schenme 6 [err]

H2/ Pd 03 g'cholegterol i n: Y[err] is defined as before for Y when (A) and
when (8) thé Elqapéug?ezﬁ omis substituted wth hydrogen; Y[err] is defined
as befbre 6.3r gWghlem6HA) and when (B) the nitrogen atomis substituted
with -CHerr]-CJerr]H.

REPLACEMVENT SHEET 14

In the above ScMediss #2: he general process description illustrates specific
st eps maﬁé ﬁg used to acconplish a desired reaction step. The general

descriptio a&%(gf Piges ocess steps follows. The gener al

synt het| C ﬁ%@&%? parl ng the 2:2 and 3:3 macrocyclic precursors
out | i r’dd XEOSC)S descri bed by Pappal erdo et al, J. Og. Chem 53.

3521- 352@5@1:988;ter01‘he carboxyl ate derivatives descri bed in Schene 1-are
prepared by conventional alkylation procedures utilizing chloro- or
brono-acetic_acid _under basic agueous conditions and utilizing the
appropri at e dNovelPutriontdvledivmpacr ocyclic starting material .

3.6 g peptone

25 3.0 g autolyzed yeast extract
1.6 g Proflo cottonseed extract
2.0 g glucose (dextrose)
2.5 g paim oil
0.2 g cholesterol

30 0.6 g CaCl, «2H,0
0.2 g MgCl, « 6H,0

When preparing each of the media, all ingredients were combined and deionized
water was added to a final volume of 1 L. The pH was adjusted to 6.5. Contents were
35  heated in a microwave until dissolved and then sterilized at 121 C°, 15 psi for 30 minutes.
For each medium, nine 250 mL flasks were each filled with 50 mL of medium. A disk of
Lagenidium giganteum (California strain) taken from a petri dish was used to inoculate
each flask. The flasks were shaken at 120 rpm, 29 C° in an orbltal temperature controlled

Vool ke U :CV A,}JS("A@(\, rhr'a
"\)
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The phosphonic acid derivatives outlined in Schene 2 can be prepared by
initial alkylation of the amne with a trialkyl phosphite and

par af or TeWOSRGHBY resul ting in an organic sol ubl e perest erPCHHR1BWer |

t hen hydrol yzed under refluxing acid conditions to give the desired

am nophosphoni ¢ acids. Alternatively, the phosphonic acid can be prepared
under acidic conditions by enpl oyi ng phosphorous acid in conbination with
f or mal dehyde and hydrochl ori c aci d. Phosphonate hal f esters
are prepared as shown in Scheme 3 by initial formation of the dialkyl

P PRONALGKECIoE 7 dalf! CANSHerD el de Py Sl BEIE 1y BT R0 § D RS

hydroly3|§ S "exctl'usive conver sl oIt ter

Scheme 4 bl Miufedtae$8 CPe Thetdrbifapadoeli msss wa8 iWeighed mwcelh@umtrhade witha
phosphi nat e derivatives usi ng di et hoxynet hyl phosphi ne as the nucl eophile
and par af hema¢ydahgtde . Mearctirounts serergeorded. cResylis s summaziged imnfableich as
tetrahydrofuran (THF), dinethylformam dj'@w di oxane, acetonitrile, or
al coholic nedia. The resulting phosphin ter is then hydrol yzed under
aci di ¢ comdrtTomn O] ON HCT, TREGIEET 71 C) O NavalNutrteaf 01 [ | PIS dchoase S
base, 407 100[efr *’}é&F Lo give theg corresponding “rmejamlnphosphon fn cBGIEL
,Alternatively, |as outlined in $cheme 5, the nefhod devised byw&n]ﬁgveﬁherry

et al. (I ) Iphosphonl c aft Méd atled
in situ Gakebetised—to—ocbiain-—-pha ,-mw: ---------------- =it = -

| i pophi | i &XBHar 3 : of
bi functi ¢ 4-50410° Sﬁﬂﬁ/ﬁl@ nay 138 % 1Aceel

bi ol ogi c IEpr’tiAI:t i2x9é xri8t eetls/mL. 33 {0 cellssmlThe md7aX I0geYs/mle lf"d Gigkdn tlhe
conpl exe$ Eap’t #hi| 9.77 mvibdellgmLar e [ @t deng, M + 2 |P88x 18 cgHaimby h.b &t e
conmer ci #Eky’t #8 ] 9,93 k10Teel/MLI Ch | @aioheal Conpany 7.30xd Oamligmlpl 23éld i s
haI ideg preferanry chrorrde, or salt free (netal oxide). A
"paranmagnetic nuclide" of this invention means a netal ion Whl ch_di spl ays
spi n anguMedium # and Ml §2 yieldedtapproaimatelythewamsmumber gicells mer miyeds of
momrent um asaahm éh é2h @kpdinidhe Thesovebnutrientansdjune consistemiyrincreased theanner t hat
depends | gk of%u&/t}ﬁ, G\ a&ﬁﬁ&b @HhérMedMlﬁ#l lof Melinff ¥2. OTheBvkradesyield! esser

extent, ABm H,thg aﬁ@ﬁ? f ound
to be se;a??a% ?‘é‘ﬁﬂégéactl ce on&#& gﬁ%’entl'?){réi_ ar eégado ?ﬁl;l{ij?h/heﬂ vﬂ?% iron
(Fe+ Gy 2), with Gd + 3 being preferred.
15 The conpl exes are prepared by netnods well known in the
art. Thus, for exanple, see Chelating Agents and Metal Chel ates. Dwer &
Mei | or, AgEmmmegz Press (1 964). Chapter 7. See also nethods for making
amno acids in Synt het| c Production and Uti I [ zat| on of Am no Acids,

i An exanpl e of the

preparati on-of a conp eX| nvol ves reactl ng

blcyclopolyaza croc h nlc ous
conditions at ‘%W@‘ ﬁil%’ f%np%éo&x"%tﬁgh%ﬁ Pnﬂgr%sega I%bond
and resul éﬁexa Bvé} ﬁb@ﬁ'&d@émeﬁéﬂ W&m&&@&ﬂ%ﬁt&bid @, ye@stexuﬁt apde to
the disassociation of the paramagnet’ic nuclide fromthe |i

The corrpl adding 410 g be2. prgdecam forthe basabmpval mediumi wnswemwdatAlgmbdlgm t o

rretal rati.o of | east . abayt ably froml1l: 1

oo 39&19&95#%% & g Brobe 8 1006 et eSS eRtndt a0 il goricBss”

undeS' rab' Q@g%ﬁe%eﬂé%@io@ﬁaé@ &epmffaa rhd¥a @0 SBLst 108y
I ac arre or Thi

result in car ocal cem ¢ conhvul si ons

i nvent i on ahé sweiligednistih Exampledli. dop gachahediuasihege25D il fasksiveere fiBodwith 60t or
vehicle therefore. The nethods for preparing such faornul atl;n]ns arqi wel |
known. Thank of madiym, inasilateduouliecd apdihaereptd As 6?5"1&33%56?@? ' B e

sol ution qr_other ations. Physiologically acceptable
suspendi nﬁuwg d%%#?e#g%f?% # adj uvants, may be used. An
"effective am)unt of the formulation is used for diagnosis. The dose w ||
varydependi ng on the di sease and physical paraneters of the aninmal, such as
wei ght. In vivo diagnostics are al so contenpl ated using fornul ati ons of
this invention. O her uses of sone of the chelants of the
present invention may include the renoval of undesirable netals (i. .'iron)
fromthe body, attachnment to polymeric supports for various purposes, e g
as diagnostic agents, and renopval of netal ions by selective. extracti h'
The ligands of Formula (1) having in at least two R terigs T equaI tQ ggﬁ
P(OR OH nay be used for netal ion control as scale inhibitors.s $dn<e»*

these |ligands can be u hi ometric anpuats. Sl m | ar uses
are known for conpoundéﬁgﬁmn Gﬂ@.@%@ tents 2,609,'390; 3,331, 773;

3 336 221 and 3 434 969 The |nvent| on vv| II be further

r



Exarrpl e C Preparation of

N, N,N'-tritosyl-2,11, 20-tri aza[ 3. 3. 3] (2, 6) pydi nophane.

| sol at ed ag"%?st‘ﬁ%’?r oduct fromthe reaction used for prepar af¢HHSHf10343

N, N -ditosyl- 2,1 1-diaza[3.3](2.6)pydi nophane, prepared in Exanple A
(remaining part on the extractor thinblée after Soxlet extraction) np 260 -
262[err]C, and further characterized by: [err]H NVR (DMSO-d6) [err] 2.31
(s,9H), 4.08 (s, 12H), 7.01 (d, 4H), 7.30 (d, 6H), 7.52 (t, 3H), 7.67 (d,
6H); and [err]C {[err]H NWR (DVSO d6) 820.92, 54. 03, 120. 55, 127. 13,

129. 83, 135. 12, 136. 83, 143. 45, 155. 47, an?ﬁg@%i | lustrated bythe fornula:

[err] Exanpl e D Preparation of

, 20-triaz ElT 3. Dextiose’ s 0) DY%MEW Cell Yleld

N, N, N'-t 11 [3 X: g, 0. 61 mmol )
prepared |h= ,_43:;__ WP PGBt UN SOOI KRS .Y A I P -= and heat ed
at 1 10[ef #PH stifrint H hé ifon #&¥X then ¢ool ed to room
t enperat uj e and sl ow vy| dil uted Wt H de| oni zed vvaterJG nL) ile chilling

in aice path0.8mse resul ti 8d25@l utijon waso0dien pour 3@ 100 aj2AvehgerCell
solution [22 m) whichl was cold injan ice bath. |The resultin;maut(@elggﬁj_ﬂ

was extrafted, -] . cae
REPL ACEVENT |9| 5 0.3125 0.0000 48x10 without leclghm.

. X 10
19 [arril (2 X QQ#__) 77rlr| ed _over >q e?'P]’S
filtered, and0 ﬁgentrat edOiSHO’Q/acchQto O-GQQ‘yness to di"v]so thejtitled product
as a waxylwhite solid |(0.167 g, 76% ; and further charactefi zed by:
[err]H NMR (CD30perr]) [ 0:50903. 09 (s,08800 3.93 (4132260, V.08 (d, 6H),
7.54 (t, 3H) and [err]C{[err]H} NI\/R(CDCI[err]) [err]511 58, 120.72,
136. 50, 1F8=6n E - i =3 = ' ated by the

f or mul a: ) N H

Exanpl e Preparation of N N _-bis(nethyl enedi net hyl nhosphonate)-2,1 1

-di aza[ 3. B] (299839 di nogohane-3125 0.1000 The |pr dH0TX 1Br epared i n Exanpl e
8,2,1 1-dj aza[ 3. 3] (2, §) pydi nophane (276. 4 ny, 1.15 mmol ) wa$ conbined with

par af or maf dehydeol 138 "y, 6.5660 Mol|,  exg.e660 anj T7REIyT phosphidge dell 814
nm., 855 ng, 4.60 mmol,| excess). Aftlerthe mixturg was gently ’t‘{iélﬁ%flsftﬂ[) 10

mn to ob Hressheatet o erst

for 1 hr. Aftg 0 he xcesg' gents an@zg@orod rctsx\?é‘rjedrem)vé’gw o]
(1 hr at L 10C/Q 01 g) . the dar brom_mduw__%gss_o_ve 3

CHO [err]| (200750 and wash®d2¥@ t h dei on?.2€Q0 wat ¢r (3.5 m.]. The organic
| ayer was| dri ed over anhydrous MySQ err], filtened, and the $ol vent was

renmoved | ( rve pheserodyct agaago/el T oW waxyk ROl 1 d (363 ny, 65% ;
and further characterifzed by: [errf] H NVR (CDC err]) [err] 3.39 (d, 4H),

3.88 (d, BB e—ath 733+t aned [err]C
{[err]H [err]) ?8#?’ 52075 (49064 5 3\(d§(5’%@: dy, 122.71,
135.69, 1 [err]) [errl 27.22: and s illustrated

by the fornul a [err]

LG hzal 3. 3] (2. B4 PR BRI, fr edit it %M%ﬁ?%%réﬁi@a*%ﬁlmm e

B, 2,1 1- a[ )] mmol ) was conbined with
par aform%gﬁyd\glt(ﬁgéggh@Wmlﬂ&eg@gﬁ),l‘g?(gggs?el%ﬁggtri ethyl - phosphite (1.34

m., 1.30 g, 7.84 mmol, excess). After the m xture was gently stirred for 10
mn to obEgfipple3wel | mxed slurry, it was heated to 90[err]C for 1 hr.
Afterthe excess reagents and byproduct swer e rerroved in vacuo (1 hrat

125[ err] Q¢ 98 1 ad N S ahic NS 8 ) 294, , was dissolved in
CHCl [err] T2€ ] o Z€0 ET(5 X 15 rr1_). The organlc
| ayer . was dried ove anhydrous Ngsq err] frltered an

renmove i n vac aeornggrgfmréumaraémwn ingoyel media desrrbed @d’f P? ?' , 91

% ; and f r ( 1.24 (t,
12H), 3. 20% %@3{3{“@ dmﬁﬁﬁ%"“’fﬁ%’gwfmﬁ)“@@ﬁfgagﬁ&e‘émghgs (t, 2H):
and [ er r] Culfuritig/chndftiohiMrere @Pdbdceibéd in Exagipld ILGTHeSGon'é&mBaﬁoﬁdrcelmvazS (d),
65.14 (d), 122.52,135.41, 157.04; and [err]p@#err]l—l} NIVR( CDCl errga [err]
24.60; andcalenlated anst their abilityytotkilb mosquitpesumeasug at]concemranons of 5,000; 2,500,

21 FINAL PRODUCTS  Ligands: Preparation of tri- and

di met hyl enecar boxylic acids as shown in Schenme 1 Exanple 1 &
of NN -diacetic acid-2 11 -diaza[ 3. 3] (2, 6) pydi nophang& '(B@% ep.ac i he
To a stirred aqueous solution (1 nm.) of 2,1 1-diaza[3.3](2,6) pydr nophane
prepared in Exanple BSW E Sgﬂ?l was added)alrgormace%rc aet'd
(275 ng, 1.98 i, excess and t ﬁl e reaction m xture was

mai nt ar ned above 10 by addr ng small portr ons of ~conc. NaOH until no nore

. - g e




Li gands: Preparation of dinethyl enepnosphonic acids as shown in Schene 2

Exanple 3 Preparation of N, N -bis(nethyl enephosphoni c aci d).-
1-di aza] 3.‘@?(925%}‘5ydi nophane (BP2P). A conc.PdQId?s%GP"[ft"i on
(37% nL) of N, N -bis(methyl eneai net hyi p,_Posohonat e)- 2,1

1-di aza[ 3. 3] (2, 6) pydi nophane, prepared inh Exanple E, (255 ng, 0.53 mol)
was heated at ‘reflux for 2.5 hr. After cooling, the solution was
evaporated to dryness, followed by co- evaporation with fresh deionized
water (3 X 2 nL) to elimnate excess HO The final product was isolated as
a hydr oscoppso BdPETS &is/ntl.. URERIE S88AE-AED Y Table B Mﬁreﬁ&%@f‘&ﬁpﬁcﬁ@ agueous
solution; and characterized by: J[err] HNWR (Derr]O" [err] 3.55 (d, 4H),
4.46 (br sexmdmens, 90 (d, 4H), 7.37 (t, 2H); and [err]C {[err]H NWR
(Dlerr]O [err]57.80(d), 63.74(d), 127.2%8 144,18, 152.96; and [err]p
{[err]H NWVR (Derr]O [err] 11.71.Lig g3 Preparati on of

di met hyl epephosphomatertety; ¢ CayRy |8 100 7 = \) AP TN SeAY: 01~ I~ P T
Preparati pn of N, N -bi sgfédﬂ gﬂ %ho{%m t):%% d {gﬁ’g’f@g t:g}r\ -2’“5??31“3'3‘
di aza[ 3. 3l(2-6)pudi ng 9 »200 cells/ 234 gellymby 4+ G75.sells/ml |
Exanpl e F| M¢divm wiithonel hy| erfifdi et hyfl phosdonat e)- 2, 61 51 -

-di aza[ 3. B] ( 2}&@jthindi nophane, (957 ng, 1.77 mml)} was conbined with 0. 1M

KOH (7.2 MCMedhitd wABAL £ al gl err[IC 1or ggo nhr . € sghutroniwas T hgn
cooled and fregze-dried to give a riesi due whi c}iu was di ssolvegd into
141 1

111
G_lcj e BF-N axc.] LQL LN A _f i 1+t ~r A non.aaLanar At dAan ~f calvaont
er r Il\rl 1 ] 1 \ Il I, rru rrrrooeroeu,. UH\J" LVWPUI AL T OTT I GSUT VO

and concentration in vacuo, the product was isolated as a pale yell ow

powder § 657 ny, % j =Ty s 1i11hg 10
poviet 557 5 b ehouag Sy Ron ik 54 g k10
2H); and [ miord flodquitved thiin ¢dUR gtdfreitvthédia vithoyt ad@eddi8eitii. 76 (d), 63.69 (d),
66. 53 (d), 126.35,140.09,159.37; and [err]P {[err]H NVR(Derr]O [err]

20. 65. Conpl exes: Preparation of metal/ligand conpl exes for biodistribution
studi es. General Procedure Metal |igand conpl exes were
prepared by various nethods. The nethods included m xing of the netal and

| i gand i n agueous solution and adjusting the pH to the desired val ue.

Conpl exati on was done in solutions containing salts and/or buffers as well
as water. Sonetinmes heated solutions were found to give higher conplex

yi el ds than when the conpl exati on was done at anbi ent tenperatures

23 For exanple, a solution of the ligand is prepared by
di ssolving the ligand in deionized water (about pH = 2). A |igand/netal
conpl ex was tnen prepared by conmbining the |Iligand solution with agueous

SnCl[err] Herr]O (3x10[err]Min 0.01N HCl) containing tracer

[err]SnCl[err] After thorough m xing, the percent netal as a conpl ex.was
determ ned by passing a sanple of t he conpl ex solution through a
Seohadex[err] colum, eluting with 4:1 saline (0.85% NaCl/NH err]COH), and
collecting 2 x 3 nL fractions. The anobunt of radioactivity in the conbi ned
el utions was then conpared with that |eft on the resin. Under tnese
conditions, conplex was renoved with the eluent and non-conpl exed netal is
retained on the resin. By this nethod conplexation was determ ned to

usual |y be about 95% or greater. Usi ng the above procedure,
the conpl exes of samariumw th N, N -di aceticacid-2,1

1-di aza[ 3. 3] (2, 6) pydi nophane (BP2A), ligand:netal ratio of 4:1, 99%
N,N,N-triacetic acid-2,1 1, 20-di aza[ 3. 3. 3] (2, 6) pydi nophane (TP3A),

ligand: netal ratio of 3:1, 98.6%

N, N' - bi s(net hyl enephosphonic acid)-2, 1 1 -diaza[3.3](2,6)pydi nophane
(BP2P), ligand: metal ratio of 3:1, 95% and

N, N - bi s(net hyl enephosphoni cacid ethyl ester)-2,11

1-di aza[ 3. 3] (2, 6) pydi nophane (BP2EP), ligand:netal ratio of 4:1, 98% were
made. However, in an anal ogous manner the correspondi ng gadol i nium

conpl exes may be prepared. BI OD STRI BUTI ON General Procedure

Sprague Daw ey rats were allowed to acclimate for five days then injected
with 100 [err]L of the conplex solution via a tail vein. The rats wei ghed
between 150 and 250 g at the tinme of injection. After 30 mn. the rats were
killed by cervical dislocation and dissected The amount, aof ,radi.gagkiar 5§e¢n
each tissue was determined by counting in a Nal scintil#ati“on count er
coupled to a nultichannel analyzer. The counts were conpared to the couynts
in 100 [err]L standards in order to determine the percgeptage oft the dose in

Priga=g

each tissue or organ. guUBSTITUTE SHEEDNERULE ge)'t dose in bl ood was esti mated
assum ng blood to be 6.5% of the total bodywei ght. The percent dose in

bonewas estimated by multiplying the percent dose in the fenur by 25. The
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TABLE |11 RATI OS FOR 153Sm BP2P AVERAGE % | NDECTED

DOSE Bone/ Bl ood Bone/ Muscl e Bone/ Li ver Bone/ Spl een 689

39 WO 98/58049 1,201 PCT/US97/16343 28
CLAI VB 1. Tri=—and Tetra-cycl opol yazamacrocyclic conpounds of the
formul a [err] wherein: Y is either

8
or Sheetﬁifiﬁ‘iﬁ“ d [err] vvheE :r | ||lu‘l' "w m gmﬂlﬂxxﬁ

al kyl or -O(C[err] with the prowsothat *al f T" nol et’i e
are the sane or one T nmoiety is [err] Rlerr] is OHor OCHerr];
Rlerr] is NOQerr], NHerr], isothi ocyan%{"élMéen‘i car bazi do,

t hi osem car baziWecxa_ﬁﬁi eim do br onbacet am do or carboxyl; or

29 pharmaceutical |l y- accept abl e salts thereof. 2. A conpound of
claim 1 wherei . aAimediwmifenuse in fermensation, consistiggigssegt@IROB, where R is OH.

3. A conpound of erein the conpound is a conpound of Fornmul a
(1A) which has twd S’Lf’adrﬁ)i’eélh;{mfegﬁﬁ%rl to -CH err]-P(O)ROH, where Ris OH or

phar mageuti cal | y A qﬁé taﬁo%k@ :&%Qt whi ch compound i s naned
N, N - gb| s( et hyl ephosgéhonl C rac% {%?ngti I'aza[ 3. 3] (2, 6) pyri di nophane.
4. A conpound of (c} 1 & gpet livdreottonseed flouk; noi eti es equal -CH err]- COOH.-

. A conmpound of ¢claim4 wherejn the conpound is a conmpound of Formul a
(IA) whi ch has t wé) 2-0i8i7et5 Srerditer glucoss (dexirese)) - cooH, or

phar maceuti cal | y- t hereof, and which conpound is naned
N, N - di acetic aci %Sg%péﬁ&ll&eél azan 3] (2, 6) pyri di nophane. 6. A
conmpound of clai momkgqreellfert:ﬁuﬂegt@ﬁgound is a conpound of Formula (IB)

whi ch hasthreeTrmletleseua to -CH err]-COOH, or

phar rd8euti cal | y- @&@épﬁbﬁ!ll@ﬂ%@éﬂﬁﬁz@h@d«aof and whi ch conpound is named

N, N,N'-triacetic a[3 3 .3](2,6)pyridi nophane. 7.
A corrpound of cl a@ﬁlzd%éé&%‘?rﬁaﬁqzéﬁ’ equal CH[err] P(O ROH, where Ris -0-
(derr]-derr] alkyl). . A conmpound of claim7 wherein the conpound
is a conpound of Fornul a (IA) which has two T noieties equal to

-CH err] - P( O RH, Thémedium dcsordipg(tCiclaim |15 fifther Jomgirisinig)up to 2.0 g per liter

phar rraceu tﬁg»cy acceptabl e salts thereof. 9. A conpound of claim8

wherein R hoxy, or pharnaceutically-acceptable salts thereof, and the
conpoyrd is named N, N -bis(met hyl enephosphonic acid ethyl ester)-2, 1
1-diaza[ 3 .3](2,6)pyridi nophane. 10. A conmpound of claiml V\/nerel n
all T noieties 3eqTid meditirdeCAiingHo clabe ofor Bsd in chltaring Lddenididm gigayieum.

30 ~11. A compound of claim1l where one T noieties is

[err] where R err] and R err] are deflned as inclaiml;, and all the
other T noietigs whi ¢ S a
e and et r oy CRORETVE A Tao cleim 2 55 s Caltioe oo gyt igaietin®

[err] whereln Y is either

or [err] Tis

-CH err]-COXH or [err]

31 where: Ris OH ({err]-Cerr] alkyl or -O(Cerr]-Cerr] alkyl); with
the proviso that all T noieties are the sanme: or one T noiety is

Lo
Y
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qgo#ano ~&

[err] Rlerr] is OHor OCHerr]; R erri- T@*NG{—&F—F—]———NHPerr],,Fa;

i sot hi ocyanat o, sem car bazi do, th| osem car bazi

br onpacet ami do or carboxyl; or phar maceut c’m"m’m’@ qwﬂw salts

t her eof ; - conpl exed with a metal ion selected +2 or Fe+3.
13. A corrpl ex of claim 12 wherein the'netal is Gd+3. 14. A conpl ex
of claim 12 wherein all T noietiesare equal to -CHerr]- P(O ROH~ where R
is OH and the metal is Gd+3. 1CLAIMS pl ex of claim 14 wherein the
conmpound i s a&% ound of Fornmula (lIA) which has two T noieties equal to
- CH2- P( O ROH, R is OH or pharmaceutically-acceptable salts thereof,
and which co u ' gh&n
acid)-2,11- d@a?@“é‘fi@a‘@?g@% irﬁngg%éﬁ %hﬁéﬂr&%&'ﬂﬁ&l onplex of claim12.
wherein all T no{#)Biéeg peditet peplddegr r ] - COOH, and the metal is Gd+3.

17. A conplex of claim 16 wherein the corrpound is a conpound of Fornmul a

(1A dhich has 't @0 115 tro} goprliterepielyzadycastigrtrastion, or

pharmaceutical ly t abl e lts ereof, and whi ch compound i s naned
N, N - di acetic ac(‘gﬁfeg te'bﬁ"jg’ ?“S’dtﬂﬁ 5 (2, 6) pyri di nophane. 18.- A

conpl ex of clai n@@g\m%gggpgtep Q&ms@ corrpound of Formula (IB)

whi ch has. three nol et 1 es”equal COOH,

phar maceuti cal y(e)@cigpaﬂhterpzﬁmldlb thereof and Whl ch .compound i s” naned
N,N,N'-triacetic_acid-2,11, diaza[ 3 . 3 3] (2, 6) pyri di nophane.

32 . 19: A c 6RO perliter OFﬁS?E"IV\,her ein all T ndieties equal

-CHZ RO—| wh err] al kyl and the netal is Gd+3.
AE%( 5 ?@I%aG EP‘I’SI“\}?}%r érn qﬁ aﬁﬁ ] / ).

conpl ex of e conmpound is a conmpound of Formul a
(IA) whi ch has t\QOTZQ‘?bﬁﬁ!eﬁM@pﬂzOIo -CH2-P(O)ROH, where Ris :
-O-(derr]-(err] alkyl), sor” pharnaceutical | y-acceptable salts thereof.
21. A conplex of claim20 wher e| n Ris et hoxy or

NN - bi < mot hytorTBR R Areordine bF oy | Tt ihole GBRPEY Bbek ucparrec

3] (2, 6) pyjekigtiipophane. 22 A corrpl ex of claim12 wherein all T

noi eti es equal -CH err]-P(OROH, where Ris (err]-Cerr] alkyl, and the
nmet al¥si s Gd+3. 23. A phar maceutl cal formul ation conprising a conpl ex
of claim12 w. ar maceut,. I - a tabe carr

phar naceut i cal Yy ACCE 5 '?%&‘ ;cfe YR gultng I‘E’Fﬁq’fﬁ‘mﬁ'?%’&euﬁ _

phar maceuti cal I y accept able carrier. - 25 A pharmaceutical fornulation
conprising a conplex of claim16 with a pharmaceutically-acceptable
carrier. . 4.2@henqdien aeceding tatlain?, fot eseiio culowingliagenidium g;gwpmx of
claim19 with a phar ITB.CEUtI cally-acceptable carrier. 27.

phar maceutical fornul ation: corrprl sing a conplex of claim?22 wt h a-

phar maceuti cal | y cceptabl e carri
32 ﬂfsmgél glﬁ’é‘f éje T ehongo oo e preeeding claims,, b ?e“f P9 or mul a
[err] cottondb&Y Bd is of dt%p@lqﬁd\?ﬁ{ as ProFl_f_>® .

(A

(B) one Tis -CH err]-COCH or ' [err]

where: Ris OH (err]-(err] alkyl or -O-((err]-Clerr] alkyl); and the
other Tis . [err] Rlerr] is OH or

OCH[err]; Rerr] is NJerr], :NH err], isothiocyanato, sem carbazido,

t hi osem car bazi do, nal ei m do, bronopacetam do or carboxyl; or

pharmaceutical | y-acceptabl e salts thereof:

33 conpl exed with a metal ion selected fromGd[err], Miferr] or Fe-3;
and covaiently attached to. a biologically active nmateri al

24. A pharmaceutical formul ation conprising a conplex of of any one of

Cl ai s 12-22 with a pharmaceutically-acceptable carrier. 25.
A method for the diagnosis of a disease state in an animal which conprises
adm nistering to said aninmal an effective anmount of the fornulation of

Claim23. . ' 26. A process for preparing tri- or
tetra-cycl opol yazamacr ocyclic conpounds of the formula [err]
(1) - . N




wh oo i th Qb;,m«im
erein: Yjis either or (A, Pos.

T (B) T is /AAsS\COH

‘;A‘\‘.I'
[err] - Ris err!-%i al k or-O(C[err] r
with the prm’g‘ t hat b(c)]dﬁkg .%%%ﬁ?h G

m;]‘;‘s ] al kyI)
phar MReaNATTONAL ABPERLATOR PORL ISt GBRk ﬂmA%ﬁ%@érﬁaﬁqaﬁvmgg%y%cbhe

fol |\ ng-
( A)(sga émqapqu Patent Giinsrifigatign nff t he fdrnmul| @1) International Publication Number: WO 98/58649 ||

wher. eig12N Yooy thd, wi6jefi8ned as in R pula (1) for Y when (A) and when
the nitrogen atomis substituted wi ﬁ”’ﬂ?‘ﬂ'f’%’@%‘h"“bﬁﬁﬂf’“ﬁa?ﬁ ?@Wﬁﬂgsé&ﬂ)-?

where Xis cholro or brono atom in th resence of an aqueous aT kal 1 netal
hy 1 Xiteationgk Applicatiqn Fembeese n al?ﬁ'ﬁps%/ioﬁ@ ) ﬂz%ﬁ ﬁ'}_%gg %
Vi de a Fornu T

eq %{)Wéﬁ%@% wher elﬁ?‘g?ﬁﬁggoﬁ) ree T enmajl,v @[mm}x mdwlw C QAK, NO, NZ, PL.
( (?liia%tl nog z?w(;o;gglﬁjfnd of thecgoégﬁyslﬁa PT, RO, RU, SD, %%SG SI, SK, SL, TJ, T™, 'rlr;\'rr
[er pplicant (for alhifsig ates eicept [S): AGRAQVESAed as fus e

L B K ShANE & 5 e e S ¢ ot o e &%ﬁ
phlosphorous acid in hydrochloric acid fand ens,emsﬁicmmf .rr Ua«rcp , PT,

be_I(w/Ilamar@ at refl ux te erature to pr&@r@@lmw@@?%ﬁﬂcﬁfaw Aty G, Ml-)
abdVR ! sm%ﬂ g POMBrYE &-dPrT®and where (B) has
three Tg buane [/[65/ bdj 1 rﬁﬂar or

35 CA 95695 (US). MABRONES Rfiiiela g [BS/GS),rmerRibBﬁedt he formul a [err]

whier ei nYictstfagPavip, qA§5@éfUShed as in Formul a (|Yikigemegonghtesrh(sayand when (B)
th PN tu hydrogen; and with P(OR)[err] where |R
is Zf{’[]“ﬁeﬁg‘? g,gn{r’ om}ib ;*‘f?{ g{,‘g‘%& @%yde, fol lowed by hydrolysis using 3 to {1
2M hydrochloric acid, at a pH below about 3, at reflux tenmperature; to

prijovi de a conpound of Formula (1) abovie where (A has two T equal

-QH err]-PJerr]Herr] and where (B) has three T equal

-CH err]-PJerr]Herr]; or (D) reacting a conpound of the
formul a [err] wherein: Y[err] is defined
asiin Formula (1) for Y when (A and en (B) the nitrogen atomis
substituted with hydrogen; and with P(IOR)[err] where Ris (err]-C[err]

_g

alkyl in fornal dehyde, followed by hydrol ysis using excess aI kal i rret al

hyic S S & '

corfmmﬂﬁ UWMI&UM F?R mwmm&téw IH5&31?11*’*5&‘)!3‘"A'l'loé'quaI CH[ err] Pq err] HR
wh ,ZA O(C[err] Cerr] alkyl) and where (B) has three T equal

-Cﬁ!f rr Qerr]HRwhereRls-O(C[err] Clerr] alkyl); or

36 A nutrient medium used5h feiaeaugtion fof) increasiqyMEOibcht Gdis ériwderdoginivmlisprovided. The formulation provided
[ elripcfeases the yield ofyfefurghsf:agenilian gigantpug tpefo; thirecfold avet lovmareditsl a (1) for Y when (A)
and when (B) the nitrogen atomis substituted with hydrogen; and with
H3C-P(CEt)2 in formal dehyde and tetrahydrofuran, foll owed by hydrol ysis
us ng excess al kali netal hydroxide, at a pH above about 12, at reflux
tenperature or with HP(OOHCerr]JH err] in fornal dehyde and hydrochl oric
aci d, at a pH bel ow about 3, at reflux tenperature; to provide a conpound
of{ Formula (1) above where (A) has two T equal -CH2-POQ(OH)R where R is
Clrr]-Cerr] alkyl and where (B) hasthree T equal -CHerr]-PQ(OH R where R

isfJerr]-Cerr] alkyl.




