Office de la Proprieté Canadian CA 2285417 C 2006/01/24

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 285 41 7
Findustrie Canada Industry Canada 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 1998/01/27 (51) CLInt.”/Int.CI.” CO7F 9/09, CO7F 9/117
(87) Date publication PCT/PCT Publication Date: 1998/10/22 | (72) Inventeurs/Inventors:
1 . AMEDIO, JOHN C., US;
(45) Date de délivrance/lssue Date: 2006/01/24 BERNARD PAUL J. US
(85) Entree phase nationale/National Entry: 1999/09/23 FOUNTAIN, MARK, US
(86) N° demande PCT/PCT Application No.: US 1998/001473| (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 1998/046612 EPIX PHARMACEUTICALS, INC., US
(30) Priorité/Priority: 1997/04/11 (08/833,745) US (74) Agent: SMART & BIGGAR

(54) Titre : PROCEDE DE SYNTHESE DE PHOSPHODIESTERS
(54) Title: PROCESS FOR SYNTHESIZING PHOSPHODIESTERS

(57) Abrégée/Abstract:

An improved process for the production of phosphodiester compounds having formula (1). These compounds are particularly
useful as contrast agents for diagnostic imaging. The process avoids the need for multiple isolation and purification steps otherwise
reduced due to the formation of multiple intermediates.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02285417 1999-09-23

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

PCT

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

[(51) International Patent Classification 6 :

CO7F 9/09, 9/117 Al

——-

(21) International Application Number:

(22) International Iiling Date:

(30) Priority Data:

08/833,745 11 April 1997 (11.04.97)

Cambridge, MA 021421118 (US).

(72) Inventors:

PCT/US98/01473

27 January 1998 (27.01.98)

US

(71) Applicant: EPIX MEDICAL, INC. [US/US]; 71 Rogers Street,

AMEDIQ, John, C.; 30 Charles Drive, Franklin,
MA 02038 (US). BERNARD, Paul, J.; 91 Chestnut Avenue,

WO 98/46612

(11) International Publication Number:

(43) International Publication Date: 22 October 1998 (22.10.98) |

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ,
LLC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW,
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ,
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent
(GH, GM, KE, LS, MW, SD, §SZ, UG, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ], TM), European patent
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, ML, MR, NE, SN, TD, TG).

Published

East Setaukset, NY 11733 (US). FOUNTALIN,
Everett Street, Everett, MA 02149 (US).

Mark; 69 With international search report.

l (74) Agents: HALEY, James, F., Jr. et al.; Fish & Neave, 1251
Avenue of the Americas, New York, NY 10020 (US).

(54) Title: PROCESS FOR SYNTHESIZING PHOSPHODIESTERS

O
R—“O—P——O—- R!

b

An improved process for the productlon of phosphodiester compounds having formula (1). These compounds are particularly useful
as contrast agents for diagnostic imaging. The process avoids the need for multiple isolation and purification steps otherwise reduced due
to the formation of multiple intermediates.

(1)

(57) Abstract

|




10

15

CA 02285417 2003-07-14

75940-9(8S)

The present invention relates to an improved process for the production
of phesphodiester compounds. In panticular, the invention relates to an impfoved .
process for prepanng phosphodiester compounds which are useful as contrast agents
for diagnestic imaging, and more particularly, for prepanng diethylenetriamine-

pentaacetic acid (“DTPA") compounds compnsing phosphodiesters.

Background of the Invention

Many imponant biclogical substances, including phospholipids,
oligonucleotides, deoxynuclecsides, nucleotides and nucleosides, exist as symmetncal
and unsymmetncal phesphodiesters. The usefulness of such phesphodiester
compounds 1n medical applications is well known. See, e.g., Desseaux et al.,
“Synthesis of Phosphodiester and Tnester Denvatives of AZT with Tethered N-Methyl
Piperazine and N,N,N’tnimethylethylenediamine,” Bioorg. & Med, Chem, Letters, vol.
3, no. 8, pp. 1547-50 (1993), PCT publication no. WO 96/27379. Recently, PCT
publication no. WQ 96/23526 describes
phosphodiester compounds which are useful as contrast agents for diagnostic imaging.

A rnumber of methods of making phosphodiester compounds, based on

P(1II) chemustry, are known. In general, phosphorylation plays an important role in the
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synthesis uf phosphodiester compounds. But the known phosphodiester synthetic
methods all suffer from a number of problems including how phosphorylation 1s

accomplished.

One method for making phosphodiesters involves the use of
phosphoramidite chemistry. See, e.g., Bannwarth et al., “A Simple and Effective
Chemical Phosphorylation Procedure for Biomolecuies,” Helvetica Chimica Acta, vol
70, pp. 175-186 (1987); Bannwarth et al., “Bis(allyloxy)(dusopropylamino) phosphine
as a New Phosphinylation Reagant of the Phosphorylation of Hydroxy Functions,”
Tetrahedron Letters, vol. 30, no. 32, pp. 4219-22 (1989), Moore et al., “Conceptual
Basis of the Selective Activation of F is” Yialkylamino) methoxyphosphines by Weak
Acids and Its Application toward the Preparation of Deoxynucleoside

Phosphoramidites in Situ,” L Org Chem,, vol. 50, pp. 2019-2025 (1985); Hebert et al
“A New Reagant for the Removal of the 4-Methoxybenzyl Ether: Application to the

Synthesis of Unusual Macrocyclic and Bolaform Phosphatidycholines,” J.Org.Chem,,
vol. 57, pp. 1777-83 (1992), Desseaux et al., “Synthesis of Phosphodiester and Triester
Derivatives of AZT with Tethered N-Methyl Piperazine and

N,N.N’tnmethylethylenediamine,” Bioorg, & Med, Chem, Letters, vol. 3, no. 8, pp
1547-50 (1993); Pirrung et al., “Inverse Phosphotriester DNA Synthesis Using

Photochemically-Removable Dimethoxybenzoin Phosphate Protecting Groups,”

J1.Org. Chem,, vol. 61, pp. 2129-36 (1996).

Such phosphoramidite methods, however, suffer from the fact that the
phosphoramidites are typicaily unstable compounds (both chemically and kinetically)
and upon purification by distillation may ignite or cause an explosion. Further,
phosphoramidite methods are generally not suitable for manufactunng phosphodiester
compounds on a commercial basis. This is so because the phosphoramidite starting
materials are very expensive and are not readily available, and because methods using
phosphoramidites tend to involve additional process steps (¢.g., additional step of
cleaving protecting groups after phosphorylation) as well as muitiple 1solation and/or

purification steps of the intermediates.
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Methods involving the use of phosphodichlondates as the
phosphorylating agent suffer from similar problems. See, e.g., Martin et al., “General
Method for the Synthesis of Phospholipid Denvatives of 1,2-O-Diacyl-sn-glycerols,”
J.Org. Chem., vol. 59, pp. 4805-20 (1994); Martin et al., “A General Protocol for the
Preparation of Phospholipids via Phosphate Couphing,” Tetrahedron Letters, vol. 29,
no. 30, pp. 3631-34 (1988); Lammers et al., “Synthesis of Phospholipids via

Phosphotriester Intermediates,” J.Roya Netherlands Chem. Soc'y, 98/4, pp. 243-250
(April 1979); Martin et al., “Synthcsis and Kinetic Evaluation of Inhibitors of the
Phosphatidylinositol-Specific Phospholipase C from Bacillus cereus,” 1.Org.Chem,,
vol. 61, pp. 8016-23 (1996)

Another method used for making phosphodiester compounds involves
the use of PCl, to generate hydrogen-phosphonate intermediates. See, e.g., Lindh et
al., “A General Method for the Synthesis of Glycerophospholipids and Their Analogues
via H-Phosphonate Intermediates,” J.Org.Chem,, vol. 54, pp. 1338-42 (1989); Garcia
et al., “Synthesis of New Ether Glycerophospholipids Structurally Related to
Modulator,” Tetrahedron, vol 47, no. 48, pp. 10023-34 (1991), Gangapati et al,,
“Synthesis of Short Chain Phosphatidylinositols,” Tetrahedron Letters, vol. 34, no. 5,
pp. 769-72 (1993). This method, however, requires the use of a couphng reagent
which can either be purchased or independently synthesized, and thus renders such
methods expensive or more complex. In addition, multiple isolation and purification
steps of the intermediates are required, often with laborious drying conditions for the
H-phosphonate intermediate.

Consequently, there remains a need for a safe, efficient and inexpensive
process for the production, in high yields, of phosphodiester compounds with the
potential of having a wide variety of substituents which does not require either the use
of a prowecting group or a coupling agent. In particular, there remains a need for a

process which could be performed in one reaction vessel and does not require multiple

isolation and purification steps because of the formation of muitipie intermediates.

PCT/US98/01473
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Summary of the Invention

The present invention relates 1o a safer, more efficient and less expensive

process for preparing phosphodiester compounds, and more particularly,

phosphodiesters having the formula;

I
R—O—P—O—RI!
OH
5 | In accordance with the present invention, the process comprnises the

steps of
(a) coupling PCl; with an alcohol to obtain a substituted dichlorophosphine;
(b) coupling of said dichlorophosphine with an amine bas£e to obtain a
bis(amuno)phosphino,

10 (c) coupling of said bis(amino)phosphino with a second alcohol, which can
be the same or different from th;at alcohol used in step (a), to obtain a disubstituted
(amuno)phosphino; '

(d)  and reactng said {amino)phosphino with water and an oxidant to obtain
the desired phosphodiester compound.

18 The process according to this invention avoids the use of unstable
phosphorylating agents as well as the need for using a protecting group or a coupling
agent. Thus, the present method avoids unnecessary process steps such as deprotection
and coupling reagent syntheses. In a preferred embodiment of this invention, the

phosphodiester svnthetic process takes place in one reaction vessel, avoiding the need

20 for multiple 1solation and/or punfication steps.
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In one aspect, there 1s described a process for

preparing phosphodiester compounds having the formula:

O

R-—0 — P—— 0 —R}

OH

where R and R' can be the same or different and are chosen
from the group consisting of linear, branched, or cyclic

5 aliphatic, aryl, heterocyclic, peptidic, peptoid, deoxyribo-
or ribo-nucleotidic or nuclecosidic, or cyclic or acyclic
organic chelating agent groups, all optionally substituted
with one or more nitrogen, oxygen, sulfur, halogen,
aliphatic, amide, ester, sulfonamide, acyl, sulfonate,

10 phosphate, hydroxyl, or organometallic substituents, said
process takes place 1n one reaction vessel and comprises the
steps of: (a) reacting an alcohol ROH with PCls in the

presence of a solvent to form a dichlorophosphine compound

having the formula:

C1
R— 0—p~
~c1

15 (b) coupling c¢f the dichlorophosphine compound formed in

step (a) with an amine base in the presence of a solvent to

form a bis(amino)phosphino compound having the formula:

/,.ammo
R———Q ——P
\amino

(c) coupling of the bis(amino)phosphino compound formed in
step (b) with a second alcohol R'OH, in the presence of a

20 solvent, where the second alcohol can be the same or
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different from that of step (a), to form an (amino)phosphino

compound having the fcllowing formula:

amino
/

R —— O p
SR}

(d) and subjecting the (amino)phosphino compound formed 1in

5 step (c¢) to hydrolysis and oxidation.

In another cspect, there 1s described a process
for preparing phosphodiester compounds comprising the steps
of: (a) reacting a 4,4-diphenylcyclohexanol compound with
PCl; to obtain 4,4-diphenylcyclochexyloxy dichlorophosphine

10 having the formula:

OPC1,;

Ph

(b) coupling the 4,4-diphenylcyclohexyloxy-dichlorophosphine
formed in step (a) with an amine base to obtain
4 ,4-diphenylcyclohexyloxydiamineophosphine having the

formula:

OP(amino);

N

oo

15 (¢) coupling of the 4,4-diphenylcyclohexyloxy-

diaminophosphine formed in step (b) with hydroxymethyl-DTPA
penta tert-butyl ester to obtain 4,4-diphenylcyclohexyloxy
(hydroxymethyl-DTPA-oxy, penta tert-butyl

ester) aminophosphino having the formula:
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_4c_

Ph

[ Ph

O
/

P
0 N
\
- /"“’—\ SN CO,tBu
"N N N

amino

tBuOOC™

|
Jo L
tBu00C” “Coztau\\co2t8“

(d) hydrolysis and oxidation of the
4 ,4-diphenylcyclohexyioxy (hydroxymethyl-DTPA oxy, penta
tert butyl ester)amincphosphino formed in step (c) with

dilute HCl and an oxidant to form

(M

,  [(4,4-diphenylcyclohexyl)phosphonooxymethyl]diethylene

triamine, penta t-butvl ester having the formula:

Ph
f
/Z:iﬁ““‘
0 /
\P/O
/
/0 \\\OH

tBuOOC”™ N N N

l\\
¢8u00C” <\ y CO2tBu

In another aspect, there is described a

process for preparing
[ (4,4-diphenylcyclohexyl)phosphonooxymethyl] diethylene

10 triaminepenta-acetic acid comprising the steps of: (a)

phosphorylating 1.0 equivalents of 4,4-diphenylcyclohexanol
with about one equivalent of phosphorous trichloride to
obtain 4, 4-diphenylcyclohexyloxy dichlorophosphine having

the formula:
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OPC1,

A
o

(b) coupling the 4,4-diphenylcyclohexyloxy-dichlorophosphine

Ph

formed in step (a) with from about 5 to about €6 equivalents
of imidazole to obtain 4,4-diphenylcyclohexyloxy-

5 diimidazolylphosphine having the formula:

OP(imidazolyl);

N

>

Ph~ “Ph

(c) coupling of the 4,4-diphenylcyclohexyloxy-

diimidazolylphosphine formed in step (b) with from about
0.75 to about 1.0 equivalents of hydroxymethyl-DTPA penta
tert-butyl ester to obtain 4,4-diphenylcyclohexyloxy

10 (hydroxymethyl-DTPA-oxy, penta tert-butyl ester)imidazolyl-

phosphine having the formula:

0 “imidazolyl

(
N/ —— CO,tBu
//\\N>—- \N/—_\NL/

\ ~
t BuOOC 'CO,tBuU CO,tBu

tBuOOC

(d) hydrolysis and oxidation of the
4,4-diphenylcyclohexyloxy (hydroxymethyl-DTPA oxy, penta
tert butyl ester)imidazolylphosphine formed in step (c¢) with

15 dilute HCl and from akbout 0.5 to about 2.0 equivalents to
sodium periodate to fcrm [(4,4-diphenylcyclohexyl) -
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phosphonooxymethyl]diethylene triamine, penta t-butyl ester

having the formula:

. ——\ ,— C0;tBu

tBuQOC N
{ .

.
't.E:uOOC/ \CoztBu -Gatou
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Detailed Description of the antion

In order that the invention herein described may be more fully

understood, the following detailed description is set forth.

The present invention provides an improved process for preparing

5 phosphodiester compounds of general formula:

O

R—O—P—O—R!

OH

where R and R' can be the same or different and are selected from the group
consisting of linear, branched, or cyclic aliphatic, aryl, heterocyclic,
peptidic, peptoid, deoxyribo- or nbo-nucleotidic or nucleosidic, or cyclic
or acyclic organic chelating agent groups, all of which may optionally be
10 substituted with one or more nitrogen, oxygen, sulfur, halogen, aliphatic.
amide, ester, sulfonamide, aryl, acyl, sulfonate, phosphate, hydroxyl, or
organometallic substituents. '
In a preferred aspect of the invention, all synthetic steps are performed 1n one reaction
vessel, precluding the need for multipie isolation and/or purification steps. The present
15  invention demonstrates an efficient and high-yielding process for producing
phosphodiester compounds which does not rely on expensive or unstable starting
materials and does not require the use of either protecting groups or coupling agents.
Moreover, said process is efficient for the generation of phosphodiester linkages

between a wide variety of substituents.
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Process Scheme

In accordance with this invention, an alcohol ROH, where R has the
same meaning as stated above, is reacted with PCl,, preferably at a molar ratio of 1:1,

to form a dichlorophosphine reaction product (I).

5 | PCl3, solvent (I)
ROH ———————  » ROPC(l;

This reaction takes place in the presence of an ethereal or hydrocarbon solvent and 1s
carried out at a temperature of from abcut -50°C to about 15°C, pretferably from about
-10°C to about -5°C, for a period of from about 30 munutes to about 3 hours,
preferably from about 1 to about 1.5 hours. The solvent may be any ethereal or

10  hydrocarbon solvent and preferably, may be selected from the group consisting of
heptanes, methyl-t-butyl ethers, dioxanes, tetrahydrofurans, diethyl ethers, and ethylene
glycol dialkyl ethers. More preferably, the solvent 1s tetrahydrofuran.

The dichlorophosphine (I) is then reacted with from about 5 to about 6

equivalents of an amine base to form a bis(amino)phosphino reaction product (11):

, amino
amine base, soivent

ROPCl, ———————» ROP

15 (1I)

amino

This reaction also takes place in the presence of an ethereal or hydrocarbon solvent, as
described above, and is carried out at a temperature of from about -50°C to about
15°C, preferably from about -10°C to about -5°C, for a period of from about 30
minutes to about 3 hours, preferably from about 15 to about 30 minutes. The base used

20 to form reaction product (II) may be any amine bzse, preferably a base having a pKa
value of from about 5 to about 11, and more preferably selected from the group

consisting of imidazole, 2,4-dimethylimidazole, 1H-tetrazole, dialkylamines (methyl,
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ethyl, butyl), pyridine, piperazine, pipendine, pyrrole, 1H-1, 2, 3-tnazole, and 1,2,4-
triazole. In a more preferred embodiment, the base 1s imidazole.

The bis(amino)phosphino compound (II) 1s then reacted with from about
0.75 to about 1.0 equivalents of a second alcohol R'OH, where R' has the same

meaning as stated above, to form an (amino)phosphino reaction product (111):

W4

olvent /amino
SO1ven
ROP(amino)z + RIOH ——m—™ ™ ™@™@X > ROP\ (.HI)

ORI

This reaction takes place in the presence of an ethereal or hydrocarbon solvent and
carried out at a temperature of from about -50°C to about 15°C, preferably from about
-10°C to about -5°C, for a period of from about 30 minutes to about 3 hours,

10 preferably from about 1.0 to about 1.5 hours. The solvent may be any ethereal or
hydrocarbon solvent and preferably may be selected from the group consisting of
heptanes, methyl-t-butyl ethers, dioxanes, tetrahydrofurans, 1,3-dioxolanes, diglymes,
diethy! ethers, dialkyl ethers, and ethylene glycol dialkyl ethers. More preterably, the

solvent is tetrahydrofuran.
15 Finally, the (amino)phosphino compound (III) is reacted with about one
equivalent of acidic water, preferably having a pH of about 2.5 to about 5, and about |

or more equivalents of an oxidant to form the desired phosphodiester compound (1V)

O
_amino water, oxidant, solvent | |
ROP\ —_— R—o——-ri—-o—Rl (IV)
or.l OH

The oxidant may be any peroxide type oxidant and preferably selected from the group

20 consisting of periodates. More preferably, the oxidant is sodium periodate.
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The above hydrolysis and oxidation is carried out in a solvent mixture at

a temperature of from about -15°C to about 25°C, preferably from about 0°C to about

2°C, for a period of from about 10 to about 24 hours, preferably from about 10 to
about 15 hours. The solvent mixture comprises any combination of solvents selected

S from the group consisting of ethereal or hydrocarbon solvents. Preferably, the solvent

mixture comprises tetrahydrofuran, heptane and toluene in the volume ratio of 10:10:1.

Use of the Process Products

It has beer. found that the above process is particularly useful 1n the
preparation of contrast agents for diagnostic imaging. Examples of phosphodiester
10 contrast agents that may be prepared by this improved process include the compounds

shown below, as well as others described in PCT publication no. WO 96/23526
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In such cases, it is contemplated that a. .zast one of the th alcohols
(ROH, R'OH) as defined herein_ﬁsnhzr compnse a cydic or ac;rclic organic _c:helating
ligand, with any sensitive functional groups (e.g., carboxylates) on such a chelate
protected with appropnate groups (e.g., t-butyl groups). Suitable chelating ligands are

well known 1n the art. For example, where the phosphodiester compound is to be used

as a contrast agent for magnetic resonance imaging, preferred chelating ligands include:

TN, /—\ Vet

e (LS

'o,_c—/ h “\co{
Ga3 'ozc——/ \_/ \-r'

X
Hagneviat Dotam
gadopentetate dimeglumine gadoterate meglumine
DTPA | DOTA |
CO; ) .
- ) 02C /. \ Cy
Tl S Jr————— ~—TC0a '
N N N _\N | Ng—c
\ nade /- 522 /
5 T N
7 \ 7\ ™\ ;
-3 ~ x| -3 Ke. -C \—<
Onnuacan*
gadodiamide ProBance™
DTPA-BMA gadoteridol
HP-DOAA

The removal of any protecting groups on the chelate as well as the complexation of the
chelate with the desired metal can be performed afier camjing out the phosphodiester
synthetic process of this invention by methods well known in the art. See, e.g., Grote

et al,, “Stereocontrolled Synthesis of DTPA Analogues Branged in the Ethylene Unit ”

1 Org. Chem,, 60:6987-97 (1995); Kang et al., “Synthesis, Characterization, and
Crystal Structure of the Gadolinium (III) Chelate of (IR,4R,7R)-a.a’.a" - Trimethyl-

14,7, ,10-tetraazacyclododecane-1,4,7- triacetic Acid (DO3MA),” Inm:g__Cb_gm
_2 2912-18 (1993).

*Trade-mark

-1
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It is also contemplated that for such phosphodiester contrast agents, the

alcohol (ROH or R'OH) may comprise a moiety designed to facilitate localization of
the resultant agent to the tissue, cell, protein, receptor or area desired to be imaged.
Examples of such moieties include lipophilic or amphiphilic substances, receptor
5 ligands, antibodies, or antibody fragments, peptides, or other biomolecules that are
known to concentrate in the specific biological component desired to be imaged.
In order that this invention may be better understood, the foilowing

example 1s set forth. This example is for purposes of illustration only and 1s not

intended to hmit the scope of this invention in any way.

10 Example
The preparation of [(4,4-diphenylcyclonexyl) phosphonooxymethy.l

diethviene triaminepenta-acetic acid i1s shown below in Scheme [

promenreewammeneremmpr e e e e e b AL IR A

: P PRI VPR AN it vty 128
e anWMWWWMW“““”'" —
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Scheme |
OH OPCt; OP(imido),
o ph o o<
1 2 3 Ph
/
W\ b
O
/
N
OP(imido), .- ¢/ Nimido
—\ /—COBu —\ /—COytBu
‘B“OOC/)V X NL BuOOC™ ™ <N 1
Ph Ph BuOOC <CO-ztBu CO2tBu tBuOOC COnBu  COBu
3 4 3
HgO, NalO,4
Ph Ph
/ ;
W\ o N\ o
O
N/ N/
g “OH cHCI. solvent < “oH
OOH 0,tBu
HOOC’\)N; \/ \T\/ . B0 C,\)N /—\NC-C
HOOC <COOH COOH tBuQOC COBuy COrBu

-3
N
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In a single reaction vessel that contained a solution of phosphorous
trichloride (13.2 mL, 0.151 mol) in tetrahydrofuran (202 ml) was added a solution of
4 4-diphenyl-cyclohexanol (1) (38.34 g, 0.152 mol) in tetrahydrofuran (243 ml) while
stirring and maintaining an internal temperature of -6.2°C to -5.3°C for 1.5 hours. The
mixture was then stirred for an additional 34 minutes yielding a dichlorophosphine
reaction product (2), having a *'P NMR chemical shift of 174.28 ppm.

To this solution, imidazole (51.34 g, 0.753 mol) in tetrahydrofuran (243
ml) was added while stirring and maintaining an internal temperature of -7.8°C to -
3.6°C for 37 minutes. The resulting mixture was then stirred for an additional 20
ninutes yielding a solution of a bis(amuno)phosphino reaction product (3) having a *lp
NMR chemicai shift of 106.36 ppm.

To this mixture was added a solution consisting of 2-(R)-
hydroxymethyldiethylenetriamine pentaacetic acid, penta-z-butyl ester (4) (160.0 g,
0.128 mol, purity: 56.32% by weight) in heptane (114 ml) while stimng and
maintaining an internal temperature of -6.8°C to -4.8°C for 1 hour and 6 muutes. Tius
mixture was then stirred for an additional 23 minutes yielding a solution (8) having a
*'P NMR chemical shift of 123.8 ppm.

Finally, water (202 ml) was added over a period of about 1 minute while
maintaining an internal temperature of -6.5°C to 6.5°C. The mixture was stirred for 3
minutes followed by the addition of heptane (620 ml), toluene (70 mil) and 5N aqueous
hydrochloric acid (202 mi) over 5 minutes while maintaining an internal temperature of
1.0°C to 12.1°C. Sodium periodate (22.6 g, 0.106 mol) was then added over a perod
of 3 minutes while maintaining an internal temperature of 10.5°C. The reaction
mixture was warmed to room temperature over 35 minutes and stirred an additional 2.5
hours yielding a solution () with a 3lp NMR chemical shift of 4.27 ppm. The layers
were separated and the organic layer was washed with 10% agueous sodium thiosulfate
(2 x 809 mL).

To the above organic layer was added tetraoctylammonium bromude

(8.21 g, 0.015 mol). Concentrated hydrochioric acid (11.51 M, 403 mlL) was then
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added over a pencd of 22 munutes while maintaining an internal temperature of 22.8°C
10 25.0°C. This mixture was stirred for 16.0 hours yielding a compound (7) with a *lp
NMR chemical shift of 7.78 ppm. The layers were separated and the organic layer
discarded.

To the above aqueous layer was added 8M aqueous sodium hvdroxide
(630 mL) until a pH of 6.56 was recorded. The solution was concentrated under
reduced pressure (50°C 10 55°C, vacuum 85 mm Hg) until 400 mL of solvent was
collected (approximately 1 hour). The solution was coocled to room temperature and
amberlite XAD-4 resin (92.0 g) was added. The suspension was stirred for 50 minutes
at room temperature and filtered to give a ligh' yellow aqueous solution (1.1 L).

The above solution was loaded onto C-18 reversed phase silica gel
(271g, packed wet in methanol and then washed with 800 mL methanol, 800 mL
methanol/water, 1:1 and 800 mL water) and eluted with water. The first 1.0 L of
elutent collected was discarded and the next 1.3 L ccllected were retained. To the
retained solution was added 6N aqueous hydrochloric acid (60 mL to a pH =2.15) and
3N aqueous hydroch]oric acid (30 mL to a pH=1.63). The slurry was stirred for 1.25
hours and filtered. The solid was washed with pH 1.67 aqueous solution (500 mL) and

dned (48-50 OC, 4-6 mm Hg) 10 a constant weight (18.0 hours) to obtain an off-white

solid, compound of formula:

J (L

HOOC cooy COCH

20 (65.5 g, Yield: 68.89% Purity: 99.45% by weigit, 98.95% by area, 3.02% water and

97.81% chelatables).

*Trade-mark
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We Claim: i) 1eag
1 A process ior prep irng pnosphodiester ccmpounds having tne
formuia.

O

R—O—P—O—R!
OH

where R and R' can be the same or different and are chosen from the group
consisting of linear, branched, or cyclic aliphatic, aryl, heterocyclic,
peptidic, peptoid, deoxyribo- or ribo-nucleotidic or nucleosidic, or cyclic
or acyclic organic chelating agent groups, all optionally substituted with
one or more nitrogen, oxygen, sulfur, halogen, aliphatic, amide, ester,

sulfonamide, acyl, sulfonate, phosphate, hydroxyl, or organometallic

substituents,

said process takes place in one reaction vessel and comprises the steps of:

(a)  reacting an alcohol ROH with PCl; in the presence of a solvent to form a

dichlorophosphine compound having the formula:

Cl
R—O—7P
Cl

e T T b e of Al = - N, SN € D -
l I“ '“l"'ml.mm i aaidbimiavan v cowreindal et .
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(b} coupling of e dichlorophosphine compound crmed in step {a) With an

1mine base in the presence ~f 3 :alvent to form a bis{amino)phospnino compound naving

the formuia.

amino
| e
R—0O—P
AN

aAImino

(c) coupling of the bis(amino)phosphino compound formed 1n step (b) with a
second alcohol R'OH, in the presence of a solvent, where the second alcohol can be the

same or different from that of step (a), to form an (amino)phosphino compound having the

following formula:

amino
R———O—-—P\/
ORI

(d) and - subjecting the (amino)phosphino compound formed in step (c) to

hydrolysis and oxidation.

2. The process according to claim 1, in which, the

alkoxydichlorophosphine compound formed in step (a) 1s reacted with from about 5 to

about 6 equivalents of the amine base.

3. The process according to etther claims 1 or 2, wherein the amine

base has a pKa value of from about 5.0 to about 11.0.

4. The process according to claim 3, wherein the base is selected from

the group consisting of imidazole, 2,4-dimethylimidazole, 1H-tetrazole, dialkylamines
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pyridine, pilperazine, piperidine, pyrrole, 1H-1,2,3-triazole,

and 1,2,4-triazole.

5. The process according to claim 4, wherein the base

1s 1midazole.

0. The process according to claim 4, wherein the

r—

alkyls of the dialkylamines are methyl, ethyl, butyl or a

combination thereof.

7. The process according tc claim 1, in which about
one equivalent of ROH is reacted with about one equivalent

of PCl3.

8 . The process according tc claim 1, wherein the

solvent used in steps (a), (b) anc (c) may be the same or

different and is selected from the group consisting of

ethereal and hydrocarbon solvents.

9. The process according to claim 8, wherein the
solvent used in steps (a), (b) and (c) may be the same or
different and is selected from the group consisting of
heptanes, dioxanes, tetrahydrofuran, 1,3-di1oxolane,

diglymes, dialkyl ethers, and ethylene glycol dialkyl

ethers.
10. The process according to claim 9, wherein the
solvent used in steps (a), (b) and (c) may be the same oOr

i
p—

different and is selected from the group consisting of

tetrahydrofuran, methyl-t-butyl ether and diethyl ether.

11. The process according to claim 1, wherein the

bis (amino) phosphino compound formned in step (b) 1s coupled

with about 1 equivalent of R'OH.

12. The process according to claim 1, whereln the

hydrolysis and oxidation of the (amino) phosphino compound
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formed 1n step (¢) 1s performed with water and an oxidant in

a solvent at a temperature range cf about -15°C to about

25°C for a period of 10 to 24 hours.

13. The process according tc claim 12, wherein the

5 oxidant comprises sodium periodate.

14. The process according tc claim 13, wherein the
solvent used in the hydrolysis anc oxidation of the
(amino) phosphino compound formed in step (c) comprises a

mixture of tetrahydrofuran, heptare and toluene.

10 15. A process for preparing phosphodiester compounds

F
p—

comprising the steps or:

(a) reacting a 4,4-diphenylcyclohexancl compound

with PCls to obtain 4,4-diphenylcyclohexyloxy

dichlorophosphine having the formula:

N

ez

(b) coupling the 4,4-diphenylcyclohexyloxy-

dichlorophosphine formed in step (a) with an amine base tO
20 obtain 4,4-diphenylcyclohexyloxydiaminophosphine having the
formula:

OP (amir.o)

N

Phi>x<iPh

25 (c) coupling of the 4,4-diphenylcyclohexyloxy-

diaminophosphine formed in step (o) with hydroxymethyl-DTPA
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penta tert-butyl ester to obtain 4,4-diphenylcyclohexyloxy
(hydroxymethyl-DTPA-0oxXy, penta tert-butyl ester)aminophosphilino

having the formula:

Ph
5 %ﬂ“‘ Ph
O

/

amlno

g—\ /N f—coztBu
tBuOOC
tBUOOC COztBll\ COZtBu
10 (d) hydrolysis and oxidation of the

4,4-diphenylcyclohexyloxy (hydroxymethyl-DTPA oxy, penta

tert butyl ester)aminophosphino formed in step (c) with

dilute HC1l and an oxidant to form
[ (4,4-diphenylcyclohexyl)phosphonooxymethyl]diethylene

15 triamine, penta t-butyl ester having the formula:

Ph
ﬁ Za

/

PN /~\ /— CO:tBu

N N N
20 £BuOOC ) <
tBuOOC COptBu  -U2tBY
1lo6. A process for preparing

[ (4,4-diphenvylcyclohexyl)phosphonooxymethyl]diethylene

triaminepentaacetic acid comprising the steps of:
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(a) phosphorylating 1.0 equivalents of 4,4-
diphenylcyclohexanol with about one equivalent of
phosphorous trichloride to obtain 4,4-diphenylcyclohexyloxy

dichlorophosphine having the formula:

5 OPC1,

N

>

Ph Ph

(b) coupling the 4,4-dipaenylcyclohexyloxy-

dichlorophosphine formed 1in step (3) with from about 5 to
about 6 equivalents of imidazole to> obtain 4,4-
diphenylcyclohexyloxy-diimidazolylohosphine having the

10 formula:

OP(1midazclyl),

Ph Ph

(c) coupling of the 4,4-diphenylcyclohexyloxy-
diimidazolylphosphine formed in step (b) with from about
0.75 to about 1.0 equivalents of hydroxymethyl-DTPA penta
tert-butyl ester to obtain 4,4-dlphenylcyclohexyloxy

15 (hydroxymethyl-DTPA-0xy, penta terit-butyl ester)imidazolyl-

phosphine having the formula:

Ph
%"J‘“ Ph

O
/
ﬁ\\
O imidazolyl
o~ §—\ /TN COatB
tBuOOC N N 1\[
+tBuOOC < ™~ C02 tBu

CO>tBu
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(d) hydrolysis and oxidation of the
4,4-diphenylcyclohexyloxy (hydroxymnethyl-DTPA oxy, penta
tert butyl ester)imidazolylphosphiae formed 1n step (c) with
dilute HCl1l and from about 0.5 to aosout 2.0 equivalents to
sodium periodate to form [ (4,4-dipaenylcyclohexyl) -
phosphonooxymethyl]diethylene triamine, penta t-butyl ester

Ph
//C:::;L“Ph

A\ S

P

having the formula:

N

KCOQtB'l.l

tBuOOC CO,»tBu

tBuOOC

/\\OH
‘//\\:;-ﬂ\(r——\‘/——-COQtBu
R

17. The process according to claim 16, further comprising

the step of hydrolysis of the [(4,4-diphenylcyclohexyl)
phosphonooxymethyl]diethylenetriam:.ne, penta t-butyl ester
formed in step (d) in HCl to form  (4,4-diphenylcyclhexyl)

phosphonooxymethyl]diethylene triaminepentaacetic acid having

the formula:
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