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TITLE OF THE INVENTION 

BEGIDSELECTIVE SYNTHESIS OF DTPA DERIVATIVES 

BACKGROJJND OF TllE INVENTION 

1. Field of tbe Invention 

The present invention relates to a proce8s for preparing DTP A derivatives . 

.S Particularly, the invention relates to a high yield process for the regiospecific 

synthesis of DTP A derivatives useful as bi-functional chelators in 

radioimmunotherapy and imaging . 

2. Technology Background · 

There is ari mcreasing interest in new radio-labeling agents for imaging, 

10 tumor detection and immuno therapy, which reduce the various disadvantages 

presented by conventional agents. 

Conventional agents are generally based on radioactive halo-compounds, 

such as radioactive compounds based on iodine isotopes. However, these agents 

present a number of limitations. For example, the use of iodine isotopes is 

15 greatly limited by the high degradation rate of the carbon-iodine bond, in vivo. 

20 

Another limitation relates to the less than idea) emission characteristics and 

physical half-lives ofiodine radionuclides. Accordingly, there have been efforts 

to develop new tumor detection agents to overcome the shortcomings of halogen 

based radioactive labeling agents. 

One avenue for providing more effective imaging and tumor detection 

agents is offered by organometallic compounds in the form of complex metallic 
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radionuclides. Coupling the imaging and tumor detection agent to the protein is 

generally achieved through a covalent bOn.d formed between the chelate and the 

protein by acylation with activated carbonyls, aromatic diazonium coupling, 

bromoacetyl alkylation or through thiourea bonds .. 

5 However, existing organometallic complexes do not provide optimum 

efficiency for radio labeling and therapy. For example, beyond the choice of a 

particular radioisotope, successful tumor detection and radioimmurtotherapy, also 

· depend on the selection of an effective chelate that joins easily to a particular 

antibody and allows for radionuclide. insertion while preserving the antibody 

10 integrity. 

Several factors must be considered in designing effective radiometal­

chelated antibodies for imaging and tumor detectiori:, and/or immunotherapy. For 

example, effective ractionuclides must be selected according. to their physical, 

chemical and biological properties. An optimal nuclide should be routinely 

15 available, easy to couple to the MAb and have an appropriate physical half-life 

to selectively detect and/or eliminate the target neoplastic tissue while sparing 

nonnal tissue. 

The MAb that serves to carry the radionuclide to the tumor target must be 

selected based on the distribution of its antigenic target and on the specificity and 

20 binding affinity of the antibody to its target. 

Another important aspect to consider in designing effective radiometal­

chelated antibodies relates to the choice of the chelating agent (CA) used to 

couple the radionuclide to the antibodies. For example, effective radiometal­

chelated antibodies must be stable in vivo. Stability in vivo depends on the 
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condition that both the chelate linkage and the radiolabeling procedures not alter 

antibody specificity. and bio-distribution. 

In addition, selection and synthesis of the chelating agent is critical to · 

optimize the adequacy between the chelate and the selected radionuclide and 

5 MAb. In particular, the choice and synthesis of the chelate should avoid 

inappropriate release of the radionuclide in vivo. This aspect is of paramount 

importance in that the most common problem associated with conventional 

chelating agents is.their failure to link and securely hold to the antibody. As a 

consequence, there is considerable dissociation of the radionuclide in vivo from 

10 the MAb-CA complex prior to delivery of these agents to the surface of the 

.tumor cell. Accumulation of free toxic radionuclides in normal tissue damages 
the normal tissue without the benefit of treating and/or detecting the tumor target. 

Another important aspect relates to the desirability that the selected chelating · 

agent allow the MAb-CA complex to maintain the advantage provided by the 

15 specificity of the selected MAb. 

Thus, several criteria must be considered in selecting adequate chelates 

for a selected MAb. For example, (a) additi0n of the CA should not alter the 

specificity or the ·binding affinity of the MAb to the antigenic target; (b) its 

addition to the MAb should not otherwise damage the antibody and thus alter its 

20 rates of catabolism or patterns of tissue distribution; (c) it should hold the 

radiometal tightly so that there is no premature elution of the radioisotiope from 

the MAb-CA complex in vivo; ( d) linkage to ·the MAb should not alter the 

chelate's ability to retain the radionuclide; (e) the mode oflinkage to the MAb 

should be as specific as possible to facilitate the design of protocols for the 

25 specific detectfon and therapy of tumor targets as well as the analysis of the data 

.·:-· 
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related to the detection of and treatment or the .tumors; and (f) the chelate should 

be able to help.clear the radionuclide following catabolism of the MAb-CA­

radion~clide complex .. 

Otte group of suitable metal chelates is provided by 

5 diethylenetriaminepentaacetic acid (DTP A) and ethylendiaminetetraacetic acid 

(EDTA) and their derivatives. Chemically modified d~vatives of (DTPA} and ··.· .. ··. . .· 

(EDTA) have been ~xplored as. metal ligands· capable of effectively chelating 

radioactive metals, which can be easily coupled to immunoglobulins. However, 

these reagents were ininimaUy effective chie to the reduced affinity for the bound 

10 radionuclideio and consequent accumulation of radiochemical compounds in 

nonnal tissues. 

A number ofconventioruil methods are _available for coupling EDTA and 

DTP A metal complexes to proteins. However, these methods have not reached 

the high efficiency rates~ for effective imaging and tumor:detection. For 

15 example, conventional methods present a number of disadvantages, such as the 

need for extensive purification prior to radiolabeling and the deficiency in 

chelating the metal, resulting from the use of a metal biding site in forming the 

covalent bond with the protein. Thus, new modes for protein linkage have been 

studied and new modes, which preserve all metal binding sites have been 

20 proposed. 

For example, a detailed description of chemically modified ligands that 

would react rapidly and efficiently with antibody, and which retain the metal for 

a time that is long compared to the half:.lives ofradionuclides useful for imaging 

or therapy is provided by Brechbiel et al in "Synthesis of ( l-(p-

25 isothiocyanatobenzyl) derivativ~s of DTP A and EDTA. Antibody Labeling and 
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Tumor-lmaging Studies." Inorg. Chem. 1986, 25, 2772-2781, the contents of 

which are ·incorporated herein by reference in their entirety . 

. Brechbiel et al propose EDTA and DTP A chemically modified chelates 

having an isothiocyanate group capable· of efficient coupling to proteins. The 

5 synthesis of the chelates can be summarized as a "two-step process", wherein the · 

first step includes generating an ethylendiamine or a· diethylene trialnine 

followed by alkylation of the amines to form the corresponding polyacetic acid, 

and the second step includes converting a functional group of the benzyl 

substitution to obtain a reactive moiety useful for protein coupling. 

10 However, the above "two-step" process for the synthesis of MX-DTPA · 

and the EDTA analog is limited to a low overall yield of less than 2%. 'The 

process requires tedious purification of intennediates, which include cation arid 

anion exchange chromatography. In addition, the synthesis produces both ·· · 

regioisomers ofMX-DTPA and has shown poor reproducibility. 

15 Thus, there is a need for an alternative synthesis process for preparing 

DTP A derivatives with a high yield. It is desirable that the new synthesis 

eliminate the need for ion exchange chromatography in the separation of 

intermediates, thus providing a process that can be easily scaled up. Further, it 

is also desirable that such a process produce a single regioisomer of the chelate, 

20 thus allowing regiospecific synthesis of desired chelates useful as effective 

radiolabeling agents. 

SUMMARY OF THE JNVENTION 

The present invention includes a process for preparing.DTP A derivatives 

useful as chelating agents in radioimmuno therapy and imaging. The process of 
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the invention provides a high yield synthesis of DTP A derivatives. In particular, 

the present invention includes a process for regioselective synthesis of DTP A 

derivatives suitable for chelating radioactive metals and coupling to 

immunoglobulins. The process includes coupling a monoprotected diamine and 

5 a compound containing an amine and a moiety capable of effectively coupling 

the DTP A derivative to immunoglobulins or a moiety capable ofbeing converted 

to effectiv~ly couple the DTP A derivative to immunoglobulins. 

In one aspect, the. present invention provides a process for preparing a 

DTP A derivative offormula (I) 

N 
c~ 

s~ 
(I) 

10 the . process comprising: (a) coupling N-tert-butoxycarbonyl-p-nitro-L­

phenylalanine (A) and mono protected diamine (B) to form compound (C); (b) 

removing the amine protecting groups in (C) to form the TFA-salt (D); (c) 

reducing (D) to form(E); (d) penta;.alkylating (E) to form (F); (e) removing the 

amine protecting groups in (F) to fonn the tritltaoroacetic acid salt (G); (f) 

15 reducing the nitro group in (G) to form the trifluoroacetic acid salt (H); and (g) 

converting the amino group in (H) to form the DTP A derivative. 

The process of the invention allows for synthesizing a variety of DTPA 

derivatives. Without limiting the scope of the present invention~ examples of 
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DTP A derivatives that can be. advantageously prepared by the process of the 

invention include MX-DTPA, 1B3M-DTPA and CHx-DTPA. 

According. to one aspect, the present invention provides a process for 

preparation ofDTPA derivatives, wherein the nature of the DTPA derivative is 

5 determined by the choice of the mono protected diamine (B). RI and '.R2 in 

compound (B) are selected to obtain the desired chemically modified derivative 

of DTP A. 

In another aspect, the present invention provides a process for preparing 

MX-DTPA comprising: (a) coupling N-tert-butoxycarbonyl-p-rutrO-L- · 

10 phenylalanine (A) and mono-N-tert-butoxycarbonyl protected diamine (B') to 

form N-(2-N-Tert-butoxycarbonyl-aminopropyl)-N-tert-butoxycarboityl-p-

nitrophenylalaninamide (C'); (b) removing the hoc groups in (C') to form N-(2- ·· 

Aminopropyl)-p-nitrophenylalaninamide TFA-salt (D'); (c) reducing· (D'} to · 

form 2-Methyl-6-(p-nitrobenzyl)diethylenetriamine trihydrochloride (E'); · ( d) 

15 penta-alkylating (E') to fonn · N, N, N', N", N"-Pentak.is[(tert­

butoxycarbonyl)methyl]-2-[(4-nitrophenyl)methyl]-6-methyldiethylenetriamine 

(F'); (e) removing the boc groups in (F') to form N, N, N', N", N"~ 

Pentakis( carboxymethyl)-2-[( 4-nitrophenyl)methyl]-6-methyldiethylenetriamine 

trifluoroacetic acid salt (G'); (f) reducing the nitro group in (G') to form N, N, 

20 N', N", N"-Pentakis( carboxymethyl)-2-[( 4-aminophenyl)methyl]-6-

methyldiethylenetriamine trifluoroacetic acid salt (H'); and (g) converting the 

amino group in (H') to ·. form 2-(p-Isothiocyanatobenzyl)-6-

methyldietb.ylenetriamine-N, N, N', N", N"-pentaacetic acid (MX-DTPA). 

-In one aspect, the invention provides a process for synthesizing MX-

25 DTP A, .wherein step (a) includes using benzotriazol-1-
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. yloxytris( dimethylamino)phospbonium hexafluorophosphate (BOP) as-coupling 

reagent. 

In another as~ the invention provides a proces~ for synthesizing MX­

DTPA, wherein step (a) includes using bis(2-oxo•3oxazolidinyl)phosphinic 

5 ·chloride (BOP-Cl) as coupling reagent. 

In yet another aspect, the invention provides a process for synthesizing 

MX.;.DTPA~ wherein the mono-hoc protected diamine (B') is obtained by a 

process including (i)treating a lactonitrile with ammonium hydroxide to form a:­

aminonitrile (2); (ii) treating (2) with hydrochloric acid to ·form the amine 

10 .hydrochloride salt (3); (iii) protecting the amine with di-tert-butyl dicarbotiate to 

form the hoc protected derivative·(4); (iv) -reducing· the nitrile ·using Raney 

. nickel with ·a saturated solution ofethanolundet two atmospheres· of hydrogen 

t,o form the mono•boc protected diamine.-(B '). 

In still another aspect, the invention provides a process for synthesizing 

15 M){-DTPA, wherein the mono-boc protected diam.inc (B') is obtained by a 

process comprising· (i) alkylating a. Schiff Base (5) under· phase transfer 

conditions to form a mono-alkylated product (6); (ii) deprotecting (6) with IN 

.hydrochloric acid followed by protecting the amine with di,.tert-butyl dicarbonate 

to form the boc protected amine ( 4); and (iii) reducing (4) with Raney nickel to 

20 form the mono-boc protected. diamine (B'). 

In a further aspect, the invention provides a process for synthesizing MX­

DTP A, wherein removing the boc groups in (C') to form (D') is performed using 

trifluoroacetic acid in dicbloromethane. 

In ano~ aspect, the invention provides a process for synthesizing MX-

25 .DTP A, wherein the step of reducing (D') includes treating (D') with borane-

.• 
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tetrahydrofuran complex, followed by trea1ment with hydrogeD. chloride to··form 

the triamine hydrochloride salt (E'). 

In yet another aspect, the invention provides a process for s}tnthesizing · 

MX-DTPA wherein Penta•alkylation of intemtediate (E') is performed using 

5 acetonitrile and potassium carbonate. 

10 

In still another aspect, the invention provides a process for synthesizing 

·MX-DTPA,·wherein Penta-alkylation of intermediate (E') is performed using · 

bromo-tert-butylacetate in dimethylformamide and sodium carbonate. 

In a further aspect, the invention provides a process for synthesizing MX- · · • · 

DTP A, wherein (F') is purified using column chromatography on silica get 

In yet another aspect, the invention provides a process for synthesizing 

MX-DTP A, wherein the step of deprotecting the carboxylic acids in (F) to form · 

the penta-acetic acid derivative (G~) is performed using trifluoroacetic acid. 

In still another aspect, the invention provides a process for synthesizing 

15 MX-DTPA, wherein reducing the nitro group in (G') to form (H') is.perforriied 

using palladium on carbon under two a1mospheres of hydrogen in water. · · 

In yet another aspect, the invention provides a process for synthesizing· 

MX-DTPA, wherein the step of converting (H') into MX-DTPA includes 

converting the amine (FI') to tile isothiocyanate functionality via thiophosgene. 

20 The conversion can be conducted in several ways. For example, by (i) adding 

thiophosgene to a biphasic mixture containing the penta-acetic acid derivative 

(H) in chloroform and water; (ii) rapidly stirring the mixture for two hours; (iii) 

removing the solvent under reduced pressure to form a residue; (iv) purifying the 

residue on reverse phase silica; and (v) eluting with 25% acetonitrile in water 

25 containing 1 % acetic acid. The conversion ·can also be perfonned using 

. ·: :. 
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dichloromethane and triethylainine, or acetonitrile and sodium bicarbonate or 

sodium carbonate. 

In yet another aspect, the invention provides an improved MX-DTPA 

composition, wherein the improvement comprises that it· substantially only 

5 .·· includes a single regioisomer of the chelate. By "substantially only includes" a 

single regioisomer in the 'present invention means that the percentage of a single 

isomer, relative to any other regiosiomer is at lea$t 90%, inore preferably at least 

~5%, andmostpreferably at least 99%.· 

.. : 10 

In still another aspect, the invention· is· directed··to· the use of such 

improved MX-DTPA composition forthe production of protein or antibody 

chelatorand radiola:beledform thereof. . · 

· In yet another aspect, the :iilvention is directed to the use of such improved 

· .MX.:.DTPA composition.for the produciion oftadiolabeled ·chelates. · 

In a further.aspect; the invention.provides a·process for preparing CHx-

15 DTP A comprising: (a) coupling N-tert-butoxycarbonyl ... p-nitro-kphenylalanine 

{A) and mono protected diamine {B") to form compound {C''); (b) removing the 

amine protecting groups in (C") to fonn the TFA-salt {D"); (c) reducing (D") to 

form(E"); (d) penta-alkylating (E") to form (F"); (e) removing the amine 

protecting groups in (F'') to form the trifluoroacetic acid salt (G"); (f) reducing 

20 the mtro group in (G") to form the trifluoroacetic acid salt (H"); and (g) 

converting the amino group in (H") to form the CHx-DTP A. The mono 

protected diamine (B") can be used as sys or trans isomer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

PCT/US00/05433 

Figure 1 is a reaction scheme summarizing the seven step process for the 

regiospecific synthesis of DTP A derivatives of formula (I). 

Figure 2 is a reaction scheme sununarizing the seven step process for the 

5 regiospecific synthesis ofMX-DTPA. 

Figure 3 is a four-step reaction scheme for the synthesis of (B '). 

Figure 4 is an alternative reaction scheme for the synthesis of (B '). 

Figure 5 is a reaction scheme for an alternative step 1 in the reaction 

scheme of Figure 2. 

10 · Figure 6 is a reaction scheme representing unsuccessful condensation of· 

15 

(B') with 4-nitro-L-phenylalanine methyl ester (a) in methanol and (b):in 

toluene. 

Figure 7 shows two alternative reaction schemes (a) and (b) for the 

alkylation of (E ') to form (F'). 

Figure 8 is an alternative reaction scheme for the conversion of (H') into 

MX-DTPA. 

Figure 9 is a reaction scheme summarizing the seven step process for the 

regiospecific synthesis of CHx-DTP A. 

Figure 10 a scheme depicting the regioisomers of CHx-DTP A selectively 

20 prepared by the process of the invention. 

Figure 11 is a two-step reaction scheme for the synthesis of (B'}. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Unless defined otherwise, all technical and scientific terms used herein 

have the same meaning as commonly understood by one of ordinary skill in the 
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art to which this invention belongs. Although any methods and materials similar 

or equivalent to those describedherein·can be· used in the praetice or testing of 

the present invention; the preferred methods and materials are described. 

The present invention provides a process for high yield regioselective 

5 synthesis of chemically modified DTPA derivatives that elimfuateS the need for 

ion exchange chri>motographic separation ·of intermediates; ·Moreover, as this 

· process yields · a single regioisomer of the chelate, it provides· for the 

regiospecific synthesis of desired chelates useful as mdiolabeling agents. 

More specifically, · Figilre 1 is a reaction scheme summarizing the seven 

·· 10 ·•. step process for the regio8pecific·'synthesis· of DTP A derivatives ·of formula (I). 

In this embodiment, the present· invention provides ·a process for preparing· a · 

DTPA derivative of formula (Ikcomprising the steps of: (a) coupling N-tert­

but,oxycarbonyl-p-nitro~I;phenyblanine (A) and a mono protected diamine (B) .· 

to form compound (C); (b) removing· the amine protecting grotips in (C) to fmm 
15 .. the TFA-salt (D); (c) reducing (D)to fOnn.(E); (d) penta-alkylating (E) to form 

(F); (e) removing the amine protecting groups in (F) to form the trifluoroacetic 

acid salt (G); (f) reducing the riitro group in (G) to form the trifluoroacetic acid 

salt (H); and (g) converting the amino group in (H) to fomi the DTP A derivative 

·of formula (I). 

20 The process of the invention allows for synthesizing a variety of DTP A 

derivatives. Without limiting ·the scope of the invention, examples of DTP A 

derivatives that can be advantageously prepared by the process of the invention 

include MX•DTP A, l]J3M-DTP A and CHx•DTPA .. 

According to one aspect, the present invention provides a process for 

25 preparation of DTP A derivatives; wherein the nature of the·DTP A derivative is •. 
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determined by the choice of the mono protected diamine (B). Rl and R2 in 

compound (B) are selected to obtain the desired chemically modified derivative 

ofDTPA. 

Figure 2 contains a reaction scheme summarizing the seven-step process 

5 for the regiospecific synthesis of MX-DTP A according to one aspect of the 

invention~ In this embodiment, the regioselecti.ve synthesis of MX-DTP A is 

. perfonned in the following steps: (a) coupling N-tert-butoxycarbonyl-p-nitri>-L­

phenylalanine (A) and mono-N-tert-butoxycarbonyl protected diamine (B') to 

· fonn N-( 2-N-T ert-butoxycarbonyl-aminopropyl)-N-tert-butoxycarbonyl-p-

10 . nitrophenylalaninamide (C'); (b) removing the boc groups in (C') to fonn. N-(2-

. Aminopropyl)-p-nitrophenylalaninamide TFA"'.salt (D'); (c) reducing (D') to · · · · 

form 2-Methyl-6-(p-nitrobenzyl)diethylenetriamine trihydrochloride (E'); (d) 

penta-alkylating (E') to form N, N, N', N", N"-Pentakis[(tert-butoxycarbonyl).;. · 

methyl]-2-[(4-nitrophenyl)methyl)-6-methyldiethylenetriamine (F'); • · (e) . · 

15 removing the boc groups in (F') to fonn N, N, N', N", N''-Pentakis(carboxy­

methyl)-2-[(4-nitrophenyl)methyl]-6-methyldiethylenetriamine trifluoroaceti.c · 

acid salt (G'); (t) reducing the nitro group in (G') to form N, N, N', N", N""" 

Pentakis(carboxymethyl)-2-[(4-aminophenyl)methyl]-6-methyldiethylene­

triaminetrifluoroacetic acid salt (H'); and(g) converting the amino group in·(H') 

20 to form 2-(p-Isothiocyanatobenzyl)-6-methyldiethylenetriamine-N, N, N', N", 

N"-pentaacetic acid (MX-DTPA). 

The process for the regiospecific synthesis of MX-DTP A has an overall 

yield of approximately 20% starting from the mon~boc protected diamine (B') 

and boc-p-nitro-L-phenylalanine (A) and is amenable to scale-up. Thus, 

25 synthesizing MX-DTPA according to the invention allows for achieving overall 
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synthesis yields about one order of magnitude higher than the overall yield 

obtained with the previous process (less than 2%). Further, previous synthesis 

processes necessitate the purification of an intermediate via tedious anion and 

cation exchange chromatography.· In contrast, the process· of the ·invention 

5 eliminates this costly purification procedure and provides the target compound 

in high purity. For example, in the process of the invention, only one nonnal 

·phase column.chromatography and: a reverse phase column·are required to purify 

the filial· compound. 

· . Figure 3 is a four-step reacti0t1 scheme for the synthesis of the mono-hoc 

10. •. protected diamin:e. (B') ... The synthesis· of (B') is·· achieved via treatment of 

. commercially availablelactonitrile with ammonium hydroxide to afford the· 

.. a-aminonitrile (2) which upon treatment with hydrochloric acid provides the 

· amine hydrochloride salt (3). : Protection of. the amine with di-tert-butyl 

dicarbonate resu.lts· in the boc protected derivative ( 4). Reduction of the nitrite 

.· 15. .. · using Raney nickel with a saturated solution of ethanol under two atmospheres 

. of hydrogen produces the requisite mono-hoc protected diamine (B '). This 

. reaction sequence is particularly attractive from an economic standpoint because 

it is reproducible and can be easily amenable to scale-up. 

Several other conditions .for the preparation of .(B') were also 

20 investigated. For example, Figure 4 shows a reaction. scheme for the synthesis 

of (B '), wherein (B ') is prepared by alkylating a Schiff Base (5) ·under phase 

transfer conditions to produce the mono-alkylated product (6) in mod~te yield. 

Deprotection of (6) with 1 N hydrochloric acid followed by protection with di­

tert-butyl dicarbonate provides the boc protected amine ( 4) which upon reduction 

25 with Raney nickel produces the requisite mono-hoc protected diamine (B'). 
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In the embodiment shown in Figure 1, the synthesis employs N-tert­

butoxycarbonyl-p-nitro-L-phenylalanine (A) which is coupled to the mono.;.N­

tert-butoxycarbonyl protected diarnine (B '). The preferred coupling reagent for 

cmzying out this step is benzotriazol-1-yloxytris( dimethylarnino) phosphonium 

5 hexafluorophosphate (BOP). These conditions allow the synthesis of compound 

(C') in an isolated yield ranging from 12· to 83%. Purification of(C') can be 

achieved via acid/base wash followed by trituration with hexanes. 

Figure S is a reaction scheme representing an alternative step 1 in the -

reaction scheme of Figure 2. As shown in Figure S, use of bis(2-oxo-· 

10 3oxazolidinyl)phosphinic chloride (BOP-Cl) also results in the formation of the'·' 

desired product (C'); however, the yield for this reaction is 23% compared to the, 

yield of 83% which can be achieved with step 1 according tO Figure· 2. 

Other reaction paths for the synthesis of (C') were unsuccessful. For 

example, as shown, schematically, in Figure 6, efforts to generate a related 

15 derivative of (C') via direct condensation of (B') with 4-nitro~L-phenylalanine ··. 

methyl ester (1) either by (a) stirring in methanol or (b) heating at reflux In 
toluene were not successful. 

Having achieved a viable synthesis of compound (C'), the boc protecting 

groups can then be removed using trifluoroacetic acid in dichloromethane to 

20 form the diamine (D'). In this process, {D') is produced in quantitative yield. 

( 100%) as a solid. 

As depicted in Figure 2, reduction of the amide (D') with a borane­

tetrahydrofuran complex, followed by ·treatment with hydrogen chloride 

produces the triamine hydrochloride salt (E'). In addition to the alkylatfon step 

25 depicted in Figure 2, other reaction pathways can be used. For example, Figure 
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7 shows two reaction schemes (a) and (b) forthealkylation of(E')tofonn (F'). 

Penta-alkylation of intennediate . (E') . can be achieved using . bromo•tert­

butylacetate in dimethylfonnamide and sodium carbonate as base or alternatively 

. using acetoni1rile as solvent and potassium carbonate. The latter conditions are 

5 more conducive to scale-up and eliminate the use of dimethylformamide which 

is generally difficult to remove. The isolated yield for this step is in the range 

of 60% when the reaction is allowed to proceed for 72 to 96.hours~ ·Purification 

of (F') is preferably performed via column chromatography on silica gel. 

As shown, schematically in Figure 2, the penta-acetic acid derivative (G') 

10. can be obtained by deprotectjng. the carboxylic acids, preferably by using 

· tritluoroacetic acid. Reduction , of the niti:o group . is accomplished•· using 

palladium on carbon Un.der two atmospheres of hydrogen in water. It should be 

noted here. that the inventors have avoided the shortcomings of previously 

. known synthesis processes. For example, the invention avoids using ammonium 

15 hydroxide, which is difficult to remove, and complicates the synthesis process 

by requiring a step for generating the isothiocyanate due to the fonnation of a 

thiourea by-product 

The final step in the reaction scheme of Figure 2 relates to converting the 

amine to tile isothiocyanate functionality via thiophosgene. In this regard, the 

20 inventors have investigated various operating conditions .. 

The preferred conditions for converting (H') into MX-DTP A are depicted 

in the last step of the scheme of Figure 2. These conditions include adding 

thiophosgene to a bi-phasic mixture containing the penta'."acetic acid derivative 

(H') in chloroform and water and rapidly stirring the mixture for two hours. . . . 

25 Removal of solvent under reduced pressure followed by purification of the 
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residue on reverse phase silica and; eluting with 25% acetonitrile in water 

containing 1 % acetic acid produced the target compound MX-DTP A in good 

yield. 

Other operating conditions have also been investigated For example, 

5 Figure· 8 shows a reaction scheme for the conversion of (H') into MX-DTP A 

using dichloromethane as solvent and triethylamine as a base. However, in 

additionto MX-DTPA, the reaction also produces triethylamine hydrochloride 

as a by-product which could not be removed easily; 

Conversion of (H') into MX-DTPA can also be performed using· 

1 O acetonitrile as solvent and sodium bicarbonate or sodium carbonate as base. 

This reaction also produced other impurities. 

MX-DTP A synthesized according to the invention can be effectively used· 

in numerous· applications requiring a chelator. For example, MX-DTPA 

obtained by the process of . the invention provides effective rad.iolabeled 

15 chelators, antibody chelators and protein chelators. Radiolabeled MX-DTP A 

provides an effective tool for numerous applications, such as scintigraphy, 

radiotherapy and radioimmunoassy. 

In this regard, the process for the synthesis ofMX-DTP A according to the 

invention presents numerous advantages. For example, the process does not 

20 require cation and anion exchange chromatography necessary for the tedious 

purification of intermediates. Avoiding the need for cation and anion exchange 

chromatography provides a process that can be easily scaled up. 

Another advantage relates to the high yield afforded by the process of the 

invention. As discussed above, chelates effective for use in radioimmunoassays 

25 must be easily available in quantities sufficient to satisfy a potentially high 



. :·;· 

W000/51976 PCT/US00/05433 

.:.18-

demand. The process of the invention can provide MX..DTP A with a yield as 

high as 20%, one order of magnitude higher than existing processes for 

synthesizing MX-DTP A. 

TheMX-DTP A chelates synthesized by the process of the invention have 

5 .. . high purity. Providing the chelate in a purefonn provides numerous advantages, 

such as easier conditioning· and .preparation of chelated MAbs; wherein the 

presence of undesirable by-products· is minimized. Minimizing the impurities 

in the synthesized chelates allows easier conditioning of the chelate for 

biological applications. ., 

10 ·. 

15 

A further. advantage ·relates to the regiospeci:ficity. ·obtained· with the 

process of the invention .. ·The invention -provides ·a novel pathway for the 

regiospecific synthesis:ofMX.:.DTP A . 

While not wishing to be bound by any theory, regiospecific synthesis of 

MX-DTPA according to the-invention can be obtained by using compound (A) 

in the form of a single isomer. Once a particular isomer of compound (A) is 

selected for starting the synthesis process, the configuration around the chiral 

carbon in (A) is maintained through out the synthesis process .. 

Using MX-DTP A in the form of a single regioisomer presents several 

advantages. For example, using a single isomer of MX-DTP A provides better 

20 scintigraphy results and avoids the loss of optic signal associated. with the use of 

racimic mixtures. Also, using a single isomer allows for the design ofMAb-CA 

complexes with high specificity. In this regard, using a single isomer allows all 

chelate molecules to be linked to the MAb in substantially the same manner. 

Another advantage of specifically synthesizing a single regioisomer of 

25 MX-DTPA relates to the control provided for the positioning of the chelated 

i 
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.radionuclide in relation to the MAb and ultimately to the target tumor. 

Controlling the positioning of the radionuclide is possible through the use of a 

single isomer ofMX-DTPA. Advantages ofptovidirig a single mode' oflinkage 

by using a single is~er include the potential improvement· in imaging and 

5 immunotherapeutic results obtained with the·MAb-CA complex. 

The MX-DTP A chelate synthesized according to the invention is suitable 

. for chelating a variety of radionuclides. The chelate is also suitable for 

complexation with a variety ofMabs and proteins. Thus, it is anticipated that the 

MX-DTPA produced according to the regiospecific synthesis of the invention 

IO provides equally effective radiolabeling and therapeutic agents when combined 

with any radionuclide or MAb suitable for combination with MX-DTPA. 

In one embodiment, MX-DTPA is conjugated to· 2B8 antibody to form 

2B8-MX-DTPA. 2B8 is an anti-CD20 antibody shown to affect B cell depletion 

upon administration to lymphoma patients. Detailed protocols for fonnirigthe 

15 2B8-MX-DTPA are described in detail in U.S. Patent No. 5,736,137, the 

contents of which are incorporated herein by reference in their entirety. 

However, it should be apparent to those skilled in the art that the MX­

DTPA chelators synthesized according to the present invention may be used in 

the radiolabeling of other anti-CD20 antibodies, or any other antibody which has 

20 been conjugated to DTPA or other polyvalent chelator. Also, MX-DPTA 

chelates produced according to the·invention may be attached to· other proteins 

and peptides, e.g., receptors, honnones, growth factors, such as somatostaton 

.peptides. 

·While the above detailed description focuses on the synthesis of MX-

25 DTP A, the process of the invention is equa11y applicable to the synthesis of other 
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chemically modified DTP A derivatives. In this regard, the process of the 

invention can be advantageously used in the regioselective synthesis of a.variety 

of DTP A derivatives suitable for chela.«ng radioactive metals· and coupling to 

immunoglobulins. The process.comprises coupling a ;monoprotected diamine 

and a compound comprising an amine and a moiety capable· of effectively 

coupling the I)TPA deriv~tive to innnunoglobulins ()I' a moiety capable of being 

converted to effectively couple the DTPA derivative to immunoglobulins·. As 

. can be easily appreciated by those skilled in the art, .the process of the invention 

i~ pmticulady advantageous in that a.variety of monoportected diamines can be · 

10 coupled ~.a variety of compo~µcJ$ compri1dng an amine· and a moiety capable 

. of effectively coupling. the DTP A derivative,to immunoglobulins or a moiety 

capable. of being converted to. e,ffectjyely .,eouple the •DTP A derivative to 

immunoglQbulins. Synthesis of such DTP A: derivatives is,within the scope of·· 
. ·the present invention. 

15. For example, in one embodiment of the invention, lBJM-DTPA is 

prepared according to a reaction scheme similar to the reaction scheme of Figure 
2. 1B3M-DTPA is prepared by using an isomer of (B '), wherein the positions 

ofR1 (i.e., H) and R2 (i.e., CH3)are exchanged . 

. CHx-DTPA is another example of DTPA derivatives that can be 

20 prqlared according to the process of the invention. Figure 9 is a reaction scheme 

summarizing the process for the synthesis of CHx-DTPA. In step (a) of the 

scheme of Figure 9, the. mono. Boe protected .diaminocyclohexane (B") is 

condensed with compound (A) to form compound (C"). After compound(C') 

is fanned, the synthesis of CHx-DTPA proceeds in steps similar to those of 
25 Figure 2. 
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The· diamine (B") can be used in the sys or trans form to prepare 
correspondingCHx-DTPAisomers. Figure 10 depicts theregioi80mers ofCHx­

DTPA which can be prepared by combining selected isomers of compounds (A) 

and (B"). 

5 The mono protected diamine (B") can be prepared in various ways. A 

preferred path for preparing (B") is depicted in the two step reaction scheme of 

figure i 1. 

EXAMPLES 

Commercially available reagents and HPLC grade or anhydrous solvents 

10 were used without further purification. Normal phase column chromatography · · 

and TLC were performed on ICN silica gel (63-200, 60A) and Merck siliea·gel 

· (60A) with fluorescent indicator respectively. Reverse phase column 

chromatography and TLC were performed on EM Science LiChroprep RP-18 · 

( 40-63 um) and Techware RPS-F reversed phase hydrocarbon impregnated silica 

15 gel with fluorescent indicator respectively. 

Synthesis of 1-N-tert-butoxycarbonyl-2-methyl-ethylenediamine (B') 

a. 2-Amino propanenitrile hydrochloride (3) 

A mixture containing 23.1 g (324.99 mmol) of lactonitrile (tech grade 

90% purity), 7.1 g (132.74 mmol) of ammonium chloride and 86ml (2208.3 

20 mmol) of ammonium hydroxide was allowed to stir at room temperature for 2 

hours. The reaction was extracted with dichlorometbane · (2 x SOOml) and the 

organic phase dried over anhydrous magnesium sulfate. The mixture· was 

filtered and the solvent removed under reduced pressure to produce 24 g of a 

yellow oil (2). ·The yellow oil was diluted with 250ml of anhydrous diethyl ether 
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and cooled in an ice bath. Then, 350ml (350 mmol) of l N hydrochloric acid in 

ether were added. After stirring for 10 minutes,· the resultant solid was filtered, 

washed with ether and dried under vacuum to produce 28.79 product with a yield 

of 92.83%, based on. the purity of starting lactonitrile. 

5 b. N-tert-butllX)lcarbonyl-2-a111inopropanenitrile (4): 

To a mixture connliuing 28.Sg(268.79 mmol)of2-amino propanenitrile 

hydrochloride in 300ml of anhydrous dichloromethane was added 104ml (746.16 

mmol) of triethylamine. The mixture was cooled in an ice bath followed by the 

addition of 64.Sg (295;53 mmol) of di'."tert-butyl dicarbonate in lOOml of 

10 ,anhydrous djchloromethane over30 minutes •. The reaction was allowed to warm 

to room temperature under sti-q:ing ,for 48 hours. The reaction mixture was 

. filtered through a. glass sintered funnel ·and· the :filtrate was reduced Un.der 

15 

reduced pressure. 1 L of diethyl ether was added and the mixture was allowed 

to stir for 15 niinutes. The .mixture wa8 again filtered through a glass sintered 

. funnel to remove.the remaining triethylamine hydrochloride. The filtrate was 
concentrated under reduced pressure. Column chrmnatography of the residue 

on silica gel.eluting.with 30% ethylacetate/hexanes produced 18.50 g of product 

wit a yield of 40.44%. 

c. 1-N-tert-butoxycarbonyl-~-methyl-ethylenediamine (B?: 

20 To a SOOml Parr flask was added· 18.4g (108~10 mmol) of N-tert-

butoxycarbonyl-2-aminopropanenitrile and 200ml absolute ethanol saturated 

with ammonia. Raney nickel was then added, (1Ogofa50% slurry in water) and 

the flask pressurized to 50 psi hyvdrogen gas and vented. The flask was again 

pressurized to 50 psi hydrogen gas and vented. Then, the flask was pressurized 

25 to 50 psi hydrogen gas and shaken until there was no furth~ uptake of hydrogen, 
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which is generally achieved overnight. The flask was vented and the mixture 

filtered through a pad of celite 521. The filtrate was concentrated under reduced· 

pressure:· to produce 19.2g ofprodllct as a colorless oil with quantitative yield 

(100%). 

5 ·Alternatively, 2-Ambio propanenitrile hydrochloride (3) can be 

prepared from N-(Diphenylmetbylene)amliaoacetonitrile as follows:. 

a. N-(Diphenylmethylene)-2-methyl-aminoacetonitrile (6): 

To a solution containing 50g (226.98 mmol) of N-( diphenyl­

inethylene )aminoacetonitrile in250ml of toluene was added 4.5g (19.76 mmol) · 

IO of benzytriethylammonium chloride (BTEAC) followed by addition of 28.3g 

(707.50 mmol) of sodium hydroxide in SOml of water. The reaction was· co0led 

in an ice bath followed by a dropwise addition of 22ml (232.51 mmol) of 

methylsulfate for 1 hour. The reaction was allowed to warm to room· 

temperature over 24 hours. The reaetion mixture was diluted with 1 liter of 

15 dicbloromethane and washed with water (2 x IL). The organic phase was dried 

over anhydrous magnesium sulfate. Filtration, removal of solvent and column 

chromatography of the residue on silica gel eluting with 20% ethyl 

acetate/hexanes produced 46.2g of product with a yield of 62.05%. 

b- 2-Amino propanenitrile hydrochloride (3): 

20 A mixture containing 3.0g (12.80 mmol) ofN-diphenylmethylene)-2-

methyl-aminoacetonitrile in 30ml.ofhexane and 2Sml (25 mmol) of lN aqueous 

hydrochloric acid was allowed to stir at room temperature for 72 hours. The 

aqueous phase was separated and washed with hexane. Concentration of the 

aqueous phase under reduced pressure produced 1.25g of product with a yield 

25 of 92.10%. 
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N-(2-N-Tert-b11to:x:ycarbonyl-aminopropyl)-N-tert-butoxyearbonyl-p­
nitrophenylalaninamide (C'): 

To a solution containin~ 25g (8().57 mmol) of N-t-boc-p-nitro-L­

phenylalanine in 300ml of anhydrous dichloromethane was added 12.Sml (89.68 

5 mmol) of triethylamine followed by 37g (83.66 mmol) of benzotriazol-1-

yloxytris( dimethylamino )phosphonimn ltexafluorophosJ>hate (BOP). . .. After 

stirring at room temperature for 1 hour, 15.l g (86.66 mmol) of 1-N-tert-. . . . . . ' . . . . . . . . . 

10 

butoxycarbonyl-2-methyl-ethylenediamine m 40ml of anhydrous 

dichlorom.etbane were added. The reaction was allo~ed to stir at roOm. 
temperature for 20 hours. The ~action mixture .was diluted with 3()0ml ·Of .. . .. . : . '·· ·:. . . =r . ·' .· . . . ·. 

dichloroJlletbane and washed with .~ N aqueous hydro~hloric acid (2 x 500ml), . . . . ' . ' . . . . . ·. - . 

saturated aqueous sodi1JlD bicarbon.a~ (2 x 500ml) and ~ater (Ix SOOnil)~ The 

. organic phase was dried over anhydrous magnesium. sulfate. Filtration and . i .· . '· . -· . ·. . . . .. .· ... 

. removal of solventunder reduced pressure produced a yellow solid.. Hexanes 

15 . were then added ( 600ml) and the mixture allowed to. stir for 20 minutes. The 

solid was filtered and dried to yield 27.0g (71.83%) of product as a white solid. 

N-(2-Aminopropyl)-p-nitrophenylalaoinamicle TFA-salt (D'): 

To a solution containing 26.50g (56.80 mmol) of N-(2-N-Tert­

butoxycarbonyl-aminopropyl)-N-tert-butoxY:carbonyl-p-nitrophenylalaninamide 

20 in 300ml of dichlorometbane was added.65ml (843.77 mmol) oftrifluoroacetic 

acid. The reaction was allowed to stir at room temperature for 1 ·hour. The 

solvent was removed under reduced pressure followed by the addition of SOOml 

of anhydrous diethyl ether. The resultant solid was filtered through a glass 

sintered funnel and washed with 400ml of diethyl ether. The solid was dried 

25 under vacuum to afford 32.0g (100%) of product containing some residual 
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tritluoroacetic acid and diethyl ether. The material is used without further 

purification. 

2-Methyl-6-(p-nitrobenzyl)diethyJenetriamine tribydrochloride (E') 

To a solution containing 35g (70.80 mmol) of N-(2-aminopropyl)-p-

5 nitrophenylalaninamide TF A salt in SOOml of anhydrous tetrahydrofuran was 

added 500ml of lM borane-tetrahydrofuran complex over 30 minutes. The 

reaction was heated at reflux for 16 hours. After cooling the reaction in an ice­

batb, 122ml of methanol were added slowly to quench the excess borane reagent 

After Complete gas evolution, the solvent was removed under reduced pressure. 

10 The residue was taken up in 26Sml of absolute ethanol and the solution was · 

saturated with hydrochloric acid (g) while being cooled in an ice-bath. The 

15 

. mixture was then diluted with 200ml·of anhydrous diethyl ether and the resultant ·. 

solid ·filtered and dried under vacuum to produce 19.39g of product with a yield · 

of75.72%. 

N, N, N', N", N"-Pentakis[(tert-butoxycarbonyl)methyJ]-2-((4-
nitrophenyl)methyl]-6-methyldiethylenetriamine (F'): 

To a mixture containing 19.0g (52.53 mmol) of 2-methyl-64 p­

nitrobenzyl)diethylenetriamine trihydrochloride in 550ml of anhydrous 

acetonitrile was added 86.60g (626.58 mmol) of potassium carbonate followed 

20 by 42ml (284.44 mmol) of tert-butyl bromoacetate. After stirring at room 

temperature for 90~ the reaction was diluted with 500ml of water and extracted 

with ethyl acetate (2 x 500ml). The organic phase was· dried over anhdrous 

magnesium sulfate. Filtration and removal of solvent under reduced pressure 

gave a yellow oil. Colunm chromatography of this oil on silica gel eluting with 

25 30% ethyl acetate/hexanes produced 26.37g of product wit a yield of 60.99%. 
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N,.N,N',N'',N"•Pentakis(carboxymetbyl)-2-((4-nitrophenyl)methyl)-
6-metbyldiethylenetriamine tritluoroacetie acid salt (G'): 

A solution containing S.Og (6.0~ mmol) of N, N, N', N", N"-
.. ' . ·. . '. . 

pentakis [ ( tert-butoxycarbonyl)methyl]-2-[ ( 4-nitropheny l)methy l ]-6-

5 methyldiethylenetriamine in 35ml oftritluoroacetic acid :was allowed to stir at 

room temperature for 48h. The solvent was removed undei: reduced pressure and · 

the resultant solid dried under vacuum to :produce 4.02g of product as a pale 

yellow solid with a yield of74.75%. 

N, N, N', N", N"-Pentakis(carboxymethyl)-2-((4-
10 aminopheilyl)niethyl);..6-;lnethyliliethyleiletriamine ·.· · tritluoroaeetic 

acid salt (H'): 

To a Parr flask was added 3.40g.(3.84 mmol) of N, N, N', N", N"­

.,Pentakis(carboxymethyl) .. 2-[(4-ni~henyl)1nethyl-]-6-methyldiethylene1riamine · 

trifluoroacetic acid salt and 50mlof Water· followed by the addition ()f0.3g of 

15. 5% palladium on carbon~ The flask was pressurized to 30 psi hydrogen and 

· .vented twice. The vessel was then pressurized to 45 psi hydrogen and shaken. 

Once hydrogen uptake ceased; typically after 2 to 4 hours, the fl.ask was vented 

and the mixture filtered through a pad of celite. The celite was washed with 

20ml of water. The filtrate was concentrated under reduced pressure to afford 

20 3.02g of product with a yield of 92.03%. The spectral data obtained for this 

_product are consistent with those of a reference standard.. 

2-(p-lsotbiocyanatobenzyl)-6-metbyldiethylenetriamine-N, N, N', N", 
N"-pentaacetic acid (MX-DTI' A) 

In a IL round bottom fl.ask equipped with a magnetic stir, 7.0g (7.23 

25 mmol) of N, N, N', N", N"-Pentakis(carboxvmethyl)-2-((4-

aminophenyl)methyl]-6-methyldiethylenetriamine trifluoroacetic acid salt were 

added to a mixture containing l 50ml of water and 300ml of chloroform, 



. . : ;•. : .. ~ . : 

W000/51976 PCT/lJS00/05433 

.... ·., 

-27-

followed by 4.67g (44.06 mmol) of sodium carbonate. The resulting solution 

had a pH of approximately 9.0~ To this biphasic mixture was added 0.64ml (8.39 

mmol) of thiophosgene and the solution allowed to stir at room temperatUre for 

2 hours. The solvent was removed under reduced pressure to form a residue. 

5 The residue was dissolved in 15rnl of 1 % acetic acid in water and placed on a· 

reverse phase silica gel column eluting with 1 % acetic acid followed by 25% 

acetonitrile I water containing 1 % acetic acid. The fractions containing the 

product were pooled and the solvent removed under reduced pressure to produce 

2.47g of product as a pale yellow solid in a yield of61.60%. 

10 While the invention has been described in terms of preferred 

embodiments, the skilled artisan will appreciate that various modifications,·· 

substitutions, omissions and changes may be made without departing :from the· 

·spirit thereof. Accordingly, it is intended that the scope of the present invention· 

be limited solely by the scope of the following claims, including equivalents · 

15 thereof. 
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WHAT IS CLAIMED IS: 

I. A process for regioselective synthesis of a. DTP A derivative 

suitable for chelating ~oactive metals and coupling to immunoglobulins,·the 

process comprising regioselectively coupling: 

5. (a) a monoprotected diamine; and 

10 

15 

(b) a compound comprising an amine and a moiety· capable of effectively 

coupling the DTP A derivative to immunoglobulins or a compound comprising 

an amine and a moiety capable of being converted for effectively coupling the 

DIP A derivative to immunoglobulins;. 

thereby synthesizing a substantially isomerically pure DTP A derivative. 

2. A process for. preparing a DTPA ~rivativeof formula {I) 

(II 

the process comprising: 

(a) coupling N-tert-butoxycarbonyl-p-nitro-L-phenylalanine (A) 

and mono protected diamine (B) to form compound (C); 

(b) removing the amine protecting groups in (C) to form the IFA-

salt (D); 

(c) reducing (D) to form(E); 

11111111111111 :1111111111 ·111111. 
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( d) penta-alkylating (E) to form (F); 

( e) removing the amine protecting groups in (F) to form the 

•· trifluoroacetic acid salt (G); 

(t) reducing the nitro group in (G) to form the trifluoroacetic acid 

5 salt (H); and 

(g) converting the amino group in (H) to fonn the DTP A derivative 

of formula (I). 

3. The process of Claim 2, wherein the compound of formula (I) is 

10 MX-DTPA. 

4. The process of Claim 2, wherein the compound· of formula (I) is 

1B3M-DTPA. 

5. The process of Claim 2, wherein the compound of formula (I) is 

CHx-DTPA. 

15 6. The process of Claim 2, wherein the nature of the DTPA derivative 

is controlled by selecting the diamine (B). 

7. A process for preparing MX-DTP A comprising: 

(a) coupling N-tert-butoxycarbonyl-p-nitro-L-phenylalanine (A) 

and mono-N-tert-butoxycarbonyl protected diamine (B') to form 

20 N-(2-N-Tert-butoxycarbonyl-aminopropyl)-N-tert-butoxycarbonyl-p-

nitrophenylalaninamide (C'); 

111111111111111111111111111111 
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(b) removing the hoc groups in (C') to formN~2;.Aminopropyl)-p­

nitrophenylalaninamide TF A-salt (D'); 

(c) reducing (D') to · fonn 2~Methyl-6-(p-

nitrobenzyl)diethylenetriamine trihydrochloride (E'); 

5 .. (d) penta-alkylating (E~) to form N, N, N',N", N"-Pentakis[(tert-

.butoxycarbonyl)methyl]-2-[(4-nitrophenyl)methyl]-6-methyldiethylenetriamine 

(F'); 

(e) removing the boc groups in (F') to fonn N, N, N', N", N"­

Pentakis(carboxymethyl)-2-[(4-nitrophenyl)methyl]-6-methyldiethylenetriamine 

.. 10 tritluoroacetic acid salt (G'); 

·· · (f) reducing, the nitro :group in (G') to form N, N, N', N", N"­

J> en tak is ( c arb o xym ethyl)~ 2- [( 4,.. a min op heny l) methyl ]-6-

methyldiethylenetriamine trifluoroacetic acid salt (H'); and 

(g) converting the amino group in (H') to form 

15 2-(p-Isothiocyanatobenzyl)-6-methyldiethylenetriamine-N, .N, N', N'\ N"­

pentaacetic acid (MX-DTP A). 

8. The process of Claim 7, wherein (a) comprises using benzotriazol-

1-yloxytris( dimethylamino )phosphoriium hexafluorophosphate (BOP) as 

coupling reagent. 

· 20 9. The process of Claim 7, wherein (a) comprises using 

bis(2-oxo-3oxazolidinyl)phosphinic chforide (BOP-Cl) as coupling reagent. 

Ull\lll ll\l\rllll\ \ll\Ul 1\J) 
* C L M S .. :' 



W000/51976 PCT/OS00/05433 

·. ·. : ~·· 

-31-

10. The process of Claim 7, wherein the mono-boc :Protected diamine 

(B') is obtained by a process- comprising (i) treating a lactonitrile with 

ammonium hydroxide to form «-aminonitrile (2); (ii) treating (2) with 

hydrochloric acid to form the amine hydrochloride salt (3); (iii) protecting the 

5 amine with di-tert-butyl dicarbonate to fonn the hoc.protected derivative ( 4); {iv) 

reducing the nitrile using Raney nickel with a saturated solution of ethanol 

under two atmospheres of hydrogen to form the mono-hoc protected diamine 

(B'). 

11. The process of Claim 7, wherein the mono-hoc proteCted diamine 

10 (B ') was obtained by a process comprising (i) alkylating the Schiff Base (5) 

under phase transfer conditions to form a mono-alkylated product (6); :(ii) 

deprotecting (6) with lN hydrochloric acid followed by protecting with di-tert­

butyl dicarbonate to form the hoc protected amine (4); and (iii) reducing ( 4) with 

Raney nickel to form the mono-hoc protected diamine (B'). 

15 

20 

12. The process of Claim 7, wherein removing the boc groups in (C') 

to form (D') is performed using trifluoroacetic acid in dichloromethane. 

13. The process of Claim 7, wherein the step of reducing (D') 

comprises treating (D') with borane-tetrahydrofuran complex, followed ·by 

treatment with hydrogen chloride to form the triamine hydrochloride salt (E'). 

14. The process of Claim 7, wherein Penta-alkylation of intermediate 

(E') is performed using acetonitrile and potassium carbonate. 

lilllllll llllll lllll lllll II llll .. 
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15. · The process of Claim 7, wherein Penta-alkylation of intermediate 

(E') is performed using bromo-tert-butylacetate in dimethylfollilamide and 

sodium carbonate. 

16. The. process of Claim 7, wherein (F') is purified using· column 

5 · .chromatography on silica gel. 

17. The process of Claim 7, wherein deprotecting the carboxylic acids 

in (F') to fonn the penta~acetic acid. derivative (G') is performed using 

t;rifluoroacetic acid. 

18. The prQCess ofClaim7, wherein reducing the nitro group in(G') 

10 . to form (H') is performed using palladium on carbon· under two atillospheres of 

hydrogen.in water. 

19. The process of Claim 7, wherein the step of converting (H') into 

MX-DTPA comprises converting the amine (H') to tile isothiocyanate 

functionality via thiophosgene 

15 20. The process ~f Claim 14, wherein the step of converting (H') into 

MX-DTP A comprises: (i) adding thiophosgene to a biphasic mixture containing 

the penta-acetic acid derivative (H') in chloroform and water; (ii) rapidly stirring 

the mixture for two hours; (iii) removing the solvent under reduced pressure to 

form a residue; (iv) purifying the residue on reverse phase silica; and (v) eluting 

20 with 25% acetonitrile in water containing 1 % acetic acid. 

111111111111111111111111111111 
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21. The process of Claim 19, wherein converting (H') into MX-DTPA 

comprises using dichloromethane and triethylamine. 

22. The process of Claim 19, wherein converting (H') into MX-DTP A 

comprises using acetonitrile and sodium bicarbonate or sodium carbonate. 

5 23. An MX-DTPA composition produced according to the method of 

Claim 7. 

24. An improved method of using MX-DTP A to produce an antibody 

chelator, wherein the improvement comprises using MX-DTPA produced 

according to Claim 7. 

10 25. A substantially isometrically pure MX•DTPA composition. 

26. A method of using the MX-DTP A composition of Claim 25 to 

produce a readiolabled MX-DTP A. 

27. A process for preparing CHx-DTPA comprising: 

(a) coupling N-tert-butoxycarbonyl-p-nitro-L-phenylalanine (A) 

15 and mono protected diamine (B") to form compound (C"); 

(b) removing the amine protecting groups in (C") to form the TF A-

salt (D"); 

(c) reducing (D'') to form(E"); 

( d) penta-alkylating (E") to form (F"); 

I 1111111111111'111111111111 1111 
* C L M S * 



W000/51976 PCT/USOO/OS433 

-34-

( e) remoying the amine protecting groups in (F'1 to form the 

trifluoroacetic acid salt (G"); 

(f) reducing the nitro group in (G'') to fonn the trifluoroacetic acid 

salt (H"); and 

5 (g) converting the amino .group in (H") to form the CHx-DTP A. 

28. The process of Claim 27, wherein the mono protected diamine 

(B") is in the sys form. 

29. The process of Claim 27, wherein the mono protected diamine 

(B") is in the trans form. 
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