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Abstract: Reactions of dicarboxymethylated triazacyclononane (6) and tricarboxymethylated 
tetraazacyclododecane (7) with ethyl 2-(trifluorosulfonyloxy)-4-phenylbutanoate (3) afforded 
corresponding N-functionalised cyclic ester derivatives (8) and (12) which served as 
precursors of above titled macrocyclic bifunctional chelating agents. 

In the foregoing paper,l we reported a convenient synthesis of macrocyclic bifunctional 

chelating agents based on cyclic tetraaza and triaza polyaminocarboxylates derivatized at 

methylene carbon atoms of polyamine backbone with p-aminobenzyl side chain. Recently, the 

preparation of cyclic triaza2.3 and tetraaza2-5 polyaminocarboxylates in which protein reactive 

side chain incorporated into one carboxymethyl arm of the chelator was developed by 

N-alkylation of the parent cyclic polyamines with requisite a-bromoesters. It was also observed 

that some such type of ligands conjugated with chimeric B72.3 antibody and labeled with 1 1 l1 n 

or g”Y showed an in viva stability and better biodistribution results in tumor and non-tumor 

animals as compared to an analogous experiments with acyclic DTPA derivatives.3 However, the 

preparation of such types of ligands by use of above methods2-4 requires drastic conditions and 

always accompanied by low yield. Here, we describe an efftcient synthesis of analogs of such 

types of cyclic ligands which is based on a facile displacement of a triflate group of (3) by a 

secondary amino group of carboxymethylated parent cyclic polyamines such as (6) and (7) to 

give their corresponding N-alkylated products (8) and (10) which were utilized in the complete 

synthesis of ligands (11) and (15) as shown in Scheme-l. 

The preparation of (11) and (15) was commenced with the known ethyl 2-0x0-4- 

phenylbutanoate (I).6 N~BI-LJ reduction of 1 afforded ethyl 2-hydroxy-4-phenylbutanoate (2)7 

which on treatment with triflic anhydride afforded desired triflate ester derivatives (3).7 

Carboxymethylated polyamines (6) and (7) were prepared by controlled carboxymethylation of 

their respective parent cyclic polyamines (4) and (5)4 as described in Scheme-l. Reaction of 

the triflate (3) with polyamine (6) gave N-alkylated derivative (8)7 in 77% yield. Similarly, 

reaction of 3 with polyamine (7) afforded N-alkylated product (12)7 in 83% yield. The 

conversion of macrocyclic esters (8) and (12) into their corresponding chelating agents was 

accomplished with their nitration * followed by esterification to afford cyclic nitrophenyl ester 

derivatives (9) and (13),7 catalytic hydrogenation (10% W-C) of 9 and 13 to afford their 

corresponding amino derivatives (10) and (14)7 in 94-95% yields and finally their acidic 

hydrolysis with HCI to give their corresponding macrocyclic chelating agents (11) and (15)7 

in 96-97% yields. 
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COOEt 

8 h4); 12 (n=l): 

R- CI$CO$ie 

COOEt COOR 

9 (n=O); l3 (n=l) 
10 (n=O), 14 (n=l) : R= Et 

Viil,ll(n~l,15(n=l~:R=H 

i) NaBH4 (93%); ii) (CF,SO&O (1.1 equiv.XBB%); iii) a: 4 (1 equiv.), CI$,BrCOzM&.5 equiv.), EtxN(2.1 equiv.) 

MeOH, reflex, overnight (6,481); b: 5 (1 equiv.), CH2BQMe (4 equiv.),EtsN (3.1 equiv.), MeOH, reflux, 
overnight (7,51%); iv) 6 or 7 (1 equiv), Et3N (1.1 equiv.),CH& r.t., overnight (8,77%, 12,83%); v) COIX. HNO, 

(1.2 equiv.), %%H,SO,, 0 ‘C, 4-5 hrs, pH 5 (7N NaOH), evaporated, then dry EtOH, SOCl2(8-10 equiv.), 
20-24 hrs, evaporation, then EbO, 0 “C, Et3N(4-5 equiv.), then workuptEt20) (9,82%; 13,76%); vi) Hz, 10% Pd-C, 
EtOAc, r.t., overnight (10,94%; 14,95%); vii) HCl (6M), r.t, 42-48 hrs. (11,97%; 15,%X) 

In summary, the macrocyclic ligands (11) and (15) having p-aminophencthyl group 

incorporated into one of the carboxyl arm of the ligands were prepared in good yields from 

easily available starting material (1). The p-amino group of ligands can easily be converted 

into isothiocyanato and bromoacetamido groups suitable for the conjugation of antibody. 

Inclusion of the above method also allows the incorporation of long fatty acid chain to ligands9 

by using the appropriate triflate of long chain fatty 2-hydroxy acid ethyl ester, and the 

synthesis of optically active ligands by using optically active triflates.’ o 
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