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Bifunctional Chelating Agents, Part 3: t 4,5-Bis[di(carboxymethyl)amino]-N- 
(aminoalkyl)valeramide, an EDTA with an Amine Functionality and Amide-type 
Linker Arm 
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Synthesis of bifunctional EDTA compounds with an &-amino functionality linked through an 
amidoalkyl linker group derived from the previously described 4,5-diaminovaleric acid. Protection of 
the vicinal diamine with Boc groups and chain extension with monobenzyloxycarbonylalkylamines. 
Removal of the Boc groups and alkylation with bromoacetic acid (or esters), or further removal of 
the Z groups provides the amino EDTA compounds (8). 

Chelating agents conjugated to antibodies are being used 
extensively for detection and localization of cancerous cells in 
organs. '-' 

We have previously described compounds containing, in 
addition to the EDTA moiety, a carboxylic acid group [e.g. 1- 
(2-~arboxyethyl)-EDTA] which is used to couple the molecule 
to an antibody. However, since all five carboxy groups react, the 
metal binding strength of the chelating group is reduced. Since, 
for effective localization, a strong chelating agent is required (to 
ensure the metal is not lost in the body fluids before reaching the 
target cells), chelating agents containing functional groups 
other than a carboxy group are required. Attempts to synthesize 
2-ammoethyl-EDTA from 1-tosylhistamine ' or 1-isobutyryl- 
histamine,'.' ' revealed difficulties in obtaining a good match of 
protecting groups for the vicinal diamine (PI in Scheme 1) and 
P2 of the c-amino group. The main difficulty was removal of the 
N-tosyl ' or N-isobutyryl group I' in the last step [Scheme 1, 
(111) -- (IV) or (111) - (V)]. 

Here, we describe the synthesis of &-aminoalkyl-EDTA of 
type (V) where the linker arm includes an amide bond. This 
approach provides not only an excellent solution to the 
dilemma discussed above, but also allows the synthesis of many 
linker-type E-amino-EDTA compounds. 

Results and Discussion (see Schemes 2 and 3) 
Compound (lb) was allowed to react with an excess of di-t- 
butyl oxydiformate to give di-4,5-bis(Bocamino)valeric acid 
(2b) under conditions described for various amino acids,' '-I2 
including histamine.'-'' Next, (2b) was coupled with N-Z- 
propane- 1,3-diamine hydrochloride,' using the DCC/NHS 
method,' 5 9  l6 the product N-Z-aminopropyl-4,5-bis(Bocamino)- 
valeramide (3c) was obtained after flash chromatography on 
silica. Similarly, (2b) reacted with N-Z-ethylenediamine 
hydrochloride and yielded N-Z-amino-4,5-bis(Bocamino)- 
valeramide (3b).5 The same sequence of reactions was repeated 
on 2,3-diaminopropionic acid dihydrochloride (la), yielding 
2,3-bis(Bocamino)propionic acid (2a), which was not isolated 
but allowed to react further to give N-Z-aminoethyl-2,3- 
bis(Bocamino)propionamide (3a). 

Thc: diamine, 4,5-diamino-N-(Z-aminopropyl)valeramide 
(4c) was also tetra-alkylated with methyl 2-bromoacetate in 
MeCN, using N,N,N',N'-tetramethylnaphthalene-1,8-di- 
amint: l 7  as a proton sponge, to provide 4,5-bis[di(methoxy- 
carbonylmethyl)amino]-N-(Z-aminopropyl)valeramide (6c). 
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Scheme 1. General synthesis of functional &-amino EDTA compounds 
with a linker arm (L) between EDTA and amino functionalities 

Removal of the Z group gave, quantitatively, 4,5- 
bis[di(met hoxycarbon ylmethy1)aminol-N-(amino- 
propy1)valeramide (7c) which was characterized only by n.m.r. 
and immediately hydrolysed to (&). 

The tetra-alkylation of vicinal diamines of type I1 (Scheme 1) 
to c-amino protected EDTA of type 111 is usually conducted in 
aqueous or partially aqueous solvents, in the presence of 
inorganic salts and is characterized by very low yields and great 
difficulties in the isolation of pure products, requiring chromato- 
graphic separation as in the case of 1-(p-nitropheny1)-EDTA ' * 
and 1-(p-carboxymethoxybenzy1)-EDTA. ' ' Otherwise various 
isolation techniques are used, including crystallization. 7,20*2 ' 
The low yields and the cumbersome isolation methods are 

t Part 2, ref. 1. 
2 EDTA = ethylenediaminetetra-acetic acid. 
Q The terms Boc (t-butoxycarbonyl) and Z (benzyloxycarbonyl) are 
used for ease of discussion. 
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Scheme 2. Reagents: i, (Bu'CO,),O; ii, DCC, NHS; iii, HCl, TFA 

a burden in the completion of the reaction steps (11)- 
(111) - (V) (Scheme 1 )  particularly if step (11) + (111) is 
conducted in aqueous media and step (111) - (V) in an- 
hydrous media. 

The alkylation of the vicinal diamine (11) with bromoacetic 
acid esters, leading to the EDTA esters of type (IV), provides a 
more satisfactory way to (V), especially if P2 and P3 are chosen 
so that both are removed in one step. 

The well-known protection of amines as benzyl carb- 
amates 22,23 and of carboxylic acid benzyl e ~ t e r ~ , ~ ~ , ~ ~ y ~ ~  
suggested the simultaneous use of Z for the protection of the 
amine (Pl) and Bz for the protonation of the carboxy group 
(P3 in Scheme 1). Recently, diethylenetriaminepenta-acetic acid 
was protected as the tetrabenzyl ester and applied in preparing 
peptides carrying chelating iminodiacetate  group^.^ 

Synthesis of Hydrophobic EDTA Benzyl Esters (Scheme #).- 
The protection of the c-amine group with Z and the carboxylic 
acid with Bz provides hydrophobic high molecular weight (see 
Scheme l), extractable compounds of type (IV). They are u.v.- 
detectable, readily characterized, and easy to separate on t.1.c. 
plates. In addition, they are readily purified by flash 
chromatography. Removal of all five blocking groups in (IV), 
under mild hydrogenation conditions in organic polar media, 
leads to the desired &-amino substituted EDTA (V). This 
scheme is demonstrated in the alkylation of diaminovaleramide 

H~CHCHZCH~ CONH (CHz),NHZ F I  
H2N NH2 

"i' 
CH2 CHCH 2CH 2 CON H (CH 2)3 NHZ 
I I  

(PhCH202CC H 2)zN N(CH 2 CO2 CHzPh), 

(6d) 

I I  
CH2CHCH2CH 2CONH (CH2)3NH2 

I I  
(H02CCHzI2N N(CH2C02HI2 

(8c) 

Scheme 4. Reagents: i, BrCH,CO,CH,Ph, Proton Sponge; ii, H,, POL 

(4c) to 4,5-bis[di(benzyloxycarbonylmethyl)amino]-N-(benzy~- 
carbonylaminopropy1)valeramide (6d), followed by hydrogen- 
olysis to 4,5-bis[di(carboxymethyl)amino]-N-(aminopropyl)- 
valeramide (8c) (Scheme 4). 

Thus, the simultaneous protection of the amine, in the 
substrate to be alkylated, by Z and the carboxylic group in the 
alkylating agent by Bz provides a facile and coherent solution to 
the synthesis of &-amino-N',N',N2,N2-tetra-acetic acid-l,2-~- 
diamines. 

Structural assignment of the synthesized compounds by 'H 
n.m.r. is somewhat limited and usually hard, because of the 
presence of highly labile protons of the amine and carboxy 
types, and also water of hydration molecules. I3C N.m.r. was 
therefore an important tool in the structural assignment. In 
addition to the information provided in the Experimental 
section, complete I3C n.m.r. assignments are provided in Table 
1 (for numbering, see the Figure). 

Experimental 
General.-Di-t-butyl oxydiformate (Fluka), N-hydroxysuc- 

cinimide (Aldrich), dicyclohexylcarbodi-imide (DCC) (Riedel 

C H2CHCH CH ,CON H (C H ,NH 
1 1  

(CH302CCH212N N(CH2CO,CH,);! 

(7c)  

CH2 CHCHZCH~CONH(CH~), NHz 
I I  

(HO&CH;!&N N (CH,CO$I)z 

(8b) n = 2  
(8c) n = 3  

Scheme 3. Reagents: i ,  BrCH,CO,R, CH,CN, Proton sponge; ii, Pd/C, H + ,  CH,OH; iii, OH-;  iv, BrCH,CO,H, pH 10.5; v, Pd, cyclohexane 
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Figure. Carbon numbering for compounds shown in the Table 

De Haen). N-Z-propane- 1,3-diamine and N-Z-ethane-1,2-di- 
amine hydrochloride were prepared according to W. B. Lawson 
et from ethane-l,2-diamine and propane-l,3-diamine 
(99% ) (Aldrich) and benzyloxycarbonyl chloride (Biomakor), 
N,N,N,N'-tetramethylnaphthalene-1,8-diamine (Aldrich), 
methyl 2-bromoacetate (Merck) and palladium black (Fluka). 
T.1.c. was performed on Merck Kieselgel60F 254 plates with the 
eluants: ethyl acetate, and chloroform-methanol (95 : 5). The 
dyeing reagents were: basic aqueous 1% KMnO, solution and 
ethanolic 0.2% ninhydrin solution. Flash chromatography was 
carried out by the method of W. C. using 40-63 pm 
silica gel (Merck No. 9385) and EtoAc or CHCl, and CHC1,- 
MeOH (99:l) as eluants. M.p.s were determined on a 
Gallenkamp apparatus and are corrected. 'H N.m.r. spectra 
were recorded on a Varian FT8OA spectrometer. 1.r. spectra 
were obtained on Matteson CYGNUS 25 FTIR spectrophoto- 
metei. 'H N.m.r. spectra were run at 80 MHz in a Varian 
FT80A instrument. 13C N.m.r. spectra were obtained at 75.5 
MHz on a Bruker AM-300, with tetramethylsilane as an internal 
reference for CDC13 solutions and MeOH (6, = 49.5) for D 2 0  
solutions. The assignments were aided by multiplicities and 
' 3C >: 'H correlations resulting from off-resonance decoupled 
spectra. Waters h.p.1.c. system includes: Model 6000A solvent 
delivery pump; model UGK injector; model 480 UV-VIS 
detector; RP-C18 p-Bondpak 300 x 46 mm. H.p.1.c. analyses 
were performed on an RP column with THF-H20 (3: 1) and 
U.V. detection at 235 nm. 

N,1~-Di-t-butoxycarbonyl-4,5-diaminovaleric Acid (2b) and 
N,N-.,Di-t-butoxycarbonyl-2,3-diaminopropionic Acid (2a).-A 
solution of the diamino acid (lb) (6.10 g, 30 mmol) in 0 . 5 ~  KOH 
(180 ml) was cooled to 0°C and a solution of di-t-butyl 
oxydiformate (19.48 g, 90 mmol) in dioxane (120 ml) was added; 
the plH was maintained at 7. The stirred reaction mixture was 
kept at -4 "C overnight after which a further equivalent of di-t- 

butyl oxydiformate (6.55 g, 30 mmol) in dioxane (10 ml) and 
0 . 5 ~  KOH (80 ml) were added. The solution was stirred for 24 h 
at room temperature and then diluted with water (750 ml) and 
extracted with ether ( x 6). The aqueous phase was acidified with 
15% citric acid to pH -4 and extracted with ether ( x 3). The 
combined extracts were washed with saturated brine, dried 
(MgSOJ, and evaporated under reduced pressure to give an oil 
which was extracted overnight with hexane (120 ml). The 
filtered extract was then evaporated under reduced pressure to 
yield the product (2b), as a white powder (6.24 g), m.p. 130- 
131.5 0C;27 GH(CDC13) 6.30-5.76 (1 H, br s, NH), 5.16-4.76 (1 
H, br s, NH), 3.86-3.40 (1 H, m, CH), 3.17 (2 H, t, J 8 Hz, 

m, CHI), 1.43 (18 H, s, CH,); &(CDCl,) 44.60, 51.17, 27.96, 
30.62, 177.16 (skeletal carbons), 156.57 (CO), 79.65 (0-C), and 
128.36 (But); v,,,.(KBr) 3 368 (NH), 1 720 (C02H), and 1 685 
cm-' (CO, NHC0,Bu') (Found: C, 54.5; H, 8.25; N, 8.55. 
C15HZSN206 requires C, 54.20; H, 8.49; N, 8.43%). 

Product (2a) was prepared by the same procedure from 2,3- 
diaminopropionic acid and was used for the next step without 
purification. 

CHZNH), 2.43 (2 H, t, J 9 Hz, CH,CO,), 2 . S 1 . 6 0  (2 H, 

N-Benzyloxycarbonylaminopropyl-2,3-bis( t-butoxycarbonyl- 
amino)propionamide (3a), N-Benzyloxycarbonylaminoethyl-4,5- 
bis(t-butoxycarbony1amino)valeramide (3b), and N-Benzyloxy- 
carbonylaminopropyl-4,5-bis( t-butoxycarbonylamino)valer- 
amide (3c).-N4,N5-Di-Boc-4,5-diaminovaleric acid (2b), (6 g, 
18 mmol) was dissolved in MeCN (360 ml) and N-hydroxy- 
succinimide (NHS) (2.28 g, 20 mmol) was added. The reaction 
mixture was cooled to 0 "C and dicyclohexylcarbodi-imide 
(DCC) (4.53 g, 22 mmol) was added. After the mixture had been 
stirred for 2 h at 0 "C, the ice-bath was removed and the reaction 
mixture was allowed to warm to room temperature; it was then 
stirred for an additional 2 h. A solution of N-Z-propane-1,3- 
diamine hydrochloride (4.38 g, 18 mmol), or N-Z-ethane-1,3- 
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54.71 
59.50 
27.29 
32.49 

175.32 
36.76 
22.79 
37.68 
53.39 
56.56 

172.28 
173.29 J 

\ 

Table. I3C N.m.r. assignments for compounds described in Schemes 2 and 3 

> 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
9' 

10 
10' 

11 
11' 
12 
12' 
13 
13' 

14 
15 
16 
17 
18 
19 

20 
2 0  
21 
21' 
22,22' 
23,23' 
24 
25 

(Ib) (2b) (3c) 
41.22 44.60 44.35 
49.93 51.17 51.39 
25.72 27.96 29.15 
29.90 30.62 33.02 

176.9 1 177.16 173.16 
36.15 
29.92 
37.88 

156.57 156.79 
156.78 156.79 
79.65 79.47 
79.65 79.47 
28.36 28.38 
28.36 28.38 

156.79 
66.58 

136.61 
128.00 
128.44 
128.00 

(4c) 
48.09 
52.79 
30.87 
33.00 

173.87 
36.3 1 
29.7 1 
37.94 

157.08 
66.64 

136.59 
128.05 
128.48 
127.90 

(6c) 
56.32 
60.43 
26.72 
33.26 

174.20 
36.16 
29.80 
37.8 1 
55.16 
55.16 

172.53 
172.53 

156.65 
66.48 

136.72 
127.94 
128.42 
127.94 

(64  
56.22 
60.57 
26.9 1 
33.26 

174.13 
35.97 
29.78 
37.69 
55.01 
55.01 

171.89 
171.89 

156.65 
66.5 1 

136.69 
127.87 
128.37 
127.92 

66.36 
66.5 1 

135.48 
135.54 
128.25 
128.52 
128.25 

skeletal 
carbons 

vicinal 
diamine 

protecting 
group 

&-amino 
protecting 

group 

carbox yl 
protecting 

group 

diamine hydrochloride (18 mmol) in CHC1, (360 ml) and Et,N 
10 ml, 72 mmol) was added to the reaction mixture which was 
then stirred overnight at room temperature. Dicyclohexylurea 
was filtered off and the filtrate evaporated under reduced 
pressure. The residue was dissolved in EtOAc and the solution 
washed with distilled water. The layers were separated and the 
aqueous phase was washed with EtOAc, which was added to the 
organic phase. The EtOAc layer was washed with saturated 
NaHCO, solution and water, dried (Na,SO,), and evaporated. 
The residue (10.3 g) was flash chromatographed on silica gel, 
using 30% hexane-EtOAc as starting eluant. The product was 
eluted with EtOAc and was obtained as a white solid. 

N- Benzyloxycarbonylaminopropyl-2,3-bis( t- butoxycarbonyl- 
amin0)propionamide (3a) (7973, m.p. 159-1 60 "C: GH(CDC1,) 
7.34 (5 H, s, CH,Ph), 6.80 (1 H, br s, NH), 5.70 (1 H, br s, NH), 
5.30 (1 H, br s, NH), 5.10 (3 H, br s + s, CH,Ph + NH), 4.20- 
3.90 (1 H, m, CHN), 3.6G3.10 (6 H, m, 3 x CH,NH), and 1.42 
(18 H, s, 6 x CH,) (Found: C, 58.05; H, 7.5; N, 12.05. 
C,,H,,N,O, requires C, 57.49; H, 7.54; N, 11.66%). 

N- Benzyloxycarbonylaminoethyl-4,5-bis( t-butoxycarbonyl- 
amino)valeramide (3b) (90%), m.p. 160-161 "C: G,(CDCl,) 7.33 
(5 H, s, Ph), 6.77-6.45 (1 H, br s, NH), 5.75-5.40 (1 H, br s, 
NH), 5.184.70 (2 H, 2 br s, 2 NH), 5.09 (2 H, s, CH,Ph), 3.58- 
3.45 (1 H, m, CH), 3.50-2.95 (6 H, m, 3 CH,NH), 2.24 (2 H, t, 
CH,CO), and 1.42 and 1.38 (18 H, 2 s, 6 x CH,) (Found: C, 
59.35; H, 7.7; N, 10.91. C2sH,oN407 requires C, 59.04; H, 7.92; 
N, 11.01%). 

N- Benzyloxycarbonylaminopropyl-4,5-bis( t-butoxycarbonyl- 
amino)valeramide (3c) (6.6 g, 72%), m.p. 141--142°C: tiH- 
(CDCI,) 7.33 (5 H, s, Ph), 6.75 (1 H, br s, NH), 5.55-5.20 (1 H, 

m, NH), 5.09 (2 H, s, CH,Ph), 5.20-4.90 (2 H, br s, NH-Boc), 
3.85-3.35 (1 H, m, CH), 3.45-2.95 [6 H, m, 3 x CH,(NH)], 
2.24 (2 H, t, J 7  Hz, CH,CO), 1.85-1.50 (4 H, m, 2 x CH,), and 
1.42 (18 H, s, 6 x CH,); 8,-(CDCI,) 44.35, 51.39, 29.15, 33.02, 
173.16, 36.15, 29.92, 37.88 (skeletal), 156.79 (CO), 79.47 (C-0), 
28.38 (But) (Z), 156.79 (CO), 66.58 (C-0), 136.61, 128.00, and 
128.44; v,,,.(KBr) 3 358, 3 342 (NH,NH), 1699 (CO, 
NHCO,Bz), 1685 (CO, NHCO,Bu'), and 1641 cm-' (CO, 
NHCO) (Found: C, 60.0; H, 7.95; N, 10.55. C,,H,,N,O, 
requires C, 59.75; H, 8.10; N, 10.72%). 

4,5-Diamino-N-(benzyloxycarboxyaminopropyl)valeramide 
(4c).-Compound (3c) (1.04 g, 2 mmol) was dissolved in 
absolute MeOH (32 ml), and 18% HCl in MeOH (32 ml) was 
added to give immediate evolution of CO,. The mixture was 
stirred for 2 h, diluted with dry ether (600 ml), and then left 
overnight to allow precipitation of the product. The solvents 
were decanted and the solid residue was washed with dry ether 
( x  3) and dissolved in saturated brine containing KOH (pH - 13); it was then extracted with CHCl,. The aqueous layer was 
washed with CHCl, ( x 3) and the combined organic layers were 
dried (Na,SO,) and evaporated under reduced pressure to give 
an oil (0.51 g, 80%) which solidified with time. The 'H n.m.r. 
signals at 6.80-6.40 and 5.60-5.25 disappeared when D,O 
was added; the signal at 3.40-3.00 became a quartet and the 
peak for NH2 disappeared: GH(CDC13) 7.34 (5 H, s, C,H,), 
6.80-6.40(1H,brs,CONH),5.60-5.25(1H,brt,CONH),5.09 
(2 H, s, CH,Ph), 3.40-3.00 (4 H, m, 2 x CH,NCHO), 2.90- 
2.40 (3 H, m, CHNH2,CH2NH2),2.30 (2 H,J9 Hz, CH,CO), 
and 1.95-1.35 (8 H, m, 2 x CH,, 2 x NH2); G,(CDCl, + 
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CH,OH) 48.09, 52.70, 30.87, 33.00, 173.87, 36.31, 29.71, 
37.94 (skeletal), 157.08 (CO), 66.64 (C-0), 136.59, 128.05, 
128.48, and 127.90 (Z); v,,,.(KBr) 3 318 cm-' (NH), 1 691 c111-l 
(CO, NHC0,-B,), and 1640 cm-' (CO, NHCO) (Found: N, 
14.05; C1, 17.2. c,, H28C12N40, requires N, 14.17; Cl, 
17.94%). 

Ccmpounds (4a) and (4b) were prepared in the same way as 
(4c) and were obtained as (4a)-2HC1 and (4b)-2HCl. 

2,3 -Diamino-N-(benzyloxycarbonyluminopropyl )propion- 
amidt,? [(4a)*2HCl]: 6 ~ ( D 2 0 )  7.50 (5 H, S, C,H.5), 5.19 (2 H, S, 

CH,Ph), 4.454.15 (1 H, m, CH), and 3.60-3.20 (6 H, m, 
CH,YH,, 2 CH,NH) {Found: C, 44.3; H, 6.5; N, 15.8; C1, 19.85. 
C,,M2,C1,N40, [for (4a)-2HCl] requires C 44.19; H, 6.23; N, 
15.86, C1, 20.1 l%}, 
4,5-Diamine-N-(benzyloxycarbonylaminoethyl)valeramide di- 

hydrclchloride [(4b)*2HCl]: 6,(D20) 7.61 (5 H, s, C6H,), 5.30 (2 
H, s, CH,Ph), 4.00-3.65 (1 H, m, CH), 3.65-3.10 (6 H, m, 
CH2NH,, 2 x CH,NH), 2.62 (2 H, t, J 9  Hz, CH,CO), and 2.22 
(2 H, t, J 8  Hz, CHCH,CH,) {Found: C, 46.85; H, 6.5; N, 14.53. 
C,,H ,,Cl2N4O, [for (4b)*2HCl] requires C, 47.25; H, 6.87; C1, 
18.6; N, 14.69%). 

4,5 - Bis[di(carboxymethyI)amino]-N-(benzylcarbonylamino- 
ethyl Ivaleramide (5b).-To a solution of bromoacetic acid 
(0.1 3 g, 0.93 mmol) dissolved in water (10 ml) and cooled in ice 
was slowly added KOH ( 1 ~ )  until pH 7.0 was reached. 
Compound (4b) (0.1 1 g, 0.2 mmol) dissolved in water (10 ml) 
was then added to the solution. The pH was adjusted to 11.0 
after which the reaction mixture was warmed to 50°C and 
kept at this temperature for 24 h. The pH was constantly 
measured and KOH added ( 1 ~ )  in order to keep the pH ca. 
10.5--11.0. The mixture was then cooled to room temperature 
and stirring continued for 24 h. After this it was cooled with ice 
and the pH brought to 2.0 with HCI ( 6 ~ ) .  The water was 
remo.ded by liophilization and the residue was triturated with 
methitnol when the organic components dissolved. The 
product obtained by removal of the methanol had two new 
broad singlets: 6,(D,O) 7.44 (5 H, s, Ph), 5.10 (2 H, s, CH,Ph), 

3.55 (4 H, m, 2 x CH,NHCO), 3.55-3.15 (3 H, m, 
NCH,CHN), 2.6k2.10 (2 H, m, CH,CO), and 2.20-1.65 (2 

4.23 (3 H, S, 2 x CH,C02), 4.13 (4 H, S, 2 x CHZCO,), 3.90- 

H, m, CH,). 

43- Bis[di(methoxycarbonylmethyl)amino) -N-( benzyl- 
carbo~zylaminopropyl)ualeramide (&).-To a solution of the 
diamine (4c) (0.16 g, 0.49 mmol) dissolved in MeCN (0.9 ml) was 
added N,N,N',N'- tetramet h ylnaph thalenediamine (0.5 7 g, 2.66 
mmol) and NaI (0.05 g, 0.3 mmol). The solution was warmed to 
reflux and methyl 2-bromoacetate (0.3 ml, 3.17 mmol) added to 
give immediate precipitation of a white solid. After the reaction 
mixture had been stirred under N, for 17 h, it was cooled, 
diluted with CHCl,, filtered to remove white solid, and 
evaporated under reduced pressure. The residue (oil) was 
washed with EtOAc-hexane (1 : 9; 3 x 35 ml) to remove excess 
of mcthyl 2-bromoacetate, the solvent being removed by 
decantation. The brown oil (0.43 g) was subjected to preparative 
t.1.c. (2 plates of 20 x 20 cm, 2 mm) using CHC1,-MeOH (9: 1) 
as elumt. The product (RF 0.53) was extracted from the plates 
with CHC1,-MeOH (9 : 1); removal of solvent gave the product 
as a ydlowish oil (0.15 g, 48%); G(CDC1,) 7.33 (5 H, s, Ph), 6.80 
(1 H, lbr s, NH), 5.50 (1 H, br s, NH), 5.08 (2 H, s, CH,Ph), 3.67 
and 366 (12 H, 2 x s, 4CO,CH,), 3.52 and 3.51 (8 H, 2 x s, 
4 x NCH,C02), 3.40-3.00 (4 H, m, 2CONHCH,), 3.00- 
2.50 ( 3  H, m, CH,N, CHN), 2.38 (2 H, t, CH,CO), 1.90-1.40 (4 
H, m, 2 x CH,); G,(CDCI,) 56.32, 60.43, 26.72, 33.26, 174.20, 
36.16, 29.80, 37.81, 55.16, 172.53, (skeletal), 156.65 (CO), 66.48 
(C-0), 136.72, 127.94, 128.42, ( Z ) ,  and 51.77 (C-OMe); 
v,,,,(rieat) 3 326 (NH), 1735 (CO,), and 1654 cm-' (vco, 

NHCO) (Found: C, 54.35; H, 6.75; N, 9.30. C,,H,,N40,, 
requires C, 55.07; H, 6.93; N, 9.17%). 

4,5- Bis[di(benzy loxy carbony lmethyZ)amino]-N-(benzyl- 
carbony1aminopropyZ)valeramide (a).-To a solution of the 
diamine (4c) (0.20 g, 0.62 mmol) dissolved in MeCN (1.7 ml) 
were added N,N,N',N'-tetramethylnaphthalene-1,8-diarnine 
(Sigma; 0.71 g, 3.29 mmol) and NaI (0.05 g, 0.3 mol) and the 
reaction mixture was heated to obtain a clear solution. Addition 
of benzyl 2-bromoacetate (0.53 ml, 3.29 mmol) gave precipi- 
tation of a white solid. The reaction mixture was refluxed under 
N, for 22 h after which it was cooled to room temperature, 
diluted with CHCl, and the solids were filtered off. Evaporation 
of the filtrate under reduced pressure gave an oil which was 
washed ( x 3) with EtOAc-hexane (1 :9) to remove excess of 
benzyl bromoacetate. The solvent was decanted and the residue 
dried under high vacuum to give a brown oil (0.56 8). This was 
flash chromatographed on silica gel (CHC1, - 1% MeOH in 
CHCl,) to give the product as a yellow-brown oil (0.30 g, 56%); 
h.p.1.c. (THF-H,O, 3 : 1) gave a single peak at 4 min; GH(CDCl,) 
7.30 (25 H, s, Ph), 6.70 (1 H, br s, NH), 5.60 (1 H, br s, NH), 5.07 
and 5.06 (10 H, 2 x s, 5 x CH,Ph), 3.51 (8 H, s, 
4 x NCH,CO,), 3.30-2.95 (4 H, q ,2  x CH,NHCO), 2.9% 
2.45 (3 H, m, NCH,CHN), 2.40-2.10 (2 H, m, CH,CO), and 
1.85-1.35 (4 H, m, CH,); G,(CDCI,) 56.22, 60.57, 26.91,33.26, 
174.13, 35.97, 29.78, 37.69, 55.01, 171.89; (skeletal), 156.65 

135.48, 135.54, 128.52, and 128.25 (0-CH,PhZ); v,,,.(neat) 
3 340 (NH), 1 735 (CO,), and 1 654 cm-' (v,,, NHCO) (Found: 
C, 67.7; H, 6.25; N, 6.3. Cs2H,,N4O,, requires C, 68.25; H, 6.39; 
N, 6.12%). 

(CO), 136.69, 127.87, 128.37, 127.92 (N-Z), 66.36, 66.51 (C-0), 

4,5-Bis[ di(methoxycarbonylmethyE)amino]-N-(aminopropy1)- 
valeramide (7c).-To the tetraester (6c) (0.021 g, 0.034 mmol) 
dissolved in 95% methanol (3 ml) and glacial acetic acid (0.1 ml) 
was added Pd black (25 mg) and the mixture was hydrogenated 
in a Parr reactor for 20 h (hydrogen pressure 68 p s i ,  ca. 15 "C). 
The catalyst was filtered off and washed with methanol and 
combined filtrate and washings were evaporated to give the 
product (0.018 g, 88%) which was directly hydrolysed: G(CDC1,) 
3.68 (12 H, s, 4 x CO,CH,), 3.52 (8 H, s, 4 x CH,CO,), 
3.35-3.00 (3 H, m, CH,NHCO,CHN), 3.00-2.55 (4 H, m, 
CH,N,CH,NH,), 2.55-2.15 (2 H, m, CH,CO), 2.05 (2 H, s, 
NH,), and 1.85-1.45 (4 H, m, 2 x CH,). 

4,5-Bis[di(carboxymethyl)amino]-N-(aminopropyl)valer- 
amide (8c) [from (7c)l.-The tetraester (7c) (0.037 g, 0.31 
mmol) was stirred for 20 h with l~ NaOH (0.47 ml) in 95% 
methanol (0.47 mmol). The reaction mixture was acidified to 
pH ca. 1 with conc. HCl after which the solvents were 
evaporated. The residue was dissolved in methanol, NaCl was 
filtered off, and the solvent was removed under reduced pressure 
to give the product (50 mg); GH(CDCl,) 4.23 (4 H, s, 
2 x CH,CO,), 3.89 (4 H, s, 2 x CH2C02), 3.60-2.90 (7 H, m, 
CH,N,CHN,CH,NHCO,CH,NH,), 2.60-2.25 (2 H, m, 
CH,CO), and 2.30-1.65 (4 H, m, 2 x CH,); vmax.(KBr) 3 413 

and 1440 cm-' (CO,) (Found C, 44.6; H, 6.3; N, 12.5. 
CI6H,,N4O, requires C, 45.7; H, 6.7; N, 13.3%). 

(vOH,CO~H), 3 270 (NH), 1 727 (COZH), 1 636 (vCO,NHCO), 

4,5-Bis[di(carboxymethyl)amino] -N-(aminoethy1)valeramide 
(8b).-To the 2'-Z derivative (5b) (0.1 g, 0.185 mmol) dissolved 
in methanol (10 ml) were added cyclohexene (0.2 ml) and Pd 
black (0.025 g) and the mixture was refluxed under atmosphere 
of argon for 30 min; the catalyst was then filtered off. T.1.c. 
(CHC1,-MeOH-HOAc, 9: 1 : 1) indicated the absence of 
starting material. After removal of solvent, the residue was 
dissolved in methanol (2 ml) and precipitated by addition of 
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ethyl acetate. An n.m.r. spectrum (D,O) of the solid residue 
(0.63 g, 84%) showed the absence of the Z peaks at 6 7.33 and 
5.09; aH(D,O) 3.93 (4 H, s, 2 x CH,C02), 3.78 (4 H, s, 
2 x CH,C02), 3.7G3.20 (5 H, m, CH,NH, NCH,CHN), 
3.2G2.90 (CH,NH,), 2.60-2.10 (2 H, m, CH,CO), and 2 . 2 G  
1.65 (2 H, m, CH,). 

(&) [From (6d)].-The tetraester (6d) (0.036 g, 0.04 mmol) in 
95% methanol (4 ml) and glacial acetic acid (0.1 ml), with Pd 
black (40 mg) was hydrogenated overnight in a Parr apparatus 
(70 p.s.i., ca. 15 “C). The reaction mixture was filtered and the 
residual palladium catalyst washed with methanol and water. 
The combined filtrate and washings were evaporated to give an 
oil which when treated with methanol (1 ml), solidified to give a 
white solid (0.014 g, 88%); 6,(D,O) 3.94 (4 H, s, 2 x CH,CO,), 
3.78 (4 H, s, 2 x CH,CO,), 3.65-3.20 (5 H, m, CH,NH, 
NCH,CHN), 3.20-2.90 (CH,NH,), 2.60-2.25 (2 H, m, 
CH,CO), and 2 .2b1 .70  (4 H, m, 2 x CH,); &(D,O) 54.71, 
59.50, 27.29, 32.49, 175.32, 36.76, 22.79, 37.68, 53.39, 56.56, 
172.28, and 173.29 (skeletal); v,,,.(KBr) 3 420 (NH, OH), 1 727 
(CO,), and 1 636 cm-’ (v,,, NHCO) (Found: C, 44.6; H, 6.3; N, 
12.5. CI,H,,N,O, requires C, 45.71; H, 6.71; N, 13.33%). 
H.p.1.c. of (8c) (THF-H,O, 3: 1) at pH 4 (fully protonated) 
showed a single peak at 2-6 min. Measurements at pH 10 and 
pH 14 show several ionic forms at 2.4 min and 3.3 min. 
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