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SPECIFIC SEQUESTERING AGENTS FOR THE ACTINIDES. 

3. POLYCATECHOLATE LIGANDS DERIVED FROM 

2.3-DIHYDROXY-5-SULFOBENZOYL CONJUGATES OF 

DIAZA- AND TETRAAZAALKANES.
l 

* Frederick L. Weitl and Kenneth N. Raymond 

Contribution from the Materials and Molecular Research Division. 
Lawrence Berkeley Laboratory and Department of Chemistry, 

University of California. Berkeley, Californi-a 94720 

ABSTRACT 

As part of a program to develop specific sequestering agents for 

the actinides, we have reported the synthesis of N, NI, Nil, NIl! 

tetra (2,3-dihydroxybenzoyl) tetraazacycloalkanes. These tetra (DHB) 

amides are potentially octadentate ligands by cooridination of the cathechol 

oxygen atoms. We now report the synthesis of the DHB amides of linear 

tetraaza- and diazaalkanes. Furthermore, sulfonation of these compounds 

in 20-30% S03-H2S04 yields exclusively all their 5-~ulfo-OHB analoqs 

(~. Z. 12. l~). The sulfonated derivatives have several properties 

which make them superior to their precursors with respect to actinide 

coordination; these properties include increased water solubility, 

enhanced phenolic acidity, and improved oxidative stability near neutral 

pH. In vivo tests with mice have shown the tetrameric (5-sulfo-DHB) 

compounds (l~, l.S, l!i) to be generally acutely non-toxic, efficient 

sequestering agents for the actinides which promote rapid urinary 

excretion of 238pu . Compound l!i, the tetra (5-sulfo-DHB) derivative of 

spermine, is more effective than any other plutonium sequestering ag-ent 

yet tested. 
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I NTRODUCTI ON 

The biological hazard presented by plutonium is a combination of 

its radioactivity and chemical properties. 2- 5 Plutoni~m is a potent 

carcinogen whose long-term retention in mammals is due to the immobility 

of Pu(IV) in vivo. We are pursuing a biomimetic design concept to 

prepare new sequestering agents which will-expedite ~futonium removal 

and isolat~on.6 This approach is based on the observation that there 

are many chemical and biological similarities of Pu(IV) and Fe(III). 

In mammal ian serum, Pu (IV) i-s bound and transported by the iron 

t t - t· t f . 5, ranspor pro eln, - rans ernn. ' 
, 

111 microbes the transport of Fe{III) is accomplishe9 by a class 

of low-molecular weight compounds called siderophores. 7 These typically 

incorporate hydroxama,te an9 catechol ate functional groups to form 

polychelate ligands which satisfy the six-coordinate geometry_favored 

for Fe{III). We are preparing an?logous tetra catechol ligands which 
, 

can completely encapsulate the Pu(IV) ion and form the eight-coordinate 

geometry preferred by the actinide{IV) ions. We have recently reported 

this geometry in the structures of tetrakis(catecholate)-thorate{IV) 

and ~ur~nate(IV).l Molecular models show that the attachment of four 

catechol groups to tetraza alkanes gives compounds which can form' 

octadentate cavities of the proper size for Pu(IV). We have reported 
9 ' 

earlier the preparation of 3,3,3,3,~CYCAM' and related compounds. Animal 

tests and titration studi~s indicated that the low solubility an~ weak 

acidity of the dihydroxybenzoyl (DHB) groups of l! limited its potential 

as a Pu sequestering agent. In response to this, a further cycle of 
) 

compound modification was undertaken to prepare sulfonated derivatives 
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in which -S03H groups were added to the DHB rings. This substantially 

improved the solubility, stability to air oxidation, and actinide(IV) 

ion affinity at low pH. We next exam'ined the effect of greater stereo

chemical freedom in an octadentate ligand by preparing tetra (sulfo- . 

DHB) derivatives 15 and 16 of linear tetraamines. We have established 

that the equivalent quantity of the monomeric sulfonated dihydroxybenzamide 

from which the polychelate structure is derived (2. Fig. 1) causes little 

if any Pu excretion. While further cycles of ligand modification and 

improvement are continuing (currently aimed at optimization of bridge 

length between monomeric units), current test results for our initial 

Pu sequestering agents compare favorably with those of diethylenetriamine

pentaacetic acid (DTPA) and desferrioxamine B (DFOA) - the two agents 

presently used clinically in human actinide poisOning. 5 The syntheses 

and characterization of the crystalline, dimeric 5-sulfo-DHB compounds 

have been included here to substantiate the synthetic procedures used 

for the tetramers and precursors since the latter compounds are generally 

isolable only as amorphous hydrated tetra-sodium or -potassium salts. 

EXPERIMENTAL DISCUSSION 

Chemistry 

As early as 1933 thete were lit~rature reports that neutral, stable, 

aqueous solutions of many metal ions - including the actinides uranium 

and thorium -could be prepared from monomeric disulfonated aromatic 

Q-dihydroxy compounds. 8 With this in mind we have focused upon the 

preparation of the tetrameri c 5-sul fo-2 ,3-di hydroxybenzami des (CA~1S) 9 

which are potentially octadentate ligands for the actinides in which 
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the lengths of the joining methylene bridges help determine the metal 

specificity. An tetra-2,3-dihydroxybenzamide (CAM) precursors were 

prepared using the general procedures rep'orted earlier. 6 Their direct 

sulfonation was accompllshed at room temperature with 20-30% S03-H2S04 -

whic~ serves as both solvent and reactant. 10 The sulfonation products 

were isolated at pH 4 as thei,r hydrated ,tetra-sodium or-potassium salts. 

'Both elemental analysis and pH":titrati,on to obtain neutralization 

equivalents proved that monosulfonation of each catechol unit'occurred. 

Model experiments in S03-H2S04 indicated (by inference) regiospecific 

sulfonation at the 5""position resulting in isomerically pur,e LICAMS 

compounds. For example, a Hl-nmr of 2,3-dihydroxy-N,N-dimethylbenzamide (~) 

dissolved in 20% S03-H2S04 showed an AB-quartet in-the aromatic region 

with J AB = 2Hz. This portion ci~ the spectrum was superimposable .upon that 

of 5-sulfo-2,3,..d,ihydroxybenzenesulfonic acid, also in H2S04 solution, 

indicating that quantitative,mono-sulfonation in the 5-position had 

occurred (Fig. 1): This regiospecific ,5-sulfonation was also shown for 

three dimeric compounds (Z, ~, 1]) (Table I, Fig. 2). 

Design Concept 

Our goal has been the synthesis of tetrameric CAM ligands which effect 

the chelation of all four contiguous catechol units to a single Pli(IV) ion. 

We now understand that the linear catechol amides allow greater stereochemi

cal freedom than do the corresponding cyclic compounds and butylene bridges 

(relative to ethylene or propylene) allow a significant improvement in the 

ability of the ligand to completely surround or encapsulate the actinide 

while at the same time satisfying the geometrical requirement of octa

coordination of Pu(IV) or Th(~V).ll This understanding wa~ reinforced 'by the 
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fact that mice given 238pu (IV) as its citrate complex excreted approxi

mately 60% of the plutonium with a single (2-22 ~mole/kgbw i.p.) dose of 

either 1,2 or 12 given 1 hour later. 12 This is essentially identical 

13 ' with the response to a 30 ~mole/kg bw CaNa3DTPA dose qive under the 
§ 

same conditions. A comparison of the in vivo results for LICAMS 1,2 and 

16 with that for CYCAMS 14, which produced approximately 35% 238pu _ - -
excretion from mice, reveals the improvement in ligand effectiveness 

with greater stereochemical freedom. Furthermore, compound l~, a 

derivative of the natural product spermine, has shown no acute toxicity 

and histological studies have shown no liver damage. This compound is 

more effective in plutonium removal at lower dose concentrations than 

any other sequestering agent tested to date. 

EXPERIMENTAL SECTION· 

Melting points were taken on a Buchi apparatus in open capillaries 

and are uncorrected. Infrared spectra (KBr disks) were recorded on a 

Perkin-Elmer 283 instrument. lH nmr spectra (020) were recorded on a 

Varian T-60 or Varian A-60 instrument using 3-Me3Si-l-propanesulfonic 

acid, sodium salt hydrate as internal standard. Evaporations were 

accomplished (40-60°) with a Buchi Rotovapor-RE. Microanalyses were 

performed by Analytical Services, Chemistry Department, University of 

California, Berkeley. The sulfonated products (l~-l~) were dried at 120° 

(0.1 mm Hg) in vacuo; the sulfonated compounds (2, 7, 10, 13) were dried - -
at room temperature in a vacuum dessicator over P205/NaOH pellets prior 

to elemental analysis. Th~ ion exchange resin used in the synthesis 
2' of ~was Bio-Rad, AG50W-X . (50-100 mesh). The alumina used in the 
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chromatography of precursors to 15 and 16 wasCAMAG basic, in a 15 x 3/411 

o.d. column. The appropriate diaza- and tetraazaalkanes were used in the 

synthesis of each LICAM according to the two-step general procedure (Fig. 2) 

we have earlier used to prepare precursors 3~3,3,3-CYCA~6 and 1 14 (fiq. 1). 

"The tetraazaalkanes, spermine (amine component of 19) and N,N'-bis(4- amino

butyl)-l ,4-butanediamine(amine component of U», were purchased from Ames 
" I 

Laboratory, Inc., Milford, Connecticut. The 4,5-dihydroxy-M-benzenedisul

fonic acid, disodium salt (fig. 1), was obtained from Eastman Kodak Co., 

Rochester, NY. Reagent ~ (2,3-dimethoxybenzoylchloride) was prepared from 

an equivalent amount of the corresponding acid by treatment with excess SOC1 2 
for 3 hours at room temperature followed by co-evaporation with CC1 4 to the 

crystalline, crude acid chloride and was used without further purification. 

N ,N-Dimethyl- (2, 3-dihydroxy-5-sulfo)benzamide(2). 
" " -

Solia ~ (1.3g, 7.2 mmol) dissolved in 30% fuming H2S04 (10 ml)" 

was allowed to stand overnight in a stoppered flask immersed in a water

b~th (22°C). " A H1-nmr of a reaction mixture aliquot revealed only an 

AB-quartet (JAB = 2Hz) in the aromatic region. This reaction solution 

was poured onto ice, resulting in a clear aqueous solution (100 ml). 

Carefu1, drop-wise addition of 10 N NaOH, with vigorous stirring and 

(ice water bath) cooling gave a pH 4 solution at ambient temperature. 

Addition of 1 volume of MeOH precipitated the inorganic salt which was 

removed by filtration, washed well with MeOH-H 20 (equivo1 .), then discarded 

The combined filtrate and wash were evaporated to a solid, redissolved in 

H20, and eluted from a '100 meq H+-ion e?<change column. Fractions 

containing £ were identified by a (blue) color test with FeC1 3 solution. 
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These were evaporated to residue and dried in a vacuum dessicator at 

room temperature over P205/NaOH to yield the hygroscQpic, white solid 

~ o2.5H20)(2.0g, 94%) mp 143-5°: ir 2500'-3700 (~CW, -OH), 1670 (-CON::::), 

1600,1465,1410,1'385,1210 (S03), "60 (S03)' 1100, 1040,610 (S03) cm- 1; 

nmro2,97 (broad s, 6H, -CON(CH3)2)' 7.20 (d, 1H, 4-Ar!!., JAB = 2Hz), 

7.37 (d, 1H', 6-Ar~, JAB = 2Hz). 

Analysis: Calculated for C9H"N06S 0 2.5H20: N, 4.59; S, 10.50. 

Found: N,4.45; S,10.55. 

N,N'-Bis(2,3-dimethoxybenzoyl)-1,4-diazabu~ane(!!..). 

To 2,3-dimethoxybenzoy1 chloride 4 (34.3 mmo1), dissolved in 

N,N-dimethy1acetamide (DMAA. 20 m1), was added ethylenediamine (1.0 g, 

17 mmol) and NEt3 (3.5 g, 34.6 mmol) in DMAA (20 ml) solution. The 

combined ingredients were stirred in a stoppered flask immersed in a 60° 

oil bath for 20 hours. After evaporation to residue, the product mixture 

was triturated with water and collected by filtration. Crude product 

was washed well with dilute aqueous NaOH and HCl. Recrystallization 

from 95% EtOH gave 5 (6.2 g, 92%): mp 141-3°. 
, -

Analysis: Calculated for C20H24N206: C, 61.84; H, 6.23; N, 7.21. 

Found: C,61.55; H,6.21; N,7.09. 

N,N'-Bis(2,3-dihydroxybenzoyl)-1,4-diazabutane, (2-LICAM) (6). 

Under argon, a solution of ~ (5.0g, 13 mmo1) in CH2C1 2 (40 ml) was 

added drop-wise to a solution of BBr3 (6.5 m1, 68 mmo1) in CC1 4 (75 m1). 

During the addition, the latter solution was vigorously stirred while 
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irrnnersed in a room temperature water bath. An immediate precipitate 

formeqand waS a.llowed to stir overnight. Addition of 50 mlH20, 

(CAUTION HBr evolution) followed by a 2 hour pause for completion of 

hydrolysis resulted in a crude white solid which was collected by 

filtration and washed well, with H20 to remove acids. Recrystallization 

of the crudewhi te solid from aqueous MeOH gave ~ • 1 H20 (3. 85 g, 85%): 

mp 214-17°. 

Analysis: Calculated for C16H16N-206 .lH20:' C, 54.86; H, 5.18; N, 8.00. 

Found: C, 54.85; H, 5.20; N, 8.02. 

N,N'-Bis(2,3-dihydroxy-5-sulfobenzoyl)-1,4-diazabutane, (2-LICAMS) (7). 
~ 

In portions 4.5 9 (13.5 mmol) of 6, were added to 20% fumin~ H2S04 
~ 

(50 ml) contained in a stop~ered rouhd bottom flask which was immersed in 

a 22°C water bath, while stirring vigorously with a magnetic stir 

bar. The reaction solution sat overnight and was then carefully poured 

onto ice. The resulting solid was collected by filtration or centrifu

gation. Recrysta-llization from minimum hot H20; followed by filtration, 

an ice water wash,and drying overnight in a vacuum dessicator over P205 

gave Z .4H20 (3.3g, 43%): mp 259-60° dec; ir 2500-3700 (.~CH, OH), 

1640 (-CO-N~ ), 1590, 1555, 1l1.80, 1425, 1280, 1275 (SO;), 1165 (SO;), 

1035, 610 {S03~; nmr 03.72 (broad S, 4H, -CH2CH2-), 7.52 (d, 2H, 4-ArH, 

JAB = 2Hz), 7.82 (d, 2H, 6-Ar~, JAB = 2Hz). 

Analysis: Calculated for C16H16N2012S2 e4H20: C,34.04; H,4.29; 

N,4.96; S,11.36. Found: C,33.88; H,4.37; N,4.69; S,11.70. 
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N,N'-Bis (2 ,3-dimethyoxybenzoyl)-1,6-diazahexane (8). 
, . -

Using the same procedure as in the synthesis of 5, the following -
i ngredi ents were combi ned: 4 (38.4 mmo 1); 1,4- butane-di ami ne • 2HCl (3.06 g, 

19 mmol); NEt3 (7.8 g, 77 mmol), DMAA (60 ml). Workup and recrystallization 

from 95% EtOH gave 8 (4.3 g, 55%): mp 143-5°. -
Analysis: Calculated for C22H28N206: C, 63.45; H, 6.78; N, 6.73. 

Found: C, 63.06; H, 6.75; N, 6.62. 

N ,N! -Bis (2, 3-"dihydroxybenzoy1) -1 ,6-diazahexane, (4-LICAM) (2). 

Using the procedure as in the synthesis of ~, the following 

ingredients were combined: ~ (4.0 g, 9.6 mmol), BBr3 (5.0 m1, 53 mmol), 

CH
2

C1 2 (115 ml). Workup and recrystallization from H20/MeOH gave ~ 

(3.2 g, 91%): mp 203-5°. 

Analysis: Calculated for C'8H2 ~206 C, 59.99; H, 5.59; N, 7.77. 

Found: C, 59.76; H, 5.73; N, 7.68. " 

, 
( 
) 

N ,N' -Bis (2, 3-dihydroxy-5-su1fobenzoy1)-1 ,6-diazahexane, (4-LICAMS) (1j}). 

Using the same procedure as in the synthesis of Z, the following 

reactants were combined: 2 {3.1 g, 8.6 mmolJ, 20% fuming H2S04 (30 ml). 

Workup and recrystallization from H20 gave '12·2H20 (2.0 g, 42%): mp 256.5-

257.5° dec; ir 2500-3700 (';;::CH, -OH), 1650 (-CO-N:::::), 1595, 1550, 1470, 

1430, 1330, 1280, 1225 (S03). 1160 (SO;). 1110, 1040, 610 (S03) cm-
1

; 

nmr 01.6-2.0 (broad, 4H, -CH2CH
2

-NH-), 3.3-3.8 (broad, 4H, -CHZCH 2-NH-), 

7.57 (d, 2H, 4-Ar~, JAB =, 2HZ), 7.87 (d, 2H, 6-Ar~, JAB = 2Hz). 
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Analysis: Calculated for C18H20N2012S2 - 2~20: C, 38.85; H, 4.35; 

N, 5.03; 5,11.52., Found: C, 38.79; H, 4.59; N, 4.99; 5, 11.45. 

N,N'-Bis(2,3-dimethoxybenzoy1)-1,B-diazaoctane (11). o _ 

Using the same procedure as in the synthesis of ~, the following 

reactants were combi ned: ~ (40 mmo 1), NEt3 (4. 05 g, 40 mmo 1 ), 1, 6-Hexane

diamine (2.32 g, 20 mmol) , DMAA (60 ml). Workup and recrystallization 

from 95%-EtOH gave' 1J (8.46 g, 95%): mp 137-9°. 

Analysis: Calculated f?r C24H32N206: C, 64.83; H, 7.25; N, 6.30. 

Found: C, 64.40; H, 7.28; N, 6.06. 

N ,N' -Bis (2, 3-dihydroxybenzoy1)-1 ,B-diazaoctane, (6-LICAM) (12). -
USing the same procedure as in the synthesis of ~, the following 

reagents were combined: 1,] (6.7 g, 15 mmol) in CH2C1 2 (60 ,ml), BBr3 

(7.5 m1, 79 mmol) in CH
2

C1 2 (75 ml). Workup and recrys'callization from 

H20-:-MeOH gave 13 (4.2 g, 85%): mp 214-1]0. 

Analysis: Calculated for C20H24N206: C, 61.84; H, 6.23; N, 7.21. 

Found: C,61.56; H,6.23; N,7.09. 

N ,N' -Bis (2, 3-dihydroxy-5-sulfobenzoy1)-1 ,8-diazaoctane, (6-LICAMS) (12). 

Using the same procedure as in the synthesis of 7, the following , 0 , _ 

'reagents were ,combined: 13 (4.59, 11.5rnmol), 30% fuming H2S04 (45 rill). 

Workup and recrystallization from H20 gave.l] -2H20 (3.2 g, 48%): mp 253-4° 

253-4° dec; ir 2500-3700 (::::CH, -OH),1640 (-CO-N::::), 1590, 1550, 1425~ 

1280, 1215 (503), 1165 (S03)' 1105, 1040,610 (S03), cm-1 ; nmr 01.2-1.9 
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(broad, 8H, -(CH2}4CH2-NH-), 3.2-3.6 (broad, 4H, -(CH2)4C~2NH-), 7.60 

(d, 2H, 4-Ar~, JAB = 2H z), 7.92 (d, 2H, 6-Ar~~ JAB = 2~ z) . 

Analy~is: Calculated for C20H24N2012S2 o2H20: C, 41.09; H, 4.B3; 

N,4.79; S,10.97. Found: C,41.41; H,5.07; N,4.7B; S,11.21. 

N ,N' ,N"',N"'-Tetra (2, 3-dihydroxy-5-sulfobenzoyl)-1,5,9 ,13-tetraazacyclo

hexadecane, tetrasodium salt, (3, 3,3, 3-CYCAMS) (l~). 

Crude, dry precursor 3,3,3,3-CYCAM (1.0 g, 1.2 mmol) dissolved in 

30% fuming H2S04 (10 ml) sat overnight in a stoppered flask immersed in 

a 22°C water bath. The reaction solution was poured onto ice, resulting 

in a clear (100 ml) solution. Careful addition of 10 ~ NaOH, with 

vigorous stirring and ice-water cooling gave a pH 4 solution at ambient 

temperature. Addition of 1 volume of MeOH provided a copious inorganic 

precipitate which was removed by filtration and discarded after washing 

well with 1:1 H20/MeOH. (A portion of this filtrant gave no blue color 

in the presence of aqueous FeC1 3.) T~e combined filtrate and wash was 

evaporated to dryness and then redissol~ed in minimum H20. Careful 

addition of MeOH, then EtOH, and finally Et20 (to give substantial 

turbidity) followed by filtration gave a clear, nearly colorless solution. 

Subsequent addition of 2 to 3 volumes of Et20 gave a white solid; this was 

isolated by filtration, washed well with Et20, then dried at 120° «0.1 mm 

Hg) overnight. Thus was obtained hygroscopic 14 0 5~20 (1.4 g, 92%): 
"- I 

ir 2BOO-3700 ()C-H, -OH), 1610 (-CO-N'::], 14B5, 1410, 1250-1140 (S03)' 

1100,1045,615 (S03) cm-'; nmro1.6-2.6 (broad, BH, -CH2CH2-N(), 2.8-4.2 

(broad, 16H, -C~2N::), 7.0-B.0 (complex m, BH, Ar~); purity also established 

by pH-titration giving pKa, B.12 (4 protons) and pKa2 12.0 (4 protons) 
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for the four constituent catechol groups. 

Analysis: Calculated for C40H40N4024Na4 • 5H20: C, 37.80; H, 3.96; 

N,4.4l; S, 10.09; Na, 7.23. Found: C, 37.52; .H,3.94; N,4.39; 

S~ 9.74; Na, 7.60. 

. . 

N ,N' ,N' ',N" '-Tetra (2 ,3-dihydroxy-5-sulfobenzoyl) -1 ,6,11 ,16-tetrahexa-

decane, tetrasodium salt, (4,4,4,4-LICAMS) (15). 
. -

Using the same procedure as in the synthesis of ~, the following 

materials were combined: ~ (35 mmol); 1,6,.1l,16-tetraazahexadecane 

{2.0 g, 8.7 mrno'l) , NEt3 (3.54'g, 35 mmol) , DMAA (40 ml). The reaction 

mixture was evaporated to residual oil which was partitioned between 

Next the CHC1 3 layer was washed well with aqueous HC1, H20, 

then aqVeous NaOH before drying with MgS04 and elution from an alumina 

column with mixtures of 0-5% EtOH in CH 2C1 2. Column fractiOns were 

monitored with tlc. Thus was obtained the tetra(2,3-dimethoxybenzoyl)

precursor to 15 as a glassy solid (6.6g, 86%): ir 3400 (-N~-CO), 2940 

C:::CH) , 1655 and 1635 <:::::N-CO-) cm-'. 
, 

This material was used in the 

next step. 

Analysis: Calculated for C48H62N~012: C, 64.99; H, 7.05; N, 6.32. 

Found: C,65.18; H,6.82; N,6.23. 

Using the same procedure as in the synthesis of ~, the following 

materials were combined: Tetra{2,3-dimethoxybenzoyl)-precursor-of-l":; 

(3.7 g, 4.2 mmol), BBr3 (4 ml, 42 mmol), CH2C1 2 (115 ml). After hydrolysis 

with H20. (50 ml), the crude product was coll ected by fi ltration and washed 
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well with H20 to remove acids, then with Et20, and dried in a vacuum 

dessicator over P205/NaOH (pellets) to obtain crude, dry 4,4,4-LICAM 

(2.1 q, -62%), which was satisfactory for use in the next step. 

The dry, crude 4,4,4-LICAM (1.0 g, 1.2 mm(1) was sulfonated and iso

lated precisely as in the synthesis of L4 to obtain hygroscopic white 

solid 1J.4H20.~Na2S04 (1.4 g, 88%): ir 2800-3700,1600 ()N-CQ-)' 

1475, 1150-1300 (SO;), 1100, 1045, 620 (SO;) cm- l ; nmr 1.3-2.1 (broad, 

12H, -C~2C~2C~2N(), 2.8-1.8 (broad, 12H, -C~2N ), 7.2-8.0 (complex m, 

8H, Ar~): pH-titration gave pKa l , 7.49 (4 protons) pKa2 12.10 (4 protons) 

for four catechol units. 

Analysis: Calculated for C40H42N4024S4Na4 ·4H20 • ~ Na2S04: C, 37.22; 

H, 3.91 ; N, 4.34; S, 10.56; Na, 8.02. Found: C, 37.27; H, 4.02; 

N, 4.51 ; S, 10.87; Na, 8.42. 

N ,N' ,N",N' "-Tetra (2, 3-dihydroxy-5-sulfobenzoyl) -1,5,10 ,14-tetraaza

tetradecane, tetrasodium salt, (3,4,3-LICAMS) (UJ). 

Using the same procedure as in the synthesis of ~, the following 

materials were combined: spermine (2.0 g, 9.9 mmol) , ~ (40 mmol) , NEt3 

(4.05 g, 40 mmol), DMAA (40 ml). Evaporation of the react'ion mixture 

gave oily residue which was partitioned between H20/CH2C1 2. Purification 

of this crude product in CH2C1 2 solution was accomplished as in the 

synthesis of the corresponding precursor to 12' In this way a 4 g fraction 

of the tetra(2,3-dimethoxybenzoyl)-precursor-to-l~ was obtained for use 

in the next step. 

Using the same procedure as in the synthesis of ~, the following 

reagents were combined: precursor-to-l~ (4 g, 4.6 mmol), BBr3 (4.2 ml, 
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44 mmol), CH2C1
2 

(115 ml). Hydrolysis (50 ml, H20), filtration, and 

thorough water wash, then vacuum drying at room temperature over P205/NaOH 

pellets gave 3,4,3-UCAM (3 g), satisfactory for the sulfonation step. 

Prec i se ly as in the synthes is of 11>, the fo 11 owi ng reagents were 

combined: 3,4,3-LICAM (2.5 g,3.3 mmol), 30% fuming H2S0
4 

(3D ml). 

After pouring on ice~ then neutralization with 10 ~ NaOH to pH 4 and 

subsequent workup as for l~, hydroscopic, white solid l~ o6.5H
2
0 (2.1 g, 

50%) was obtained: ir 3700-2500 ()C,H, -OH)" 1640-1590 (-~-N:'::), 1470, 

1420, 13BO, 1210-11BO (503),1100, 1040, 615 (S03) cm- l ; nm~ 01.3-2.3 

(broad, BH, -C~2CH2N(), 2.B-3.B (broad, 12H, -C~2N(), 7.1-7.9 (broad m, 

BH, Ar~) . 

. Analysis: . CalCulated for C3BH3BN4024S4Na4 0 6.5H20:C, 35.BB; H, 4.04; 

N,4.40; S,lO.OB; Na,7.23. Found: C,36.3B; H,3.73; N,4.24; 

S, 9.26; Na, 7. 13. 
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TABLE 1. Oimeric 2,3-dihydroxy-5-sulfo-benzamides and precursors. 

R0:QrX 
• rnH 0 X'Q::: 2 

RO 

/> o = C - NH - (CH 2) n - NH - C = 0 

. -:"1 

Compound n m X R mp, °C Yield 
(Recrystallization solvent) (%) Abbreviated name 

5 2 ° H CH3 140-2 (95% EtOH) 92 

6 2 1 H H 214-17 (MeOH/H2O) 85 2-LICA~ • H2O 

7 2 4 S03H H 259-60d (H2O) 43 2-LICAII.1S;4H2O 
I 

8 (95% EtOH) 4 ° H CH3 143-5 55 ...... 
U1 
I 

9 4 ° H H 203-6 (MeOH/H2O) 91 4-LICAM 

10 4 2 S03H H 256.5-7.5d (H2O) 42 4-L ICN1S.2H2O 

11 6 ° H CH3 137-9 (95% EtOH) 95 

12 6 ° H H 186-8 (MeOH/H 2O) 85 6-LICAM 

/ 13 6 2 S03H H 253-4d (H 2O) 4R h-L!cnMS·?H 0 , " .'~ - '2 
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. Figure 1. Quantitative, r,egiospecifiC,· 5-su1fonation ~f 1. 
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Figure 2. Synthesis of dimeric 2,3-dihydroxy-5-sulfobenzamides and precursors. 

g:::: NEt3 
) 

NH 2(CH 2)nNH 2 

o = CC 1 

gOCH3 

OCH 3 

CH30:Q 

CH
3
0 0 

o = C NH - (CH 2) n - NH C = 0 

~,n = 2 

,a, n = 4 

11, n = 6 

BBr
3 

" -, g OH H0:Q o ·0 
. . OH , HO 

0= C NH- (CH?) - NH r:= n. 
~ n 

Q, n = 2 

,2, n = 4 

1£, n = 6 

H03S ~ OH H0'rf)('. S03H 

. ~OH HOJ:t. 
o ;:, C N H - (C H2 ) - N H C = 0 n . 

I, n = 2 

1Q, n = 4 

11, n = 6 

20-30% ) 

·S03,-H2S04 

" 

--' 
.~ 

I 



This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by.the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



TECHNICAL INFORMATION DEPARTMENT 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 




