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SPECIFIC SEQUESTERING AGENTS FOR THE ACTINIDES.
3. POLYCATECHOLATE LIGANDS DERIVED FROM
| 2,3QDIHYDROXY-5—SULFOBENZOYL CONJUGATES OF

DIAZA- AND TETRAAZAALKANES.1

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, California 94720

ABSTRACT

As part of a program to develop specific sequesterfng agents for
the actinides, we have reported the synthesis of N, N', N", N'"
tetra (2,3-dihydroxybenzoy?) tetraazacycioa]kabes. These tetra (DHB)
amides ake botentia]]y octadentate ligands by coordination of the cathechol
oxygen atoms. We now report the synthesis of the DHB aﬁides of Tinear
tetraaza- and diazaalkanes. 'Furthermoré,.su1fonation of these compounds
in 20430% S0,-H 504 yields exclusively all their 5-sulfo-DHB analogs

32
(2, 7, 10, 13). 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 (14, 15, 16) to be generally écute1y non-toxic, efficient

~

‘sequestering agents for the actinides which promote rapid urinary

238

excretion of Pu. Compound 16, the tetra (5-sulfo-DHB) derivative of

spermine, is more effective than any other plutonium sequestering agent

yet tested.



INTRODUCTION

The biological hazard presented by plutonium is a combination of
its radioactivity and chemical propertiés.z'5 P]utonidm is a potent
carcinogen whose‘1dng-term retention in mammals is due to the immobility
of Pu(IV) in vivo. IWe are pursuing a biomimetic design concept to .
prepare new sequestering agents whiChVWill'e;pedité gTutonium removal
and iso]at%on.6 This approach is based on the obsefvation that theré :
are many chemical and biological similarities of Pu(IV) and Fe(}II)f
In mammalian serum, Pu(IV) is bound and transported by the iron
transport protein, transférrin.s

In miérobes the traﬁsport of Fe(III) %s_aécomp]isheg by a c]ass
of low-molecular weight compounds called siderophores.7» Thése typically
incorporate hydroxamate ahd catecholate functional groUps to form
‘polychelate ligands which satisfy the six-coordinate geometryjfavbred
for Fe(III). We are'preparing analogous tetra catechol Tigands which
can”comp]ete1y encapsulate the Pu(fV)vion and form the eight-qoordinate
geometry preferred by the actiqlde(lv) jons. Wé have recently reported
this geometry in the structures»bf tetrakis(catecho]qte)-thorate(IV)

1 Molecular models show that the attachment of four

and —urqnate(IV).
catecho] groups‘to tetraza alkanes gives compounds which can form -
octadentate.cavities of the proper size for Pu(IV). Ne‘hayg repofted
ear]ier the preparation of 3,3,3,3,fCYCAM9ana related compounds. Anima1
tests and titration studies indicated that the Tow solubility and weak

- acidity of the dihydroxybenzoyl (DHB) groups of [ﬂ limited its potentfal
as a Pu sequestering égent. In response to this, a further cyé]e of

t

compound modification was undertakeﬁ to prepare sulfonated derivatives
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in which -SO3H groups were added tb the DHB rings. This substantia]]y
improved the so]ubility, stabi11ty to air 0x1dation, and actinide(IV)
ion’affinity at low pH. We next examined the effect of greater stereo-
chemical freedom in an octadentate ligand by préparing tetra (sulfo-

DHB) derivatives 15 and 16 of Tinear tetraamines. We have established
that the equivalent quantity of the monomeric sulfonated dihydroxybenzamide
from which the polyché]ate structure fs derived (2, Fig. 1) causes Tittle
if any Pu excrefion. Whi]e further cycles of Tigand modification and
improvement are continuing (currently aimed at optimization of bridge
Tength between monomeric units), current test résu]ts 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 Thé syntheses

and characterization of the crystalline, dimeric 5-sulfo-DHB compounds
have been included hefe_tq substantiate the synthetic procedures used

for the tetramers and précursors since the'latter compounds are generally

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

EXPERIMENTAL DISCUSSION

Chemistry 7
As early as 1933 thére were literature reportéithat neutral, stable,
aqueous solutions of many metal ions — including the actinides uranium
and thorium — could be prepared from monomeric disu]fohated aromatic
0-dihydroxy compounds.8 With this in mind we have focused upon the
‘preparation of the tetrameric 5-sulfo-2,3-dihydroxybenzamides (CAMS)9

~ which are potentia]iy octadentate ligands for the actinides in which



the 1engfhs of the joiningknethyiene bridges help determine the‘metéi
specificity. ATl tetra-2,3—dihydroxybeniamide (CAM),precursors were
prepared using the general procedures répbrted earlier.® Their direct
sulfonation was accomp]iéhed at room temperéture with 20-30% 503-H2504 —

which serVes as both-501Vent.and‘reactant.10

The sulfonation products
were isolated af-pH 4 as their hydrated tetra-sodium or -potassium sa]ts;
'Both elemental analysis and pHQtitration to obtain neUtraiizafidn

~ equivalents proved that monosuifonation of each catechol unit-occurred.
Modei.experiments in 303-H2504 indicated (by inferénce) regiospecific'
snifonation'ét the 5-position resulting in isomerically pure LICAMS

1

compounds. For example, a H -nmr of 2,3;dihydroxy—N;N—dimethy1benzamide (1)

dissoined in 20% 503—H2304 showed ah AB-quartet in-the aromatic region
with JAB= 2Hz. This portion dfséhe spectrum was superimposab]é,upon that
of 5—suifo—2;3—djhydroxyben;enesu]fonic acid, also in HZSO4 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 (7, 10, 13) (Table I, Fig. 2).

Design. Concept . ) e

Our_goai has been the synthesis of tetrameric CAM Tigands which effect
the chelation of all four contiguous cafechol units to a single Pu(IV) ion.
We now'understand that the linear catechoi.amides allow greater stereochemi-
. cal freedom than do the’correéponding cyclic compounds and butylene bridges
(relative to ethylene or propylene) allow a significant imorovement in the
ability of the Tligand to'conpietely surround or encapsulate the actinide -
Whi]e at the same time satisfying the geometrical reqnirement of octa-

).11

coordination of Pu(IV) or Th(IV This understanding was reinforced by the
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fact that mice given Pu(IV) as its citrate complex excreted approxi-

mately 60% of the plutonium with a single (2-22 umole/kg bw i.p.) dose of

12 This is essentially identical

either\1§ or 16 given 1 hour later.
with the response to a 30 umole/kg bw CaNa3DTPA]3 dose aive under the
same conditions. A comparison of the in vivo)resulté for LICAMS 15 and
[9 with.that for CYCAMS 19, which produced approximateTy 35% 238Pu—
'excretion from mice, réveals the improvement in ligand effectiveness
with greater stereochemical freedom. Furthermore, compound 16, 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 Tower dose concentrations than

any other sequestering agent tested to date.

EXPERIMENTAL SECTION

1

Me]ting points were taken on a Buchi apparatus in open capii]aries

and are uncorrected. Infrared spectfa (KBr disks) were recorded'on a
Perkin—Eimer 283 instrument. ]H nmr spectra (DZO) were recorded on a
Varian T-60 or Varian A-60 instrument using 3-Me3Sf—1-propanesu1f0nic
acid, sodium salt hydrate as internal standard. Evaporations were
accomp]ished (40460°) with’a Buéhi RotOvapor-RE. Microanalyses were
. performed by Ana]yticé] Services, Chemistry Department, University of
California, Berkeley. The sulfonated products (14-16) were dried at 120°
(0.1 mm Hg) in vacuo; the sulfonated compounds (2, 7, 10, 13) were dried
“at foom temperature in a vacuum dessicator over P205/Na0H pellets prior
to e]emenfa] analysis. Thé jon exchange resin used in the synthesis

of g'was Bio-Rad, AGSOW-XZﬁ(SO—]OO mesh). The alumina used in the
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chrbmatography‘of precursors to 15 and 16 was CAMAG basic, in a 15 x3/4"
o.d. column. The appropriate diaza- and'tetraaZaaTkanes‘were used in the
synthesis of each LICAM accordihg to the two-step general procedure (Fig. 2)

6 ana 1 ™ (

we have earlier used to.prepare precursors 3,3,3,3-CYCAM 1 Fig. 1).
"The tetraazaa]kanes, spermfne (amine cOmponént of 1§) and N,N';bis(4— amino-
bﬁty])j1,4-butanediamine (amine component of 15), were purchasgd from Ames
'Labordtory,'Inc;,'M11ford, Conﬁecticut. kThe 4,5—dihydroxy-M-benzenedisu1-

| fonic acid, disodium salt (Fig. i), was obtained from Eastman Kodak Co.,
Rochester, NY. Reagent 4 (2,35d1methoxybenzoy1ch{oride) was prepared from

an equivalent amount of the corresponding acid by treétment with excess SCC12
for 3 hpurs.at room temperature fo11bwed'byvto—evaporation with»CC]4 to the

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

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

Solid 1 (1.3g, 7.2 mmol) dissolved in 30% fuming HZSC4 (10 m1)
was'a110wed to stand overnight in a stoppered flask immersed in a water-
“bath (22°C). A H]—nmr of a reaction mixture aliquot revealed only an
I-_\B—-quar‘tet“(dAB = 2Hz) in the aromatic region. This reaction solution
was poured onto ice, resulting in a clear aqueous solution (100 m]),
Careful, drop-wise addition of 10N NaOH, with vigorous stirring and
(ice water bath) cooling gave a pH 4 solution at ambient temperature.
Addition of 1'v01ume of MeOH precipitated the inorganic salt which was
removed by filtration, washed well with MeOH—HZO (equivol.), then discarded
- The combined filtrate and wash were evaporated to a solid, redissolved in
'HZO, and eluted from a '100 meq H-ion exchange column. Fractions

containing g were identified by a (b]ue) color test with FeC'l3 solution.



These were evaporated to residue and dried in a vacuum dessicator_at

room temperature over PZOS/NaOH to yield the hygroscqpic, white solid

2 -2.5H20)(2,0 g, 94%) mp 143-5°: ir 2560¥3700 Q;CH’, -0H), 1670 (-CONJ),
1600, 1465, 1410,.1385, 1210 (505), 1160 (505), 1100, 1040, 610 (505) cm'];
nmr 62,97 (broad s, 6H, ~CON(CH3),), 7.20 (d, H, 4-ArH, Jpg = 2Hz),

7.37 (d, 1H, 6-ArH, dag = 2Hz).

Analysis:  Calculated for CgH]]NOGS -2.5H20f N, 4.59; S, 10.50.
Found: N, 4.45; 'S, 10.55.

N,N'-Bis(2,3-dimethoxybenzoyl)-1,4-diazabutane(5).

To 2,3-dimethoxybenzdy1 chloride f (34.3 mho]), dissolved in
N,N-dimethylacetamide (DMAA, 20 ml), was added ethylenediamine (1.0bg,
17 mmo1) and NEty (3.5 g, 34.6 mmol) in DMAA (20 m1) solution. The
combined ingredients were stirred in a stoppered flask immersed in a 60°
0il bath for 20 hours. After evaporation to residue, the product mixture
was triturated with water and collected by filtration. Crude product
was washed We]] with dilute aqueous NaOH and HC1. Recrystallization

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

Analysis: Calculated for CogHyN,0: 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 (5.0'9, 13 mmol) in CHZC]2 (40 m1) was
added drop-wise to a solution of BBrg (6.5 m1, 68 mmol) in CC]4 (75 m1).

During the addition, the latter solution was vigorously stirred while
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immersed fn_a.robm temperafure water bath. An immediate precipitate
fofmed‘and wés ai}owed to stif.bvernight. Addition of 50 ml ‘H,0.

“ (CAUTION HBr’er]Utfon) followed by a 2 hour pause for completion of
hydho]ySis resulted in a cfude white solid which was coTlecfed by
filtration énd.washed we11 with H,0 to remové acids; ‘Recrystallization
of the érude-White‘soTid'from aqueous MeOH gave § °1H20 (3.85 a, 85%):
mp 214-17°. | |

Analysis: Calculated for C,cH;gN,Op + TH)0: C, 54.865 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 g (13.5 mmol) 9f 6, were added to 20% fuming H_ZSO4
(50 h1) contained in a stopoered round bo£t0m1f1ask which waS’immérsed in
a 22°C water bath, while stirring vigorously with a magnetic stir
bar. The reaction solution sat dVernight and was then carefully poured
Onto ice. The resulting solid was collected by filtration.or centrifu-
gation. Recrystallization from minimum hot H,0; followed by filtration,
an ice water wash, and drying overnight in a vacuum dessicatqr over P205
gave 7 - 4H,0 (3.39, 43%): mp 259-60° dec; ir 2500-3700 (3CH, OH),
1640 (-EQ-N( ), 1590, 1555, 1480, 1425, 1280, 1275 (sog), 1165 (sog),
1035, 610v(505); nmr & 3.72 (broadls, 4H, -gﬂzgﬂz-), 7.52 (d,’ZH; 4-ArH,

dpg = 2HZ), 7.82 (d, 2H, 6-ArH, Jpg = 2HZ).

Analysis: Calculated for CIGHIGNZO]ZSZ -4H20: 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.




N,N'~Bis(2,3-dimethyoxgbenzoyl)—1,6-diazahexane (8) .

Using the same procedure as in the synthesis of 5, the following
| ingredients were combined: 4 (38.4 mmol); 1,4-butane—diamine « 2HC1 (3.06 g,
19 mmol); NEt3 (7.8 g, 77 mmo1), DMAA (60_m1). Workup and recrystallization

from 95% EtOH gave 8 (4.3 g, 55%): mp 143-5°.

Ana]x;is: Calculated for C22H28N206: F, 63.45;A H, 6.78; N,‘6.73.
Found: C, 63.06; H, 6.75; N, 6.62.

N,N!-Bis(2,3=dihydroxybenzoyl)-1,6~diazahexane, (4-LICAM) (9).

Using the procedure as in the synthesis of 6, the following

ingredients were combined: 8 (4.0g, 9.6 mmol), BBr3 (5.0 m1, 53 mmol),

272

CH,C1, (115 m1). Workup and recrystallization from H,0/MeOH gave 9
(3.2, 91%): mp 203-5°, '

Analysis: Calculated for C18H2 NZOG C, 59.99; H, 5.59; N, 7.77.
Found: C, 59.76; H, 5.73; N, 7.68.°

( | |

N,N’—Bis(2,3-dﬁhydroxg—5—sulfobenzogl)—l,6-diazahexane, (4-LICAMS) (10).

Using the same procedure as in the synthesis of Z, the following
reactants were combined: 2 (3.1g, 8.6 mmol), 20% fuming H2504 (30 m1).
Workup and recrystallization from H20 géve IQ-ZHZO (2.0g, 42%): mp 256.5-
257.5° dec; ir 2500-3700 (=CH, -OH), 1650 (-c0-NJ), 1595, 1550, 1470,
1430, 1330, 1280, 1225 (SO%), 1160 (505), 1110, 1040, 610 (SO%) cm'];
nmr §1.6-2.0 (broad, 4H, ”952CH2*NH“)’ 3.3-3.8 (brodd, 4H, -CHZQHZ-NH—),

7.57 (d, 2H, 4-ArH, Jpp = 2H2), 7.87 (d, 2H, 6-ArH, Jpp = 2H2).
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 Analysis: Calculated for Cyghygh,0,,S, = 2H,0: C, 38.85; H, 4.35;
N, 5.03; S,11.52.- Found: C, 38.79; H, 4.59; N, 4.99; S, 11.45.

' N,N' -Bis (2, 3-dimethoxybenzoyl)-1,8-diazaoctane (11).

Using the same,proceduke as in the synthesis of 5, the following
reactants were combinéd:v 51(40 mmo1), NEt3'(4;05 g, 40 mmol), 1,6-Hexahe- '
o diamine (2.32 g, 20 mmol), DMAA (60 ml1). Workup and recrystallization
from 95%-EtOH gave 11 (8.46 g, 95%): mp 137-9°.

Analysis: Calculated for CZ4H32N206: C, 64.83; H, 7.25; N, 6.30.
Found: C, 64.40; H, 7.28; N, 6.06.

N,N'~-Bis(2,3-dihydroxybenzoyl)-1,8-diazaoctane, (6-LICAM) (12)}.

'Usiﬁg the same procedure as in the syﬁfhesis of g, the following
reagents were combined: 11 (6.7 g, 15 mmo]) fn CH2C12 (60 ml), BBr,
(7;5 ml, 79 mmol) in CH2C12 (75 m1). Workup and recrystallization from
HZOTMeOH_gaVe 12 (4.2g, 85%): mp 214-17°. |

Analysis: Calculated for CoglyN,O5: C, 61.845 H, 6.23; N, 7.21.
Found: C, 61.56; H, 6.23; N, 7.09.

N,N'-Bis(2,3-dihydroxy-5-sulfobenzoyl)~1,8=diazaoctane, (6-LICAMS) (13).

;Us{ng the same proceduré as in the synthésis of Z, thé following
'reagents were .combined: [g (4.5‘9,.11.5mmo1), 30% fuming H2504‘(45 ml).
WOkkup and recrystallization from'HZO géve\[g ;2H20 (3.2¢g, 48%): mpv253-4°
253-4° dec; ir 2500-3700 (=CH, -O0H), 1640 (-CO-NIJ), 1590,‘1550, 1425,

1280, 1215 (S03), 1165 (S03), 1105, 1040, 610 (S03), cm™'; nmr 51.2-1.9
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(broad, 8H, -(CH,),CHy-NH-), 3.2-3.6 (broad, 4H, -(CH,),CH,NH-), 7.60

(d, 2H, 4-ArH, 0, = 2Hz), 7.92 (d, 2H, 6-ArH, J,o = 2H2).

AB
Analysis: Calculated for C20H24N20]252 f2H20: C, 41.09; H, 4.83;
N, 4.79; S, 10.97. Found: C, 41.41; H, 5.07; N, 4.78; S, 11.21.

v'N,N',N";N’”-Tetra(2;3—dihgdroxg—5—sulfobenzoyl)-i,5,9,13—tetraazacyclo—
hexadecane, tetrasodium salt, (3,3,3,3-CYCamMs) (14).

Crude, dry precﬁrsor'3,3,3,3—CYCAM.(1.0 g, 1.2 mmol) disso}ved in
30% fuming H2504 (10 m1) sat overnight in a stoppered flask immersed in
a 22°C water bath. The reaction solution was poured onto ice, resultﬁng
in a clear (100 m1) solution. Careful addition of 10 N NaOH, with
vigorous stirring and ice-water cooling gave a pH 4 solution at ambient
temperature. Addition of 1 volume oqueOH provided a copious inorganic
precipitate which was removed by filtration and discarded after washing
well with']:llHZO/MeOH. (A portion of this filtrant gave no blue color
in the presence of aqueous'FeCTj.) The combined filtrate and wash was
evaporated to dryness and then redissé]yed in minimum H20. ‘Careful
éddition qf MeOH, then EtOH, and finally Etéo (to give substantial
turbidity) followed by filtration gave a é]ear; nearly cd]orless solution.
Subsequent addition of 2 to 3 volumes of Et20 gave a white solid; this was
‘isolated by fi]tration; washed well with Et20,~then dried at 120° (<0.1 mm
Hg)vovernight; Thus was obtained hygroécopic 14 -5%20 (1.4 g, 92%): |
ir 2800-3700 (=C-H, -OH), 1610 (-QQ—N::), 1485, 1410, 1250-1140 (SO&);
1100, 1045, 615 (305) cm-]§ nmr §1.6-2.6 (broad, 8H, —QEZCHZ-N(), 2.8-4.2
.(broad, 16H, -CﬂZN::), 7.0-8.0 (complex m, 8H, ArH); purity also established

by pH-titration giving pKa, 8.12 (4 protons) and pKa, 12.0 (4 protons)
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~ for the four constituent catechol groups.

~ Analysis: Calculated for C40H4ON4024Na4 “5H,0: C, 37.80; H, 3.96;
N, 4.41; 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-d'ihydr_oxvy—k5—-sulfobenzoyl) -1 )6 ,11,l16-tetrahexa-
decane, tetrasodium salt, (4,4,4,4-LICAMS) ({5).

Using the.same procedure as in the synthesis of 5, the following
- materials were combinedf ﬁ (35 mmol); 1,6,11,16-tetraazahexadecane
(2.0 g, 8.7 mmol), NEt3 (3.$4ﬁg, 35vmmq1), DMAA (40 m1). The reaction
mixturevwés.evaporated to residual oil which was partitioned between
HZO/CHC]3. Next the CHC13 1ayer waé waﬁhéd well with aqueous HCI, H20,
then aqueous NéOH before_drying with.MgSO4’and e]utfoh from an alumina
column with”mixtures of 0-5% EtOH in CH,C1,. Column fractions were
monitored with tlc. Thus was obtained the tetra(2,3—dimethoxybenzoy1)—
precursor to 15 as a glassy solid (6.6g, 86%): ir 3400 (-NH-CO), 2940

]

(SCH), 1655 and 1635 (N-CO-) cm™'. This material was used in the

next step.

Analysis: Calculated for CygHc,Ny04,: 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 6, the fq]]owing
materials were combined: Tetra(Z,3-d1methoxybenzoy1)—precursor-of-l?
(3.7 9, 4.2 mmo1), BBr3 (4 m1, 42 mmol), CH2C12 (115 mi). After hydfo]ysis
with HZO'(SO ml), the crude product was collected by filtration and washed
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well with H20 to remove acfds, then with EtZO, and dried in a vacuum
dessiéator over P205/NaOHv(pe11ets) to obtain crude, dry 4,4,4-LICAM
(2.14q, ~62%), which was satisfactory for use in the next step.

The dry, crude 4,4,4-LICAM (1.0 g, 1.2 mmol) was su1fonated and iso-
lated precisely as in the synthesis of 14 to obtain hyaroscopic white
solid 15- 4H,0 - % Na,S0, (1.4 g, 88%): 1ir 2800-3700, 1600 (MN-CO-),
1475, 1150-1300'(505); 1100, 1045, 620'(505) cm-1; nmr 1.3-2.1 (broad,
12H, —CHZCH CﬂzN(ﬁ, 2.8-3.8 (broad, 12H, -CHZN-), 7.2-8.0 {complex m,
8H, ArH): pH—titration.gave bKa1, 7.49 (4 protdns) pKa, 12.10 (4 protons)

for four catechol units.

Analysis: Calculated for CpqH;,N,0,,5,Na, - 4H,0 ok Na2504: 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-dihgdrox.g—5-sulfoben;oyl) -1,5,10,14~tetraaza-
tetradecane, tetrasodium salt, (3,4,3-LICAMS) (1@)

Using the same procedure as in the synthesis of 2, the following
materials were combined: spermine (2.0g, 9.9 mmol), 4 (40 mmo1), NEtg
(4.05 g, 40 mmol), DMAA (40 ml1). Evaporation of the reaction mixture
gave oily residue which was paktitioned between H20/CH2C52; Purification
of this ckude prdduct in CH2C12 solution was accomplished as in the
vsynthesjs of the corresponding precursor- to [§; In this way a 4 g fraction

of the tetra(2,3-d1methoxybenzoy1)—preCursor-to-[§ was obtained for use
%n the next step.
Using the same procedure as in the synthesis of g, the following

- reagents were-combined: precursor-to-16 (4 g, 4.6 mmol), BBr‘3 (4.2 m1,



=14~

44.mMO1), CH2C12 (]15 ml). . Hydrolysis (50 ml, H20), fi]tration,vand
thorough water wash, then vacuum drying at room temperaturé over ons/NaOH
pe]]éts"gave 3,4,3-LICAM (39g), satisfattory for the sulfonation step.
Precisely as in the synthesis of 15, the following reagents were
combined: 3,4,3-LICAM (2.5g, 3.3 mol), 30% fuming H,S0, (30 ml).
: After_pouring on ice;,then neutra]ization with‘10 N NaOH to pH 4 and
sz;eqqent'workup as for'lg, hydrOSCbpic; white solid [§ r6.5H20 (2.1 g5
'50%) was obtained: ir 3700-2500 (=CH, -OH),.1640-1590 (-gg-N::), 1470,

V. omr 61.3-2.3

1420, 1380, 1210-1180 (S03), 1100, 1040, 615 (S03) cm”
(broad, 8H, -CHoCH,NC), 2.8-3.8 (broad, 12H, -CH,N), 7.1-7.9 (broad m,

8H, ArH).

- Analysis: - Calculated for C40H30N,0,,5,Na, - 6.5H,0: C, 35.88; H, 4.04;
N, 4.40; S, 10.08; Na, 7.23. Found: C, 36.38; H, 3.73; N, 4.24;

S, 9.26; Na, 7.13.
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TABLE 1.

Dimeric 2,3-dihydroxy-5-sulfo-benzamides

and precursors.

RO X X . OR
-+ mH.0
| RO: :;j OR
- O=C=-Ni- (CHy) = NH-C =0
P mp, °C Yield
Compound n m X R (Recrystallization solvent) (%) Abbreviated name
5 2 0 H CH 140-2  (95% EtOH) 92 -
6 2 1 H H 21417 (MeOH/H,0) 85 2-LICAM < H,0
7 2 4 SO,H H - 259-60d (H,0) 43 2-LICAMS:4H,0
8 4 0 CH 143-5 (95% EtOH) 55 --
9 4 0 H H 203-6  (MeOH/H,0) 91 4-LICAM
10 4 2 SOH H 256.5-7.5d (H,0) 42 4-LICAMS-2H,0
11 CH 137-9  (95% EtOH) 95 --
12 6 0 H H 186-8  (MeOH/H,0) 85 6-LICAM
- 13 6 2 SO4H H 253-4d  (H,0) 48 6-LICAMS - 2H,0

—S[_
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