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Abstract : A new family of iron(III) sequestering agents has been designed. Tripodal ligands possessing six convergent 

hydroxyl groups have been prepared by condensation of an appropriate o, o’-biaryl building block and a spacer. The 

preparations of building blocks and of simple bidentate ligands designed for comparative studies are described : several 

methods have been used for onho functional&ion and for 33’-diiuncticnraEsat.ion of 23’dihydroxybiphenyl. SuIfonation 

of the ligands led to water soluble agents. These ligands offer an alternative to synthetic hydroxamate or catecholate 

siderophores. The hexamethoxylated tripodal precursors and tbeii complexing ability towards aIkaIi cations are also 

described. The complexing abilities of hexahydroxylated sequesteting agents towards iron(III) are comparable to those of 

hydroxamate siderophores but are lower than those of catecholate Merophores. 

INTRODUCTION 

Interest in natural or synthetic iton(III) sequestering agents includes iron transport in microorganisms 
or plantst, DNA cleavage2 and iron enzymes mimics 3, Some of these compounds are of therapeutical 

interesti : treatment of iron overload (hemosiderosis, Cooley anemia), antioxidant therapy (preventing 
Fenton chemistry), anticancer agents (sequence specific DNA cleavage), NMR contrast agents and imaging 

of organs. Others are promising catalysts. 
An iron(III) sequestering agent implies a strong and selective complexing ability towards iron(II1) 

(no exchangeable ligand) and the iron complex has to be difficult to reduce (a too easily reducible complex 
can induce the loss of iron and/or Fenton chemistry). An iron carrier is a solubilizing and chelating agent, 
adapted to a mechanism of release. In living organisms this mechanism usually implies a reducing step. The 
search for effective ferric ion chelating agents has been originally centered on desferrioxamine, an 
hydroxamate siderophore. but its use suffers limitations that are probably inherent to all hydroxamate 
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chelating agents. The pionnering work of K.N.Raymond has been focused in mimics of catecholate 
sidemphorestb. Catechol-based ligands are the most powerful known siderophores. but catechol subunits are 
somewhat air-sensitive. This stimulated us to investigate different structures built upon o,o’-dihydroxybiaryl 
units. Besides the required thermodynamical features, the properties desired are : water solubility, good 
hydrolytic stability and stability towards oxidation. 

The tripodal precursors of our target molecules imply six convergent methoxy groups. They present 
an interesting alternative to polypodal open chain crown-ethers 5.6 and can also be considered as “open chain 
spherands”7 which can afford comparative data about the complexation of alkaline cations . 

RESULTS 

Tripodal target molecules (Scheme 1) 
The synthesis of the tripodal ligands involved the condensation of three equivalents of the 

appropriate building block with a spacer (we essentially used tris (2aminoethyl)amine = TREN). The 
building block was either a carboxylic acid (or derivative), leading to amide connections, or an aldehyde, 
leading to imine connections. The imine functions could be reduced, leading to amine connections. 
Sulfonation of the tripodal ligands afforded water-soluble products. 

Amtieconnection 

I TIS Tz : Y= CON(lW2, 
Tzs: Y=CON(Me),,z=Sq- 

imine connedon amine connection spermidine spacer 

Scheme 1 : Tripodal ligands 
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Simple bidentate ligands. 

For comparative complexation studies, we have prepared the simple bidentate ligands depicted in 
Scheme 2. They have been obtained from compounds involved in the syntheses of tripodal targets. MS was 
prepared (90%) by sulfonation of commercial biphenyl-2.2’~diol, using H2SO4 oleum . 

Scheme 2 Simple 

(a) 2:R1=H.R2=Me:teq.Me2SCh,K2Cq.Acetone;p=87% 

(b) 3 : R, = H. R2 = Me. X = Br ; Br2. tBuNHa Toluene. -70°C ; p = 94% 

(c) 4 : 13, = Me. Rp = Me. X= Br ; f&2504. K&Z@, Acetone ; p = 07% 

(d) sBuLi, Eqr0, -70°C : (e) Cop;(f) HsO+ : St (p = 82%) 

5 : R, = Allyl. R2 = H ; BrCH2-CH=CH2 ; K,C%, Acetone ; p = 67% 

6 : A, = H, R2 = H. X = Allyf :19ooC. Decafin ; p = 78% 

7 : R, = H. R2 = H. X = Prop-2-myl ; KOtBu. DMSO ; p = 83% 
C& CH2Cb-MeOH -5OOC ; (e) Me2S ; Sz (p = 55%) 

Scheme 3 : the 3-substituted precursors St and S2 
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The strategy of the Claisen transposition for ortho functionalisation of biphenyl3,2’-diol had been 
previously used9**C with the bisallyl derivative, leading to the cotresponding ~~~11. This procedure is 
regiospecific ; the method of ortho lithiation (cf scheme 4) gave lower yields in this case. 

@$ @.b.c)+ g; s g; (fJ”“+ 8;;: 

8 9 10 

(a) shti , Et&I, TMEDA, -70% ; (b) CQ ; (c) H30+ ; @ @ = 8%) 

(d) NaOH. KOH , fusion ; (e) ti30+; 10 (p = 73%) 

(f) Me#tO, , K3CO3, Acetane : 11 (p = 72%) 

(g) NaOH, MeOH ; (h) &jO+ : +(qwW 

(g’) N&OH 1 eq.. MeoH ; (h‘) H30+ ; s4 (P = 44%) 

Scheme 4 : the 3,3’-disubstituted precursors S3 and Sg 

The regioselective conversion of dibenzofuran 8 by organolithium reagent into its monometallated 
derivative in position 4 has been described by Gilman 12. The twofold lithiation in positions 4 and 6 could be 
perfotmed with secButyllithium (scheme 4). The monosaponitication (step g’) is the key step in the 
preparation of S4 and the 44% yield is optimized. 

t 14 (0.mctbcuyhtedT1) 

0 

-% 

I MIS 

q Tls 

17 
N (O-actbonyhtedT3) 

(4 SO+ : 12 (p = 98X$ z(b) kAe2NH ; EbN ; C&Cl2 ; 13 (p = 75%) 
(9 HA 

(c) BBrs ;CHrClp: M, (p- 82%):TI (p- 80%);T3 (p- 87%) L.i 
CH2C12. DCC. DMAP; 15 (r = 6O?Q 

(d) I-+=4. ohm ; M 1s (p = 84%); Tls (p = 91%) (g) W’ER.+lDINE;CH2C12 ; 16 (p= 91%) 

(a) TREN ;THF ; Et@ : 14 (p= 87%) (h) 12;THF:EtgJ; X7 (p-70%) 

Scheme 5 : podands and models from S1 
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The synthesis of the spermidine based podand T3 was pesfod in two steps : monitored 
aminolysis8 of 15 with spettnidine followed by condensation of bipodand 14 and acid chloride 12. To obtain 

the hydrosoluble podand Tls, the phenolic tripodal molecule T1 @repad by condensation of TREN and 12 
folfowed by demethylation of the six methoxyl groups with BBr3) was treated with oleum at 90°C in order 
to sulfonate all the positions 3.5 and 5’ and to prevent formation of mixtnres. 

CHO 

0 
OH 

& 

- =tm 
cl 

- XIIII 
OH (a) @) cl 

0 
s2 

(a) TREN, M&ii, 90% 

(b) NaBH+ f&OH; 34% 

(c) H$04, oleum ; quant. 

Scheme 6 : podands derived from Sz 

In the case of the imine connection, the coupling reaction (a) is catalysed by the phenol group when 
using S2 instead of methoxylatedS2. 

Two reaction sequences have been used in the conversion of 19 to the tripodal intermedkte 27. The 
methoxylated podand 24, directly obtained from 19 (Scheme 7), could not be demethylated without 
concomitant hydrolysis of the ester functions. The sequence (19 -+ 24 + 25 + 26 -_) 27) in Scheme 7 
revealed less efficient (overall yield 56%) than the sequence (19 + 21 -+ 22 + 23 --t 27) (overall yield 73%). 

0 (a) 
s3 - 18 fb) 200‘ 

0 s4 fa) 19 & WI 

I 

(a) 3X42 WJ~N 
19:W,=Ct ;q =OMe 
23:W,=NMq;& =CI 

26 
L 

[ 

20: W, =V& =NMe2 (p=Sssk) 
(b)-a 21 

(b) Me2N”, CH2a2 2 1: w, = NMe2 ; w2 = ore tp an ~4%) 
(0) -4 22 

27 (p=8%.) 
(a) T) 23 

(c) KOH, EOH. ; lizSO, 
22: W, =NHq;W2 =OH(p=90%} 

[ 25 (p=3o%j 

(dj TREN. E$N. THF ; 24 (p = 73%), 27 (p I 96%) 

(e) BBr3, CH& ; M2 (p = ss%), T2 (p = 73%) I 

24: Y=c~~&J 

(c)-* 25: YPco#l 
(a)+ 26: Y-COCA 
(b)-+ 27: Y=CON~ 

t - - 
fft Hz%,~m : M2s(p=~,T2~(p=8~). 23 ---\~ 27 ~~~~ td) 

Scheme 7 : podands and models from S3 and S4 
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Hexamethoxylated poahak and alkaline ions complexations studies in acetonitrile. 

Open chain ligands containing potentially convergent methoxyaryl groups are of interest as “open 
chain spherands”. We have previously described the complexing abilities of the methoxylated precursors of 
podands T1 and T3 towards alkaline cations4 Studies have been carried out by 7Li, 23Na and 13%~ NMR, 
using alkali picrates in acetonitrile. Lithium cation is complexed by the two podands and by methoxylated- 
Ml, while sodium cation is complexed only by methoxylated-T1 ; caesium cation is complexed by none of 
the ligands. When complexation is detected, only one population average resonance is observed in the 
temperature range from -30 to + 50’ C, which shows that the cation exchange between the bulk solution and 
the complex is faster than the NMR time scale. The variation of the metal resonance frequency, mesured as a 
function of the [ligand]/[M+] mole ratio, indicates the formation of a 1: 1 complex of the cation with the 

ligands. The association constants of the complexes have been determined from the metal NMR studies, by a 
Benesi-Hildebrand type treatment. They are reported in Table 1. 

Table 1 : Association constants of alkaline ions with methoxylated ligands 

(K (M-l) = [Ligand-M+y[Ligand] [M+] ) 

The stronger binding of lithium compared to that of sodium or caesium is probably due to the harder 

character of the lithium cation. The low values of the association constants suggest that there is a major 

contribution from the solvent reorganization that occurs during the complexation. 

Ferric iron complexation studies in water. 

In a preliminary report, we have described the pKa determinations for the simple bidentates 

modelslj. Iron complexation studies are in progress and the detailed physico-chemical measurements will be 
reported elsewhere. Only preliminary and typical data are given in this paper. Solely the sulfonated 
derivatives are enough water soluble to allow easily reproducible studies. Spectrophotometric titrations at 
25°C gave the pKa values reported in Table 2. The pKa2 of the ligands are lower (from 4 to 6) than for 
catechols (about 9) but the pKal are high (from 11 to 12). Formation constants of the ferric complexes were 
determined by spectrophotometric measurements in acidic medium using excess of iron (ferric perchlorate) 
and in neutral medium using excess of ligand. Two modes of coordination were evidenced for the ligand 
possessing amide(s) group (s) : the “salicylate mode” (in acidic medium) and the “dihydroxylate mode” (as 
the pH increased, deprotonation of salicylate complexes induced a change from a salicylate to a 
dihydroxylate mode of coordination). The same is true for catechol ligands14s15 These two modes of 
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coordination have been confirmed by proton NMR chemical shifts of Ga(III)-ligands complexes16 The 

values of the formation constants (non reported here) show that the simple bidentate ligands have a greater 

effectiveness than catechol derivatives as iron(II1) chelating agents in acidic media, but a lower one at 

neutral pH. The pFe values am reported in Table 2 ; these data allow comparative considerations at 

physiological pH, of the complexing abilities of our ligands and of the siderophores described in the 

literaturel. 

Table 2 : Thermodynamic Data 

pKa 

RFe 

PKa 

(+NH) 

(+NW 

pFe 

MIS 

4.93 

11.09 

12.7 

TIs 

3.8,4.77,5.8 

8.7,9.74, 10.7 

7.1 

22.8 

M2s 

4.16 

11.62 

11.6 

T2s 

3.1,4.06,5.1 

9.6, 10.58, 11.6 

7.1 

Tironl7 Desferallh 

8.42 

12.10 

19.2 23.6 

Tams TRENCAMl* 

3.9,4.95,5.9 5.88,6.71,8.61 

10.0, 11.05, 12.0 8.75, 11.26, 12.1 

12.9 

4.35 

9.2, 10.2, 11.2 

22.1 27.8 

The pFe values clearly evidence that our ligands are poorer potential agents for iron chelation 

therapy than are the catechol type podands of K.N.Raymond. Nethertheless they are comparable to 

hydroxamates ligands and the pFe values are in the range of human transfetrin (pFe : 23.6). It must be 

emphasized that, at physiological pH, the complexes derived from the hexaphenate complexation mode is 

the predominent species in the cases of TIs and T2s. An explanation of the higher complexing abilities 

shown by catecholate derivatives lies in the marked preference for five membered chelate rings versus seven 

membered chelate rings. 

v NMe, 

OH 

(-P, OH 

“Tiron” “TRENCAM” 
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CONCLUSION 

We have described the syntheses of several podands and tripodands containing the o,o’-dihydroxybi- 
phenyl subunit. The key step of these syntheses is the ortho functionalisation of biphenyl-2.2’diol or the 
o,o’-difunctionalisation of dibenzofuran. Several methods have been investigated for 
monofunctionalisation : the direct ortholithiation procedures have shown to be deceptive and the procedures 
described in this paper have always shown more successful. The strategy of Claisen transposition implies 
numerous steps, but it is a very clean procedure. In the case of bifunctionalisation, the old procedure 
described in 1958 revealed to be the most elegant. 

Hexamethoxylated podands are a novel family of alkaline ions complexing agents : they show poor 
complexing abilities and their interest lies only for comparative considerations. 

Complexation of ferric iron in water is a more promising area : the significative pFe value is, for po- 
dands, in the range of the values of the hydroxamate siderophores ; it is lower than for catecholate sidero- 
photes. The syntheses of macrocyclic and macrobicyclic ligands are in progress in our laboratory, with the 
hope of complexing abilities of the same order as for catecholate derivatives. On an another hand, bio- 
chemical studies have just started (removal of iron from transferrin ; inhibition of Haber-Weiss reaction) and 
will be described in the future. 

EXPERIMENTAL SECTION 

Solvents were purified by usual techniques. Thionyl chloride was distllled fmm ttiphenylphosphite. Boron 
tribromide (Aldrich) was vacuum distilled and stored under Argon. The amine TREN was distilled from sodium. All 
other compounds used were of reagent grade and were not further purified. 

Spectra were collected on custom built 80 or 200 or 300 MHz FI Brucker spectrometers (NMR). a Perkin 
Elmer spectrometer (IR) and NERMAG R 10 10 C (Mass spectra). 

Microanalyses were performed by the Analytical Services Laboratory. CNRS. Solaise. 
Melting points were taken on a B&hi apparatus and ate uncorrected. 

The procedures and apparatus used for pKa and pFe determinations will be described elsewhere in detail. 
Briefly, ligand deprotonation constants and complexation constants for Fe(IH) were determined 
spectrophotometrically in the W-Vis. region (ligand concentration in aqueous solutions in 5.lO-5 -5.10AM range, 
ionic strength adjusted with NaC104 O.lM). ; the stock solutions of Fe(III) were prepared by dissolving ferric 
perchlorate. nonahydrate in standardized HCl04 and NaClQ solutions. For NMR studies, the solutions were ptepated 
by dissolving appropriate amounts of the ligands (about O.OlM) and the metal salt (alkali picrate, gallium nitrate) (ca. 
0.005O.OlM) in 2Hz0 : spectra were recorded using a Smm probe and sodium 3-trlmethylsilyl-propane-I-sulfonate as 
internal reference. 

2’-methoxybiphenyl-2-01 (2) 

Under nitroeen. a mixture of biohenvl-2,2’-diol 1 (15 e. 80 mmoll . ootassium carbonate (12 a) and 
dimethylsulfate (7.6 iL,.80 mmol), in 300.mL df dry acetone was lieated under &IX until no starting mate&l was 
detectable by TLC (CH$ls/hexane (50:50)). Aqueous ammonia (70 mL) was added and the reaction left to stir at 
room temperature for 4 h. The mixture was extracted with CH$l, to remove the dimethoxy derivative. Upon cooling, 
the auueous phase was acidified with HCl (IN). concentrated, and then extracted with CH&l,. The combined organic 
phases were’ washed twice with brine, dried over MgS04, filtered and evaporated toaffzrd the essentially-pure 
monomethoxy derivative as an oil. 
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The product (14.2 g. 87%) crystallized on standing in heptane ; mp 78oC 
‘H NMR (300 MHz. CDCl$ : 8 3.9 (3H, s, OMe). 6.3 (1H. br s. OH). 7.02 - 7.17 (4H. m. ArH 33’,5,5’). 7.28 - 7.45 (4H, m. 
kH4*4’$zi,C) 
13C NMR (200 MHz. CDCQ: 6 56.1 (OMe). 111.6, 117.3, 120.9. 122.1, 126.2. 127.0. 129.1, 129.3, 131.2, 132.4. 153.7. 
155.5 (Ar) 

3-bromo-2’-methoxybiphenyl-2-01 (3) 

In a 1L. three-necked flask fitted with a mechanical stirrer, low-temperature thermometer, and addition 
funnel protected with a drying tube was mixed 500 mL of dry toluene and 9.98 g of t-butylamine (137 mmol). The 
contents were cooled to -3oOC and bromine (11.2g. 70 mmol) was added dropwise. The solution was then cooled to 
-7OV and 2 (13.67g, 68 mmol) dissolved in CH2Cl2 was added over a period of 10 min. The reaction mixture was 
then allowed to warm to room temperature, and washed with 250 mL of water in a separatory funnel. The organic 
phase was extracted 3 times with 10% aqueous sodium hydroxyde ; the combined alkaline extracts were cooled and 
acidified with HCl30%. The white precipitate which separated was extracted with CH2Cl2 ; the extracts were dried 
over Na2S04, filtered, concentrated. The bromophenol3 was further purified by recrystallization from hexane (17.8 g. 
94%) ; mp 89-90°C 
‘H NMR (200 MHz. CDc19 : 6 3.86 (3H, s. OMe). 6.37 (lH, br s. OH), 6.86 (IH. I, J = 7.8 Hz, Hj. 7.03 (lH, dd, J = 0.8 , 
8.3 Hz. H3.). 7.08 (lH, ddd, J = 0.8,7.4,7.6 Hz, Hs.), 7.19 (lH, dd, J = 7.8, 1.6 Hz, H& 7.28 (1H. dd, J = 1.8.7.6 Hz, Q.), 7.39 
(1H. ddd. J = 1.8.7.4.8.3 Hz, H4’), 7.52 (1H. dd, J = 1.6,7.8 Hz. q 
‘3c NMR (300 MHz, CDCl3 : 6 56.0 (OMe), 111.4, 121.6, 121.7, 126.3, 127.5. 129.7, 130.8. 132.1, 132.2, 133.2. 150.3, 
155.7 (Ar) 

3-bromo-22’-dimethoxybiphenyl (4) 

The. same procedure was followed as reported for the preparation of the monomethoxybiphenol2 p (14.1 g, 
50 mmol). dimethylsulfate (4.7 mL), K$O, (7g). acetone (200 mL)] , yielding, upon recrystallization from methanol, 
13.02 g (87%) of pure dimethoxy derivative 4 ; mp WC 
‘H k (200 MHz, CM314 : 6 3.48 (3H, s, OMe), 3.;8 (3H, s, OMe), 6.% - 7.04 (3H, m, H 3.,5_.4.7.18 - 7.27 (2I-L m. 7.37 (1H. ddd, J = 1.8,7.4,7.7 Hz, 7.53 (1H. dd, H.,& 

13C - (200 

H4’), J = 1.7.7.9 Hz,, I-q 

MHz. CDCld : 8 55.6, 60.5 (OMe), 110.9, 117.4, 120.3, 124.6. 126.8. 129.2, 131.2 (2), 132.5, 133.9, 155.0, 
156.7 (Ar) 

22’-dimethoxybiphenyl-3-carboxylic acid (Sl) 

To a solution of 4 (3 g, 10 mmol) in 100 mL of freshly distilled (dry) ether at 4OV was added, under 
nitrogen, 15 mL of secButyllithium 1N in hexane. The mixture was stirred for 20 min and dry ice was added. The 
suspension was stirred for 3 h and allowed to warm slowly to ambient temperature. The mixture was concentrated 
under reduced pressure ; the residue was treated with NaOH 1N and extracted with CH2C12 to remove unreacted 
bromide and then poured at 0°C into aqueous 5% sulfinic acid. The acidic mixture was extracted with CH2C12. The. 
combined extracts were dried over Na2S04, filtered and evaporated The residue was crystallized from CHCl$pentane 
to give the dimethoxyacid St (2.16 g ,82%) as a white solid. ; mp 113oC ; JR (I&) 1675-1688 (GO). 2450-3450 (OH) 
‘H NMR (300 MHz, CDCl3) : 6 3.52 (3H, s, OMe), 3.80 (3H, s, OMe), 7.02 (IH, dd. J = 1.8.8.2 Hz, H-.), 7.05 (1H. m. J = 1.8. 
7.697.8 Hz, KS-). 7.3 UH; dd, J = 1.7.7.6 Hz, Q*), 7.30 (1H. dd, J = 7.2.8.0 Hz, H& 7.41 (lH, m, J sei.7,7.8,g.i I&, I$.),- 

7.53 UK dd, J = 1.8.7.2 Hz, Hn), 8.16 (lH, dd, J = 1.8.8.0 HZ. H&11.1 (1H. br s. COOH) 
13C NMR (200 MHz, CDCld I8 55.6,.62.0 (OMe) ; 111.53,~12~18. 124.3,.129.87, 131.1, 132.1, 137.8 (Csec.); 121.9. 126.0, 
131.5 (Cquat.) ; 156.8.157.3 (C-O) ; 166.0 (GO) 
Anal. : Calcd for C1~H1.,04: C, 69.6 ; H. 5.46 ; Found : C. 69.60 : H, 5.27 

2’-allyloqbiphenyl-2-01 Q) 

Under nitrogen, a mixture of 1 (10 g. 54 mmol) , potassium carbonate (12 g) and ally1 bromide (7.9 g, 
65 mmol), in 300 mL of dry acetone was heated under reflux until no starting material was detectable by TLC (ethyl 
acetate/hexane (50:50)). The same work-up was followed as described atxwe for the preparation of 2. 

The oily product (8.15 g. 67%) was used without tirther purification. 
lH NMR (UK) MHG CD(&) : 8 4.4 - 4.5 (2H. dt. =CHj, 5.0 - 5.3 (2Him, OCH2). 5.6 - 6.1 (lH, m, &H). 6.4 (tH, bra, OH), 
6.8 - 7.4 (8~, m, A@ 

‘3cNMR (200mz.~~~3): 669.9(OCHj, 113.5 (=cH). 1l8.O(=CH& 117.4, 120.8.122.4, 129.1, 129.2.131.3, 132.3, 132.4 
(CH) ; 126.3, 127.8 (C qual) : 153.8.154.6 (C-O) 



2086 P. BARET et al. 

3-allylbiphenyl-2 2 ‘-diol (6) 

Under argon, a SOlutiOn of monoallylether (4.3 g, 19 mmol) in dry decalin (25OmL) was heated under reflux 
(189’C) for 30 h. Upon cooling the product crystallized off. the solide was washed with pen- (3.35 g, 78%) and 
was used without further purification. ; mp 75°C 
tH NMR (200 MHZ, CDCld : 6 3.48 (2H. d, J = 6.5, CH& 5.10 - 5.22 (ZH, m, =CH2), 5.48 (2H, br s, OH), 5.95 - 6.15 (1H. m, 
=CH), 6.95 - 7.36 (7H, m, ArH) 
13C NMR (200 MHz, CD$) : 6 34.6 (CH& 115.8 (=CH2). 116.3 (=CH), 121.1. 121.2, 129.2, 129.4, 130.0. 131.5, 136.5 (CH) 
124.4, 124.7, 127.7(C quat) ; 151.0, 152.6 (C-O) 

3-(propen-I-yl)biphenyl-2,2’-diol (7) 

Under nitrogen, to a solution of 6 (2.5 g, 1 lmmol) in 5OmL of freshly dried and distilled DMSO, was added 
5 g of potassium t-butylate. The mixture was stirred for 18h at 6WC. A solution of 5% sulfuric acid was slowly added 
to the cold (0°C) solution. The aqueous residue was extracted with CIiCl,. The combined extracts were washed with 
water, and evaporated. The residue was crystallized from methanol&water 80:20) (2.08 g, 83%) ; mp I 129oC 
‘H NMR (200 MHZ, CDClg : 6 1.91 (3H, dd, CH& 5.5 (2H, br s, OH), 5.8 - 6.4 (lH, dq. CH=), 6.9 - 7.4 (8H, m. CH=. ArH) : 
complex spectrum. mixture Z& 
13C NMR (200 MHz. CD(&) : 6 18.8 (CH3) ; 116.5, 121.2 (CH=) ; 121.4, 125.5, 127.0, 127.8.129.5. 129.8. 131.4 (CH) : 123.7. 
124.2, 126.7 (Cquat) : 149.8, 152.9 (C-O) 

22’-dihydroqbiphenyl-3-carboxaldehyde 62) 

Ozone was bubbled through a solution of alkene 7 (1 g. 4.4 mmol) in 5OmL CH2Cl$methanol (50:50, v/v) at 
-50°C until no starting material was detectable by TLC(CH2C12). Excess of ozone was removed with a stream of 
nitrogen and dimethyl sulfide was added at -5O’C. The solvents were evaporated off. The residue was diluted with 
CH2Cl2. washed with brine, dried and concentrated. The product was purified by recrystallization from methanol- 
water (70:30) (0.52g.55%) ; mp = 136°C 
lH NMR (200 MHz, CDCl,) : 6 6.28 (IH br s, OH) : 7.00 - 7.16 (2H, m, H3’, 5$ : 7.20 - 7.38 (3H. m. Hq., 6’.3 : 7.63 - 7.67 (2H, 
m, H4.d ; 9.97 (lH, br s, CHO) ; 12.1 (lH, br s, OH) 
t3C NMR (200 MHz, CDCQ : 6 117.7, 120.7, 120.9, 129.6, 131.1. 133.4. 139.3 (CH) ; 124.4, 127.4 , 141.7 (Cquat) ; 153.7, 
157.4 (C-O) ; 196.9 (CHO) 

Dibenzofuran-I ,I-dicarboxylic acid Q) 

At room temperature, under Argon, 60 mL of secButyllithium 1.35M in hexane (81 mmol) was added to a 
solution of dibenzofuran 8 (6g,36 mmol) and TMJZDA (12 mL) in 330 mL of dry ether. The orange colored solution 
was stirred overnight. Upon cooling at -78°C. a stream of Ct& was passed into the solution for lh.. The resulting 
mixture was allowed to warm gradually to room temperature and was stirred for 2 h, whereupon it was carefully 
quenched with 10% aqueous HCl. The precipitate that separated contained the diacid practically pure ; the ether 
extra@ contained a mixture of mono and diacid (traces). The precipitate of diacid 9 was successively washed with 
ether then water, and dried under vacuum (8.2g. 89%) 
‘H NMR (200 MHz, DMSO) : 8 7.53 (2H. t, J = 7.5 Hz. H& 8.06 (2H. dd. J = 1.0,7.5 Hz, Ht), 8.46 (2H, dd, J = 1.0, 7.5 Hz. 
H3) 
13C NMR (200 MHz, DMSO) : 6 123.3,125.8,129.9 (C12+) : 116.4 (Cquat) ; 124.5 (Cd ; 154.2 (Cl 0) : 165.3 (GO) 

2.2’-dihydroxybiphenyl-3,3’-dicarboxylic acid (10) 

A mixture of KOH (50 g) and NaOH (35 g) was heated to 200°C in a beaker made of inox ; then the diacid 9 
(5.378,21 mmol) and again KOH (50 g) and NaOH (35 g) were added. The mixture was heated to 3OO’C and stirred 
for 30 min. with a glass rod. After cooling, ice was added with precaution, and the mixture was treated by sulphuric 
acid (CAUTION!!). The diacid 10 was separated by filtration, washed with cold water and dried under vacuum. The 
pure product was obtained by recrystallization in methanol-water (4.2g, 73%) ; mp = 230°C (dec) 
IR (cm-‘) 1675-1689 (GO), 2450-3350 (OH) 
‘H NMR (200 MHz. DMSO) : 6 6.96 (2H. t. J = 7.5 Hz, H$7.46 (2H. dd, J = 1.6, 7.5 Hz, H,). 7.83 (2H. dd. J = 1.6, 7.5 Hz, 
H3) 
13C NMR (200 MHz, DMSO) : 6 118.5. 129.7.135.5 (C 1,2,3sec) ; 112.7 (Cquat) ; 125.7 (Cd ; 159.0 (Cl-O) ; 172.4 (C=O) 
MS : 274.238.210.154, 126 
Anal. : Calcd forC,,H,,O,: C, 61.32 ; H, 3.68 ; Found : C, 60.77 ; H, 3.49 
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2P’-dimethoxybiphenyl-3,3’-dicarbozylic acid dimethyl ester (11) 

A mixture of diacid 10 (2.51g. 9 mmol), dissolved in dry acetone (lOOmL), and K2CClI (12.5g) was stirred, 
under N2, for 4h . Dimethyl sulphate (8.6 mL. 90 mmol) was added and the mixture was refluxed for 12 h Upon 
cooling, ammonia (1OmL) was added and the mixture was stined for 4 h. The solid was removed by fihration and the. 
solution was concentrated. The residue was taken up with CH2C12. washed with brine and dried on Na2SQ. 
Evaporation gave crystals (2.17g. 72%) ; mp 73T 
‘H NMR (300 MHz, CDCI,) : 6 3.54 (6H, s, OCH3) ; 3.93 (6H, s, OCH3 ; 7.20 (2H, t, J = 7.7 Hz. H& 7.52 (2H. dd, J = 1.7. 
7.7 Hz, H& 7.81 (2H, dd, J = 1.7, 7.7 Hz. Ha 

13C NMR (200 MHz, CDCld : 6 52.2, 61.7 (OCH3 ; 123.3, 131.0, 135.4 (Csec) ; 125.2, 132.5 (Cquat); 157.4 (C-O) 
166.7 (Go) 

MS : 330,299.283,267,253,239,225,209 
Anal. : Calcd for CtaHt,O,: C, 65.45 ; H, 5.49 ; Found : C, 65.75 ; H, 5.48 

22’dimethoxybiphenyl-33’-dicarboxylic acid (s-j) 

The diester 11 (2.2g. 6.7 mmol) was refluxed with methanolic sodium hydroxide (excess) for 12h. The 
mixture was evaporated, 10% HCI was added The precipitate was filtered, washed with water, dried under vacuum to 
give S, (2,Og, quant.) ; mp = 21oOC 
tH NMR (300 MHz, Acetone) : 6 3.59 (6H, s. OCHJ ; 7.30 (2H, t. J = 7.7 I-Ix, H&7.55 (2H, dd. J = 1.7.7.7 Hz, H& 7.89 (2H. 
dd,J=1.7, 7.7Hz,H4);11.2(2H,brs,0H) 
13C NMR (200 MHz, CDCI,, DMSO) : 6 60.3 (OCHJ ; 121.8. 129.6. 133.6 (Csec) ; 124.6, 131.2 (Cquat) ; 155.9 (C-O) ; 
166.4 (Go) 
Anal. : C&d for C,,H,,O,: C, 63.57 ; H.4.67 ; Found : C, 63.49 ; H, 4.59 

22’-dimethoxy-3’-methoxycarbonylbiphenyl-3-carboxylic acid $4) 

The diester 11 (2.2g. 6.7 mmol) was dissolved in methanol ; sodium hydroxide (267mg in 2ml water) was 
added and the mixture was refluxed. The reaction was monitored by CCM. The mixture was concentrated and acetone 
(50 mL) was added. The precipitate of the sodium salt of diacid S4 (35 mg) was filtered off. The filtrate was 
concentrated, the residue was treated with 10% HCl, filtered, washed with water, dried under vacuum to give pure S4 
(0.92g. 44%) ; mp = 11OT 

‘H NMR (200 MHz, CDCI,) : 6 3.56 (6H, s, OCH3) ; 3.95 (3H. s, COsCHs) ;7.26 (lH, t, J = 7.7 Hz. Hs), 7.35 (1H. t, J = 7.7 I-Ix, 
Hs.). 7.53 (lH, dd, J = 1.7, 7.7 Hz, Hd, 7.59 (lH, dd. J = 1.7, 7.7 Hz, H&, 7.88 (lH, dd, J = 1.7, 7.7 Hz, H4). 8.21 (1H. dd, 
J =1.7, 7.7 Hz, H4.) 
13C NMR (200 MHz, CDCQ : 6 52.4,61.9,62.2 (OCHJ ; 123.8, 124.6, 131.8, 132.6, 135.0, 137.1 (Csec) ; 122.3, 125.4, 131.4, 
131.9 (Cquat) : 157.1.157.3 (C-O) ; 166.5 (C=O) 
MS (CI, NH,. isobutane) : 334,317 
Anal. : C&d for C,,H,,O,, 0.25 Hz01 C, 63.65; H. 5.17; Found : C. 63.58 ; H.4.83 

2,2’-dimethoxybiphenyl-3-carbonyl chloride (l2) 

Heating Sl (0.5 g, 19 mmol.) in 15 mL of SOC12 under reflux for 12 h. gave a solution which was then 
concentrated. The red insoluble residue taken up with hexane and evaporated afforded the acid chloride esse.ntiaUy 
pure as a pink oil (0.530 g, 98%) ; IR (cm-*) 1775 (GO) 
‘H NMR (200 MHz, CDCld : 6 3.47 (3H, s, OMe), 3.78 (3H, s, OMe). 6.97 - 7.06 (2H. m, H,., s.), 7.20 - 7.39 (2H. m, Hs.,.), 
7.41 (lH, m, H4.), 7.54 (IH, dd, J = 1.8.7.6 HZ, H,j, 8.01 (lH, dd, J = 1.8,8.0 Hz, Hq) 

13C NMR (200 MHz, CDCl~ : S 55.6.61.5 (OMe), 110.9, 120.5, 123.2, 129.5, 131.1, 132.4, 138.3 (Csec.); 123.2. 128.0, 133.8 
(Cquat.) ; 156.6, 157.9 (C-O) ; 164.9 (GO) 

NSJ-dimethyl-2.2’-dimethoxybiphenyl-3-carboxamide (13) 

At 0°C a solution of 12 (0.45 g, 16 mmol) and EtlN (0.3 mL) in CI-$CI, (30 mL) was treated with excess 
Me2NH (1 mL in 40 mL CH2C12). The mixture was successively washed with 10% HCI. 10% NaOH and brine. The 
organic phase was dried (Na2S04>. filtered and evaporated. The residue taken up, with pentane-ether afforded 6 as a 
white powder (0.348 g, 75%) ; mp 96oC 

‘H NMR (200 MHZ, CDCld : 6 2.93 (3H. s. NMe), 3.13 (3H, s, NMe), 3.46 (3H. s, OMe). 3.74 (3H, s, Oble), 6.94 - 7.03 (2H, m. 

H,. 5’). 7.10 - 7.39 (SH, m. H, , 4’. s, 6, d 
i3CNMR (200 MHz, CDCld : S 34.7, 38.4 (NMe), 55.6.61.5 (OMe), 110.9, 120.4, 123.6. 127.0, 129.0, 131.0. 132.6 (Csec.) ; 
129.1, 130.5, 132.2 (Cquat.) : 154.0, 156.8 (C-O) ; 169.7 (GO) 
Anal.:CalcdforC,,H,,N03.0.35H~:C.70.08;H, 6.80;N,4.81;Found:C,70.01; H,6.81;N,5.17 



2088 P. BARET etal. 

N,N-akethyl-22’-dihydroq-[I ,I ‘-biphenyl] -3-carboxomide (Mult) 

In 40 mL of CH,Cl, was dissolved 13 (0.7 g, 2.4 mmol). After the appamtus was placed under nitrogen, 
20 mL of BBr3 (1M in CH2Cl2.20 mmol.) was added carefully at WC. The mixhue was then stirred for 12h at mom 
temperature. Methanol (40 mL) was added dropwise and the reddish mixture was stirred vigorously for 4 h at 40°C 
and then evaporated. This procedure of heating with methanol, followed by evaporation was mpeated several times in 
order to remove volatile boron species. The residue was then treated with dilute aqueous NaOH and stirred ovemight. 
Upon acidification at 0°C with HCl a precipitate was obtained. Recrystallization from ethyl acetate-ether - hexatm 
gave pure MI as a white powder (0.52 g, 82%). ; mp 14&‘C 
‘H NMR (Zoo MHz. CDCld : 6 3.18 (6H, s, NMe), 6.94 - 7.12 (3H. m, Hs., s,~), 7.20 - 7.42 (4H. m, H4. ,., 4 d. 7.6 (2H. bs. 
OH) 
‘H NMR (200 MHZ. DsO - NaOD) : 6 2.72 (3H. s, NMe). 2.86 (3H. s, NMe). 6.59 - 6.75 (3H. m. H3’ s 5’). 6.90 (Hi, dd. IQ. 
7.04 (1H. dt. H4.), 7.20 - 7.27 (2H, m, H s, e) ; a complete study of the variation of the chemical shifts of Mt with pH war 
reportedintef. 13 
t3C NMR (200 MHz, CDCld : 6 38.3 (NMe), 118.0, 119.6. 121.0. 127.8, 129.4, 131.2. 134.7 (Csec.) ; 118.4, 125.8, 128.1 
(Cquat.) ; 153.8.154.3 (C-o) ; 172.0 (GO) 
MS : 257.212,195.151 
Anal.:CalcdforCt~HL~N~,0.25H~:C,68.82;H.5.97:N,5.35;Found:C.68.86; H.6.01:N.5.51 

22’-di~thoxy-3-(N~-dimethylaminocarbonyl)bip~~l-55’-disu~onic acid disodium salt (M& 
In potions. Ml (0.5 g, 1.9 mmol) was added to oleum SC&-HaSQ (15 mL) while stirring vigorously with a 

magnetic stir bar. The reaction solution was heated at 90°C for 3 h. The mixture was then catefully pouted on to ice. 
Careful dropwise addition of 5N NaOH with vigorous stining and cooling, gave a pH 4 mixture. Addition of 1 volume 
of methanol precipitated the inorganic salt which was removed by filtration, washed well with methanol - water (l:l, 
v/v). then discarded. The combined filtrate and wash were evaporated. taken up again with methanol - water. This 
procedure of filtration-washing repeated several times afforded the ttisulfonated derivative Ml8 as a powder (0.9 g, 
84%) 
‘H NMR (200 MHz. 40, : 8 2.92 (6H, bs. NMej, 7.59 and 7.67 (2H. AB. J = 2.3, H,., & 7.75 and 8.04 (2H, AB, J = 2.3, H4, 
& (200 MHZ. Da0 - NaOD) : 8 2.92 (3H, s, NM& 2.97 (3H, s. NMe) 
13C NMR (200 MHz. D$) : 6 35.0, 38.7 (NMej. 125.6, 125.8, 128.4. 130.3. 132.3. 134.4. 135.0 (CH and CS) ; 124.7, 126.2. 
127.0 (Cquat.) ; 152.7, 153.6 (C-O) : 170.1 (GO) 
MS (FAB - NBA) : X4.542.519 

14 (O-methoxylated Tt) 

Under argon, at 0°C. acid chloride 12 (1.39 g, 5 mmol) in dry THF (30 mL) was added to a solution of TREN 
(0.24 g, 1.6 mmol) and 0.5 mL of Et3N in THF (20 mL). The solution was stirted overnight at mom temperature. The 
precipitate of hydrochlotides was removed by filtration, and washed with THF.The combined extracts were 
concentrated under vacuum. The residue was dissolved in CHC13 and the solution was washed successively with 
aqueous 5% HCl, 10% NaOH and brine. then dried over Na2S04. Evaporation of the solution afkded an oil (1.26 g, 
87%) which crystallized in white solid. ; mp 85’C (doz.) 
tH NMR (300 MI-B, CDCl+ : 6 2.88 (6H, t, J = 6.5 Hz, NCHj : 3.37 (9H, s. OCHi) ; 3.57 (6H. q. J = 6.5 Hx, NCH2) 3.71(9H. 
s, OCHs) ; 6936.97 (6H, m, HsVJ.), 7.1 l-7.22 (6H. m. Hs,s.). 7.29-7.35 (6H. m, %.,$7.% (3H, dd. J = 1.9.7.8 Hz, Hd ; 8.03 
(3H. tn. NH) 
lsC NMR (300 MHz, CDCl,) : 8 38.1.53.9 (NCHj ; 55.9.61.3 (OClQ ; 111.4, 120.6.123.8, 129.2.130.7,131.4. 135.3 (Csec) ; 
126.6.127.1, 132.5 (Cquat) ; 156.4. 156.9 (C-O) ; 165.9 (GO) 
MS-Cl : 869.612.598 
Anal. : Calcd for C,,H,,N.& : C. 70.65 ; H, 6.28 ; N, 6.46 ; Found : C, 10.28 ; H, 6.29 ; N, 6.38 

podand crl) 

To a solution of 14 (0.37g. 0.42 mmol) in CH2C12 (1OmL) under I$ at 0“C was added BBr3 (20 mL of a 1M 
solution in CH2C12). The reaction mixture containing a yellow precipitate was allowed to warm to ambient 
tempetature and stirred for 24h. Water (30 mL) was added carefully and the mixture was stirred for 3h. The white 
precipitate&at fotmed was washed with water then dried in vacua. affording pure Tt as a powder (0.27 g. 809b). 
mp = 210°C 
MS (FAB+, NBA) : 783 ; MS-CI: 784528,256 



A novel family of iron sequestering agents 2089 

tH NMB (300 MHZ. CDC$-Acetone-de) : 6 3.80 (6H. m, NCHj ; 4.02 (6H, m. NCH$ ; 6.87697 (9H, m, HsJ.y), 7.17-7.23 
(9H. m. He4.fl), 7.42 (3H. dd, J = 1.5.7.5 Hz, H4) ; 8.02 (3H, m. NH) ; 9.24 (br s OH) 
t3C NMB (200 MHx, CDC13-Acetoue-Q : 6 35.3.55.1 (NCHj ; 117.3.119.4. 120.4. 127.4,129.4.131.9.136.9 (Cse~) ; 114.8. 
125.9.128.6 (Cquat) ; 155.1.158.9 (C-O) ; 171.8 (GO) 
Anal. : Calal forC4sH.,tN.,0~, HBr : C. 62.57 ; H, 5.02 ; N. 6.49 ; Found : C, 62.68 ; H, 5.2A ; N. 6.30 

Tt (0.54 g. 0.7 mmol) was added to oleum SOs-H2SQ (20 mL) while stirring vigorously with a magnetic 
stir bar. The reaction solution was heated for 3 h. at 90°C. The mixture was then carefully poured onto ice. Dropwise 
addition of 5N NaOH with vigorous stirring and cooling, gave a pH 4 mixture. The mixture was concentrated to 
200mL. Addition of 1 volume of methanol precipitated the inorganic salt which was removed by filtration. washed 
welt with methanol-water (1:l. v/v), then discarded. The combined filtrate and wash were evaporated, taken up again 
with methanol-water. This procedure of filtration-washing repeated several times afforded the trisulfonated derivative 
Tt8 as a beige powder. (1.25 g. 91%) 
‘H NMB (2fXl MHz, DsO) : 6 3.50 (6H. m, NCHj ; 3.77 (6H. m. NCHZ) ; 8.09 + 8.36 (6H, AB. J = 2.3 Hz. He.,4.) ; 8.15 + 8.52 
(6H. AB, J = 2.4 Hz. He,& 
t3C NMB (2Cfl MHz. D$) : 8 39.5, 55.5 (NCHj ; 127.9. 130.5, 132.4. 134.5 (Csec) ; 122.8, 133.5. 133.8, 134.0, 134.2, 134.4 
(Cquat) ; 161.7.166.6 (C-O) ; 171.9(C=O) 

3-(2,2*-dimethoxybiphenyl)-3-carbonyl-I ,3-thiazolidine-2-thione (lS) 

A solution of DMAP (25mg) and DCC (1.215 g, 57 mmol) in CH2Cl2 (30 mL) was added dropwise, at O’C 
under nitrogen, to a solution of $ (1.4 g. 54 mmol) and thiaxolidine-2-thione (0.712 g. 6 mmol) in CH2Cl2 (20 mL). 
The mixture was stirred at ambient temperature for 12 h ; the precipitate was filtered off and washed with CH2Cl~ 
The filtrate was evaporated and the residue taken up with ether afforded pure 15 as a yellow powder (1.62 g. 80%). 
mp = MOT 
tH NMB (200 MHZ. CDC13) : 6 3.57 (2H, t, CHj, 3.61 (3H, s, OMe), 3.78 (3H. s. OMe). 4.63 (2H. t. CH& 6.89 - 7.02 (2H. m, 
H3.. 5V). 7.10 - 7.43 (5J-J. m, H4, s, w’, W) 
13C NMB (200 MHZ, CDCl, DEPT 120) : 6 29.0 (CHj, 55.6 (CH& 55.6 (CT-J& 61.4 (CH& 111.0,120.4, 123.2.128.0, 129.1, 
131.1, 134.9 (Csec.) ; 126.7, 128.7. 131.5 (Cquat.) ; 155.1, 156.6 (C-O); 168.4 (GO); 200.7 (G.8) 

Podand (l6) 

A solution of spermidine (0.4 g, 2.7 mmol) in CH2Cl2 (20 mL) was added to a yellow solution of 15 
(1.354 g. 3.7 mmol) in CH2C12 (35 mL). After beeing stirred at room temperature under 3 for 12 h, the mixture was 
washed with 2% NaOH solution to remove thiaxolidine-2-thione excess. The organic phase washed with brine. then 
dried and evaporated under reduced pressure afforded the amide 16 as a colorless oil (1.067 g. 91%). This product was 
used without further purification. 
tH NMB (200 Ml-h, CDCl3 : 6 1.7-1.9 (7H, m, C-CHs+ NH), 2.7.(4H. m. N-CHj, 3.2 (6H. s. OMe), 3.5.(4H. m, CH$ICO), 3.8 
(6H. s. OMe), 6.9 - 7.1 (4H. m, Hs,, 5’), 7.2 - 7.4 (8H. m, Hs,6,4., ,& 8.0 - 8.2 (4H, m. H4+ NHCO) 
13C NMB (200 MHz, CDCI,, : 6 24.9, 27.6, 29.8 (C-CHd, 33.8, 37.6(N-CHz), 47.1.49.6 (CONHCH& 55.6 (OCH& 61.3 
(OCH$ 111.1, 120.4. 123.9, 129.1, 130.7, 131.2. 135.2 (Csec.) ; 126.4. 126.7, 132.5 (Cquat.) ; 156.0. 156..7 (C-O) ; 
165.6 (C=O) 

Podand 07) (0-methoxylated Ts) 

Under N2, in a 250 mL flask protected with a drying tube, was mixed 16 (1.06 g. 1.7 mmol) and 
triethylamine (0.3 mL) in freshly distilled (on benxophenone ketyl) THF (8OmL). Acid chloride 12 (0.53 g, 1.9 mmol) 
in THF (4ChnL) was added dropwise and the reaction was left to stir at room temperature for 24h. The mixture was 
concentrated under reduced pressure, washed with 10% NaOH and extracted with CHCl3. The combined extracts were 
dried over MgS04, filtered and evaporated. The residue was chromatographed on a silica gel column first with 
CH2c12/iPrNH2 (98:2), second with CH&/MeOH (95:5) to afford compound 9 (1.04g. 70%) 
‘H NMB (200 MHZ. CDCQ : 6 1.8-1.9 (6H. m. C-CHj. 3.2-3.5 (15H. m. OMe+CH2).3.65-3.8 (1lH. m, OMe+CHi). 6.9-7.4 
(18H. m, HA,). 7.95 (lH, dd, H.j, 8.05 (2H, dd. H,& 8.2 (2H. m, NHCO) 
13C NM8 (200 MHz, CDCI, ; DEF’T 120) : 8 25.8, 27.6, 29.9 (C-CHj. 36.6, 41.8.46.4, 47.8 (NCH3, 55.6 (OCH3). 59.1 
(OCH3). 61.3 (OCH3), 111.1, 120.4, 123.7, 123.9, 126.6, 126.9. 129.1, 130.6. 131.0. 131.2, 131.4. 132.4. 132.7. 135.3 (Csec.) ; 
155.3, 156.0. 156.4, 156.7 (C-O) ; 165.7,169.5. 17O.l(C=O) 
MS- CI : 866,608.314,241,195 
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To a solution of 17 (0.58g. 0.67 mmol) in CH2Cl2 (30mL) under N2 at 0°C was added BBS (7mL of a 1M 
solution in CH2Cl2). The reaction mixture was allowed to warm to ambient temperature and stirted for 24h. Methanol 
(15mL) was added carefully and the mixture was stirred for 3h. The solvent was evaporated, then the residue was 
combined with another 20 mL of MeOH and the solution was heated. The procedure of addition of methanol, heating, 
followed by evaporation was repeated several times. The yellowish powder obtained was chromatographed 
(silicagel.CH$ld PrNH2 ,99: 1) to afford pure T3 (0.46g. 87%) 
tH NMB (300 MHz, DMSO_dd : 6 1.4-1.9 (6H, m, C-CHj, 3.2-3.6 (8H, m. N-CHj, 6.6-6.9 (9H. m, HAr). 7.0-7.4 (12H. m, 
HAr). 7.9 (CONH) 
t3C NMR (200 MHz, DaO-NaOD ; DEPT 120) : 6 23.2.24.9.25.8 (C-CHj, 34.7.42.6.43.0.42.6 (NC&), 113.7, 115.4. 115.6, 
116.3. 116.7, 118.0, 123.5, 124.2. 126.5, 127.3, 128.6, 128.9. 129.5, 133.0 (Csec.) ; 153.6. 155.7 (C-O) ; 161.2. 168.0. 
171.5 (GO). MS-Cl : 782,570 

Under argon, in a solution of the aldehyde S, (2g, 9.3 mmol) in 80 mL of dry methanol TBBN &is-(> 
aminoethyl)amine ; 0.55mL, 3.9mmol) was added dropwise under reflux and the mixture was stirted for 1 h. The 
yellow precipitate of imine which separated was filtered, washed with cold methanol and dried (2.07g. 90%) 
mp : 145’C ; IR (cm-*) 1650 (C=N) 
‘H NMR (206 MHz, DMSOQ : 8 2.90 (6H, br s, N-CHj, 3.67 (6H, br s, =N-Cw, 6.62 (3H, t, Ha, 6.81 (6H. m, H4.,e.). 7.01 
(3H, m, H3.), 7.13 (3H. m, Hs.) 7.18 (3H, m, H& 7.41 (3H, m, H& 8.30 (3H, br s, CH=N), 10.5 (3H, br s, OH), 13.7 (3H. br s, 
+NH) 
13C NMR (200 MHZ. DMSOd,j : 8 52.4, 54.0 (CHj ; 115.6. 116.2. 117.2, 119.0, 126.5, 130.1, 130.7 (CH) ; 128.2. 132.8. 
136.5 (Cquat) ; 155.9 (C=N) ; 167.1, 167.5 (C-O) 

NaBH4 (0.52g. 135mmol) was added to a suspension of imine Tt, (2.2g. 3mmol) in dry methanol (8OmL). 
After stirring under argon for lh, hydrochloiic was added and the solvent was evaporated. The white powder was 
treated with sodium hydroxide and then neutralized to pH 7. The resulting precipitate was continuously extracted with 
chloroform, the solvent was then evaporated, affording a white powder (2.08g. 94%). 
FABMS : 741,543,345 
‘H NMR (300 MHz, DMSCd,j : S 2.62 (6H. f NCH j, 2.86 (6H, f N-CH2), 3.88 (6H, s, N-CH&, 5.70 (3H, s. NH), 6.57 (3H, 
t, J = 7.5Hx. Hj, 6.81 (6H, m, H,.,& 6.91 (6H, m, H3.), 7.13 (3H, m, Hs.). 7.25 (6H, m, H& 9.55 (6H, br s. HO) 
(80MHx,DaO-NaOD): 82.59(12H,brs,N-CHj,3.74 (6H,s,N-CHaAr),6.80-7.47 (21H,m,ArH) 
13C NMR (200 MHz, DMSOd,j : 8 42.8, 48.9, 49.3 (CHj : 114.7, 118.0, 118.3, 120.0. 127.6, 128.5, 128.6, 128.9. 130.1, 
131.1 (Ar) ; 157.9.161.8 (C-O) 
Anal. : Cakd for C,,H,N$I,, 4HCI: C, 60.95 ; H, 5.91 ; N, 6.32 ; Found : C, 61.79 ; H, 5.85 ; N, 6.30 

Podand (Tams) 
A mixture of T,,,,, (1.2g, 1.6mmol), and %S04-SO3 oleum (3OmL) was heated at 90°C for 3h. After cooling, 

the solution was poured into ice and the pH was adjusted to 4. Methanol was added to precipitate Na$304 ; the solid 
was filtered off, washed with water-methanol and the solution was concentrated under vacuum.The combined filtrate 
and wash were evaporated, taken up again with methanol - water. This procedure of filtration-washing repeated 
several times afforded, after drying, the trisulfonated derivative T,,,,,S as a powder (2.6g. quant.). 
‘H NMR (200 MHz, DaO) : 6 2.85 (6H, br s, N-CHj, 3.13 (6H, br s, N-CHj, 4.28 (6H, br s, N-CH+) ; 7.64-7.78 (12H. m, 
ArH) 
13C NMR (200 MHz, DaO, DEFT120) : 8 43.7, 46.9, 48.5 (CHj ; 116.4, 126.0. 128.1, 129.2. 129.4. 129.6, 130.7, 130.8, 
132.5 (Ar) ; 155.4. 157.7 (C-O) 

22’-dimethoxybiphenyl-3$‘-dicarbonyl chloride (18) 

Under argon, a mixture of diacid S4 (1.4 g, 4.6 mmol) and freshly distilled SOC& ( 35 ml) was heated to 
reflux for 3 h. Excess of SOCt, was removed by vacuum distillation. The residue was treated by hexane and 
concentrated ; this procedure. repeated several times, afforded white crystals of practically pure acid chloride (1.52 g, 
97%) 
‘H NMR (200 MHz, CDCI,) : 6 3.57 (6H. s, OCHj ; 7.30 (2H, f J = 7.8 Hz, Hs), 7.63 (2H, dd. J = 1.7, 7.8 Hz, JQ, 8.08 (2H, 
dd. J = 1.9, 7.8 Hz, H4) ; 11.2 (2H, br s, OH) 
t3C NMR (200 MHz, CDCI,) : 6 62.1 (OCHj ; 123.8, 133.4. 137.6 (Csec) ; 128.4, 132.1 (Cquat) ; 157.5 (C-O) ; 164.8 (0) 
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N~~~-ten~ethyl-2,2’-dimethoxybiphcnyl-3,3’dicarboxMlidc (20) 

Under nitrogen, in a 100 mL flask containing 25mL of CH2Cl2 cooled to -lO“C, were dissolved 2.7 mL of 
trietbylamine. 3 mL of dimethylamine (excess). A solution of acid chloride 18 (1.5 g. 4.4 mmol) in 20 mL of t&Cl2 
was added dmpwise. The mixture was allowed to warm to room temperature overnight. The precipitate of 
hydrochlorides was removed by filtration, and washed with CH2Clp The combined extracts were concentrated under 
vacuum. Flash chromatography (silica, CH2Cl2-MeOH 95:s) afforded the pure product as a white powder (1.4 g, 
89%) mp 1OOT 
‘H NMR (200 MHZ, CDCl$ : 6 2.91 (6H, s. NCHj ; 3.12 (6H, s, NCH_3 ; 3.51 (6H, s. OCHs) ; 7.12 - 7.35 (6H, m. H45.d 
13C NMR (200 MHz, CDCI,) : 6 34.8.38.3 (NCHj ; 61.4 (OCH3) ; 123.9, 127.7.132.3 (Csec) ; 130.8. 131.7 (Cquat) 153.8 
(C-O) ; 169.4 (C=D) 

a) Diamide 20 (1 g. 2.8 mmol) was dissolved in 40 mL of CH2C12 at 0°C under nitrogen and BBtj (10 mL of 
1M solution in CH2Cl2, excess) was added dropwise. causing a yellow precipitate. After stirring overnight at room 
temperature, the reaction mixture was cooled to 0°C and treated with 30 mL of MeOH and 2OmL of water. After 4 h 
the mixture was concentrated and then repeatedly evaporated with MeOH to remove the borates. Drying in vacua 
yielded a slightly pink powder (0.898 g, 88%) ; mp = 185T 

b) Diamide 20 (0.712 g, 2 mmol) was placed in a 100 mL flask. A freshly prepared 1M solution in THP of 
Ph2PLi (20 mL) was added. The mixture was stirred at mom temperature for 6 h whereupon it was quenched with 
aqueous HCl and extracted with CH+$. The extract was washed 3 times with 1M NaOH and the combined washings 
containing the phenate were acidified with HCl. The biphenol was extracted with CH,Cl,.and dried over Na2SQt. The 
product was purified by recrystallization (pentaneether) (0.60 g, 92%) 
‘H NMR (200 MHz. CDC1d : 6 3.13 (12H. s, NCHj ; 6.95 (2H, t, J = 7.7 Hz, Ha 7.24 - 7.39 (4H, m, H& 
tH NMR (200 MHz. D20-NaOD) : 6 2.98 (6H, s. NCHj ; 3.13 (6H. s, NCHd : 6.99 (2H, I, J = 7.7 Hz. Hs) ; 7.22 (2H. dd, 
J = 7.7.1.4 Hz, H,j ; 7.60 (2H, dd, I = 7.7, 1.4 Hz. H4) 
r3C NMR (200 MHz, CDCI,) : 6 38.1 OJCHj ; 118.9, 128.2, 134.0 (Csec) ; 119.2.126.9 (Cquat) : 154.9 (C-O) ; 171.5 (GO) 
13C NMR (200 MHz, D$-NaOD) : S 32.9.36.7 (NCHj ; 116.4, 124.6. 130.2 (Csec ; DEPT 120) ; 124.7, 127.8 (Cquat ) ; 
153.3 (C-O) ; 171.5 (Go) 
MS (PAB+. NBA) : 329,284,255,239 

22’-dihydroxy-33’-dimethylaminocarbonylbiphenyl-SJ’-disu~ofonic acid disodium salt (M& 

In portions, Ms (0.6 g, 1.8 mmol) was added to oleum Sq-H2SC& (30 mL) while Wring vigorously with a 
magnetic stir bar. The reaction solution was stirred overnight at room temperature. The mixture was then carefully 
poured on to ice. Dmpwise addition of 5N NaOH with vigorous stirring and cooling, gave a pH 4 mixture. The 
mixture was concentrated to a volume of 200 mL.Addition of 1 volume of methanol precipitated the inorganic salt 
which was removed by filtration, washed well with methanol-water (l:l, v/v), then discarded. The combined filtrate 
and wash were evaporated, taken up again with methanol-water. This procedure of filtration-washing repeated several 
times afforded the trisulfonated derivative MB as a beige powder. (0.8 g, 83%) 
‘H NMR (200 MHz, D,O) : S 
J = 2.3 Hz, H,,,,) 

2.92 (6H, s, NMej ; 3.07 (6H, s. NMe2) ; 7.59 (2H. AB. J = 2.3 Hz. %,e), 7.95 (2H, AB, 

13C NMR (200 MHz, D,O) : 6 34.6, 38.2 (NM+ 124.1, 126.5, 129.1, 131.9 (CH and CS) ; 128.7 (Cquat.) ; 157.8 (C-O) ; 
171.4 (C=D) 
MS (PAB+, NBA) : 531,509,487,464,305 

22’-dimethoxy-3’-methoxycarbonylbiphenyl-3-carbonyl chloride (l9) 

Under argon, a mixture of monoacid S4 (3.85 g, 12.2 mmol) and freshly distilled SOCl, (40 ml) was heated 
to reflux for 3 h. Excess of SOCI2 was removed in vacua. The residue was treated by hexane and concentrated ; this 
procedure, repeated several times, afforded practically pure acid chloride as a white powder (4.05 g. quant.). 
IR (cm-‘) 1770, 1730 (C=O) 
‘H NMR (300 MHz, ‘XXI,) : 6 3.56 (3H. s, OCH& 3.58 (3H, s, OCH& 3.94 (3H. s, OCHs) : 7.23 (2H. t. J = 7.8 Hz, Hs.). 7.29 
(2H. t, J = 7.8 Hx, HS), 7.51 (2H, dd. J = 1.8.7.8 Hz. H6), 7.63 (2H, dd. J = 1.8.7.8 Hz, H& 7.85 (2H. dd. J = 1.8.7.8 J-Ix, H4.), 
8.05 (2H, dd, J = 1.8.7.8 Hz, H4) 
r3CNMR (300 MHz. CDCl,, : 6 52.3.61.9.62.1 (OCHj ; 123.5, 123.7, 131.3, 133.4, 134.9, 137.6 (Csec) ; 125.3, 128.2, 128.4. 
131.9 (Cquat) ; 157.4.157.6 (C-O) ; 164.8.166.6 (GO) 



2092 P. BARET et al. 

Acid chloride 19 (2.28 g, ) iu 80 mL of C!H&!12 was added at OOC to a soludonof HtaN (0.68 g), Mq,NH 
(2 mL. e%S). The mixture was allowed to warm to room tempemtum ovemight. After fi&wion, washing with 
successively aqueous HCI and NaCI, then drying over Na$X&, and evaporation of the solution afforded a white 
powder (1.91 g * 84%) : mp 1MT. ; IR (cur’) : 1708 ; 1760,16r.@ 
‘H NMR (200 MHz. CDCl+ : 3 2.Q4 (3H. s, NCH$ ; 3.14 (3H. s, NC&) ; 3.5f (39 s. OCHa) ; 3.54 (3H, s, oct5) ; 3.92(3H, s. 
OCH$ : 7.15 - 7.51 (SH,m , Hs,~,~*$‘,~) ; 7.80 (lH, dd, J = 7.7, I.8 Hs, H,) 
‘3C NhG @Q MH?., CDCl,DEE”f) : 6 %8,38.1 (NCH3 : 52.2 (CO&Ha) : 61.5,61.? (CCH+$ : 123.4, 123.9, 127.7,130.9, 
132.3,1351 (Csec); 125.3.131.2,133.O(Cqust); 131.0,153.7.157.4(C-o); 166=1.169.4(C=O) 

A solution of monoester Zl(1.9 g, 5.5 uuuol). KOH (I g, excess) in &OH (100 n&J was stirred at n&x for 
4 h. The Solvent was evaporated, the residue was treated with aqueous HQ and extracted with CHQ3. ‘Hte extracts 
were washed with b&e and dried over Na$O4 The crude solid triturated in pentane-etber affonkd the pure product 
as a yellow powder (1.65g, 96%). ; mp 2WC : lR (m-1) : 35OO-2!JOO, 1711; 1638 
tH NMR (260 hfHs, CDCfd : 8 2235 (3K s, NCH$ ; 3.17 (3H. s, NCH$ ; 3.55 (3H, s, OCHs) : 3.56 (3H, s, OCH$ ; 720 - 7.43 
(4H~n,H~~~~~~:7.56(1H,dd,J=7.8,1.8Hz,H~);8.12(tH,dd,J=?.8,1.8Hz,~ 
t3C NMR (260 MHx. CDCl) : 6 34.9,38.3 (NCH$ ; 52.2 (COaCH$ ; 615,620 (OCH3) ; 124.2. t24,6,128.4,132.1,132.4, 
136.9 (Csec) ; X22.6,130.5, 130.9.131.7 (Cqust): 153.6, 157.1 (C-O); 166.4.169.3 (GO]. 
MS (CL NHs + isobutsue) : 330,3 12,298,285 

Under argon, a mixture of monoacid 22 (0.65 g. 2 mm00 and fteshly disdlkd WC!&, (20 ml) was heated to 
reflux for 3 h. Excess of SOQ, was removed in vacua. The n&due was treated by benxene and concentrated ; this 
procedure. repeated 3 times, afforded practicaEy pure acid chIoride as a white powder (0.67 g, quant.). 
iH NMR (266 MHz, CDCI$ : 6 2.95 (3H. br s, NCH,I : 3.17 {6H, br s, NC&j ; 3.52 (3H, s, OCH& : 3.55 (3H. s, OCQ : 7.18 - 
7.41(4H.m, HJwb’) ; 7.59 (IH. dd, J = 79.15 Hz, H,+) ; 8.05 (lH, dd, J = 7.9.1.5 Hz, Hd 
‘3C NMR (260 MHZ. CDCla) : 6 35.1,38.4 (NCHg ; 52.2 (CO&H,, ; 61.7.61.9 (OCR ; 123.?,124.1,128.3, 1323.1329, 
137.6(Csec,DEFTl20); 130.2,t30.4,133.2(Cquat); 153.7,157.6(C-O); 164.8,169.6(C=@~ 

Under nitmgeu, a solution of acid chloride 19 (2.2g,6.6 mmol) in dry ‘I’#@ (50 mL) was added dropwise to a 
so&ion of tris &aminoethyl) amine O%EN) (0.32Og. 2.2 mmol). I%$! (1.2 mL} in 100 mL of ‘RfF. TIE mixture was 
stirred for 12 h at room temperature. The precipitate of hydmchlorides was removed by ftlttati~ and washed with 
THF. The combined extracts were concentrated under vacuum. The residue was disschd in CH&12 aud the solution 
was washed successively with aqueous 5% HCl, 10% NaOH, NaCl then dried over Na$SO4, Flash c~~o~phy 
(silica, CH$&-iRNH2 982) affotded an oil (1.82 g, 79%) which crystahixed. ;mp 7OT 
lH NMR (300 MHZ, CDCS) : 8 2.86 (6H, t, J = 6.4 Hz, NCH& 3.56 (6H, q$ J = 6.4 Hz, NCH.$ ; 3.47 (PH. & OCH;). 3.51 (QH, 
s, OCH& 3.93 (PH. s, OCH$ ; 7.20 (38, f J = 7.8 Hx. H& 7.22 QH, t, J = 7.8 Hz, Hf.), 7.44 (39 dd, J = 1.8,7.8 Hx, H& 7.46 
(3H, dd, J = 1.8.7.8 Hz. H& 7.82 (3H, dd. J = 1.8.7.8 Hz, H,.), 8.01(3H, dd, J = 1.8.7.8 Hz, H;I ; 8.08 (3H. m. NH) 
13C NMR (300 MHz, CDCt3) : 6 37.8.53.5 (NCHj ; 52.3,61.5,61,8 (OCHs) : 123.6,1243, 131.2,131.3,134.7, 135.3 (Csec) ; 
12M,i26.8,13t.5,132.7 (Cquat) : 15.X8,157.4 (C-O) ; 165.6.166.7 (C=O) 
MS (iWB - glyce47u) : 1041,342,299 
Anal. : C&d forCs7Ho,N@,5: C, 65.76 : W, 5.81; N, 5.38 ; Fosud : C, 65.38 : ?i, 5.81; N, 5.23 

A solution of ester 24 (I.0 g, 0;96 mmol), KOH (0.7 g, excess) in HtOH (50 mL) was stirred at refhrx for 3 h. 
The solvent was evaporated, the residue was treated with aqueous H2S04 The white precipitate of the 
hyd~g~~fate derivative of 25 was filtered, washed with water and dried in vacua (O&43 g, 80%) ; mp 144oC &kc) 
Et (cm-*) 3600-2800 (OH) : 1?30,1650 (C!=O ; MS (FAB, MBA) : 997,981 
‘H NMR (300 MHZ. CDCla-DMSO) : 6 3.46 (PH. s. CC% ; 3.54 (PH, s, CC&) ; 3.64 (6H. s, NCH$ ; 3.92 (6H, s, NCH$ ; 
7.17 (3H. t, J = 7.8 Hz, H& 7.29 (3H. I, J = 7.8 Hz, WY), 7.45 (6H, m, He& 7.73 CJH, dd, J = 1.8,7.8 Hz, H,tV)r 7.84 (3H, dd, 
J = 1.8,7.8 Hz, Ha ; 8.74 (3H. m, NH) 
13C NMR (300 MHz, CDC13-DMSO) : 6 33.9.52.7 (NCH3 ; 60.4,60.6 (OCH$ ; 122.2, 122.7, 129.4, 130.3, 132.4,133.?(2) 
(Cscc) ; 124.9,125.8,130.8, t31.7 (Cqust) ; 155.0.156.2 (C-O); t65.9,166.6(C=O} 
Au&: CakdforCXH+l@& ,05H@C. 58.64 ; H, 5.19:N. S.07;Found:C,S8.65: H,536;N,,4.% 
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Podand Qci)y=cOa 
Under argon, a mixture of acid 25 (0.83 g, 0.83 mmol) and freshly distilled SOCl2 (30 ml) was stined at 

room temperature for 3 h. Excess of SOcl, was removed in vacua. llte residue was treated by banxene and 
concentrated ; this pmccdure. repeated 3 times, afforded practicaBy pure acid chloride 25 (hydrochloride) as a white 
powder (0.9 g. quant.) ; IR (cm-t) 1778.1715,1650 (C=D) 
‘H NMB (300 MHs, CDCls-DMSO) : 8 3.38 (9H. s. OCHj ; 3.45 (9H, s, OCHd ; 3.54 (6H, s. NCH2) ; 3.86 (6H. s, NCHr) ; 
7.09 (3H. t, J = 7.8 Hz. H& 7.11 (3H. t, J = 7.8 Hz. Hs.). 7.35 (6H, m. H,&. 7.68 (3H. dd, J = 1.8.7.8 Ha, H4.). 7.73 (3H, dd. J = 
1.8.7.8 Hz. H4) ; 8.58 (3H. m, NH) 
“C NMB (ulo MHz, CDCl3 : 8 35.0, 53.9 (NCHj ; 61.4.61.6 (OCH,) ; 123.4, 123.7, 127.9. KUJ.6. 131.5. 134.9(2) (Csec) ; 
125.0,125.8.131.3,131.8 (Cquat) ; 155.9.157.0 (C-O); 166.7.167.2 (GO) 

Podund (27) Y = CONMQ (Cknethoxylated T1) 
a) Upon cooling at O’C. acid chlotide 26 (0.9 g. 0.82 mmol) in CHC13 (5OmL) was added dtopwise to a 

solution of MqNH (2 mL, excess) and 0.4 g of Et3N in 50 mL of CHQ The red coloured solution was allowed to 
warm to mom temperature and stirred overnight. After filtration, washing with successively aqueous HCI and NaCl ; 
then drying over Na2S04, and evaporation of the solution afforded the hydrochloride of 27 as a yellowish powder 
which was purified (0.77 g. 89%) by chromatography (silica, CH2C12-iPrNH2 98:2) pp 12VC (dcz.) 
‘H NMB (2flO MHZ, ClX&-DMSO) : 8 2.87 (6H, t. NCHj ; 2.93 (9H. s, NCH3) ; 3.44 (9H, s. NCH+ ; 3.44 (9H, s. OCH,) ; 
3.50 (9H. s, OCH3) ; 3.58 (6H, q. NCH,) ; 7.13-7.45 (15H. m. H4.>Y,s,a.), 8.01 (3H. dd. J = 1.9.7.8 Ha. H+) 8.08 (3H. m. NH) 
lsC NMB (200 MHz. CDCI,. DEBT) : 6 34.8.38.4 (NCHj ; 37.9.53.5 (NC% ; 61.4.61.5 (OCHs) ; 124.1.124.3, 127.9,1311, 
132.3.134.8 (Cscc); 131.0,126.7.131.1,131.8 (Cquat) ; 153.6.155.8 (C-O); 165.6,169.3 (c-0) 
Anal. : Calcd for C&7sN7014, HCI : C. 62.51; H. 6.47 ; N, 8.50 ; Bound : C, 62.50 ; H. 6.44 ; N. 8.04 

b) Upon cooling at 0°C. acid chloride 23 (1.69 g, 4.8 mmol) in CH2C12 (6OmL) was added dtopwise to a 
solution of TREN (0.24 g, 1.6 mmol) and 0.5 g of Et3N in 100 mL of CH2C12. The solution was allowed to wann to 
room temperature and stirred overnight. The same work-up procedure as above afforded the pure hydrochloride 
27,HCl as yellow crystals (1.6 g. 96%) 

Bodand 27 (1.60 g, 1.32 mmol) was dissolved in 100 mL of CH2C12 at 0°C under argon and BBg (14 mL of 
1M solution in CH2Cl2. excess) was added dropwise. After stirring overnight at room temperature, the reaction 
mixture containing a white precipitate was cooled to 0°C and treated with 80 mL of MeOH. After 4 h the yellow 
mixture was concentrated and then repeatedly evaporated with MeOH to remove the borates. Treatement of the 
residue by 10% NaOH, extraction with CH2C12 and acidification with HEr afforded a white precipitate which was 
filtered, washed with ether and dryed in vacua (1.046 g. 73%) ; CCM (silica, CH2C12-EtOH 70:30, dying teagent : 
FeCl$lcohol) gave one spot at Rf = 0.45. ; mp 180°(dec) 
‘H NhfB (300 MHZ, DsO-NaOD, pD dependent) : 6 2.81 (9H. s, NCHj ; 2.93 (9H, s. NCH3) ; 2.85 (6H. m. NCH2) ; 3.49 (6H. 
m, NCHs) ; 6.70 (3H, 1. J = 8 Hz, H$ ; 6.83 (3H, t, J = 8 Hz, HY) ; 7.05 (3H, dd. J = 8.1.4 Hz, H.j: 7.32 (39 dd. J = 8. 1.4 Hz. 
Hrj.) ; 7.41(3H, dd, J = 8.1.4 Hz. H41 ; 7.71(3H. dd. J = 8.1.4 Hz. H1.) 
13C NMB (200 MHZ. D&J-NaOD) : S 35.2.37.4 (NCHj ; 37.3.53.1 (NCH2) ; 115.7, 117.6. 126.6. 1295. 132.9, 135.7 (Csec ; 
DEFT): 120.2,126.7.130.1,132.1 (Cquat); 156.1,164.O(C-O); 170.9. 174.O(C=O) 
MS (FAB+, NBA) : 996 
Anal. : Calcd for Cs4HflN70t2, HBr: C. 60.22 ; H, 5.43 ; Found : C. 60.41; H, 5.77 

In portions, Tz(O.5 g. 0.5 mmol) was added to oleum S03-H2SQ (20 mL) while stining vigorously with a 
magnetic stir bar. The reaction solution was stirred overnight at room temperature. The mixture was then carefitlly 
pouted on to ice. Dmpwise addition of 5N NaOH with vigorous stirring and cooling, gave a pH 4 mixture. The 
mixture was concentrated to 200mL. Addition of 1 volume of methanol precipitated the inorganic salt which was 
removed by filtration. washed well with methanol-water (1:l. v/v), then discarded. The combined filtrate and wash 
were evaporated, taken up again with methanol-water. This procedure of filtration-washing repeated several times 
afforded the trisulfonated derivative Tzs as a beige powder. (0.744 g. 87%) 
‘H NhfB (3m MH& D?o, : 6 2.75 t9H. S. NCHj ; 2.90 (9H. S. NCH3) ; 3.50 (6H. m, NCHa) ; 3.77 (6H, m. NCJ$) ; 7.51+ 7.81 
(6H. AB, J = 2.1 Hz, t6.4, ; 7.85 + 8.19 (6H, AB, J = 2.3 Hz, l-JssA’) 
DC NMB (20oMJ-h. D,O. DEED : 6 37.2.40.8 WHj ; 37.1.55.7 (NCH2): 126.6. 130.1, 132.0. 134.5 (Csec) ; 121.5.128.5, 
t31.4,132.4.132.8,136.3 (Cquat) ; 157.7, 167.4 (C-O) ; 172.2,173.3(C=O) 
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