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Potent inhibitors of EGF-dependent protein tyrosine kinase (PTK) activity were synthesized in 
a series of 5- [(2,5-dihydroxybenzyl)amino]salicylates. Several of these compounds inhibited EGF- 
dependent DNA synthesis in ER 22 cells with ICs0 < 1 pM. In this series of PTK inhibitors, the 
role of the salicylate moiety as a potential divalent ion chelator was tested and found to be 
nonessential in all cases. The length and ramification of the substituting carboxyl group were 
investigated to improve cellular bioavailability, and this analysis provided compounds with increased 
inhibitory effect on EGF-induced DNA synthesis. Salicylates esterified with long hydrophobic 
chains were shown to be noncompetitive inhibitors of ATP, in contrast to the free acid and methyl 
salicylate. Moreover, all the tested inhibitors were shown to be noncompetitive inhibitors of the 
peptide substrate. Structure-activity relationships allowed us to suspect a hydrophobic pocket 
in the tyrosine kinase domain, preferentially interacting with aromatic rings. Finally, the selectivity 
of the best inhibitors was tested against other kinases, and they were found to be selective for 
tyrosine kinase. They were also shown to be good inhibitors of EGF-receptor autophosphorylation. 

Introduction 
The involvement of the protein tyrosine kinase (PTK) 

activity of growth factor receptors in human tumor 
development, associated with a poor clinical diagnosis, is 
now well documented.lt2 For example, the expression of 
the human epidermal growth factor receptor (EGFR) and 
its oncogenic analog human erb B2 receptor (HERz)/neu 
is greatly amplified in several human tum0rs,39~ accom- 
panied by an overphosphorylation of their proteintargets. 
This increased phosphorylation of substrate tyrosine 
residues by oncogenic PTK proteins is an essential step 
in the neoplastic transformati0n.~l6 Site-directed mu- 
tagenesis experiments and the use of specific antibodies 
have also shown the requirement of an effective auto- 
phosphorylation process of tyrosine kinases for the sub- 
sequent phosphorylation of protein substrates and tumor 
developmente7-g 

Accordingly, specific inhibitors of protein tyrosine 
kinases can be useful in investigating the mechanisms of 
carcinogenesis, cell proliferation, and differentiation and 
could be effective in prevention and chemotherapy of 
cancer. For these reasons, numerous PTK inhibitors have 
already been developed (for review, see refs 10 and 11). 

Rational approaches to design selective inhibitors of 
PTK activity associated with oncogene expression are 
multiple but difficult for several reasons: (i) the lack of 
precise structural data concerning the active site of the 
enzyme, (ii) the complexity of the enzymatic phosphoryl- 
transfer reaction which involves several steps, (iii) the 
multiplicity of endogenous substrates shared among the 
PTK family, and (iv) the large number of related protein 
kinases involved in normal growth and differentiation. 
Design of PTK Inhibitors. Several natural products 
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with different chemical structures, such as flavonoids,12J3 
erbstatin derivatives,l4J6 lavendustins,16J7 the diuretic 
amiloride,lBand the alcaloid staurosporine,lg inhibit PTK 
activity and possess antiproliferative cellular activity.mtz1 
These compounds are generally competitive inhibitors with 
ATP binding, and for this reason, it was suspected that 
they would not be sufficiently selective and thus be 
endowed with toxicity for nontumor cells. 

Many synthetic PTK inhibitors have also been designed 
by taking into account the structure of tyrosine, such as 
the tyrpho~tins ,2~,~~ cinnamamides,w26 styrene deriva- 
tives,% or phenylhydra~ones.~~ Among these compounds, 
the tyrphostins have been the most intensively studied. 
They were shown to be effective blockers of EGF- 
dependent cell proliferation% and to have antiproliferative 
activity in nude mice inoculated with a human squamous 
cancer, but only if the animals were treated during tumor 
growth and not after the tumor was deve1oped.a Several 
tyrphostins were also reported (i) to be competitive 
inhibitors of substrate binding and noncompetitive in- 
hibitors of adenosine triphosphate (ATP) bindingF0 (ii) 
to be selective for tyrosine kinases as opposed to serine or 
threonine  kinase^,^^^*^* and (iii) to be able to discriminate 
in vitro between PTK activity associated with the EGF- 
receptor or other receptors.3l Furthermore, tyrphostins 
were also reported to block sea star oocyte maturation, 
possibly by acting as Ser/Thr kinase inhibit0rs.3~ 

In order to obtain inhibitors with increased affinity and 
specificity for the EGF-receptor, multisubstrate blocking 
agents were designed, based on a postulated structure of 
the transition state corresponding to phosphate transfer. 
In the active-site-proposal model, the substrate and ATP 
are located in hydrophobic sites, the y atom of ATP is 
pentacoordinated, and the two fl and y phosphates form 
a complex with divalent metal ions.33 Thus, dimeric 
molecules containing an adenyl base as the ATP moiety 
linked to an analog of tyrosine as a substrate mimic, with 
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spacers of different lengths, have been designed, but these 
compounds displayed only moderate activity.gP36 More 
recently, Trader et a1.3' have postulated that (sulfonyl- 
benzoy1)nitrostyrenes might inhibit the transition state 
of the PTK-induced transfer by binding to the substrate 
site, the nitrostyrene occupying the tyrosine site and the 
sulfonylbenzoyl moiety mimicking the diphosphate moiety. 
These compounds are relatively potent since they showed 
cellular antiproliferative activity at  doses as low as 2 pM. 
The potency of these compounds was recently improved 
by substituting the sulfonylbenzoyl moiety with adenine 
5"Ibstituted  glutamate^.^^ 

In this work, we have selected the 5-[(2,5-dihydroxy- 
benzyl)amino]salicylate moiety as a simplified model of 
lavendustin A, one of the most potent in vitro PTK 
inhibitors.16 We had previously confirmed that the third 
aromatic ring of lavendustin A is not essential for PTK 
activity.l6*39 We had also shown that the two hydroxyl 
groups of the hydroquinone ring are absolutely necessary 
and that the salicylate moiety might be important for 
recognition of the ATP-binding ~ i t e . 3 ~  Chemical modi- 
fications are now reported to investigate the role of the 
salicylate in more depth. Addition of a CH2 group between 
the carboxylate and the phenylring of the salicylate should 
decrease the metal chelating ability of the inhibitors, while 
replacing the carboxylate by a hydroxamate group might 
preserve or increase this ability. The results are discussed 
in relation with the CO-group electron-donor potency of 
the different compounds. 

Otherwise, chemical modifications of the inhibitors were 
tried to increase their cellular penetration. Intermediate 
compounds protected by hydrophobic residues were found 
to be active a t  relatively low doses. Therefore, in order 
to test whether these compounds were interacting with a 
hydrophobic subsite in the kinase domain, several alkyl 
and phenylalkyl salicylates of varying size were synthesized 
and their PTK inhibitory potency evaluated. These 
molecules demonstrated that a hydrophobic pocket might 
be present in the kinase domain and that this pocket could 
bind hydrophobic substituents with aromatic rings whose 
location and size are well defined. 

Chemistry 
The compounds containing a rigid imino spacer (series 

I) or their flexible amino counterparts (series 11) were 
prepared following the general procedure described in 
Scheme 1. Thus, the condensation of 2-formylhydro- 
quinone with the adequately substituted anilines provided 
imino compounds which were isolated, or not, before their 
catalytic hydrogenation or chemical reduction to provide 
5- [(2,S-dihydroxybenzyl)aminolsalicylates or -phenylac- 
etates. Relatively few compounds of the chemical inter- 
mediates, the nitro or aniline precursors, had already been 
described;a2 thus, their syntheses and characteristics 
are reported in Schemes 2 and 3 and Tables 1 and 2, 
respectively. 

Derivatives of the aminophenylacetic series were ob- 
tained by nitration of 2-hydroxyphenylacetic acid and 
isolation of the 5-nitro isomer followed by esterification 
and catalytic hydrogenation. In order to obtain hydrox- 
amate precursors in this series, 5-nitro-2-hydroxyphenyl- 
acetic acid (AI) was condensed with the protected hy- 
droxylamines and subsequently reduced catalytically or 
chemically. In the 5-aminosalicylic series, hydroxamates 
were obtained either from the 5-nitrosalicylic acid by 

Scheme 1. General Synthesis of Imino (I) and Amino 
(11) Compoundsa 

(a) Condensation by heating in methanol, DMF, or toluene; (bl) 
catalytic hydrogenation with palladium in methanol, dichlo- 
romethane, or ethyl acetate. (M catalytic hydrogenation with nickel 
in methanol; (bg) reduction with NaBh in methanol; (bs) reduction 
with aqueous Na@& (cd SOCl2and methanolor ethanol; (cz) ROH/ 
DCC/DMAP; (cg) SOCl2 in toluene, then ROLi in THF, (cr) DCC in 
pyridine/DMF, then ROH in CHeCl2 or AcOEt; (dl) refluxed in 
methanol or toluene, then reduction with NaBH&N in methanol or 
toluene; (d3 refluxed in methanol or toluene, then catalytic hydro- 
genation with Pd in dichloromethane or ethyl acetate; (e) refluxed 
in 6 N aqueoue HCI. 

Table 1. Nitro Intermediabe: Preparation and Properties 

OH 
yield 

method (%) mr,("C) R 
CHpCOzH 

CHp COrEt 
CHpCO-NH-OtBu 
CHrCO-NH-O-CH2Ph 
CHpPOg-Et9 
CO-NH-0-Me 
CO-NH-OtBu 
COrtBu 
COp(CHz)ptBu 
COpCHpCH(Me)-CHptBu 
COr(CHa)rCH(Me)-CHrtBu 
COp(CH2)pCH(Me)-(CH2g-~r 
COr(CHz)is-CHs 

COr(CHz)z-Ada 

CHrCOrMe 

C O ~ - C H ~ C C ~ H ~ ~  

COpPh 
C02-CHpPh 
C02-(CHdpPh 
COr(CH2)g-Ph 
COr(CH&-Ph 
COpCHrCH(Me)-CHpPh 
COp(CH&-CH(Me)-Ph 

COrCHr(iPr)Ph 
COpCHa(3,S-diMe)Ph 

Coal-naphthyl 

COrCHpCH4H-Ph 

C02-(3-OH)Ph 
COr(4-Ph)Ph 

f 43 169.5-160.6 
CI 69 166-166.6 
CI 85 164-166.6 
g 83 182-184 
g 38 149-150 
h 100 139-140 
g 51.8 175-176.6 
g 50 184.5-186.6 
~2 82 81-81.6 
c2 84 54-65 
~2 86 61-62 
cz 85 viecoueoil 
c2 90 viscousoil 
cg 48 viscousoil 
~2 71 v i s ~ o ~ s o i l  
CQ 61 106 
c4 49 15% 
ci 68 8Sb 
c2 86 111.6-112 
c2 88 viscousoil 
~2 81 V i e c o ~ e ~ i l  
~2 89 64-66 
cp 72 oil 
~4 93 89 
~2 82 174-176 
c2 76 7 W 1  
c4 47 166 
~4 78 102 
~4 68 162 

Aw CO&B-naphthyl ~4 38 168 
a 148-150 OC in ref 41. * 83.6 "C in ref 42. 

condensation with the 0-substituted hydroxylamine and 
further catalytic reduction or by protecting the amino 
group of the commercial 5-minosalicylic acid by BoczO 
(Boc, (tert-buty1oxy)carbonyl) before coupling with the 
0-substituted hydroxylamine and deprotecting the amino 
group by the action of trifluoroacetic acid (TFA). The 
amine obtained was then condensed with the formylhy- 
droquinone. All the 5-aminosalicylates were obtained by 
esterification of the 5-nitrosalicylic acid using several 
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Table 2. Amino Intermediatee. Preparations and Properties 
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OH 

cmpd R' R method yield (%) mp (OC) 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
BOC 
BOC 

CHrC02H 

CHpCOrEt 
CHrCO-NH-OtBu 
CHrCO-NH-OCH2Ph 
CHpPOa-Eh 
CO-NH-OMe 
CO-NH-OtBu 
CO-NH-OCHrPh 
COrtBu 
COr(CH2)ptBu 
COrCH&H(Me)-CHrtBu 
COr(CH&-CH(Me)-CHrtBu 
COr(CHZ)rCH(Me)-(CH2)a-iPr 
COn-(CHa)ia-CHa 
C o r  CHr GKi 
COr(CH&-Ada 
COrPh 
COrCHrPh 
COr (CHdrPh 
COr(CH2)s-Ph 
COr(CH2)d-Ph 
COr(CH2)-CH(Me)-CHrPh 
COr(CH&CH(Me)-Ph 

COrCHr(4-iPr)Ph 
COrCH2-(3,6diMe)Ph 

COr 1-naphthyl 
COr 2-naphthyl 
COOH 

C H p C 0 2 Me 

COrCHpCH--CH-Ph 

COr(3-OH)Ph 
COr(4-Ph)Ph 

CO-NH-OCHwPh 

66 
98 
98 
96 
73 
94 
80 

100 
90 

100 
100 
97 

100 
98 
85 
92 
92 
88 
48 
97 
94 
90 
50 
50 
94 
39 
49 
89 
89 
85 
78 
97 
73 

218-218.5 (HC1)o 
125-126.5 
102-104 
l e 1 4 2  
150-151° 
118-120 
188.190 
146-147 
200-201 (CFgC04H)b 
6344.5 
viscous oil 
44-45.5 
viscous oil 
viscous oil 
viscous oil 
78-79 
109 
1621 
188 (HCl)@* 
76-76.5 
viscous oil 
viscoue oil 
viscous oil 
viscous oil 
141 
Oil 
95 
128 
173 
130 
143 
278 (dec) 
121.5-123.5 

0 As chlorohydrate salt. * As trifluoroacetate salt; dec is decomposition; * = melting points are not given in literature. 

Scheme 2. Phenylacetic Series Intermediates" 

b 
Aa.3 

@C02H & 

OH OH OH 

B 1 4  

OH OH 
A6 

I 

B6 
OH 

O(bl) Catalytic hydrogenation with palladium in methanol, 
dichloromethane, or ethyl acetate; (b) catalytic hydrogenation with 
nickel in methanol; (bg) reduction with N a B a  m methanol; (ba) 
reduction with aqueous Na&O4; (c1) SOCl2 and methanol or ethanol; 
(c2) ROH/DCC/DMAP; (cg) SOCl2 in toluene, then ROLi in THF, 
!cd DCC in pyridine/DMF, then ROH in CHZCl2 or AcOEt; (0 HNOg 
III HB04; (e) NHaOR, HC1, and E@J in CHCb a d  THF; (h) Pf0Et)~ 

different methods (see Schemes 2 and 3) followed by 
reduction of the nitro group, condensation with the 
formylhydroquinone, and reduction of the imino group. 
Only methyl and ethyl 5-[(2,5-dihydroxybenzyl)amino]- 

Scheme 3. Benzoic Series Intermediates" 
NHBoc NHBoc 

OH OH 
C I I  

I j  

Ay.10 

A15.36 B1546 

O(bd Catalytic hydrogenation with palladium in methanol, 
dichloromethane, or ethyl acetate; (b) catalytic hydrogenation with 
nickel in methanol; (ba) reduction with N a B a  in methanol; (4) 
reduction with aquewe Na&Or; (c3 SOCl2 aad methanol or ethanol; 
(ca) ROH/DCC/DMAP, (ca) SOC12 in toluene, then ROLi in THF; 
(a) DCC in pyridine/DMF, then ROH in CH&l2 or AcOEt; (e) 
NHsOR, HCl, and E a  in CHCb and THF, (i) h a 0  in dioxane; 
(i) TFA in CHCb. 

salicylates could be obtained by direct esterification of 
the 5-[(2,5-dihydroxybenzyl)aminolsalicylic acid precur- 
sor. 
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Table 3. Preparations and PTK Inhibitory Activity in the Imino and Amino Seriesa 
Imino series Amino series 

OH .R 

Chen et al. 

R cmpd method vitro ICs0 (pM) cell ICw (pM) cmpd method vitro ICw (pM) cell ICs0 bM) 
CHI-COIH I1 
CHi-COi-Me 
CH2-COi-Et 
CHo-CO-NH-OtBu 
CHi-CO-NH-OCHZ-Ph 
CHz-POa-Eh 
CHz-POa-Hz 
CO-NH-OH 

CO-NH-OtBu 
CO-NH-OCHZ-Ph 
CO-OH 

COS-Et 

CO-NH-OMe 

C02-Me 

COZ-tBu 
C0n-CHn)~tBu 

a 
a 
a 
a 
a 
a 
n.p. 
n.p. 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
n.i. 
a 
n.i. 
n.i. 
n.i. 
a 
a 
a 
a 
a 
n.i. 
a 
a 
n.i. 
n.i. 
n.i. 
n.i. 

35 
100 
100 
31 
50 
>>lo0 

27 
20% at 10 
8% at 10 
5 
56% at 100 
50 
15% at 10 
10% at 10 
>>lo* 
20% at 10 
20% at 10 

n.t. 

n.t. 
n.t. 
n.t. 
n.t. 
n.t. 

n.t. 
n.t. 

60 
20 
20 
30 
61% at 10 
75 

>>lo0 
>>20* 
43% at 5 
100 
n.t. 
40 
>>lo 
>>2* 
10 
42% at 5 
5 

n.t. 

n.t. 
n.t. 
n.t. 
n.t. 
n.t. 

n.t. 
n.t. 

.. 

I136 
I L r  

6 
3 
7 
5 
1 
4 
3 
0.4 
0.3 
0.1 
0.05 
0.03 
0.6 
0.4 
1 
0.7 
-4 
>>1* 
7 
>>5* 
1.2 
>>5* 
0.07 
0.08 
0.13 
0.03 
0.4 
0.36 
0.4 
1.3 
1 
3 
0.09 
5 

38 
12 
11 
46 
16 
70 
>lo0 
40 
20 
35% at 20 
41% at 10 
92 
9 
6.1 
8 
7 
0.8 
0.8 
0.8 
>>5* 
2.5 
1.25 
10 
2.5 
3 
1.5 
1.25 
3.5 
2.7 
2 
1.4 
1.6 
>>5* 
42% at 5 

dz 0.11 4.4 
d7 0.09 21% at 5 

a The inhibitory potency of the various compounds against tyrosine kinase activity associated with EGFR was evaluated using ER 22 cell 
membranes as an enzyme source and the tridecapeptide RR-Src (RRLIEDAEYAARG) as the phosphoryl-acceptor substrate as described by 
Onada.16 The inhibitor activity of the Compounds on EGF-stimulated DNA synthesis was assessed by measuring [aH]Me-dT incorporation 
into ER 22 cells as described by L'Allemain." * = due to their weak water solubility, inhibitory potency of these compounds could not be 
tested at higher doses; their inhibitory effect is 0% at these doses. ** = compounds already described in ref 39. n.i., not isolated; n.t., not 
tested; n.p., not prepared. 

Results and Discussion 

Structure-Activity Relationships. The inhibitory 
potency of the various compounds against protein tyrosine 
kinase activity associated with EGFR was evaluated using 
ER 22 cell membranes43 as an enzyme source and the 
tridecapeptide RR-Src (RRLIEDAEYAAFtG)16 as the 
phosphoryl acceptor substrate. The inhibitory activity of 
the compounds on EGF-stimulated DNA synthesis at  the 
cellular level was assessed by measuring PHI Me-dT 
incorporation into ER 22 cells. 

The results, reported in Table 3, show that compounds 
of the imino series are much less active than compounds 
of the amino series. As discussed in a preceding paper, 
this difference might be due to conformational prefer- 
e n c e ~ . ~ ~  For the amino series, energetical calculations 
showed two families of nonplanar pseudo-cis and -trans 
arrangements around the C-N bond with similar low 
energies, demonstrating the possible existence of several 
conformer arrangements in solution. However, only one 
trans arrangement was observed in the weakly active series 
of rigid imino compounds, suggesting that inhibitors of 

the amino series might adopt a bioactive conformation 
which resembles a cis arrangement. 

In the series of amino compounds, some inhibitors (1111, 
1112, IIa, IIu, 1126, IIm, and 1186) exhibited in vitro activity 
comparable with that of the best PTK inhibitors already 
reported in the literature, such as the lavendustins16J7 or 
quinazolines.44 As already observed for most other PTK 
inhibitors, the compounds presented in this paper were 
almost 2 orders of magnitude more potent in vitro than 
in the cell-based assay.l6 This could be due to the fact 
that, for compounds which behave as competitive inhib- 
itors of ATP, their inhibitory potency is reduced by the 
high intracellular concentration of ATP and/or because 
they have poor cellular penetration, due to their high 
polarity. 

In an attempt to improve the cell penetration of the 
inhibitors, compounds with different hydrophobic chains 
lengths were prepared. Some of these had IC60 values < 
1 MM in the EGF-dependent DNA assay on ER 22 cells 
(Table 3). Thus, the biologicalactivity of compounds 111,- 
1119 showed that the optimal length of the hydrophobic 
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Figure 1. Lineweaver-Burk plot of the EGF-receptor tyrosine kinase assay with RR-Src as substrate, performed as described in the 
Experimental Section. The inhibitors were incubated at the indicated concentrations, in the presence of a fiied RR-Src concentration 
and various ATP concentrations for kinetic analysis versus ATP and in the presence of a fiied ATP and various RR-Src concentrations 
for kinetic analysis versus RR-Src. Double-reciprocal plots are shown: (A) 1112 versus ATP, (B) 1112 versus RR-Src, (C) 11% versus 
ATP, and (D) 11% versus RR-Src. 

chain is 5-8 carbons with methyl substituents as ramifi- 
cations. Longer and linear chains are less favorable, as 
shown by the weaker activity of compounds 1120-1122. 

Among compounds exhibiting the best activities in the 
cell-based assay, it is intriguing to note that compounds 
such as 1IlrIIl~ were more efficient in inhibiting the DNA 
synthesis in EGFR-dependent cells than in inhibiting the 
EGFR-mediated phosphorylation of the peptide substrate. 
Similar results have already been observed with the 
tyrphostin3l and thiazolidinedione PTK  inhibitor^.^^ It 
has been suggested that a cellular accumulation of the 
inhibitors, which are very hydrophobic, or their inhibitory 
action on unknown PTKs downstream in the EGF- 
signaling pathway might account for this o b s e r ~ a t i o n . ~ ~ ~ ~ ~  
Either of these explanations could be valid for our 
compounds, but they could also interact with another EGF- 
dependent target in the cells. 

It is interesting to note that when the length of the 
hydrophobic chain increases (compounds II~~-IIIs), the 
inhibitory effect, measured in vitro on the kinase, de- 
creases. This decrease in inhibitory potency might be due 
to decreased Mg2+ chelation power of the substituted 
salicylates as compared with the free salicylic moiety in 
1112. 

Investigation of the Salicylate Interaction with 
M@+. A decrease of the Mg2+ chelating power of alkyl 
salicylates, as compared to the free acid 1112, appears to 
be supported by the lower inhibitory potency of compound 
111 as compared to 1112, since in 111 the COOH and OH 
groups of the salicylate are separated by a methylene group. 
Hydroxamate derivatives, which are known to be good 
metal chelators, were also synthesized. The hydroxamate 

118 was found to be a potent inhibitor of the kinase in 
vitro, and its activity could also be explained by its 
magnesium chelating ability. Thus, the ability for chelat- 
ing Mg2+ seems important for certain inhibitors. Nev- 
ertheless, intermediate compounds I110 and 1111, protected 
with hydrophobic substituents, showed improved inhib- 
itory potencies with a preference for an aromatic ring (1111 
is better than IIlo), suggesting that these hydrophobic 
substituents might also have additional favorable inter- 
actions within the kinase domain, compensating for their 
magnesium chelating potency decrease. 

Investigation of Aromatic Salicylate Substitution 
Inhibitor Potency. On the basis of the observation that 
an aromatic ring might increase inhibitory potency and in 
order to preserve cellular penetration, esters with hydro- 
phobic chains bearing different aromatic chains were 
prepared. The presence of an aromatic ring a t  the end of 
the linker enhanced the potency of the inhibitors (com- 
pounds II23-112,), and the linker length was optimized in 
compound 1126, which had good inhibitory activity for the 
kinase (ICs0 = 30 nM). 
As observed with the alkyl esters, substitution by methyl 

groups on the chain bearing an aromatic ring (compounds 
1128 and IIn) is not advantageous for in vitro activity. The 
rigidification of the linker, as shown by comparing II# 
and IIsO, and the hydrogenation of the aromatic ring to a 
cyclohexyl ring, as shown by a comparison of I121 and 1124, 
reduced activity. Neither esterification by larger aromatic 
rings, such as a or B naphthyl groups (compounds 11s and 
I136 as compared with I12d, or biphenyl rings (compound 
1134) nor substitution of the phenyl ring by hydrophobic 
(1131 and 1132 as compared with 1124) or hydrophilic 
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Table 4. Inhibitory Potency of Selected Compounds against 
Different Kinam Activity and EGFR Autophosphorylationa 

vitro cell 
EGFR ER 22 

RR-Src autophoeph PKC PKA [*H]dTinc 
ICw (PM) ICw OtM) ICw OcM) ICw (PM) ICw OcM) 

Dlxon 

-100 0 loo 200 500 440 500 600 

[ll-13] nM 

Eadie-Scatchard 
(i1201 

0 

lOnM 

2OnM 

6OnY 

lOOnY 

0 '  
0 5 10 15 20 

v (cpm) 
(Thoumndr) 

Figure 2. (A) Competition analysis of 1 1 8  versus ATP using a 
Dixon-plot representation showing a parabolic competitive 
inhibition mode. (B) Competition analysis of IIw versus RR-Src 
using Eadie-Scatchard representation showing a noncompetitive 
inhibition mode. 
substituents ( 1 1 ~ )  produced better compounds. Taken 
together, these results suggest that the lipophilic esters 
and hydroxamates with chains containing aromatic rings 
might have favorable interactions within a hydrophobic 
site in the kinase domain, whose size is optimally adapted 
for the phenylpropyl chain of compounds 1126. Moreover, 
the majority of these esters bearing aromatic rings are 
relatively good inhibitors of EGF-dependent DNA syn- 
thesis, with an optimization for the chain of compounds 

Mode of Inhibition. Kinetic Analyses. In order to 
understand the inhibition mode of the inhibitors, enzy- 
matic kinetic studies were performed. The salicylate 
compound 1112 (IC60 in vitro = 30 nM; ICW, cells = 92 pM) 
was found to be competitive versus ATP and noncom- 
petitive versus RR-Src in Lineweaver-Burk- (Figure 1A,B) 
and Dixon-plot representations (data not shown). This 
competitive inhibition of ATP binding is in agreement 
with the discuesion in the Structure-Activity Relationships 
section, assuming an essential role of the salicylate group 
in chelating Mg2+ in the complex formed with ATP B and 
7 phosphates. This hypothesis was confirmed by kinetic 
analysis of methyl ester 111s. Using a Lineweaver-Burk 
representation, we had previously shown that this com- 
pound was a competitive inhibitor of ATP and a non- 
competitive inhibitor of RR-SrCS9 with a reduced ICm in 
vitro (0.6 pM) as compared to that of 1112 (30 nM). Using 
a Dixon-plot representation (Figure 2A), we obtained 
parabolic curves for inhibition of ATP binding, showing 
that compound 111s is a slow parabolic competitive 
inhibitor of ATP.M This suggests that two molecules of 

1126. 

IIlr 0.03 0.15 >lo0 >lo0 92 
1118 0.6 1 400 150 9 
1117 4 8 300 10 0.8 
111, 7 25 20% at 10 10 0.8 
uIlr 0.13 0.20 42% at 30 4 3 
II# 0.03 0.7 >20 11 1.5 

a Inhibitory potency against EGFR tyrosine kinaee activity using 
the peptide RR-Src as substrate, inhibitory potency on the EGFR 
autophoephorylation, and inhibitory potency against PKC and PKA 
were measured in vitro, and inhibitory potency against EGF- 
dependent DNA synthesis was measured on ER 22 cella for several 
selected compounds (see the Experimental Section). 

1118 might bind to the ATP-binding site, probably due to 
a decrease in the interaction of the methyl ester carboxyl 
group with Mg2+ in the ATP-binding site. 

1126 is among the best compounds of this series. The 
presence of an aromatic hydrophobic ester chain in 11% 
gives a good inhibitory effect on the kinase activity (ICm 
= 30 nM) and on EGF-stimulated DNA synthesis (ICs0 = 
1.5 pM). Kinetic analysis with compound 11% showed a 
noncompetitive inhibition of ATP in Lineweaver-Burk 
(Figure 1C) and Dixon (data not shown) representations. 
These results suggest that this compound does not interact 
by its salicyl group with Mg2+ within the ATP-binding 
site, probably due to steric hindrance. Kinetic analysis of 
the inhibition of RR-Src binding led to unusual plots using 
both double-reciprocal Lineweaver-Burk (Figure 1D) and 
Dixon (data not shown) representations. In these graphical 
representations, the curves neither intercepted at one 
common point nor were they parallel. In contrast, parallel 
curves (Figure 2B), obtained using Eadie-Scatchard 
analysis, suggested that 11% is a noncompetitive inhibitor 
of RR-Src.4 These results suggest that compound 11% 
binds to the kinase receptor at  a site which is distinct from 
the binding sites for ATP and the peptide substrate and 
that it induces a conformational change which reduces 
the binding affinities for the two substrates. 

In summary, it can be concluded from the kinetic 
analyses that compounds I112 and IIls have a direct or 
partial interaction within the ATP-binding site, respec- 
tively. The interaction with IIU*'~,~ suggests an extented 
catalytic center in the ATP-binding site. It seems that 
compounds with aromatic hydrophobic side chains like 
11% may bind to a different site in the receptor kinase 
domain and perhaps to an allosteric site, thus forming 
different enzyme-inhibitor complexes. The lack of a 
detailed understanding of the three-dimensional structure 
of a PTK catalytic domain and the observation of different 
mechanisms of inhibition increase the challenge for the 
development of selective synthetic PTK inhibitors. 

Receptor Autophosphorylation. Since receptor au- 
tophosphorylation, triggered by growth factor binding, is 
considered to be the first step in signal transduction and 
a prerequisite for further phosphorylation of the substrate 
proteins,'v the inhibitors were tested for their effect on 
this process in vitro. 
As shown in Table 4, inhibitors of RR-Src phosphory- 

lation also block the EGFR autophosphorylation in vitro. 
However, as already observed in several series,l%91 the doses 
needed to inhibit receptor autophosphorylation are higher 
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than those needed to inhibit peptide phosphorylation. 
Each of the compounds 1118, 1117, and 1126, is equipotent 
on both processes. On the other hand, compounds I112 
(competitive with ATP) and 1126 (noncompetitive with 
ATP), the best in vitro inhibitors, are much less effective 
in inhibiting EGF-receptor autophosphorylation than in 
inhibiting substrate phosphorylation. Thus, no correlation 
can be made with the enzymatic activity in vitro or with 
the site of action of the inhibitors. Moreover, it is not 
known whether partial or total inhibition of the EGFR 
autophosphorylation process is needed to inhibit substrate 
phosphorylation. 

Selectivity Characteristics. The selectivity of the 
most interesting tyrosine kinase inhibitors was evaluated 
in vitro versus the Ser/Thr kinase PKC and the cyclic- 
AMP-dependent PKA. Compounds II12,II18, IIz, and 
1126 are 10‘2-106 times more potent in inhibiting PTKs 
than PKC or PKA. Therefore, the low potency of 1112 
and 1118 in the cellular model is probably due to their poor 
cellular penetration. Compounds 1126 and 1126, which have 
a more favorable hydrophobic-hydrophilic balance, have 
significantly improved inhibitory effects on EGF-induced 
DNA synthesis. Compounds 1117 and 1119, which have 
lower inhibitory potencies against PTK and have, in 
addition, less selectivity for PKA, are nevertheless potent 
inhibitors of EGF-induced DNA synthesis on cells. The 
fact that compound 1126 is a noncompetitive inhibitor of 
ATP binding and has a good selectivity for PTK as 
compared to other kinases such as PKC and PKA, in 
addition to a good correlation for the inhibition of RR-Src 
phosphorylation and the EGF-induced DNA synthesis on 
ER 22 cells, makes 1126 the best candidate, in this series, 
for inhibiting the protein tyrosine kinase activity associated 
with the EGF-receptor. 

Conclusion 

Potent inhibitors of EGF-receptor-associated protein 
tyrosine kinase activity, belonging to the 5- [(2,5-dihy- 
droxybenzyl)amino]salicylate series, have been designed. 
Some of them act as competitive inhibitors of ATP and 
others as noncompetitive of ATP. All of the inhibitors 
tasted were noncompetitive inhibitors of the peptide 
substrate RR-Src. 

Structure-activity relationships have been performed, 
and the presence of a hydrophobic aromatic chain appears 
to greatly enhance inhibitory potency in the ester series. 
This is not surprising since 5- [(2,5-dihydroxybenzyl)- 
amino] salicylates are derived from lavendustin A, which 
contains three aromatic rings.le However, taken together 
with the kinetic data, these results suggest that derivatives 
like IIZ6 target a hydrophobic subsite, within the kinase 
domain, distinct from the ATP- and substrate-binding 
sites. However, it is surprising that small modifications 
in the chemical structure of the inhibitors are able to 
completely modify their mode of PTK inhibition. These 
results suggest that the enzyme might be strongly con- 
formationally modulated. 

The inhibitors obtained in this study are also blockers 
of receptor autophosphorylation, and the majority are 
selective for tyrosine versus Ser/Thr kinases. Their 
potency in inhibiting the growth of tumors bearing 
amplified EGFR or HER2 is under study. Further work 
is also underway to improve their efficacy, and molecular 
modeling of the receptor catalytic site,8o recently reported, 
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should help for the research of inhibitors with higher 
selectivity and affinity. 

Experimental Section 
Chemistry. Materials and Methods. All starting materials 

were purchased from Aldrich and Janssen. ‘H NMR spectra 
were recorded on a Bruker 270-MHz spectrometer. Chemical 
shifts are given in ppm relative to HMDS as internal standard. 
Signal multiplicity was designated according to the following 
abbreviations: s = singlet, d = doublet, t = triplet, q = quadrulet, 
m = multiplet, bs = broad signal. Melting points, determined 
on a electrothermal apparatus, are uncorrected. Column chro- 
matography was performed on silica gel 60 (70-230 mesh ASTM) 
and TLC analysis on silica gel 60 F254 precoated plates. 
Elemental analyses for all imino and amino compounds were 
within i0.4% of the theoretical value. 

General Procedure of Imine Formation: Method a. 
2-Hydroxy-S-[N-[ (2,5-dihydroxyp heny1)met hylidenelami- 
nojphenylacetic Acid (11). To a solution of BI (200 mg, 0.98 
mmol, 1 equiv) in 10 mL of methanol were added 2,bdihydrox- 
ybenzaldehyde (136 mg, 0.98 mmol, 1 equiv) and triethylamine 
(0.14 mL, 0.98 mmol, 1 equiv). The reaction mixture was stirred 
at 60 “C for 8 h. The solvent was removed on a rotary evaporator. 
Purification by flash chromatography over silica gel (41, dichlo- 
romethane:methanol) gave 200 mg of 11 (71 % ): mp >300 OC; lH 
NMR (DMSO) 6 12.32 (lH, 8, OH), 9.05 (lH, 8, OH), 8.7 (lH, s, 
CH-N), 7.1 (2H, m, H6, H4), 6.9 (lH, d, J = 3 Hz, H6’), 6.78 
( l H , d d , J =  3 Hz,8.5Hz,H4’),6.7 ( l H , d , J =  8.5 Hz,H3’),6.66 

C, H, N. 
General Procedures of Reduction. Catalytic 

Hydrogenation: Method bl. 2-Hydroxy-5-aminophenylace- 
tic Acid Methyl Ester (BI). A solution of At (300 mg, 1.92 
mmol) in 20 mL of methanol was stirred with 30 mg of 10% Pd/C 
under 1 atm of hydrogen for 4 h. The catalyst was filtered off. 
The solvent waa then stripped off on a rotary evaporator to provide 
270 mg (98%) of Bt: mp 125-126.5 “C; ‘H NMR (DMSO) 6 8.38 
(lH, 8, OH), 6.45 (lH, d, J = 8.5 Hz, H3), 6.3 (lH, d, J = 3 Hz, 

(lH, d, J = 8.5 Hz, H3), 3.35 (2H, 8, CH2). Anal. (ClJ3iaNOs) 

H6), 6.28 (lH, dd, J 
(3H, 8, CHa), 3.38 (2H, 8, CHI). 

3 Hz, 8.5 Hz, H4), 4.45 (2H, 8, NH2), 3.52 

Catalytic Hydrogenation: Method bt. 2-Hydroxy-S-[N- 
[(2,5-dihydroxyphenyl)methyl]amino]phenylacetic Acid 
Methyl Ester (112). A solution of I2 (200 mg, 6.64 mmol) in 20 
mL of methanol was stirred with 20 mg of Raney Ni under 1 atm 
of hydrogen for 10 hand then fiitered and washed with methanol. 
The solvent was stripped off on a rotary evaporator. The residue 
was purified by flash chromatography over silica gel (91, 
dich1oromethane:methanol) to provide 143 mg (71 %) of 11,: mp 
149-150 OC; lH NMR (DMSO) 6 8.65 (lH, 8, OH), 8.45 (lH, s, 
OH), 8.38 (lH, 8, OH), 6.58 (lH, d, J = 3 Hz, H6’), 6.52 (lH, d, 
J = 8.5 Hz, H3’), 6.48 (lH, d, J = 8.5 Hz, H3), 6.36 (lH, d, J = 
3 Hz, 8.5 Hz, H4’), 6.34 (lH, d, J = 3 Hz, H6), 6.25 (lH, dd, J 
= 3 Hz. 8.5 Hz. H4). 5.26 (1H. d. J = 6 Hz. NHL 3.99 (2H. d. J 
= 6 Hz,CH2N),3.52(3H, 8, CHb, 3.39 (2H, s,’CHzj.’ Anal:(C,Hl, 
NO&) C, H, N. 

Reduction with NaBH, in Methanol: Method ba. 
2-Hydroxy-S-[N-[ (2,5-dihydroxyphenyl)methyl]amino]-N- 
(benzy1oxy)phenylacetyl Amide (116). Toa solution of 15 (200 
mg, 0.59 mmol) in 10 mL of methanol was added 20 mg (0.53 
mmol) of sodium borohydride. The reaction mixture was 
maintained at room temperature for 15 min. The solution was 
neutralized to pH = 7 with 6 N HC1. The residue obtained by 
evaporating off the solvent on a rotary evaporator was added to 
10 mL of water and extracted three times with ethyl acetate. The 
combined extracts were washed with water and finally dried over 
anhydrous sodium sulfate. The solvent was then evaporated, 
and the residue was purified by flash chromatography on silica 
gel (9:1, dichloromethane/methol) to provide 189 mg (90%) of 
116: mp 161-153 “C; 1H NMR (DMSO) 6 11.08 (lH, 8, CONH), 
8.68 (lH, 8, OH), 8.48 (lH, 8, OH), 7.3 (5H, 8, Ph), 6.6 (lH, d, J 
= 3 Hz, H6‘),6.52 (lH, d, J = 8.5 Hz, H3’), 6.48 (lH, d, J = 8.5 
Hz, H3), 6.36 (lH, d, J = 3 Hz, 8.5 Hz, H4’), 6.35 (lH, d, J = 3 
Hz, H6), 6.23 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 5.28 (lH, d, J = 
6 Hz, NH), 4.75 (2H, 8, CHZ), 3.98 (4H, d, J 
(2H, 8, CH2C02). Anal. (CzzH22NzOe) C, H, N. 

6 Hz, CHzN), 3.1 
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Reduction with Fe/HCl in  Aqueous Ethanol: Method b,. 
5-Amino-2-hydroxybnzoic Acid 3-Phenylprop-2+in- 1-yl Es- 
ter (Bm). A solution of Am (2.99 g, 10 mmol), 1.68 g (30 mmol) 
of powdered iron, and 5 mL of 37 % aqueous HC1 was refluxed 
in 200 mL of 10% aqueous sodium hydrogen carbonate. Insoluble 
material was filtered off. Ethanol was removed in vacuo, and the 
residue was extracted twice with ethyl acetate, washed with brine, 
dried with sodium sulfate, and evaporated to dryness. Purifi- 
cation, by flash chromatography on silica gel (73, cyclohexane: 
ethyl acetate), gave 650 mg (24% 1: mp 141 OC; lH NMR (DMSO) 
6 9.82 (bs, lH, OH), 7.55 (2H, d, J = 8 Hz, H2', H6'), 7.40 (2H, 
t, J = 8 Hz, H3', H53, 7.33 (lH, t, J = 8 Hz, H4'), 7.12 (lH, d, 
J = 8.5 Hz, H6), 6.88 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.85 (lH, 
d, J = 16 Hz, CH-Ph), 6.76 (lH, d, J 8.5 Hz, H3), 6.53 (lH, 
dt, J= 6 Hz, 16 Hz, CHp-CH-), 5.01 (2H, d, J= 8 Hz, CO&Hz), 
4.85 (bs, 2H, NHz). 

Reduction with Aqueous N a A O c  Method bs. 2-Hy- 
droxy-5-amino-N-(benryloxy)phenylacetyl Amide (Bs). To 
a solution of AS (500 mg, 1.66 mmol, 1 equiv) in 22 mL of 10% 
aqueous ammonia was added by portion 2 g of sodium hydrosulfte 
(11.49 mmol, 6.9 equiv). The reaction gave a white precipitate 
on standing at room temperature for 30 min, which was collected, 
washed with water, and dried to give 328 mg (73%) of BK: mp 
150-151 OC; 'H NMR (DMSO) 6 11.05 (lH, 8, NH), 8.5 (lH, 8, 
OH), 7.3 (5H, a, Ph), 6.46 (lH, d, J = 8.5 Hz, H3), 6.32 (lH, d, 
J = 3 Hz, H6),6.26 (lH, d d , J  = 3 Hz, 8.5 Hz, H4), 4.75 (2H, 8, 

General Procedures of Esterification: Method 01. 2-Hy- 
droxy-5-nitrophenylacetic Acid Methyl Ester (As). To a 
solution of A1 (500 mg, 2.54 mmol, 2 equiv) in 10 mL of methanol 
was added dropwise at 0 OC 1 mL of thionyl chloride (13.7 mmol, 
5.4 equiv). The solution was heated under reflux for 6 h. The 
Solvent was stripped off on a rotary evaporator. The residue was 
then dissolved in 25 mL of ethyl acetate. The solvent was washed 
sequentially with 10% NaHCOa, water, 1 N aqueous hydrochlo- 
ride, and saturated aqueous sodium chloride and dried over 
anhydrous sodium sulfate. The solid obtained by stripping off 
the solvent on a rotary evaporator was purified by recrystallization 
from ethanol and water to provide 390 mg (69%) of AI: mp 

d, J = 3 Hz, H6), 8.0 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.9 (lH, d, 

Method 02. 2-Hydroxy-5-nitrobenzoic Acid tert-Butyl 
Erter (A~K). A mixture of 5-nitrosalicylic acid (1 g, 5.46 mmol, 
1 equiv), tert-butyl alcohol (0.405 g, 5.46 mmol, 1 equiv), 
dicyclohexylcarbodiimide (DCC) (1.24 g, 6.01 mmol, 1.1 equiv), 
and dimethylaminopyridine (DMAP) (0.1 g, 0.55mmo1,O.l equiv) 
in 20 mL of ethyl ether and 10 mL of tetrahydrofuran (THF) was 
stirred for 2 days, until the reaction was judged complete by 
TLC analysis, and then filtered. The solvent waa removed in 
vacuo. The residue was dissolved in ethyl acetate, washed 
sequentially with 1 N ammonia and saturated aqueous sodium 
chloride, dried over anhydrous sodium sulfate, and concentrated. 
Purification by flash chromatography over silica gel (l:l, ethyl 
acetatehesane) provided 0.81 g (62 % ) of the desired compound 
AIS: mp 81-81.5 OC; lH NMR (DMSO) 6 11.5 (lH, 8, OH), 8.4 
(lH, d, J = 3 Hz, H6), 8.27 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 7.08 

Method 01. 2-Hydroxy-5-nitrobenzoic Acid 24  1-Tricyclo- 
[3.3.l.l]decyl)ethyl Ester (A=). A suspension of 2-hydroxy- 
5-nitrobenzoic acid (9.16 g, 50 mmol) and thionyl chloride (36.5 
mL, 0.5 mmol) in 100 mL of dry toluene was heated at 80 OC, 
until gas evolution stopped and complete dissolution occurred. 
Excess of thionyl chloride and toluene were removed in vacuo, 
and the crude acid chloride was dissolved in 500 mL of dry THF. 
To this solution was slowly added a solution of lithium 241- 
tricyclo[3.3.l.lldecyl)ethanolate, freshly prepared from 9 g (60 
mmol) of alcohol in 250 mL of dry THF and 31.5 mL (50 mmol) 
of n-butyllithium (1.6 M in hexane). After 18 h of continuous 
stirring at room temperature, THF was concentrated in vacuo 
and the residue was dissolved in dichloromethane, washed 
sequentially with 1 N HCl and water, dried with sodium sulfate, 
and evaporated to dryness. Purification by flash chromatography 
over silicagel(7.52.5, cyc1ohexane:ethyl acetate) gave 10.5 g (61 %) 
of Aa: mp 106 OC; 1H NMR (DMSO) 6 8.55 (lH, d, J = 3 Hz, 
H6),8.32 ( lH ,dd , J=  3 Hz,8.5 Hz,H4),7.25 ( l H , d , J =  8.5 Hz, 

CHsPh), 4.35 (2H, 8, NH2), 3.1 (2H, 8, CH2). 

155.5-156.5 OC; 'H NMR (DMSO) 6 11.2 (lH, S, OH), 8.1 (lH, 

J = 8.5 Hz, H3), 3.68 (2H, 8, CHz), 3.55 (3H, 8, CH3). 

(lH, d, J 8.5 Hz, H3), 1.55 (SH, 8, C(CH&). 

Chen et al. 

H3), 4.4 (2H, J = 7 Hz, COCH,), 2.0-1.5 (18H, m, CH2 and CH 
from tricycl0[3.3.1. lldecyl). 

Methodo,. 2-Hydrory-BnitrobeneoicAcid3-Hydro~phe- 
nyl Ester (Aa). To a solution of poly(2-hydroxy-5-nitroben- 
zoate) (18.3 g, 0.1 mmol), prepared in 70% yield from 2-hydroxy- 
5-nitrobenzoic acid and DCC in pyridine and NJV-dimethyl- 
formamide (DMF) according to Steward" and resorcinol (11 g, 
0.1 "01) in 500 mL of dichloromethane, was added imidazole 
(68 g, 1 mmol) by portions at room temperature. The resulting 
solution was stirred at room temperature until completion of the 
reaction (TLC). After sequential washing with water, 1 N HCl, 
and water, the organic layer was dried with sodium sulfate and 
evaporated to dryness. Purification, by flash chromatography 
on silica gel (9.60.5, dichloromethane:ethyl acetate), gave 12.93 
g (47%) Of A33 mp 156 OC; lH NMR (DMSO) 6 9.80 (lH, 8, OH), 
8.70 (lH, d, J = 3 Hz, H6), 8.38 (lH, dd, J - 3 Hz, 8.5 Hz, H4), 
7.27 (1 H, t, J = 8.5 Hz, HS'), 7.21 (lH, d, J = 8.5 Hz, H3), 
6.80-6.65 (3H, m, H2', H4', H6'). 

General Procedure of Reductive Amination: Method dl. 
2 - H y d r o x y - 6 - [ N - [ ( 2 p a i h y d r o ~ ~ ~ n y l ) m e t h y l  
zoic Acid n-hexadecyl Erter (111). A solution of 5-amino- 
2-hydroxybenzoic acid n-hexadecyl ester (Bm) (2.6 g, 10 "01) 
and 2,5-dihydroxybenzaldehyde (1.47 g, 10 "01) was refluxed 
in 50 mL of methanol, until completion of the reaction (2 h, 
monitored by TLC), and then cooled. To this cooled solution 
was added sodium cyanoborohydride (1.26 g, 20 mmol), and 
stirring was continued until completion of the reaction (18 h, 
monitored by TLC). The solution was then hydrolyzed with 1 
N HCl and brine and the crude compound extracted twice with 
ethyl acetate, washed with water, dried with sodium sulfate, and 
evaporated to dryness. Purification, by flash chromatography 
on silica gel (7:3, cyc1ohexane:ethyl acetate), gave 2.6 g (45%) of 
IIm: mp 102 OC; lH NMR (DMSO) 6 11.57 (lH, 8, OH), 6.96 (lH, 
d, J = 3 Hz, H6), 6.85 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.70 (lH, 
d, J = 8.5 Hz, H3), 6.60 (lH, d, J = 3 Hz, H69, 6.58 (lH, d, J 
= 8.5 Hz, H3'), 6.33 (lH, dd, J = 3 Hz, 8.5 Hz, H49, 5.90 (lH, 
t, J 6.5 Hz, NH), 4.42 (2H, t, J = 7 Hz, CO&H2), 4.15 (2H, 
t, J = 6.5 Hz, CHZ-N), 1.82 (2H, m, COrCS&H2), 1.45-1.20 
(26H,m, (CH&a-CHa),0.87 (3H, t, J= 7 Hz,CHs). Anal. (C&&- 
NO3 C, H, N, 0. 

Method dr. 2-Hydroxy-S-[N-[ (2,5-dihydroxyphenyl)me- 
thyl]amino]benzoic Acid 4-Phenylphenyl Ester (11~). A 
solution of 5-amino-2-hydroxybenzoic acid 4-phenylphenyl ester 
(BM) (1.53 g, 5 mmol) and 2,5-dihydroxybenzaldehyde (0.69 g, 
5 mmol) was refluxed in 25 mL of toluene, until completion of 
the reaction (6 h, monitored by TLC). The cooled solution was 
evaporated and the residue dissolved in 150 mL of dichlo- 
romethane and hydrogenated with 250 mg of 5% Pd/C at room 
temperature and atmospheric pressure, until consumption of the 
theoretical amount of hydrogen. Catalyst was filtered off and 
solvent concentrated in vacuo. Purification, by flash chromatog- 
raphy on silica gel (7:3, cyc1ohexane:ethyl acetate), gave 1.70 g 
(79%) of IIu: mp 190 "C; lH NMR (DMSO) 6 9.55 (lH, 8, OH), 
8.82 (lH, 8, OH), 8.62 (lH, 8, OH), 7.77-7.43 (9H, m, 4-phe- 
nylphenyl), 7.20 (lH, d, J = 3.5 Hz, H6), 6.98 (lH, dd, J = 3.5 
Hz, 9 Hz, H4), 6.84 (lH, d, J = 9 Hz, H3), 6.70 (lH, d, J = 3 Hz, 
H69, 6.63 (lH, d, J = 8.5 Hz, H39, 6.48 (lH, dd, J = 3 Hz, 8.5 
Hz, H4'), 5.92 (lH, t, J = 6.5 Hz, NH), 4.13 (2H, d, J = 6.5 Hz, 

General Procedure of Phosphonate Hydrolysis: Method 
e. [ [2-Hydroxy-S-[N-[ (~-cUhydro~henyl)methyllamino]- 
phen y llmet hy l]phosphonic Acid Hydrochloride (111). I, 
(170 mg) was dissolved in 5 mL of 6 N HCl. The solution was 
heated to 120 OC and then maintained overnight. The solvent 
was then evaporated and the residue dissolved in water, treated 
with activated charcoal, and lyophilized to give 118 mg (73 %) of 
117: mp > 300 "C; 1H NMR (DMSO) 6 10.6 (2H, bs, OH), 10.0 

= 3 Hz, H6), 7.08 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.82 (lH, d, 
J = 8.5 Hz, H3), 6.7 (lH, d, J = 8.5 Hz, H3'), 6.66 (lH, d, J = 
3 Hz, H69, 6.58 (lH, dd, J 3 Hz, 8.5 Hz, H43, 4.15 (2H, s, 

C, H, N. 
General Procedure of Nitration: Method f. 2-Hydroxy- 

5-nitrophenylacetic Acid (AI). To a solution of 2-hydroxy- 
phenylacetic acid (6.08 g) in 16 mL of water was added dropwise, 

CHz). Anal. (CaziNOa) C, H, N, 0. 

(2H, bs, NH2), 9.4 (lH, bs, OH), 8.8 (lH, 8, OH), 7.3 (lH, d, J 

CHZN), 2.9 (2H, d, J = 22 Hz, CH2P). Anal. (ClrHi,NO$Cl) 
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under stirring at 0 OC, 8 mL of nitric acid (40%). After the 
addition, the reaction mixture was maintained for 1.5 h at 5 "C 
and allowed to warm to 25 "C, and stirring was maintained for 
30 min more. It was then poured into water with ice. The 
precipitate was collected, washed with water, and recrystalliied 
with ethanol and water to give 2-hydroxy-3-nitrophenylacetic 
acid (2.85 g, 36%) and 3.37 g (43%) of At: mp 159.5-160.5 OC; 
'H NMR (DMSO) 6 12.3 (lH, 8, C02H), 11.1 (lH, S, OH), 8.1 (lH, 
d, J = 3 Hz, H6), 8.0 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.9 (lH, d, 
J = 8.5 Hz, H3), 3.55 (2H, 8, CH2). 

General Procedure of Hydroxylamine Condensation: 
Method g. 2-Hydroxy-5-nitro-N-tert-butoxyphenylacetyl 
Amide (Ad). To a solution of N-tert-butoxyamine hydrochloride 
(1.21 g, 9.63 mmol, 1 equiv) in 16 mL of anhydrous chloroform 
were added at 0 OC 1.4mL of triethylamine (lOmmol,1.04 equiv), 
a solution of A1 (1.9 g, 9.64 mmol, 1 equiv) in 40 mL of anhydrous 
THF, and dicyclohexylcarbodiimide (1.1 equiv). The reaction 
mixture was stirred at room temperature for 2 days and then 
filtered. The solvent was evaporated on a rotary evaporator. 
The residue was dissolved in ethyl acetate, washed sequentially 
with 1 N aqueous hydrochloride, water, 1 N ammonia, and 
saturated aqueous sodium chloride, dried over anhydrous sodium 
sulfate, and concentrated. Purification by flash chromatography 
over silica gel (dichloromethane) gave 2.15 g (83% ) of Ad: mp 

J = 3 Hz, H6), 8.0 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.9 (lH, d, J 

General Procedure of Phosphonate Preparation: Method 
h. [ (2-Hydroxy-S-nitrophenyl)methyl]phosphonic Acid Di- 
ethyl Ester (A3. A mixture of 2-hydroxy-5nitrobenzylchloride 
(1 g) in 4 mL of triethyl phosphite was stirred at 60 OC for 4 h. 
After cooling, the white precipitate was collected and dried to 
give 1.54 g (100%) of A@: mp 139-140 OC; lH NMR (DMSO) 6 
8.08 (lH, d, J = 3 Hz, H6), 7.95 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 

General Procedure of Amino-Group Protection: Method 
i. 2-Hydroxyd-[ ( tert-butoxycarbonyl)amino]benzoic Acid 
(Clt). To a mixture of 5-aminosalicylic acid (13.77 g, 90 mmol, 
1 equiv) in 240 mL of dioxane and 120 mL of water was added 
triethylamine (18 g, 180 mmol, 2 equiv) followed by di-tert-butyl 
dicarbonate (21.6 g, 180 mmol, 2 equiv). The reaction was stirred 
at room temperature for 3 h. Solvent were removed in vacuo, 
and 3 N aqueous hydrochloride was added dropwise to the residue. 
A precipitate was obtained, collected, washed with water, and 
dried to provide 22 g (97%) of Clz: mp 278 OC; lH NMR (DMSO) 
6 9.2 (lH, 8, NH), 7.9 (lH, d, J = 3 Hz, H6), 7.45 (lH, dd, J = 
3 Hz, 8.5 Hz, H4), 6.8 (lH, d, 8.5 Hz, H3), 1.3 (9H, 8, C(CH&). 
General Procedure of Amino-Group Deprotection: Meth- 

od j. 2-Hydroxy-S-emino-N-(benzyloxy)benzoyl Amide Tri- 
fluoroacetic Acid (B11). A solution of B11 (1.5 g, 4.19 mmol) 
in 12 mL of 2:l dichloromethane:trifluoroacetic acid was stirred 
at room temperature for 2 h. The solvent was evaporated in 
vacuo. The residue was then added in ether. The precipitate 
was collected, washed with ether, and dried to provide 1.4 g (90 % ) 
of B11: mp 200-201 OC;lH NMR (DMSO) 6 11.4 (lH, s, CONH), 
10.0 (3H, 8, NHS), 7.5 (lH, d, J = 3 Hz, H6), 7.35 (5H, m, Ph), 
7.2 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.95 (lH, d, 8.5 Hz, H3), 4.9 
(2H, 8, C H d  

2-Hydroxy-5- [ N-[ (2,S-di hydroxypheny1)met hylidenelam- 
inolphenylacetic Acid Methyl ester (It). BI (269 mg, 1.49 
mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (206 mg, 1.49 
mmol, 1 equiv) were coupled according to method a. Purification 
by flash chromatography over silica gel (201, dichloromethane: 
methanol) gave 359 mg (80%) of 11: mp 139.5-140.5 OC; lH NMR 
(DMSO) 6 12.25 (lH, 8, OH), 9.7 (lH, s, OH), 9.1 (lH, s, OH), 
8.75 (lH, s, CH-N), 7.2 (lH, d, J = 3 Hz, H6), 7.18 (1 H, dd, 
J = 3 Hz, 8.5 Hz, H4), 6.95 (1 H, d, J = 3 Hz, H63, 6.8 (lH, d, 
J = 8.5 Hz, H3), 6.78 (1 H, dd, J = 3 Hz, 8.5 Hz, H4'), 6.70 (lH, 
d , J  = 8.5 Hz, H3'), 3.58 (5H, 8, CH2, CHd. Anal. (C1aHlE"d 
C, H, N. 

2-Hydroxy-S-[N-[ (2,5dihydroxyphenyl)methylidene]am- 
inolphenylacetic Acid Ethyl Ester (Is). Ba (380 mg, 1.95 
mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (269 mg, 1.95 
mmol, 1 equiv) were coupled according to method a. Purification 
by flash chromatography over silica gel (20:1, dichloromethane: 

182-184 OC; 'H NMR (DMSO) 6 10.48 (lH, 8, NH), 8.05 (lH, d, 

= 8.5 Hz, H3), 3.4 (2H, 8, CH2), 1.1 (9H, 8 C(CHa)s). 

6.9 (lH, d, J 
d, J = 21 Hz, CHaP), 1.12 (6H, t, J = 8.5 Hz, CHs). 

8.5 Hz, H3), 3.9 (4H, q, J = 8.5 Hz, CHd, 3.2 (2H, 

methanol) gave 419 mg (68%) of I,: mp 183-184 OC; 'H NMR 
(DMSO) 6 12.25 (lH, 8, OH), 9.8 (lH, 8, OH), 9.1 (lH, 8, OH), 
8.72 (lH, 8, CH-N), 7.2 (lH, d, J = 3 Hz, H6), 7.18 (lH, dd, J 
= 3 Hz, 8.5 Hz, H4), 6.9 (lH, d, J = 3 Hz, H6'), 6.8 (lH, d, J = 
8.5 Hz, H3), 6.78 (lH, dd, J = 3 Hz, 8.5 Hz, H49, 6.70 (lH, d, 
J = 8.5 Hz, H3'), 4.05 (2H, q, J = 8.5 Hz, C02CH2), 3.55 (2H, S, 
CHzP), 1.15 (3H, t, J 8.5 Hz, CHa). Anal. (Ci,Hi,NOs) C, H. 
N. 

2-Hydroxy-S-[ N-[ (2,S-dihydroxyphenyl)methylidene]am- 
inol-N-tert-butoxyphenylacetyl Amide (I4). B4 (238 mg, 1 
mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (138mg, 1 mmol, 
1 equiv) were coupled according to method a. Purification by 
flash chromatography over silica gel (91, dichloromethanemeth- 
anol) gave 188 mg (53%) of 14: mp 190.5-191.5 O C ;  lH NMR 
(DMSO) 6 12.25 (lH, 8, OH), 10.4 (lH, 8, NH), 9.8 (lH, 8, OH), 
9.0 (lH, s, OH), 8.8 (lH, s, CH-N), 7.17 (lH, d, J = 3 Hz, H6), 
7.15 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.9 (lH, d, J = 3 Hz, H6'), 
6.8 (lH, d, J = 8.5 Hz, H3), 6.75 (lH, dd, J = 3 Hz, 8.5 Hz, H49, 

Anal. (ClsH22N2Od C, H, N. 
2-Hydroxy-S-[ N-[ (2,S-dihydroxyphenyl) met hylidenelam- 

inol-N-[ (phenylmethyl)oxy]phenylacetyl Amide (IS). BS 
(300 mg, 1.10 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde 
(152 mg, 1.10 mmol, 1 equiv) were coupled according to method 
a. Purification by flash chromatography over silica gel (91, 
dichloromethane:methanol) gave 323 mg (75%) of IS: mp 210- 
211 OC; 1H NMR (DMSO) 6 12.55 (lH, 8, OH), 11.0 (lH, 8, NH), 
9.8 (lH, 8, OH), 9.0 (lH, 8, OH), 8.7 (lH, s, CH=N), 7.3 (5H,m, 
Ph), 7.17 (lH, d, J = 3 Hz, H6), 7.15 (lH, dd, J = 3 Hz, 8.5 Hz, 
H4), 6.9 (lH, d, J = 3 Hz, H6'),6.8 (lH, d, J = 8.5 Hz, H3), 6.75 
(lH, dd, J = 3 Hz, 8.5 Hz, H49, 6.70 (lH, d, J = 8.5 Hz, H33, 

H, N. 
[ [ 2-Bydroxy-S-[N-[ (2,s-dihydroxypheny1)met hylidenel- 

amino]phenyl]methyl]phosphonic Acid Diethyl Ester (I,). 
Be (337 mg, 1.30mmo1,l equiv) and 2,5-dihydroxybenzaldehyde 
(180 mg, 1.30 mmol, 1 equiv) were coupled according to method 
a. Purification by flash chromatography over silica gel (dichlo- 
romethane) gave 271 mg (55%) of 16: mp 138-139 OC; lH NMR 
(DMSO) 6 12.45 (lH, 8, OH), 9.75 (lH, 8, OH), 9.0 (lH, 8, OH), 
8.7 (lH, 8 ,  CH=N), 7.2 (lH, d, J = 3 Hz, H6), 7.16 (lH, dd, J 
= 3 Hz, 8.5 Hz, H4), 6.9 (lH, d, J = 3 Hz, H6'), 6.82 (lH, d, J 
= 8.5 Hz, H3), 6.78 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 6.70 (lH, d, 

6.70(1H, d, Jp 8.5H~,H3'),3.3 (W, S, CH2), 1.25 (9H,s, C(CH&). 

4.8 (2H, 8, CH20),3.3 (2H, 8, CH2CO). Anal. (c22H.&os) C, 

J 8.5 Hz, H3'), 3.9 (4H, d, J - 8.5 Hz, OCHz), 3.12 (2H, d, J 
= 20 Hz, CHtP), 1.15 (6H, t, J = 8.5 Hz, CH& Anal. ( C l a w  
NOP)  C, H, N. 

2-Hydroxy-S-[N-[ (24-dihydroxyp heny1)methylidenelam- 
inol-N-methoxybenzoyl Amide (IS). Bs (390 mg, 1.32 mmol, 
1 equiv) and 2,5-hydroxybenzaldehyde (182 mg, 1.32 mmol, 1 
equiv) were coupled according to method a. Purification by flash 
chromatography over silica gel (9:1, dichloromethane:methanol) 
gave 250 mg (63%) of IS: mp 222-224 OC; lH NMR (DMSO) 6 
12.2 (lH, s, OH), 11.85 (1 H, s, NH), 9.05 (lH, 8, OH), 8.8 (lH, 
s, CH-N), 7.7 (lH, d, J = 3 Hz, H6), 7.5 (lH, dd, J = 3 Hz, 8.5 
Hz,H4),6*97(2H,d,J= 8.5 Hz,H3),6.95(1H,d,J = 3 Hz,H6'), 
6.8 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 6.72 (lH, d, J = 8.5 Hz, H3'), 

2-Hydroxy-S-[ (2P-dihydroxrphenyl)methylidene]amIno]- 
N-tert-butoxybenzoyl Amide (110). Blo (250 mg, 1.12 mmol, 
1 equiv) and 2,5-dihydroxybenzaldehyde (154 mg, 1.12 mmol, 1 
equiv) were coupled according to method a. Purification by flash 
chromatography over silica gel (91, dichloromethane:methanol) 
gave 319 mg (83%) of 110: mp 252-253 OC; lH NMR (DMSO) 6 
12.25 (lH, s, OH), 11.8 (lH, s, NH), 11.1 (lH, 8, OH), 9.05 (lH, 
8, OH), 8.8 (lH, s, CH-N), 7.73 (lH, d, J = 3 Hz, H6), 7.5 (lH, 
dd, J = 3 Hz, 8.5 Hz, H4), 6.97 (2H, d, J = 8.5 Hz, H3), 6.95 (lH, 
d, J = 3 Hz, H6'),6.78 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 6.72 (lH, 
d, J = 8.5 Hz, H3'), 1.25 (9H, s, C(CHs)s). Anal. (ClaHzoN2Od 
C, H, N. 

2-Hydroxy-l-[N-[ (2,S-dihydroxyphenyl)methylidene]am- 
inol-N-(benzy1oxy)benzoyl Amide (111). B11(295mg, 111111101, 
1 equiv) and 2,5-dihydroxybenzaldehyde (138 mg, 1 mmol, 1 
equiv) were coupled according to method a. The precipitate was 
collected, washed with methanol, and dried to give 314 mg (83%) 
of 111: mp 220-221 OC; 1H NMR (DMSO) 6 12.24 (lH, s, OH), 
11.8 (lH, 8, NH), 9.05 (lH, 8, OH), 8.8 (lH, 8, CH-N), 7.68 (lH, 

3.7 (3H, 8, CHs). Anal. (C&4N205) C, H, N. 
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(1.5 g, 5.38 mmo1,l equiv) and 2,5-dihydroxybenzaldehyde (743 
mg, 5.38 "01, 1 equiv) were coupled according to method a. 
Purification by flash chromatography over silica gel (dichlo- 
romethane) gave 2.12 g (99%) of 118: mp 130-131 "C; 'H NMR 
(DMSO) 6 12.1 (lH, 8, OH), 9.1 (lH, 8, OH), 8.78 (lH, 8, CH-N), 
7.68 (lH, d, J = 3 Hz, H6), 7.6 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 
7.0(1H,d,J=8.5Hz,H3),6.95(1H,d,J=3Hz,H6'),6.79(1H, 
dd, J = 3 Hz, 8.5 Hz, H4'),6.7 (lH, d, J = 8.5 Hz, H3'),4.3 (2H, 
t, J = 8 Hz, COpCHp), 1.65 (3H, m, CH, CHI), 1.3-1.0 (2H, m, 

(ClsHaeNOa), C, H, N. 
2-Hydroxy-S-[N-[ (2P-cUhydro.yphenyl)methylidenelam- 

inolbenzoic Acid 3,7-Dimethyloctyl Ester (11s). BIB (400 mg, 
1.37 "01, 1 equiv) and 2,5-dihydroxybenzaldehyde (189 mg, 
1.37 "01, 1 equiv) were coupled according to method a. 
Purification by flash chromatography over silica gel (dichlo- 
romethane) gave 553 mg (98%) of 11,: mp 120-121 OC; 'H NMR 
(DMSO) 6 12.08 (lH, 8, OH), 10.5 (lH, bs, OH), 9.1 (lH, 8, OH), 
8.78 (lH, 8, CH-N), 7.68 (lH, d, J = 3 Hz, H6), 7.6 (lH, dd, J 
= 3 Hz, 8.5 Hz, H4), 7.0 (lH, d, J = 8.5 Hz, H3), 6.95 (lH, d, J 
= 3 Hz, H6'), 6.78 (lH, dd, J = 3 Hz, 8.5 Hz, H4'),6.72 (lH, d, 
J = 8.5 Hz, H3'), 4.35 (2H, t, J = 8 Hz, COICHI), 1.75 (lH, m, 
CH), 1.5 (3H, m, CH, CHI), 1.361.0 (6H, m, CHp), 0.9 (3H, d, 
J = 8 Hz, CHd, 6 H, d, J = 8 Hz, (2%). Anal. (CuHalNO6) C, 
H, N. 

2-Hydroxy-S-[N-[ (2gauwdroxyphenyl)methylideneIam- 
inolbenzoic AcidCyclohexylmethyl Ester (Ill). Bal(375 mg, 
1.51 "01, 1 equiv) and 2,5-dihydroxybenzaldehyde (210 mg, 
1.51 "01, 1 equiv) were coupled according to method a. 
Purification by flash chromatography over silica gel (91, dichlo- 
r0methane:methanol) and recrystallization from dichloromethane 
gave 550 mg (100%) of 121: mp 123-125 "C; lH NMR (DMSO) 
6 12.09 (lH, 8, OH), 10.55 (lH, 8, OH), 9.04 (lH, 8, OH), 8.8 (lH, 
8, CH=N), 7.7 (lH, d, J = 3 Hz, H6), 7.6 (lH, dd, J = 3 Hz, 8.5 
Hz, H4), 7.05 (lH, d, J = 8.5 Hz, H3), 7.0 (lH, d, J = 3 Hz, H63, 
6.8 (lH, dd, J = 3 Hz, 8.5 Hz, H4'),6.72 (lH, d, J = 8 Hz, H33, 
4.14 (2H, d, J= 8.5 Hz, COpCHp), 1.84.9 (11H, m, C&). Anal. 
(CniHzaNOs) c, H, N. 

2-Hydroxyl-[N-[ (2gdihydroxyphenyl)methylidenelam- 
ino]benzoic Acid 2-Phenylethyl Ester (IS). BS (210mg, 0.79 
mmo1,l equiv) and 2,5-dihydroxybenzaldehyde (110 mg, 0.79 
mmo1,l equiv) were coupled according to method a. Purification 
by recrystallization from chloroform and hexane gave 250 mg 
(82%) of IS: mp 186186 "C; 'H NMR (DMSO) 6 12.1 (lH, 8, 
OH), 9.1 (lH, bs, OH), 8.78 (lH, 8, CH-N), 7.65 (lH, d, J = 3 
Hz, H6), 7.6 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 7.05 (lH, d, J - 8.5 
Hz, H3), 6.98 (lH, 8, H6'),6.8 (lH, dd, J = 3 Hz, 8 Hz, H4'), 6.72 

Anal. (CBHISNO~) C, H, N. 
O-Hydroxy-S-[N-[ (2bdihydroxyphenyl)methylidene]am- 

inolbeneoic Acid 3-Phenylpropyl Ester ( 1 ~ ) .  Br (1 g, 3.69 
mmo1,l equiv) and 2,5-dihydroxybenzaldehyde (510 mg, 3.69 
mmol, 1 equiv) were coupled according to method a. The reaction 
mixture was concentrated. The precipitate was fdtered to provide 
1.25 g (87%) of 1%: mp 170 OC; 'H NMR (DMSO) 6 12.15 (lH, 
8, OH), 9.1 (lH, 8, OH), 8.78 (lH, 8, CH-N), 7.28-7.08 (SH, m, 
Ph), 7.61 (lH, d, J = 3 Hz, H6), 7.6 (lH, dd, J = 3 Hz, 8.5 Hz, 
H4), 7.0 (lH, d, J = 8.5 Hz, H3), 6.98 (lH, J = 3 Hz, 8, H6'), 6.8 
(lH, dd, J = 3 Hz, 8.5 Hz, H4'), 6.74 (lH, d, J = 8.5 Hz, H3'), 

2-Hydroxy-S-[N-[ (2s-aihydroxyphenyl)methylidenelam- 
inolbeneoic Acid 4-Phenylbutyl Ester (In). B a  (1 g, 3.6 mmol, 
1 equiv) and 2,5-dihydroxybenzaldehyde (480 mg, 3.6 mmol, 1 
equiv) were coupled according to method a. The reaction mixture 
was concentrated. The precipitate was collected and dried to 
provide 1.21 g (85%) of In: mp 127-128 "C; lH NMR (DMSO) 
6 12.15 (lH, 8, OH), 10.5 (lH, 8, OH), 9.1 (lH, 8, OH), 8.78 (lH, 
8, CH-N), 7.68 (lH, d, J = 3 Hz, H6), 7.6 (lH, dd, J = 3 Hz, 
8.5 Hz, H4), 7.28-7.05 (5H, m, Ph), 7.0 (lH, d, J = 8.5 Hz, H3), 
6.98 (lH, 8, H6'), 6.8 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 6.72 (lH, 
d, J 8.5 Hz, H3'), 4.3 (2H, t, OCHs), 2.6 (2H, t, CHI), 1.7 (4H, 
m, CHpCHpPh). Anal. (C&aNO6) C, H, N. 

%-Hydroxy-S-[N-[ (2p-auwdro.yphenrl)methylidenelam- 
inolbeneoic Acid 2-Methyl-3-phenylpropyl Ester (Itl)). Br 
(500 mg, 1.75 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde 

CHp), 0.94 (3H, d, J = 8 Hz, CHs), 0.84 (SH, 8, C(CH&). Anal. 

(lH, d, J = 8 Hz, H3'), 5.92 (2H, 8, CHp), 1.15 (SH, 8, C(CH& 

4.26 (2H, t, J 
2.02 (2H, p, J 8 Hz, CHn). Anal. (ClsHgiNOs) C, H, N. 

8 Hz, COpCHa), 2.7 (2H, t, J 8 Hz, CHnPh), 

d , J =  3Hz,H6),7.5(1H,dd,J= 3 Hz,8.5Hz,H4),7.48-7.3(5H, 
m, Ph), 6.97 (2H, d, J = 8.5 Hz, H3), 6.95 (lH, d, J=  3 Hz, H6'), 
6.8(1H,dd,J= 3 Hz,8.5 Hz,H4'),6.72(1H,d,J= 8.5Hz,H3'), 
4.9 (2H, 8, CHp). Anal. (Cz&NpO6) c, H, N. 

2-Hydroxy-S-[N-[ (2pdihydro.yphenyl)methylidene]am- 
inolbenzoic Acid (111). bhinosalicylicacid (1.11 g, 7.24mmo1, 
1 equiv) and 2,5-dihydroxybenzaldehyde (1 g, 7.24 mmol, 1 equiv) 
were coupled in DMF' according to method a. Purification by 
flash chromatography over silica gel (41, dichloromethane: 
methanol) gave 1.55 g (78%) of 111; mp >300 OC dec; 'H NMR 
(DMSO) 6 12.65 (lH, 8, OH), 11.8 (lH, 8, OH), 9.02 (lH, 8, OH), 
8.8 (lH, 8, CH-N), 7.75 (lH, d, J = 3 Hz, H6), 7.3 (1 H, dd, J 
= 3 Hz, 8.5 Hz, H4), 6.95 (lH, d, J = 3 Hz, H6'), 6.7 (3H, m, H3, 
H4', H3'). Anal. (CifiiiNO6) C, H, N. 

2-Hydroxy-&[N-[ (2gdihydroxyphenyl)methylidene]am- 
inolbeneoic Acid Methyl Ester (118). B18 (476 mg, 2.29 mmol, 
1 equiv) and 2,5-dihydroxybenzaldehyde (317 mg, 2.30 mmo1,l 
equiv) were coupled according to method a. The precipitate was 
collected, washed, withmethanol, and dried to give 539 mg (82 5% ) 
of 118: mp 221.5-222.5 "C; 'H NMR (DMSO) 6 12.15 (1 H, 8, OH), 
10.49 (lH, 8, OH), 9.05 (lH, 8, OH), 8.8 (lH,s, CH=N), 7.75 (lH, 
d, J = 3 Hz, H6), 7.6 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 7.02 (lH, 
d, J = 8.5 Hz, H3), 6.99 (lH, d, J = 3 Hz, H6'), 6.8 (lH, dd, J 
= 3 Hz, 8.5 Hz, H49, 6.72 (lH, d, J = 8.5 Hz, H3'), 3.9 (3H, 8 ,  

2-Hydroxy-S-[ N-[ (2pdihydroxyphenyl)methylideneIam- 
inolbenzoic Acid Ethyl Ester (11,). Bl4 (600 mg, 2.3 mmol) 
and 2,5-dihydroxybenzaldehyde (317 mg, 2.3 mmol) were coupled 
according to method a. The precipitate was collected, washed 
with ethanol, and dried to give 447 mg (65% of 114: mp 185-186 
OC; 1H NMR (DMSO) 6 12.1 (lH, 8, OH), 10.52 (lH, 8, OH), 9.05 
(lH, 8, OH), 8.8 (lH, 8, CH-N), 7.7 (lH, d, J = 3 Hz, H6), 7.6 
(lH,dd,J=3Hz,8.5Hz,H4),7.02(1H,d,J=8.5Hz,H3),6.99 
(lH, d, J = 3 Hz, H6'),6.8 (lH, dd, J = 3 Hz, 8.5 Hz, H4'),6.72 
(lH, d, J=  8.5 Hz, H3'),4.35 (2H, q, J= 8.5Hz, CHd, 1.32 (3H, 

2-Hydroxy-&[ K [  (2s-dihydroxyphenyl)methylideneIam- 
inolbenzoic Acid tert-Butyl Ester (115). BIB (300 mg, 1.44 
mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (200 mg, 1.45 
mmol,1 equiv) were coupled according to method a. Purification 
by flash chromatography over silica gel (dichloromethane) gave 
450 mg (95%) of 115. An analytical sample was prepared by 
recrystallization from ethyl acetate and hexane: mp 168.6169.5 
"C;lH NMR (DMSO) 6 12.1 (lH, 8, OH), 10.65 (lH, bs,OH), 9.02 
(lH, be, OH), 8.8 (lH, 8, CH-N), 7.65 (lH, d, J = 3 Hz, H6), 7.6 
(lH, dd, J = 3 Hz, 8.5 Hz, H4), 7.01 (lH, d, J = 8.5 Hz, H3), 6.9 
(lH, 8, J = 3 Hz, H6'), 6.8 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 6.73 

2-Hydroxy-S-[N-[ (2d-~hydroxyphenyl)methylidene]am- 
inolbenzoio Acid 3,S-Dimethylbutyl Eeter ( I d .  B I ~  (500 mg, 
1.86 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (258 mg, 
1.87 "01, 1 equiv) were coupled according to method a. 
Crystallization of the residue with methanol afforded 470 mg 
(65%) of 118: mp 160.5-161.6 OC; 1H NMR (DMSO) 6 12.1 (lH, 
a, OH), 10.5 (lH, be, OH), 9.1 (lH, bs, OH),8.78 (lH,s, CH-N), 
7.7(1H,d,J-3Hz,H6),7.6(1H,dd,J=3Hz,8.5Hz,H4),7.02 
(lH, d, J = 8.5 Hz, H3), 6.9 (lH, d, J = 3 Hz, H6'),6.8 (lH, dd, 
J = 3 Hz, 8.5 Hz, H4'), 6.72 (lH, d , J  = 8.5 Hz, H3'), 4.35 (2H, 

2-Hydroxy-a-[N-[ (2pdihydro.yphenyl)methylideneIam- 
ino]benzoic Acid 2,4,4-Trimethylpentyl Ester (In). B17 (460 
mg, 1.74 mmol, 1 equiv) and 2,s-dihydroxybenzaldehyde (240 
mg, 1.74 mmol, 1 equiv) were coupled according to method a. 
Purification by flash chromatography over silica gel (dichlo- 
romethane) gave 506 mg (76%) of 117; mp 91-92.5 "C; 'H NMR 
(DMSO) S 12.1 (lH, 8, OH), 9.1 (lH, 8, OH), 8.78 (lH, 8, CH=N), 
7.69 (lH, d, J - 3 Hz, H6), 7.6 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 
7.0 (lH, d, J = 8.5 Hz, H3), 6.98 (lH, d, J = 3 Hz, H6'),6.79 (lH, 
dd,J=3Hz,8.6Hz,H4'),6.72(1H,d, J=8.5Hz,H3'),4.163.95 
(2H, m, CO~CHS), 1.96 (lH, m, CH), 1.48-1.0 (2H, m, CHp), 0.98 

2-Hydroxy-S[N-[ (26-dihydroxyphenyl)methylidene]am- 
inolbenzoic Acid 3,6,S-Trimethylphenyl Eeter (118). Bls 

CHa). Anal. (Cl&&NO6) C, H, N. 

t, J 8.5 Hz, CHs). Anal. (C&sNO6) C, H, N. 

(lH, d, J 
NO5) C, H, N. 

8.5 Hz, H3'), 1.58 (SH, 8, C(CH8)a). Anal. (CleHle- 

t, J = 8 Hz, COpCHp), 1.65 (2H, t, J = 8 Hz, CHI), 0.95 (SH, 8, 
C(CH&. Anal. (C&lsNOs) C, H, N. 

(3H, d, J = 8.5 Hz, CHa), 0.88 (SH, 8, C(CHa)a. Anal. (CaHn- 
NO5) C, H, N. 
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(240 mg, 1.75 mmol, 1 equiv) were coupled according to method 
a. Purification by recrystallization from dichloromethane gave 
500 mg (71%) of 1%: mp 132-133 “C; lH NMR (DMSO) 6 12.1 
(lH,s, OH), 10.5(1H,s, OH),9.1 (lH,s,OH),8.78(1H,s, CH=N), 
7.6 (2H, m, H6, H4), 7.28-7.05 (5H, m, Ph), 7.0 (lH, d, J = 8.5 
Hz, H3), 6.98 (lH, J = 3 Hz, s, H6’), 6.78 (lH, dd, J = 3 Hz, 8.5 
Hz, H4’), 6.72 (lH, d, J = 8.5 Hz, H3’), 4.15 (2H, m, OCHz), 
2.8-2.5 (2H, m, CHn), 2.2 (lH, m, CH), 0.95 (3H, d, J = 8 Hz, 

2-Hydroxy-C[N-[ (2,5-dihydroxyphenyl)methylidene]am- 
inolbenzoic Acid 3-Methyl-3-phenylpropyl Ester (In). Bm 
(1 g, 3.5 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (0.48 g, 
3.5 “01, 1 equiv) were coupled according to method a. 
Purification by recrystallization from chloroform and hexane 
gave 1.4 g (99%) of In: mp 108-110 “C; 1H NMR (DMSO) 6 
12.12 (lH, s, OH), 10.5 (lH, s, OH), 9.08 (lH, s, OH), 8.78 (lH, 
s, CH=N), 7.58 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 7.5 (lH, d, J = 
3 Hz, H6), 7.28-7.02 (5H, m, Ph), 6.99 (lH, d, J = 8.5 Hz, H3), 
6.98 (lH, d, J = 3 Hz, H6’), 6.8 (lH, dd, J = 3 Hz, 8.5 Hz, H4’), 
6.74 (lH, d, J = 8.5 Hz, H3’), 4.15 (2H, m, C02CH2), 2.88 (lH, 
m, CH), 2.0 (2H, m, CHz), 1.2 (3H, d J = 8 Hz, CH3). Anal. 
(CuHlsNOs) C, H, N. 

2-Hydroxy-S-[ N- [ (28-dihydroxy pheny l) met hylidenelam- 
ino]benzoic AcidpIsopropylbenzyl Ester (Ill). Bsi (400 mg, 
1.4 mmo1,l equiv) and 2,5-dihydroxybenzaldehyde (190 mg, 1.4 
mmol, 1 equiv) were coupled according to method a. Purification 
by flash chromatography over silica gel (100:1, dichloromethane: 
methanol) and recrystallization from petroleum ether gave 570 
mg (100%) of 181: mp 181-182 “C; 1H NMR (DMSO) 6 12.1 (lH, 
s, OH), 9.03 (lH, bs, OH), 8.8 (lH, s, CH-N), 7.7 (lH, d, J = 
3 Hz, H6), 7.6 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 7.38 (2H, d, J = 
8.5 Hz, H2”, H69, 7.22 (2H, d, J = 8.5 Hz, H3”, HV), 7.02 (lH, 
d, J = 8.5 Hz, H3), 6.9 (lH, d, J = 3 Hz, H6’), 6.8 (lH, dd, J = 

2.87 (lH, m, CH), 1.18 (6H, d, J = 8 Hz, CH3). Anal. (CuH23- 

2-Hydroxy-5-[N-[ (2,5dhydroxyphenyl)methylidene]am- 
inolbenzoic Acid 3,5-Dimethylbenzyl Ester (182). Bn (250 
mg, 1.84 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (250 
mg, 1.84 mmol, 1 equiv) were coupled according to method a. 
Purification by flash chromatography over silica gel (91, dichlo- 
romethane:methanol) and recrystallization from methanol af- 
forded 650 mg (90%) of 182: mp 187-188 “C; ‘H NMR (DMSO) 
6 12.1 (lH, s, OH), 9.1 (lH, s, OH), 8.8 (lH, s, CH=N), 7.7 (lH, 
d,J=3Hz,H6),7.6(1H,dd,J=3Hz,8.5Hz,H4),7.1-6.9(5H, 
m,H2”,H6”,H3,“’,H4’’),6.8 ( l H , d d , J =  3 Hz,8.5 Hz,H4’), 
6.72 (lH, d, J = 8.5 Hz, H3’), 5.28 (2H, S, CH2), 2.22 (6H, 8, 

(CHa)d. Anal. (Cd2iNOs) C, H, N. 
2-Hydroxy-b[N-[ (2,5-dihydroxyp heny1)met hyllaminol- 

phenylacetic Acid Hydrochloride (111): prepared from I1 (200 
mg, 0.73 mmol) according to method bl. The solvent was then 
evaporated. The residue was dissolved in ethyl acetate and a 
little of methanol and then filtered. The solution was added 
with HC1 (g) in ethyl acetate. The precipitate formed was 
collected, washed with ethyl acetate, and dried to give 183 mg 
of the crude product (80%) of 111. An analytical sample was 
prepared by recrystallization from ethyl acetate and methanol: 
mp >240 “C dec; 1H NMR (DMSO) 6 8.9 (lH, s, OH), 8.59 (lH, 
s, OH),6.76.5 (5H, m, H6, H4, H3,H6’, H3‘), 6.42 (lH, d d , J  
= 3 Hz, 8.5 Hz, H4’), 4.08 (2H, 8, CH2N), 3.35 (2H, S, CH2). And. 
(CisHieNOsC1) C, H, N. 

2-Hydroxy-5-[ N-[ (2,5-dihydroxyphenyl)met hyllaminol- 
phenylacetic Acid Ethyl Ester (118): prepared from Is (100 
mg, 0.32 mmol) according to method b2. Purification by flash 
chromatography on silica gel (9:1, dichlor0methane:methanol) 
provided 90 mg (89%) of 118: mp 124.5-125.5 “C; ‘H NMR 
(DMSO) 6 8.64 (lH,s, OH), 8.45 (lH, s, OH), 8.38 (lH, s, OH), 
6.58 (lH, d, J = 3 Hz, H6’), 6.52 (lH, d, J = 8.5 Hz, H3’), 6.48 
(lH, d, J = 8.5 Hz, H3), 6.36 (lH, dd, J = 3 Hz, 8.5 Hz, H4’), 6.34 
(lH, d, J = 3 Hz, H6), 6.25 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 5.26 
(lH, d, J = 6 Hz, NH), 3.98 (4H, m, CHzN, CHd, 3.38 (2H, 8, 
CHtCO2), 1.15 (3H, t, J 8.5 Hz, CHs). Anal. (CI’IHIDNOS) C, 
H, N. 

2-Hydroxy-5- [ N-[ (2,S-dihy droxy p hen y 1) met hy 1 ]amino]- 
N-tert-butoxyphenylacetyl Amide Hydrochloride (114): pre- 
pared from I d  (200 mg, 0.56 mmol) according to method bl. 

CH& Anal. (CamNOa) C, N, N. 

3H~,8.5H~,H4’),6.73(1H,d,J=8.5H~,H3’),5.32(2H,~,CH2), 

Noh) C, H, N. 
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Purification by flash chromatography on silica gel (9:l , dichlo- 
romethane:methanol) provided 155 mg (77%) of 14: mp 109- 
111 “C; lH NMR (DMSO) 6 11.1 (lH, s, CONH), 8.7 (lH, s, OH), 
8.48 (lH, s, OH), 6.6 (lH, d, J = 3 Hz, H6’), 6.5 (lH, d, J = 8.5 
Hz, H3’), 6.5 (lH, d, J = 8.5 Hz, H3), 6.36 (lH, dd, J = 3 Hz, 8.5 
Hz, H4’),6.37 (lH, d, J = 3 Hz, H6), 6.25 (lH, dd, J = 3 Hz, 8.5 

C(CH&. Anal. (ClDHd2Os) C, H, N. 
[2-Hydroxy-5-[N-[ (2,5-dihydroxyphenyl)methyl]amino]- 

benzyllphosphonic Acid Diethyl Ester (116): prepared from 
16 (200 mg, 0.53 mmol) according to method bl. Purification by 
flash chromatography on silica gel (9:1, dichlor0methane:meth- 
anol) provided 173 mg (86%) of 116: mp 124-125 “C; lH NMR 
(DMSO) 6 8.68 (lH, s, OH), 8.46 (lH, s, OH), 8.42 (lH, s, OH), 
6.59 (lH,d, J=  3Hz,H6’),6.54 (lH, d, J=  8.5Hz, H3’),6.5 (lH, 
d, J = 8.5 Hz, H3), 6.4 (lH, d, J = 3 Hz, H6), 6.37 (lH, dd, J = 
3 Hz,8.5 Hz, H4),6.27 ( l H , d d , J  = 3 Hq8.5 Hz, H4’), 5.3 (2H, 

Hz, H4), 4.0 (2H, S, CH2N), 3.3 (2H, S, CH2C02), 1.12 (9H, S, 

t, J = 3 Hz, NH), 3.98 (2H, d, J = 3 Hz, CHzN), 3.85 (4H, 9, J 
= 8.5 Hz, CHs), 2.98 (2H, d, J = 22 Hz, CH2P), 1.1 (6H, t, J = 
8.5 Hz, CH3. Anal. (C1,HuNOS) C, H, N. 

[ 2-Hydroxy-5-[ N-[ (2,s-dihydroxypheny1)met hyl]amino]- 
phenyllhydroxamic Acid (118): prepared from 18 (650mg, 1.72 
mg) according to method bl. Purification by recrystallization 
from ethyl acetate and hexane gave 369 mg (74%) of 118: mp 

s, CONH), 8.7 (lH, s, OH), 8.5 (lH, s, OH), 6.85 (lH, d, J = 3 
Hz, H6), 6.69 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.67 (lH, d, J = 
8.5 Hz, H3), 6.59 (lH, d, J = 3 Hz, H6’), 6.55 (lH, d, J = 8.5 Hz, 
H3’), 6.38 (lH, dd, J = 3 Hz, 8.5 Hz, H4’), 5.4 (lH, d, J = 6 Hz, 
NH), 4.0 (2H, d, J = 6 Hz, CH2). And. (C1,HlrN2Os) C, H, N. 

2-Hydroxy-5-[ N- [ (2,5-dihydroxyphenyl)met hyllaminol- 
N-methoxybenzoyl Amide (119): prepared from Is (100 mg, 
0.33 mmol) according to method bl. Purification by flash 
chromatography on silica gel (9:1, dichlor0methane:methanol) 
provided 81 mg (80%) of 119: mp 120-122 OC; lH NMR (DMSO) 
6 11.15 (lH,s, CONH), 8.7 (lH,s, OH), 8.5 (lH, s, OH), 6.82 (lH, 
d, J = 3 Hz, H6), 6.69 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.67 (lH, 
d, J = 8.5 Hz, H3), 6.59 (lH, d, J = 3 Hz, H6’), 6.55 (lH, d, J 
= 8.5 Hz, H3’), 6.38 (lH, dd, J = 3 Hz, 8.5 Hz, H4’),5.5 (lH, d, 

180.5-181.5 “C; ‘H NMR (DMSO) 6 11.15 (lH, S, OH), 9.15 (lH, 

J 
Anal. (Cl~l6N2OS) C, H, N. 

6 Hz, NH), 4.02 (2H, d, J = 6 Hz, CHsN), 3.65 (3H, 8, C B ) .  

2-Hydroxy-5-[N-[ (2,5-dihydroxyphenyl)met hyllaminol- 
N-tert-butoxybenzoyl Amide (1110): prepared from 110 (200 
mg, 0.58 mmol) according to method bl. Purification by flash 
chromatography on silica gel (9:1, dich1oromethane:methanol) 
provided 141 mg (70%) of 1110: mp 114-116 “C; ‘HNMR (DMSO) 
6 11.1 (lH, s, CONH), 8.7 (lH, s, OH), 8.5 (lH, s, OH), 6.8 (lH, 
d, J = 3 Hz, H6), 6.7 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.67 (lH, 
d, J = 8.5 Hz, H3), 6.6 (lH, d, J = 3 Hz, H6’), 6.55 (lH, d, J = 
8.5 Hz, H3’), 6.38 (lH, dd, J = 3 Hz, 8.5 Hz, H4’), 5.48 (lH, d, 

Anal. (ClaHzH206) C, H, N. 
2-Hydroxy-5-[N-[ (2,5-dihydroxyphenyl)methyl]amino]- 

N-(benzy1oxy)benzoyl Amide (1111): prepared from 111 (650 
mg, 1.72 mmol) according to method bs. Purification by flash 
chromatography on silica gel (91, dichloromethane:methanol) 
provided634mg(97%)ofII11: mpl54-156”C;lHNMR(DMSO) 
6 11.15 (lH,s, CONH), 8.7 (lH, s, OH), 8.5 (lH, s, OH), 7.35 (5H, 
m, Ph), 6.85 (lH, d, J = 3 Hz, H6), 6.69 (lH, dd, J = 3 Hz, 8.5 
Hz, H4),6.67 (lH, d, J=  8.5Hz, H3), 6.59 (lH,d, J =  3 Hz, H6’), 
6.55(1H,d,J= 8.5Hz,H3’),6.38 ( lH ,dd , J=  3Hz,8.5Hz,H4’), 

J= 6 Hz, NH), 4.02 (2H, d, J= 6 Hz, CH2N), 1.02 (9H, S, C(CH&. 

5.5 (lH, d, J = 6 Hz, NH), 4.9 (2H, 8, CH2), 4.02 (2H, d, J = 6 
Hz, CH2N). Anal. (C21Hd205) C, H, N. 

2-Hydroxy-5-[N-[ (2,5-dihydroxyphenyl)methyl]amino]- 
benzoic Acid Hydrochloride (1112): prepared from 112 (300 
mg, 1.05 mmol) according to method bl. After the solvent was 
evaporated, the residue was dissolved in ethyl acetate with a 
little of methanol and filtered. To this solution was added HCl 
(g) in ethyl acetate. The precipitate was collected, washed with 
ethyl acetate, and dried to give 303 mg of the crude product of 
IIlz (89%). An analytical sample was prepared by purification 
by chromatography on LH-20 (l:l, methanokwater): mp >245 
“C dec; lH NMR (DMSO) 6 10.5 (lH, s, OH), 8.8 (lH, s, OH), 
8.5 (lH, s, OH), 6.9 (lH, d, J = 3 Hz, H6), 6.8 (lH, dd , J  = 3 Hz, 
8.5 Hz,H4),6.67 ( l H , d , J =  8.5 Hz,H3),6.52 ( l H , d , J =  3 Hz, 
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H6'), 6.5 (lH, d, J = 8.5 Hz, H3'),6.34 (lH, dd, J = 3 Hz, 8.5 Hz, 

2-Hydroxy-5-[ N-[ (2,5-dihydroxyphenyl)methyl]amino]- 
benzoic Acid Methyl Ester (1118): prepared from 118 (500 mg, 
1.74mmol) according to method bl. The precipitate was collected, 
washed with methanol, and dried to give 388 mg (77 % ) of 11s: 
mp 194-195 "C; lH NMR (DMSO) 6 9.75 (lH, s, OH), 8.7 (lH, 
s, OH), 8.5 (lH, s, OH), 6.9 (lH, d, J = 3 Hz, H6), 6.85 (lH, dd, 
J = 3 Hz, 8.5 Hz, H4), 6.7 (lH, d, J = 8.5 Hz, H3), 6.6 (lH, d, 
J = 3 Hz, H6'), 6.55 (lH, d, J = 8.5 Hz, H3'), 6.38 (lH, dd, J = 

s, CH3). Anal. (ClaHlaNOd C, H, N. 
2-Hydroxy-S-[N-[ (2,5-dihydroxyphenyl)methyl]amino]- 

benzoic Acid Ethyl Ester (111'): prepared from 11, (100 mg, 
0.32 mmol) according to method c1. Purification by flash 
chromatography on silica gel (9:1, dich1oromethane:methanol) 
provided 53 mg (55% ) of 111,: mp 176-177 "C; lH NMR (DMSO) 
6 9.78 (lH, s, OH), 8.68 (lH, s, OH), 8.5 (lH, s, OH), 6.9 (lH, d, 
J = 3 Hz, H6), 6.8 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (lH, d, J 
= 8.5 Hz, H3), 6.6 (lH, d, J = 3 Hz, H6'), 6.55 (lH, d, J = 8.5 
Hz, H3'), 6.38 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 5.75 (lH, t d, J 

H4'), 4.0 (2H, 8, CH2). Anal. (ClrHi3NOs*HCl) C, H, N. 

3 Hz, 8.5 Hz, H4'), 5.75 (lH, 8, NH), 4.05 (2H, 8, CH2), 3.82 (3H, 

= 6 Hz, NH), 4.3 (2H, q, J = 8.5 Hz, CH2), 4.0 (2H, d, J = 6 Hz, 
CHzN), 1.28 (3H, t, J = 8.5 Hz, CH3). Anal. (ClsH1,NOs) C, H, 
N. 

2-Hydroxy-5-[ N-[ (2,5-dihydroxyphenyl)met hyllaminol- 
benzoic Acid tert-Butyl Ester (1116): prepared from Ils (100 
mg, 0.3 mmol) according to method b2. Purification by flash 
chromatography on silica gel (dichloromethane) provided 55 mg 
(52%) of IIls: mp 115-116 "C; lH NMR (DMSO) 6 9.9 (lH, s, 
OH), 8.7 (lH, s, OH), 8.5 (lH, s, OH), 6.89 (lH, d, J = 3 Hz, H6), 
6.78(1H,dd,J= 3 Hz,8.5 Hz,H4),6.66 ( l H , d , J =  8.5 Hz,H3), 
6.58 (lH, d, J = 3 Hz, H6'), 6.55 (lH, d, J = 8.5 Hz, H3'), 6.38 
(lH, dd, J = 3 Hz, 8.5 Hz, H4'), 5.7 (lH, d, J = 6 Hz, NH), 4.0 
(2H, d, J = 6 Hz, CHd, 1.5 (9H, 8, C(CH3)d. Anal. (CI~H~INOS) 
C, H, N. 

2-Hydroxy-S-[N-[ (2,5-dihydroxyphenyl)methyl]amino]- 
benzoic Acid 3,3-Dimethylbutyl Ester (1116): prepared from 
Ila (50 mg, 0.13 mmol) according to method bp. Purification by 
flash chromatography on silica gel (dichloromethane) provided 
46 mg (91%) of 1116: mp 127-128 "C; 'H NMR (DMSO) 6 9.8 
(lH, s, OH), 8.68 (lH, s, OH), 8.45 (lH, s, OH), 6.88 (lH, d, J 
= 3 Hz, H6), 6.82 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (lH, d, J 
= 8.5 Hz, H3), 6.57 (lH, d, J = 3 Hz, H6'), 6.55 (lH, d, J = 8.5 
Hz, H3'), 6.38 (lH, dd, J = 3 Hz, 8.5 Hz, H4'),5.75 (lH, d, J = 
6 Hz, NH), 4.3 (2H, t, J = 8.5 Hz, COpCHp), 4.0 (2H, d, J = 6 Hz, 
CH2N), 1.6 (2H, t, J = 8.5 Hz, CH2), 0.9 (9H, 8, C(CH3)s). Anal. 
(C&26NOS) C, H, N. 

2-Hydroxy-5-[ N-[ (2,5-dihydroxypheny1)met hyllaminol- 
benzoic Acid 2,4,4-Trimethylpentyl Ester (1117): prepared 
from I17 (60 mg, 0.16 mmol) according to method b2. Purification 
by flash chromatography on silica gel (9:1, dichloromethane: 
methanol) provided 50 mg (83%) of 111,: mp 119-121 "C; lH 
NMR (DMSO) 6 9.8 (lH,s, OH),8.67 (lH, s, OH), 8.45 (lH, s, 
OH),6.89 (lH, d , J  = 3 Hz, H6),6.85 ( l H , d d , J  = 3 Hz,8.5 Hz, 
H4),6.7 ( l H , d , J =  8.5 Hz,H3),6.55 ( l H , d , J =  3 Hz,H6'),6.53 
(lH, d, J = 8.5 Hz, H39, 6.38 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 
5.75 (lH, d, J = 6 Hz, NH), 4.1-3.88 (2H, m, C02CH2), 4.0 (2H, 
d, J = 6 Hz, CHzN), 1.88 (lH, m, CH), 1.3-0.96 (2H, m, CHp), 
0.92(3H,d,J=8.5Hz,CH$,0.85(9H,s,C(CH3)3). Anal. (CBHB- 

%-Hydroxy-S-[N-[ (2,5-dihydroxyphenyl)methyl]amino]- 
benzoic Acid 3,5,5-Trimethylhexyl Ester (1118): p!epyed 
from 11s (100 mg, 0.25 mmol) according to method bp. Purification 
by flash chromatography on silica gel (91, dichloromethane: 
methanol) provided 76 mg (76%) of 1118: mp 103-104 "C; lH 
NMR (DMSO) 6 9.8 (lH, s, OH), 8.6 (lH, s, OH), 6.89 (lH, d, 
J = 3 Hz, H6), 6.82 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (lH, d, 
J =  8.5Hz,H3),6.57 ( l H , d , J =  3 Hz,H6'),6.55 ( l H , d , J =  8.5 
Hz, H3'), 6.38 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 5.7 (lH, d, J = 
6 Hz,NH),4.25 (2H,m, C02CH2),4.0 (2H, d , J  = 6 Hz, CHgN), 
1.6 (3H, m, CH, CH2), 1.26-0.98 (2H, m, CHp), 0.9 (3H, d, J = 

2-Hydroxy-S-[N-[ (2,5-dihydroxyphenyl)methyl]amino]- 
benzoic Acid 3,7-Dimethyloctyl Ester (1119): prepared from 
119 (150 mg, 0.36 mmol) according to method b2. Purification by 
flash chromatography on silica gel (9:1, dich1oromethane:meth- 

NOS) C, H, N. 

8.5 Hz, CH3), 0.8 (9H, 9, C(CH&). Anal. (CzaHaiNOs) C, H, N. 

Chen et al. 

anol) provided 130 mg (86%) of 1119: mp 97-98 "C; lH NMR 
(DMSO) S 9.78 (lH, s, OH), 8.67 (lH, s, OH), 8.48 (lH, s, OH), 
6.89 (lH, d, J = 3 Hz, H6), 6.8 (lH, dd, J = 3 Hz, 8.5 Hz, H4). 
6.7 (lH, d, J = 8.5 Hz, H3), 6.57 (lH, d, J = 3 Hz, H6'), 6.54 (lH, 
d, J = 8.5 Hz, H3'), 6.38 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 5.72 (lH, 

J = 6 Hz, CHzN), 1.68 (lH, m, CH), 1.48 (3H, m, CH2, CH), 
1.3-1.0 (6H, m, CH2), 0.85 (3H, d, J = 8.5 Hz, CH3), 0.8 (6H, d, 

2-Hydroxy-5-[ N-[ (2,5-dihydroxyphenyl)methyl]amino]- 
benzoic Acid Cyclohexylmethyl Ester (141): prepared from 
121 (500 mg, 1.36 mmol) according to method bp. Purification by 
flash chromatography on silica gel (501, dichloromethane: 
methanol) and then recrystallization from methanol provided 
322 mg (64%) of 1121: mp 167 OC; lH NMR (DMSO) 6 9.78 (lH, 
s, OH), 8.65 (lH, s, OH), 8.5 (lH, s, OH), 7.35 (5H, m,Ph), 6.9 
(lH, d, J = 3 Hz, H6), 6.81 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 
(lH, d, J = 8.5 Hz, H3), 6.57 (lH, d, J = 3 Hz, H6'), 6.56 (lH, 
d , J =  8.5Hz,H3'),6.38(1H,dd,J= 3Hz,8.5Hz,H4'),5.85(1H, 
d, J = 6 Hz, NH), 4.04 (4H, d, CH2, CHpN), 1.8-0.85 ( l lH,  m, 
C e H d  Anal. (C21HzsNOs) C, H, N. 

5 4  N-[ (2,5-Dihydroxyphenyl)methyl]amino]-2-hydroxy- 
benzoic Acid 24 l-Tricyclo[3.3.1.1]decyl)ethyl Ester (1111): 
prepared from Ba (3.16 g, 10 "01) and 2,5-dihydroxybenzal- 
dehyde in methanol (1.47 g, 10 mmol) followed by reduction with 
sodium cyanoborohydride in methanol according to method dl. 
Purification, by flash chromatography on silica gel (7.5:2.5, 
cyclohexane:ethylacetate),gave 1.15 g (26%) of IIp: mp 151 "C; 
lH NMR (DMSO) 6 9.30 (lH, s, OH), 8.75 (lH, s, OH), 8.55 (lH, 
s, OH), 6.93 (lH, d, J = 3.5 Hz, H6), 6.88 (lH, dd, J = 3.5 Hz, 
9 Hz, H4), 6.75 (lH, d, J = 9 Hz, H3), 6.62 (lH, d, J = 3 Hz, H6'), 
6.60 (d, J = 8.5 Hz, H3'), 6.33 (lH, dd, J = 3 Hz, 8.5 Hz, H4'), 

4.05 (2H,d, J=6,5Hz,CHzN), 1.92(2H,m,CHp-tricyclo[3.3.1.1]- 
decyl), 1.70-1.45 (EH,  m, tricyclo[3.3.1.1.ldecyl~. Anal. ( c a n -  

5-[ N-[ (2,5-Dihydroxyphenyl)methyl]amino]-2-hydroxy- 
benzoic Acid Phenyl Ester (11%): prepared from B% (1.15 g, 
5 mmol) and 2,5-dihydroxybenzaldehyde in methanol (0.69 g, 5 
mmol) followed by reduction with sodium cyanoborohydride in 
methanol according to method dl. Purification, by flash chro- 
matographyon silica gel (9.50.5, dichloromethane:ethyl acetate), 
gave 0.32 g (18%) of 11%: mp 132 "C; lH NMR (DMSO) 6 9.52 
(lH, 8, OH), 8.78 (lH, s, OH), 8.58 (lH, 8, OH), 7.48 (2H, t, J = 
8.5 Hz, H3", H5"), 7.32 (lH, t, J = 8.5 Hz, H4"), 7.27 (2H, d, J 
= 8.5 Hz, H2", H6"), 7.14 (lH, d, J = 3 Hz, H6), 6.93 (lH, dd, 
J = 3 Hz, 9 Hz, H4), 6.82 (lH, d, J = 9 Hz, H3), 6.65 (lH, d, J 
= 3 Hz, H6'),6.60 (lH, d, J = 8.5 Hz, H3'), 6.43 (lH, dd, J = 3.5 
Hz, 8.5 Hz, H4'), 5.90 (lH, t, J = 6 Hz, NH), 4.12 (2H, t, J = 6 

5-[ N-[ (2,5-Dihydroxyphenyl)met hyl]amino]-2-hydroxy- 
benzoic Acid Phenylmethyl Ester (1124): prepared from Ba 
(135 mg, 0.55 mmol) and 2,5-dihydroxybenzaldehyde in methanol 
(76 mg, 0.55 mmol) followed by reduction with sodium cy- 
anoborohydride in methanol according to method dl. Purifi- 
cation, by flash chromatography on silica gel (9.60.4, dichlo- 
romethane:ethyl acetate), gave 76 mg (38%) of 112,: mp 124 "C; 
lH NMR (DMSO) 6 10.30 (lH, m, OH), 7.50-7.25 (5H, m,phenyl), 
7.38 (lH, d, J = 3 Hz, H6), 7.02 (lH, dd, J = 3 Hz, 9 Hz, H4), 
6.89 (lH, d, J = 9 Hz, H3), 6.75 (lH, d, J = 8.5 Hz, H3'), 6.65 
(lH, dd, J = 3 Hz, 8.5 Hz, H4'),6.61 (lH, d, J=  3 Hz, H6'), 5.37 
(2H, s, C02CH2),4.29 (2H, s, CHp-NH). Anal. (C~IHI~NOS) C, 
H, N, 0. 

2-Hydroxy-S-[N-[ (2,5-dihydroxypheny1)met hyllaminol- 
benzoic Acid 2-Phenylethyl Ester (11%): prepared from Is 
(150 mg, 0.4 mmol) according to method b2. Purification by flash 
chromatography on silica gel (dichloromethane) provided 137 
mg (91%) of 11%: mp 185-186 "C; lH NMR (DMSO) 6 9.7 (lH, 
s, OH), 8.72 (lH, s, OH), 8.48 (lH, s, OH), 7.3-7.1 (5H, m, Ph), 
6.84 (lH, d, J = 3 Hz, H6), 6.82 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 
6.7 (lH, d, J = 8.5 Hz, H3), 6.58 (lH, d, J=  3 Hz, H6'), 6.55 (lH, 
d, J=  8.5Hz, H3'),6.38 (lH, dd, J=  3Hz, 8.5 Hz,H4'),5.7 (lH, 

J = 6 Hz, CHzN), 2.95 (2H, t, J = 8.5 Hz, CH2). Anal. (CppH21- 

d, J = 6 Hz, NH), 4.28 (2H, t, J = 8.5 Hz, CO~CHZ), 4.0 (2H, d, 

J 8.5 Hz, CH3). Anal. (CuHsNOs) C, H, N. 

5.82 (lH, t, J = 6.5 Hz, NH), 4.35 (2H, t, J = 6.5 Hz, COZCH~), 

NOS) C, H, N, 0. 

Hz, CH2). Anal. (CNH1,NOs) C, H, N, 0. 

t, J = 6 Hz, NH), 4.4 (2H, t, J = 8.5 Hz, COzCHz), 4.02 (2H, d, 

NOS) C, H, N. 
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2-Hydroxy-S-[N-[ (2,6-dihydroxyphenyl)methyl]amino]- 
benzoic Acid 3-Phenylpropyl Ester (11~): prepared from 126 
(1 g, 2.56 mmol) according to method bz. Purification by flash 
chromatography on silica gel (50:1, dichloromethane:methanol) 
and then recrystallization from ethyl acetate and petroleum ether 
provided 0.6 g (60%) of 11%: mp 142 "C; lH NMR (DMSO) 6 9.78 
(lH, a, OH), 8.72 (lH, a, OH), 8.5 (lH, a, OH), 7.28-7.1 (5H, m, 
Ph), 6.94 (lH, d, J = 3 Hz, H6), 6.82 (lH, dd, J = 3 Hz, 8.5 Hz, 
H4),6.7 ( l H , d , J =  8.5 Hz,H3),6.58 ( l H , d , J =  3Hz,H6'),6.55 
(lH, d, J = 8.5 Hz, H3'), 6.35 (lH, dd, J = 3 Hz, 8.5 Hz, H49, 
5.8 (lH, t, J 6 Hz, NH), 4.22 (2H, t, J = 8 Hz, COzCHz), 4.04 
(2H, d, J= 6 Hz, CHzN), 2.64 (2H, t, J= 8 Hz, CHzPh), 1.96 (2H, 
p, J 8 Hz, CH2). Anal. (CaHaN05) C, H, N. 
4-Hydroxy-S-[ N-[ (2,S-dihydroxyphenyl)methyl]amino]- 

benzoic Acid 4-Phenylbutyl Ester (IIn): prepared from In 
(600 mg, 1.48 mmol) according to method bz. Purification by 
flash chromatography on silica gel (501, dichloromethane: 
methanol) and then recrystallization from dichloromethane and 
hexane provided 392 mg (65%) of 11s: mp 143 "C; lH NMR 
(DMSO) 6 9.78 (lH,s,OH),8.68 (lH,s,OH),8.48 (lH,s,OH), 
7.28-7.1 (5H, m, Ph), 6.9 (lH, d, J = 3 Hz, H6), 6.8 (lH, dd, J 
= 3 Hz, 8.5 Hz, H4), 6.7 (lH, d, J = 8.5 Hz, H3), 6.59 (lH, d, J 
= 3 Hz, H6'), 6.55 (lH, d, J = 8.5 Hz, H39, 6.38 (lH, dd, J = 3 
Hz, 8.5 Hz, H4'), 5.75 (lH, d, J = 6 Hz, NH), 4.25 (2H, t, 8 Hz, 

1.65 (4H, m, CHZC12). Anal. (C~HBNOS), C, H, N. 
2-Hydroxy-5-[N-[ (2,6-dihydroxyphenyl)methyl]amino]- 

benzoic Acid 2-Methyl-3-phenylpropyl Ester (11%): prepared 
from Ia (500mg, 1.23 mmol) according tomethod bz. Purification 
by flash chromatography on silica gel (50:1, dichloromethane: 
methanol) and then recrystallization from dichloromethane and 
hexane provided 280 mg (56%) of 11%: mp 121-122 "C; lH NMR 
(DMSO) 6 9.72 (lH, s,OH), 8.68 (lH, s, OH), 8.48 (lH, a, OH), 
7.28-7.1 (5H, m, Ph), 6.92 (lH, d, J = 3 Hz, H6), 6.81 (lH, dd, 
J = 3 Hz, 8.5 Hz, H4), 6.7 (lH, d, J = 8.5 Hz, H3), 6.59 (lH, d, 
J = 3 Hz, H69,6.55 (lH, d, J = 8.5 Hz, H3'), 6.38 (lH, dd, J = 
3 Hz, 8.5 Hz, H4'),5.8 (lH, d, J = 6 Hz, NH), 4.05 (4H, m, OCHZ, 
CHaN), 2.7-2.4 (2H, m, CHZ), 2.1 (lH, m, CHI, 0.85 (3H, d, J = 

%-Hydroxy-S-[N-[ (2,S-dihydroxyphenyl)methyl]amino]- 
benzoic Acid 3-Methyl-3-phenylpropyl Ester (113: prepafed 
fromIm (700mg, 1.73 mmol) according tomethod bz. Pd ica t ion  
by flash chromatography on silica gel (501, dichloromethane: 
methanol) and then recrystallization from dichloromethane and 
hexane provided 450 mg (64%) of IIn: mp 107-108 "C; lH NMR 
(DMSO) 6 9.72 (lH, s, OH), 8.7 (lH, a, OH), 8.48 (lH, a, OH), 
7.28-7.1 (5H, m, Ph), 6.87 (lH, d, J = 3 Hz, H6), 6.81 (ZH, dd, 
J = 3 Hz, 8.5 Hz, H4), 6.68 (lH, d, J = 8.5 Hz, H3), 6.58 (lH, 
d, J = 3 Hz, H6'),6.55 (lH, d, J = 8.5 Hz, H3'),6.37 (lH, dd, J 
= 3 Hz, 8.5 Hz, H4'), 5.78 (lH, d, J 6 Hz, NH), 4.2-3.85 (2H, 
m, COzCHz), 4.02 (2H, d, J = 6 Hz, CHzN), 2.8 (lH, m, CH), 1.9 
(2H, m, CHZ), 1.2 (3H, d, J = 8.5 Hz, CHS). Anal. (CzrHzsN05) 
C, H, N. 

S-[N-[ (2,5-Dihydroxyphenyl)methyl]amino]-2-hydroxy- 
benzoic Acid 3-Phenylprop-2-en-l-yl Ester (11~): prepared 
from IN (1.35 g, 5 mmol) and 2,5-dihydroxybenzaldehyde in 
toluene (0.69 g, 5 mmol) followed by reduction with sodium 
cyanoborohydride in toluene according to method dl. Purifi- 
cation, by flash chromatography on silica gel (91, dichlo- 
romethane:ethyl acetate), gave 0.69 g (35%) of 11~: mp 135 "C; 
1H NMR(DMS0)G 9.85 (lH,s,OH),8.80(lH,s,OH),8.60 (lH, 
s, OH), 7.55-7.35 (5H, mt, Ph), 7.08 (lH, d, J = 3 Hz, H6), 6.88 
(lH,dd,J=3.5H~,9H~,H4),6.82(1H,d,J=l6H~,-CH-Ph), 
6.80 (lH, d, J = 9 Hz, H3), 6.67 (lH, d, J = 3.5 Hz, H69, 6.65 
(lH, d, J 16 Hz, 6.5 Hz, CH2- 
CH=), 6.47 (lH, dd, J = 3.5 Hz, 8.6 Hz, H4'), 5.90 (lH, t, J = 
6.6 Hz, HN), 5.02 (2H, d, J 6.5 Hz, COZCH~), 4.12 (2H, d, J 
= 6.5 Hz, CHzNH). Anal. (CaHziNOs) C, H, N, 0. 

OCHz),4.0 (2H, d, J= 6 Hz, CHzN), 2.6 (2H, t, J= 8 Hz, CHzPh), 

8.5 Hz, CHa). Anal. (CuHdOs)  C, H, N. 

8.5 Hz, H39, 6.54 (lH, dt, J 

2-Hydroxy-S-[N-[ (2,S-dihydroxyphenyl)methyl]amino]- 
benzoic Acid pIsopropylbenzy1 Ester (1181): prepared from 
181 (500 mg, 1.23 mmol) according to method bz. Purification by 
flash chromatography on silica gel (501, dichloromethane: 
methanol) and then recrystallization from dichloromethane and 
petroleum ether provided 392 mg (78%) of 1181: mp 155-156 "C; 
1H NMR (DMSO) 6 9.7 (lH, a, OH), 8.72 (lH, a, OH), 8.5 (lH, 
8, OH), 7.3-7.2 (4H, 9, J= 8.5 Hz, H2/', H3/', H5", H6"),6.92 (lH, 
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d, J = 3 Hz, H6), 6.8 (lH,dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (lH, d, 
J = 8.5 Hz, H3), 6.56 (lH, d, J = 3 Hz, H63,6.55 (lH, d, J = 8.5 
Hz, H3'), 6.38 (lH, dd, J = 3 Hz, 8.5 Hz, H49, 5.8 (lH, t, J = 6 
Hz, NH), 5.25 (2H, S, CHz), 4.02 (2H, d, J = 6 Hz, CHzN), 1.18 
(3H, d, J = 8.5 Hz, CH& Anal. (CuHaNOs) C, H, N. 
2-Hydroxy-S-[ N-[ (2,s-dihydroxypheny1)met hyllaminol- 

benzoic Acid 3,S-Dimethylbenzyl Ester (1182): prepared from 
I= (500 mg, 1.28 mmol) according to method bp. Purification by 
flash chromatography on silica gel (501, dichl0methane:meth- 
anol) and then recrystallization from diethyl ether and petroleum 
ether provided 221 g (44%) of 11~: mp 142-143 OC; lH NMR 
(DMSO) 6 9.67 (lH, a, OH), 8.7 (lH, 8, OH), 8.48 (lH, a, OH), 
6.95 (6H, m, Ph, H6), 6.8 (lH, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (lH, 
d, J = 8.5 Hz, H3), 6.56 (lH, d, J = 3 Hz, H69, 6.55 (lH, d, J 
= 8.5 Hz, H39, 6.38 (lH, dd, J =3Hz, 8.5 Hz, H49, 5.8 (lH, t, 

S-[N-[ (2,S-Dihydroxyphenyl)methyl]-2-hydroxybenzoic 
Acid 3-Hydroxyphenyl Ester (11~): prepared from BW (0.74 
g, 3 mmol) and 2,5-dihydroxybeddehyde in amixture of toluene 
and methanol (0.41 g, 3 mmol) followed by catalytic hydrogenation 
in ethyl acetate according to method dz. Purification, by flash 
chromatography on silica gel (5.54.5, cyc1ohexane:ethyl acetate), 
gave 0.16 g (16%) of IIa: mp 113 "C; lH NMR (DMSO) 6 7.28 
(lH, t, J = 8.5 Hz, H597.17 (lH, d, J = 3.5 Hz, H6), 6.96 (lH, 
dd, J = 3.5 Hz, 9 Hz, H4), 6.86 (lH, d, J = 9 Hz, H3), 6.80-8.65 
(4H,m,H6',H2tt,H4",H6"),6.65 ( l H , d , J  = 8.5 Hz,H3'),6.48 
(lH, dd, J = 3 Hz, 8.5 Hz, H47, 5.94 (lH, t, J = 6.5 Hz, NH), 

S-[N-[ (2,6-Dihydroxyphenyl)methyl]amino]-2-hydroxy- 
benzoic Acid l-Naphthyl Ester (11~): preparedfromBm (1.12 
g, 4 mmol) and 2,5-dihydroxybenzaldehyde in toluene (0.55 g, 4 
mmol) followed by catalytic hydrogenation with palladium in 
dichloromethane according to method dz. Purification, by flash 
chromatography on silica gel (9.80.2, dichlor0methane:ethyl 
acetate), gave 0.73 g (45%) of IIB: mp 145 "C; lH NMR (DMSO) 
6 9.54 (lH, 8, OH), 8.76 (lH, 8, OH), 8.60 (lH, a, OH), 8.10-7.45 
(7H, m, naphthyl), 7.34 (lH, d, J = 3.5 Hz, H6), 7.03 (lH, dd, 
J = 3.5 Hz, 9 Hz, H4), 6.90 (lH, d, J = 9 Hz, H3), 6.72 (lH, d, 
J = 3 Hz, H69, 6.64 (lH, d, J = 8.5 Hz, H39, 6.47 (lH, dd, J = 
3 Hz, 8.5 Hz, H4'),6.00 (lH, t, J = 6.5 Hz, NH), 4.20 (2H, d, J 

64  N-[ (2,S-Dihydroxypheny1)met hyl]amino]-2-hydroxy- 
benzoic Acid 2-Naphthyl Ester (11~): prepared from Bm (1.40 
g, 5 mmol) and 2,5-dihydroxybenzaldehyde in toluene (0.69 g, 5 
mmol) followed by catalytic hydrogenation with palladium in 
ethyl acetate according to method dz. Purification, by flash 
chromatography on silica gel (7:3, cyc1ohexane:ethyl acetate), 
gave 0.94 g (47 %) of 11s: mp 179 "C; 'H NMR (DMSO) 6 9.55 
(lH, s, OH), 8.82 (lH, 8, OH), 8.62 (lH, 8, OH), 8.05-7.47 (7H, 
m, naphthyl), 7.22 (lH, d, J = 3.5 Hz, H6), 6.96 (lH, dd, J = 3.5 
Hz, 9 Hz, H4), 6.85 (lH, d, J = 9 Hz, H3), 6.67 (lH, d, J = 3 Hz, 
H6'),6.62 (lH, d, J = 8.5 Hz, H2, H39,6.45 (lH, dd, J = 3 Hz, 
8.5 Hz, H49, 6.02 (lH, t, J = 6.5 Hz, NH), 4.17 (2H, d, J = 6.5 

Cell Cultures. Cells termed ER 22 were prepared by 
transfecting CCL 39 hamster fibroblasts with wild-type human 
EGF-receptor to obtain a cell clone exhibiting about 8 X 1V 
EGF-binding sites/cell. The preparation of the DNA constructs 
and the characterization of cell lines expressing them were 
described by G. L.'Allemain." 

Cells were routinely grown in Dulbecco's modified Eagle 
medium (DMEM) supplemented with 10% fetal calf serum (FCS) 
containing the antibiotic G418 (200 pg/mL) at  37 OC in 5% COz. 
DNA Synthesis. Cells were seeded at 3.5 X 1V cells by well 

in 24-well Nuncion diahes. The cella were grown to confluence 
in DMEM supplemented with 10% FCS. To obtain quiescent 
cells, the medium was changed to DMEM/HAMS F12 (1:l) for 
48 h. 

The cells were incubated with different concentrations of the 
inhibitory compounds (dissolved at lo00 X final concentration 
in DMSO 100%) for 1 h. Then, EGF (20 ng/mL) (Collaborative 
Biochemical Products, cat 40010) or FCS and 0.1 pCi of methyl- 
3H thymidine ([SHIMe-dT, NEN, NET 0272) were added. The 
incorporation of thymidine into the trichloroacetic acid insoluble 
fraction was determined by a scintillation counter. 

J = 6 Hz, NH), 5.22 (2H, 8, CHa), 4.03 (2H, d, J = 6 Hz, CHIN), 
2.28 (6H, 8, CHs). Anal. (CaHaNOs) C, H, N. 

4.12 (2H, d, J = 6.5 Hz, CHz). Anal. (C&i.rNOs) C, H, N, 0. 

= 6.5 Hz, CHzClZ). Anal. (CuHieNOs) C, H, N, 0. 

Hz, CHz). Anal. (CuHieNOtj) C, H, N, 0. 
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Membrane Preparation. ER 22 cells were grown in 860-cma 
tissue culture roller bottles to obtain 100 cells, and cell membranes 
were purified on sucrose 32% (w/w), according to the published 
procedure of G. Carpenter.&* Membrane preparations were 
suspended in Hepes (20 mM, pH 7.4) and MgClz (10 mM), 
aliquoted, and stored frozen at -80 OC. 

In Vitro Tyrosine Kinase Assay. The tyrosine kinase assay 
was performed as previouslydescribed.16 The reaction was carried 
out in a fiial volume of 60 pL containing 20 mM Hepes, pH 7.4, 
1 mM MnClz, 0.1 mg/mL BSA, 100 ng/mL EGF, 0.6 mg/mL 
tridecapeptide (RRLIEDAEYAARGFRR-Src, HS446 Bachem), 
membrane fraction of ER 22 cells, 6 pM ATP, and 1 pCi of [791P]- 
ATP (NEN, NEG 002H, 3000Ci/mM) with or without inhibitors 
at  various concentrations. 

EGF-receptor was first incubatedwith EGF for 10 min at room 
temperature; then, the inhibitor was added, and the reaction was 
initiated by the addition of the peptide and ATP. Incubation 
was carried out for 20 min at room temperature. The reaction 
was terminated by addition of 26 pL of trichloroacetic acid 10 ?G 
in the presence of 10 pL of BSA (10 mg/mL). Precipitated 
proteins were removed by centrifugation, and 40 pL of the 
supernatant was spotted on Whatman P81 phosphocellulose 
papers (2 cm X 2 cm) that were immediately immersed in 
orthophosphoric acid (76 mM) for 16 min. This operation was 
repeated three times, and then the papers were dried, and the 
radioactivity was counted with a scintillation counter. 

In Vitro Other Kinases Assays. Protein kinase A was 
purchased from Sigma (P8164), and the assay was performed as 
described by M. K. Smithm with histone H1-7 (H-1806 Bachem) 
as substrate. Protein kinase C was prepared on DEAE-cellulose 
as described by U. Kikkawa (64) from rat brain, and the assay 
was performed with the Kit PKC Amersham (RPN 77). EGF- 
receptor was purified on WGA sepharose (L-6267, Sigma) and 
the autophosphorylation assay performed as described by A. 
Gazit.* 
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