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Potent inhibitors of EGF-dependent protein tyrosine kinase (PTK) activity were synthesized in
aseries of 5-[(2,5-dihydroxybenzyl)amino]salicylates. Several of these compounds inhibited EGF-
dependent DNA synthesis in ER 22 cells with ICs < 1 uM. 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 toimprove 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
inthetyrosine 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.l? For example, the expression of
the human epidermal growth factor receptor (EGFR) and
its oncogenic analog human erb B; receptor (HERg)/neu
is greatly amplified in several human tumors,34 accom-
panied by an overphosphorylation of their protein targets.
This increased phosphorylation of substrate tyrosine
residues by oncogenic PTK proteins is an essential step
in the neoplastic transformation.58 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
development.’™®

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. Forthesereasons, 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,12:13
erbstatin derivatives,416 lavendustins,!1? the diuretic
amiloride,!®and the alcaloid staurosporine,’? inhibit PTK
activity and possess antiproliferative cellular activity.20.21
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 tyrphosting,?>2® cinnamamides,2425 styrene deriva-
tives,28 or phenylhydrazones.2” 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 developed.?® Several
tyrphostine were also reported (i) to be competitive
inhibitors of substrate binding and noncompetitive in-
hibitors of adenosine triphosphate (ATP) binding,? (ii)
to be selective for tyrosine kinases as opposed to serine or
threonine kinases,?2233% and (iii) to be able to discriminate
in vitro between PTK activity associated with the EGF-
receptor or other receptors.3! Furthermore, tyrphostins
were also reported to block sea star oocyte maturation,
possibly by acting as Ser/Thr kinase inhibitors.32

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 v atom of ATP is
pentacoordinated, and the two 8 and v phosphates form
a complex with divalent metal ions.3® 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.3-3¢ More
recently, Traxler et al.3” have postulated that (sulfonyl-
benzoyl)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 uM.
The potency of these compounds was recently improved
by substituting the sulfonylbenzoyl moiety with adenine
5’-substituted glutamates.38

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.’® We had previously confirmed that the third
aromatic ring of lavendustin A is not essential for PTK
activity.163® We had also shown that the two hydroxyi
groups of the hydroquinone ring are absolutely necessary
and that the salicylate moiety might be important for
recognition of the ATP-binding site.?® Chemical modi-
fications are now reported to investigate the role of the
salicylate in moredepth. Addition of a CHzgroup between
the carboxylate and the phenyl ring 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 at relatively low doses. Therefore, in order
to test whether these compounds were interacting with a
hydrophobic subsite in the kinase domain, several alky!
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 II) 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-[(2,5-dihydroxybenzyl)amino]salicylates or -phenylac-
etates. Relatively few compounds of the chemical inter-
mediates, the nitro or aniline precursors, had already been
described;*42 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 (A;) was condensed with the protected hy-
droxylamines and subsequently reduced catalytically or
chemically., Inthe 5-aminosalicylic series, hydroxamates
were obtained either from the 5-nitrosalicylic acid by
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Scheme 1. General Synthesis of Imino (I) and Amino
(IT) Compounds®

Ry
R, NH, R, @
CHO o
a
DO S
R,
R R, R, o)

lb,c(e)
d R,
\ R, /@
DA
H
R an

2

¢ (a) Condensation by heating in methanol, DMF, or toluene; (b;)
catalytic hydrogenation with palladium in methanol, dichlo-
romethane, or ethyl acetate. (bg) catalytic hydrogenation with nickel
in methanol; (bg) reduction with NaBH, in methanol; (bs) reduction
with aqueous NasS;04; (¢1) SOCl2 and methanol or ethanol; (c;) ROH/
DCC/DMAP; (cg) SOCl; in toluene, then ROLi in THF; (¢y) DCC in
pyridine/DMF, then ROH in CH,Cl; or AcOEt; (dy) refluxed in
methanol or toluene, then reduction with NaBHgCN in methanol or
toluene; (dz) refluxed in methanol or toluene, then catalytic hydro-
genation with Pd in dichloromethane or ethyl acetate; (e) refluxed
in 6 N aqueous HCL

Table 1. Nitro Intermediates: Preparation and Properties

NO,
R
OH
yield
cmpd R method (%) mp (°C)
A; CH,;-COH f 43 159.5-160.5
A, CH;COx-Me ¢ 69 155~156.5
A; CHx-COz-Et [} 85 154-155.5
A; CH;-CO-NH-0OtBu g 83 182-184
As CHz—CO-NH-O-CHzPh 4 38 149-150
Ags CH:-POs-Ets h 100 139-140
Ay CO-NH-0O-Me € 51.8 175~176.6
Aje CO-NH-OtBu g 50 184.5-185.5
Au COz-tBu Cz 82 81-81.5
Ajs CO2(CHjy)o-tBu Ca 84 54~55
Ay COx-CHy-CH(Me)-CHo-tBu c2 86 51-52
Az COx-(CHy)s-CH(Me)-CHz-tBu ¢z 85 viscous oil
Ay COx-(CH3)2-CH(Me)-(CHp)3-iPr g 90 viscous oil
Az COs-(CHy)15-CH3 cs3 48 viscous oil
Az1 CO2-CHz-cCgHyy c2 71 viscous oil
Aj;; CO.-(CHj)z-Ada cs 61 106
A,y CO.-Ph C4 49 152¢
Au COz-CHz-Ph C1 68 855
Az CO-(CHy)s-Ph [ 86 111.5-112
Ay COx(CHys-Ph C2 88 viscous oil
Aﬂ COr(CHz)rPh (] 81 viscous oil
Az CO,-CH-CH(Me)-CHz-Ph [ 89 64-66
Az CO2-(CHjy):-CH(Me)-Ph C2 72 il
Aso COrCHrCHHCH-Ph C4 93 89
A; COx-CHy-(iPr)Ph C2 82 174-175
Ay CO,-CHo-(3,5-diMe)Ph c2 76 T70-71
Asy CO2-(3-OH)Ph [N 47 156
Au COr(4-Ph)Ph C4 78 102
Ajss COgz-l-naphthyl Cs 58 152
Ajss COg-2-naphthyl c4 38 168

¢148~150 °C in ref 41. ® 83.5 °C in ref 42.

condensation with the O-substituted hydroxylamine and
further catalytic reduction or by protecting the amino
group of the commercial 5-aminosalicylic acid by BocsO
(Boc, (tert-butyloxy)carbonyl) before coupling with the
O-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



Inhibitors of EGF-Receptor-Associated Tyrosine Kinase

Table 2. Amino Intermediates: Preparations and Properties
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NHR'
R
cmpd R’ R method yield (%) mp (°C)
B: H CH:-COH by 66 218-218.5 (HCl)»
B3 H CHz-COs-Me b 98 125-126.6
B; H CH:-CO.-Et b1 98 102-104
B, H CH:-CO-NH-0tBu by 96 140-142
Bs H CH;-CO-NH-OCH,Ph bs 73 150-151¢
Bs H CH:-POs-Et, b1 94 118-120
By H CO-NH-OMe b 80 189-190
Bio H CO-NH-0OtBu by 100 146-147
Bn H CO-NH-OCHz-Ph bs 90 200-201 (CFsCOsH)®
Bu H COrtBu b1 100 63-64.56
Bis H CO2-(CH2)2-tBu b 100 viscous oil
By H C02-CH2-CH(Me)-CHz-tBu by 97 44-45.5
Bis H CO02-(CH3);-CH(Me)-CHz-tBu b 100 viscous oil
By H CO2-(CHy):-CH(Me)-(CHg)3-iPr by 98 viscous oil
Bao H CO2-(CH2)15-CHj3 b 85 viscous oil
Ba H CO,-CHy-cCeHyy b 92 78-719
Bn H COz-(CHg)o-Ada b 92 109
Bas H COz-Ph | 88 162*
By H CO2-CH2-Ph bs 48 188 (HCl)ys*
Bas H CO2-(CHy)z-Ph h 97 76-76.5
Bag H C0O2-(CH2)s-Ph by 94 viscous oil
By H COs-(CHg)¢-Ph by 90 viscous oil
Bas H CO,-(CH3)-CH(Me)-CHz-Ph by 50 viscous oil
Bse H CO4-(CHy)3-CH(Me)-Ph b 50 viscous oil
By H C02-CHy-CH=CH-Ph bs 94 141
Ba H C04-CH2-(4-iPr)Ph b 39 oil
B H CO4-CH2-(3,5-diMe)Ph bs 49 96
Bss H CO04-(3-OH)Ph b 89 128
By H CO4-(4-Ph)Ph by 89 173
Bss H COz-1-naphthyl by 85 130
Bas H CO2-2-naphthyl b 78 143
Ciz Boc COOH i 97 278 (dec)
Cu Boc CO-NH-OCHz-Ph g 73 121.5-123.5

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

Scheme 2. Phenylacetic Series Intermediates¢
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% (by) Catalytic hydrogenatlon with palladium in methanol,
dichloromethane, or ethyl acetate; (bz) catalytic hydrogenation with
nickel in methanol; (bg) reduction with NaBH, in methanol; (bs)
reduction with aqueous NagSs04; (¢1) SOCl; and methanol or ethanol;
(c2) ROH/DCC/DMAP; (c3) SOCl; in toluene, then ROLi in THF;
(cs) DCC in pyridine/ DMF, then ROH in CH,Cl; or AcOE}Y; (f) HNO;
in H280,; (g) NH;OR, HC], and Et3N in CHCl3 and THF; (h) P(OEt)s.

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)aminol-

Scheme 3. Benzoic Series Intermediates?®
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8 (b;) Catalytic hydrogenation with palladium in methanol,
dichloromethane, or ethyl acetate; (bo) catalytic hydrogenation with
nickel in methanol; (bs) reduction with NaBH, in methanol; (bs)
reduction with aqueous Na2S:0y; (¢1) SOCl; and methanol or ethanol;
(c2) ROH/DCC/DMAP; (c3) SOCI; in toluene, then ROLi in THF;
(¢) DCC in pyridine/DMF, then ROH in CH;Cl; or AcOEt; (g)
NH:0R, HC], and Et;N in CHCl; and THF; (i) BoczO in dioxane;
() TFA in CHCl,.

salicylates could be obtained by direct esterification of
the 5-[(2,5-dihydroxybenzyl)amino]salicylic acid precur-
sor.
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Table 3. Preparations and PTK Inhibitory Activity in the Imino and Amino Series®

Imino series

Amino series

OH OH R
N
S G
H
OH R OH
R cmpd method vitroICso (uM) cell ICso (uM) cmpd method vitro ICs (uM)  cell ICs (uM)
CH,-COH I a 35 60 11, h 6 38
CH;-COz-Me I, a 100 20 11, bs 3 12
CH,-COz-Et Is a 100 20 I, bs 7 11
CH;-CO-NH-0tBu I, a 31 30 II, b 5 46
CH,-CO-NH-OCH,-Ph Iy a 50 61% at 10 115 bs 1 16
CH,-POs-Et; Is a >»100 75 Il by 4 70
CH,-POg-H, I; n.p. I e 3 >100
CO-NH-OH I n.p. 1Ig by 0.4 40
CO-NH-OMe Iy a 27 >»>100 Il by 0.3 20
CO-NH-OtBu I a 20% at 10 »20* Il by 0.1 35% at 20
CO-NH-OCH,-Ph I a 8% at 10 43% at 5 I bs 0.05 41% at 10
CO-OH Ijg** a 5 100 II;** by 0.03 92
CO2-Me Iyg** a 56% at 100 n.t. II;g** by 0.6 9
CO:-Et | O a 50 40 11, [ 0.4 6.1
COs-tBu Iis a 15% at 10 »10 IIs be 1 8
CO2-(CHg)2-tBu | I a 10% at 10 »2* ) ET bs 0.7 7
CO0,-CH,-CH(Me)-CHo-tBu Iz a »10* 10 117 bs ~4 0.8
CO0,-(CHj3):CH(Me)-CHs-tBu Is a 20% at 10 42% at 5 IIs be »1* 0.8
COz-(CHz)z-CH(Me)'(CHz)s'iPl‘ 119 a 20% at 10 5 II]Q b2 7 0.8
CO;-(CHy)15-CHj3 ) P n.i. 4 2% d; »5* »5*
CO2-CH;-cCgHyy I a n.t. n.t. Iy bs 1.2 2.5
CO;-(CHy)2-Ada Iz n.i. 11, d; DH* 1.25
COz-Ph I n.i. 112 d; 0.07 10
CO.-CHz-Ph | IV n.i Iy d; 0.08 2.5
CO2-(CHy)e-Ph Ias a n.t. n.t.  § Y b 0.13 3
CO:-(CHy)s-Ph Iag a n.t. n.t.  § P9 be 0.03 1.5
CO;-(CHp)¢-Ph Iz a n.t. n.t. 11 b 0.4 1.25
CO,-CH;-CH(Me)-CHz-Ph I a n.t. n.t. | § P9 bg 0.36 3.5
CO3-(CHg);-CH(Me)-Ph P9 a n.t. n.t.  § O bs 0.4 2.7
(E) COz-CHz-CH=CH-Ph Iao n.i. II;o d1 1.3 2
CO.-CH;-(4-iPr)Ph Iy a n.t. n.t. II3; be 1 14
CO.-CH;-(3,5-diMe)Ph ) €93 a n.t. n.t. | § £%) bs 3 1.6
CO3-(3-OH)Ph Iss n.i. IIys dz 0.09 M>5*
002-(4-Ph)Ph Iu ni. Ilu dz 5 42% at 5
COg-1-naphthyl Iss n.i. | § P ds 0.11 4.4
COy-2-naphthyl I3 n.i. | § P9 ds 0.09 21% atb

% 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.!® The inhibitor activity of the compounds on EGF-stimulated DNA synthesis was assessed by measuring [*H]Me-dT incorporation
into ER 22 cells as described by L’Allemain.43 * = 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 membranes?® as an enzyme source and the
tridecapeptide RR-Src (RRLIEDAEYAARG)!6 as the
phosphoryl acceptor substrate. The inhibitory activity of
the compounds on EGF-stimulated DNA synthesis at the
cellular level was assessed by measuring [*H]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-
ences.’® 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 (11,
11,2, I13, 1124, X126, I3, and I136) exhibited in vitro activity
comparable with that of the best PTK inhibitors already
reported in the literature, such as the lavendustins'617 or
quinazolines.# 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.!® 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 ICs; values <
1 uM in the EGF-dependent DNA assay on ER 22 cells
(Table 3). Thus, the biological activity of compounds IT;—
II,9 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 fixed RR-Src concentration
and various ATP concentrations for kinetic analysis versus ATP and in the presence of a fixed ATP and various RR-Src concentrations
for kinetic analysis versus RR-Src. Double-reciprocal plots are shown: (A) II;; versus ATP, (B) II;; versus RR-Src, (C) Iy versus

ATP, and (D) Il 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 ITs—IIs,.

Among compounds exhibiting the best activities in the
cell-based assay, it is intriguing to note that compounds
such as II;7II s 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
tyrphostin3! and thiazolidinedione PTK inhibitors.4 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 observation.31:45
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 11;3-11s), the
inhibitory effect, measured in vitro on the kinase, de-
creases. This decrease in inhibitory potency might be due
to decreased Mg?* chelation power of the substituted
salicylates as compared with the free salicylic moiety in
11,5

Investigation of the Salicylate Interaction with
Mg?+. A decrease of the Mg?* chelating power of alkyl
salicylates, as compared to the free acid II,s, appears to
besupported by the lower inhibitory potency of compound
II; as compared to II;, since in IT; 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

IIs 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 Mg?* seems important for certain inhibitors. Nev-
ertheless, intermediate compounds II,oand I1,;, protected
with hydrophobic substituents, showed improved inhib-
itory potencies with a preference for an aromatic ring (Il
is better than II,g), 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 at the end of
the linker enhanced the potency of the inhibitors (com-
pounds Ilz3-1157), and the linker length was optimized in
compound IT», which had good inhibitory activity for the
kinase (IC5 = 30 nM).

Asobserved with the alkyl esters, substitution by methyl
groups on the chain bearing an aromatic ring (compounds
II,3 and Ilz) is not advantageous for in vitro activity. The
rigidification of the linker, as shown by comparing 11z
and Ilg, and the hydrogenation of the aromatic ring to a
cyclohexyl ring, as shown by a comparison of II,; and 1y,
reduced activity. Neither esterification by larger aromatic
rings, such as a or 8 naphthyl groups (compounds Iy and
1156 as compared with IIz3), or biphenyl rings (compound
I134) nor substitution of the phenyl ring by hydrophobic
(II3; and II3; as compared with IIz4) or hydrophilic



850 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 6

Dixon
0.80 — (ATP]
A
0.40 + 0.5uM
- A 1uM
L] 0.30
E . ’
3'.@" o] 2uM
2 o + M
0.10 LomM
0.00 : - .
100 0 100 200 300 400 800 600
[H-13] nM
Eadie-Scatchard
. . {t2e]
. B
a A
+ 0
60 °
Iy 4 10nM
g o] +
S “© O 20nM
5 A . +  sonM
4 +
0, N A 100nM
4
o . ) .
0 5 10 15 20

(Thousands)
V (cpm)
Figure 2. (A) Competition analysis of II;s versus ATP using a
Dixon-plot representation showing a parabolic competitive
inhibition mode. (B) Competition analysis of IIys versus RR-Src
using Eadie-Scatchard representation showing a noncompetitive
inhibition mode.

substituents (Ilss) 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 II2s. 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
| P8

Mode of Inhibition. Kinetic Analyses. In order to
understand the inhibition mode of the inhibitors, enzy-
matic kinetic studies were performed. The salicylate
compound II;2 (ICs in vitro = 30 nM; ICy, cells = 92 uM)
was found to be competitive versus ATP and noncom-
petitive versus RR-Srcin Lineweaver-Burk- (Figure 1A,B)
and Dixon-plot representations (data not shown). This
competitive inhibition of ATP binding is in agreement
with the discussion in the Structure—Activity Relationships
section, assuming an essential role of the salicylate group
in chelating Mg?* in the complex formed with ATP 8 and
v phosphates. This hypothesis was confirmed by kinetic
analysis of methyl ester II;3. 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-Src3 with a reduced ICs in
vitro (0.6 uM) as compared to that of I1;2 (30 nM). Using
a Dixon-plot representation (Figure 2A), we obtained
parabolic curves for inhibition of ATP binding, showing
that compound II;3 is a slow parabolic competitive
inhibitor of ATP.#¢ This suggests that two molecules of
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Table 4. Inhibitory Potency of Selected Compounds against
Different Kinases Activity and EGFR Autophosphorylation®

vitro cell
EGFR ER 22
RR-Sr¢  autophosph  PKC PKA  [*H]dTinc
ICs (kM) ICs uM) ICso (uM) ICs (uM) ICso (uM)
 § 7Y 0.03 0.15 >100 >100 92
IIs 0.6 1 400 150 9
11,7 4 8 300 10 0.8
IIyy 7 25 20% at 10 10 0.8
 § 1 0.13 0.20 42% at 30 4 3
) | 9 0.03 0.7 >20 11 1.5

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

115 might bind to the ATP-binding site, probably due to
a decrease in the interaction of the methyl ester carboxyl
group with Mg?* in the ATP-binding site.

1144 is among the best compounds of this series. The
presence of an aromatic hydrophobic ester chain in Il
gives a good inhibitory effect on the kinase activity (ICs
= 30 nM) and on EGF-stimulated DNA synthesis (ICg =
1.5 uM). Kinetic analysis with compound I1s4 showed a
nencompetitive 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
theinhibition of RR-Src binding led to unusual plots using
both double-reciprocal Lineweaver-Burk (Figure 1D) and
Dixon (datanot shown) representations. Inthesegraphical
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 II24 is a noncompetitive inhibitor
of RR-Src.4 These results suggest that compound Ils
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 II;; and Il have a direct or
partial interaction within the ATP-binding site, respec-
tively. The interaction with I1;5474® suggests an extented
catalytic center in the ATP-binding site. It seems that
compounds with aromatic hydrophobic side chains like
IIs; 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
aprerequisite for further phosphorylation of the substrate
proteins,?? 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, 631 the doses
needed to inhibit receptor autophosphorylation are higher



Inhibitors of EGF-Receptor-Associated Tyrosine Kinase

than those needed to inhibit peptide phosphorylation.
Each of the compounds II,3, II;7, and Iz, is equipotent
on both processes. On the other hand, compounds II,,
(competitive with ATP) and Iy (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 IIy, IT;s, I155, and
115 are 102-10° times more potent in inhibiting PTKs
than PKC or PKA. Therefore, the low potency of II,,
and I1,3in the cellular model is probably due to their poor
cellular penetration. CompoundsITasand I1, whichhave
a more favorable hydrophobic-hydrophilic balance, have
significantly improved inhibitory effects on EGF-induced
DNA synthesis. Compounds II;7 and II;, 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 Il 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 IIz¢ 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
tested were noncompetitive inhibitors of the peptide
substrate RR-Srec.

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.l® However, takentogether
with the kinetic data, these results suggest that derivatives
like IT¢ 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 HER; is under study. Further work
is also underway to improve their efficacy, and molecular
modeling of the receptor catalytic site,* recently reported,
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should help for the research of inhibitors with higher
selectivity and affinity.

Experimental Section

Chemistry. Materialsand Methods. Allstarting 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 £0.4% of the theoretical value.

General Procedure of Imine Formation: Method a.
2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]ami-
no]phenylacetic Acid (I;). To a solution of B, (200 mg, 0.98
mmol, 1 equiv) in 10 mL of methanol were added 2,5-dihydrox-
ybenzaldehyde (136 mg, 0.98 mmol, 1 equiv) and triethylamine
(0.14 mL, 0.98 mmol, 1 equiv). The reaction mixture was stirred
at60 °C for8h. Thesolvent was removed on a rotary evaporator.
Purification by flash chromatography over silica gel (4:1, dichlo-
romethane:methanol) gave 200 mg of I, (71%): mp >300 °C;H
NMR (DMSO) § 12.32 (1H, s, OH), 9.05 (1H, s, OH), 8.7 (1H, s,
CH==N), 7.1 (2H, m, H6, H4), 6.9 (1H, 4, J = 3 Hz, H6'), 6.78
(1H, dd, J = 3 Hz, 8.5 Hz, H4'), 6.7 (1H, d, J = 8.5 Hz, H3), 6.66
(1H, d, J = 8.5 Hz, H3), 3.35 (2H, s, CH;). Anal. (C;sH:sNOg)
C,H,N.

General Procedures of Reduction., Catalytic
Hydrogenation: Method b;. 2-Hydroxy-5-aminophenylace-
tic Acid Methyl Ester (B;). A solution of A; (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.
Thesolvent was then stripped off on a rotary evaporator to provide
270 mg (98%) of B2: mp 125-126.5 °C; 'H NMR (DMSO) 4 8.38
(1H, s, OH), 6.45 (1H, d, J = 8.5 Hz, H3), 6.3 (1H, d, J = 3 Hz,
He), 6.28 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 4.45 (2H, s, NH), 3.52
(3H, s, CHy), 3.38 (2H, s, CH,).

Catalytic Hydrogenation: Method b;. 2-Hydroxy-5-[N-
[(2,5-dihydroxyphenyl)methyl]amino]phenylacetic Acid
Methyl Ester (II,). A solution of I (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 h and then filtered and washed with methanol.
Thesolvent was stripped off on a rotary evaporator. Theresidue
was purified by flash chromatography over silica gel (9:1,
dichloromethane:methanol) to provide 143 mg (71%) of II: mp
149-150 °C; 'H NMR (DMSOQ) é 8.656 (1H, s, OH), 8.45 (1H, s,
OH), 8.38 (1H, s, OH), 6.58 (1H, d, J = 3 Hz, H¢"), 6.52 (1H, d,
J = 8.5 Hz, H3), 6.48 (1H, d, J = 8.5 Hz, H3),6.36 (1H,d, J =
3 Hz, 8.5 Hz, H4), 6.34 (1H, d, J = 3 Hz, H6), 6.25 (1H, dd, J
= 3 Hz, 8.5 Hz, H4), 5.26 (1H, d, J = 6 Hz, NH), 3.99 (2H, d, J
=6Hz, CH;N), 3.52 (3H, 5, CHj3), 3.39 (2H,s, CH,). Anal. (CigHir-
NOs) C, H, N.

Reduction with NaBH, in Methanol: Method b;.
2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]Jamino]-N-
(benzyloxy)phenylacetyl Amide (II5). Toasolutionof I5 (200
mg, 0.69 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 HCL. 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/methanol) to provide 189 mg (90%) of
IIy: mp 1561-153 °C; 'H NMR (DMSO) 4 11.08 (1H, s, CONH),
8.68 (1H, s, OH), 8.48 (1H, s, OH), 7.3 (5H, s, Ph), 6.6 (1H, d, J
= 3 Hz, H¢'), 6.52 (1H, d, J = 8.5 Hz, H3"), 6.48 (1H, d, J = 8.5
Hz, H3), 6.36 (1H, d, J = 3 Hz, 8.5 Hz, H4"), 6.35 (1H,d, J =3
Hz, H6), 6.23 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 5.28 (1H, d, J =
6 Hz, NH), 4.75 (2H, 5, CHy), 3.98 (4H, d, J = 6 Hz, CH;N), 3.1
(2H, 8, CHzCOz). Anal, (szszNzOs) C, H, N.
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Reduction with Fe/HCl in Aqueous Ethanol: Method b,.
5-Amino-2-hydroxybenzoic Acid 3-Phenylprop-2-en-1-yl Es-
ter (Byo). A solution of Agy (2.99 g, 10 mmol), 1.68 g (30 mmol)
of powdered iron, and 5 mL of 37% aqueous HCI 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 (7:3, cyclohexane:
ethylacetate), gave 650 mg (24 % ): mp 141 °C;'H NMR (DMSO)
4 9.82 (bs, 1H, OH), 7.56 (2H, d, J = 8 Hz, H?’, H¢"), 7.40 (2H,
t,J = 8 Hz, H3', H5"), 7.33 (1H, t, J = 8 Hz, H4"), 7.12 (1H, d,
J = 8.5 Hz, H6), 6.88 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.85 (1H,
d, J = 16 Hz, CH-Ph), 6.76 (1H, d, J = 8.5 Hz, H3), 6.53 (1H,
dt,J = 6 Hz, 16 Hz, CH,-CH==), 5.01 (2H, d, J = 8 Hz, CO;-CH,),
4.85 (bs, 2H, NH,).

Reduction with Aqueous Na;S:0, Method b;. 2-Hy-
droxy-5-amino-N-(benzyloxy)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 hydrosulfite
(11.49 mmol, 6.9 equiv). The reaction gave a white precipitate
onstanding at room temperature for 30 min, which was collected,
washed with water, and dried to give 328 mg (73%) of Bs: mp
150-151 °C; *H NMR (DMSO0) 4 11.05 (1H, s, NH), 8.5 (1H, s,
OH), 7.3 (6H, s, Ph), 6.46 (1H, d, J = 8.5 Hz, H3), 6.32 (1H, d,
J = 3 Hz, H6), 6.26 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 4.75 (2H, s,
CH,Ph), 4.35 (2H, s, NH,), 3.1 (2H, s, CH)).

General Procedures of Esterification: Method ¢,. 2-Hy-
droxy-5-nitrophenylacetic Acid Methyl Ester (A;). To a
solution of A; (500 mg, 2.54 mmol, 2 equiv) in 10 mL of methanol
was added dropwise at 0 °C 1 mL of thionyl chloride (18.7 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% NaHCO,, water, 1 N aqueous hydrochlo-
ride, and saturated aqueous sodium chloride and dried over
anhydrous sodium sulfate. The solid obtained by stripping off
thesolvent on arotary evaporator was purified by recrystallization
from ethanol and water to provide 390 mg (69%) of A;: mp
155.5-156.5 °C; *H NMR (DMSO) § 11.2 (1H, s, OH), 8.1 (1H,
d,J = 3 Hz, H6), 8.0 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.9 (1H, d,
J = 8.6 Hz, H3), 3.68 (2H, s, CHy), 3.55 (3H, s, CHj).

Method c;. 2-Hydroxy-5-nitrobenzoic Acid tert-Butyl
Ester (Ags). 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, 0.55mmol, 0.1 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 was 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 (1:1, ethyl
acetate:hexane) provided 0.81 g (62%) of the desired compound
A;s: mp 81-81.5 °C; TH NMR (DMSO) 6 11.5 (1H, s, OH), 8.4
(1H, d, J = 3 Hz, H6), 8.27 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 7.08
(1H, d, J = 8.5 Hz, H3), 1.55 (9H, s, C(CHy)s).

Method cs. 2-Hydroxy-3-nitrobenzoic Acid 2-(1-Tricyclo-
[3.3.1.1}decyl)ethyl Ester (Aj;). 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 °C,
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 2-(1-
tricyclo[8.3.1.11decyl)ethanolate, freshly prepared from 9 g (50
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 HC] and water, dried with sodium sulfate,
and evaporated to dryness. Purification by flash chromatography
oversilica gel (7.5:2.5, cyclohexane:ethyl acetate) gave 10.5g (61 %)
of Az mp 106 °C; 'H NMR (DMSOQ) 4 8.55 (1H, d, J = 8 Hz,
Hs6), 8.32 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 7.25 (1H, d, J = 8.5 Hz,
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H3), 4.4 (2H, J = 7 Hz, CO,CHj,), 2.0-1.5 (18H, m, CH; and CH
from tricyclo[3.3.1.1]decyl).

Methodc,. 2-Hydroxy-5-nitrobenzoic Acid3-Hydroxyphe-
nyl Ester (Ag). To a solution of poly(2-hydroxy-6-nitroben-
zoate) (18.3 g, 0.1 mmol), prepared in 70% yield from 2-hydroxy-
5-nitrobenzoic acid and DCC in pyridine and N,N-dimethyl-
formamide (DMF) according to Steward’! and resorcinol (11 g,
0.1 mmol) in 500 mL of dichloromethane, was added imidazole
(68 g, 1 mmol) by portions at room temperature. The resuiting
solution was stirred at room temperature until completion of the
reaction (TLC). After sequential washing with water, 1 N HC,
and water, the organic layer was dried with sodium sulfate and
evaporated to dryness. Purification, by flash chromatography
on silica gel (9.5:0.5, dichloromethane:ethyl acetate), gave 12.93
g2(47%) of A33: mp 156 °C;'H NMR (DMSO0) §9.80 (1H, s, OH),
8.70 (1H, d, J = 3 Hz, H6), 8.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4),
727 1 H, t, J = 85 Hz, H¥), 7.21 (1R, 4, J = 8.6 Hz, H3),
6.80-6.65 (3H, m, H2', H4/, H¢').

General Procedure of Reductive Amination: Method d;.
2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]ben-
zoic Acid n-hexadecyl Ester (IIy). A solution of 5-amino-
2-hydroxybenzoic acid n-hexadecyl ester (Bag) (2.6 g, 10 mmol)
and 2,5-dihydroxybenzaldehyde (1.47 g, 10 mmol) 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, cyclohexane:ethyl acetate), gave 2.6 g (45%) of
1150 mp 102°C;*H NMR (DMSO0) 6 11.57 (1H, s, OH), 8.95 (1H,
d,J = 3 Hz, H6), 6.85 (1H, dd, J = 3 Hz, 8.6 Hz, H4), 6.70 (1H,
d, J = 8.6 Hz, H3), 6.60 (1H, d, J = 3 Hz, H6"), 6.58 (1H, d, J
= 8.5 Hz, H¥'), 6.33 (1H, dd, J = 3 Hz, 8.56 Hz, H4"), 5.90 (1H,
t,J = 6.5 Hz, NH), 4.42 (2H, t, J = 7 Hz, C0,-CH,), 4.15 (2H,
t, J = 6.5 Hz, CH,~N), 1.82 (2H, m, CO,-CH,-CH), 1.45-1.20
(26H,m, (CH,)15-CH3),0.87 (3H, t,JJ =7 Hz, CH3). Anal. (CooHys-
NOy) C, H, N, O.

Method d;. 2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)me-
thyllamino]benzoic Acid 4-Phenylphenyl Ester (IIy). A
solution of 5-amino-2-hydroxybenzoic acid 4-phenylphenyl ester
(Bs) (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, cyclohexane:ethyl acetate), gave 1.70 g
(79%) of IIy: mp 190 °C; *H NMR (DMSO) 4 9.55 (1H, s, OH),
8.82 (1H, s, OH), 8.62 (1H, s, OH), 7.77-7.43 (9H, m, 4-phe-
nylphenyl), 7.20 (1H, d, J = 3.5 Hz, H6), 6.98 (1H, dd, J = 8.5
Hz, 9 Hz, H4), 6.84 (1H, d, J = 9 Hz, H3), 6.70 (1H, d, J = 3 Hz,
Heé), 6.63 (1H, d, J = 8.5 Hz, H3'), 6.48 (1H, dd, J = 3 Hz, 8.5
Hz, H4'), 592 (1H, t, J = 6.5 Hz, NH), 4.13 (2H, d, J = 6.5 Hz,
CHj). Anal. (CHyNOs) C, H, N, O.

General Procedure of Phosphonate Hydrolysis: Method
e. [[2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
phenyllmethyliphosphonic Acid Hydrochloride (II;). I;
(170 mg) was dissolved in 5 mL of 6 N HCl. The solution was
heated to 120 °C 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
II;: mp > 300 °C; 'H NMR (DMSO) § 10.6 (2H, bs, OH), 10.0
(2H, bs, NH3), 9.4 (1H, bs, OH), 8.8 (1H, s, OH), 7.3 (1H, d, J
= 3 Hz, H6), 7.08 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.82 (1H, d,
J = 8.5 Hz, H3), 6.7 (1H, d, J = 8.5 Hz, H3"), 6.66 (1H,d, J =
3 Hz, Hé"), 6.58 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 4.15 (2H, s,
CH;N), 2.9 (2H, d, J = 22 Hz, CH,P). Anal. (C;H;yNOGPCI)
C,H,N.

General Procedure of Nitration: Method f. 2-Hydroxy-
5-nitrophenylacetic Acid (A;). To a solution of 2-hydroxy-
phenylacetic acid (6.08 g) in 16 mL of water was added dropwise,
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under stirring at 0 °C, 8 mL of nitric acid (40%). After the
addition, the reaction mixture was maintained for 1.5 hat 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 recrystallized
with ethanol and water to give 2-hydroxy-3-nitrophenylacetic
acid (2.85 g, 36%) and 3.37 g (43%) of A;: mp 159.5-160.5 °C;
'H NMR (DMSO0) §12.3 (1H,s,CO,H), 11.1 (1H,s,OH), 8.1 (1H,
d,J = 3 Hz, H6), 8.0 (1H, dd, J = 3 Hz, 8.5 Hz, H4),6.9 (1H, d,
J = 8.5 Hz, H3), 3.55 (2H, s, CHy).

General Procedure of Hydroxylamine Condensation:
Method g. 2-Hydroxy-5-nitro-N-tert-butoxyphenylacetyl
Amide (A,). Toasolution of N-tert-butoxyamine hydrochloride
(1.21 g, 9.63 mmol, 1 equiv) in 16 mL of anhydrous chloroform
wereadded at 0 °C 1.4 mL of triethylamine (10 mmol, 1.04 equiv),
asolution of A; (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 A¢z mp
182-184 °C; 'H NMR (DMSO) 4 10.48 (1H, s, NH), 8.05 (1H, d,
J = 3 Hz, H6), 8.0 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.9 (1H, d, J
=85 HZ, H3), 34 (2H, 8, CHz), 1.1 (9H, 8 C(CHa)s).

General Procedure of Phosphonate Preparation: Method
h. [(2-Hydroxy-5-nitrophenyl)methyl]phosphonic Acid Di-
ethyl Ester (Ag). A mixture of 2-hydroxy-5-nitrobenzyl chloride
(1 g) in 4 mL of triethyl phosphite was stirred at 60 °C for 4 h.
After cooling, the white precipitate was collected and dried to
give 1.54 g (100%) of Ag: mp 139-140 °C; 'H NMR (DMSO) &
8.08 (1H, d, J = 3 Hz, H6), 7.95 (1H, dd, J = 3 Hz, 8.5 Hz, H4),
6.9 (1H,d, J = 8.5 Hz, H3), 3.9 (4H, q, J = 8.5 Hz, CH}), 3.2 (2H,
d, J = 21 Hz, CH,P), 1.12 (6H, t, J = 8.5 Hz, CHjy).

General Procedure of Amino-Group Protection: Method
i. 2-Hydroxy-5-[(tert-butoxycarbonyl)amino]benzoic Acid
(Ci2). 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). Thereaction 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 C13: mp 278 °C;*H NMR (DMSO0)
$9.2 (1H, s, NH), 7.9 (1H,d, J = 3 Hz, H6), 7.45 (1H, dd, J =
3 Hz, 8.5 Hz, H4), 6.8 (1H, d, 8.5 Hz, H3), 1.3 (8H, s, C(CHy)s).

General Procedure of Amino-Group Deprotection: Meth-
od j. 2-Hydroxy-5-amino-N-(benzyloxy)benzoyl Amide Tri-
fluoroacetic Acid (By;). A solution of By; (1.5 g, 4.19 mmol)
in 12 mL of 2:1 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 By;: mp 200~201 °C; *H NMR (DMSO) §11.4 (1H, s, CONH),
10.0 (3H, s, NH3), 7.5 (1H, d, J = 3 Hz, H6), 7.35 (6H, m, Ph),
7.2 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.95 (1H, d, 8.5 Hz, H3), 4.9
(2H, 8, CHz).

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]phenylacetic Acid Methyl ester (I;). B, (269 mg, 1.49
mmo}, 1 equiv) and 2,5-dihydroxybenzaldehyde (206 mg, 1.49
mmol, 1 equiv) were coupled according tomethod a. Purification
by flash chromatography over silica gel (20:1, dichloromethane:
methanol) gave 359 mg (80% ) of 15: mp 139.5-140.5°C; tHNMR
(DMSO0) 5 12.25 (1H, s, OH), 9.7 (1H, s, OH), 9.1 (1H, s, OH),
8.75 (1H, s, CH=N), 7.2 (1H, 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, H¢"), 6.8 (1H, d,
J = 8.5 Hz, H3), 6.78 (1 H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.70 (1H,
d, J=85 HZ, HS’), 3.58 (5H, 8, CHQ, CHs) Anal. (C13H15N05)
C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]phenylacetic Acid Ethyl Ester (I;). B; (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:
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methanol) gave 419 mg (68%) of Iy: mp 183-184 °C; 'H NMR
(DMSO0) 5 12.25 (1H, s, OH), 9.8 (1H, s, OH), 9.1 (1H, s, OH),
8.72 (1H, s, CH==N), 7.2 (1H, d, J = 3 Hz, H6), 7.18 (1H, dd, J
= 3 Hz, 8.5 Hz, H4), 6.9 (1H, d, J = 3 Hz, H6"), 6.8 (1H,d,J =
8.5 Hz, H3), 6.78 (1H, dd, J = 3 Hz, 8.5 Hz, H4’), 6.70 (1H, 4,
J = 8.5 Hz, H3"), 4.06 (2H, q, J = 8.5 Hz, CO,CHy,), 3.565 (2H, s,
CH,P), 1.15 (3H, t, J = 8.5 Hz, CH;). Anal. (C;;H;;NOjs) C, H.
N

2-Hydroxy-5-[N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]-N-tert-butoxyphenylacetyl Amide (I,). B, (238 mg, 1
mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (138 mg, 1 mmol,
1 equiv) were coupled according to method a. Purification by
flash chromatography over silica gel (9:1, dichloromethane;meth-
anol) gave 188 mg (53%) of I mp 190.5-191.5 °C; 'H NMR
(DMSO0) é 12.25 (1H, s, OH), 10.4 (1H, s, NH), 9.8 (1H, s, OH),
9.0 (1H, s, OH), 8.8 (1H, s, CH=N), 7.17 (1H, d, J = 3 Hz, H6),
7.15 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.9 (1H, d, J = 3 Hz, H¢),
6.8 (1H, d, J = 8.5 Hz, H3), 6.75 (1H, dd, J = 3 Hz, 8.5 Hz, H4),
6.70(1H,d,J=8.5Hz,H3),3.3(2H,s,CH,), 1.25 (9H, s, C(CHy)s).
Anal. (C19H22N205) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]-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 (9:1,
dichloromethane:methanol) gave 323 mg (756%) of Iy: mp 210-
211 °C; 'H NMR (DMSO) 4 12.55 (1H, s, OH), 11.0 (1H, s, NH),
9.8 (1H, s, OH), 9.0 (1H, 5, OH), 8.7 (1H, 5, CH=N), 7.3 (6H, m,
Ph), 7.17 (1H, d, J = 3 Hz, H6), 7.15 (1H, dd, J = 3 Hz, 8. 5 Hz,
H4), 6.9 (1H, d, J = 3 Hz, H6"), 6.8 (1H, d, J = 8.5 Hz, H3), 6.75
(1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.70 (1H, d, J = 8.5 Hz, H3),
?48 I(\IZH, s, CH;0), 3.3 (2H, s, CH,CO). Anal. (CyH2N:0s) C,

[[2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]-
amino]phenyl]methyl]phosphonic Acid Diethyl Ester (I;).
B, (337 mg, 1.30 mmol, 1 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 Is: mp 138-139 °C; 'H NMR
(DMSO) 5 12.45 (1H, s, OH), 9.75 (1H, s, OH), 9.0 (1H, s, OH),
8.7 (1H, s, CH=N), 7.2 (1H, d, J = 3 Hz, H6), 7.16 (1H, dd, J
= 3 Hz, 8.5 Hz, H4), 6.9 (1H, d, J = 3 Hz, H¢’), 6.82 (1H, d, J
= 8.5 Hz, H3), 6.78 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.70 (1H, d,
J = 8.5 Hz, H3), 3.9 (4H, d, J - 8.5 Hz, OCH)), 3.12 2H, d, J
= 20 Hz, CH;P), 1.15 (6H, t, J = 8.5 Hz, CH;3). Anal. (C;sHz-
NOgP) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidenelam-
ino]-N-methoxybenzoyl Amide (Iy). B (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 Iy: mp 222-224 °C; 'H NMR (DMSO) &
12.2 (1H, s, OH), 11.85 (1 H, s, NH), 9.05 (1H, s, OH), 8.8 (1H,
s, CH=N), 7.7 (1H, d, J = 3 Hz, H6), 7.5 (1H, 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 (1H, dd, J = 3 Hz, 8.5 Hz, H4),6.72 (1H, d, J = 8.5 Hz, H3'),
3.7 (3H, s, CH3). Anal. (C;sH1N2Os) C, H, N.

2-Hydroxy-5-[(2,5-dihydroxyphenyl)methylidene]lamino]-
N-tert-butoxybenzoyl Amide (I;y). Bjo (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 (9:1, dichloromethane:methanol)
gave 319 mg (83%) of I;o: mp 252-253 °C; 'H NMR (DMSO) &
12.25 (1H, s, OH), 11.8 (1H, s, NH), 11.1 (1H, s, OH), 9.05 (1H,
s, OH), 8.8 (1H, s, CH=N), 7.73 (1H, d, J = 3 Hz, H6), 7.5 (1H,
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'), 6.78 (1H, dd, JJ = 3 Hz, 8.5 Hz, H4"), 6.72 (1H,
(é, J= 13.5 Hz, H3"), 1.25 (9H, s, C(CHj)s). Anal. (C13H2oN:05)

,H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylideneJam-
ino]-N-(benzyloxy)benzoyl Amide (I;;). By (295mg, 1 mmol,
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 I;;: mp 220~221 °C; *H NMR (DMSO) é 12.24 (1H, s, OH),
11.8 (1H, s, NH), 9.05 (1H, s, OH), 8.8 (1H, s, CH=N), 7.68 (1H,



854 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 6

d,J = 3 Hz, H6), 7.5 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 7.48-7.3 (5H,
m, Ph), 6.97 (2H, d, J = 8.5 Hz, H3), 6.95 (1H, d, J = 3 Hz, H6"),
6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.72 (1H, d, J = 8.5 Hz, H3"),
49 (2H, 8, CHg). Anal. (CleuNzOg) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]benzoic Acid (I,3). 5-Aminosalicylicacid (1.11g,7.24 mmol,
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 (4:1, dichloromethane:
methanol) gave 1.55 g (78%) of Is; mp >300 °C dec; ‘H NMR
(DMSO0) 5 12.65 (1H, s, OH), 11.8 (1H, s, OH), 9.02 (1H, s, OH),
8.8 (1H, s, CH==N), 7.75 (1H, d, J = 3 Hz, H6), 7.3 (1 H, dd, J
= 3 Hz, 8.5 Hz, H4), 6.95 (1H, d, J = 3 Hz, H¢'), 6.7 (3H, m, H3,
H4’, H3’). Anal. (C;H;;NO;) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]benzoic Acid Methyl Ester (I;3). B3 (476 mg, 2.29 mmol,
1 equiv) and 2,5-dihydroxybenzaldehyde (317 mg, 2.30 mmol, 1
equiv) were coupled according to method a. The precipitate was
collected, washed, with methanol, and dried to give 539 mg (82%)
of I;s: mp 221.5-222.5 °C; 'H NMR (DMSO0) §12.15 (1 H, s, OH),
10.49 (1H, s, OH), 9.056 (1H, s, OH), 8.8 (1H, s, CH=N), 7.75 (1H,
d, J = 3 Hz, H6), 7.6 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 7.02 (1H,
d, J = 8.5 Hz, H3), 6.99 (1H, d, J = 3 Hz, H6"), 6.8 (1H, dd, J
= 3 Hz, 8.5 Hz, H4), 6.72 (1H, d, J = 8.6 Hz, H3"), 3.9 (3H, s,
CHj). Anal. (CsH;sNOs) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]lbenzoic Acid Ethyl Ester (I,,). By, (500 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 (66%) of I, mp 185-186
°C;H NMR (DMSO0) 6 12.1 (1H, s, OH), 10.52 (1H, s, OH), 9.05
(1H, s, OH), 8.8 (1H, s, CH=N), 7.7 (1H, d, J = 3 Hz, H6), 7.6
(1H, dd, J = 3 Hz, 8.5 Hz, H4), 7.02 (1H, d, J = 8.5 Hz, H3), 6.99
(1H, d, J = 3 Hz, H¢'), 6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.72
(1H,d, J = 8.5 Hz, H3"), 4.35 (2H, q, J = 8.5 Hz, CH)), 1.32 (3H,
t, J=85 HZ, CHs). Anal. (CmeNOs) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino)benzoic Acid tert-Butyl Ester (I;5). Bys (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 (96%) of Ijs. An analytical sample was prepared by
recrystallization from ethyl acetate and hexane: mp 168.5-169.5
°C;'H NMR (DMSO0) 6 12.1 (1H, s, OH), 10.65 (1H, bs, OH), 9.02
(1H, bs, OH), 8.8 (1H, s, CH=N), 7.65 (1H,d, J = 3 Hz, H6), 7.6
(1H, dd, J = 3 Hz, 8.5 Hz, H4), 7.01 (1H, d, J = 8.6 Hz, H3), 6.9
(1H, s, J = 3 Hz, H¢'), 6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.73
(1H, d, J=85 Hz, H3'), 1.58 (9H, 8, C(CHs)s). Anal. (ClaHm-
NO;) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidenelam-
ino]benzoic Acid 3,3-Dimethylbutyl Ester (I¢). By (500 mg,
1.86 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (258 mg,
1.87 mmol, 1 equiv) were coupled according to method a.
Crystallization of the residue with methanol afforded 470 mg
(65%) of I, mp 160.5-161.5 °C; 'H NMR (DMSO0) é 12.1 (1H,
s, OH), 10.5 (1H, bs, OH), 9.1 (1H, bs, OH), 8.78 (1H, 5, CH=N),
7.7(1H, d,J = 3 Hz, H6), 7.6 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 7.02
(1H, d, J = 8.5 Hz, H3), 6.9 (1H, d, J = 3 Hz, H6"), 6.8 (1H, dd,
J = 3 Hz, 8.5 Hz, H4), 6.72 (1H, d, J = 8.5 Hz, H3"), 4.35 (2H,
t, J = 8 Hz, CO,CHy), 1.65 (2H, t, J = 8 Hz, CH,), 0.95 (9H, s,
C(CHs)s). Anal. (CooHgsNOs) C, H, N.

2-Hydroxy-5-[ N-[(2,6-dihydroxyphenyl)methylidene]am-
ino]benzoic Acid 2,4,4-Trimethylpentyl Ester (I,;). By7 (460
mg, 1.74 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (240
mg, 1.74 mmol, 1 equiv) were coupled according to method a.
Purification by flash chromatography over silica gel (dichlo-
romethane) gave 505 mg (76 %) of I,7; mp 91-92.5 °C; *H NMR
(DMSO0) §12.1 (1H, s, OH), 9.1 (1H, s, OH), 8.78 (1H, s, CH=N),
7.69 (1H, d, J = 3 Hz, H6), 7.6 (1H, dd, J = 3 Hz, 8.5 Hz, H4),
7.0(1H,d, J = 8.5 Hz, H3),6.98 (1H, d, J = 3 Hz, H6"), 6.79 (1H,
dd,J = 3Hz, 8.6 Hz, H4"),6.72 (1H, d, J = 8.5 Hz, H3'), 4.15-3.95
(2H, m, CO;CHjy), 1.95 (1H, m, CH), 1.48-1.0 (2H, m, CHy), 0.98
(3H, d, J=85 Hz, CHs), 0.88 (9H, 8, C(CHa)s. Anal. (CZ2H27'
NOg) C, H, N.

2-Hydroxy-5[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]benzoic Acid 3,5,5-Trimethylphenyl Ester (I;s). By
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(1.5 g, 5.38 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (743
mg, 5.38 mmol, 1 equiv) were coupled according to method a.
Purification by flash chromatography over silica gel (dichlo-
romethane) gave 2.12 g (99%) of I;5: mp 130-131 °C; :H NMR
(DMSO0)é12.1 (1H,s,OH), 9.1 (1H,s, OH), 8.78 (1H, s, CH=N),
7.68 (1H, d, J = 3 Hz, H6), 7.6 (1H, dd, J = 3 Hz, 8.5 Hz, H4),
7.0 (1H, d, J = 8.5 Hz, H3), 6.95 (1H, d, J = 3 Hz, H6), 6.79 (1H,
dd, J = 3 Hz, 8.5 Hz, H4"), 6.7 (1H, d, J = 8.5 Hz, H3"), 4.3 (2H,
t, J = 8 Hz, CO,CH,), 1.65 (3H, m, CH, CHy), 1.3-1.0 (2H, m,
CHy), 0.94 (3H, d, J = 8 Hz, CHy), 0.84 (9H, s, C(CHj)s). Anal.
(CQSHZDNOB)) C) Hs N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]benzoic Acid 3,7-Dimethyloctyl Ester (I,). By (400 mg,
1.37 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (189 mg,
1.37 mmol, 1 equiv) were coupled according to method a.
Purification by flash chromatography over silica gel (dichlo-
romethane) gave 553 mg (98%) of I,y: mp 120-121 °C; 'H NMR
(DMSO) 6 12.08 (1H, s, OH), 10.5 (1H, bs, OH), 9.1 (1H, s, OH),
8.78 (1H, s, CH=N), 7.68 (1H, d, J = 3 Hz, H6), 7.6 (1H, dd, J
= 3 Hz, 8.6 Hz, H4), 7.0 (1H, d, J = 8.5 Hz, H3),6.95 (1H,d, J
= 3 Hz, H¢"), 6.78 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.72 (1H, 4,
J = 8.6 Hz, H3'), 4.35 (2H, t, J = 8 Hz, CO,CH;), 1.75 (1H, m,
CH), 1.5 (3H, m, CH, CH,), 1.35-1.0 (6H, m, CHy), 0.9 (3H, d,
J =8 Hz, CHy), 6 H, d, J = 8 Hz, CHg). Anal. (CoHyNOs) C,
H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]lbenzoic Acid Cyclohexylmethyl Ester (I5;). Bj; (375 mg,
1.51 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (210 mg,
1.51 mmol, 1 equiv) were coupled according to method a.
Purification by flash chromatography over silica gel (9:1, dichlo-
romethane:methanol) and recrystallization from dichloromethane
gave 550 mg (100%) of I3;: mp 123-125 °C; 'H NMR (DMSO)
612,09 (1H, s, OH), 10.55 (1H, s, OH), 9.04 (1H, s, OH), 8.8 (1H,
s, CH=N), 7.7 1H, d, J = 3 Hz, H6), 7.6 (1H,dd, J = 3 Hz, 8,5
Hz, H4), 7.05 (1H, d, J = 8.5 Hz, H3), 7.0 (1H, d, J = 3 Hz, H6"),
6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.72 (1H, d, J = 8 Hz, H3"),
4,14 (2H,d,J = 8.5 Hz, CO,CH), 1.8-0.9 (11H, m, C¢H,;). Anal.
(Cz1H2sNOs) C, H, N,

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
inolbenzoic Acid 2-Phenylethyl Ester (Is). Bz (210mg,0.79
mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (110 mg, 0.79
mmol, 1 equiv) were coupled according to method a. Purification
by recrystallization from chloroform and hexane gave 250 mg
(82%) of Is: mp 185-186 °C; 'H NMR (DMSO0) 5 12.1 (1H, s,
OH), 9.1 (1H, bs, OH), 8.78 (1H, s, CH=N), 7.65 (1H,d, J = 3
Hz, H86), 7.6 (1H, dd, J = 3 Hz, 8.6 Hz, H4), 7.05 (1H, d, J = 8.5
Hz, H3),6.98 (1H, 5, H6"), 6.8 (1H, dd, J = 3 Hz, 8 Hz, H4"), 6.72
(1H, d, J = 8 Hz, H3"), 5.92 (2H, s, CHy), 1.15 (9H, s, C(CHj)s.
Anal. (CxH;sNOs) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidenejam-
ino]benzoic Acid 3-Phenylpropyl Ester (Iy). By (1 g, 3.69
mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (510 mg, 3.69
mmol, 1 equiv) were coupled according tomethod a. Thereaction
mixture was concentrated. The precipitate was filtered to provide
1.25 g (87%) of Iss: mp 170 °C; 'H NMR (DMSO) 6 12,15 (1H,
s, OH), 9.1 (1H, s, OH), 8.78 (1H, s, CH=N), 7.28-7.08 (5H, m,
Ph), 7.61 (1H, d, J = 3 Hz, H6), 7.6 (1H, dd, J = 3 Hz, 8.5 Hz,
H4),7.0 1H, d, J = 8.5 Hz, H3), 6.98 (1H, J = 3 Hz, 5, H6"), 6.8
(1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.74 (1H, 4, J = 8.5 Hz, H3"),
4.26 (2H, t, J = 8 Hz, CO,CH,), 2.7 (2H, t, J = 8 Hz, CH,Ph),
2.02 (2H, p, J = 8 Hz, CH;). Anal. (Cy3H3;NOg) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene)am-
ino]benzoic Acid 4-Phenylbutyl Ester (Iy;). B (1g,3.5 mmol,
1 equiv) and 2,5-dihydroxybenzaldehyde (480 mg, 3.5 mmol, 1
equiv) were coupled according tomethod a. The reaction mixture
was concentrated. The precipitate was collected and dried to
provide 1.21 g (85%) of Is;: mp 127-128 °C; tH NMR (DMSO)
§ 12,15 (1H, s, OH), 10.5 (1H, s, OH), 9.1 (1H, s, OH), 8.78 (1H,
s, CH=N), 7.68 (1H, d, J = 38 Hz, H6), 7.6 (1H, dd, J = 3 Hz,
8.5 Hz, H4), 7.28-7.05 (6H, m, Ph), 7.0 (1H, d, J = 8.5 Hz, H3),
6.98 (1H, s, H6"), 6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.72 (1H,
d, J = 8.5 Hz, H3"), 4.3 (2H, t, OCH)), 2.6 (2H, t, CH,), 1.7 (4H,
m, CH,CH;Ph). Anal. (C3HNOs) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
ino]benzoic Acid 2-Methyl-3-phenylpropyl Ester (Iss). By
(500 mg, 1.75 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde
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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 Is: mp 132-133 °C; 'H NMR (DMSO) ¢ 12.1
(1H,s,0H),10.5 (1H,s, OH),9.1 (1H,s,OH),8.78 (1H, s, CH=N),
7.6 (2H, m, H6, H4), 7.28=7.05 (5H, m, Ph), 7.0 (1H,d, J = 8.5
Hz, H3), 6.98 (1H, J = 3 Hz, s, H6"), 6.78 (1H, dd, J = 3 Hz, 8.5
Hz, H4"), 6.72 (1H, d, J = 8.5 Hz, H¥), 4.15 (2H, m, OCHy),
2.8-2.5 (2H, m, CHy), 2.2 (1H, m, CH), 0.95 (3H, d, J = 8 Hz,
CHjy). Anal. (C3Hy3sNOs) C, N, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidenelam-
ino]benzoic Acid 3-Methyl-3-phenylpropyl Ester (I). By
(1g, 3.5 mmol, 1 equiv) and 2,5-dihydroxybenzaldehyde (0.48 g,
3.5 mmol, 1 equiv) were coupled according to method a.
Purification by recrystallization from chloroform and hexane
gave 1.4 g (99%) of Iy: mp 108-110 °C; *H NMR (DMSO) ¢
12.12 (1H, s, OH), 10.5 (1H, s, OH), 9.08 (1H, s, OH), 8.78 (1H,
s, CH=N), 7.58 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 7.5 (1H, d, J =
3 Hz, H6), 7.28-7.02 (5H, m, Ph), 6.99 (1H, d, J = 8.5 Hz, H3),
6.98 (1H, d, J = 3 Hz, H6), 6.8 (1H, dd, J = 3 Hz, 8.5 Hz, HY'),
6.74 (1H, d, J = 8.5 Hz, H3"), 4.15 (2H, m, CO,CH,), 2.88 (1H,
m, CH), 2.0 (2H, m, CHy), 1.2 3H, d J = 8 Hz, CH;). Anal.
(CHHQSNOG) 01 H9 N-

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]am-
inolbenzoic Acid p-Isopropylbenzyl Ester (I5;). By (400mg,
1.4 mmol, 1 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 Iy;: mp 181-182 °C; 'H NMR (DMSO) §12.1 (1H,
s, OH), 9.03 (1H, bs, OH), 8.8 (1H, s, CH=N), 7.7 (1H, d, J =
3 Hz, H6), 7.6 (1H, dd, J = 3 Hz, 8.6 Hz, H4), 7.38 2H, d, J =
8.5 Hz, H2”, H6"), 7.22 (2H, d, J = 8.6 Hz, H3”, H5"), 7.02 (1H,
d,J = 8.5 Hz, H3),6.9 (1H, d, J = 3 Hz, H6),6.8 (1H, dd, J =
3 Hz, 8.5 Hz, H4"),6.73 (1H, d, J = 8.5 Hz, HY"), 5.32 (2H, s, CH,),
2.87 (1H, m, CH), 1.18 (6H, d, J = 8 Hz, CH;). Anal. (CyHjs-
NO;) C,H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylidene]Jam-
inolbenzoic Acid 3,5-Dimethylbenzyl Ester (I3;). Bs; (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 (9:1, dichlo-
romethane:methanol) and recrystallization from methanol af-
forded 650 mg (90%) of Iy;: mp 187-188 °C; 'H NMR (DMSO)
§12.1 (1H, s, OH), 9.1 (1H, s, OH), 8.8 (1H, s, CH=N), 7.7 (1H,
d,J = 3 Hz, H6), 7.6 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 7.1-6.9 (5H,
m, H2”, H6”, H3, Hé’, H4"), 6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4),
6.72 (1H, d, J = 8.5 Hz, H3"), 5.28 (2H, s, CHj), 2.22 (6H, s,
(CHj)z). Anal. (CysHyNOj) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
phenylacetic Acid Hydrochloride (II,): prepared from I; (200
mg, 0.73 mmol) according to method b;. 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 HCl (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 II,. An analytical sample was
prepared by recrystallization from ethyl acetate and methanol:
mp >240 °C dec; 'H NMR (DMSO0) é 8.9 (1H, s, OH), 8.59 (1H,
s, OH), 6.7-6.5 (5H, m, H6, H4, H3, Hé’, H3"), 6.42 (1H, dd, J
=3 Hz, 8.5 Hz, H4"), 4.08 (2H, s, CH:N), 3.35 (2H, 8, CHj). Anal.
(C1sH16NOsCD) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
phenylacetic Acid Ethyl Ester (II;): prepared from I (100
mg, 0.32 mmol) according to method b,. Purification by flash
chromatography on silica gel (9:1, dichloromethane:methanol)
provided 90 mg (89%) of IIy; mp 124.5-125.5 °C; 'H NMR
(DMSO) & 8.64 (1H, s, OH), 8.45 (1H, s, OH), 8.38 (1H, s, OH),
6.58 (1H, d, J = 3 Hz, H6), 6.52 (1H, d, J = 8.5 Hz, H3'), 6.48
(1H,d, J = 8.5 Hz, H3), 6.36 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.34
(1H, d, J = 3 Hz, H6), 6.25 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 5.26
(1H, d, J = 6 Hz, NH), 3.98 (4H, m, CH;N, CH),), 3.38 (2H, s,
CH,COy), 1.15 (3H, t, J = 8.5 Hz, CHy). Anal. (C7H;sNOp) C,
H,N

’Z-ﬁydroxy-5-[N-[(Z,S-dihydroxyphenyl)methyl]amino]-
N-tert-butoxyphenylacetyl Amide Hydrochloride (I1;): pre-
pared from I, (200 mg, 0.56 mmol) according to method b;.
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Purification by flash chromatography on silica gel (9:1, dichlo-
romethane:methanol) provided 155 mg (77%) of II; mp 109-
111 °C;'H NMR (DMSO) § 11.1 (1H, s, CONH), 8.7 (1H, s, OH),
8.48 (1H, s, OH), 6.6 (1H, d, J = 3 Hz, H6"), 6.5 (1H,d, J = 8.5
Hz, H3%), 6.5 (1H, d, J = 8.5 Hz, H3), 6.36 (1H, dd, J = 3 Hz, 8.5
Hz, H4"), 6.37 (1H, d, J = 3 Hz, H6), 6.25 (1H, dd, J = 3 Hz, 8.5
Hz, H4), 4.0 (2H, s, CH;N), 3.3 (2H, s, CH,CO,), 1.12 (9H, s,
C(CH3)3 Anal. (C19H24N205) C, H, N.

[2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]Jamino}-
benzyllphosphonic Acid Diethyl Ester (Il¢): prepared from
Is (200 mg, 0.53 mmol) according to method b;. Purification by
flash chromatography on silica gel (9:1, dichloromethane:meth-
ano)) provided 173 mg (86%) of IIg: mp 124-125 °C; 'H NMR
(DMSO) ¢ 8.68 (1H, s, OH), 8.46 (1H, s, OH), 8.42 (1H, s, OH),
6.59 (1H,d, J = 3 Hz, H6), 6.54 (1H, d, J = 8.5 Hz, H3"), 6.5 (1H,
d,J = 8.5 Hz, H3), 6.4 (1H, d, J = 3 Hz, H6), 6.37 (1H, dd, J =
3 Hz, 8.5 Hz, H4), 6.27 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 6.3 (2H,
t,J = 3 Hz, NH), 3.98 (2H, d, J = 3 Hz, CH;N), 3.85 (4H, q, J
= 8.5 Hz, CHy), 2.98 (2H, d, J = 22 Hz, CH,;P), 1.1 (6H, t, J =
8.5 Hz, CHj). Anal. (C;;H(NOgP) C, H, N.

[2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
phenyllhydroxamic Acid (IIs): prepared from Is (650 mg, 1.72
mg) according to method b;. Purification by recrystallization
from ethyl acetate and hexane gave 369 mg (74%) of IIg: mp
180.5-181.5 °C; TH NMR (DMSO) ¢ 11.15 (1H, 5, OH), 9.15 (1H,
s, CONH), 8.7 (1H, s, OH), 8.5 (1H, s, OH), 6.85 (1H,d, J = 3
Hz, H6), 6.69 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.67 (1H,d, J =
8.5 Hz, H3), 6.59 (1H, d, J = 3 Hz, H¢"), 6.55 (1H, d, J = 8.5 Hz,
H3%), 6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 5.4 (1H, d, J = 6 Hz,
NH), 4.0 (2H, d, J = 6 Hz, CHy). Anal. (C;4H;.N;05) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
N-methoxybenzoyl Amide (II,): prepared from Iy (100 mg,
0.33 mmol) according to method b;. Purification by flash
chromatography on silica gel (9:1, dichloromethane:methanol)
provided 81 mg (80%) of Il mp 120-122 °C; 'H NMR (DMSO)
611.15(1H,s, CONH), 8.7 (1H, s, OH), 8.5 (1H, s, OH), 6.82 (1H,
d,J = 3 Hz, H6), 6.69 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.67 (1H,
d, J = 8.5 Hz, H3), 6.59 (1H, d, J = 3 Hz, H¢’), 6.55 (1H, d, J
= 8.5 Hz, H3"), 6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 5.5 (1H, d,
J =6 Hz, NH), 4.02 (2H, d, J = 6 Hz, CH;N), 3.65 (3H, s, CHj).
Anal. (C;5HygN;05) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
N-tert-butoxybenzoyl Amide (II,): prepared from I, (200
mg, 0.58 mmol) according to method b;,. Purification by flash
chromatography on silica gel (9:1, dichloromethane:methanol)
provided 141 mg (70%) of IT;: mp 114-116 °C;H NMR (DMSO)
§11.1 (1H, s, CONH), 8.7 (1H, s, OH), 8.5 (1H, s, OH), 6.8 (1H,
d, J = 3 Hz, H6), 6.7 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.67 (1H,
d, J = 8.6 Hz, H3), 6.6 (1H, d, J = 3 Hz, H6"), 6.65 (1H, d, J =
8.5 Hz, H3), 6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4'), 5.48 (1H, d,
J=6Hz,NH),4.02(2H,d,J =6 Hz, CH,N), 1.02 (9H, s, C(CHy)s.
Anal. (ClaszH205) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl Jamino]-
N-(benzyloxy)benzoyl Amide (II,;): prepared from Iy; (650
mg, 1.72 mmol) according to method bs. Purification by flash
chromatography on silica gel (9:1, dichloromethane:methanol)
provided 634 mg (97 %) of I1;;: mp 154-156 °C;'H NMR (DMSO)
411.15 (1H,s, CONH), 8.7 (1H, s, OH), 8.5 (1H, 5, OH), 7.35 (5H,
m, Ph), 6.85 (1H, d, J = 3 Hz, H6), 6.69 (1H, dd, J = 3 Hz, 8.5
Hz, H4),6.67 (1H, d, J = 8.5 Hz, H3), 6.59 (1H, d, J = 3 Hz, H6),
6.55 (1H,d, J = 8.5 Hz, H3), 6.38 (1H, dd, J = 3 Hz, 8.5 Hz, HY'),
5.5 (1H, d, J = 6 Hz, NH), 4.9 (2H, s, CH,), 4.02 2H,d,J =6
HZ, CHzN) Anal. (ClemN205) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino}-
benzoic Acid Hydrochloride (II;2): prepared from I,; (300
mg, 1.05 mmol) according to method b;. After the solvent was
evaporated, the residue was dissolved in ethyl acetate with a
little of methanol and filtered. To this solution was added HCI
(g) in ethyl acetate. The precipitate was collected, washed with
ethyl acetate, and dried to give 303 mg of the crude product of
11,2 (89%). An analytical sample was prepared by purification
by chromatography on LH-20 (1:1, methanol:water); mp >245
°C dec; 'H NMR (DMSO) é 10.5 (1H, s, OH), 8.8 (1H, s, OH),
8.5 (1H,s, OH), 6.9 (1H, d, J = 3 Hz, H6), 6.8 (1H, dd, J = 3 Hz,
8.5 Hz, H4), 6.67 (1H, d, J = 8.5 Hz, H3), 6.52 (1H, d, J = 3 Hz,
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Hé), 6.5 (1H, d, J = 8.5 Hz, H3"), 6.34 (1H, dd, J = 3 Hz, 8.5 Hz,
H4’), 4.0 (2H, s, CH;). Anal. (CH;sNOzHC)) C, H, N.

2-Hydroxy-5-[ N-[(2,6-dihydroxyphenyl)methyl]lamino]-
benzoic Acid Methyl Ester (II;3): prepared from I3 (500 mg,
1.74 mmol) according to method b;. The precipitate was collected,
washed with methanol, and dried to give 388 mg (77%) of I s
mp 194-195 °C; tH NMR (DMSO) é 9.75 (1H, s, OH), 8.7 (1H,
s, OH), 8.5 (1H, s, OH), 6.9 (1H, 4, J = 3 Hz, H6), 6.85 (1H, dd,
J = 3 Hz, 8.5 Hz, H4), 6.7 (1H, d, J = 8.5 Hz, H3), 6.6 (1H, d,
J = 3 Hz, H#), 6.55 (1, 4, J = 8.5 Hz, H3"),6.38 (1H,dd, J =
3 Hz, 8.5 Hz, H4'), 5.75 (1H, s, NH), 4.05 (2H, s, CH,), 3.82 (3H,
8, CH3) Anal. (Cl5H15N05) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino}-
benzoic Acid Ethyl Ester (II,): prepared from I,, (100 mg,
0.32 mmol) according to method c¢;. Purification by flash
chromatography on silica gel (9:1, dichloromethane:methanol)
provided 53 mg (55%) of II,¢: mp 176-177°C;'H NMR (DMSO)
4 9.78 (1H, s, OH), 8.68 (1H, 5, OH), 8.5 (1H, s, OH), 6.9 (1H, d,
J = 3 Hz, H6), 6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (1H, d, J
= 8.5 Hz, H3), 6.6 (1H, d, J = 3 Hz, H6"), 6.55 (1H, d, J = 8.5
Hz, H3), 6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 5.75 (1H, td, J
=6 Hz, NH), 4.3 (2H, q, J = 8.5 Hz, CH;), 4.0 (2H, d, J = 6 Hz,
CH:N), 1.28 (3H, t, J = 8.5 Hz, CHj). Anal. (C;¢H;sNOs) C, H,
N

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
benzoic Acid tert-Butyl Ester (I1;5): prepared from I;5 (100
mg, 0.3 mmol) according to method b,. Purification by flash
chromatography on silica gel (dichloromethane) provided 55 mg
(562%) of I1;y: mp 115-116 °C; 'H NMR (DMSO) § 9.9 (1H, s,
OH), 8.7 (1H, 5, OH), 8.5 (1H, s, OH), 6.89 (1H, d, J = 3 Hz, HS),
6.78 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.66 (1H, d, J = 8.5 Hz, H3),
6.58 (1H, d, J = 8 Hz, H6"), 6.55 (1H, d, J = 8.5 Hz, H3), 6.38
(1H, dd, J = 3 Hz, 8.5 Hz, H4"), 5.7 (1H, d, J = 6 Hz, NH), 4.0
(2H, d, J=6 HZ, CHQ), 1.5 (QH, 8, C(CHs)s) Anal. (013H21N05)
C,H,N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]lamino]-
benzoic Acid 3,3-Dimethylbutyl Ester (II,4): prepared from
1,6 (50 mg, 0.13 mmol) according to method b,. Purification by
flash chromatography on silica gel (dichloromethane) provided
46 mg (91%) of I, mp 127-128 °C; 'H NMR (DMSO) 6 9.8
(1H, s, OH), 8.68 (1H, s, OH), 8.45 (1H, s, OH), 6.88 (1H, d, J
= 3 Hz, H6), 6.82 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (1H, d, J
= 8.5 Hz, H3), 6.57 (1H, d, J = 3 Hz, H6"), 6.55 (1H,d, J = 8.5
Hz, H3"), 6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 5.75 (1H, d, J =
6 Hz, NH), 4.3 (2H, t, J = 8.5 Hz, CO,CH>), 4.0 @H, d, J = 6 Hz,
CH,N), 1.6 (2H, t, J = 8.5 Hz, CH,), 0.9 (9H, 5, C(CHy)3). Anal.
(C2oH25NO5) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]Jamino]-
benzoic Acid 2,4,4-Trimethylpentyl Ester (I1,;): prepared
fromI;7 (60 mg, 0.16 mmol) according to method b,. Purification
by flash chromatography on silica gel (9:1, dichloromethane:
methanol) provided 50 mg (83%) of 11,7z mp 119-121 °C; 'H
NMR (DMSO) § 9.8 (1H, s, OH), 8.67 (1H, s, OH), 8.45 (1H, s,
OH), 6.89 (1H, d, J = 3 Hz, H6), 6.85 (1H, dd, J = 3 Hz, 8.5 Hz,
H4),6.7 (1H, d, J = 8.5 Hz, H3), 6.55 (1H, d, J = 3 Hz, H6"), 6.53
(1H, d, J = 8.5 Hz, H3), 6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4"),
5.75 (1H, d, J = 6 Hz, NH), 4.1-3.88 (2H, m, CO,CH),), 4.0 (2H,
d, J = 6 Hz, CH;N), 1.88 (1H, m, CH), 1.3-0.96 (2H, m, CHy),
0.92(8H,d,J =8.5 Hz, CHy), 0.85 (9H, s, C(CH3);). Anal. (CoHoo-
NOg) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]Jamino]-
benzoic Acid 3,5,5-Trimethylhexyl Ester (IIs): prepared
from I3 (100 mg, 0.25 mmol) according tomethod b,. Purification
by flash chromatography on silica gel (9:1, dichloromethane:
methanol) provided 76 mg (76%) of Ilis: mp 103-104 °C; 'H
NMR (DMSO) § 9.8 (1H, s, OH), 8.6 (1H, s, OH), 6.89 (1H, 4,
J = 3 Hz, H6), 6.82 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (1H, d,
J = 8.5 Hz, H3), 6.57 (1H, d, J = 3 Hz, H6"), 6.55 (1H,d, J = 8.5
Hz, H3), 6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 5.7 (1H, d, J =
6 Hz, NH), 4.25 (2H, m, CO;CHjy), 4.0 (2H, d, J = 6 Hz, CH;N),
1.6 (3H, m, CH, CHy), 1.26-0.98 (2H, m, CH,), 0.9 (8H, d, J =
8.5 HZ, CHs), 0.8 (9H, 8, C(CHs)a) Anal. (CzaH31N05) C, H, N.

2-Hydroxy-5-[ N-[(2,6-dihydroxyphenyl)methyl]amino]-
benzoic Acid 3,7-Dimethyloctyl Ester (II,¢): prepared from
1,9 (150 mg, 0.36 mmol) according to method b,. Purification by
flash chromatography on silica gel (9:1, dichloromethane:meth-
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anol) provided 130 mg (86%) of II;g: mp 97-98 °C; *H NMR
(DMSO0) ¢ 9.78 (1H, s, OH), 8.67 (1H, s, OH), 8.48 (1H, s, OH),
6.89 (1H, d, J = 3 Hz, H6), 6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4),
6.7 (1H,d, J = 8.5 Hz, H3),6.57 (1H, d, J = 3 Hz, H6"), 6.54 (1H,
d,J=8.5Hz, H3),6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4), .72 (1H,
d, J = 6 Hz, NH), 4.28 (2H, t, J = 8.5 Hz, CO,CHj,), 4.0 (2H, d,
J = 6 Hz, CH;N), 1.68 (1H, m, CH), 1.48 (3H, m, CH;, CH),
1.3-1.0 (6H, m, CHy), 0.85 (8H, d, J = 8.5 Hz, CHy), 0.8 (6H, d,
J = 8.5 Hz, CHy). Anal. (C3H3sNOg) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino}-
benzoic Acid Cyclohexylmethyl Ester (Il ): prepared from
I, (500 mg, 1.36 mmol) according to method by. Purification by
flash chromatography on silica gel (50:1, dichloromethane:
methanol) and then recrystallization from methanol provided
322 mg (64%) of II3: mp 167 °C; 'H NMR (DMSO) § 9.78 (1H,
s, OH), 8.65 (1H, s, OH), 8.5 (1H, s, OH), 7.35 (5H, m, Ph), 6.9
(1H, d, J = 3 Hz, H6), 6.81 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.7
(1H, d, J = 8.5 Hz, H3), 6.57 (1H, d, J = 3 Hz, H6"), 6.56 (1H,
d,J=8.5Hz, H3"),6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4'), 5.85 (1H,
d, J = 6 Hz, NH), 4.04 (4H, d, CH;, CH,N), 1.8-0.85 (11H, m,
Ce¢Hiy). Anal. (CyHasNOg) C, H, N.

5-[N-[(2,5-Dihydroxyphenyl)methyllamino]-2-hydroxy-
benzoic Acid 2-(1-Tricyeclo[3.3.1.1]decyl)ethyl Ester (I1s;):
prepared from Ba; (3.16 g, 10 mmol) and 2,5-dihydroxybenzal-
dehyde in methanol (1.47 g, 10 mmol) followed by reduction with
sodium cyanoborohydride in methanol according to method d;.
Purification, by flash chromatography on silica gel (7.5:2.5,
cyclohexane:ethyl acetate), gave 1.15g (26 %) of Il mp 151 °C;
'H NMR (DMSO0) 4 9.30 (1H, s, OH), 8.75 (1H, s, OH), 8.55 (1H,
s, OH), 6.93 (1H, d, J = 3.5 Hz, H6), 6.88 (1H, dd, J = 3.5 Hz,
9 Hz, H4),6.75 (1H, d, J = 9 Hz, H3), 6.62 (1H, d, J = 3 Hz, H6"),
6.60 (d, J = 8.5 Hz, H3"), 6.33 (1H, dd, J = 3 Hz, 8.5 Hz, H4'),
5.82 (1H, t, J = 6.5 Hz, NH), 4.35 (2H, t, J = 6.5 Hz, CO,CH,),
4.05 (2H,d, J = 6.5 Hz, CH;N), 1.92 (2H, m, CH,-tricyclo[3.3.1.1]-
decyl), 1.70-1.45 (15H, m, tricyclo[3.3.1.1.]1decyl). Anal. (CsHg;-
NO;) C,H, N, O.

5-[ N-[(2,5-Dihydroxyphenyl)methyl]amino]-2-hydroxy-
benzoic Acid Phenyl Ester (II): prepared from Ba (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 d;. Purification, by flash chro-
matography on silica gel (9.5:0.5, dichloromethane:ethyl acetate),
gave 0.32 g (18%) of IIy: mp 132 °C; 'H NMR (DMSO) 6 9.52
(1H, s, OH), 8.78 (1H, s, OH), 8.58 (1H, s, OH), 7.48 (2H, t,J =
8.5 Hz, H3”, H5"), 7.32 (1R, t, J = 8.5 Hz, H4"), 7.27 (2H, d, J
= 8.5 Hz, H2”, H6"”), 7.14 (1H, d, J = 3 Hz, H8), 6.93 (1H, dd,
J = 3 Hz, 9 Hz, H4), 6.82 (1H, d, J = 9 Hz, H3), 6.65 (1H, d, J
=3 Hz, H6"),6.60 (1H, d, J/ = 8.5 Hz, H3"),6.43 (1H,dd, J = 3.5
Hz, 8.5 Hz, H4'), 590 (1H, t, J = 6 Hz, NH), 4.12 (2H, t,J = 6
Hz, CH;). Anal. (CyHyNO;) C, H, N, O.

5-[N-[(2,5-Dihydroxyphenyl)methyl]amino]-2-hydroxy-
benzoic Acid Phenylmethyl Ester (II,,): prepared from Bg,
(135mg, 0.55 mmol) and 2,5-dihydroxybenzaldehyde in methanol
(76 mg, 0.556 mmol) followed by reduction with sedium cy-
anoborohydride in methanol according to method d;. Purifi-
cation, by flash chromatography on silica gel (9.6:0.4, dichlo-
romethane:ethyl acetate), gave 76 mg (38%) of II;i: mp 124 °C;
'HNMR (DMSO0) §10.30 (1H, m, OH), 7.50-7.25 (5H, m, phenyl),
7.38 (1H, d, J = 8 Hz, H6), 7.02 (1H, dd, J = 3 Hz, 9 Hz, H4),
6.89 (1H, d, J = 9 Hz, H3), 6.75 (1H, d, J = 8.5 Hz, H3", 6.65
(1H, dd, J = 3 Hz, 8.5 Hz, H4'), 6.61 (1H, d, J = 3 Hz, H#¢"), 5.37
(2HI:IS,OCOQCH2), 4.29 (2H, 8, CHQ-NH). Anal. (021H19N05) C,
H, N, 0.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methylJamino]-
benzoic Acid 2-Phenylethyl Ester (II:5): prepared from Ias
(150 mg, 0.4 mmol) according to method b,. Purification by flash
chromatography on silica gel (dichloromethane) provided 137
mg (91%) of Izs: mp 186-186 °C; 'H NMR (DMSO) 6 9.7 (1H,
s, OH), 8.72 (1H, s, OH), 8.48 (1H, s, OH), 7.3-7.1 (5H, m, Ph),
6.84 (1H, d, J = 3 Hz, H6), 6.82 (1H, dd, J = 3 Hz, 8.5 Hz, H4),
6.7 (1H, d,J = 8.5 Hz, H3), 6.58 (1H, d, J = 3 Hz, H6), 6.55 (1H,
d,J = 8.5 Hz, H3"),6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4"), 5.7 (1H,
t,J = 6 Hz, NH), 44 (2H, t, J = 8.5 Hz, CO,CHy), 4.02 (2H, d,
J =6 Hz, CH;N), 2.95 (2H, t, J = 8.5 Hz, CHy). Anal. (CyHy-
NO;) C, H, N.
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2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
benzoic Acid 3-Phenylpropyl Ester (1I3): prepared from I
(1 g, 2.56 mmol) according to method b,. 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 I13¢: mp 142 °C;'H NMR (DMSO0) 9.78
(1H, s, OH), 8.72 (1H, s, OH), 8.5 (1H, s, OH), 7.28-7.1 (6H, m,
Ph), 6.94 (1H, d, J = 3 Hz, H6), 6.82 (1H, dd, J = 3 Hz, 8.5 Hz,
H4),6.7 (1H, d, J = 8.5 Hz, H3), 6.58 (1H, d, J = 3 Hz, H6"), 6.55
(1H, 4, J = 8.5 Hz, H3"), 6.35 (1H, dd, J = 3 Hz, 8.6 Hz, H4),
5.8 (1H, t, J = 6 Hz, NH), 4.22 (2H, t, J = 8 Hz, CO,CH,), 4.04
(2H,d, J = 6 Hz, CH,N), 2.64 (2H, t, J = 8 Hz, CH;Ph), 1.96 (2H,
p, J = 8 Hz, CH,). Anal. (CyHpsNOs) C, H, N.

4-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
benzoic Acid 4-Phenylbutyl Ester (IIy;): prepared from I
(600 mg, 1.48 mmol) according to method by. Purification by
flash chromatography on silica gel (50:1, dichloromethane:
methanol) and then recrystallization from dichloromethane and
hexane provided 392 mg (65%) of IIz: mp 143 °C; 'H NMR
(DMSO) 4 9.78 (1H, s, OH), 8.68 (1H, s, OH), 8.48 (1H, s, OH),
7.28-7.1 (5H, m, Ph), 6.9 (1H, d, J = 3 Hz, H6), 6.8 (1H, dd, J
= 3 Hz, 8.5 Hz, H4), 6.7 (1H, d, J = 8.5 Hz, H3), 6.59 (1H, d, J
= 3 Hz, H¢’), 6.55 (1H, d, J = 8.5 Hz, H3"), 6.38 (1H,dd, J = 3
Hz, 8.5 Hz, H4"), 5.756 (1H, d, J = 6 Hz, NH), 4.25 (2H, t, 8 Hz,
OCH,), 4.0 (2H,d,J = 6 Hz, CH,N), 2.6 (2H, t,J = 8 Hz, CH,Ph),
1.65 (4H, m, CH:Cly). Anal. (CyHzNOyg), C, H, N.

2-Hydroxy-§-[ N-[(2,5-dihydroxyphenyl)methyl]lamino]-
benzoic Acid 2-Methyl-3-phenylpropyl Ester (Ilz): prepared
from X3 (500 mg, 1.23 mmol) according tomethod by, Purification
by flash chromatography on silica gel (50:1, dichloromethane:
methanol) and then recrystallization from dichloromethane and
hexane provided 280 mg (56 %) of IIss: mp 121-122°C;H NMR
(DMSO0) 6 9.72 (1H, s, OH), 8.68 (1H, s, OH), 8.48 (1H, s, OH),
7.28-7.1 (5H, m, Ph), 6.92 (1H, d, J = 3 Hz, H6), 6.81 (1H, dd,
J = 3 Hz, 8.6 Hz, H4), 6.7 (1H, d, J = 8.5 Hz, H3), 6.59 (1H, 4,
J = 3 Hz, H¢"), 6.55 (1H, d, J = 8.5 Hz, H3"), 6.38 (1H, dd, J =
3 Hz, 8.5 Hz, H4), 5.8 (1H, d, J = 6 Hz, NH), 4.05 (4H, m, OCH,,
CH:N), 2.7-2.4 (2H, m, CHy), 2.1 1H, m, CH), 0.85 (3H,d, J =
8.5 Hz, CHs). Anal. (CoHasNOs) C, H, N.

2-Hydroxy-6-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
benzoic Acid 3-Methyl-3-phenylpropyl Ester (1Ix): prepared
from I (700 mg, 1.78 mmol) according tomethod b,. Purification
by flash chromatography on silica gel (50:1, dichloromethane:
methanol) and then recrystallization from dichloromethane and
hexane provided 450 mg (84 %) of IIzy: mp 107-108 °C;'H NMR
(DMSO0) 5 9.72 (1H, s, OH), 8.7 (1H, s, OH), 8.48 (1H, s, OH),
7.28-7.1 (5H, m, Ph), 6.87 (1H, d, J = 3 Hz, H6), 6.81 (1H, dd,
J = 3 Hz, 8.5 Hz, H4), 6.68 (1H, d, J = 8.5 Hz, H3), 6.58 (1H,
d, J = 3 Hz, H6"), 6.55 (1H, d, J = 8.5 Hz, H3"), 6.37 (1H, dd, J
= 3 Hz, 8.6 Hz, H4"), 5.78 (1H, d, J = 6 Hz, NH), 4.2-3.85 (2H,
m, CO.CHy), 4.02 (2H, d, J = 6 Hz, CH;N), 2.8 (1H, m, CH), 1.9
(2H, m, CHz), 1.2 (3H, d, J=85 Hz, CHs). Anal. (CqusNOs)
C,H,N.

5-[N-[(2,5-Dihydroxyphenyl)methyl]lamino]-2-hydroxy-
benzoic Acid 3-Phenylprop-2-en-1-yl Ester (II): prepared
from Iy (1.35 g, 6 mmol) and 2,5-dihydroxybenzaldehyde in
toluene (0.69 g, 5 mmol) followed by reduction with sodium
cyanoborohydride in toluene according to method d;. Purifi-
cation, by flash chromatography on silica gel (9:1, dichlo-
romethane:ethyl acetate), gave 0.69 g (35%) of Ily: mp 135 °C;
1H NMR (DMSO0) 4 9.85 (1H, s, OH), 8.80 (1H, s, OH), 8.60 (1H,
s, OH), 7.5656~7.35 (6H, mt, Ph), 7.08 (1H, d, J = 3 Hz, H6), 6.88
(1H,dd, J = 3.5 Hz, 9 Hz, H4), 6.82 (1H, d, J = 16 Hz,=CH-Ph),
6.80 (1H, 4, J = 9 Hz, H3), 6.67 (1H, d, J = 3.5 Hz, H6"), 6.65
(1H, d, J = 8.5 Hz, H3"), 6.54 (1H, dt, J = 16 Hz, 6.5 Hz, CH,-
CH=), 6.47 (1H, dd, J = 3.5 Hz, 8.5 Hz, H4), 56.90 (1H, t, J =
6.6 Hz, HN), 5.02 (2H, d, J = 6.5 Hz, CO;CH,), 4.12 (2H, d, J
= 6.5 Hz, CHgNH) Anal. (CzaHmNOs) C, H, N, 0

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]amino]-
benzoic Acid p-Isopropylbenzyl Ester (II,,): prepared from
151 (500 mg, 1.23 mmol) according to method b,. Purification by
flash chromatography on silica gel (50:1, dichloromethane:
methanol) and then recrystallization from dichloromethane and
petroleum ether provided 392 mg (78 %) of Ils;: mp 155-156 °C;
1H NMR (DMSO0) é 9.7 (1H, s, OH), 8.72 (1H, s, OH), 8.5 (1H,
s, OH),7.3-7.2 4H, q,J = 8.5 Hz, H2”, H3””, H5", H6"), 6.92 (1H,
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d, J = 3 Hz, H6), 6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (1H, 4,
J = 8.5 Hz, H3), 6.56 (1H, d, J = 3 Hz, H6'), 6.55 (1H, d,J = 8.5
Hz, H3"), 6.38 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 5.8 (1H, t,J = 6
Hz, NH), 5.25 (2H, s, CH,), 4.02 (2H, d, J = 6 Hz, CH,N), 1.18
(3H, d, J = 8.5 Hz, CH;). Anal. (C54HsNOs) C, H, N.

2-Hydroxy-5-[ N-[(2,5-dihydroxyphenyl)methyl]Jamino]-
benzoic Acid 3,5-Dimethylbenzyl Ester (I13,): prepared from
Iz (500 mg, 1.28 mmol) according to method b,. Purification by
flash chromatography on silica gel (50:1, dichlomethane:meth-
anol) and then recrystallization from diethyl ether and petroleum
ether provided 221 g (44%) of Ily: mp 142-143 °C; *H NMR
(DMSO) 5 9.67 (1H, s, OH), 8.7 (1H, s, OH), 8.48 (1H, s, OH),
6.95 (6H, m, Ph, H6), 6.8 (1H, dd, J = 3 Hz, 8.5 Hz, H4), 6.7 (1H,
d, J = 8.5 Hz, H3), 6.56 (1H, d, J = 3 Hz, H¢"), 6.55 (1H, d, J
= 8.5 Hz, H3"), 6.38 (1H, dd, J =3Hz, 8.5 Hz, H4'), 5.8 (1H, t,
J = 6 Hz, NH), 5.22 (2H, s, CH,), 4.03 (2H, d, J = 6 Hz, CH,;N),
2.28 (GH, 8, CHs). Anal. (CgastNOs) C, H, N

5-[ N-[(2,5-Dihydroxyphenyl)methyl]-2-hydroxybenzoic
Acid 3-Hydroxyphenyl Ester (Ils): prepared from By (0.74
g, 3mmol) and 2,5-dihydroxybenzaldehyde in a mixture of toluene
and methanol (0.41 g, 3 mmol) followed by catalytic hydrogenation
in ethyl acetate according to method d;. Purification, by flash
chromatography on silica gel (5.5:4.5, cyclohexane:ethyl acetate),
gave 0.16 g (16%) of II3y: mp 113 °C; 'H NMR (DMSO) 6 7.28
(1H, t, J = 8.5 Hz, H5"), 7.17 (1H, d, J = 3.5 Hz, H6), 6.96 (1H,
dd, J = 3.5 Hz, 9 Hz, H4), 6.86 (1H, d, J = 9 Hz, H3), 6.80-6.65
(4H, m, H6’, H2””, H4”, H6’"), 6.65 (1H, d, J = 8.5 Hz, H3"), 6.48
(1H, dd, J = 3 Hz, 8.5 Hz, H4'), 5.94 (1H, t, J = 6.5 Hz, NH),
4.12 (2H, d, J = 6.5 Hz, CHy). Anal. (CH;NOg) C, H, N, O.

5-[N-[(2,5-Dihydroxyphenyl)methyl]lamino}-2-hydroxy-
benzoic Acid 1-Naphthyl Ester (IIs): prepared from Bss (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 do. Purification, by flash
chromatography on silica gel (9.8:0.2, dichloromethane:ethyl
acetate),gave 0.73g (45%) of Ilss: mp 145 °C;*H NMR (DMSO0)
4 9.54 (1H, s, OH), 8.76 (1H, s, OH), 8.60 (1H, s, OH), 8.10~7.45
(7H, m, naphthy)), 7.34 (1H, d, J = 3.5 Hz, HS6), 7.03 (1H, dd,
J = 3.5 Hz, 9 Hz, H4), 6.90 (1H, d, J = 9 Hz, H3), 6.72 (1H, d,
J = 3 Hz, H6'), 6.64 (1H, d, J = 8.5 Hz, H3"), 6.47 (1H,dd, J =
3 Hz, 8.5 Hz, H4"), 6.00 (1H, t, J = 6.6 Hz, NH), 4.20 (2H, d, J
=6.5 Hz, CHgClg). Anal. (CmHmNOs) C, H, N, 0.

8-[N-[(2,6-Dihydroxyphenyl)methylJamino]-2-hydroxy-
benzoic Acid 2-Naphthyl Ester (IIy): prepared from Byg (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 d;. Purification, by flash
chromatography on silica gel (7:3, cyclohexane:ethyl acetate),
gave 0.94 g (47%) of I35 mp 179 °C; TH NMR (DMSO) 4 9.55
(1H, s, OH), 8.82 (1H, s, OH), 8.62 (1H, s, OH), 8.05-7.47 (7TH,
m, naphthyl), 7.22 (1H, d, J = 3.5 Hz, H6), 6.96 (1H, dd, J = 3.5
Hz, 9 Hz, H4), 6.85 (1H, d, J = 9 Hz, H3), 6.67 (1H, d, J = 3 Hz,
Heé"), 6.62 (1H, d, J = 8.5 Hz, H2, H3'), 6.45 (1H, dd, J = 3 Hz,
8.5 Hz, H4"), 6.02 (1H, t, J = 6.5 Hz, NH), 4.17 2H,d, J = 6.5
Hz, CHz). Anal. (CuHmNOs) C, H, N, 0.

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 10%
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 ug/mL) at 37 °C in 5% CQs.

DNA Synthesis. Cells were seeded at 3.5 X 105 cells by well
in 24-well Nuncion dishes. The cells were grown to confluence
in DMEM supplemented with 10% FCS. To obtain quiescent
cells, the medium was changed to DMEM/HAM’S F12 (1:1) for
48 h.

The cells were incubated with different concentrations of the
inhibitory compounds (dissolved at 1000 X final concentration
in DMSO0 100%) for 1 h. Then, EGF (20 ng/mL) (Collaborative
Biochemical Products, cat 40010) or FCS and 0.1 uCi of methyl-
3H thymidine ([*H]Me-dT, NEN, NET 027Z) were added. The
incorporation of thymidine into the trichloroacetic acid insoluble
fraction was determined by a scintillation counter.
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Membrane Preparation. ER 22 cells were grown in 850-cm®
tissue culture roller bottles to obtain 10° 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 MgCl, (10 mM),
aliquoted, and stored frozen at -80 °C.

In Vitro Tyrosine Kinase Assay. The tyrosine kinase assay
was performed as previously described.’® The reaction was carried
out in a final volume of 50 uL containing 20 mM Hepes, pH 7.4,
1 mM MnCl;, 0.1 mg/mL BSA, 100 ng/mL EGF, 0.6 mg/mL
tridecapeptide (RRLIEDAEYAARG=RR-Src, H5445 Bachem),
membrane fraction of ER 22 cells, 5 uM ATP, and 1 uCi of [y3?P]-
ATP (NEN, NEG 002H, 3000Ci/mM) with or without inhibitors
at various concentrations.

EGF-receptor was first incubated with 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 25 uL of trichloroacetic acid 10%
in the presence of 10 uL of BSA (10 mg/mL). Precipitated
proteins were removed by centrifugation, and 40 uL of the
supernatant was spotted on Whatman P81 phosphocellulose
papers (2 ecm X 2 c¢cm) that were immediately immersed in
orthophosphoric acid (75 mM) for 15 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. Smith88 with histone H1-7 (H-1805 Bachem)
as substrate. Protein kinase C was prepared on DEAE-cellulose
as described by U. Kikkawa (54) from rat brain, and the assay
was performed with the Kit PKC Amersham (RPN 77). EGF-
receptor was purified on WGA sepharose (L-6257, Sigma) and
the auztz;ophosphorylation assay performed as described by A.
Gazit.
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