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A series of nitroflavones, 8a-p, and their corresponding aminoflavone hydrochloride salts, 
loa-p, was synthesized. The preparation of nitroflavones 8b-i,o,p began with commercially 
available o-hydroxyacetophenones 2b-f which were converted to o-hydroxynitroacetophenones 
3a-h via a variety of nitration methods, followed by condensation with nitrobenzoyl chlorides 
and cyclization under acidic condition. The nitroflavones 8aj-n were prepared by nitration 
of the corresponding flavones 7a-e. These new compounds were evaluated for their abilities 
to inhibit the in vitro protein-tyrosine kinase activities of p56lck, EGFr, and ~ 6 0 ~ - ~ “ ,  and all of 
the active compounds were amino-substituted flavones. None of the nitroflavones inhibited 
the enzymes. The most active substance in this series against p56lck was compound lOj, which 
had an  IC50 of 18 pM. When tested versus EGFr, compounds 10a,m displayed Ic50)s of 8.7 
and 7.8 pM, respectively. Against p60u-s’c, 10a,m showed IC50 values of 28.8 and 38.4 pM, 
respectively. 

Eukaryotic cell proliferation is regulated by signaling 
pathways that are stimulated by the interactions of 
extracellular ligands with specific cell surface receptors. 
Recent elucidation of the elements and biochemical 
mechanisms involved in these signal transduction sys- 
tems has provided medicinal chemists with innovative 
strategies for the rational design of new compounds to  
serve as potential chemotherapeutic agents for the 
treatment of cancer and immune dysfunction and as 
molecular probes for deciphering the intricate processes 
involved in signal transduction.lS2 Protein-tyrosine ki- 
nases (PTK’s), which catalyze the transfer of the ter- 
minal phosphate of ATP to tyrosine residues on sub- 
strate proteins, play key roles in these signal trans- 
duction pathways, and in many human malignancies, 
a specific PTK is activated or overexpressed. Examples 
include chromosomal translocation of c-ubl in chronic 
myelogenous leukemia3 and Phl-positive acute lympho- 
cytic l e ~ k e m i a , ~  amplification of c-erb-B-2 in human 
breast ~ a n c e r , ~  activation of pp60C-src in colon carci- 
noma,6 and overexpression of the epidermal growth 
factor (EGF) receptor in squamous cell carc in~ma.~ .~  
This information has aroused a great deal of interest 
in the development of PTK inhibitors as potential 
anticancer agent~ .~- l l  

Prior studies have shown that several naturally 
occurring flavonoids are inhibitors of protein-tyrosine 
kinase activity in ~itro.l~-l~ Overall, these flavonoids 
are competitive inhibitors with respect to ATP and lack 
selectivity for protein-tyrosine kinases over protein- 
serinelthreonine kinases.13J4 However, we recently 
synthesized 4’-amino-6-hydroxyflavone (1) and discov- 
ered that it is potent and highly selective for the 
inhibition of the protein-tyrosine kinase ~ 5 6 ~ ~ ~  over 
protein-serinelthreonine kinases.16 Flavone 1 displayed 
an IC50 of 1.2 ,uM against ~ 5 6 ~ ~ ~  and was much less 
active against protein kinase C and protein kinase A 
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(IC5o)s > 300 pM).17 This raised the question of whether 
or not aminoflavones in general would be promising 
PTK inhibitors. In view of the fact that very little has 
been reported on the preparation and biological proper- 
ties of aminoflavones, a project was initiated to devise 
methods for the synthesis of an array of aminoflavones 
and to evaluate their potencies and specificities as 
inhibitors of the “nonreceptor” PTK’s, p56lck and 
p6OU-““, as well as the “receptor type” PTK, EGFr. 

One of the enzymes chosen for study, p56lck, is a 
lymphoid cell lineage-specific PTK of the src family 
which is overexpressed in several lymphomas.18-26 In 
addition, p56lck is associated with both CD4 and CD8 
surface glycoproteins in T-lymphocytes, where it exists 
as a link in the communication of CD4 and CD8 with 
the T-cell receptor (TCR) 5 chain,27 and it is also 
involved as a critical signaling molecule downstream 
from the interleukin-2 receptor.28 This evidence indi- 
cates that ~ 5 6 ~ ~  also plays an important role in immune 
function. 

Two additional enzymes chosen for study were the 
“receptor type” PTK, EGFr, and the nonreceptor, “src 
type” PTK, p60u-src. The ligand-activated protein-ty- 
rosine phosphorylation of “receptor type” PTRs creates 
binding sites for enzymes which play critical roles in 
signal transduction pathways. For example, the binding 
of EGF or platelet-derived growth factor (PDGF) with 
their respective receptors results in receptor dimeriza- 
tion and cross-phosphorylation, which creates critical 
binding sites for proteins that contain SH2 domains, 
including phosphatidylinositol 3-kinase (P13K),1,29-31 
phospholipase C-y ( P L C - Y ) , ~ ~ - ~ ~  and p2lraS GTPase- 
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activating protein (GAE9.36,38 Phosphotyrosine-contain- 
ing sequences in PI3K are also involved in binding to  
the SH2 domains of cytosolic, nonreceptor, "src type" 
PTK's. For example, the association of PI3K with 
p60u-src appears to occur in a reciprocal fashion, in which 
~ 6 0 ~ - - " ~ ~  first phosphorylates the 85 kDa subunit of PI3K 
and the phosphorylated PI3K then binds to the SH2 
domain of p60u-src.29,39 

Chemistry 
Nitroflavones 8 were prepared from o-hydroxy- 

acetophenones 2 and o-hydroxynitroacetophenones 3 as 
shown in Scheme 1. The generation of lithium enolates 
from the acetyl groups of 2 and 3 was ensured by using 
4 equiv of the lithium bis(trimethylsily1)amide. Treat- 
ment of these lithium polyanions with 1 equiv of aroyl 
chloride 4 afforded the 1,3-diketones 5 and 6 in quan- 
titative yields. The formation of 5 and 6 from the 
polyanions derived from 2 and 3 and the aroyl chlorides 
appears to involve direct acylation of the enolate as 
opposed to 0-acylation followed by Baker-Venkatara- 
man rearrangement.40 The 1,3-diketones 5 and 6 cy- 
clized to the corresponding flavones 7 and 8 upon 
heating in glacial acetic acid containing 0.5% sulfuric 
acid for 1-1.5 h. The hydroxyflavones 7 were then 
nitrated by nitric acid to the corresponding nitroflavones 
8. Catalytic hydrogenation of nitroflavones 8 at 40 psi 
in the presence of 5% palladium on charcoal gave the 
corresponding aminoflavones 9 which were stablized by 
conversion to  the hydrochloride salts 10. 

Preparation of o-Hydroxynitroacetophenones 3. 
The nitration of 2b with fuming HNO3 in acetic acid at 

Scheme 2 
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50 "C for 16 h resulted in a mixture of 2-hydroxy-5- 
nitroacetophenone (3a) and 2-hydroxy-3-nitroaceto- 
phenone (3b), from which 3a could be isolated by careful 
fractional crystallization in 36% yield (Scheme 2). The 
remaing material was then subjected to nitration with 
fuming nitric acid at 50 "C for 36 h to  afford 3g in 17% 
yield. Hydrogenation of 3a gave 5-amino-2-hydroxy- 
acetophenone, which was subsequently treated with 
acetic anhydride to afford 5-acetamido-2-hydroxy- 
acetophenone, (11) (Scheme 3). Nitration of 11 yielded 
5-acetamido-2- hydroxy-3-nitroacetophenone (12) which 
was converted to 3b via the diazonium salt derived from 
13. 

Friedel-Crafts acetylation of 4-nitroresorcinol may 
result in a mixture of 2,4-dihydroxy-5-nitroacetophenone 
(3c) and 2,6-dihydroxy-3-nitroacetophenone (3d). There- 
fore, 3c was obtained by careful nitration of 2,4-dihy- 
droxyacetophenone (2c) using a limited reaction time 
(Scheme 4). In a similar manner, 3d-f were obtained 
by nitration of the corresponding hydroxyacetophenones 
2d-f. 
2,5-Dihydroxy-3-nitroacetophenone (3h) was not ob- 

tained from the direct nitration of 2,Ei-dihydroxy- 
acetophenone (2a), since nitration of 2a gives a mixture 
of the 4- and 6-nitro compounds, which are difficult to 
separate. On the other hand, 3h may be obtained via 
the demethylation of 3e (Scheme 5). Demethylation 
using BBr3 in CHzClz or AI3 was unsuccessful, and with 
HBr at 85-90 "C, a mixture of 3h (70%) and 2,5- 
dihydroxy-3-nitro-a-bromoacetophenone (14; 30%) was 
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obtained. Fortunately, using HBr and red phosphorus 
at 85-90 “C for 16 h on 3e afforded the desired 3h in 
high yield (Scheme 5). 

Preparation of Flavones 7 and 8. As outlined in 
Scheme 6, five nitroflavones, 7a-e, were prepared from 
o-hydroxyacetophenones 2a-c. Nitroflavones 8b- 
i,o-p were prepared using the same methodology as 

Scheme 7 
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X 
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described in Schemes 1 and 6. The conversion of 2,6- 
dihydroxy-3-nitroacetophenone (3d) resulted in 5-hy- 
droqy-4’,8-dinitroflavone (8d) (Scheme 7) and 5-hydroxy- 
4’,6-dinitroflavone (89 in a 1:3 ratio. This ratio may 
reflect the decreased reactivity of the phenol in 6d which 
is hydrogen bonded to the nitro gr0up.41342 Compound 
8i is also expected to be stabilized relative to  8d by 
hydrogen bonding of the phenol to the nitro g r o ~ p . ~ ~ , ~ ~  
The products 8d,i were isolated by thin layer chroma- 
tography. 

Nitration of hydroxyflavones normally proceeds under 
mild conditions, such as in the conversion of 6-hydroxy- 
4‘-nitroflavone (7a) and 6-hydroxy-3’-nitroflavone (7d) 
to 6-hydroxy-4‘,5,7-trinitroflavone (8j) and 6-hydroxy- 
3’,5,7-trinitroflavone (8m) with HNO3 in acetic acid at  
60 “C (Scheme 8).43 Nitration of 4’-nitroflavone (7b) and 
3’-nitroflavone (7e) (Scheme 9) using HN03 and HzS04 
at  room temperature afforded the corresponding 4‘,6- 
dinitroflavone (8a) and 3’,6-dinitroflavone (8111. Nitra- 
tion of 7-hydroq-4’-nitroflavone (7c) with nitric acid in 
acetic acid or in pure nitric acid resulted in incomplete 
conversion to the products at 60 “C. The same proce- 
dure worked at  100 “C and provided 7-hydroxy-4’,6,8- 
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Table 1 

diketone flavone 

flavone solvent (mLP T ("C) time (h) 
7a 60 95-100 1 
7b 70 95-100 1 
7c 60 95-100 1 
7d 60 95-100 1 
7e 80 95-100 1 
8b 200 120-125 2 
8c 210 120-125 1 
8d 60 95-100 1 
8e 100 110-115 1.5 
8f 100 115-120 1 
8l3 100 105-110 1 
8h 90 105-110 1.5 
80 150 120-125 1.5 
8P 160 115- 120 1.5 

a T h e  diketones (2 g) were dissolved in  glacial acetic acid 
containing 0.5% sulfuric acid. 

trinitroflavone (8k) in 68% yield (Scheme 10). A modi- 
fied method involved treatment of 7c with HNO3 in 
HzS04 at room temperature and yielded a mixture of 
8k and 7-hydroxy-4',8-dinitroflavone (81) in a 1:l ratio 
as evidenced by lH NMR. 

As Table 1 indicates, in general, cyclization of 1,3- 
diary1 p-diketones 6 having electron-withdrawing nitro 
groups on the phenolic rings requires higher tempera- 
tures than were employed during the cyclization of the 
hydroxy diketones without nitro groups. 

Our attempts to demethylate the methoxyl groups in 
6-methoxy-4',8-dinitroflavone (8e) and 5-methoxy-4',8- 
dinitroflavone (8f) by heating with HBr in acetic acid4* 
or HI in acetic anhydride45 gave only incomplete depro- 
tection or decomposition products. Fortunately, de- 
methylation of 8f using BBr3 in CHzClz for 3 h afforded 
the desired 5-hydroxy-4',8-dinitroflavone (8d) in quan- 
titative yield (Scheme 11). However, this method was 
unsuccessful for removing the methyl group from 8e in 
the same manner. 

Nitroflavones 8 were catalytically reduced in the 
presence of 5% Pd/C and hydrogen to afford the cor- 
responding aminoflavones 9. In general, &-aminofla- 
vones 9a-1 were more unstable than 3'-aminoflavones 
9m-p. Compound 9j was the most unstable and 
quickly turned to black tar when it was separated from 
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8a-I: X = H, Y = NO2; 
8m-p: X = NO;!, Y = H. 

the solvent. The aminoflavones 9 were stabilized by 
subsequent conversion to their hydrochloride salts, 10. 

Biological Results and Discussion 
Flavones 8a-p and loa-p (Scheme 12) were evalu- 

ated for their abilities to inhibit the in vitro protein- 
tyrosine kinase activities of p561ck, EGFr, and p60"-"". 
The results of these studies are listed in Table 2. 

It is clear that the PTK inhibitory activity associated 
with the lead compound 1 is not structurally specific. A 
variety of aminoflavones prepared in the present study 
display similar activities although there is a high degree 
of variability in their potencies. 

Without exception, the replacement of the amino 
groups of loa-p with nitro groups abolishes the enzyme 
inhibitory activity. The amino groups therefore evi- 
dently play a critical role in allowing recognition by the 
enzyme. 

The relocation of the <-amino group to the 3' position 
usually resulted in a decrease in activity against p56lCk. 
Examples include the 4'-aminoflavone l O j  (IC50 18 pM) 
versus the 3'-aminoflavone 10m (IC50 46 pM), the 4'- 
aminoflavone 10a (IC50 103 pM) versus the 3'-amino- 
flavone 10n (IC50 200 pM), and the 4'-aminoflavone 1Oc 
(IC50 141 pM) versus the 3'-aminoflavone 100 (IC50 754 
pM). The exception to this general trend was the 
4-aminoflavone 10e (IC50 382 pM) versus the 3'-amino- 
flavone lop (IC50 56 pM). 

loa-I: X = H, Y = NH2; 
10m-p: X = NHz, Y = H. 
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Table 2. Inhibition of Protein-Tyrosine Kinase Activity of 
p56lCk, EGFr, and p60u-src by Flavone Derivatives 

X x 

8 

flavone R1 Rz R3 Rq X Y p561Ck EGFr ~ 6 0 " ~ ~ ~  
8a 
8b 
8c 
8d 
Be 
8f 
8g 
8h 
8i 
8j 
8k 
81 
10a 
lob 
1oc 
10d 
10e 
10f 
log 
10h 
1Oi 
lOj 
10k 
101 

H H NO2 H H 
NO2 H H H H 
H OH NO2 H H 
NO2 H H OH H 
NO2 H OMe H H 
NO2 H H OMe H 
NO2 H NO2 H H 
NO2 H OH H H 
H H NO2 OH H 
H NO2 OH NO2 H 
NO2 OH NO2 H H 
NO2 OH H H H 
H H NH2 H H 
NH2H H H H 
H OH NH2 H H 
NH2 H H OH H 
NH2 H OMe H H 
NH2 H H OMe H 
NH2 H NH2 H H 
NH2H OH H H 
H H NH2 OH H 
H NH2 OH NH2 H 
NH2 OH NH2 H H 
NH2 OH H H H 

NO2 >2000 ND ND 
NO2 22000 ND ND 
NO2 >2000 ND ND 
NO2 22000 ND ND 
NO2 '2000 ND ND 
NO2 22000 ND ND 
NO2 >2000 ND ND 
NO2 >2000 ND ND 
NO2 >2000 ND ND 
NO2 >2000 ND ND 
NO2 1565 ND ND 
NO2 1876 ND ND 
NH2 103 8.7 28.8 
NH2 123 >lo0 >50 
NH2 141 14.1 250 
NH2 326 >lo0 >50 
NH2 382 >lo0 250 
NH2 1621 >lo0 >50 
NH2 106 >lo0 >50 
NH2 117 1100 '50 
NH2 223 >lo0 >50 
NH2 18 >lo0 >50 
NH2 754 >lo0 >50 
NH2 328 >lo0 >50 

10m H NHz OH NHz NHz H 46 7.8 38.4 
10n H H NH2 H NH2 H 200 >lo0 250 
100 H OH NH2 H NH32 H 502 2100 250 
lop NH2 H OMe H NH2 H 56 >lo0 >50 

In the two cases investigated, methylation of phenolic 
hydroxyl groups resulted in a decrease in activity versus 
p56lck. Methylation of the 5-hydroxyl group of 10d (IC50 
326 pM) resulted in the less active methyl ether 10f 
(IC50 1621 pM), and methylation of the phenolic hy- 
droxyl group of 10h (IC50 117 pM) resulted in the less 
active compound 10e (IC50 382 pM). 

The most active compound in the present series 
against ~ 5 6 ~ ~ ~  proved to be lOj, which displayed an IC50 
of 18 pM. The clockwise rotation of the substituents in 
the 5-7 positions of lOj to the 6-8 positions resulted 
in the much less active compound 10k (IC5(, 754 pM). 
Flavone 1Om was the second most potent against p561ck, 
emphasizing the importance of the 5,7-diamino 6-hy- 
droxy substitution patterns. 

When tested versus EGFr, compounds 10a,m dis- 
played IC50's of 8.7 and 7.8 pM, respectively. Against 
~ 6 0 " - " ~ ~ ,  10a,m showed IC50 values of 28.8 and 38.4 pM, 
respectively. The most active inhibitor of p56lck in the 
present series, compound lOj, proved to be inactive 
against EGFr and p60u-src in the concentration ranges 
studied. Although the flavones inhibit PTK's by binding 
to their ATP-binding sites as opposed to their substrate- 
binding sites, the data in Table 2 nevertheless demon- 
strate a certain degree of selective enzyme inhibition 
by certain aminoflavones within the PTK's as a class. 
In comparing the data in Table 2, it is important to note 
that the IC50 values for p56lCk were determined in the 
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presence of 50 pM ATP, while those for EGFr and 
p60u-src were determined in the presence of 5 pM ATP. 
This makes the p56lck IC50 values appear higher by a 
factor of 10 relative to those of the other two enzymes. 

The results indicate that certain aminoflavones pos- 
sess inhibitory activity against p56lck, EGFr, and 
p60u-src. It is not obvious, however, if the amino sub- 
stituents offer any overall advantage over hydroxyl 
groups. Both are approximately the same size and can 
function as hydrogen bond donors as well a hydrogen 
bond acceptors. It may be noted in this regard that the 
replacement of the 6-amino of log (IC50 106 pM versus 
p56lCk) by a hydroxyl group afforded 10h (IC50 117 pM 
versus p561ck), which was essentially equipotent. 

Experimental Section 
The melting points were determined in capillary tubes on a 

Mel-Temp apparatus and are uncorrected. Spectra were 
obtained as follows: E1 and CI mass spectra on a Finnegan 
4000 spectrometer, FAB mass spectra on a Kratos MS-50 
spectrometer, high-resolution mass spectra on a Kratos MS- 
50 spectrometer, lH NMR spectra on Chemagnetics A-200 and 
Varian VXR-BOOS spectrometers with TMS as an internal 
standard in CDC13, CD3COCD3-&, or DMSO-de, IR spectra on 
a Beckman IR-33 spectrophotometer. Microanalyses were 
performed at  the Purdue Microanalysis Laboratory. All 
organic solvents were appropriately dried and purified prior 
to  use. Organic reagents were purchased from commercial 
sources and used without further purification unless stated 
otherwise. 
2-Hydroxy-5-nitroacetophenone (3a) and 2-Hydroxy- 

3,5-dinitroacetophenone (3g). Nitric acid (fuming, 4 mL) 
was added to  a solution of 2-hydroxyacetophenone (2b; 8.17 
g, 60 mmol) in glacial acetic acid (70 mL), and the mixture 
was stirred in a round-bottomed flask equipped with a drying 
tube (CaC12) at room temperature for 40 min and then a t  45- 
50 "C for 16 h. Acetic acid was removed at reduced pressure, 
and water (100 mL) was added. The yellow cloudy solution 
was neutralized by Na2C03 to  pH 6, and then the yellow 
precipitate was collected and carefully recrystallized from 
EtOH in several crops to give 3a, 3.6 g, 33% yield: mp 98-99 
"C (lit.46 mp 99.5 "C); IR (KBr) 3085, 1649, 1579, 1520, 1473, 
1432, 1338, 1297, 1250, 1214, 1109, cm-'; IH NMR (CDC13, 
200 MHz) 6 12.9 (s, 1 OH), 8.72 (d, J = 2.7 Hz, 1 H), 8.36 (dd, 
J = 8.1, 2.7 Hz, lH), 7.05 (d, J = 8.1 Hz, 1 H), 2.76 (s, 3H). 

To the combined remaining crops in glacial acetic acid (60 
mL), was added nitric acid (fuming, 2 mL) and the mixture 
stirred in a round-bottomed flask equipped with a drying tube 
(CaC12) at 45-50 "C. After 18 h, more nitric acid (fuming, 2 
mL) was added to  the reaction and the reaction mixture was 
stirred for an additional 18 h at 45-50 "C. Acetic acid was 
removed at reduced pressure, and water (100 mL) was added. 
The yellow cloudy solution was neutralized by Na2C03 to pH 
6, and then the yellow precipitated solid was collected and 
recrystallized from EtOH to afford 3g, 2.4 g, 17% yield: mp 
123-124 "C (lit.47 mp 123-124 "C); IR (KBr) 3096,1655,1602, 
1538, 1461, 1340, 1255, 1185, 1090, cm-l; lH NMR (CDCl3, 
200 MHz) 6 14.8 (s, 1 OH), 9.06 (d, J = 2.7 Hz, 1 HI, 8.94 (d, 
J = 2.7 Hz, 1 H), 2.85 (s, 3 H). 
5-Acetamido-2-hydroxyacetophenone (1 1). A solution 

of 3a (2.54 g, 14 mmol) in THF (80 mL) was hydrogenated at 
40 psi for 2 h in the presence of 5% palladium on charcoal 
(140 mg). The catalyst was removed by filtration, and acetic 
anhydride (3 mL) was added and heated at  60 "C for 20 min. 
Solvent was evaporated at reduced pressure to  afford 11,2.46 
g, 91%: mp 167-168 "C (lit.48 mp 165 "C); IR (KBr) 3249,3061, 
1655, 1643, 1561, 1485, 1414, 1367, 1291, 1250, 1208, 1015 
cm-l; lH NMR (CDC13, 500 MHz) 6 13.6 (s, 1 OH), 8.18 (d, J 
= 2.5 Hz, 1 H), 7.34 (dd, J = 9, 2.5 Hz, 1 H), 7.20 (br, 1 NH), 
6.94 (d, J = 9 Hz, 1 H), 2.64 (s, 3 H), 2.19 (s, 3 HI. 
5-Acetamido-2-hydroxy-3-nitroacetophenone (12). Ni- 

tric acid (d = 1.42, 0.6 mL) in glacial acetic acid (2 mL) was 
added to a solution of 11 (1.20 g, 6.2 mmol) in glacial acetic 
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acid (14 mL) with stirring at room temperature for 2 h. The 
solvent was removed at  reduced pressure, and the residue was 
poured into ice-water. The precipitated product was filtered, 
washed with water, and dried to give 12,1.15 g, 71%: mp 174- 
175 "C (lit.49 mp 170-171 "C); IR (KJ3r) 3343,3096,3061,1690, 
1655,1538,1455,1367,1320,1255,1103,1026 cm-l; lH NMR 

H), 8.25 (d, J = 3.1 Hz, 1 H), 7.50 (s, 1 NH), 2.61 (9, 6 H). 
5-Amino-2-hydroxy-3-nitroacetophenone (13). A mix- 

ture of 5-acetamido-2-hydroxy-3-nitroacetophenone (12; 1.13 
g, 4.74 mmol) in MeOH (12 mL) and HzO (5 mL) was stirred 
at  85 "C for 1 h and carefully basified with aqueous NaHC03. 
The solution was extracted with ether, and the solvent was 
removed at reduced pressure to afford 13, 0.892 g, 96%: mp 
129-130 "C (lit.49 mp 141-142 "C); IR (Dr )  3472,3378,3266, 
3072,1649,1625,1528,1355,1273,1179,1090 cm-l; lH NMR 
(CDC13, 200 MHz) 6 12.6 (s, 1 OH), 7.48 (m, 2 H), 2.65 (s, 3 
H), 2.51 (s, 2 NH). 
2-Hydroxy-3-nitroacetophenone (3b). NaNOz (1.0 g) in 

HzO (2 mL) was added to a solution of 13 (0.785 g, 4 mmol) in 
EtOH (14 mL) and HzS04 (0.7 mL) at 0-5 "C (ice-NaC1 bath), 
and the mixture was stirred for 20 min. The mixture was 
heated at 85 "C for 20 min and then stirred at room tempera- 
ture for another 1 h. The mixture was poured into water, and 
the solid was collected to give 3b, 0.652 g, 90% yield: mp 82- 
83 "C (recrystallization from EtOWHZO) (lit.46 mp 82-83 "C); 
IR (KJ3r) 3085,1643,1585,1520,1350,1285,1250,1190,1103 
cm-'; lH NMR (CDCl3, 200 MHz) 6 13.2 (9, 1 OH), 8.20 (dd, J 
= 8.1, 1.7 Hz, 1 H), 8.06 (dd, J = 8.1, 1.7 Hz, 1 H), 7.05 (t, J 
= 8.1 Hz, 1 H), 2.73 (9, 3 H). 
2,4-Dihydroxy-5-nitroacetophenone (34. Nitric acid (d 

= 1.42, 1.5 mL) in glacial acetic acid (2 mL) was added to  a 
solution of 2,4-dihydroxyacetophenone (2c; 2.43 g, 16 mmol) 
in glacial acetic acid (13 mL) with stirring at room tempera- 
ture. The temperature was allowed to rise slowly to 30 "C, 
and the flask was cooled when the reaction became too 
vigorous. The mixture first turned to  a red-orange solution, 
and then a yellow flocculate precipitate separated out. The 
reaction mixture was allowed to proceed for another 2 h at 
room temperature and then poured onto ice (80 9). The 
precipitated product was filtered, washed with water, and 
dried to give 3c, 1.39 g, 44%: mp 145-147 "C (recrystallization 
from acetic acid) (lit.50 mp 142 "C); IR (KBr) 3378,3072,1665, 
1590,1520,1444,1350,1297,1250,1202,1173 cm-l; lH NMR 

1 H), 6.58 (s, 1 H), 2.75 (s, 3 HI. 
2,6-Dihydroxy-3-nitroacetophenone (3d). Nitric acid (d 

= 1.42, 1.2 mL) in glacial acetic acid (2 mL) was slowly added 
to a solution of 2,6-dihydroxyacetophenone (2d; 2.43 g, 16 
mmol) in glacial acetic acid (13 mL) with stirring on an ice- 
water bath. Soon the reaction mixture turned to a dark-red 
solution and was stirred for an  additional 40 min at  room 
temperature. The mixture was poured into ice-water (80 g) 
to afford semisolid product and left for 1 day, and then the 
resulting solid was filtered to  afford 3d, 3.0 g, 77%: mp 114- 
115 "C (lit.51 mp 119 "C); IR (KBr) 3084, 3002, 2650, 1626, 
1596,1461,1432,1373,1297,1255,1173,1103 cm-l; 'H NMR 

= 9 Hz, 1 H), 6.50 (d, J = 9.0 Hz, 1 H), 2.75 (s, 3 H). 
2-Hydroxy-5-methoxy-3-nitroacetophenone (3e). Ni- 

tric acid (d = 1.42, 2.6 mL) in glacial acetic acid (5  mL) was 
added to a solution of 2-hydroxy-5-methoxyacetophenone (2e; 
6.65 g, 40 mmol) in glacial acetic acid (50 mL) with stirring at  
room temperature. The mixture first turned to a dark-red 
solution, and then a yellow flocculate precipitate separated out. 
The reaction was allowed to  proceed for 2 h at  room tempera- 
ture, and the mixture was then poured onto ice (280 g). The 
precipitated product was filtered, washed with water, and 
dried to give 3e, 5.26 g, 83%: mp 111-112 "C (lit.45 mp 112 
"C); IR (KBr) 3072,2931,1649,1585,1532,1461,1426,1320, 
1255, 1167, 1050 cm-l; lH NMR (CDC13,200 MHz) 6 13.4 (9, 
1 OH), 7.64 (9, J = 3.1 Hz, 2 H), 3.76 (s, 3H), 2.65 (6, 3H). 
2-Hydroxy-6-methoxy-3-nitroacetophenone (30. Nitric 

acid (fuming, 2 mL) was added to a solution of 2-hydroxy-6- 
methoxyacetophenone (2f; 3.32 g, 20 mmol) in glacial acetic 
acid (20 mL). The mixture was stirred in a round-bottomed 

[(CD3)zCO, 200 MHz] 6 13.8 (s, 1 OH), 8.41 (d, J = 3.1 Hz, 1 

(CDC13, 200 MHz) 6 12.90 (s, 1 OH), 11.05 (s, 1 OH), 8.64 (s, 

(CDC13, 200 MHz) 6 14.5 (s, 1 OH), 12.9 ( 8 ,  1 OH), 8.25 (d, J 

flask equipped with a drying tube (CaC12) at room temperature 
for 40 min. The reaction mixture was then stirred at 45-50 
"C for 16 h. Acetic acid was removed at reduced pressure, and 
water (80 mL) was added. The precipitated solid was collected 
and recrystallized from EtOH to give 3f, 1.27 g, 30% yield 
(recrystallization from EtOH): mp 98-100 "C (lit.50 mp 102- 
103 "C); IR (KBr) 3084, 1620, 1590, 1514, 1444, 1314, 1250, 
1109 cm-l; lH NMR (CDCl3, 200 MHz) 6 12.63 (s, 1 OH), 8.19 
(d, J = 9.4 Hz, 1 H), 6.85 (d, J = 9.4 Hz, 1 H), 3.99 (s, 3 H), 
2.62 (s, 3 H). 
2,5-Dihydroxy-3-nitroacetophenone (3h). A mixture of 

2-hydroxy-5-methoxy-3-nitroacetophenone (36 1.55 g, 7.34 
mmol) and red P (300 mg) in HBr (50 mL, 48% in HzO) was 
stirred at  85-90 "C for 16 h under Ar. The mixture was cooled 
and extracted with three portions of CHzClz and then three 
portions of ether. The combined organic solution was washed 
by water, and the solvent was moved at reduce pressure to  
afford 3h, 1.3 g, 90% yield: mp 136-138 "C (lit.43 mp 142 "C); 

8.08 (d, J = 3.1 Hz, 1 H), 7.74 (d, J = 3.1 Hz, 1 H), 7.32 (s, 1 
H), 3.90 (8, 3 H). 
Preparation of Hydroxynitroflavones 7a-e and 8b- 

h,o,p. General Procedure. A solution of lithium bis- 
(trimethylsi1y)amide in THF (1 M, 40 mL, 30 mmol) was added 
to a well-stirred solution of 2,5-dihydroxyacetophenone (2a; 
10 mmol) in THF (50 mL) under Ar at -78 "C. The reaction 
was allowed to proceed for 2 h, and a solution of 4'-nitrobenzoyl 
chloride (10 mmol) was added slowly. Stirring was continued 
at  -78 "C for 1 h and then a t  room temperature for 20 h. The 
reaction mixture was poured into ice-water containing 5% 
HCl and extracted with two portions of ether. The combined 
ether layers were dried with MgS04. Solvents were evapo- 
rated, and the residue was dried under vacuum overnight. The 
residue was mixed with glacial acetic acid (60 mL) and HzS04 
(0.3 mL) and then heated at  95-100 "C under Ar for 1 h. 
Acetic acid was removed at  reduced pressure, and about 100 
mL of water was added. The precipitated product was filtered, 
washed with water, and dried. Recrystallization from acetone 
after treatment with activated charcoal afforded 7a. Flavones 
7b-e and 8b-h,o,p were prepared similarly using the modi- 
fications detailed in Table 1. 
6-Hydroxy-4-nitroflavone (7a): 60%; mp 326-328 "C 

(lit.16 mp 318-320 "C). 
4-Nitroflavone (7b): 74%; mp 244-245 "C (lit.52 mp 244- 

246 "C). 
7-Hydroxy-4-nitroflavone (7c): 63%; mp 306-308 "C 

(lit.53 mp 308-310 "C). 
6-Hydroxy-3'dtroflavone (7d): 74%; mp 270 "C dec; IR 

(KBr) 3346,3074,1622,1523,1469,1349,1224 cm-l; lH NMR 

Hz, 1 H), 8.42 (dd, J = 8.2, 2.2 Hz, lH), 7.88 (t, J = 8.1 Hz, 1 
H), 7.75 (d, J =  8.8Hz, 1 H), 7.32 (m,2H), 7.18(s, 1 H); EIMS 
mle (re1 intensity) 283 (M+, 100). Anal. (C15H7N309) C, H, N. 
3-Nitroflavone (7e): 78%; mp 200-201 "C; IR (KBr) 3074, 

1638,1523,1469,1345,1376,1344 cm-l; lH NMR (DMSO-de, 
200 MHz) 6 8.84 (t, J = 2.2 Hz, 1 H), 8.56 (m, 1 H), 8.43 (m, 
1 H), 8.07 (m, 1 H), 7.88 (m, 3 H), 7.53 (m, 1 H), 7.27 (s, 1 H); 
EIMS mle (re1 intensity) 267 (M+, 100). Anal. ( C I S H ~ N ~ O ~ )  
C, H, N. 
4,6-Dinitroflavone @a). Nitric acid (d = 1.42, 1.6 mL) 

was added to  a well-stirred mixture of 7b (1.34 g, 5 mmol) in 
concentrated sulfuric acid (14 mL) at room temperature. The 
reaction was allowed to proceed for 3 h, and the mixture was 
then poured into ice (100 g). The precipitated product was 
filtered, washed with water, and dried. Recrystallization from 
acetoneldioxane afforded 8a, 1.40 g, 90%: mp 260-261 "C; IR 
(KBr) 3078, 1654, 1638, 1577, 1521, 1460, 1414, 1343, 1064, 
1030 cm-'; 'H NMR (DMSO-do, 200 MHz) 6 8.74 (d, J = 2 Hz, 
1 H), 8.65 (9, J = 10, 2 Hz, 1 H), 8.43 (9, 4 H), 8.10 (d, J = 10 
Hz, 1 H), 7.42 (s,1 H); EIMS mle (re1 intensity) 312 (M', 100). 
Anal. (CISH~NZO~) C, H, N. 
4,b-Dinitroflavone (8b): 70%; mp 268 "C dec (recrystal- 

lization from acetone after treatment with activated charcoal); 
IR (KBr) 3073, 1667, 1612, 1520, 1467, 1345, 1326 cm-l; lH 

'H NMR (DMSO-ds, 200 MHz) 6 8.31 (9, J = 10.9 Hz, 4 H), 

(DMSO&, 200 MHz) 6 8.81 (t, J = 2 Hz, 1 H), 8.53 (d, J = 8 

NMR (DMSO-ds, 200 MHz) 6 8.60 (dd, J = 8.0, 1.8 Hz, 1 H), 



Aminoflavones as Protein-Tyrosine Kinase Inhibitors 

8.43 (9, J =  9.4Hz, 5 H), 7.71 (t, J=8 .0Hz ,  1 H), 7.47 (s, 1 H); 
EIMS mle (re1 intensity) 312 (M+, 100). Anal. (ClSH8N207) 
C, H, N. 
7-Hydroxy-4',6-dinitroflavone (84: 74%; mp 293-295 

"C (recrystallization from acetone); IR (KBr) 3067, 1641,1615, 
1574,1520,1349,1256,1185,1051 cm-l; lH NMR (DMSO-ds, 
200 MHz) 6 8.47 (8, 1 H), 8.38 (s, 4 H), 7.32 (s, 1 H), 7.23 (8, 1 
H); EIMS mle (re1 intensity) 328 (M+, 100). Anal. (C16H&T207) 
C, H, N. 
5-Hydroxy-4',8-dinitroflavone (8d). Method I (as de- 

scribed in the preparation of hydroxy-4'-nitroflavones 7a-c). 
The cyclization resulted in the mixture of 8d and 5-hydroxy- 
4',6-dinitroflavone (89 (ratio of 8W8i = 1:3) which was 
separated by silica gel thin layer chromatography eluting with 
CHzClz to afford the corresponding 8d, 7%, and 8i, 23%. 
Method I1 (demethylation of 5-methoxy-4',8-dinitroflavone, 
8e). Boron tribromide (8 mL, 1.0 M in CH2C12,8 mmol) was 
added to  a well-stirred mixture of 5-methoxy-4',8-dinitro- 
flavone (8e; 0.685 g, 2 mmol) in CHzClz (90 mL) at -78 "C for 
0.5 h and the reaction allowed to proceed at room temperature 
for 3 h. The resulting mixture was poured into cold 5% HCl 
(80 mL) and stirred for 10 min. The mixture was then 
extracted with one portion of CHzCl2 (40 mL), one portion of 
1:l THF-ether (40 mL), and one portion of ether (40 mL). The 
organic layers were collected and dried, and the solvent was 
removed under reduced pressure to afford 8d in quantitative 
yield: mp 318 "C dec; IR (KBr) 3084,2955,1651,1608,1520, 
1473, 1426, 1344, 1314, 1114, 1085, 1003 cm-'; 'H NMR 

7.61 (s, 1 H), 6.95 (d, J = 9.4 Hz, 1 H); EIMS mle (re1 intensity) 
328 (M+, 100). Anal. (CISHBNZO~) C, H, N. 
6-Methoxy-4,8-dinitroflavone @e): 65%; mp 254-256 

"C (recrystallization from acetone after treatment with acti- 
vated charcoal); IR (KBr) 3073, 1649, 1619, 1532,1467, 1437, 
1344, 1320, 1214, 1044, 1020 cm-'; 'H NMR (DMSO-ds, 200 
MHz) 6 8.31 (9, J = 10.9 Hz, 4 H), 8.08 (d, J = 3.1 Hz, 1 H), 
7.74 (d, J = 3.1 Hz, 1 H), 7.32 (8, 1 H), 3.90 (s, 3 H); EIMS mle 
(re1 intensity) 342 (M+, 89). Anal. (CI~HIONZO~) C, H, N. 
5-Methoxy-4,8-dinitroflavone (80: 67%; mp 294-296 "C 

(recrystallization from a mixture of acetone and 1,4-dioxane); 
IR (KBr) 3096,3084,1655,1596,1510,1473,1214,1129,1097, 
1020 cm-'; 'H NMR (DMSO-&, 500 MHz) 6 8.57 (d, J = 9.6 
Hz, 1 H), 8.40 (dd, J = 9.2, 5.6 Hz, 4 H), 7.30 ( 8 ,  1 H), 7.20 (d, 
J = 9.6 Hz, 1 H), 4.03 (8, 3 H); EIMS mle (re1 intensity) 342 
(M+, 100). Anal. ( C ~ ~ H I O N Z O ~ )  C, H, N. 
4,6,8-Trinitroflavone (8g): 72%; mp 273-275 "C (recrys- 

tallization from acetone); IR (KBr) 3085, 1661, 1620, 1538, 
1520, 1455, 1338, 1297 cm-l; lH NMR (acetone-&, 200 MHz) 
6 9.28 (d, J = 2.7 Hz, 1 H), 9.10 (d, J = 2.7 Hz, 1 H), 8.46 (9, 
J = 9.1 Hz, 4 H), 7.58 (s, 1 H); FABMS mle (re1 intensity) 358 
(MH+, 38). Anal. (C15H7N308) C, H, N. 
6-Hydroxy-4,8-dinitroflavone (8h): 66%; mp 272 "C dec 

(recrystallization from acetone after treatment with activated 
charcoal); IR (KBr) 3344,3189,3118, 1697,1651,1625,1518, 
1349 cm-l; 'H NMR (acetone-&, 500 MHz) 6 8.36 (d, J = 8.9 
Hz, 2 H), 8.27 (d, J = 8.9 Hz, 2 H), 8.00 (d, J = 3 Hz, 1 H), 
7.81 (d, J = 3 Hz, 1 H), 7.16 (s, 1 H); EIMS mle (re1 intensity) 
328 (M+, 100). Anal. (C15H~N207) C, H, N. 
5-Hydroxy-4,6-dinitroflavone (8i). The preparation of 

this compound was described above under the synthesis of 8d. 
8i: yield 23%; mp 208 "C dec; IR (KBr) 3089,1649,1608,1420, 
1344,1285,1220,1120,1075,1015 cm-', 'H NMR (DMSO-ds, 
200 MHz) 6 8.44 (d, J = 9.4 Hz, 1 H), 8.42 (9, J = 9.6 Hz, 4 
H), 7.56 (s, 1 H), 7.43 (d, J = 9.4 Hz, 1 H); EIMS mle (re1 
intensity) 328 (M+, 100). Anal. (C15HsN207) C, H, N. 
6-Hydroxy-4,5,7-trinitroflavone (8j). Nitric acid (d = 

1.42, 1.6 mL) in glacial acetic acid (8 mL) was added to 7a 
(0.71 g, 2.5 mmol) in glacial acetic acid (5 mL), and the reaction 
mixture was stirred at  60 "C (oil bath) for 6 h. Acetic acid 
was removed at  reduced pressure, and the mixture was then 
poured into water (60 mL). The yellow precipitated product 
was filtered, washed with water, and dried. Recrystallization 
from acetone afforded 8j, 0.63 g, 68%: mp 289-291 "C; IR 
(KBr) 3343, 3072, 1655, 1643, 1572, 1561, 1520, 1461, 1338, 
1185, 1114 cm-'; 'H NMR (DMSO-&, 200 MHz) 6 8.73 (8, 1 

(DMSO-& 200 MHz) 6 8.55 (d, J = 9.4 Hz, 1 H), 8.48 ( ~ , 4  H), 
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H), 8.42 (s, 4 H), 7.32 (s, 1 H); EIMS mle (re1 intensity) 373 
(M+, 100). Anal. (CISH~NSO~) C, H, N. 
7-Hydroxy-4',6,8-trinitroflavone (8k). Nitric acid (d = 

1.42,3 mL) in glacial acetic acid (5 mL) was added to 7c (1.133 
g, 4.0 mmol) in glacial acetic acid (50 mL), and the reaction 
mixture was stirred at 100-105 "C (oil bath) for 4 h. Acetic 
acid was removed at reduced pressure, and the mixture was 
then poured into water (80 mL). The precipitated product was 
filtered, washed with water, and dried. Recrystallization from 
acetic acid afforded 8k, 1.02 g, 68%: mp 256-258 "C; IR (KBr) 
3550-3400, 3083, 1635, 1601, 1443, 1420, 1343, 1096 cm-l; 

8.28 (8, 1 H), 8.13 (d, J = 9.0 Hz, 2 H), 7.03 (9, 1 H); EIMS mle 
(re1 intensity) 374 (MH+, 100). Anal. (C15H7N309) C, H, N. 
7-Hydroxy-4',8-dinitroflavone (81). Nitric acid (d = 1.41, 

0.8 mL) was added to  a well-stirred mixture of 7c (0.80 g, 2.8 
mmol) in concentrated sulfuric acid (7 mL) at  room tempera- 
ture. The reaction was allowed to proceed for 4 h, and then 
the mixture was poured onto ice (100 g). The precipitated 
product was filtered, washed with water, and dried to give a 
mixture of 7-hydroxy-4',8-dinitroflavone and 7-hydroxy-4',6,8- 
trinitroflavone (ratio of 8k/81= 1:l). Column chromatography 
on silica gel (CHZC12, CHzClZ-THF, 8:2, followed by 10% 
menthol in CHZC12) afforded the corresponding 81, 0.27 g, 
27%: mp 289-291 "C; IR (KBr) 3120,3070,1648,1593,1543, 
1468, 1427, 1377, 1309, 1208, 1179, 1079 cm-l; 'H NMR 

10 Hz, 2 H), 8.12 (d, J = 9 Hz, 1 H), 7.26 (8, 1 H), 7.20 (d, J = 
9 Hz, 1 H); EIMS mle (re1 intensity) 328 (M+, 44). Anal. 
(Ci5H8Nz07) C, H, N. 
6-Hydroxy-3',5,7-trinitroflavone (8m). The nitration of 

7d was performed as described in the preparation of 8j above. 
8m: yield 62%; mp 154-156 "C (recrystallization from MeOH); 
IR (KBr) 3273,3061,1655,1538,1455,1343,1220,1102 cm-l; 

(~,1H),8.61(dd,J=8.1,1Hz,1H~,8.46(dd,J=9.7,2.2Hz, 
1 H), 7.92 (t, J = 8.1 Hz, 1 H), 7.39 (s, 1 H); EIMS mle (re1 
intensity) 373 (M+, 41). Anal. (C15H7N309) C, H, N. 
3,6-Dinitroflavone (8n). The preparation of 7e was 

performed as described in the preparation of 8a above. 8e: 
yield 91%; mp 246-248 "C (recrystallization from THFEtOH); 
IR (KBr) 3084,1667,1614,1526,1455,1344,1266,1138,1036 
cm-l; lH NMR (DMSO-&, 200 MHz) 6 8.93 (t, J = 1.9 Hz, 1 
H), 8.72 (dd, J = 14.5, 2.6 Hz, 1 H), 8.63 (m, 2 H), 8.47 (ddd, 
J = 8.1, 2.2, 0.9 Hz, 1 H), 8.17 (d, J = 9.1 Hz, 1 H), 7.90 (t, J 
= 8.1 Hz, 1 H), 7.46 (9, 1 H); EIMS mle (re1 intensity) 312 (M+, 
100). Anal. (C15H~Nz06) c ,  H, N. 
7-Hydroxy-3',6-dinitroflavone (80): 70%; mp 294-296 

"C (recrystallization from acetone/THF); IR (KBr) 3260,3061, 
1673, 1632, 1532, 1455, 1355, 1308, 1179, 1109, 1050 cm-'; 

Hz, 1 H), 8.47 (9, 1 H), 8.42 (d, J = 7.8 Hz, 1 H), 7.86 (t, J = 
8 Hz, 1 h), 7.36 (s, 1 H), 7.25 (s, 1 H); EIMS mle (re1 intensity) 
328 (M+, 100). Anal. (ClSH8N207) C, H, N. 
6-Methoxy-3',8-dinitroflavone (8p): 76%; mp 279-281 

"C (recrystallization from acetone); IR (KBr) 3072, 1661,1627, 
1532,1479,1438,1338,1108,1026 cm-l; 'H NMR (DMSO-&, 
200 MHz) 6 8.92 (t, J =  1.8 Hz, 1 H), 8.57 (dd, J =  8, 1.6 Hz, 
1 H), 8.47 (dd, J = 8.1, 2.4 Hz, 1 H), 8.20 (d, J = 3 Hz, 1 H), 
7.92 (d, J = 8 Hz, 1 H), 7.82 (d, J = 3 Hz, 1 H), 7.48 (s, 1 H), 
3.98 (8, 3 H); EIMS mle (re1 intensity) 342 (M+, 100). Anal. 
(Ci6HioN207) c ,  H, N. 
Catalytic Hydrogenation of Nitroflavonee. A solution 

of nitroflavones 8 (200 mg) in THF (100 mL) was hydrogenated 
at 40 psi for 20 h in the presence of 5% palladium on charcoal 
(100 mg). The catalyst was removed by filtration to afford 
aminoflavones 9, and then HC1 (gas) was bubbled through the 
mixture while stirring at room temperature for 10 min. 
Solvent was evaporated at reduced pressure to afford the 
corresponding aminoflavone hydrochloride salts 10 in 96- 
100% yields. 
4',6-Diaminoflavone (9a): mp 232 "C dec; IR (KBr) 3331, 

3202, 2932, 1608, 1570, 1508, 1473, 1367, 1303, 1244, 1120 
cm-'; lH NMR (DMSO-&, 500 MHz) 6 7.71 (d, J = 8.7 Hz, 2 
H), 7.39 (d, J = 8.8 Hz, 1 H), 7.05 (d, J = 2.8 Hz, 1 H), 6.99 
(dd, J = 8.8, 2.8 Hz, 1 H), 6.63 (d, J = 8.7 Hz, 2 H), 6.55 (9, 1 

'H NMR (DMSO-&, 200 MHz) 6 8.31 (d, J = 9.0 Hz, 2 H), 

(DMSO-&, 200 MHz) 6 8.42 (d, J = 10 Hz, 2 H), 8.17 (d, J = 

'H NMR (DMSO-&, 200 MHz) 6 8.94 (t, J = 2 Hz, 1 H), 8.88 

'H NMR (DMSO-&, 200 MHz) 6 8.82 (s, 1 H), 8.54 (d, J = 7.8 
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H), 5.93 ( 8 ,  2 NH), 5.40 (9, 2 NH); EIMS mle (re1 intensity) 
252 (M+, 100). Anal. (C15HlzNz0~*2HCl) C, H, N. 

4',8-Diaminoflavone Hydrochloride (lob): mp 178 "C 
dec; IR (KBr) 3390,3049,2930-2700,2599,1637,1608,1490, 
1432, 1372, 1032 cm-l; lH NMR (DMSO-&, 500 MHz) 6 8.04 
(d, J = 8.4 Hz, 2 H), 7.36 (br, 1 H), 7.26 (br, 1 H), 7.22 (t, J = 
7.6 Hz, 1 H), 6.90 (d, J = 8.4 Hz, 2 H), 6.66 (s, 1 H), 1.34 ( s ,4  
NH); FABMS mle (re1 intensity) 253 (MH+ - 2HC1,lOO). Anal. 
(C15HlzNz02.2HCl C, H, N. 
7-Hydroxy-4,6-diaminoflavone Hydrochloride (1Oc): 

mp 224 "C dec; IR (KBr) 3402,3061,2970-2880,2579,1637, 
1508,1477,1367,1296,1250,1185 cm-l; 'H NMR (DMSO-&, 
200 MHz) 6 7.98 (9, 1 H), 7.86 (d, J = 8.9 Hz, 2 H), 7.37 (8 ,  1 
H), 6.90 (d, J = 8.9 Hz, 2 H), 6.72 (8 ,  1 H), 1.35 (s, 4 NH); 
FABMS mle (re1 intensity) 269 (MH+ - 2HC1, 100); HRMS 
calcd for C15H1~N203 + H+ 269.0926, found 269.0933. 
S-Hydroxy-4',8-diaminoflavone Hydrochloride (10d): 

mp 202 "C dec; IR (KBr) 3405,2858,2578,1658,1626,1577, 
1485, 1426, 1367, 1297, 1232, 1185, 1003 cm-'; lH NMR 

9 Hz, 1 H), 7.24 (d, J = 9 Hz, 1 H), 6.89 (8 ,  1 HI, 6.72 (d, J = 
8.8 Hz, 2 H), 1.38 (s, 4 NH); FABMS mle (re1 intensity) 269 
(MH+ - 2HC1, 100); HRMS calcd for CI~HIZNZO~ + H+ 
269.0926, found 269.0925. 
6-Methoxy-4,8-diaminoflavone Hydrochloride (10e): 

mp 180 "C dec; IR (KBr) 3477-3320,2932,2850,2568,1628, 
1585,1508,1485,1373,1220,1132,1056,1026 cm-l; lH NMR 

8.6 Hz, 2 H), 6.78 (9, 1 H), 6.71 (d, J =  1.7 Hz, 2 H), 3.77 (5, 3 
H), 1.35 (s, 4 NH); FABMS mle (re1 intensity) 283 (MH+ - 
2HC1, 100). Anal. (C16H14N203.2HC1.0.4Hz0) C, H, N. 
S-Methoxy-4,8-diaminoflavone Hydrochloride (100: 

mp 185 "C dec; IR (KBr) 3402, 3202,2850,2759,1632, 1585, 
1508, 1485, 1385, 1261, 1185, 1103, 1032 cm-'; 'H NMR 

9.0 Hz, 1 H), 7.02 (d, J = 9.0 Hz, 1 H), 6.77 (d, J = 8.8 Hz, 2 
H), 6.67 (s, 1 HI, 3.86 (9, 3 HI, 1.33 (s, 2 NH), 1.22 (9, 4 NH); 
FABMS mle (re1 intensity) 283 (MH+ - 2HC1, 53). Anal. 
(C16Hi4Nz03*2HC1) c, H, N. 

4,6,8-Triaminoflavone Hydrochloride (log): mp 225 "C 
dec; IR (KBr) 3437,3332,3202,2850,2571,1614,1585,1502, 
1385 cm-1; 1H NMR (DMSO-&, 200 MHz) 6 7.94 (d, J = 8.6 
Hz, 2 H), 7.03 (d, J = 2.4 Hz, 1 H), 6.92 (d, J = 2.4 Hz, 1 H), 
6.72 (s, 1 H), 6.69 (d, J = 8.6 Hz, 2 H), 1.35 (s ,6  NH); FABMS 
mle (re1 intensity) 268 (MH+ - 2HC1, 100); HRMS calcd for 
C&&302 + H+ 268.1086, found 268,1083. 
6-Hydroxy-4,8-diaminoflavone Hydrochloride (10h): 

mp 202 "C dec; IR (KBr) 3349-3343,2920,1632,1602,1508, 
1484, 1379,1126 cm-l; lH NMR (DMSO-&, 200 MHz) 6 7.96 
(d, J = 8.6 Hz, 2 H), 6.68 (d, J = 8.6 Hz, 2 H), 6.66 (8 ,  1 H), 
6.64 (d, J = 2.7 Hz, 1 H), 6.60 (d, J = 2.7 Hz, 1 H), 1.33 (s, 4 
NH); FABMS mle (re1 intensity) 269 (MH+ - 2HC1,63); HRMS 
calcd for C15H12N203 + H+ 269.0926, found 269.0890. 
S-Hydroxy-4,6-diaminoflavone Hydrochloride (1Oi): 

mp 192 "C dec; IR (KBr) 3355, 2849,2579, 1655,1608,1508, 
1455, 1402, 1291, 1238, 1191, 1139, 1020 cm-l; lH NMR 

8.7 Hz, 1 H), 6.89 (s, 1 H), 6.82 (d, J = 8.7 Hz, 1 H), 6.69 (d, 
J = 9 Hz, 2 H), 4.10-4.85 (br, 4 NH); FABMS mle (re1 
intensity) 269 (MH+ - 2HC1,lOO); HRMS calcd for Ci6HizNz03 
+ H+ 269.0926, found 269.0890. 
6-Hydroxy-4,6,7-triamhoflavone Hydrochloride 

(lOj): mp 220 "C dec; IR (KBr) 3402,3320,3214,3047-2800, 
1655, 1608, 1497, 1379, 1297, 1244, 1114 cm-l; lH NMR 

8.5 Hz, 2 H), 6.85 (s, 1 H), 6.56 (s, 1 H), 1.35 (s ,6  NH); FABMS 
mle (re1 intensity) 284 (MH+ - 3HC1, 41); HRMS calcd for 
C16H1&03 + H+ 284.1035, found 284.1030. 
7-Hydroxy-4',6,8-triaminoflavone Hydrochloride 

(10k): mp 230 "C dec; IR (KBr) 3343,3202,3061,2960-2830, 
1655, 1602, 1508, 1473, 1391, 1244, 1179, cm-'; 'H NMR 

7.05 (d, J = 8.7 Hz, 2 H), 6.75 (s, 1 H), 2.06 (s, 6 NH); FABMS 
mle (re1 intensity) 284 (MH+ - 3HC1, 61); HRMS calcd for 
C15H13N303 + H+ 284.1035, found 284.1029. 

(DMSO-&, 200 MHz) 6 7.87 (d, J =  8.8 Hz, 2 H), 7.76 (d, J = 

(DMSO-&, 200 MHz) 6 8.05 (d, J = 8.6 Hz, 2 H), 6.95 (d, J = 

(DMSO-&, 200 MHz) 6 7.93 (d, J = 8.8 Hz, 2 H), 7.77 (d, J = 

(DMSO-&, 200 MHz) 6 7.98 (d, J = 9 Hz, 2 H), 7.64 (d, J = 

(DMSO-&, 200 MHz) 6 7.92 (d, J = 8.5 Hz, 2 H), 7.04 (d, J = 

(DMSO-&, 200 MHz) 6 8.12 (d, J = 8.7 Hz, 2 H), 7.32 (s, 1 H), 
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7-Hydroxyy-4,8-diaminoflavone Hydrochloride (101): 
mp 176 "C dec; IR (KBr) 3367,3100-2800,2591,1690,1602, 
1514, 1420, 1391, 1291, 1250, 1173, 1114 cm-l; lH NMR 

8.7 Hz, 1 H), 7.04 (d, J = 8.7 Hz, 1 H), 6.85 (d, J = 8.5 Hz, 2 
H), 6.56 (s, 1 H), 1.35 ( 8 ,  4 NH); FABMS mle (re1 intensity) 
269 (MH+ - 2HC1, 28); HRMS calcd for C15H12N203 + H+ 
269.0926, found 269.0928. 
6-Hydroxy-3,5,7-triaminoflavone (9m): mp 158 "C dec; 

IR (KBr) 3331,3190,2850,2579,1637,1578,1455,1379,1267 
cm-l; lH NMR (DMSO-&, 200 MHz) 6 7.43 (d, J = 8.8 Hz, 1 
H), 7.18-7.04 (m, 3 H, 2 NH), 6.73 (m, 1 H), 6.63 (s, 1 H), 
5.51 (s, 2 MI), 5.39 (9, 2 NH); FABMS mle (re1 intensity) 284 
(MH+ - 3HC1, 100); HRMS calcd for C1~H13N303 + H+ 
284.1035, found 284.1036. 

3',6-Diaminoflavone Hydrochloride (10n): mp 214 "C 
dec; IR (KBr) 3331,3214,2838,2556,1627,1567,1485,1461, 
1367 cm-'; lH NMR (DMSO-&, 200 MHz) 6 7.94 (d, J = 8.6 
Hz, 2 H), 7.03 (d, J = 2.4 Hz, 1 H), 6.92 (d, J = 2.4 Hz, 1 H), 
6 .72(s , lH) ,6 .69(d ,J=  8.6 Hz,2 H),1.35 (s ,6  NH);FABMS 
mle (re1 intensity) 253 (MH+ - 2HC1, 50); HRMS calcd for 
C15H12N202 + H+ 253.0977, found 253.0972. 
7-Hydroxy-3,6-diaminoflavone Hydrochloride (100): 

mp 218 "C dec; IR (KBr) 3367,3343,3202,2908,2579, 1627, 
1579,1485,1367,1261 cm-l; lH NMR (DMSO-& 500 MHz) 6 
7.80 (9, 1 H), 7.69 (m, 1 H, 1 OH), 7.46 (t, J = 8 Hz, 1 H), 7.25 
(s, 1 H), 7.23 (d, J = 9 Hz, 1 H), 6.86 (s, 1 H), 6.83 (8 ,  1 H), 
1.33 ( 8 ,  4 NH); FABMS mle (re1 intensity) 269 (MH+ - 2HC1, 
80); HRMS calcd for Cl5Hl2Nz03 + H+ 269.0926, found 
269.0918. 
6-Methoxy-3,8-diaminoflavone Hydrochloride (lop): 

mp 180 "C dec; IR (KBr) 3343,2850,2945,2873,2570,1602, 
1485, 1379 cm-l; lH NMR (DMSO-&, 200 MHz) 6 7.90-7.84 
(br, 1 H), 7.47 (t, J=  7.6 Hz, 1 H), 7.24-7.19 (br, 1 H), 6.87 (s, 
2 H), 6.65 (m, 2 H), 3.77 (9, 3 H), 1.35 (8 ,  4 NH); FABMS mle 
(re1 intensity) 283 (MH+ - 2HC1, 100); HRMS calcd for 
C16H1&03 + H+ 283.1083, found 283.1077. 

Enzyme Inhibition Studies. The assays for inhibition of 
~ 5 6 ~  were performed as previously describedaS4 In vitro assays 
of p56bh protein-tyrosine kinase activity were carried out using 
angiotensin I (1.2 mM) and [y-32PlATP (50 pM) as described 
previously for the routine assay of the p40 protein-tyrosine 
kinase56 except that reactions contained 8% DMSO, which was 
used as a carrier for the inhibitors. Control reactions run in 
the absence of inhibitor also contained 8% DMSO. Angiotensin 
I was prepared by the Purdue Peptide Synthesis Facility. 
p56lck was partially purified from bovine thymus by sequential 
chromatography on columns of DEAE-cellulose, heparin- 
agarose, and butyl-agarose.16 Analogs were screened for 
inhibition of p56lCk at seven concentrations ranging from 0.8 
to  2000 pglmL. IC50 values were determined graphically and 
represented the concentration of inhibitor that gives half- 
maximal inhibition as compared to control assays carried out 
in the absence of inhibitor but in the presence of DMSO carrier. 

p60u-s" kinase was purified from baculovirus-infected insect 
cell lysates using an antipeptide monoclonal antibody directed 
against the N-terminal2-17 amino acids. The antibody was 
covalently linked to  0.65 pm latex beads in a suspension of 
insect cell lysis buffer comprised of 150 mM NaCl, 50 mM Tris 
(pH 7.5), 1 mM DTT, 1% NP-40, 2 mM EGTA, 1 mM sodium 
vanadate, 1 mM PMSF, and 1 ,ug/mL each of leupeptin, 
pepstatin, and aprotinin. Insect cell lysate was incubated with 
these beads for 3-4 h at 4 "C with rotation. At the end of the 
lysate incubation, the beads were rinsed three times in lysis 
buffer, resuspended in lysis buffer containing 10% glycerol and 
frozen. These latex beads were thawed, rinsed three times in 
assay buffer which was comprised of 40 mM Tris (pH 7.5) and 
5 mM MgC12, and resuspended in the same buffer. In a 
Millipore 96-well plate with a 0.65 ,um poly(viny1idene fluoride) 
membrane bottom were added the reaction components: 10 
pL of v-src beads, 10 pL of 2.5 mg/mL poly(GluTyr)substrate, 
5 pM ATP containing 0.2 ,uCi of labeled [32PlATP, and 5 pL of 
DMSO containing inhibitors or as a solvent control and buffer 
to make the final volume 125 pL. The reaction was started 
at room temperature by addition of the ATP and quenched 10 
min later by the addition of 125 p L  of 30% TCA and 0.1 M 

(DMSO-&, 200 MHz) 6 8.03 (d, J = 8.5 Hz, 2 H), 7.61 (d, J = 
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sodium pyrophosphate for 5 min on ice. The plate was then 
filtered, and the wells were washed with two 250 p L  aliquots 
of 15% TCA and 0.1 M pyrophosphate. The filters were 
punched and counted in a liquid scintillation counter and the 
data examined for inhibitory activity in comparison to a known 
inhibitor. 

Epidermal growth fador receptor was prepared from human 
A431 carcinoma cell shed membrane vesicles as previously 
described.s6 The reactions were carried out in 96-well plates 
with a 0.65 pm pore size poly(viny1idene fluoride) membrane 
bottom. The tyrosine kinase activity was assessed by solubi- 
lizing the partially purified vesicles in a mixture of 4% Triton 
X-100 detergent and 10% glycerol. Total vesicle preparation 
protein (10 pg) was added to a final volume of assay buffer of 
125 p L  comprised of 20 mM HEPES buffer (pH 7.41, 15 mM 
MgC12,4 mM MnC12,0.02% bovine serum albumin, 5 pM ATP 
containing 0.2 pCi of 0.5-3 Ci/mmol 32P-labeled ATP, 25 pg 
of random copolymer of glutamate, alanine, and tyrosine in a 
ratio of 6:3:1, 250 ng of epidermal growth factor, and 
appropriate solvent controls or inhibitors. The reaction was 
allowed to progress for 10 min at  room temperature and 
stopped by the addition of 125 pL of cold 30% trichloroacetic 
acid containing 0.1 M sodium pyrophosphate for 5 min on ice. 
The precipitate (comprised of acid-insoluble proteins and 
copolymer) was washed in the 96-well filter plate with the 
membrane bottom with two 250 pL portions of 15% trichloro- 
acetic acid containing 0.1 M sodium pyrophosphate. Incorpo- 
rated label was assessed by scintillation counting the filters 
(membrane bottoms of the wells) in an aqueous fluor. Typi- 
cally, 80% of the incorporated, precipitated 32P was due to the 
presence of copolymer substrate. Autophosphorylation con- 
trols were done in each experimental assay. 
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