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Following our SAR studies on aromatase inhibitors, new compounds were designed by appropriately
modifying the structure of flavon#& using our previously reported CoMFA model. While the introduction

of substituents on the 2-phenyl ring alone did not cause improvement in potency, these modifications and
the removal of the 7-methoxy group led to compounds showing inhibitory activity in the nanomolar range,
comparable to the marketed drug fadrozole.

Introduction the previously described alignment hypothé8i&riefly, the
Iph_enyl group was aligned onto tpecyanophenyl o&-fadrozole
f(F|gure 1A), and as a consequence, the chromone nucleus was
found to be fairly well aligned onto th@-cyanophenyl of
R-fadrozole (Figure 1B). In Figure 1@, is shown surrounded

nby the CoMFA contour maps of the model of ref 14. In light of

One of the main approaches to control postmenopausal
hormone-dependent breast cancer involves the reduction o
plasma and tissue levels of estrogens via the inhibition of a
key enzyme of their biosynthetic process, and research was soo

focused on aromatadelhis multienzymatic complex, formed L L _
by cytochrome P450 XIX (CYP19) and NADPH-cytochrome S PiCture, we thought the activity af(ICso = 0.551M) could
be improved in two ways: (i) by inserting into the 2-phenyl

P450 reductase, catalyzes the conversion of androgens to. ; . S

L . ring of the flavone a suitable substituent mimicking the cyano
estrogens through the aromatization of the A ring of androgen : .

. . . roup ofSfadrozole, eventually enabling the establishment of
substrates and has been considered a particularly attractive targ - . . . .

. n H-bond interaction with the Ser478 of the biological
for the treatment of hormone-dependent breast cancer. Since i .
. L S counterpaff (2a—c, Table 1); (ii) by removing the 7-methoxy

the early discovery of aromatase inhibitory activity in the known

drug aminoglutethimidéthe extensive SAR studies performed ?églljlrt)in()f %:éi\a_oin-lc—izb\l/serle). tggr? b:g';g{gg' l?scitrllwtfjr ()C];(;[tleeF A

in the past 30 years to search for potent, selective, and less toxic 149 np pres g o

compounds have led to the develooment of a second and a thir odeli# and it turned out that the designed structural modifica-
P P ions were predicted to improve the aromatase inhibitory potency

generation of nonstermdal inhibitors, which have regently been with respect to the parent compoundwhose calculated pig
reviewed® Among different classes, the azoles still hold a
was 6.11 (Table 1).

prominent position as demonstrated by the recently marketed Compound2a—c (Scheme 1) were synthesized starting from

drugs, which are now considered a valid alternative to tamox- 2 a-dihvd onh hich heated with th
ifene as a first line treatment for advanced breast cahaed a-dinycroxypropiophenone, which was heated wi € ap-
recently new series of nonsteroidal aromatase inhibitors haveIor(()jp”"ﬁelyI SUbSt'tUtid beﬂzgyl chloride ﬁngl the cortges?tondlng
: s : sodium salt to give the 7-hydroxy-3-methylflavordsb after
been synthesized by groups working in the field. hydrolysis with sulfuric acid. The hydroxy group in position 7

We thave_ t;ﬁf? |nteredstedtrf]orbsome fyezérs'v:r; Afhe s?;u;y of was methylated with dimethylsulfate to give the intermediates
aroma‘ase Innibitors, and on e basis o/ a .o analySIs,  5ab, which were then brominated with-bromosuccinimide

new aromatase inhibitors were synthest2ed which the key to give6a,b, and the reaction with imidazole led to the desired

feattur.es, of tr:]et azole Ifamlly doLakrjomgtase mktl.lbltors (nitrogen- compoundsZa,b). For the synthesis dfc a different route was
containing heterocycle an -bond accepting group) were used because of the instability of the nitrile in the presence of

'n;§;:e3 |:tovf/i;]fifer:er;t Sk%af\f;rlldli tf\uclikt] ?stcrhr?ml;)ner, Xra':rt]h(t)ne'sulfuric acid. 2,4-Dihydroxypropiophenone was first methylated
ana fiavone, which are xno € literature to bear aromalese ,,y then reacted with 4-cyanobenzoyl chloride and sodium

R 4213 X i . (
:cnh'b'tlion dr(Jir.?pertlleSiR ?t?jrtlng ftr)‘t’”.‘ .these I'ESLlI|tS, we p;er 4-cyanobenzoate to give the corresponding 7-methoxyflavone
ormec additiona studies, obtaining Several Series of new 5c, which was then treated as above to obtain the final

aromatase inhibitors. In this paper we report some modifications compound. For the synthesis 2d—e (Scheme 1), starting from

performed on the earlier described flavahié to improve the 2-hydroxypropiophenone and the appropriately substituted ben-

biological activity of this lead compound. was aligned into : : -
- . . zoyl chlorides and corresponding sodium salts, the flav8ags
the recently updated enantioselective CoMFA m¥dellowing were obtained. These were then brominagaje) and reacted

with imidazole to give the final compounds.
* To whom correspondence should be addressed. Phoneff82: 051 inhihiti
2099732/34. E-mail- silvia.gobbi@unibo it The new compounds were tested for inhibition of aromatase,

T University of Bologna. and to assess their selectivity toward related enzymes, their
* Saarland University. ability to inhibit another cytochrome P450 enzyme was also
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A Table 1. Structures and Biological Activities of the Target Compounds
against CYP19 and CYP17
? /=N
NS

2a-c, 3a-e

CYP1?
CYP1% % inhibition CYP19 CYP19
R R ICs0, uM© @t 2.5uM  plCsgobsd PICsopred A

1 OCH; 0.55 44 6.26 6.11 0.15
2a NO, OCH; 0.47 9 6.33 6.78 —0.45
2b Br OCH; 4.1 29 5.39 6.44 —1.05

B 2c CN OCH 1.8 12 5.74 6.56 —0.82
3a H H 0.071 7.15 6.22 0.93
3b NO, H 0.045 7.35 7.20 0.15
3c Br H 0.44 27 6.36 6.62 —0.26
3d CN H 0.069 7.16 6.84 0.32
3e OCH; H 0.080 26 7.10 6.90 0.20
fadrozole 0.052

aSubstrate is 500 nM gt[3H]androstenedioné. Substrate is 25M
progesterone The given values are mean values of at least three experi-
ments. The deviations were withia5%.
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Figure 1. (A) Superimposition ofl onto Sfadrozole following the
previously reported alignment strategy. As a consequence, (B) the
chromone nucleus is fairly well aligned onto tpecyanophenyl of
R-fadrozole. (C) The CoMFA contour maps are plotted in the 3D space
surrounding the inhibitot. The CoMFA contour map levels are those
reported in Figure 1.

3a-e

evaluat_ed, namely, h?hydroxylase/C;?,20-Iyas_e (CYP17), aReagents and conditions: (i)2&€0s, (CHs)2SOs, reflux 7 h; (i) (1)
catalyzing the key step of androgen biosynthesis. 180-190°C, 7 h; (2) HSQ, reflux 15 min; (i) NBS, CC}, reflux 5 h;
(iv) imidazole, CHCN, reflux 6 h.

Results and Discussion

All the new compounds showed inhibition of aromatase, and be a fundamental physicochemical requirement for good CYP19
some of them proved to be active at the nanomolar level (Table inhibition.** Since our CoMFA model does not include 1Bg
1). In particular,3b was slightly more active than the marketed or other descriptors to account for hydrophobic featuges,
drug fadrozole. Moreover, all the new compounds proved to which carried a strong H-bond acceptor group, was predicted
be highly selective for aromatase with respect to CYP17 becauseto be more potent than it actually was (Bbreda = 6.78 vs
no 1Cso for the inhibition of this enzyme could be calculated. plCsoonsd= 6.33). In agreement with this observation was also
Considering the results collected in Table 1, the introduction the activity of2c. In previously reported series, the CN group
of a NO, group on the phenyl ring in the 7-methoxy seri2a)( was shown to be a worse H-bond acceptor compared to the NO
seemed to have no significant effect on CYP19 inhibition. This substituent, and this was confirmed here by thesglqof 2c,
could be due to an overall increase of the hydrophilic character, which was lower than the pHgyeq Of 2a (6.56 and 6.78,
which counterbalanced the positive effect of a possible H-bond respectively). Still,2c was observed to be significantly less
interaction between N£and Ser478 of CYP19. Actually, high  potent with an experimental pigansq0f 5.74. A slightly different
hydrophobicity of CYP19 inhibitors has been demonstrated to scenario could be observed for the highly hydrophobic Br
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derivative 2b, which is not able to establish an H-bond with sulfate (0.7 g, 5.4 mmol) in acetone was refluxed for 7 h. The
the biological counterpart, thus likely missing an important mixture was hot-filtered and evaporated to dryness. Purification
interaction with the protein target. This may be responsible for by column chromatography (petroleum ether/ethyl acetate 4:1) gave
both its low potency (pl€sossa= 5.39) and its COMFA-based 1.10 g (65%) of5a, mp 202-204 °C. 'H NMR: ¢ 2.20 (s, 3H,
overestimated activity (plGprea= 6.44). CHg), 3.90 (s, 3H, OCH), 6.85 (d,J = 1.8 Hz, 1H, arom), 7.00

More promising results were obtained with the removal of (dd, J = 1.8 and 8.4 Hz, 1H, arom), 7.85 (d,= 8.4 Hz, 2H,

L arom), 8.15 (d,J = 8.4 Hz, 1H, arom), 8.40 = 8.4 Hz, 2H,
the methoxy group becau8a showed activity in the nanomolar ) (dJ ) (@
range, about an 8-fold increase with respect to the parent

arom)

3—(E;romomethyl)—?-methoxy-¢nitroflavone (6a). To a solution

compoundl. This seemed to confirm the design hypothesis of 5a (3 g, 9.8 mmol) in CCJ (150 mL) were added\-

based on our CoMFA model, the pésreqof 3a(6.22) however
being much lower than its pHgobsd(7.15). This indeed proved

bromosuccinimide (1.85 g, 9.8 mmol) and a catalytic amount of
benzoyl peroxide, and the mixture was refluxed for 5 h. The mixture

that a decrease of steric hindrance in a sterically disallowed was hot-filtered and evaporated to dryness to give 1.2@pndhat
region increased the potency of inhibitors. Likely, our COMFA Was used without further purificatioAH NMR: ¢ 3.90 (s, 3H,
model underestimategh potency because the compound lacks OCHs), 4.40 (s, CH), 7.00-7.40 (m, 2H, arom), 7.568.45 (m,

the H-bond acceptor group, which is a fundamental feature for
the statistical modét: This definitively arose by the analysis
of the predicted activity of the most potent compou3t)(

H, arom).
3-(Imidazolylmethyl)-7-methoxy-4-nitroflavone (2a). A mix-

ture of6a (1.2 g, 3 mmol) and imidazole (0.6 g, 9 mmol) in dry
acetonitrile (40 mL) was refluxed undeg ffor 6 h and evaporated

Whigh underwent. both structural modifications invoked by our g gryness. The residue was purified by flash cromathography (ethyl
design hypothesis, namely, the removal of the bulky methoxy acetate) to give 0.52 g (46%) @, mp 195°C (dec).H NMR:
substituent and the introduction of an excellent H-bond acceptor ¢ 3.90 (s, 3H, OCH), 5.00 (s, 2H, Ch), 6.85-7.10 (m, 4H, arom),

(NOy) on the phenyl ring. The pl§gopsqof 3b was 7.35, in very
good agreement with the pdprea(7.20). Fairly good predictions
were also obtained for the other compoun8s—g, Table 1),

the Br derivative being the least potent of the present series of
molecules. To evaluate the overall predictive capability of our
CoMFA model toward flavone-based molecules, we calculated

7.40 (s, 1H, arom), 7.65 (d, = 8.4 Hz, 2H, arom), 8.20 (d] =
8.4 Hz, 1H, arom), 8.40 (d] = 8.4 Hz, 2H, arom). MS:m/z 378
(M + 1) Anal. (CgoH15N305) C, H, N.

Biology. All the compounds were tested according to previously

reported methods.
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this value may be considered a satisfactory predictive value for
a series of newly designed molecules.

In conclusion, the introduction of substituents in position 4
on the phenyl ring of the flavone2é—c) did not cause any
improvement in potency. On the contrary, the removal of the
methoxy group in position 7, together with the introduction of

Supporting Information Available: Experimental details for

intermediates4b—c, 5b—c, 6b—c, 7, 8a—e, 9a—e and final
compounds2b—c and 3a—e; computational chemistry methods;
elemental analysis results of target compounds. This material is
available free of charge via the Internet at http://pubs.acs.org.

the same substituents on the phenyl ring, led to a series ofReferences
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range, comparable to the marketed drug fadrozole. Moreover,
the activities of the new compounds were predicted by the
CoMFA model, and we can conclude that the overall predictive
capability of the model toward flavone-based molecules, as
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r%ored Was calculated with the following equatiomZyeq = (SD —
PRESS)/SD, where SD is the sum of the squared deviations of each
observed activity value for each molecule of the test set (pgd0
values of Table 1) from the mean of the observed activity values of
the training set (pIC5@sqreported in ref 12) and PRESS is the sum
of the squared deviations between predicted and observed values for
the molecules of the test set (pIGaQ and plC5Qysq of Table 1,
respectively).
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