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Abstract—The functional activity of 6-aryl benzoxazinone-based progesterone (PR) antagonists changed to PR agonism when the
2-carbonyl group was replaced by a 2-thiocarbonyl moiety. Based on this finding novel 6-aryl benzoxazine-2-thiones were synthe-
sized and evaluated as PR agonists in various in vitro and in vivo assays. Several analogues had sub-nanomolar in vitro potency
and showed excellent oral activities in rats. Compounds 15 and 29 had similar potencies to medroxyprogesterone acetate (MPA) in
the in vitro T47D alkaline phosphatase assay and in vivo rat decidualization model. In contrast to MPA, 29 was highly selective
(>500-fold) for PR over glucocorticoid and androgen receptors.
# 2003 Elsevier Science Ltd. All rights reserved.
The progesterone receptor (PR) is one of the intracel-
lular gene regulators known as ‘ligand dependent tran-
scription factors’.1 Progesterone plays an important role
in female reproduction and PR agonists have been used
extensively in female contraception and hormone
replacement therapy in combination with estrogens.
However, many of the steroidal PR agonists are asso-
ciated with well-recognized side effects such as mas-
talgia, nausea, headaches, and other CNS effects as
well as concerns about cardiovascular complications.2�5

A PR agonist that is selective for the uterus would
greatly reduce these side effects. Also, many of the
steroid-based agonists have demonstrated undesirable
cross-reactivity with other steroid receptors such as
glucocorticoid (GR), estrogen receptor (ER), and
androgen receptors (AR). Novel PR agonists that are
structurally distinct from the steroid class may have
greater potential for tissue selectivity and selectivity
against other steroid receptors (e.g., GR and AR).
Recently, we disclosed 6-aryl benzimidazolones and
6-aryl benzoxazines as PR modulators.6,7 The benzene-
fused heterocyclic ring of these compounds played an
important role in their PR functional activity and the
direction of SAR. In our effort to examine other ben-
zene-fused scaffolds for more potent and selective non-
steroidal PR modulators, we discovered that 6-aryl
benzoxazinones (1) were potent PR antagonists.8,9

Upon further investigation, we have discovered that the
PR functional activity switched from an antagonist to a
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potent agonist when the 2-oxo atom of the benzox-
azinone ring system was replaced by 2-thione moiety.
For example, 1 (e.g., Ar=3-chlorophenyl; R1,
R2=CH3) was a potent PR antagonist in T47D cells
(IC50=9.3 nM). Conversion to its corresponding ben-
zoxazine-2-thione (5) resulted in a potent PR agonist
(EC50=1.7 nM). Based on this finding, a number of
novel 6-aryl benzoxazine-2-thiones (2–47) were synthe-
sized and tested as PR modulators in various in vitro
and in vivo assays. Synthesis, in vitro SAR, and in vivo
activities of novel 6-aryl benzoxazine-2-thiones will be
the subject of this report.
Chemistry

Synthesis of 6-aryl benzoxazine-2-thiones 2–4710 was
readily effected in moderate to good yield by treatment
of the corresponding 6-aryl benzoxazin-2-ones 18,9 with
Lawesson’s reagent in toluene at 100 �C as described in
Scheme 1.
Results and Discussion

The novel 6-aryl-1,4-dihydro-2H-benzo[d][1,3]oxazine-
2-thiones were evaluated in a alkaline phosphatase
assay using a human T47D breast carcinoma cell
line.11,12 A few selected compounds were also tested in a
PR competition binding assay using the cytosol from
human T47D breast carcinoma cell line.11,12 The results
of their PR agonist activities are summarized in Tables
1–3. As illustrated in Table 1, the most potent com-
pounds (e.g., 8, 15, and 29) elicited activities in the sub-
nanomolar range (EC50 0.4–0.6 nM, Table 1) and were
more potent than progesterone (EC50 0.9 nM).

Various 6-(substituted phenyl) benzoxazine-2-thiones
were prepared to examine the SAR of 6-aryl moiety.
Compounds 3 and 5 with a meta-fluorine or chlorine
substituent on the 6-aryl group were over one order of
magnitude more potent than the corresponding ortho-
substituted 6-aryl congeners 2 and 4. Electron-with-
drawing substituents in the meta position appeared to
enhance potency over ones with electron-donating moi-
ety (compare 3, 5, and 6–8 with 9).

A number of 6-(30, 50-disubstituted phenyl) benzoxazine-
2-thiones were evaluated. Compounds 12–17 with
30-fluorine substitution on the 6-aryl group showed good
PR agonist potency. However, when this 30-fluorine atom
was replaced by a larger group such as a chlorine or nitrile
the resultant compounds 19–22 were, at best, 10-fold less
potent. More interestingly, compounds 23–27 became
weak PR antagonists when the 30- and 50-substituents
appeared even larger (Br or alkoxy). 20, 30-Difluoro
substituted compound 10 had similar potency to
30-fluoro analogue 3 but was more potent than its
20-fluoro analogue 2. 30, 40-Disubstituted phenyl benzo-
xazine-2-thiones (11 and 18, EC50 11.4 and 79.5 nM,
respectively) were significantly less potent than their
corresponding 30, 50-disubstituted regio isomers 12 and
13 (EC50, 1.5 and 0.9 nM).
Scheme 1. 6-Aryl-1,4-dihydro-2H-benzo[d][1,3]oxazine-2-thiones.
Table 1. PR alkaline phosphatase activity of 6-aryl 4, 4-dimethyl-

benzoxazine-2-thiones. SAR at the 6-position

Compd R X PR Alk. Phos. EC (nM)a
50
P4
 0.9

MPA
 0.1 (10.8)b
2
 20-F
 11.6

3
 30-F
 1.0

4
 20-Cl
 49.8

5
 30-Cl
 1.7

6
 30-Br
 2.5

7
 30-NO2
 1.1

8
 30-CN
 0.4

9
 30-Ome
 7.2

10
 20-F, 30-F
 1.5

11
 30-F, 40-F
 11.4

12
 30-F, 50-F
 1.5

13
 30-F, 50-Cl
 0.9

14
 30-F, 50-Br
 1.7

15
 30-F, 50-CN
 0.6

16
 30-F, 50-Ome
 2.6

17
 30-F, 50-CF3
 2.5

18
 30-Cl, 40-F
 79.5

19
 30-Cl, 50-Cl
 26.5

20
 30-Cl, 50-CN
 44.9

21
 30-CN, 50-CN
 42.0

22
 30-CN, 50-Me
 200.0

23
 30-Br, 50-CN
 >10000.0 (100.0)c
24
 30-Br, 50-Me
 >10000.0 (100.0)c
25
 30-Br, 50-OCF3
 >10000.0 (100.0)c
26
 30-CN, 50-OCF3
 >10000.0 (100.0)c
27
 30-CN, 50-OMe
 >10000.0 (100.0)c
28
 5.7

29
 S
 0.4 (3.0)b
30
 O
 1.2

31
 S
 0.7

32
 O
 1.25
a50% effective concentration of tested compounds on alkaline phos-
phatase activity in the human T47D breast carcinoma cell line and
experimental values represent the average of at least duplicate deter-
minations. The standard deviations for these assays were
typically�20% of mean or less.
bValue in parenthesis was 50% inhibitory concentration of tested
compounds on the 3H-P4 binding at PR using human T47D breast
carcinoma cell line.
cValues in parenthesis were estimated IC50s from alkaline phosphatase
assay.
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Several compounds (28–32) with different heterocycles
at the 6-position of benzoxazine-2-thiones were also
potent PR agonists. 6-Thienyl benzoxazine-2-thiones 29
and 31 were slightly more potent than the correspond-
ing 6-furyl analogues 30 and 32. In the PR competition
binding assay, cyano thiophene 29 showed good binding
affinity (IC50 3.0 nM) and was better than MPA (IC50

10.8 nM).

Benzoxazine-2-thiones with different substituents at the
4-position were prepared and tested in the alkaline phos-
phatase assay (Table 2). The mono methyl substituted
benzoxazine-2-thione (33) was 300 times less potent
than its 4,4-dimethyl analogue 3. Replacing one of the
methyl groups at the 4-position of compound 5 with an
allyl group to produce 34 resulted in a moderate
increase in potency. However, replacement of one of the
methyl groups at the 4-position of compound 5 with a
phenyl or benzyl moiety decreased the potency of the
corresponding compounds 35 and 36. Congeners 37, 38,
and 40 bearing larger symmetrical 4,4-substituted
groups or spirohexyl moiety, were less potent than their
corresponding 4,4-dimethyl analogues 5, 7, and 8.

As illustrated in Table 3, replacing the 1-hydrogen atom
by a methyl or ethyl group of 6, 14, and 15 led to weak
PR antagonists 41–43. This finding indicated that the
nature of the substituent at the 1-position of the 6-aryl
benzoxazine-2-thione system played a very critical role
in their PR function and potency. 8-Substitution on the
benzoxazine-2-thione nucleus with fluorine or bromine
was not favorable as indicated by 44–47. For example,
8-fluorobenzoxazine-2-thione 46 and 8-bromobenzox-
azine-2-thione 47 were over two orders of magnitude
less potent than their corresponding 8-hydrogen sub-
stituted analogue 15.

Compounds 15, 29, and 31 were evaluated in the ovar-
iectomized female rat decidualization model by either
subcutaneous injection or oral administration (Table 4).13

All three compounds showed good activity and were more
potent than P4. Furthermore, compounds 15 and 29 had
oral potency comparable to MPA administrated SC.

Since steroids such as MPA were known to cross-react
with GR and AR,14 the selectivity of 29 with GR and
AR were examined using HRE-tk-luciferase assay in the
human lung carcinoma cell line A549 for GR and in
mouse fibroblast cell line L929 for AR.12 As shown in
Table 5, unlike MPA, 29 did not have any agonist cross-
reactivity with GR or AR. Compound 29 showed very
weak GR and AR antagonist activity compared to its
PR agonist activity.
Table 2. PR alkaline phosphatase activity of 6-aryl benzoxazine-2-

thiones. SAR at the 4-position

Compd R R R PR Alk. Phos. EC (nM)a
1
 2
 50
33
 30-F
 Me
 H
 300.0

3
 30-F
 Me
 Me
 1.0

5
 30-Cl
 Me
 Me
 1.7

34
 30-Cl
 Me
 Allyl
 0.3

35
 30-Cl
 Me
 Ph
 5.7

36
 30-Cl
 Me
 Bn
 88.5

37
 30-Cl
 Et
 Et
 7.2

38
 30-Cl
 Bn
 Bn
 1000.0

7
 30-NO2
 Me
 Me
 1.1

39
 30-NO2
 Et
 Et
 4.7

8
 30-CN
 Me
 Me
 0.4

40
 30-CN
 Spirohexyl
 2.5
a50% effective concentration of tested compounds on alkaline phos-
phatase activity in the human T47D breast carcinoma cell line and
experimental values represent the average of at least duplicate deter-
minations. The standard deviations for these assays were
typically�20% of mean or less.
Table 3. PR alkaline phosphatase activity of other 6-aryl benzox-

azine-2-thiones. SAR at the 1-and 8-positions

Compd R R X PR Alk. Phos. EC (nM)a
1
 50
41
 30-Br
 Me
 H
 >10000.0 (114.0)b
42
 30-F, 50-Br
 Me
 H
 >10000.0 (100.0)b
43
 30-F, 50-CN
 Et
 H
 >10000.0 (1000.0)b
44
 30-F, 40-Cl
 H
 Br
 1000.0

45
 30-F, 40-CN
 H
 Br
 >10000.0

46
 30-F, 50-CN
 H
 F
 1000.0

47
 30-F, 50-CN
 H
 Br
 80.1
a50% effective concentration of tested compounds on alkaline phos-
phatase activity in the human T47D breast carcinoma cell line and
experimental values represent the average of at least duplicate deter-
minations. The standard deviations for these assays were
typically�20% of mean or less.
bValues in parenthesis were estimated IC50s from alkaline phosphatase
assay.
Table 4. Rat decidualization activities of P4, MPA, 15, 29, and 31
Compd
 P4
 MPA
 15
 29
 31
ED50 (mg/kg)a
 5.62
 0.40
 (0.10)b
 0.22 (0.62)b
 (1.5)b
aExperimental values represent the average of at least duplicate deter-
minations. The standard deviation for the decidualzation assay was
typically�15% of mean or less.
bValues in parenthesis were obtained via oral administration while rest
obtained via subcutaneous injection.
Table 5. Cross-reactivities of P4, MPA, and 29 with AR and GR
Compd
 PR EC50

(nM)

AR EC50

(nM)

AR IC50

(nM)

GR EC50

(nM)

GR IC50

(nM)
P4a
 0.92
 37 (46%)
 >1000

MPAa
 0.12
 6.1 (159%)
 10 (157%)

29b
 0.38
 >10000.0
 379.0
 >10000.0
 1316
aData from reference 14.
bExperimental values represent the average of at least duplicate deter-
minations. The standard deviation for these assays was
typically�15% of mean or less.
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In summary, we have discovered 6-aryl benzoxazine-2-
thiones as potent, selective, and orally active PR ago-
nists. The potency and selectivity of the most potent
members were comparable to or better than MPA or
progesterone. These compounds represent a novel class
of nonsteroidal PR agonists that are potentially useful
in contraception and hormone replacement therapy.
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