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Abstract—Fifteen new a-acylaminoketones were prepared by four different routes in an initial effort to optimize the potency of
these compounds as ecdysone agonists. The compounds were assayed in mammalian cells expressing the ecdysone receptors from
Bombyx mori (BmEcR) and Choristoneura fumiferana (CfEcR) for their ability to cause expression of a reporter gene downstream
of an ecdysone response element. A new a-acylaminoketone was identified which had activity equal to that of the standard diben-
zoylhydrazine ecdysone agonist GSTM-E in the assay based on CfEcR.
# 2003 Elsevier Science Ltd. All rights reserved.
We recently reported the discovery of novel ecdysone
agonist 1a (Fig. 1), an a-acylaminoketone derived syn-
thetically from 1-aminocyclopentane-1-carboxylic acid.1

Non-steroidal ecdysone agonists, notably GSTM-E (2b),
are important components in systems to control gene
expression2,3 based on engineered ecdysone receptors.4�10

We were therefore interested in discovering more potent
analogues of 1a.

Our previous SAR study of a-acylaminoketones of
general structure 1 had shown that 1a, in which R1 and
R2 form a cyclopentane ring, was significantly more
potent than 1b (Table 1), in which R1 and R2 are both
ethyl groups. Thus our initial efforts were directed
towards exploration of the effect of ring size on potency.
Two previously described synthetic routes1 were used
(Scheme 1). In Method A, a,a-disubstituted amino acids
3 were converted to the corresponding azlactones 4
which were opened with N,O-dimethylhydroxylamine to
afford Weinreb amides 5.12 Weinreb amides 5 were
reacted with 3,5-dimethylphenylmagnesium bromide to
afford new a-acylaminoketones 1d–f. Desired cyclopro-
pane and cyclobutane products 1d and 1e were the
major components of the crude products derived from
5d and 5e isolated in 68 and 66% yields, respectively;
however, similar treatment of 5a and 5f gave less satis-
factory results and more extensive purification was
required to isolate cyclopentane 1a and cyclohexane 1f
in 40 and 28% yields, respectively.13 Method B, in
which azlactones 4 were converted into 1 in four steps
via aldehydes 6, proved more satisfactory for the pre-
paration of 1a and 1f despite its greater length. Method
B was also applied to the synthesis of geminal dimethyl
compound 1c and cycloheptane 1g. All target com-
pounds were characterized by 1H NMR and either 13C
NMR or electrospray MS. Certain analogues were more
fully characterized.14

The initial set of compounds 1a–g was screened in dose
response assays in two different cell lines engineered to
express ecdysone receptors from lepidopteran species
and reporter genes under the control of ecdysone
response elements. The first assay used a previously
reported HEK-293 cell-line engineered to express the
ecdysone receptor from Bombyx mori (BmEcR) and a
b-galactosidase reporter gene.6,15 The second assay used
CHO cells expressing a modifiedChoristoneura fumiferana
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Figure 1. Non-steroidal ecdysone agonists.
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ecdysone receptor (CfEcR) and a luciferase reporter
gene.11,16 The results are reported in Table 1 in terms of
EC50 and maximum fold induction relative to the stan-
dard ecdysone agonist GSTM-E (2b)17 which was used as
a positive control. Similar SAR trends were observed in
both assays. Cyclohexane 1f proved to be a more effec-
tive ligand (lower EC50 and higher relative maximum
fold induction) than either the previous lead compound,
cyclopentane 1a, or its homologue cycloheptane 1g.
Activity dropped off sharply as the ring size was
decreased to cyclobutane 1e and cyclopropane 1d. The
superior potency of the cyclohexane ring was further
confirmed by synthesis and bioassay of 1h–j in which
the Y substituent is 2-methoxy rather than 3,5-dimethyl.

Next, compounds 1k–m were prepared to explore the
effect of introduction of heteroatoms into the cyclohexane
ring. 1k and 1m which display hydrogen bond accepting
ether and sulfone functionality were 9- and 27-fold less
potent, respectively, than parent cyclohexane 1f. By
contrast, the more hydrophobic thioether 1l retained
most of the activity of 1f.

Finally, we turned our attention to optimization of the
substitution X on the benzamide ring of 1. As before we
were guided by the SAR of the related dibenzoylhy-
drazine ecdysone agonists 2 in the selection of 1n–q as
target compounds.18 Our confidence in the validity of
this analogy was bolstered by comparison of the X-ray
crystal structures of 1f19 and 2b.20 The unit cell of 1f
consisted of one molecule of methanol and two mole-
cules of the a-acylaminoketone in different conformers.
Figure 2 shows the overlap of one conformer each of 1f
and 2b. The RMSD between the backbone C–C(¼O)–
N–C–C(¼O)–C atoms of 1f and the C–C(¼O)–N–N–
C(¼O)–C atoms of 2b in these conformers was 0.081 Å.
Table 1. Structure and transactivation assay results of a-acylaminoketone analogues 1
Compd
 X
 R1, R2
 Y
 Synthetic methoda
 BmEcRb
 CfEcRc
EC50 (mM)d/RMFIe
 EC50 (mM)d/RMFIe
1a
 2-Me-3-MeO
 –(CH2)4–
 3,5-diMe
 A or B
 1:87=0:85
 1:91=0:86

1b
 2-Me-3-MeO
 Et, Et
 3,5-diMe
 B
 4:53=0:61
 6:23=0:54

1c
 2-Me-3-MeO
 Me, Me
 3,5-diMe
 B
 10:00=0:17
 41:95=0:29

1d
 2-Me-3-MeO
 –(CH2)2–
 3,5-diMe
 A
 20:36=0:22
 33:30=0:09

1e
 2-Me-3-MeO
 –(CH2)3–
 3,5-diMe
 A
 8:52=0:69
 10:00=0:89

1f
 2-Me-3-MeO
 –(CH2)5–
 3,5-diMe
 A or B
 1:41=0:99
 1:11=0:96

1g
 2-Me-3-MeO
 –(CH2)6–
 3,5-diMe
 B
 1:61=0:69
 2:97=0:88

1h
 2-Me-3-MeO
 –(CH2)4–
 2-MeO
 B
 5:16=0:70
 6:61=0:67

1i
 2-Me-3-MeO
 –(CH2)5–
 2-MeO
 B
 0:98=0:84
 1:03=0:71

1j
 2-Me-3-MeO
 –(CH2)6–
 2-MeO
 B
 1:94=0:78
 3:36=0:66

1k
 2-Me-3-MeO
 –(CH2)2O(CH2)2–
 3,5-diMe
 A
 10:00=0:18
 10:00=0:96

1l
 2-Me-3-MeO
 –(CH2)2S(CH2)2–
 3,5-diMe
 A
 1:60=0:98
 1:80=0:85

1m
 2-Me-3-MeO
 –(CH2)2SO2(CH2)2–
 3,5-diMe
 Af
 15:00=0:10
 30:00=0:04

1n
 2-Et-3-MeO
 –(CH2)5–
 3,5-diMe
 C
 1:81=0:85
 1:25=0:89

1o
 2-Me-3,4-OCH2O
 –(CH2)5–
 3,5-diMe
 C
 3:68=0:81
 3:22=0:91

1p
 2-Et-3,4-OCH2CH2O
 –(CH2)5–
 3,5-diMe
 C
 0:74=0:89
 0:39=0:91

1q
 4-Et
 –(CH2)5–
 3,5-diMe
 Bg or D
 1:51=0:63
 h
2a
 2-Me-3-MeO
 n/a
 3,5-diMe
 n/a
 0:10=1:03
 0:28=1:02

2b
 2-Et-3-MeO
 n/a
 3,5-diMe
 n/a
 0:25=1:00
 0:41=1:00
aSee Scheme 1 for Methods A and B and Scheme 2 for Method C.
bSee ref 15 for assay protocol.
cSee ref 16 for assay protocol.
dDose affording 50% of maximum transactivation.
eRatio of maximum level of gene expression of compound to maximum level of gene expression with 2b.
fPrepared from 1i by treatment with oxone in aqueous methanol.
g4-Ethylbenzoyl chloride (16b) was substituted for 3-methoxy-2-methylbenzoyl chloride in Scheme 1.
hCompound not tested.
Scheme 1. a-Acylaminoketone synthesis methods A (via 5) and B (via
6). (a) X-PhCOCl (2.5 equiv), pyridine, rt; (b) MeNHOMe.HCl, pyri-
dine, CH2Cl2, rt; (c) Y-PhMgBr (4 equiv), THF, rt, 5 h; (d) NaBH4,
THF, rt: (e) Dess–Martin periodinane, CH2Cl2, rt; (f) Y-PhMgBr
(4 equiv), THF, �70 �C! rt; (g) Dess–Martin periodinane, CH2Cl2, rt.
Figure 2. Overlap of the X-ray structures of 1f (grey) and 2b (black).
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In the second conformer of 1f (not shown) the torsional
angle between the 3-methoxy-2-methyl substituted ben-
zene ring was rotated by ca. 180� about the bond to the
carbonyl carbon.21

While Method B would have been a workable synthetic
approach to 1n–q, we sought methods that would allow
incorporation of the benzamide ring later in the synthesis.
Two methods were developed. Firstly, in Method C
(Scheme 2) the known aminoalcohol 722 was protected as
its Boc derivative and oxidized with Dess–Martin peri-
odinane to afford aldehyde 8 in 89% yield. Reaction of
8 with 3,5-dimethylphenylmagnesium bromide afforded
a secondary alcohol which was oxidized with the Dess–
Martin periodinane to give ketone 9 in 73% yield. TFA
mediated removal of the Boc protecting group from 9
liberated the aminoketone 10 in 71% yield. Treatment
of 10 with 2-ethyl-3-methoxybenzoyl chloride (16a)
afforded 1n while carbodiimide coupling with acids
17a23 and 17b24 (Fig. 3) gave the desired a-acylamino-
ketones 1o and 1p, respectively.25,26

In Method D, nitrocyclohexane (11) was reacted with
benzaldehyde 12 under literature conditions27 to afford
13 in 14% yield (Scheme 3). Nitroaldol adduct 13 was
reduced to aminoalcohol 14 in 85% yield. Treatment of
14 with one equivalent of 4-ethylbenzoyl chloride (16b)
gave a mixture of unreacted 14, mono- and diacylated
products. Thus, 14 was treated overnight with an excess
of 16b to ensure complete N-acylation and the reaction
mixture was immediately saponified to cleave any
O-benzoylated products and afford clean alcohol 15.
Oxidation of 15 with Dess–Martin periodinane afforded
the desired a-acylaminoketone 1q in 16% yield from 14.

Compound 1n, with an ortho-ethyl group on the benza-
mide ring, was slightly less active than ortho-methoxy
compound 1f. The 2-methyl-3,4-methylenedioxy com-
pound 1o was less active than 1f; however, the 2-ethyl-
3,4-ethylenedioxy analogue 1p proved to be the most
potent a-acyalminoketone ligand tested in both the
BmEcR and CfEcR based assays. Its potency was equal
to that of the standard ligand GSTM-E (2b) in the CfEcR
based assay.

We have described the synthesis of fifteen new a-acyl-
aminoketones of general structure 1 by four different
routes and their activity as ligands for the control of
gene expression in systems based on lepidopteran EcRs.
We have determined the crystal structure of 1f, a repre-
sentative analogue. Compound 1p is the most potent
ecdysone agonist of general structure 1 described to
date.
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