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Cyclopropanation Reactions for the Synthesis of 2-Azabicyclo[4.1.0]heptane Derivatives
with Nitric Oxide Synthase Inhibitory Activity
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Synthesis of new bicyclic structures containing cyclopro-
panes, related to selective iNOS inhibitor ONO-1714, is describ-
ed. We have evaluated the effect of the compounds obtained on
the production of nitric oxide in lipopolysaccharide and inter-
feron-gamma stimulated mouse peritoneal macrophages and
on in vitro iNOS activity assays.

Nitric oxide (NO) and the enzymes that produce it, nitric
oxide synthases (NOS), regulate numerous physiological proc-
esses.! Among the NOS subclasses, the iNOS is induced by in-
flammatory stimuli, which may result in an excessive production
of NO. It has been suggested that iNOS could be part of the phys-
iopathology of a number of diseases such as septic shock, inflam-
mation, and carcinogenesis.2

The search for more active and selective inhibitors of a par-
ticular NOS isoform is a challenge.> Recently, a new iNOS
inhibitor, ONO-1714, has been described (Figure .4

This compound is a potent and selective inhibitor of iNOS
and is currently undergoing evaluation in a Phase II clinical trial
in Japan.’ We have been engaged in new structural modifications
of this compound. Thus, we have synthesized and evaluated new
compounds in which a polar side chain has been attached to the
cyclopropane ring.

Synthesis of the test compounds was planned using a cyclo-
propanation reaction of cyclic enamides 4 with ethyl diazoace-
tate (EDA). 4a and 4b were obtained by aminolysis of 1 follow-
ing a procedure described by Kawanaka et al.* which formed the
imides 3. We carried out the reduction of 3 with DIBAL, and de-
hydrated the resulting intermediate using mesyl chloride, which
formed 4 in 85-87% yield (Scheme 1).

The cyclopropanation reaction with EDA was first done
with rhodium acetate (Table 1). In the reactions with compound
4a, trans- and cis-5a were isolated jointly with unreacted starting
material and insertion product 6a. Major product was trans-5a.
The conditions shown in Entry 1 were then used with chiral cop-
per complexes, observing an improvement in yields keeping a
high diastereomeric ratio. These catalysts were prepared in situ
treating CuOTf with ligands A or B. As shown in Entries 2
and 3 these ee are not completely satisfactory although it is in-
teresting that the major enantiomer is different in reactions of
Entries 2 and 3, which will make it possible to have information
on biological activity of both enantiomers.
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Figure 1. Structure of ONO-1714.
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Scheme 1. Synthesis of olefins 4a and 4b. (i) THF, rt; (ii) EtsN,
Acy0 (90-95% in two steps); (iii) DIBAL, CH,Cl,, —78°C (80—
85%); (iv) Et3N, MsCl, CH,Cl,, 0°C (85-87%).

Table 1. Cyclopropanation of 4a with EDA?*

H
Q metal catalyst I\/@/COOEI IL
0 +
“ COOEt
o N,CHCO,Et NS H o
SMB PMB

N
PMB slow addition

4a 5a 6a
Me_ Me
o o,
Cat: Rhy(OAc), Cu OTf, CC\N)T‘/F\O) Ph"@m Iph
Ph Ph PR Ph
A B
. | mol Yield/% % dr® ee %
ntry  Catalyst % cat. 4a trans-5a cis-5a 6a trans:cis trans-5a°
1 Rhy(OAc)4 4 25 45 5 5 90:10 —
2 CuOTf:A® 1:1 28 52 4 7 87:13 754
3 CuOTEB’  1:1 18 62 10 5 7822 554

2All reactions in DCM, at rt, with 2 equivalents of EDA slowly added with a
pump syringe over 4 h; relative stereochemistry of products determined by
NOE experiments, see Supporting Information. Yields are given for pure
products after chromatographic separation. *% dr was determined by
'"HNMR of the crude mixture. “% ee was determined by HPLC analysis.
dMajor enantiomer was the first eluted in reaction of Entry 2 and the second
in Entry 3.

Our next target was the cyclopropanation of 4-methyl-sub-
stituted lactam 4b.* The starting material was racemic but we de-
cided to use chiral catalysts, in addition to rhodium acetate, as
they gave better yields in the case of 4a, and a kinetic resolution
could be envisioned. Thus, 4b was treated under the conditions
indicated in Table 2, giving mixtures of the four possible diaster-
eomers Sb. In all cases the anti—trans isomer was the major prod-
uct. A small amount of insertion compound 6b was also ob-
tained. This time, insertion of EDA occurred in position 5 of
the ring. The best result was achieved with complex catalyst
CuOTTf:A, in terms of total yield and diastereoselectivity (Entry
3, Table 2). The major product, anti—trans-Sb was isolated in
50% yield as a pure scalemic compound (18% ee). Overall yield
of this reaction was 82%. All the isomers could be separated by
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Table 2. Cyclopropanation of 4b with EDA?

CHs CHs CHg
cat 2 - H
4b CO,Et Q/COZB + ‘ CO,Et
EDA
o N o N o N
PMB PMB PMB

anti-5b syn-5b 6b
Yield/%
anti— anti— % ce
Entry Catalyst . 5b . o %d®  anti-trans-
mix. SbA Si) 5b¢
1 Rhy(OAc), 30 60 36 18 8 57:28:8:7 —
2 Cu(OAc), 22 72 41 16 6 16:43:25:16 —
3 CuOTf:A® 30 41 25 10 2 80:12:0:0 18
4 CuOTfB’ 18 72 50 10 7 57:25:12:6 14

2See Table 1, footnote a. ®% dr was determined by '"HNMR spectra of the
crude reaction mixture. (anti—trans:anti—cis:syn—trans:syn—cis). % ee was
determined by HPLC analysis.
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Scheme 2. Synthesis of amidines 8. (i) TFA, 80 °C (20-25%); (ii)
Lawesson’s reagent (87-90%); (iii) MeOH sat. NH3; (iv) HCl-
MeOH (80-85%).

column chromatography on silica gel and characterized.® Ex-
periments to assign relative stereochemistry are described in
the supporting information.

The racemic major compounds trans-5a and anti—trans-5b,
were transformed into the corresponding imino derivatives fol-
lowing previously reported procedures.® After trying several de-
protection methods, the only reaction that afforded the desired
products was with TFA, although it gave a sluggish crude from
which only 25% yield of pure material could be isolated. Then,
reaction with Lawesson’s reagent gave thioamides 7. When (%)-
7a and -7b were stirred with a saturated solution of NHj3 in meth-
anol, concurrent transformation of the ester group into an amide
group via ammonolysis was observed. Acidification of the crude
product with HCI-CH3OH gave the corresponding hydrochlo-
ride salts (4)-8. (Scheme 2).

Biological experiments were conducted to investigate the
effects of the new compounds on NO production and enzymatic
activity, using a lipopolysaccharide (LPS) and interferon gamma
(INF-y) stimulated mouse peritoneal macrophage model.!” The
results were compared with those obtained with ONO-1714, as a
reference drug. As shown in Figure 2, the treatment with LPS
(100ng/mL) and INF-y (100ng/mL) markedly increased the
production of NO from the basal level, 0.28 to 31.11 uM follow-
ing 48h incubation. When cells were simultaneously treated
with various concentrations of ONO-1714 and LPS/INF-y,
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Figure 2. Effect of compounds 8a, 8b, and ONO-1714 on nitrite
production in primary peritoneal macrophages measured 48 h after
activation.

NO production was significantly inhibited in a dose-dependent
manner. Over 95% inhibition of NO production was shown at
2uM ONO-1714 with an apparent ICsy of 0.5 uM. But when
the cells were cotreated with compounds 8a and 8b no signifi-
cant inhibition was observed.

Finally, inhibitory activities of compounds 8a and 8b
against iNOS were examined using the *H-citrulline assay in
which the conversion of L-['*H]arginine to L-['*H]citrulline is
measured. Compounds 8a and 8b were ineffective to inhibit
iNOS activity (ICso > 100uM), whereas our results with
ONO-1714 (ICsp = 0.011 uM) are in accordance with data by
Kawanaka et al.*

In conclusion, new bicyclic [4.1.0] compounds related to
iNOS selective inhibitor ONO-1714 have been synthetized and
evaluated.>!!
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