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Development of New Amino(oxo)piperidinecarboxylate Scaffolds and Their
Evaluation as p-Turn Mimics

Bie M. P. Verbist,?l Wim M. De Borggraeve,*?l Suzanne Toppet,/*! Frans Compernolle,!?!
and Georges J. Hoornaert!?!

Keywords: Intramolecular Diels—Alder reaction / 2(1H)-pyrazinones / B-Turn mimic

In this paper a synthetic approach for functionalised bicyclic
Amino(oxo)piperidinecarboxylate (APC) systems is pre-
sented. These systems can potentially be applied as cis-pep-
tide bond containing B-turn mimics. The scope and limita-
tions of the synthetic method are discussed and the turn-in-

ducing properties of a model compound are evaluated by
means of molecular modelling and NMR analysis.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

The B-turn is one of the three major motifs of peptide
and protein secondary structure. The prevalence of B-turns
in peptides and on protein surfaces suggests that they play
an essential role in molecular recognition events in bio-
logical systems.[!l This has raised the challenge of de-
veloping scaffolds that can stabilise these secondary struc-
tural elements in order to enhance the biological effect of
the peptide probes in which they are incorporated: Limiting
the number of solution conformations lowers the entropy
cost for binding to the corresponding receptors. Rigidifying
the peptide can also increase the in vivo absorption and
metabolic stability of the biopolymer and preclude unde-
sired conformations which might induce unwanted bio-
logical effects.

In previous communications from our laboratory (Fig-
ure 1), the synthesis of B-turn mimics I%# and II,?°! which
meet criteria of functionalisability and rigidity is reported.
In the second generation of compounds II, extra rigidity is
incorporated into the original system through annulation of
an extra ring through the N-terminus of the APC system.
In order to generate more structural diversity into the APC
skeleton, we envisaged the synthesis of bicyclic compounds
of type III. These have the extra rigidity in common with
systems of type Il when compared to systems of type I, this
time, however, by an alternative annulation scheme.

Compounds I, II and III can be considered rigidified
mimics of cis-peptide bond containing dipeptides. These
cis-peptide bonds classically occur in type VI turns contain-
ing proline at the i + 2 position of the tetrapeptide. Our cis-
amide models might serve as mimics of cis-dipeptide moie-

[a] K. U. Leuven, Departement Chemie, Afdeling Organische Syn-
these,
Celestijnenlaan 200F, 3001 Leuven, Belgium
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Figure 1. Rigidified mimics of type VI turns.

ties not containing proline, which may occur more fre-
quently than previously thought.[?!

Results and Discussion

Synthesis

In agreement with our general strategy for the generation
of functionalised APC systems, the APC scaffold 4 can be
derived from a tricyclic precursor 3 (Scheme 1). These tricy-
clic lactams can be seen as the reaction product of an intra-
molecular Diels—Alder reaction of 3-alkenyl-5-chloro-
2(1H)-pyrazinone 2 followed by hydrolysis of the intermedi-
ate imidoyl chloride.

0% ?
=/ R] 0 Rl Rl RS
R6-NOY RO N_Q RG;[N 0 RINH,
H O g CI”'N = KCN
4 3 2
Scheme 1. Retrosynthetic analysis.
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The dichloropyrazinone precursors for compounds 2a-b
were synthesised as described previously starting from an
amino nitrile. The alkenyl tether was introduced by treat-
ing pyrazinones la-b with pentenylmagnesium bromide
(1.3 equiv.) in THF at —78 °C (Scheme 2). Under these con-
ditions the lactam moiety remains unaffected. In both cases,
upon workup at —78 °C with a saturated NH4Cl solution,
extraction with CH,Cl,, subsequent drying (MgSO,) and
concentration, TLC analysis and mass spectral analysis of
the crude extract revealed the presence of alkenylpyraz-
inone 2, cycloadduct 3 (also some of its unhydrolysed imid-
oyl chloride precursor) and a small amount of starting
material. In order to simplify the purification, the cycload-
dition was driven to completion by refluxing the crude mix-
ture in chloroform for 12 h [open to the air moisture to
promote further hydrolysis to the bis(lactam)]. The hydro-
lysed adduct 3 was purified by column chromatography [sil-
ica gel, gradient heptane/EtOAc (50:50 — EtOAc)].
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a) pentenylmagnesium bromide, THF, — 78°C b) CHCl;, reflux (open to the air)

Scheme 2. Synthesis of tricyclic adducts.

'"H NMR analysis of the purified cycloadducts 3 revealed
the presence of only the endo compounds. The endo stereo-
chemistry of compound 3a is apparent from the characteris-
tic coupling constants of the protons Hy, and H, with H,
and with Hy (Figure 2).5

HHd 3,5 =2 Hz

ol 3,e=4Hz
%‘/ NH sz,C =14Hz

P Jha=4Hz
B g, o 3J.q= 10Hz

Figure 2. Characteristic coupling constants for 3a.

When the proton H, is absent (as is the case in 3b), the
NOESY spectrum confirms the endo stereochemistry: An
NOE effect is observed between H. ,q+c) and the ortho-
protons of the benzyl group.

The intramolecular Diels—Alder reaction is completely
regio- and stereoselective, hence only one pair of enantio-
mers is formed. (This is in contrast to intermolecular Diels—
Alder reactions with substituted alkenes.’l) These enantio-
mers can be separated analytically (and presumably also
preparatively) on a chiral stationary phase by means of
HPLC (DIACEL, chiralpac OJ). In Figure 3 the separation
of 3a is shown [gradient: hexane/EtOH (60:40 — 0:100);
run: 20 min].

The conversion of the bis(lactam) to the APC system is
the last step in the development of the dipeptide analogues.
In an analogous manner as for bicyclic lactams, the tricyclic
bis(lactams) are subjected to acidic methanolysis condi-
tions.[%] Bis(lactams) 3a,b were treated with HCl-saturated
methanol overnight. In order to prevent recyclisation
upon neutralisation of the reaction mixture, the newly
formed primary amines were trapped as acetamides.
In the case of adduct 3a we found the doubly cleaved
product 5 together with the desired APC system 4a. This
product 5 is a constrained analogue of (*)-o,e-diamino-
pimelic acid, a selective NMDA (N-methyl-p-aspartate)
antagonist.[”)

This double cleavage was quite surprising because with
comparable adducts from intermolecular reactions this be-
haviour was not observed: After cleavage of the first lactam
a tertiary lactam remained unaffected. Probably the first
cleavage does not completely relieve the strain which is still
present in the bicyclic system.

On the other hand, bis(lactam) 3b proved to be almost
completely inert to both acidic and basic reaction condi-
tions (Scheme 3). Only a small amount of 4b could be de-
tected in the chemical ionisation mass spectrum. This lack
of reactivity of the secondary amide in 4b can be ascribed
to the combined steric hindrance of the angular methyl
group and the endo-oriented cyclopentane ring. This pre-
cludes the formation of a tetrahedral intermediate, which is
assumed to be the rate-determining step in the meth-
anolysis.

AU
0.030,
’/\ ‘\\
i I
0.020] / / ‘\
/ \ Lo
0.010 J i \
FA)
0000} ———— —_— ]

800 10,00 12100 14.00 16.00

1800 2000 2200 2400
Minutes

Figure 3. Chromatogram of enantiomers of 3a (DIACEL, chiralpac OJ).
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Scheme 3. Methanolysis of tricyclic bis(lactams) 3.

New Strategy, New Targets

Because of the limitations in the substitution pattern of
the above-mentioned compounds and because of the prob-
lem of the “double cleavage”, new target compounds were
envisaged. From the results described above and from in-
spection of a model of 3b, it appears that cleavage of the
endo secondary lactam group to form the trans-fused pro-
duct 4b is precluded by the combined steric hindrance of
the methyl and the annulated five-membered ring (Fig-
ure 4). Moreover, initial cleavage of the bis(lactam) com-
pounds does not usually occur at the tertiary lactam
group.®
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Figure 4. Unreactive endo-lactam function in bis(lactam) 3b and
envisaged cleavage of exo-lactam function in N-debenzylated ana-
logues 6.

Removal of the N-benzyl group could generate a new
secondary lactam as in 6, which in theory is more accessible
for methanolysis. The resulting methanolysis products of
these compounds will be cis-fused this time, but still can be
considered as rigidified mimics of cis-peptide bond contain-
ing dipeptides.

In our new strategy leading to compounds of general
structure 7, the C- and N-terminal residue of the dipeptide
will be switched compared to the compounds of the first
strategy (Scheme 4). The substituent R® will now be the side
chain of the N-terminal residue.
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Scheme 4. Alternative synthesis strategy.

The tricyclic target compounds 3 were synthesised as
mentioned above. However, based on previous experience
with these systems, a PMB protecting group was chosen
instead of a benzyl group because it is easier to remove.
This imposes no significant changes in the synthetic ap-
proach previously described. The yields are given in Table 1.

Table 1. Yields for the PMB analogues.

lc R°=Me 57% R 3¢ R°=Me 53%

R‘ p-OMeBn RE N0 R'=p-OMeBn
I f 1d R®=Pr 66% }g 3d R°=iPr
R‘ =p-OMeBn o N R!=p-OMeBn

N

63%

The para-methoxybenzyl group of compounds 3¢ and 3d
was removed oxidatively using cerium ammonium nitrate
(CAN).BI After chromatographic purification the acid
methanolysis conditions were applied to the deprotected
adducts 6. We first discuss the results for adduct 6a (R® =
Me) (Scheme 5). Compound 6a was treated with an HCI-
saturated methanol solution for 12 h and the newly formed
amine was blocked. This afforded the amino(oxo)piperi-
dinecarboxylate system 7a (R® = Me), which was obtained
in 18% yield upon column chromatographic separation.
However, the diaminodicarboxylic derivative 8 also was iso-
lated from the reaction mixture (22%). When the reaction
time was extended to 21 hours, only the doubly cleaved pro-
duct was isolated.

1. MeOH/HCI

O 2. AcO/NE1
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Scheme 5. Methanolysis of deprotected bis(lactam) 6a.

This is in agreement with results from a systematic study
we published elsewhere, in which the factors governing reac-
tivity and selectivity in the methanolysis reaction of APC
systems were examined.[‘]

This study also suggested that there were two solutions
to solve the problem of the undesired second cleavage: (a)
The amide not to be cleaved could be transformed into a

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2943
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Scheme 6. Synthesis of compound 11.

tertiary amide, or (b) an isopropyl group could be put next
to the carbonyl group that is not be affected by the meth-
anolysis.[®

Both methods were tested. Before deprotecting adduct
3c, the secondary lactam was methylated (Scheme 6). Pro-
duct 3c was treated with NaH in DMF followed by trap-
ping of the anion with methyl iodide to give 9.7 After oxi-
dative removal of the protecting group, product 10 was sub-
jected to the methanolysis conditions. Only the desired APC
system 11 was isolated in moderate yield (47%) together
with some starting material. No doubly cleaved compound
was isolated. Hence N-methylation of the endo-lactam
group of bis(lactam) 3¢ effectively prevents subsequent hy-
drolysis of the corresponding lactam group in the cis-fused
bicyclic product.

The second method for modulating the reactivity of the
APC core was blocking the attack on the carbonyl group
by introduction of an isopropyl group in a-position.[] If
this statement holds, there will be no need to alkylate the
lactam function. Indeed, adduct 6b (R® = iPr) was selec-
tively cleaved upon treatment with HCl-saturated methanol
during 48 h (Scheme 7). After acylation and chromato-
graphic purification (CH,Cl,/MeOH, 95:5), the product 7b
was isolated in 54% yield (together with some starting ma-

terial).
o

H o LMeOHHCI HN
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Scheme 7. Methanolysis of deprotected bis(lactam) 6b.

The new strategy in which the “top™ lactam function of
the tricyclic system is cleaved appears to be the more flexi-
ble one providing access to new APC systems which can
potentially induce type VI B-turns.

Analysis

In order to check the B-turn inducing properties of the
APC systems synthesised, molecular modelling and NMR
analysis were performed on a model compound 12 for a
tetrapeptide. The i and i + 3 residues in the system are sim-
plified to an N-methylamide and an acylamide.”! This
model compound was synthesised by direct conversion of

2944 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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7b into the N-methylamide by reaction with 33% MeNH,
solution in ethanol (Scheme 8). Concentration of the reac-
tion mixture and column chromatography (CH,Cl,/MeOH,
95:5) yielded compound 12.
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Scheme 8. Generation of model system 12.

A B-turn is defined as a tetrapeptide sequence in which
the interatomic distance aCaC,,5 is smaller than 7 A. A
hydrogen bond is often present between the carbonyl func-
tion of residue i and NH of residue i + 3. Open turns lack-
ing this hydrogen bond also exist. Another criterion that
can be checked is the virtual dihedral angle (as defined by
Ball) which should be within +30°.11°

Computational Results

In order to qualify 12 as a B-turn mimic, the structure
was checked for the above-mentioned criteria.

The general procedure for the computational analysis is
outlined in Figure 5.%%19°1 A conformational search was
performed starting from 2000 random initial conformations
(Macromodel, MCMM search, AMBER* force field, sol-
vation models GB/SA CHCl; and water), and all structures
were energy-minimised to 0.05 kcal A-'mol '.l''l All con-
formations found within 5 kcal/mol of the global minimum
conformation were checked for the accepted indicators for
B-turn properties.

In CHCI; two conformations were found within 5 kcal/
mol of the global minimum, in water five. The global mini-
mum conformations and their properties are depicted in
Figure 6. The global minimum in CHCl; fulfils all of the
turn criteria. On the other hand, the minimum in water
does not show the hydrogen bond.

In order to obtain an idea about the stability of the turn
conformation in the global minimum, a 1000 ps molecular
dynamics analysis was performed on the lowest energy con-
formations both in CHCl; and water; 10000 snapshots were
taken and further analysed for the properties mentioned
above. As can be seen from the results summarised in
Table 2, 88% of the conformers in H,O and 74% of them

WWW.eurjoc.org Eur. J. Org. Chem. 2005, 2941-2950
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Figure 5. Analysis of model compound 12.

Q
Results for ilie global minimum conformation in CHCI;
* daC—aCy = 5.89
* g =7217°
* Hydrogen bond present

2 conformations were found within 5 keal/mol of the
global miminum.

* daC—aCy <7A : 2/2

* number of conformations with -30°</5<30° : 2/2

* number of hydrogen bonded conformations: 2/2

—» Qenerate 2000 random starting conformations
Energy minimise all conformations, eliminate duplicates
Retain global minimum and conformations within 5 kcal above the global minimum

— Check for beta turn properties in the conformations retained

— Perform 1000 ps molecular dynamics analysis on the global minimum found, sample 10000
conformations and again monitor the beta turn properties.

Results for the global minimum conformation in H,O
* doC—aCy = 3.61

*B=-16.8°

* Hydrogen bond not present

5 conformations were found within 5 keal/mol of the
global miminum.

* doC—aCy <TA : 5/5

* number of conformations with -30°<p<30° : 3/5

* number of hydrogen bonded conformations: 2/5

Figure 6. Global-minimum conformations for 12 and its B-turn properties in CHCl; and H,O.

in CHCI; have a virtual dihedral angle  within+30°, and
almost all of the conformations (99.8%) have a d value be-
low 7 A. Only in CHCl; is an H-bond present in the ma-
jority of cases (76%). Hence, compound 12 largely pre-
serves its B-turn inducing properties in CHCl; and water.
In Figure 7, the parameter-distribution profiles from the
sampled conformations of the dynamics run are depicted.
In CHCIl;, the global minimum conformation seems to be
a stable one, and no major conformational changes are ob-

Eur. J. Org. Chem. 2005, 2941-2950 WWW.eurjoc.org

Table 2. Parameters selected from a molecular dynamics simulation
of 12.

Property Compound 12 Compound 12
(H,0) (CHCI,)

Mean d [A] 4.8 5.9

d within 7 A [%)] 99.8 99.8

Mean f [°] -19.8 244

B within % 30° [%] 88 74

H-bonded [%] 30 76

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2945
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Figure 7. Molecular dynamics analysis of 12 in CHCl; and H-O.

served here. Another picture is seen for the conformational
analysis in water. Two interconverting classes of conforma-
tions are observed. These two classes are identified by vis-
ual inspection of the sampled conformations. The major
class resembles the non-hydrogen-bonded global minimum
with the N-methylamide and the N-acylamide parallel to
one another; the minor conformation with a higher d(a.C,—
aC,) value corresponds to the hydrogen-bonded conforma-
tion similar to the one adopted in CHCl;. This analysis is
in agreement with the general idea that water is more prone
to disrupt intramolecular hydrogen bonding compared to
CHCl;.

Notwithstanding the fact that multiple conformations
might exist, they all fulfil the 7 A distance criterion. Hence
the modelling analysis points out that the compound is a
potential candidate for turn induction.

NMR Analysis

The presence of a hydrogen bond was further checked
by 'H NMR spectroscopy of compound 12 in [Dg]DMSO.
According to the literature, the temperature dependence of
the chemical shift of a hydrogen-bonded amide proton
should be small (0 to —3 ppb/K) compared to the tempera-
ture dependence of a solvent-exposed proton (< -7 ppb/
K).'2 The chemical shifts of the NHCO (singlet at § =
7.60 ppm; 289 K), NHCOCHj; (singlet at 6 = 7.56 ppm;
289 K) and CONHCH; (quadruplet at 6 = 7.41 ppm,

2946 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

289 K) in [Dg]DMSO were recorded at different tempera-
tures (Figure 8). Linear regression on the collected data
points provided the following results: The chemical shift de-
pendence of —1.6 ppb/K for CONHCHj5 is consistent with
the presence of a hydrogen bond; NHCO and NHCOCHj;
on the other hand are more, though not completely,
solvent-exposed (shift dependence of -5.3 ppb/K and
-5.8 ppb/K, respectively). Possibly the steric bulk of the
scaffold is partially shielding these protons from the sol-
vent.

7.65
7.6 1

_ w MHCO
g_ W a NHAC
2 7.35 & CONHME

7.25
7oL

715

71—
298 303 308 N3 38 323 32 333 338 M3

K

Figure 8. Temperature dependence of the chemical shifts of the NH
protons in compound 12.
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The solvent dependency of the chemical shift of the
amide protons upon changing the solvent from [Ds]DMSO
to CDCl; was also checked. The results are summarised in
Table 3. The small Ad of the NHMe proton confirms the
presence of a hydrogen bond. The NMR results are in best
agreement with the results obtained for the modelling
analysis in CHCl;. If indeed the majority of the conformers
would be in a solvent-exposed conformation as seen in the
molecular dynamics analysis in water, a larger Ad would be
expected for the NH proton. Hence it is believed that the
conformer distribution as shown in the CHCIl; modelling
analysis is more representative for the real situation in
DMSO (DMSO can only act as a hydrogen-bond acceptor
and not as a hydrogen-bond donor as water can do).

Table 3. Solvent dependency of the chemical shifts of the amide
protons in 12.

d [ppm] d [ppm] Ad [ppm]
DMSO (298 K)  CDCl, (298 K)
NHCO (s) 7.60 6.19 1.41
NHAc (s) 7.56 5.71 1.85
NHMe (q) 7.41 7.85 ~0.44
Conclusions

The intramolecular Diels—Alder reaction of 3-alkenyl-
2(1H)-pyrazinones, followed by deprotection of the para-
methoxybenzyl group and cleavage of the strained tricyclic
adducts to form the APC system, can be used to construct
a novel type of rigid B-turn. The model system 12 for a
tetrapeptide has PB-turn inducing properties according to
molecular modelling and NMR analysis.

Experimental Section

General: Melting points were taken using an Electrothermal 1A
9000 digital melting point apparatus and are uncorrected. Infrared
spectra were recorded with a Perkin—Elmer 1600 Fourier transform
spectrometer. Mass spectra were run with a Hewlett Packard MS-
Engine 5989A apparatus for EI and CI spectra, and a Kratos
MSS50TC instrument for exact mass measurements performed in
the EI mode at a resolution of 10000. For the NMR spectra (J, in
ppm) a Bruker AMX 400 and a Bruker Avance 300 spectrometer
were used. Assignments were made using a combination of 1D and
2D spectra (DEPT-135, COSY, HMBC, HMQC). Analytical and
preparative thin layer chromatography were carried out using
Merck silica gel 60 PF-224; for column chromatography 70-230
mesh silica gel 60 (E. Merck) was used as the stationary phase.

General Procedure for Pyrazinone Synthesis: For the preparation of
the pyrazinones, we refer to the corresponding references. Pyrazin-
ones la—d: Ref* for 1a, ref.?®! for 1c and ref.[°®! for 1b,d.

General Procedure for Alkenylation and Subsequent Diels—Alder Re-
action: A solution of 5-bromopentene (3equiv.) in THF, Mg
(3.1 equiv.) and a catalytic amount of I, was brought to reflux.
Upon completion of the formation of the Grignard reagent, the
solution was cooled to —78 °C. The pyrazinone 1 (1 equiv.), dis-
solved in dry THF (5mL), was slowly added to the solution
through a cannula. This solution was kept at low temperature

Eur. J. Org. Chem. 2005, 2941-2950 WWW.eurjoc.org

(-78 °C) until completion of the reaction (30 min). The mixture
is worked up at low temperature (—78 °C) by addition of aqueous
saturated NH4Cl solution and extracted with diethyl ether. The or-
ganic layers were dried with MgSQ,, filtered and the solvent was
evaporated. The crude compounds 2 were purified by column
chromatography (silica gel; CH,Cl, — EtOAc). Partial cycload-
dition and subsequent hydrolysis already occurred. In order to sim-
plify the purification, the cycloaddition was driven to completion
by refluxing the crude mixture in chloroform (open to the air to
promote further hydrolysis) for 12 h. The hydrolysed adduct 3 was
purified by column chromatography [silica gel; gradient: CH,Cl,/
EtOAc (50:50 — 0:100)].

1-Benzyl-5-chloro-6-methyl-3-(4-pentenyl)-2(1 H)-pyrazinone  (2b):
Cycloaddition compound was also observed in the spectrum. We
only list the signals of compound 2b. "TH NMR (300 MHz, CDCls):
0 = 1.84 (quint, J = 7.2 Hz, 2 H, H-2'), 2.17 (¢, J = 7.2 Hz, 2 H,
H-3"), 2.36 (s, 3 H, CH3), 2.84 (t, J = 7.7 Hz, 2 H, H-1"), 4.97 (m,
J=10.2Hz, 1 H, H-5), 5.04 (dq, J = 17.2 Hz, 1.8 Hz, 1 H, H-5),
5.31 (s, 2 H, CH,Ph), 5.84 (ddt, J = 17.2 Hz, 10.3 Hz, 6.6 Hz, 1 H,
H-4'), 7.14 (d, J = 6.6 Hz, 2 H, PhH), 7.27-7.30 (m, 3 H, PhH)
ppm. 3C NMR (75 MHz, CDCls): 6 = 17.0 (CH3), 26.2 (CH,),
33.4 (CH,), 33.9 (CH,), 48.9 (CH,Ph), 115.4 (CH=CH,), 126.2 (C-
6), 127.1 (PhC), 128.4 (C,ua), 129.4 (PhC), 133.5(C,,), 135.2
(CH=CH,), 138.6 (C-5), 156.3 (C-2), 157.5 (C-3) ppm.

8-Benzyl-8,10-diazatricyclo[5.2.2.0"->Jundecane-9,11-dione (3a):
Yield 52% (1.15 g) (84% if recovered product is accounted for).
M.p. 182 °C (hexane/CH,Cl,). IR (KBr): ¥ = 1657 (s, CO), 1700
(s, CO) cm'. "H NMR (300 MHz, CDCLy): 6 = 1.38-1.42 (m, J =
14 Hz, 4 Hz, 2 Hz, 2 H, H-4 and H-6,,,), 1.72 (ddd, J = 14 Hz,
9 Hz, 5 Hz, 1 H, H-2), 1.83-1.98 (m, J = 14 Hz, 10 Hz, 4 Hz, 3 H,
H-3 and H-6,.,, H-6,,,), 1.98-2.12 (m, 2 H, H-5 and H-4), 2.50
(ddd, J = 14 Hz, 10 Hz, 7 Hz, 1 H, H-2), 3.87 (ddd, J = 4 Hz, 2 Hz,
| H, 1 Hz, H-7), 432 (d, J = 15Hz, 1 H, CH,Ph), 4.83 (d, J =
15 Hz, 1 H, CH,Ph), 6.66 (br. s, 1 H, NH),7.22-7.33 (m, 5 H, PhH)
ppm. 3C NMR (75 MHz, [Dg]DMSO): § = 22.6 (CH,), 25.3
(CH,), 27.9 (C-6), 28.9 (CH,), 44.0 (C-5), 47.2 (CH,Ph), 60.4 (C-
7). 68.0 (C-1), 1272 (PhCH), 127.5, 128.4, 1374 (C,,,). 1711
(CO), 171.2 (CO) ppm. EIMS: m/z (%) = 270 (24) [M*], 135 (100)
[M* — BaNHCHO], 91 (31) [C,H,*]. HRMS: caled. for
C6H3N,0, 270.1368; found 270.1370.

8-Benzyl-7-methyl-8,10-diazatricyclo[5.2.2.0"->Jundecane-9,11-dione
(3b): Yield: 64% (1.33 g). M.p. 204.1 °C (CH,Cly/hexane). IR
(KBr): v = 1650 (s, CO), 1710 (s, CO), 3223 (m, NH) em ! 'H
NMR (400 MHz, CDCLy): 6 = 1.45 (s, 3 H, CHs), 1.47-1.54 (m, 2
H, H-6,,,, and H-4), 1.71-1.77 (m, 1 H, H-2b), 1.90-1.97 (m, 2 H,
H-3), 1.98 (dd, J = 13.4 Hz, 8.6 Hz, 1 H, H-6,,,), 2.03-2.10 (m, 1
H, H-4), 2.12-2.21 (m, 1 H, H-5), 2.51-2.59 (m, 1 H, H-2a), 4.47
(d, J = 16.0 Hz, 1 H, CH,Ph), 4.84 (d, J = 16.0 Hz, 1 H, CH,Ph),
6.13 (s, 1 H, NH), 7.15 (d, J = 7.1 Hz, 2 H, H,,,,), 7.23-7.31 (m,
3 H, PhH) ppm. '*C NMR (100 MHz, CDCl;, ppm): 6 = 16.5
(CHs), 22.9 (C-3), 27.2 (C-2), 29.6 (C-4), 37.1 (C-6), 44.1 (CH),
44.6 (CH,Ph), 62.9 (C-7), 68.2 (C-1), 126.6 (C,u0), 127.3 (Cpara)s
128.7 (Crera): 138.5 (Cppuo). 172.6 (CO), 173.3 (CO). EIMS: milz (%)
= 284 (68) [M™], 150 (100) [M* — BaNHCOJ, 91 (68) [C;H,"].
HRMS: caled. for C;7H,yN,O, 284.1522; found 284.1530.

8-(4-Methoxybenzyl)-7-methyl-8,10-diazatricyclo[5.2.2.0"->Junde-
cane-9,11-dione (3c¢): Yield: 53% (1.12 g). M.p. 172.0-173.4 °C. IR
(KBr): v = 1650 (s, CONBn), 1716 (s, CONH), 3223 (s, NH) cm".
'H NMR (400 MHz, CDCl): 6 = 1.46 (s, 3 H, CH3), 1.44-1.49 (m,
2 H, H-6 and H-4), 1.73-1.79 (m, 1 H, H-2), 1.91-1.98 (m, 3 H,
H-3 and H-6), 2.02-2.06 (m, 1 H, H-4), 2.08-2.12 (m, 1 H, H-5),
2.52 (ddd, J = 14.6 Hz, 12.1 Hz, 6.9 Hz, 1 H, H-2), 3.78 (s, 3 H,
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OCH;), 440 (d, J = 15.7Hz, 1 H, CH,Ph), 4.78 (d, J = 15.7 Hz,
1 H, CH,Ph), 6.62 (s, 1 H, NH), 6.82 (d, J = 8.6 Hz, 2 H, H,,..;.),
7.09 (d, J = 8.5Hz, 2 H, H,,,;,) ppm. '3C NMR (100 MHz,
CDCl;): 0 = 16.5 (CH3), 23.0 (C-3), 27.0 (C-2), 29.6 (C-4), 37.2 (C-
6), 44.0 (CH,Ph), 44.1 (C-5), 55.2 (OCH;), 62.8 (C-7), 68.1 (C-
1), 114.1 (Cprera)s 128.0 (Corono), 130.6 (Cypy0), 158.8 (Cpir), 172.6
(CONBn), 173.5 (CONH) ppm. EIMS: m/z (%) = 314 (32) [M™],
150 (100) [M*" — CONHCH,PhOMe], 121 (60) [CsHoO*]. HRMS:
caled. for C;3H,,N,05 314.1628; found 314.1636.

7-Isopropyl-8-(4-methoxybenzyl)-8,10-diazatricyclo[5.2.2.0"-5lunde-
cane-9,11-dione (3d): Yield: 63% (1.51 g). M.p. 186-187 °C
(CH,Cl,/hexane). IR (KBr): ¥ = 1612 (s, CONBn), 1692 (s,
CONH), 3194 (s, NH) cm!. '"H NMR (400 MHz, C¢Dy): 6 = 1.04
[d, J=6.7 Hz, 3 H, CH(CHs),], 1.09-1.13 (m, 1 H, CH,), 1.31 (dd,
J=13.3Hz, 5.5Hz, | H, H-6,,4,), 1.37 [d, J = 6.6 Hz, 3 H,
CH(CH,),], 1.48 (dd, J = 13.3Hz, 9.7 Hz, 1 H, H-6,,,), 1.55-1.64
(m, 4 H, CH,), 1.69-1.73 (m, 1 H, H-5), 2.29 [sept, J = 6.7 Hz, 1
H, CH(CH;),], 2.49-2.56 (m, 1 H, CH,), 3.77 (s, 3 H, OCH3), 4.24
(d, J = 15.6 Hz, 1 H, CH,Ph), 5.09 (d, J = 15.6 Hz, 1| H, CH,Ph),
6.75(d, J = 6.5Hz, 2 H, H,,.1.), 7.17 (d, J = 6.6 Hz, 2 H, H,,,,.),
7.30 (s, 1 H, NH) ppm. '3*C NMR (100 MHz, CDCl;): § = 18.4
(CH3), 19.4 (CH3), 23.0 (CH,), 26.9 (CH,»), 28.7 [CH(CH3),], 29.8
(CH,), 33.3 (C-6), 44.2 (C-5), 44.8 (CH,Ph), 55.2 (OCHs;), 67.6
(Cquat)s 68.8 (Cquar), 114.0 (C,yer0), 128.3 (Cprio), 130.8 (Cypy0), 158.7
(Cpara); 172.5 (CO), 174.1 (CO) ppm. EIMS: m/z (%) = 342 (25)
[M*], 178 (100) [M* — CONHBnOMe], 136 (36) [CsH(NO*], 121
(92) [CgHoO™]. HRMS: calcd. for C,oH,4N,O3 342.1947; found
342.1941.

Methanolysis of 3a: A solution of the tricyclic adduct 3a in MeOH
was cooled to 0 °C and saturated with dry HCI gas for 5 min. Upon
completion of the reaction, the solution was concentrated under
reduced pressure and the crude residue was dissolved in acetic an-
hydride. The mixture was cooled in an ice bath, and Et;N was
added, until precipitation of triethylammonium salts was observed.
After removal of the ammonium salts, the solution was concen-
trated and the product was purified by column chromatography
(silica gel; CH,Cl,/MeOH, 95:5).

Methyl 7a-Acetylamino-2-benzyl-1-o0xo-octahydro-1H-cyclopenta-
|c]pyridine-3-carboxylate (4a): Yield: 35% (111 mg). M.p. 198 °C
(CH,Cly/hexane). IR (KBr): ¥ = 1590 (s, CO), 1734 (w, CO), 2861
(s, OCH3) cm™'. 'H NMR (400 MHz, CDCl5): 6 = 1.49-1.53 (m, 1
H, CH,), 1.75-1.78 (m, 1 H, H-4), 1.92 (s, 3 H, CH3), 1.91-2.13
(m, 4 H, H-4 and Hyjipy), 2.19-2.25 (m, 2 H, CH>), 2.49-2.50 (m,
1 H, CH,), 3.74 (s, 3 H, OCHs), 3.86 (d, J = 15.0 Hz, 1 H, CH,Ph),
4.02 (dd, J = 10.7 Hz, 4.0 Hz, 1 H, H-3), 5.53 (d, J/ = 15.0 Hz, 1
H, CH,Ph), 5.65 (s, 1 H, NH), 7.18 (d, J = 6.8 Hz, 2 H, H,,3,,),
7.26-7.30 (m, 3 H, PhH) ppm. '*C NMR (100 MHz, CDCls): § =
21.9 (C-6), 23.9 (CH3), 24.8 (C-4), 28.8 (C-5), 30.8 (C-7), 45.0 (C-
4a), 49.3 (CH,Ph), 52.8 (OCH3), 56.6 (C-3), 65.5 (C-7a), 127.6
(Crara)s 128.3 (Cprino)s 128.7 (Chrera)s 136.9 (Cypy0), 169.6
(CH3CONH), 171.0 (CO), 174.0 (CH;0CO) ppm. EIMS: m/z (%)
=344 (6) [M*], 312 (21) [M*" — CH30OH], 285 (31) [M*" -
CH50CO7, 257 (100) [C;sH9NO,*], 198 (32) [C14H sN*], 91 (89)
[C;H;*]. HRMS: calcd. for C9H4N>O, 344.1735; found 344.1747.

Methyl 1-Acetylamino-2-{2-[acetyl(benzyl)amino]-3-methoxy-3-
oxopropyl}cyclopentanecarboxylate (5): Yield: 25% (97 mg), color-
less oil. "TH NMR (400 MHz, C¢Dyg, 291 K): 6 = 1.36-1.41 (m, 1 H,
H-3), 1.49-1.56 (m, 2 H, H-4), 1.79 (s, 3 H, COCH3), 1.80 (s, 3 H,
COCH3), 1.95-1.99 (m, 2 H, H-3 and H-1"), 2.06-2.14 (m, 1 H, H-
5), 2.29 (ddd, J = 13.8 Hz, 8.4 Hz, 5.5 Hz, 1 H, H-1"), 2.36 (ddd,
J = 13.5Hz, 8.4 Hz, 5.8 Hz, 1 H, H-5), 2.47-2.53 (m, 1 H, H-2),
3.16 (s, 3 H, OCH3), 3.42 (s, 3 H, OCH3), 4.29 (d, J = 16.9 Hz, 1
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H, CH,Ph), 4.33 (d, J/ = 16.7 Hz, 1 H, CH,Ph), 5.00 (dd, J = 8.3,
6.4Hz, 1 H, H-2'), 6.42 (s, 1 H, NH), 7.03-7.16 (m, 5 H, PhH)
ppm. 3C NMR (100 MHz, CDCls): 6 = 22.1 (CH5CO), 22.3 (C-
4), 23.3 (CH5CO), 29.3 (C-1"), 31.3 (C-3), 36.9 (C-5), 44.3 (C-2),
50.7 (CH,Ph), 51.9 (OCHs;), 52.4 (OCH3), 56.2 (C-2"), 67.5 (C-1),
126.9 (Corino)s 127.7 (Cpara)s 128.7 (Crrera)> 136.5 (Cppy0), 170.3 (CO),
171.4 (CO), 172.0 (CO), 174.3 (CO) ppm. EIMS: m/z (%) = 418
(4) [M*], 375 (100) [M* — CH;3CO], 91 (57) [C;H;"]. HRMS:
caled. for Cy,H3oN>Og 418.2102; found 418.2101.

General Procedure for the CAN Deprotection: The para-meth-
oxybenzyl-protected bis(lactam) system 3¢/3d was dissolved in ace-
tonitrile and cooled in an ice bath. Then 3 mmol of CAN, dissolved
in a minimum amount of H,O, were added dropwise. After stirring
for 3 h, the solution was extracted with CH,Cl, and the combined
organic layers were dried with MgSO,. After removal of the sol-
vent, the crude product was purified by chromatography (MeOH/
CH,Cl,).

7-Methyl-8,10-diazatricyclo[5.2.2.0"-3Jundecane-9,11-dione (6a):
Yield: 81% (287 mg), oil. '"H NMR (300 MHz, CDCls): 6 = 1.48
(s, 3 H, CHy), 1.47-1.55 (m, 1 H, H-4), 1.59 (dd, J = 13.1 Hz,
4.8 Hz, 1 H, H-6), 1.68 (ddd, J = 14.6 Hz, 8.7 Hz, 49 Hz, 1 H, H-
2), 1.89-1.97 (m, 2 H, CH,), 2.06-2.11 (m, 1 H, H-4), 2.10 (dd, J
= 13.2 Hz, 9.8 Hz, 1 H, H-6), 2.17-2.22 (m, 1 H, H-5), 2.43 (ddd,
J =148 Hz, 11.4 Hz, 6.9 Hz, 1 H, H-2), 6.93 (s, | H, NH), 6.95
(s, 1 H, NH) ppm. 3C NMR (75 MHz, CDCls): 6 = 17.7 (CHj3),
22.9 (CH,), 26.5 (CH,), 29.6 (CH,), 36.6 (CH,), 44.8 (C-5), Cquat
not resolved, 173.5 (CO), 173.7 (CO) ppm.

7-Isopropyl-8,10-diazatricyclo[5.2.2.0"-5|undecane-9,11-dione (6b):
Yield: 64% (230 mg). M.p. 330 °C (decomposition). IR (KBr): ¥ =
3331 (m, NH), 2980 [s, CH(CHs),], 1695 (s, CO) cm'. '"H NMR
(300 MHz, DMSO): 6 = 1.00 [d, 3J = 6.6 Hz, 3 H, CH(CH3),], 1.02
[d, 3J = 6.9 Hz, 3 H, CH(CH,),], 1.24-1.31 (m, 2 H, Hy,p), 1.59-
1.79 (m, 3 H, Hyjipn), 1.91-2.06 (m, 5 H, Hyjipn), 8.06 (s, 1 H, NH),
8.26 (s, 1 H, NH) ppm. '3C NMR (75 MHz, DMSO): 6 = 17.4
[CH(CH3),], 17.5 [CH(CH;),], 22.9 (CH»), 25.3 (CH,»), 28.9
[CH(CH3),], 30.0 (CH,), 32.1 (C-6), 44.3 (C-5), 63.8 (Cquar) 67.7
(Cquar)» 173.4 (CO), 174.3 (CO) ppm. EIMS: m/z (%) = 222 (11)
[M*1, 177 (100) [M*™ — CHONH,], 151 (27) [C;oH;N*]. HRMS:
caled. for C,H;3sN,0O, 222.1369; found 222.1364.

Methyl 3-Acetylamino-3-methyl-2-oxo-octahydro-7a H-cyclopenta-
|b]pyridine-7a-carboxylate (7a): The procedure for the methanolysis
of 6b is the same as described for the generation of 3a. Yield: 18%
(60 mg). 'TH NMR (400 MHz, CDCl;): § = 1.52 (s, 3 H, CH3), 1.63—
1.71 (m, 1 H, CH,), 1.76-1.84 (m, 3 H, CH, and CH,'"), 1.79 (dd,
J =14.0, 8.2 Hz, 1 H, H-4), 1.89 (s, 3 H, COCH,;), 2.05 (dd, J =
14.2 Hz, 6.32 Hz, 1 H, H-4), 2.03-2.07 (m, 1 H, CH,""), 2.13-2.16
(m, 1 H, CH,), 2.79-2.86 (m, 1 H, H-4a), 3.78 (s, 3 H, OCHj),
5.68 (s, 1 H, NH), 5.82 (s, 1 H, NH) ppm. '*C NMR (100 MHz,
CDCl,): § = 23.6 (COCH3), 23.8 (CH,), 24.6 (CH3), 31.8 (CH,),
36.1 (C-4), 38.7 (C-4a), 41.2 (CH,""), 52.9 (OCH3), 55.3 (C-3), 68.1
(C-Ta), 169.7 (COCHj;), 173.5 (CONH), 174.9 (COOCHs;) ppm.

Methyl 3-Acetylamino-3-isopropyl-2-oxo-octahydro-7aH-cy-
clopenta|b]pyridine-7a-carboxylate (7b): The procedure for the
methanolysis was applied as described for product 3a. Yield: 54%
(143 mg) 'H NMR (400 MHz, CDCls): 6 = 0.95 (d, J = 6.8 Hz, 3
H, CHs3), 0.97 (d, J = 6.9 Hz, 3 H, CH3), 1.53-1.55 (m, 1 H, H-7),
1.66 (t, J = 13.3 Hz, | H, H-4), 1.75-1.79 (m, 1 H, H-5), 1.82-1.86
(m, 2 H, H-6), 1.92 (s, 3 H, COCH3), 2.11-2.22 (m, 2 H, H-5 and
H-7), 2.40-2.45 [m, 2 H, CH(CH3),, H-4], 2.83-2.86 (m, 1 H, CH),
3.77 (s, 3 H, OCH;), 5.49 (s, 1 H, NH), 6.09 (s, | H, NH) ppm.
13C NMR (100 MHz, CDCls): 6 = 16.6 (CH3), 18.3 (CH3), 23.3
(C-6), 23.9 (COCH3), 31.4 (C-4), 32.8 (C-7), 34.6 [CH(CH3),], 36.9
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(CH), 40.9 (C-5), 52.8 (OCH3), 61.4 (C-3), 68.0 (C-7a), 169.7
(NHCOCH,), 172.7 (NHCO), 175.2 (COOCH;) ppm. EIMS: mi/z
(%) = 296 (1) [M*], 253 (46) [M* — COCHj], 237 (35) [M* —
COOCHS;, 211 (100) [M** ~COCHj; — iPr]. HRMS: calcd. for
C5H24N,0, 296.1736; found 296.1740.

Methyl 1-Acetylamino-2-|2-acetylamino-3-methoxy-2-methyl-3-
oxopropyl]cyclopentanecarboxylate (8): Yield: 22% (91 mg). 'H
NMR (400 MHz, CDCls): 6 = 1.56-1.51 (m, 1 H), 1.61 (s, 3 H,
CH3), 1.75-1.68 (m, 3 H), 1.98 (s, 3 H, COCH3), 2.00 (s, 3 H,
COCH3;), 1.96-2.11 (m, 1 H), 2.16-2.25 (m, 4 H), 3.72 (s, 3 H,
OCHs), 3.74 (s, 3 H, OCH,;), 5.64 (s, 1 H, NH), 6.49 (s, 1 H, NH)
ppm. 3C NMR (100 MHz, CDCls): 6 = 21.9 (CH,), 23.3 (CHj;),
23.4 (CH;), 24.1 (CH3), 31.2 (CH,), 35.3 (CH»), 35.3 (CH,), 44.5
(C-2), 52.4 (OCH3), 52.9 (OCH;), 169.4 (CO), 170.1 (CO), 173.3
(CO), 174.8 (CO) ppm, Cgyat not resolved.

8-(4-Methoxybenzyl)-7,10-dimethyl-8,10-diazatricyclo[5.2.2.05]-
undecane-9,11-dione (9): Sodium hydride [48.5 mg (60 % in mineral
oil), 1.2 mmol] was added to a stirred solution of the tricyclic com-
pound 3¢ (250 mg, 0.86 mmol) in DMF. After stirring at room tem-
perature for 5 min, 1.2 equiv. of Mel (65 pL, 1.04 mmol) was added
to this mixture. The reaction mixture was kept at room temperature
overnight. The crude product was obtained after workup with satu-
rated NH,4CI solution followed by extraction and evaporation of
the solvent. The product 9 was purified by column chromatography
(silica gel; CH,Cl,/EtOAc, 70:30). Yield: 80% (225 mg). M.p.
109.4-109.7 °C. IR (KBr): ¥ = 1687 (s, CO) cm~1.'"H NMR
(300 MHz, CDCl;): 6 = 1.21-1.26 (m, 1 H, CH,), 1.33 (dd, J =
13.5Hz, 5.1 Hz, 1 H, H-6), 1.44 (s, 3 H, CH3;), 1.80-1.88 (m, J =
13.5 Hz, 9.9 Hz, 2 H, H-6, H-6 and CH,), 1.95-2.05 (m, 3 H, CH,),
2.22 (ddd, J = 15.4 Hz, 8.8 Hz, 2.9 Hz, 1 H, CH,), 2.36-2.44 (m, 1
H, H-5), 2.95 (s, 3 H, NCH3), 3.72 (s, 3 H, OCH;), 4.24 (d, J =
15.7 Hz, 1 H, CH,Ph), 4.81 (d, J = 15.4 Hz, 1 H, CH,Ph), 6.77 (d,
J=8.8Hz, 2 H, H,,.).7.03 (d, J = 8.8 Hz, 2 H, H,,,,,) ppm. 13C
NMR (75 MHz, CDCly): 6 = 17.6 (CHjy), 23.3 (CH,), 25.1 (CH,),
29.0 (NCHs;), 29.7 (CH,), 36.9 (CH,), 44.3 (C-5), 45.1 (CH,Ph),
55.6 (OCHs;), 62.8 (C-8), 71.9 (C-1), 114.5 (C,.era)> 128.4 (Corino)s
130.9 (Cj50), 159.1 (C,upa), 172.4 (CO), 172.7 (CO) ppm. EIMS:
mlz (Vo) = 328 (36) [M*], 164 (100) [M* — CONHp — OMeBn7],
121 (49) [CsHyO"]. HRMS: calcd. for C;oH,4N,05 328.1787; found
328.1782.

7,10-Dimethyl-8,10-diazatricyclo[5.2.2.0"-5lundecane-9,11-dione
(10): The general procedure for the CAN deprotection was applied.
Yield: 58% (74 mg), oil. '"H NMR (300 MHz, CDCl;): 6 = 1.29-
1.39 (m, 1 H, CH,), 1.48 (s, 3 H, CH3), 1.81-1.85 (m, 1 H, CH,),
1.88-2.15 (m, 4 H, CH,), 2.17-2.37 (m, 3 H, CH,), 2.97 (s, 3 H,
NCHs;), 6.37 (s, 1 H, NH) ppm. 3C NMR (75 MHz, CDCly): 6 =
18.8 (CH3), 23.2 (CH,»), 24.4 (CH,), 28.9 (NCH3), 29.7 (CH,), 36.4
(CH,), 45.7 (C-5), 58.8 (Cguat), 72.4 (Cquar), 172.9 (CO), 173.9 (CO)
ppm.

Methyl 3-Acetylamino-1,3-dimethyl-2-oxo-octahydro-7aH-cy-
clopenta|b]pyridine-7a-carboxylate (11): The general procedure for
the methanolysis was applied. Yield: 47% (47 mg), oil. 'H NMR
(400 MHz, CDCl;): 6 = 1.61 (s, 3 H, CHy), 1.54-1.61 (m, 1 H, H-
7), 1.66 (dd, J = 14.0, 10.0 Hz, 1 H, H-4), 1.90 (s, 3 H, COCH3),
1.81-1.94 (m, 3 H, H-5 and H-6), 2.02-2.07 (m, 1 H, H-7), 2.48—
2.54 (m, 2 H, H-4a and H-5), 2.82 (s, 3 H, NCH3), 2.93 (dd, J =
14.0, 5.8 Hz, 1 H, H-4), 3.75 (s, 3 H, OCH3), 5.85 (s, 1 H, NH)
ppm. 3C NMR (100 MHz, CDCl5): 6 = 23.8 (CHjs), 24.1 (C-6),
24.1 (CH3), 32.1 (C-7), 32.3 (NCH3y), 35.0 (C-4), 36.9 (C-5), 40.1
(C-4a), 52.8 (OCH3), 56.6 (C-3), 74.0 (C-7a), 169.8 (COCHs;), 172.6
(CONCH3;), 174.9 (COOCHj;) ppm.
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3-Acetylamino-3-isopropyl-/V-methyl-2-oxo-octahydro-7a H-cyclo-
penta|b]pyridine-7a-carboxamide (12): The piperidinone derivative
7b (50 mg, 0.17 mmol) was dissolved in a 33% solution of MeNH,
in ethanol (15 mL) and stirred at room temperature for 12 h. The
reaction mixture was concentrated and the residue was purified by
chromatography (CH,Cl,/MeOH, 95:5). Yield: 65% (33 mg). M.p.
218.0-219.6 °C. IR (KBr): ¥ = 1550 (s, CONH), 1645 (S, CONH),
1689 (s, CONH), 2961 (s, Cuipn), 3076 (s, NH) cm . 'H NMR
(400 MHz, DMSO): 6 = 0.85 [d, J = 6.8 Hz, 3 H, CH(CH3),], 0.86
[d, J = 6.9 Hz, 3 H, CH(CH;),], 1.34-1.41 (m, J = 13.8 Hz, 2 H,
H-4,, with t, H-5), 1.63-1.66 (m, 3 H, H-6 and H-7), 1.75 (s, 3 H,
COCH3), 1.77-1.80 (m, 1 H, H-5), 2.02 (dd, J = 13.8 Hz, 6.3 Hz,
1 H, H-4.,), 2.06-2.11 (m, 1 H, H-7), 2.29 [sept, J = 6.9 Hz, 1 H,
CH(CH3),)], 2.61 (d, J = 4.6 Hz, 3 H, NHCH3), 2.67-2.72 (m, 1 H,
H-4a), 741 (q, J = 40Hz, 1 H, NHCH;), 7.56 (s, 1 H,
NHCOCH3), 7.60 (s, 1 H, NHCO), ppm. '3C NMR (100 MHz,
DMSO): ¢ = 16.8 [CH(CHs),], 18.1 [CH(CH;),], 22.7 (COCH,),
23.4 (C-6), 26.0 (NHCH3), 31.9 (C-5), 32.0 [CH(CH3),], 32.4 (C-4),
37.5 (C-4a), 39.7 (C-7), 59.0 (C-3), 67.8 (C-7a), 169.2 (NHCOCH3;),
170.1 (CONH), 175.4 (CONHCHj;) ppm. EIMS: m/z (%) = 237
(69) [M™ — CONHCH37, 136 (21) [CsH;(NO*]. HRMS: calcd. for
C,5H,5N305 295.18957, C;5H,5sN;03/CONHCH; 237.1603; found
237.1603.
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