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Abstract Aminocarbonylation of alkenyl and (hetero)arydides using medium-
sized 3-aminolactams d$-nucleophiles was carried out in the presencéndditu
palladium(0) catalysts. While the iodoalkenes wewaverted to the corresponding
carboxamide under mild reaction condition (1 ba€af, 50 °C) by using Pd(OAc)
PPh catalysts, the iodobenzene shown decreased nga¢89% conversion after 2
days) under the similar reaction conditions in pinesence of 3-aminoazepan-2-one.
The reactivity of iodobenzene and other iodo(hgtemmatic substrates was
increased with 3-aminoazepan-2-one under high ép darbon monoxide pressure,
but the chemoselectivity was shifted towards thkee®carboxamides formed via
double carbon monoxide insertion (except 2-iodapgg). Changing
triphenylphosphine to Xantphos, the expected catmces were chemoselectively
formed in all cases when iodo(hetero)aryl substratere used in the presence of all
of the three 3-aminolactams under mild reactiordd@ns. The products synthesized

in the reactions mentioned above were isolatedddarate to high yields.
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1. Introduction
Aminocarbonylation,i.e. the palladium-catalysed carbonylation of alkeoylaryl halides (preferentially

iodides) or their synthetic surrogates, sulfondpeeferentially triflates) in the presence of N-laophiles
was discovered by Headt al (Heck carbonylation*)and widely applied in synthesisThis homogeneous
catalytic procedure proved to be highly efficieat the synthesis of carboxamides possessing evea mo
complicated skeletons of biological importaricEhe double insertion of CO leading to 2-ketocaenides
was also investigated.

The mechanistic details of the reaction were atsestigated but most studies are focused on thdabxe
addition step only.To the best of our knowledge, sporadic resultspatgished on a reaction mechanism
involving carbon monoxide activation and insertibriRecently, computational chemistry studies were als
started to shed some light onto mechanistic defails

Concerning N-nucleophiles, a wide variety of prignand secondary amines, among them functionalised
ones such as amino acid esters, N-heterocyeteshave already been used. Aminolactams are chatlgng
nucleophiles for aminocarbonylation since the seokeN-acylated aminolactams with biological importe
could be available in this wdy.

Fig. 1. 3-(Acylamino)lactam-based compounds of biologioglortance

Ref. [8a] Ref. [8b] Ref. [8¢]

In this paper, the use of aminolactams as builBingk in aminocarbonylation reaction will be debed. In
other words, the highly efficient acylation of thmino functionality of a lactam ring via palladiuwatalysed

reaction can be carried out.



2. Results and discussion
2.1. Aminocarbonylation of iodoalkendsg) in the presence of 3-amino lactagad) N-nucleophiles
1-lodocyclohexenel], 4+ert-butyl-1-iodocyclohexene2, 17-iodoandrost-16-en)( 2-iodobornene
(4), and trans-1-iodo-1-octene §) were aminocarbonylated using 3-aminoazepan-2-@en=3), 3-
aminopiperidin-2-oneh, n=2) and 3-aminopyrrolidin-2-one,(n=1) under carbon monoxide atmosphere
(Scheme 1 A coordinatively unsaturated, low-ligated pallad(0) catalyst, preparedn situ from
palladium(ll) acetate and two molar equivalentsriphenylphosphine, was us@dccording to the generally
accepted mechanisfh the palladium(0) catalyst is indispensable tadatively add the starting iodoalkene

substrate.

DMF, Et;N, 50 °C
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Scheme 1Aminocarbonylation of iodoalkene$-6) in the presence of 3-aminolactaras]

The substrates have shown excellent reactivityimgatb practically complete conversion within less
than 2 hoursTable 1, entries 1, 2; 12, 18inder standard conditions (1 bar CO,°8). The reaction was
completely chemoselectivee., carboxamides were formed exclusively due tolsi@p insertion. All three
aminolactamsd-c) proved to be excellent N-nucleophile.

A slight decrease of the reaction temperature Qt6C) resulted in longer reaction times needed to get
full conversion éntry 3 and & Increasing CO pressure did not affect the chehectvity, and no double
CO insertion was observedrtry 5. The high conversion and selectivity enabledléaisiolation of the target
compounds in good to excellent yields.

It is worth noting that the widely used solvent D& be substituted for green solvents such as GVL

(y-valerolactone)dntry 7 and methyl 4-methoxybutyrdfelentry § without substantial loss of activity.



Table 1 Aminocarbonylation o1-5in the presence of 3-aminolactafhs

Entry | Substrate| Aming R.timeConv.” | Isolated yield”
[h] [%] [%]

1 a 1 90 n. i.”

2 1 a 2 >08 87 1)
39 1 a 5 >08 79 (1a)
4 2 a 1 >08 74 2a)
5°) 2 a 2 88 n.i"
6% 2 a 5 >08 72 (2a)
7" 2 a 1 >08 70 (2a)
g9 2 a 4 >08 61 (2a)
9 3 a 1 >98 81 8a)
10 4 a 1 >98 87 4a)
11 5 a 1 >98 76 %a)
12 1 b 1 90 n. i.”
13 1 b 2 >08 75 1b)
14 2 b 1 40 n.i."n
15 2 b 2 >08 73 2b)
16 3 b 3 >08 67 8b)
17 4 b 1 >08 75 4b)
18 5 b 1 >08 72 Bb)
19 1 C 1 >98 51 10
20 3 C 4 >98 54 80
21 5 C 1 >98 52 50

a) Reaction conditions: 0.5 mmol of substrdt&), 0.55 mmol of 3-aminolactama-€), 0.0125 mmol of
Pd(OAc), 0.025 mmol of PP 0.25 mL (1.625 mmol) of BN, 5 mL of DMF, 1 bar of CO, 5€C.

b) Determined by GC-MS.

c) Yields of the isolated target compound (basethersubstrated {5))

d) The reaction was carried out in THF at°@0

e) The reaction was carried out at 40 bar of CO.

f) The reaction was carried out in GVL.

g) The reaction was carried out in methyl 4-methtyrate.

h) Not isolated.



2.2. Aminocarbonylation of iodoarenes9) using 3-aming-caprolactam §) in the presence of Pd(OAd)

2 PPh catalysts

The parent 'in situ’ catalytic system formed frod{®Ac), and 2 PPhiwas tested in the aminocarbonylation
of various iodoareness{9) with 3-aminos-caprolactam &) as N-nucleophile. The aminocarbonylation of
iodoaromatics needed longer reaction times thaniddalkenes 4.1). Furthermore, in contrast to the
iodoalkene substrates, a mixture of two productsewabtained in all casesS¢heme 2 The single and
double CO insertion led to the formation of carboides 6a9a) and 2-ketocarboxamide$a-9a’),
respectively.

In general, the formation of carboxamides is fadaeatmospheric pressure using subsBdentries 1-3.)
Due to the low conversion (42%) after 48 hours teaction had to be carried out under high carbon
monoxide pressure (40 bar) to reach complete csioregntry 6., Fig. 2. Using iodobenzene) and other
iodoheteroaromatic substrate®9), the 2-ketocarboxamide$q’, 8a’, 9a) were preferentially formed at
elevated carbon monoxide presswstfies 6., 10., 12. 2-lodopyridine 7) as model compound has shown a
completely different behavior regarding chemoselégt the corresponding 2-ketocarboxamid&a'j was
formed as minor product even at high pressargry 8). This observation is in accordance with the rssul
obtained in our previous systematic investigationith nitrogen-containing iodoheteroaromatiés.
Comparing the reactivity of the heteroaryl iodidibg 2-iodopyridine®q) showed much more reactivity (75%
conversion after 6 hours) than the 3-iodopyridi@eand the 2-iodothiophen®)(substrates in the presence
of 3-aminoe-caprolactam at 40 bar of carbon monoxide pregtige 3)).

Pd(OAc), / 2 PPh, Q
R—Il + H,N +
NH

1 or 40 bar of CO

1) DMF, Et3N, 50 °C
6-9 a 6a-9a 6a'-9a’
R= [VaVaVaVal
N N
SN
NN i
6 7 8 9

Scheme 2Aminocarbonylation of iodoarene8-9) with 3-aminog-caprolactamd) in the presence of

Pd(OAc) / 2 PPR catalysts



Table 2. Aminocarbonylation of iodoarene§-9) with 3-aminoe-caprolactam &) in the presence of
Pd(OAc) / 2 PPh catalysts

Entry | Substraté R.time | p(CO)| Conv.”’ | Ratio of the carbonylated produis
[h] [bar] %] carboxamide | 2-ketocarboxamide
(6a-99 (6a’-9a’)
1 6 2 1 <1 66 6a) 34 6a’)
2 6 20 1 10 78€a) 22 6a’)
3 6 48 1 42 736a) 27 6a)
4 6 2 40 4 23 6a) 77 6a)
5 6 20 40 43 276a) 73 6a)
6 6 48 40 95 246a) 76 6a’), 479
7 7 6 40 75 957a) 5 (7a)
8 7 24 40 >08 937a), 819 7 (7))
9 8 48 40 84 258a) 75 8a’), 38°
10 8 96 40 >08 228a) 78 8a))
11 9 48 40 73 129a) 88 @a))
12 9 96 40 >908 129a) 88 @a'), 449

a) Reaction conditions: 0.5 mmol of substr&®), 0.55 mmol of 3-amince-caprolactamd), 0.0125 mmol
of Pd(OAc), 0.025 mmol of PP 0.25 mL (1.625 mmol) of BN, 5 mL of DMF, 1 or 40 bar of CO, 50
°C.

b) Determined by GC-MS.

c) Yields of the isolated target compounds (%)séabon the substrated-9)).
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Fig. 2. Conversion as a function of time of the aminocagtetion of6 in the presence of amiee
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2.3 Aminocarbonylation of iodoarene8-11) in the presence of 3-aminolactaad) N-nucleophiles using
Xantphos

Using the observations above obtained with themdpel-PPh catalytic system, a large bite-angle ligand,
Xantphos was selected to achieve higher yields sahelctivities in the aminocarbonylation of iodoaen
(Scheme B In fact, an active catalyst even at atmosphemessure both in DMFT@ble 3, entries 1j3and
THF (entries 7-1) was obtained for the aminocarbonylatiorbafith a (n=3) as nucleophile. The Xantphos-
containing system provided not only higher actibiyt also prefect selectivity toward carboxamidéoat
pressure. As expected, a carboxamide / 2-ketocarbimbe mixture was obtained at 40 bar CO pressure
(entries 4-§. Under standard mild conditions (1 bar CO 6] high selectivity toward carboxamide products
was observed with the other iodoarerédl) as well éntries 11-1ph

The other two nucleophile® (n=2) andc (n=1)) has shown similar activities with the seraéssubstrates
(entries 16-2p

"N o N O
mn Pd(OAc), / Xantphos Y C{
R—I + -
1 bar of CO R NH
o N o n=1-3
N DMF, Et;N, 50 °C N
6-11 a-c 6a-c - 11a-c
R=
@ @E @\ C[l jl ; |:N:|
N W s~ ¥ N A

Scheme 3Aminocarbonylation of iodoarene6-(1) in the presence of 3-aminolactaad) N-nucleophiles

using Xantphos



Table 3 Aminocarbonylation of iodoarene$-11) in the presence of 3-aminolactame-cf N-
nucleophiles using Xantphos

Entry | Substrate| Amine R.timeConv.” | % of Carboxamidée’
[h] [%]

1 6 a 63 100 6a)

2 6 a 4 88 100 6a)

3 6 a 24 >98 1006a), 77
49 6 a 6 13 207 (6a)
59 6 a 24 30 40° (6a)
6% 6 a 48 88 36” (63)

7" 6 a 24 52 100 §a)
8" 6 a 48 95 100 6a)
99 6 a 24 71 100 §a)
109 6 a 48 >08 100 6a)

11 7 a 1 >08 100 7a), 88
12 8 a 22 >908 1008a), 54°
13 9 a 22 >98 1009a), 68°
14 10 a 22 >98 100104), 69°
15 11 a 22 >98 100114q), 74°
16 6 b 6 95 100 6b)

17 6 b 8 >908 100 ¢b), 56°
18 7 b 1 94 100 Tb)

19 7 b 2 >908 100 Tb), 76°
20 8 b 12 84 100 8b)

21 8 b 24 >98 1008b), 36°

22 9 b 12 81 100 9b)

23 9 b 24 >98 1009b), 45°

24 10 b 24 >98 100 10b), 719
25 6 c 2 >08 100 6c), 47°

a) Reaction conditions: 0.5 mmol of substr&d {), 0.55 mmol of 3-aminolactama-€), 0.0125 mmol of
Pd(OAc), 0.0125 mmol of Xantphos, 0.25 mL (1.625 mmolE&N, 5 mL of DMF, 1 bar of CO, 5C.

b) Determined by GC-MS.

c) Yields of the isolated target compounds (%)séabon the substrate®-11)).

d) The reaction was carried out at 40 bar of CO.

e) The corresponding 2-ketocarboxami@a’Y was also formed in the reaction. The ratio ofgheducts was

determined by GC-MS.

f) The reaction was carried out in THF at°@

g) The reaction was carried out in THF at’80

10



Comparing the Pd-PRland Pd-Xantphos systems, the higher activity efialtter is obviousHig. 4). In case

of the Xantphos system, the higher CO pressurdteelsin lower activity Fig. 5). That is, carbon monoxide
has an inhibition effect on catalytic activity.

The DMF proved to be more suitable solvent than THE 6). In general, approximately one day is needed
to accomplish aminocarbonylation with nucleoplalander given conditions. However, 2-iodopyridin@, (
the substrate providing carboxamide only, can lig onverted within 1 hKig. 7). A similar phenomenon,

I.e. the high reactivity o¥ was observed using nucleophiéFig. 8).
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Fig. 4. Conversion as a function of time of the aminocasthation of6 in the presence of amirze
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2.4. Conclusions

In summary, medium-sized 3-aminolactam derivatif@smino-azepan-2-one, 3-amino-piperidin-2-
one, 3-amino-pyrrolidin-2-one) can be usedMNasuclophiles in palladium-catalysed aminocarbongtat
Compounds with iodoalkene functionalities, amongnthcompounds possessing biologically important
skeletons, undergo facile aminocarbonylation towadoxamides as exclusive products in the presehce
Pd(OAc) / PPh catalysts at atmospheric carbon monoxide presBuantrast, the iodo(hetero)arenes have
shown much lower reactivity than the above mentioiloeloalkenes using the similar catalysts and r@act
conditions. Increasing the carbon monoxide pres@tebar) the chemoselectivity was shifted towatrds
corresponding 2-ketocarboxamides (except 2-ioddpy) due to double CO insertion. However, the
aminocarbonylation of the iodo(hetero)aryl subsgatith 3-aminolactam nucleophiles was carriedungler
atmospheric carbon monoxide pressure by using Xastpnstead of the monodentate PMPinoviding
selectively the expected carboxamide derivatives.

As described above, the yields of the target comgsare of synthetic importance especially in case
of 7- and 6-membered lactanmisiq. 9a andFig. 9b respectively). The yields are acceptable eveh it
membered lactanc) (Fig. 99. It has to be added that the isolation procedura® not optimized,e. the
yields depicted irFig. 9a-cwere obtained under these conditions.

In this way, a new synthetic method for the synthed various 3-(acylamino)-lactams has been
described. The mild reaction conditions, the higleativity and the moderate to high isolated yiekswell
as the presence of the medium-sized lactam rindge rtias reaction of both synthetic and pharmacaiagi

importance.

14
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3. Experimental

3.1. General procedures

'H and®*C NMR spectra were recorded in CR®h a Bruker Avance Il 500 spectrometer at 500 and
125.7 MHz, respectively. Chemical shitsre reported in ppm relative to CHCT.26 and 77.00 ppm foH
and*®C, respectively). Elemental analyses were measumexi1108 Carlo Erba apparatus. The FT-IR spectra
were taken in KBr pellets using an IMPACT 400 spamuoieter (Nicolet) applying a DTGS detector in the
region of 400-4000 cih the resolution was 4 ¢ The amount of the samples wea 0.5 mg. Mass
spectrometry data have been obtained using a GGydtem consisting of a Perkin ElImer AutoSystem XL
gas-chromatograph. Melting points are uncorrectetiv@ere measured with a Blichi apparatus. TLC plates
(silica gel or aluminium oxide on TLC Al foils witfluorescence indicator 254 nm) were purchased from
Sigma-Aldrich. The eluents used in thin-layer chabography are specified below.

trans-1-lodo-1-octene 5), iodo(hetero)aromatic substrate8-1(1) and 3-aminolactamsa{c) were
purchased from Sigma-Aldrich and were used witHarther purification. 1-lodocyclohexetie(1), 4-tert-
butyl-1-iodocyclohexené (2), 17-androst-16-efié (3), 2-iodobornen€ (4) were synthesized by the
modified Barton-procedut®

The characterization of the carboxamide¥’, 6a*’, 7a'®, 8a’, 9a'° 6b*’, 8b'’, which were synthesized
by the conventional (acylation) reactions was alygaublished. The compounds isolated in this wakeg
practically identical spectra. However, due to sdarther analytical details (for instance detaitebcription

of NMR spectra) the full characterization is giveow for all compounds.

3.2. Aminocarbonylation of iodoalkeneisg) and iodo(hetero)arene$-11) in the presence of nucleophiles
a-c under atmospheric pressure of carbon monoxide.

In a typical experiment Pd(OAc)2.81 mg, 0.0125 mmol), triphenylphosphine (6.55 61025 mmol)
or Xantphos (7.23 mg, 0.0125 mmol), iodoalkehe) or iodo(hetero)areneés{(11) substrates (0.5 mmol),
and 3-aminolactams (3-amino-azepan-2-a)e 3-amino-piperidin-2-onebj, 3-amino-pyrrolidin-2-oned))
(0.55 mmol) and triethylamine (0.25 mL) were disgal in DMF (5 mL) under argon in a 100 mL three-
necked flask equipped with reflux condenser coretetd a balloon filled with argon. The atmosphessw
changed to carbon monoxide. The reaction was caeddor the given reaction time upon stirring at 60
and analyzed by Gc and GC-MS. The cooled reactioiune was then distilled to dryness under reduced
pressure. The residue was dissolved in chlorofdtb riL) and washed twice with water (15 mL). The
organic phase was dried overJS@&y, filtered and evaporated under reduced pressuaestdid material. All
compounds (excedOa 10b) were subjected to column chromatography (Silit&§e(Sigma), 0.063-0.200
mm) or Aluminum oxide (Sigma), activated, neutBdpckmann activity 1), CHGIMeOH or CHC}/EtOH
eluent mixtures (the exact ratios are specifie€lmaracterization(3.4) for each compound). In the case of
10aand10b chloroform (10 mL) was added to the residue amditisoluble material (product) was filtered
and dried.

17



3.3. Aminocarbonylation of iodoalkeneisg) and iodo(hetero)arene$-11) in the presence of nucleophiles
a-c under atmospheric pressure of carbon monoxide.

In a typical experiment Pd(OAg) triphenylphosphine or Xantphos, iodoalkené-5( or
iodo(hetero)arene6¢1l) and 3-aminolactam nucleophila-¢) and triethylamine were used in the same
amount as above and were dissolved in 5 mL of DMéeu argon in a 100 mL autoclave. The atmosphere
was changed to carbon dioxide and the autoclave pvassurized to the given pressure with carbon
monoxide. (Caution: High pressure carbon monoxheukl only be used with adequate ventilation (hood)
using CO sensors as well.) The reaction was corduir the given reaction time upon stirring at 60
After the given reaction time the reaction mixtuvas cooled to room temperature and the autoclawe wa
carefully depressurized in a well-ventilated hoblde product mixture was analyzed by GC and GC-Mt& T

work-up of the reaction mixture was identical tattbdiscussed for the atmospheric experiments.

3.4. Characterization of the products

3.4.1.N-(2'-Oxoazepan-3'-yl)cyclohex-1-enecarboxamide)(

Yield: 103 mg (87%), White powder, m.p. 177-178 {8nal. Calcd. for GsH2oN2O,: C, 66.07; H,
8.53; N, 11.85. Found: C, 66.00; H, 8.42; N, 11;78: (2% MeOH/CHC}) 0.35.5y (500 MHz, CDC}) 7.17
(1H, d,J 4.2 Hz, CONH), 6.74-6.69 (1H, mCH=C), 6.16 (1H, br s, CRH-CH,), 4.59 (1H, ddd, 11.3 Hz,
5.4 Hz, 1.4 HzCHNH), 3.39-3.23 (2H, mCH,NH), 2.26 (1H, br d, 13.0 Hz, lacta@H,), 2.36-2.23 (2H, m,
CH,CH=C), 2.22-2-17 (2H, nCH,CH=C), 2.26 (1H, br dJ 14.4 Hz, lactanCH), 2.08-1.98 (1H, m, lactam
CH), 1.95-1.82 (2H, m, lactatBH x2), 1.74-1.68 (2H, m, cyhe®H x2), 1.66-1.58 (2H, m, cyhe®H x2),
1.56-1.37 (2H, br m, lactaf@H x2). &c NMR (125.7 MHz) 175.9, 1.67.5, 134.0, 132.9, 5222, 31.7,
29.0, 27.0, 25.4, 24.1, 22.1, 21.6. IR (KBr(cm?)): 3403, 3212 (NH), 1676 (lactam CON), 1656 (CON),
1626 (C=C), 1504 (NH); MS m/z (rel. int.): 236 (8@), 191 (5), 164 (6), 137 (4), 127 (89), 109 (1GRY),
(76), 53 (28).

3.4.2. 4-fert-Butyl)-N-(2’-oxoazepan-3’-yl)cyclohex-1-enecarboxami@ea)(

Yield: 108 mg (74%), White solid material, m.p. 2267 °C; [Anal. Calcd. for GH2gN2O,: C, 69.83;

H, 9.65; N, 9.58. Found: C, 69.81; H, 9.80; N, 94B: (2% MeOH/CHC}) 0.47.54 (500 MHz, CDCY)
7.16 (1H, br s, CAH), 6.76-6.72 (1H, mCH=C), 6.60 (1H, br s, C®H-CH,), 4.58 (1H, dddJ 11.3 Hz, 5.4
Hz, 1.4 Hz,CHNH), 3.37-3.22 (2H, mCH,NH), 2.28-1.80 (8H, br m, overlapping of 4 x lact@H and 4 x
cyhex CH), 1.54-1.36 (2H, br m, lactai@H x2), 1.33-1.23 (1H, m, cyhe€H), 1.22-1.12 (1H, m, cyhex
CH). &c NMR (125.7 MHz) 176.0, 167.2, 134.5, 132.7, 5234, 42.2, 32.1, 31.7, 31.6, 28.9, 28.0, 27.1,
25.6, 23.6. IR (KBry (cm?)): 3378, 3246 (NH), 1680 (lactam CON), 1658 (CONy31 (C=C), 1510 (NH);
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MS m/z (rel. int.): 292 (68, N), 277 (9), 264 (3), 235 (15), 207 (5), 182 (1®5156), 127 (100), 107 (41),
84 (29), 57 (44), 51 (20).

3.4.3.N-(2’-Oxoazepan-3’-yl)androst-16-ene-17-carboxan{@y, (ca. 1/1 mixture of two epimers)

Yield: 167 mg (81%), White solid material, m.p. 234 °C; [Anal. Calcd. for gH4oN.O,: C, 75.68;
H, 9.77; N, 6.79. Found: C, 75.74; H, 9.64; N, 65B: (3% MeOH/CHC}) 0.59.5, (500 MHz, CDC})
7.15/7.13 (1H, dJ 6.1 Hz, CONH), 6.47/6.43 (1H, ddJ 3.0 Hz, 1.6 Hz16 CH:=C), 6.23 (1H, br s, CRH-
CH,), 4.59 (1H, ddd) 11.3 Hz, 5.4 Hz, 1.4 HZHNH), 3.43-3.19 (2H, mCH,NH), 2.30-2.11 (3H, m,
overlapping of lactanCH and 2 x skeleto&H), 2.09-0-73 (25H, br m, 20 x skeleton protons &ndlactam
protons), 1.01/0.98 (3H, s, 18), 0.84 (3H, s, 1LHs). 5 NMR (125.7 MHz) 175.8, 165.1/164.9,
150.4/150.2, 136.8/136.6, 56.9/56.8, 55.2, 52.0/527.3, 46.5/46.4, 42.2, 38.5, 36.5, 35.1/34.93,332.0,
31.8/31.7, 31.6/31.5, 29.1, 29.0, 28.9, 28.0, 28282, 20.7, 16.6/16.5, 12.2. IR (KBr,(cm™)): 3301, 3208
(NH), 1677 (lactam CON), 1650 (CON), 1630 (C=C)235NH); MS m/z (rel. int.): 412 (81, ¥, 397
(100), 342 (2), 302 (7), 284 (37), 267 (45), 258)(207 (3), 161 (12), 127 (60), 91 (28), 68 (FH,(25).

3.4.4. 1,7,7-TrimethyN-(2’-oxoazepan-3'-yl)bicyclo[2.2.1]hept-2-ene-2-bakamide 4a), (ca. 1/1
mixture of two epimers)

Yield: 126 mg (87%), White solid material, m.p. 1585 °C; [Anal. Calcd. for GH2eN.O,: C, 70.31;
H, 9.02; N, 9.65. Found: C, 70.20; H, 9.21; N, 95R: (3% MeOH/CHCY) 0.47.5y (500 MHz, CDC})
7.10 (1H, br s, C8H), 6.54/6.51 (1H, dJ 3.3 Hz, 3€H=C), 6.29 (1H, br s, C®H-CH,), 4.59 (1H, ddd)
11.3 Hz, 5.4 Hz, 1.4 HZCHNH), 3.39-3.21 (2H, mCH,NH), 2.42 (1H, ddJ 4.1 Hz, 3.2 Hz, 4H),
2.17/2.14 (br dJ 13.8 Hz, lactan€H), 2.07-1.98 (1H, m, lactai@H), 1.96-1.80 (3H, br m, overlapping of 2
x lactam CH and 5-Ciitiy), 1.63 (1H, dddJ 12.1 Hz, 9.1 Hz, 3.5 Hz, 6-GHy), 1.58-1.36 (2H, br m, lactam
CH x2), 1.31-1.21 (4H, s and m, overlapping of 85GiHd 6€CH,H;), 1.07-0.98 (1H m, ®H,H,), 0.83/0.82
(3H, s, 9-CH), 0.80 (3H, s, 10-Ch. & NMR (125.7 MHz) 175.9/175.8, 166.1/165.8, 145.@/14
139.4/139.3, 56.8/56.6, 54.4/54.3, 52.0/51.9, 519/ 42.2, 31.9/31.8, 31.4/31.3, 29.0, 28.0/2249/24.8,
19.4, 19.2/19.1, 11.9/11.7. IR (KBv, (cm™)): 3300, 3212 (NH), 1670 (lactam CON), 1644 (COMS30
(C=C), 1525 (NH); MS m/z (rel. int.): 290 (28,"M 262 (7), 235 (2), 199 (1), 162 (100), 147 (455 (37),
129 (22), 119 (42), 101 (18), 91 (35), 84 (15)(X6), 55 (25).

3.4.5. (E)N-(2-Oxoazepan-3-yl)non-2-enamidea]

Yield: 101 mg (76%), White powder, m.p. 165-166 {Bnal. Calcd. for GsHz¢N2O,: C, 67.63; H,
9.84; N, 10.52. Found: C, 67.76; H, 9.89; N, 1Q;3®: (3% MeOH/CHC}) 0.75.54 (500 MHz, CDC}) 6.92
(1H, d,J 5.6 Hz, CONH), 6.85 (1H, dtJ 15.2 Hz, 7.1 Hz, €H), 6.74 (1H, br s, CAH-CH,), 5.87 (1H, dt,]
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15.3 Hz, 1.3 Hz, €H), 4.62 (1H, ddd, 11.3, 5.4, 1.4 H2HNH), 3.39-3.22 (2H, mCH,NH), 2.25-2.11 (3H,
br m, overlapping of lactam CH and chélhi,), 2.07-1.98 (1H, m, lactadH), 1.95-1.82 (2H, m, lacta@H
x2), 1.57-1.37 (4H, br m, overlapping of 2 x lact@H and chainCH,), 1.36-1.23 (6H, m, 3 x chail@H,),
0.91 (3H, t,J 6.9 Hz,CHs). &c NMR (125.7 MHz)175.8, 165.1, 145.0, 123.5, 52.2,24 32.0, 31.7, 31.6,
28.9, 28.8, 28.2, 27.9, 22.6, 14.1. IR (KBr(cm?y)): 3316, 3218 (NH), 1671 (lactam CON), 1663 (CON),
1624 (C=C), 1529 (NH); MS m/z (rel. int.): 266 (), 238 (2), 209 (9), 181 (39), 156 (16), 139 (3D7
(100), 110 (26), 99 (22), 83 (38), 69 (42), 55 (92)

3.4.6.N-(2’-Oxoazepan-3’-yl)benzamidé4)

Yield: 90 mg (77%), White powder, m.p. 208-209 f@&nal. Calcd. for GsH1eN2O,: C, 67.22; H, 6.94;
N, 12.06. Found: C, 67.34; H, 6.90; N, 11.83 (8% MeOH/CHC}) 0.43.5y (500 MHz, CDC}) 7.87 (2H,
d, J 7.1 Hz, CHuno(Ph)), 7.70 (1H, dJ 4.9 Hz, CONH), 7.52 (1H, tJ 7.4Hz,CHyaa(Ph)), 7.46 (2H, t) 7.4
Hz, CHme(Ph)), 6.74 (1H, br s, COH-CHy), 4.75 (1H, ddd) 11.3 Hz, 5.4 Hz, 1.4 HLHNH), 3.42-3.26
(2H, m,CH,NH), 2.26 (1H, br dJ 12.7 Hz, lactanCH), 2.11-2.00 (1H, m, lactaf@H), 1.98-1.87 (2H, m,
lactamCH x2), 1.66-1.53 (1H, m, lacta@H), 1.51-1.40 (1H, m, lactai@H). &c NMR (125.7 MHz) 175.9,
166.3, 134.2, 131.6, 128.5, 127.1, 52.6, 42.2,,328, 28.0. IR (KBry (cni?): 3254, 3204 (NH), 1661
(lactam CON), 1649 (CON), 1540 (NH); MS m/z (rett.): 232 (18, M), 204 (1), 175 (8), 135 (3), 127 (28),
105 (100), 77 (68), 51 (17).

3.4.7. 2-OxoN-(2’-oxoazepan-3'-yl)-2-phenylacetamidea()

Yield: 61 mg (47%), White solid material, m.p. 1200 °C; [Anal. Calcd. for GH16N.O3: C, 64.60;
H, 6.20; N, 10.76. Found: C, 64.52; H, 6.05; N,640;; R (3% MeOH/CHC}) 0.60.5y (500 MHz, CDCY)
8.32 (2H, d,J 7.4 Hz, CHuo(Ph)), 8.28 (1H, dJ 5.8 Hz, CONH), 7.64 (1H, t,J 7.4Hz, CHpars(Ph)), 7.50
(2H, t,J 7.4 Hz,CHme(Ph)), 7.22 (1H, br s, CKH-CH,), 4.68 (1H, ddd) 11.3 Hz, 5.4 Hz, 1.4 HLHNH),
3.39-3.33 (2H, mCHyNH), 2.22 (1H, br d, 12.9 Hz, lacta@H), 2.15-2.06 (1H, m, lactal@H), 1.98-1.88
(2H, m, lactanCH x2), 1.72-1.61 (1H, m, lacta@H), 1.54-1.30 (1H, m, lactai@H). &c NMR (125.7 MHz)
187.5, 174.8, 161.4, 134.3, 133.4, 131.0, 128.5,52.2, 31.1, 28.8, 28.0. IR (KBr,(cm?)): 3368, 3212
(NH), 1690 (lactam CON), 1656 (CON), 1503 (NH); Mz (rel. int.): 217 (3, M43), 189 (1), 155 (100),
127 (4), 105 (35), 77 (40), 51 (13).

3.4.8.N-(2'-Oxoazepan-3'-yl)picolinamiderg)

Yield: 103 mg (88%), White powder, m.p. 187-188 {Bnal. Calcd. for G;H15N30,: C, 61.79; H,
6.48; N, 18.01. Found: C, 61.60; H, 6.52; N, 1§;1R; (1% MeOH/CHC4. aluminium oxide) 0.5654 (500
MHz, CDCk) 9.18 (1H, dJ 4.7 Hz, CO\H),8.64 (1H, dJ 4.6 Hz, Py CH), 8.18 (1H, d,7.7 Hz, Py CH),

20



7.86 (1H, dtJ 7.6, 1.2 Hz, PYCH), 7.44 (1H, dd,) 7.8 Hz, 4.9 Hz, PYCH), 6.40 (1H, br s, CNH-CH,),
4.76 (1H, dddJ 11.3 Hz, 5.4 Hz, 1.4 HGHNH), 3.46-3.26 (2H, mCH,NH), 2.23 (1H, br dJ 13.8 Hz,
lactamCH), 2.14-2.02 (1H, m, lactai@H), 1.99-1.87 (2H, m, lactai@H x2), 1.73-1.60 (1H, m, lacta@H),
1.55-1.41 (1H, m, lactar@H). dc NMR (125.7 MHz) 175.4, 163.7, 150.0, 148.5, 137146.1, 122.0, 52.3,
42.2,31.7, 29.0, 28.1. IR (KBy, (cm})): 3341, 3251 (NH), 1670 (lactam CON), 1658 (CONj13 (NH);
MS m/z (rel. int.): 233 (28, N), 205 (10), 188 (13), 161 (4), 147 (31), 127 (3F)6 (32), 99 (38), 78 (100),
51 (24).

3.4.9.N-(2'-Oxoazepan-3'-yl)nicotinamide3g)

Yield: 63 mg (54%), White powder, m.p. 225-226 f@&nal. Calcd. for G;H1sN3O,: C, 61.79; H, 6.48;
N, 18.01. Found: C, 61.59; H, 6.40; N, 17.794;(8% EtOH/CHC]}. aluminium oxide) 0.6454 (500 MHz,
CDCly) 9.11 (1H, dJ 1.7 Hz, PyCH), 8.77 (1H, ddJ 4.8 Hz, 1.6 Hz, P€H), 8.17 (1H, dtJ 7.9 Hz, 2.0 Hz,
Py CH), 7.74 (1H, dJ 4.7 Hz, CONH), 7.41 (1H, ddd, 8.0 Hz, 3.8 Hz, 0.7 Hz, PgH), 6.22 (1H, br s,
CONH-CHy), 4.76 (1H, dddJ 11.3 Hz, 5.4 Hz, 1.4 HLHNH), 3.45-3.28 (2H, mCH,NH), 2.28 (1H, br d,
J 13.3 Hz, lactanCH), 2.15-2.06 (1H, m, lactai@H), 1.97-1.88 (2H, m, lactaf@H x2), 1.68-1.57 (1H, m,
lactamCH), 1.54-1.43 (1H, m, lactai@H). 5 NMR (125.7 MHz) 175.3, 164.4, 152.4, 148.4, 134398,
123.4, 52.7, 42.3, 31.5, 28.9, 28.0. IR (KBricm?)): 3339, 3225 (NH), 1676 (lactam CON), 1644 (CON),
1529 (NH); MS m/z (rel. int.): 233 (23, 205 (9), 188 (13), 161 (5), 147 (24), 127 (36 (29), 99 (35),
78 (100), 51 (23).

3.4.10. 2-OxadN-(2'-oxoazepan-3’-yl)-2-(pyridin-3-yl)acetamid&q’), (ca. 2/3 mixture of two C(O)N
rotamers)

Yield: 49 mg (38%), Yellow solid material, m.p. 2112 °C; [Anal. Calcd. for GH1sN3Os: C, 59.76;
H, 5.79; N, 16.08. Found: C, 59.87; H, 5.89; N016]; R (3% EtOH/CHC4. aluminium oxide) 0.3%y (500
MHz, CDCk) 9.52 (1H, s, PYCH), 8.85 (1H, dJ 3.6 Hz, PyCH), 8.17 (1H, dtJ 8.0 Hz, 1.8 Hz, P{H),
8.39 (1H, d,J 5.4 Hz, CONH), 7.41 (1H, ddJ 8.0 Hz, 3.8 Hz, PY¥H), 6.74/6.44 (minor/major, 1H, br s,
CONH-CH,), 4.63/4.48 (major/minor, 1H, ddd, 11.3 Hz, 5.4 Hz, 1.4 HzZCHNH), 3.41-3.32/3.31-3.22
(major/minor, 2H, mCH,;NH), 2.24-2.16 (1H, m, lacta@H), 2.15-2.07 (1H, m, lacta@H), 1.96-1.87 (2H,
m, lactamCH x2), 1.70-1.59 (1H, m, lactai@H), 1.55-1.44 (1H, m, lactar@H). &c NMR (125.7 MHz)
186.1, 177.1/174.4 (minor/major), 160.2, 154.2, .252138.3, 129.3, 123.4, 53.3/52.4 (minor/major),
42.3/42.2 (minor/major), 32.0/31.0 (minor/major®.@28.9 (minor/major), 28.1/28.0. IR (KBv, (cm™)):
3355, 3217 (NH), 1667 (br, lactam CON, CO and CANB9 (NH); MS m/z (rel. int.): 233 (2, W28), 191
(1), 155 (100), 127 (3), 106 (12), 84 (8), 79 (BH,(16), 51 (13).
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3.4.11.N-(2’-Oxoazepan-3’-yl)thiophene-2-carboxamid®a)

Yield: 81 mg (68%), White powder, m.p. 201-202 {8nal. Calcd. for GiH14N2O,S: C, 55.44; H,
5.92; N, 11.76. Found: C, 55.52; H, 5.80; N, 11;3% 2% MeOH/CHC}) 0.50.5+ (500 MHz, CDCY) 7.59
(1H, dd,J 3.8 Hz, 1.1 Hz, TioplCH), 7.53 (1H, dJ 5.1 Hz, CONH), 7.49 (1H, dd,) 5.1 Hz, 1.1 Hz, Tioph
CH), 7.09 (1H, dd) 5.2 Hz, 3.8 Hz, TiopICH), 6.57 (1H, br s, CRH-CH,), 4.71 (1H, ddd) 11.3 Hz, 5.4
Hz, 1.4 Hz,CHNH), 3.40-3.25 (2H, mCH,NH), 2.25 (1H, br dJ 13.7 Hz, lactanCH), 2.11-2.01 (1H, m,
lactamCH), 1.97-1.84 (2H, m, lacta@H x2), 1.64-1.53 (1H, m, lacta@H), 1.51-1.39 (1H, m, lactaGH).
0c NMR (125.7 MHz) 175.5, 160.9, 139.0, 130.1, 12827.6, 52.6, 42.2, 31.7, 28.9, 28.0. IR (KBrcm
Y): 3254, 3204 (NH), 1670 (lactam CON), 1643(CODNy46 (NH); MS m/z (rel. int.); 238 (17, )] 205 (3),
181 (4), 141 (3), 127 (16), 111 (100), 83 (17)(5}L

3.4.12. 2-OxadN-(2-oxoazepan-3-yl)-2-(thiophen-2-yl)acetamifa’f

Yield: 58 mg (44%), Yellow solid material, m.p. 1888 °C; R 2% MeOH/CHC4) 0.64.64 (500
MHz, CDCk) 8.54 (1H, dJ 5.1 Hz, CO\NH), 8.38 (1H, dd,) 3.8 Hz, 1.1 Hz, TiopltH), , 7.84 (1H, ddJ 5.1
Hz, 1.1 Hz, TiophCH), 7.21 (1H, dd,J 5.2 Hz, 3.8 Hz, Tiopl€H), 6.74 (1H, br s, CAH-CH,), 4.60 (1H,
ddd,J 11.3 Hz, 5.4 Hz, 1.4 HLHNH), 3.38-3.28 (2H, mCH,NH), 2.17 (1H, br dJ 13.7 Hz, lactanCH),
2.13-2.05 (1H, m, lactar@H), 1.95-1.82 (2H, m, lactal@H x2), 1.69-1.57 (1H, m, lacta@H), 1.54-1.41
(1H, m, lactamCH). &c NMR (125.7 MHz) 177.9, 174.6, 160.1, 138.4, 13128.2, 52.5, 42.1, 31.0, 28.9,
28.1. IR (KBr,v (cm})): 3333, 3203 (NH), 1687 (CO), 1669(lactam CON§53 (CON), 1495 (NH); MS
m/z (rel. int.): 195 (1, M71), 155 (100), 127 (3), 111 (36), 83 (10), 69)(B5 (4).

3.4.13.N-(2’-Oxo0azepan-3’-yl)-1H-indole-5-carboxamidelg)

Yield: 93 mg (69%), Beige solid material, m.p. 288¢ °C; [Anal. Calcd. for ¢H;7N30,: C, 66.40; H,
6.32; N, 15.49. Found: C, 66.47; H, 6.44; N, 15;3% 5% MeOH/CHC}) 0.44.5y (500 MHz, DMSO-d6)
11.34 (1H, br s, indol&H), 8.14 (1H, br s, Ar-H), 8.03 (1H, d,5.6 Hz, CONH), 7.91 (1H, br s, COH-
CH), 7.61 (1H, dJ 7.8 Hz, Ar-H), 7.45 (1H, d] 7.8 Hz, Ar-H), 7.42 (1 H, s, Ar-H), 6.57 (1 H, §rCO\NH-
CH,), 4.72-4.57 (1H, mCHNH), 3.19-3.01 (2H, br mCH,NH), 2.01-1.91 (2H, m, lactai®H x 2), , 1.88-
1.67 (2H, br m, lactan€H x2), 1.63-1.49 (1H, br m, lacta®@H), 1.36-1.24 (1H, m, lactaf@H). dc NMR
(125.7 MHz) 175.1, 166.6, 137.9, 127.6, 127.2, 12%820.7, 120.2, 111.5, 102.7, 52.3, 41.2, 31.54,29
28.2. IR (KBr,v (cmY)): 3377 (indole-NH), 3292, 3230 (NH), 1665 (lact@®N), 1634(CON), 1529 (NH);
MS m/z (rel. int.): 271 (24, K), 207 (1), 160 (7), 144 (100), 127 (14), 116 (89),(10), 56 (1).

3.4.14.N-(2'-Oxoazepan-3’-yl)-1H-indole-7-carboxamid&l@)
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Yield: 100 mg (74%), Pale brown solid material, nilB6-187 °C; [Anal. Calcd. for 6H17/N3O,: C,
66.40; H, 6.32; N, 15.49. Found: C, 66.52; H, 6.88;15.43.]; R 3% MeOH/CHC4)) 0.46.54 (500 MHz,
CDCls) 10.39 (1 H, brs, indold), 7.92 (1 H, dJ 4.7 Hz, CONH), 7.83 (1H, d,J 7.8 Hz, Ar-H), 7.59 (1 H,
d,J 7.7 Hz, Ar-H), 6.58 (1 H, dd} 3.0 Hz, 2.3 Hz, indole-H), 7.35 (1H, d#13.3 Hz, 2.8 Hz, indole-H), 6.81
(1H, br s, COIH-CH,), 6.61 (1H, dd,) 3.3 Hz, 2.8 Hz, indole-H), 4.81 (1H, dd#i11.3 Hz, 5.4 Hz, 1.4 Hz,
CHNH), 3.45-3.25 (2H, br mCH,;NH), 2.31 (1H, br dJ 13.0 Hz, lactanCH), 2.17-2.06 (1H, m, lactam
CH), 2.01-1.87 (2H, m, lactar@H x2), 1.72-1.59 (1H, m, lactai@H), 1.55-1.41 (1H, m, lactar@H). &c
NMR (125.7 MHz) 176.1, 167.0 135.4, 129.5, 125.84.9, 119.7, 118.8, 115.7, 102.0, 52.4, 42.3, 31.7,
28.9, 28.1. IR (KBry (cm™)): 3410 (indole-NH), 3381, 3212 (NH), 1672 (lact&®N), 1637(CON), 1527
(NH); MS m/z (rel. int.): 271 (67, K), 225 (2), 198 (2), 171 (6), 160 (15), 143 (1a®7 (32), 116 (68), 89
(26), 56 (5).

3.4.15.N-(2’-Oxopiperidin-3’-yl)cyclohex-1-enecarboxamidij

Yield: 83 mg (75%), White powder, m.p. 161-162 f@&nal. Calcd. for G;H1gN.O,: C, 64.84; H, 8.16;
N, 12.60. Found: C, 64.80; H, 8.32; N, 12.52](5% MeOH/CHC}) 0.38.5 (500 MHz, CDC}) 6.74-6.69
(1H, m,CH=C), 6.68 (1H, d;) 4.8 Hz, CONH), 6.19 (1H, br s, CNH-CH,), 4.31 (1H, dt, 11.5 Hz, 5.4 Hz,
CHNH), 3.41-3.34 (2H, mCH,NH), 2.63 (1H, dq, 12.8 Hz, 4.6 Hz, NHOEH,), 2.37-2.27 (1H, m, cyhex
CH), 2.26-2.12 (3H, br m, cyhe€H x 3), 2.01-1.89 (2H, m, lacta@H,), 1.67 (1H, tt, 12.4 Hz, 7.8 Hz,
NHCH-CH,), 1.74-1.68 (1H, m, cyhecH), 1.74-1.65 (2H, m, cyhexCH x2), 1.64-1.49 (3H, br m,
overlapping of cyhexCH x 2 and lactanCH). &c NMR (125.7 MHz) 172.1, 168.7, 134.2, 132.9, 5@.7.7,
27.2, 25.4, 24.2, 22.1, 21.5, 21.0. IR (KBr(cm?y)): 3319, 3212 (NH), 1654 (lactam CON), 1632 (CON),
1614 (C=C), 1533 (NH); MS m/z (rel. int.): 222 (8d), 204 (14), 177 (4), 150 (3), 126 (7), 113 (89)91
(100), 98 (18), 81 (84), 71 (30), 53 (30.

3.4.16. 4-ert-Butyl)-N-(2’-oxopiperidin-3’-yl)cyclohex-1-enecarboxamid@bj, (ca. 1/1 mixture of
two epimers)

Yield: 101 mg (73%), White solid material, m.p. 2267 °C; [Anal. Calcd. for gH2eN2O,: C, 69.03;
H, 9.41; N, 10.06. Found: C, 69.10; H, 9.52; N,99:8R: (5% MeOH/CHC}) 0.43.5y (500 MHz, CDCY)
6.72 (2H, br s, overlapping of & andCH=C), 6.39 (1H, brs, COH-CH,), 4.31 (1H, dtJ 11.5 Hz, 5.4
Hz, CHNH), 3.42-3.31 (2H, mCH,NH), 2.62 (1H, dqg,) 12.8 Hz, 4.6 Hz, NHCHEH,), 2.56-2.36 (1H, m,
cyhexCH), 2.33-2.09 (2H, m, 2 x cyhe®H), 2.04-1.85 (4H, m, overlapping of 2 x lact&Hh and 2 x cyhex
CH), 1.56 (1H, ttJ 12.4 Hz, 7.8 Hz, NHCHEH,), 1.33-1.23 (1H, m, cyhe&H), 1.17 (1H, qd,) 12.1 Hz,
4.6 Hz, cyhexCH). &c NMR (125.7 MHz) 172.1, 168.5/168.4, 134.7, 13232/6, 50.7/50.6, 43.4, 41.7,
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32.1, 27.2, 27.1, 25.7, 25.6, 23.6, 21.0. IR (KBr(cniY): 3280, 3256 (NH), 1675 (lactam CON), 1659
(CON), 1621 (C=C), 1547 (NH); MS m/z (rel. int.)7& (79, M), 263 (10), 221 (25), 202 (8), 193 (3), 182
(6), 165 (58), 137 (6), 113 (92), 107 (100), 79)(%¥ (60).

3.4.17. N-(2’-Oxopiperidin-3’-yl)androst-16-ene-17-carboxalai @b), (ca. 1/1 mixture of two
epimers)

Yield: 133 mg (67%), White powder, m.p. 209-210 {Bnal. Calcd. for GsHzgN.O,: C, 75.33; H,
9.61; N, 7.03. Found: C, 75.22; H, 9.70; N, 6.9R];(5% MeOH/CHC}) 0.50.5, (500 MHz, CDC))
6.73/6.71 (1H, dJ 5.1 Hz, CONH), 6.47/6.40 (1H, ddJ 3.4 Hz, 1.7 Hz16 CH:=C), 6.42 (1H, br s, CRH-
CH,), 4.30 (1H, dt,J 11.5 Hz, 5.4 HzCHNH), 3.40-3.29 (2H, mCH,NH), 2.64 (1H, dq,J 12.8 Hz, 4.6 Hz,
NHCH-CH,), 2.25-2.12(2H, m, 2 x skeletol®H), 2.05-1.88 (3H, m, overlapping of lact&i, and skeleton
CH), 1.73-0-73 (20H, br m, 19 x skeleton protons wtam CH), 1.00/0.97 (3H, s, 1843), 0.83 (3H, s,
19-CHj3). &c NMR (125.7 MHz) 172.1, 166.3/166.0, 150.3/150.87.1/136.8, 56.9/56.7, 55.1, 50.5, 47.2,
46.6/46.4, 41.7, 38.5, 36.5, 35.1/34.9, 33.8, 3319//31.6, 29.0, 28.9, 27.3/27.2, 26.8, 22.1,/20.09, 20.7,
16.6/16.5, 12.2. IR (KB (cmY)): 3292, 3252 (NH), 1677 (lactam CON), 1653 (CONy21 (NH); MS m/z
(rel. int.): 398 (100, M), 383 (85), 365 (8), 302 (4), 285 (47), 269 (FH7 (56), 207 (9), 161 (19), 115 (42),
91 (35), 68 (30), 55 (37).

3.4.18. 1,7,7-TrimethyN-(2’-oxopiperidin-3’-yl)bicyclo[2.2.1]hept-2-ene-Rarboxamide4b), (ca. 1/1
mixture of two epimers)

Yield: 103 mg (75%), White solid material, m.p. 1534 °C; [Anal. Calcd. for ¢H24N.O,: C, 69.53;
H, 8.75; N, 10.14. Found: C, 69.59; H, 8.66; N,010;; R (5% MeOH/CHC}) 0.43.5y (500 MHz, CDCY)
6.67 (1H, dJ 4.3 Hz, CO\NH), 6.54/6.47 (1H, dJ 3.3 Hz, 3€H=C), 6.44 (1H, br s, CRH-CH,), 4.26 (1H,
dt, J 11.5 Hz, 5.4 HzCHNH), 3.36-3.28 (2H, mCH,NH), 2.58 (1H, dq, 12.8 Hz, 4.6 Hz, NHCHGH,),
2.42 (1H, ddJ 4.1 Hz, 3.2 Hz, 42H), 1.96-1.82 (3H, br m, overlapping of 2 x lactad @nd 5-CHHy),
1.67-1.47 (2H, br m, overlapping of lactam NH@HH, and 6-CHHp), 1.31-1.21 (4H, s and m, overlapping
of 8-CHs and 6€HaHp), 0.99 (1H, ddd,) 12.1 Hz, 9.1 Hz, 3.5 Hz, 6H.Hy), 0.79/0.78 (3H, s, 9-C§){ 0.77
(3H, s, 10-CH). & NMR (125.7 MHz) 177.2, 167.2/167.9, 144.9/144.89.1/139.3, 56.8/56.5, 54.3,
51.9/51.8, 50.4/50.3, 41.6/41.5, 31.4/31.3, 27.2/224.9/24.8, 21.0/20.9, 19.4, 19.1, 11.8/11.7(KRBr, v
(cm™): 3259, 3226 (NH), 1671 (lactam CON), 1629 (COMNJ39 (NH); MS m/z (rel. int.): 276 (21, 1)
262 (7), 248 (7), 221 (2), 190 (1), 162 (100), 180), 135 (44), 119 (56), 113 (23), 91 (36), 77)(E5 (11).

3.4.19. (E)N-(2-Oxopiperidin-3-yl)non-2-enamidé&lf)
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Yield: 91 mg (72%), White powder, m.p. 218-219 fAnal. Calcd. for G4H24N2O,: C, 66.63; H, 9.59;
N, 11.10. Found: C, 66.52; H, 9.70; N, 11.03 (5% MeOH/CHC}) 0.34.5y (500 MHz, CDC}) 6.85 (1H,
dt, J 15.2 Hz, 7.1 Hz, €H), 6.53 (1H, br s, CAH), 6.16 (1H, br s, ChNH), 5.84 (1H, dtJ 15.3 Hz, 1.3 Hz,
=CH), 4.35 (1H, dtJ 11.5 Hz, 5.4 HzCHNH), 3.41-3.32 (2H, mCH,NH), 2.64 (1H, dg,) 12.8 Hz, 4.6 Hz,
NHCH-CHy), 2.19 (2H, q, J 7.1 HLH,CHs), 2.02-1.85 (3H, br m, overlapping of lactadi and chain
CH,), 1.57 (1H, ttJ 12.4 Hz, 7.8 Hz, NHCHGH,), 1.50-1.40 (2H, m, chai6H,), 1.37-1.22 (6H, br m, 3 x
chainCHy), 0.90 (3H, tJ 7.1 Hz, CHCH3J). &c NMR (125.7 MHz) 172.0, 166.3, 145.3, 123.3, 5@.6,7,
32.1, 31.6, 28.9, 28.2, 27.2, 22.6, 21.0, 14.1(KBr, v (cm%)): 3306, 3203 (NH), 1690 (lactam CON), 1668
(CON), 1625 (C=C), 1541 (NH); MS m/z (rel. int. 52 (35, M), 223 (1), 195 (12), 167 (22), 156 (15), 140
(48), 113 (100), 98 (19), 85 (24), 69 (59), 55 (87)

3.4.20.N-(2’-Oxopiperidin-3’-yl)benzamidegp)

Yield: 64 mg (56%), White powder, m.p. 189-190 f@&nal. Calcd. for G;H14N,O,: C, 66.04; H, 6.47,
N, 12.84. Found: C, 66.15; H, 6.54; N, 12.70]{5% MeOH/CHC}) 0.38.5y (500 MHz, CDC}) 7.85 (2H,
d, J 7.4 Hz,CHomno(Ph)), 7.52 (1H, ) 7.4Hz,CHpara(Ph)), 7.45 (2H, tJ 7.4 Hz,CHmed Ph)), 7.28 (1H, dJ
5.5 Hz, CONH), 6.34 (1H, br s, CAH-CH,), 4.46 (1H, dtJ 11.5 Hz, 5.4 HzCHNH), 3.44-3.37 (2H, m,
CH,NH), 2.73 (1H, dqg,) 12.8 Hz, 4.6 Hz, NHCHGH,), 2.04-1.95 (2H, m, lactatBH,), 1.67 (1H, ttJ 12.4
Hz, 7.8 Hz, NHCHEH,). &c NMR (125.7 MHz) 171.9, 167.6, 134.2, 131.6, 128%/.1, 51.0, 41.7, 27.1,
21.0. IR (KBr,v (cnmi?)): 3310, 3206 (NH), 1687 (lactam CON), 1632 (CONJ32 (NH); MS m/z (rel. int.):
218 (18, M), 196 (1), 173 (3), 161 (3), 133 (3), 113 (41)51000), 77 (60), 51 (17).

3.4.21.N-(2’-Oxopiperidin-3’-yl)picolinamide Tb)

Yield: 84 mg (76%), Off white solid material, m.p41-142 °C; [Anal. Calcd. for H13N3O0.: C,
60.26; H, 5.98; N, 19.17. Found: C, 60.18; H, 519019.03.]; R (6% EtOH/CHC4. aluminium oxide) 0.66.
84 (500 MHz, CDCJ) 8.71 (1H, dJ 6.5 Hz, CO\NH), 8.56 (1H, d.J 4.6 Hz, Py CH), 8.17 (1H, d,7.8 Hz,
Py CH), 7.83 (1H, dt) 7.7, 1.6 Hz, PYCH), 7.44 (1H, dd,) 7.7 Hz, 4.8 Hz, 1.0 Hz, F$H), 6.94 (1H, br s,
CONH-CH,), 4.52 (1H, dtJ 11.5 Hz, 5.4 HzCHNH), 3.39-3.23 (2H, mCH,NH), 2.57 (1H, dqg,) 12.8 Hz,
4.6 Hz, NHCHCH,), 2.00-1.91 (2H, m, lacta@H,), 1.74 (1H, ttJ 12.4 Hz, 7.8 Hz, NHCHEH,). 5c NMR
(125.7 MHz) 171.6, 164.5, 149.7, 148.2, 137.2,22622.1, 50.4, 41.8, 27.5, 21.2. IR (KBr(cm?)): 3336,
3199 (NH), 1687 (lactam CON), 1648 (CON), 1521 (NM)S m/z (rel. int.): 219 (29, K), 191 (4), 174
(11), 161 (13), 147 (11), 139 (5), 134 (19), 113)(A.06 (30), 85 (41), 78 (100), 70 (29), 51 (29).

3.4.22.N-(2’-Oxopiperidin-3’-yl)nicotinamide §b)
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Yield: 39 mg (36%), Pale yellow solid material, m164-165 °C; [Anal. Calcd. for 1gH;13N30,: C,
60.26; H, 5.98; N, 19.17. Found: C, 60.10; H, 619119.04.]; R (5% MeOH/CHC4. aluminium oxide) 0.30.
8 (500 MHz, CDCJ) 9.08 (1H, dJ 1.7 Hz, PyCH), 8.74 (1H, dd,) 4.8 Hz, 1.5 Hz, P¢H), 8.18 (1H, dt,
7.9 Hz, 2.0 Hz, PLH), 7.54 (1H, br s, CAH), 7.40 (1H, dddJ 8.0 Hz, 4.0 Hz, 0.8 Hz, PgH), 6.36 (1H,
br s, CONH-CH,), 4.48 (1H, dtJ 11.5 Hz, 5.4 HZCHNH), 3.46-3.34 (2H, mCH,NH), 2.67 (1H, dg,) 12.8
Hz, 4.6 Hz, NHCHEH,), 2.05-1.97 (2H, m, lactai®@H,), 1.70 (1H, ttJ 12.4 Hz, 7.8 Hz, NHCHGH,). 3¢
NMR (125.7 MHz) 171.6, 165.8, 152.3, 148.4, 13829.8, 123.4, 51.0, 41.8, 27.1, 21.1. IR (KB(cm™)):
3321, 3264 (NH), 1669 (lactam CON), 1647 (CON), &%8H); MS m/z (rel. int.): 219 (20, I, 191 (3),
174 (5), 161 (7), 149 (11), 123 (22), 113 (60), {D@0), 78 (69), 70 (23), 51 (33).

3.4.23.N-(2’-Oxopiperidin-3’-yl)thiophene-2-carboxamid@k)

Yield: 52 mg (46%), Beige solid material, m.p. 1886 °C; [Anal. Calcd. for ¢H1:N.O,S: C, 53.55;
H, 5.39; N, 12.49. Found: C, 53.40; H, 5.47; N3BZ; R 6% EtOH/CHC4, aluminium oxide) 0.4% (500
MHz, CDCk) 7.58 (1H, ddJ 3.8 Hz, 1.1 Hz, TioplCH), 7.49 (1H, ddJ 5.1 Hz, 1.1 Hz, TioplCH), 7.19
(1H, d,J 3.8 Hz, CONH), 7.08 (1H, dd)) 5.2 Hz, 3.8 Hz, TiopiCH), 6.19 (1H, br s, CRH-CH,), 4.43 (1H,
dt, J 11.5 Hz, 5.4 HzCHNH), 3.44-3.38 (2H, mCH,NH), 2.67 (1H, dq, 12.8 Hz, 4.6 Hz, NHCHGH,),
2.05-1.97 (2H, m, lactar@H,), 1.71 (1H, ttJ 12.4 Hz, 7.8 Hz, NHCHGH,). &c NMR (125.7 MHz) 171.7,
162.2, 138.7, 130.2, 128.4, 127.6, 51.1, 41.8,,27121. IR (KBr,v (cm?)): 3288, 3194 (NH), 1682 (br,
CON), 1540 (NH); MS m/z (rel. int.): 224 (20,"M 206 (2), 179 (3), 154 (2), 128 (3), 113 (33)11100),
87 (10), 70 (14), 53 (3).

3.4.24 N-(2’-Oxopiperidin-3’-yl)-1H-indole-5-carboxamide.Qb)

Yield: 91 mg (71%), Pale brown solid material, m220-221 °C; [Anal. Calcd. for {H;5N30,: C,
65.35; H, 5.88; N, 16.33. Found: C, 65.19; H, 588:16.18.]; R 5% MeOH/CHC}) 0.24.3y (500 MHz,
DMSO-d6) 11.33 (1H, br s, indoleH), 8.41 (1H, d,J 7.8 Hz, Ar-H), 8.15 (1H, s, Ar-H), 7.64 (1H, 38.2
Hz, Ar-H), 7.62 (1H, br s, CBH), 7.74-7.40 (2H, br s, overlapping of 8@&-CH, and Ar-H), 6.54 (1H, s,
Ar-H), 4.47-4.34 (1H, mCHNH), 3.19 (2H, br sCH,NH), 2.08-1.97 (1H, m, NHCHGH,), 1.89-1.69 (3H,
br m, 3 x lactanCH). &c NMR (125.7 MHz) 170.7, 167.3, 137.9, 127.4, 127125.8, 121.0, 120.4, 111.3,
102.6, 49.9, 41.7, 28.3, 21.9. IR (KBr,(cm?): 3377 (indole-NH), 3324, 3212 (NH), 1674 (lact@®N),
1631 (CON), 1525 (NH); MS m/z (rel. int.): 257 (28)), 207 (6), 160 (8), 144 (100), 116 (31), 89 (B,
(1).

3.4.25.N-(2’-Oxopyrrolidin-3’-yl)cyclohex-1-enecarboxamidc)
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Yield: 53 mg (51%), White powder, m.p. 198-199 fAnal. Calcd. for GiH16N20,: C, 63.44; H, 7.74;
N, 13.45. Found: C, 63.30; H, 7.91; N, 13.28]{3% MeOH/CHC}) 0.28.5 (500 MHz, CDC}) 6.75-6.70
(1H, m,CH=C), 6.66 (1H, br s, COH-CH,), 6.41 (1H, d,J 4.5 Hz, CONH 1H, br s, COIH-CH,), 4.42 (1H,
ddd,J 10.7 Hz, 8.2 Hz, 5.2 HLLHNH), 3.47-3.36 (2H, mCH,NH), 2.86-2.77 (1H, m, NHCH:H,), 2.36-
2.21 (2H, br m, cyhexCH,), 2.20-2.14 (2H,m, cyhe&H,), 2.02-1.90 (1H, m, NHCHGH,), 1.74-1.65 (2H,
m, cyhexCHy), 1.64-1.57 (2H, m, cyhe&H,). 3c NMR (125.7 MHz) 176.1, 169.0, 134.7, 132.5, 5394,
30.2, 25.4, 24.2, 22.1, 21.5. IR (KBr,(cm?): 3248 (br, NH), 1701 (lactam CON), 1669 (CONp1ZT
(C=C), 1558 (NH); MS m/z (rel. int.): 208 (57,"M 190 (39), 165 (5), 136 (1), 126 (19), 109 (1@®,(25),

81 (79), 53 (25).
3.4.26. N-(2’-Oxopyrrolidin-3’-yl)androst-16-ene-17-carboxata (3c¢), (ca. 1/1 mixture of two

epimers)

Yield: 104 mg (54%), Beige solid material, m.p. 41381 °C; [Anal. Calcd. for &H3eN2O,: C, 74.96;
H, 9.44; N, 7.28. Found: C, 74.90; H, 9.53; N, 7;1B; (2% EtOH/CHC}, aluminium oxide) 0.405y (500
MHz, CDCk) 6.86/6.84 (1H, br s, C®H), 6.46/6.40 (1H, dd) 3.4 Hz, 1.7 Hz]16 CH=C), 6.42 (1H, br s,
CONH-CHy), 4.39 (1H, ddd) 10.7 Hz, 8.2 Hz, 5.2 HZHNH), 3.47-3.33 (2H, mCH,NH), 2.80 (1H, m,
NHCH-CHy), 2.27-2.152H, m, 2 x skeletol€H), 2.01-1.89 (2H, m, overlapping of lactadid and skeleton
CH), 1.73-0-76 (19H, br m, skeleton protons), 0.9880(3H, s, 182H3), 0.82 (3H, s, 1%€H3). &c NMR
(125.7 MHz) 176.2, 168.6/168.4, 149.9/149.7, 133720, 56.8/56.7, 55.1, 50.7, 47.2, 46.7/46.6, 38355,
36.5, 35.1/34.9, 33.8, 32.0, 31.8/31.7, 30.3/3092), 28.9, 26.8, 22.1, 20.7/20.6, 16.6/16.5, IRZKBr, v
(cmY): 3326 (br, NH), 1703 (lactam CON), 1655 (CONS3@ (NH); MS m/z (rel. int.): 384 (62, W 369
(52), 351 (6), 302 (6), 285 (37), 269 (100), 259)(207 (4), 161 (14), 147 (18), 105 (20), 91 (B8,(20),
55 (20).

3.4.27. (E)N-(2-Oxopyrrolidin-3-yl)non-2-enamidéE)

Yield: 91 mg (72%), White powder, m.p. 209-210 f&nal. Calcd. for GsH2,N2O,: C, 65.51; H, 9.30;
N, 11.75. Found: C, 65.40; H, 9.44; N, 11.63 (4 MeOH/CHC4, aluminium oxide) 0.5%y (500 MHz,
CDCls) 6.89 (1H, dtJ 15.2 Hz, 7.1 Hz, €H), 6.38 (1H, br s, CQH), 6.31 (1H, br s, CAH-CH,), 5.84
(1H, dt,J 15.3 Hz, 1.3 Hz, €H), 4.45 (1H, ddd, 10.7 Hz, 8.2 Hz, 5.4 HZACHNH), 3.47-3.37 (2H, m,
CHyNH), 2.90-2.79 (1H, m, NHCHEH,), 2.19 (2H, q, J 7.1 HLH,CHs), 2.04-1.93 (1H, m, NHCH:H,),
1.52-1.40 (2H, m, chaiH,), 1.38-1.22 (6H, br m, 3 x chal®H,), 0.90 (3H, tJ 7.1 Hz, CHCHs). 5c NMR
(125.7 MHz) 175.8, 166.7, 145.9, 122.9, 50.9, 3921, 31.6, 30.3, 28.8, 28.2, 22.6, 14.1. IR (KB(cm
1): 3276, 3199 (NH), 1695 (lactam CON), 1669 (CONJ30 (C=C), 1560 (NH); MS m/z (rel. int.): 238 (14
M™), 220 (3), 199 (7), 181 (9), 156 (59), 138 (4D,(54), 81 (27), 69 (45), 55 (100).

3.4.28.N-(2’-Oxopyrrolidin-3’-yl)benzamidegc)

Yield: 48 mg (47%), White powder, m.p. 220-221 f@nal. Calcd. for GH1:N,O,: C, 64.69; H, 5.92;
N, 13.72. Found: C, 64.61; H, 5.97; N, 13.554(%®6 MeOH/CHC}) 0.28.54 (500 MHz, CDC}) 7.84 (2H,
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d, J 7.4 HZ,CHorno(Ph)), 7.52 (1H, t) 7.4HZ,CHpara(Ph)), 7.46 (2H, t) 7.4 HZ,CHme{Ph)), 6.90 (1H, dJ
3.4 Hz, CONH), 6.22 (1H, br s, CRH-CHy), 4.56 (1H, ddd,) 10.7 Hz, 8.2 Hz, 5.2 HCHNH), 3.53-3.44
(2H, m, CH,NH), 3.01-289 (1H, m, NHCHEH,), 2.14-2.02 (1H, m, NHCHBH). & NMR (125.7 MHz)
175.6, 168.0, 133.7, 131.8, 128.6, 127.1, 51.24,380.3. IR (KBr,v (cm)): 3252 (br, NH), 1695 (lactam
CON), 1670 (CON), 1561 (NH); MS m/z (rel. int.): 2021, M'), 186 (4), 161 (4), 143 (2), 122 (28), 106
(100), 99 (10), 77 (55), 51 (18).
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