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Experimental

Chemistry

General. Melting points were determined using a Buchi tapi apparatus and are
uncorrected. ThéH and**C NMR spectra were obtained on either a Bruker M8Q (400 MHz
'H: 100 MHz **C) or Bruker 600 (600 MHZH) spectrometer, using CDCbr DMSO«ds as
solvent. Chemical shifts are reporteddiippm) with the tetramethylsilane or solvent (DM8§)-
as internal standard. Spliting paterns are desghats s, singlet; d, doublet; dd, doublet of
doublets; t, triplet; td, triplet of doublets; quartet; m, multiplet; br, broad; v br, very broagm,
symmetrical. Coupling constantd) (are expressed in units of hertz (Hz). The speutere
recorded at 293 K (28C) unless otherwise specified. Carbon multiplisitigere established by
DEPT experiments. The 2D NMR experiments (HMQC &@SY) were performed for the
elucidation of the structures of the newly synthedi compounds. Low resolution mass spectra
(MS) were measured either in chemical ionizatiom) (€ positive mode using methane as CI
reagent gas or in electron impact (El) on a TheEteztron Corporation DSQ mass spectrometer.
High resolution mass spectra (HRMS) were performada hybrid LTQ-Orbitrap Discovery
spectrometer under electrospray ionization (ESI)pwsitive mode. Optical rotations were
measured on a Perkin EImer 341 polarimeter at diotusn D line (589). Analytical thin-layer
chromatography (TLC) was conducted on precoatedkstfica gel 60 ks, plates (layer thickness
0.2 mm) with the spots visualized by iodine vapargl/or UV light. Column chromatography
purification was carried out on silica gel 60 (782mesh). Elemental analyses (C, H, N) were
performed by the Service Central de Microanalys€MRS (France), and were within £0.4% of
the theoretical values except where noted (compofd.HCI and 38.HCI). Elemental analysis
results for the tested compounds correspond36% purity. The commercial reagents were
purchased from Alfa Aesar, Sigma-Aldrich, and Mer@kd were used without further purification
except for the benzyl bromoacetate. This reagerst puaified by fractional distillation in vacuo
prior to use. Organic solvents used were in thédsgpurity, and when necessary, were dried by
the standard methods. Solvent abbreviations: THffaltydrofuran; DMF, dimethylformamide;
Et,O, ethyl ether; MeOH, methanol; EtOH, ethanol; A¢OEethyl acetate; DMSO,
dimethylsulfoxide.

The 'H and *C NMR spectra for all hydroxamate derivatives distt in this report
(compoundsra-g 8, 9a-d, 10a 10b, 32-36, 42, 60-63, 72, 73, and45) and hydrazidel4, are
consistent with a Z/E conformational behavior oésth molecules in solution. The detected
double set of characteristic peaksthand**C NMR spectra confirm the occurrence of the two
carbonyl conformers. The assignment of the Z oroBfarmers was based on literature data
concerning Z/E conformational isomerism studies simple hydroxamate and hydrazide
structures? and 2D NMR experiments.

(24) (a) Brown, D. A.; Glass, W. K.; Mageswaran; Rlohammed, S. A'H and**C NMR
studies of isomerism in hydroxamic acitiagn. Reson. Chertt991, 29, 40-45, and references
therein. (b) Bouchet, P.; Jacquier, R.; PereillayiJ Elguero, J. NMR study of configuration of
hydrazidesBull. Soc. Chim. Fr1972 6, 2264-2271.

N-Hydroxy-3,5-dioxospiro[piperazine-2,2-tricyclo[3.3.1.1*>|Jdecane]-4-acetamide (7a)
Following the general hydrogenolysis procedure diesd in the main manuscripQ-benzyl
hydroxamate32 gave the title compounda as a white crystalline solid (96%): mp 193-1%5
(dec) (EtOH Et,0); *H NMR (400 MHz , DMSOdg) & 1.43 (d, 2HJ=12.0 Hz, 4e, 9e-H), 1.55-
1.68 (m, 4H, 6 8¢, 10e-H), 1.75 (s, 1H, 7H), 1.79 (s, 1H, 5H), 1.94 (s, 2H, 1 3'-H), 2.25 (t,
4H, J=10.6 Hz, 4a, 8a, 9a, 10a-H), 3.13 (t, 1H,J=7.8, 8.4Hz, 1-H), 3.56 (d, 2H=8.4Hz, 6-H),
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4.14 (s, 1.5H, 6,CONHOH, Z-isomer), 4.44 (s, 0.4HH3CONHOH, E-isomer), 8.87 (s, 0.7H,
CONHOH, Z- isomer), 9.28 (s, 0.2H, CONH{) E- isomer), 10.15 (s, 0.2H, CGMDH, E-
isomer), 10.55 (s, 0.7H, CO#OH, Z- isomer); *C NMR (100 MHz , DMSQdg) & 26.7 (5-C),
26.9 (7-C), 31.9 (1, 3-C), 32.0 (4, 9-C), 32.8 (8, 10-C), 37.8 (6-C), 39.2 CH,CONHOH, Z-
isomer), 39.6 CH,CONHOH, E-isomer), 44.0 (6-C), 59.5 (2;Z), 164.2CONHOH, Z-isomer),
169.6 CONHOH, E-isomer), 172.3, 174.6 (3, 5-C). Anal. 18,1N304) C, H, N. The
hydrochloride salt{a.HCI) was prepared by treating an ethanolic solutioiaoivith ethereal HCI
under ice cooling, and was fully precipitated byliad ether. The white solid was collected by
filtration, triturated with ether, and dried in wac Mp 219-222C (dec); Anal. (GsH22CIN3O;,) C,

H, N.

N-Hydroxy-1-methyl-3,5-dioxospiro[piperazine-2,2-tricyclo[3.3.1.1*‘Jdecane]-4-acetamide
(7b)

Following the general hydrogenolysis procedure desd in the main manuscripQ-benzyl
hydroxamate42 gave the title compoundb as a white crystalline solid (80%): mp 190-192
(EtOH-Et0); *H NMR (400 MHz , DMSOdg) §1.42 (d, 1H,J=10.4 Hz, 4e-H),1.49 (d, 1H,
J=10.6 Hz, %e-H), 1.55-1.74 (m, 5H, ‘68, 10°e-H), 1.78 (s, 2H, 5 7"-H), 2.02-2.20 (m, 4H, 1
3, 4a, 9a-H), 2.31, 2.33 (s+s, 3H,H3), 2.68 (d, 1H,)=12.0 Hz, 10a-H), 3.44-3.97 (q, 2H, AB,
Jasg=19.1 Hz, 6-H), 4.07-4.25 (q, 1.5H, AB,g=15.5Hz, ®,CONHOH, Z-isomer), 4.39-4.53 (q,
0.5H, AB, Jag=16.9 Hz, G1,CONHOH, E-isomer), 8.87 (s, 0.7H, CONHOZ-isomer), 9.30 (s,
0.2H, CONH, E-isomer), 10.17 (s, 0.2H, C®IDOH, E-isomer), 10.63 (s, 0.7H, C®IOH, Z-
isomer);™*C NMR (100 MHz , DMSQds) $25.9 (8-C), 26.7 (7-C), 30.0 (1-C), 31.6 (3-C), 31.7
(4'-C), 31.8 (9-C), 32.7 (8-C), 33.4 (10-C), 36.7 CH3), 37.3 (6-C), 38.9 CH,CONHOH, Z-
isomer), 39.7 CH,CONHOH, E- isomer), 52.6 (6-C), 64.8 (2;£), 164.1 CONHOH, Z-isomer),
169.5 CONHOH, E-isomer), 170.7, 173.8 (3, 5-C); Anal. 1(H23N30,) C, H, N. The
hydrochloride salt{b.HCI) was prepared as described Ta.HCI. Mp 215-218°C (dec). Anal.
(C16H24CIN3Oy) C, H, N.

(S)-N-Hydroxy-6-methyl-3,5-dioxospiro[piperazine-2,2-tricyclo[3.3.1.1*‘]decane]-4-
acetamide (7c)

Following the general hydrogenolysis procedure wesd in the main manuscrip®-benzyl
hydroxamate33 provided the title compoundc as a white foamy solid, which strongly binds the
eluting solvent (AcOEt). Removal of the entrappelyent upon drying at 62-6% under vacuum
(10° mmHg) in an Abderhalden apparatus g&eeas a light yellow crystalline solid (91%): mp
88-91°C; *H NMR (600 MHz , DMSOsdg) 81.25 (d, 3HJ=13.8 Hz, ®&l3), 1.38 (d, 1H,J)=12.1
Hz, 9e-H), 1.47 (d, 1HJ=11.7 Hz, 4e-H), 1.55-1.72 (m, 5H,’68’, 10°e-H), 1.76 (s, 1H, 7H),
1.79 (s, 1H, 5H), 1.85 (s, 1H, 3H), 2.08 (s, 1H, tH), 2.16 (d, 1HJ=11.8Hz, 4a-H), 2.44 (d,
1H, J=12.0Hz, 9a-H), 2.84 (d, 2HJ=11.2 Hz, 1, 1( -H), 3.55-3.66 (sym m, 1H, 6-H), 4.09-4.16
(q, 1.5H, AB, Jag=15.4 Hz, G,CONHOH, Z-isomer), 4.38-4.48 (g, 0.5H, ABag=16.4 Hz,
CH,CONHOH, E-isomer), 8.82 (s, 0.6H, CONHQZ-isomer), 9.24 (s, 0.2H, CONH{) E-
isomer), 10.10 (s, 0.2H, CGMNDH, E-isomer), 10.50 (s, 0.5H, C®IMDH, Z-isomer);**C NMR
(100 MHz , DMSO€k) 617.9, 18.0 CH3), 26.6 (5-C), 26.8 (7-C), 30.1, 30.3 (2C), 31.1 (4-C),
32.1 (8-C), 32.6 (9-C), 33.4 (10C), 33.7, 33.8 (3C), 37.7 (6-C), 39.4 CH,CONHOH, Z-
isomer), 39.8 CH,CONHOH, E-isomer), 48.6 (6-C), 60.0 (2;£), 164.1 CONHOH, Z-isomer),
169.5 CONHOH, E-isomer), 174.6 , 174.8 (3, 5-C)j]f%ss9 -20 (c 0.2, CHG); CI' MS: m/z:
322.2 ([M+H[, 7), 306.2 ([M-CH]", 37), 278.2 (100); HRMS (ESI):M+H]" calcd for
C16H24N304, 322.1761, found 322.1739. The hydrochloride @tHCI) was prepared by treating
an ether solution ofc with ethereal HCI under ice cooling. The whiteqipéate was collected by
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filtration, triturated with ether, and dried in wac Mp 178-18C°C (dec). Anal. (GsH24CIN3O,4) C,
H, N.

(S)-N-Hydroxy-3,5-dioxo-6-(phenylmethyl)spiro[piperazine 2,2 -tricyclo[3.3.1.1* Jdecane]-4-
acetamide (7d)

Following the general hydrogenolysis procedure wesd in the main manuscrip®-benzyl
hydroxamate34 provided the title compoundd as a white foamy solid, which strongly binds the
eluting solvent (AcOEt). Removal of the entrappelyent as described fafc gave7d as a pale
yellow crystalline solid (95%): mp 97 — 16C€; *H NMR (400 MHz, DMSOs) §1.29 (d, 2H,
J=11.5 Hz, 4e, Je-H), 1.41-1.73 (complex m, 7H;a& 6, 7', 8, 10e-H), 1.76 (s, 1H, 5H), 1.82
(s, 1H, 3-H), 2.05 (s, 1H, ®H), 2.17 (d, 1H,J=11.4 Hz, 9a-H), 2.66-2.90 (complex m, 3H,
CHaHuPh, 1, 10a-H), 3.32 (dd, 1H, AMX, M region]av=13.8 Hz,Jux= 2.8 Hz, CHH\Ph), 3.73
(td, 1H,J=3.3 Hz, 10.7 Hz, 6-HXx), 4.17 (s, 1.6HHECONHOH, Z-isomer), 4.42-4.52 (q, AB, 0,4
H, Jas=16.8 Hz, ®,CONHOH, E- isomer), 7.16-7.23 (m, 1H, 4-aromati¢c HR4-7.36 (m, H,

2, 3, 5, 6-aromatitl), 8.88 (s, 0,7H, CONHB, Z- isomer), 9.30 (s, 0,2H, CONH®D E-isomer),
10.16 (s, 0,2H, CONOH, E- isomer), 10.56 (s, 0,7H, C®IDH, Z- isomer);*C NMR (100
MHz, DMSO-dg) 626.5 (5-C), 26.7 (7-C), 29.9, 30.0 (2C), 30.8 (4-C), 32.0 (9-C), 32.7 (8-C),
33.3 (10-C), 34.0, 34.1 (3C), 37.3 CH2Ph), 37.7 (6C), 39.6 CH,CONHOH, Z-isomer), 39.9
(CH,CONHOH, E-isomer), 54.26, 54.33 (6-C), 59.85, 59.2%(C), 126.2 (4-aromatic C),
128.0, 129.0 (2, 3, 5, 6- aromatic C), 138.6 (bnaatic C), 164.1ONHOH, Z-isomer), 169.5
(CONHOH, E-isomer), 173.7, 174.5 (3, 5-C)i]f’ss9 -60 (c 0,2, CHG); CI" MS: m/z 398.2
(IM+H] ", 100), 306.1 ([M- CHPh]", 57); HRMS (ESI): [M+H] calcd. for GH2gN304, 398.2074,
found 398.2059. The hydrochloride salti(HCI) was prepared as described TatHCI. Mp 143-
146°C (dec); Anal. (@2H280|N304) C, H, N.

(R)-N-Hydroxy-3,5-dioxo-6-(phenylmethyl)spiro[piperazine 2,2 -tricyclo[3.3.1.1*Jdecane]-4-
acetamide (7e)

Following the general hydrogenolysis procedure desd in the main manuscrip-benzyl
hydroxamate35 provided the title compounde as a white foamy solid, which strongly binds the
eluting solvent (AcOEt). Removal of the entrappetvent as described fafc gave7e as a light
yellow crystalline solid (95%): mp 96-9%; NMR spectroscopic data of this compound are
identical to that of7d; [a]*%gse +59 (c 0.2, CHG); EI MS: m/z 397.2 ([M], 7), 307,2 ([M+H-
CH.PhT, 17), 306 ([M-CHPhJ’, 100); HRMS (ESI): M+H]" calcd for GzH2gN304, 398.2074,
found 398.2064. The hydrochloride sale(HCI) was prepared as described TartHCI. Mp 142-
145°C (dec). Anal. (@H2sCIN3O,4) C, H, N.

(R,S)-N-Hydroxy-3,5-dioxo-6-(phenylmethyl)spiro[piperazine 2,2 -tricyclo[3.3.1.1* Jdecane]-
4-acetamide (8)

Following the general hydrogenolysis procedure wlesd in the main manuscrip®-benzyl
hydroxamate36 provided the title compoun8 as awhite foamy solid, which strongly binds the
eluting solvent (AcOEt). Removal of the entrappetient as described fafc gave8 as a light
yellow crystalline solid (96%): mp 90—-9Z. NMR spectroscopic data of this compound are
identical to that of7d; CI" MS: m/z 398.3 ([M+HT, 100), 306,2 ([M-CHPh[’, 61); HRMS (ESI):
[M+H]" calcd for GoH2gN304, 398.2074, found 398.2025. The hydrochloride (&HCI) was
prepared as described foc.HCIl. Mp 135-138°C (dec). Anal. (G:H2sCIN3O,) C, H, N.

N-Hydroxy-3,5-dioxo-1,4-diazaspiro[5.7]tridecane-4-eetamide (9a)
Following the general hydrogenolysis procedure wesd in the main manuscrip®-benzyl

hydroxamates0 provided the title compoun@a as a white foamy solid, which strongly binds the
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eluting solvent (AcOEt, MeOH). Removal of the eppad solvents as described Targave9a as
a pale yellow solid (90%): mp 148-18C; *H NMR (600 MHz, DMSOsdg) §1.50 (br s, 8H, 8, 9,
10, 11, 12H), 1.58-1.70 (m, 4H, 7, 9, 11, X8}, 1.95-1.99 (q, 2HJ=6.7, 9.2 Hz, 7, 131), 2.98 (t,
1H, J=8.5 Hz, 1-H) 3.57 (d,R2, J=7.9 Hz, 2-H), 4.13 (s, 1.5H,HGCONHOH, Z-isomer), 4.42 (s,
0.4H, H,CONHOH, E-isomer), 8.86 (s, 0.7H, CONHOQZ-isomer), 9.27 (s, 0.2H, CONHO
E-isomer), 10.15 (s, 0.2H, CMDH, E-isomer), 10.52 (s, 0.7H, COIOH, Z-isomer);**C NMR
(100 MHz, DMSOe€g) 620.9 (9, 11-C), 24.4 (10-C), 27.7 (8, 12-C), 3072 (3-C), 38.6
(CH,CONHOH, Z-isomer), 38.8 GH,CONHOH, E-isomer), 44.7 (2-C), 58.9 (6-C), 163.9
(CONHOH, Z-isomer), 169.3QONHOH, E-isomer), 171.5, 176.3 (3, 5-C)I'®1S: m/z: 284.2
(IM+H]", 11), 268,2 (46), 240.2(100), 222.2 (72), 195 (#MRMS (ESI): M+H]" calcd for
C13H2oN304, 284.1605, found 284.1586. The hydrochloride 8k.HCI) was prepared as
described foi7a.HCI. Mp 179-182C. Anal. (G3H,2CIN3O4) C, H, N.

N-Hydroxy-1-methyl-3,5-dioxo-1,4-diazaspiro[5.7]tricecane-4-acetamide (9b)

Following the general hydrogenolysis procedure wlesd in the main manuscrip®-benzyl
hydroxamater2 provided the title compoun@b as a white foamy solid, which strongly binds the
eluting solvent (AcOEt). Removal of the entrappellent as described fatc gave9b as a white
crystalline solid (90%): mp 160-168; *H NMR (400 MHz, DMSOd) §1.33-1.63 (m, 8H, 8, 9,
10, 11, 12H), 1.65-1.87 (m, 4H, 7, 9, 11, ¥8), 1.89-2.04 (m, 2H, 7, 18D, 2.36 (s, 2.2H, 85,
Z-isomer), 2.38 (s, 0.9H, K&z, E-isomer), 3.73 (s, 2H, 2-H), 4.16 (s, 1.5H{,CONHOH, Z-
isomer), 4.46 (s, 0.5H, KFCONHOH, E-isomer), 8.88 (s, 0.8H, CONHIQZ-isomer), 9.30 (br s,
0.3H, CONH, E-isomer), 10.18 (s, 0.3H, C®IDOH, E-isomer), 10.63 (s, 0.7H, COIOH, Z-
isomer);**C NMR (100 MHz, DMSOdg) §20.4 (9, 11-C), 24.3 (10-C), 27.5 (8, 12-C), 29.31(3-
C), 38.1 CH,CONHOH, Z-isomer), 38.5, 38.€CH3), 38.9 CH,CONHOH, E-isomer), 53.7 (2-
C), 63.7 (6-C), 164.0GONHOH, Z-isomer), 169.3GONHOH, E-isomer), 170.0, 175.5 (3, 5-C);
CI' MS: m/z: 298.2 ([M+H], 7), 282,2 (IM-CH]*, 77), 281.2(26), 254.2(100), 236.2(89),
209.2(100); HRMS (ESI): NI+H]" calcd for GsH24N30s 298.1761, found 298.1738. The
hydrochloride salt9b.HCI) was prepared as described Ta.HCI. Mp 163-165°C (dec). Anal.
(C14H24CIN3Oy) C, H, N.

(S)-N-Hydroxy-2-methyl-3,5-dioxo-1,4-diazaspiro[5.7]tricecane-4-acetamide (9c)

Following the general hydrogenolysis procedure desd in the main manuscripQ-benzyl
hydroxamates1 provided the title compoun@ic as a white foamy solid, which strongly binds the
eluting solvent (AcOEt). Removal of the entrappetvent as described fatc gave9c as a white
crystalline solid (90%): mp 82-8%; 'H NMR (400 MHz, DMSOds) 8(ppm): 1.28 (d, 3H,
J=6.8Hz, (H3), 1.35-1.95 (complex m, 13H, 7, 8, 9, 10, 11,12H), 2.07-2.13 (sym q, 1H=9,2
Hz, 13H), 2.72 (br d, 1HJ=8,3 Hz, 1-H), 3.66 (~br t, 1HI=6-7 Hz, 2-H), 4.07-4.16 (q, AB,
1.5H, Jag=15.2 Hz, GH1,CONHOH, Z-isomer), 4.41 (s, 0.4H, HQCONHOH, E-isomer), 8.85 (s,
0.8H, CONH, Z-isomer), 9.26 (s, 0.2H, CONH{D E-isomer), 10.13 (s, 0.2H, C®IDH, E-
isomer), 10.51 (s, 0.8H, CAHOH, Z-isomer);*C NMR (100 MHz, DMSOds) $17.0 CHs), 20.8
(9-C), 21.2 (11-C), 24.5 (10-C), 26.9 (8-C), 27.8-Q), 28.5 (12-C), 33.3 (13-C), 39.1
(CH,CONHOH, Z-isomer), 39.2 H,CONHOH, E-isomer), 48.8 (2-C), 59.8 (6-C), 163.9
(CONHOH, Z-isomer), 169.3GONHOH, E-isomer), 173.8, 176.6 (3, 5-C¥]¥%s0 +12 (c 0.1,
CHCL); EI MS: m/z 297.2(IM[, 11), 269,1([M-HOQ]", 61), 264.1(52), 209.2(53); HRMS (ESI):
[M+H]" calcd for G4H24N30,4, 298.1767, found 298.1744. The hydrochloride (@dtHCI) was
prepared as described foc.HCI. Mp 170-172°C (dec). Anal. (&H24Cl N3O,) C, H, N.

(S)-N-Hydroxy-3,5-dioxo-2-(phenylmethyl)-1,4-diazaspirdp.7]tridecane-4-acetamide (9d)
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Following the general hydrogenolysis procedure desd in the main manuscrip-benzyl
hydroxamates2 provided the title compoun@d as a white foamy solid, which strongly binds the
eluting solvent (AcOEt). Removal of the entrappetyent upon drying at 50-5% under vacuum
(10° mmHg) in an Abderhalden apparatus g@deas a white crystalline solid (98%): mp 65-68
°C; 'H NMR (400 MHz, DMSO#dg) $1.18-1.67 (m, 11H, 7, 8, 9, 10, 11, 12, HR-1.69-1.82 (m,
2H, 7, 12H), 2.0-2.12 (m, 1H, 134), 2.56-2.65 (m, 1H, 1-H), 2.68-2.82 (m, 1H, AMX,région,
CHaHMPh), 3.32 (dd under DMSO water peak, 1H, AMX, Mioeg Jux=3.6 Hz, CHHyPh),
3.75-3.86 (m, 1H, AMX, X region, 2-Hx), 4.09-4.18, (AB, 1.6H,Jxs=15.6 Hz, G,CONHOH,
Z-isomer), 4.42 (s, 0.4H, KLCONHOH, E-isomer), 7.14-7.22 (m, 1H, 4-aromatic HR3-7.33
(m, 4H, 2,3,5,6-aromatidl), 8.85(s, 0.7H, CONHB, Z-isomer), 9.27 (s, 0.2H, CONHD E-
isomer), 10.15(s, 0.2H, CO#OH, E-isomer), 10.51 (s, 0.7H, CBIDH, Z-isomer);**C NMR
(100 MHz, DMSOsg) 620.3 (9-C), 21.1 (11-C), 24.2 (10-C), 26.7 (8-C},2(7-C), 28.3 (12-C),
33.8 (13-C), 36.2¢H,Ph), 39.2 CH,CONHOH), 54.3 (2-C), 59.6 (6-C), 126.0 (4-aromagit
127.9, 129.0 (2, 3, 5, 6-aromatic C), 138.7 (1-atienC), 163.9 CONHOH, Z-isomer), 169.3
(CONHOH, E-isomer), 172.9, 176.6 (3, 5-C)]¥ses -16 (C 0.2, CHQ) ; EI MS: m/z
373.1([MT, 4), 282,1([M—-CHPhJ’, 100); HRMS (ESI): M+H]" calcd for GoH2gN304, 374.20609,
found 374.2047. The hydrochloride s&td(HCI) was prepared as described TatHCI. Mp 202-
205°C (dec). Anal. (GoH2sCl N3O4) C, H, N.

N-Hydroxy-3,5-dioxo-1,4-diazaspiro[5.6]dodecane-4-atamide (10a)

Following the general hydrogenolysis procedure wdesd in the main manuscrip®-benzyl
hydroxamates3 provided the title compountilDaas a white foamy solid, which strongly binds the
eluting solvent (AcOEt). Removal of the entrappelyent as described fatc gavelOaas a pale
yellow crystalline solid (90%): mp 142-14@& (dec);"H NMR (400 MHz, DMSO#dg) §1.40-1.76
(m, 10H, 7, 8, 9, 10, 11, 12-H), 1.82-1.97 (m, 2@, 12-H), 3.01 (br s, 1H, 1-H), 3.56 (d, 2H,
J=6.4 Hz, 2-H), 4.13 (s, 1.6H,HGCONHOH, Z-isomer), 4.42 (s, 0.4H,KECONHOH, E-isomer),
8.87 (s, 0.7H, CONHA Z-isomer), 9.27 (s, 0.2H, CONHO E-isomer), 10.15 (s, 0.2H,
CONHOH, E-isomer), 10.53 (s, 0.7H, CBIDH, Z-isomer); **C NMR (100 MHz, , DMSOdg)
621.7(8, 11-C), 29.4, 29.5 (9, 10-C), 35.1 (7, 12-C)38.7CH,CONHOH, Z-isomer), 38.9
(CH,CONHOH, E-isomer) 44.7 (2-C), 59.6, 59.7 (6-C), B6ICONHOH, Z-isomer), 169.3
(CONHOH, E-isomer), 171.5, 176.9 (3, 5-C)['®AS: m/z 270.2([M+H], 18), 252,1([M+H-
H.,0]", 24), 226.2(86), 209.1(96), 208.1(100); HRMS (E9N+H]" calcd for GaH2oN3Os,
270.1448, found 270.1434. The hydrochloride safla(HCI) was prepared as described for
7a.HCI. Mp 190-192°C (dec). Anal. (&H20CIN3:O,4) C, H, N.

N-Hydroxy-1-methyl-3,5-dioxo-1,4-diazaspiro[5.6]dodeane-4-acetamide (10b)

Following the general hydrogenolysis procedure wesd in the main manuscrip®-benzyl
hydroxamater 3 provided the title compountOb as a white crystalline solid, which strongly binds
the eluting solvent (AcOELt). Removal of the entgbgolvent upon drying at £C under vacuum
(10° mmHg) in an Abderhalden apparatus ga®e as a glass solid (93%)4 NMR (400 MHz,
DMSO-ds) 61.46-1.65 (br s, 8H, 8, 9, 10, 11-H), 1.78-2.0 41, 7, 12-H), 2.37 (s, 2.2H,HG, Z-
isomer), 2.39 (s, 0.8H,H3, E-isomer), 3.72 (s, 2H, 2-H), 4.16 (s, 1.4HH,CONHOH, Z-isomer),
4.46 (s, 0.5H, €,CONHOH, E-isomer), 8.87 (s, 0.7H, CONHO Z-isomer), 9.29 (s, 0.2H,
CONHOCH | E-isomer), 10.17 (s, 0.2H, COMOH, E-isomer), 10.62 (s, 0.7H, C®IDH, Z-
isomer);"*C NMR (100 MHz, , DMSOds) 521.6 (8, 11-C), 28.7 (9, 10-C), 33.4 (7, 12-C)8.18,
38.21 CHj3), 38.3 CH,CONHOH, Z-isomer), 39.0 CH,CONHOH, E-isomer), 53.7 (2-C), 64.6
(6-C), 163.9 CONHOH, Z-isomer), 169.3 QONHOH, E-isomer), 170.0, 175.4, 175.5 (3, 5-C);
CI' MS: m/z: 284.2 ([M+H], 100), 283,2 ([M], 21), 256.2(86); HRMS (ESI)M+H]" calcd for
Ci3H2oN304, 284.1610, found 284.1573. The hydrochloride ¢alb.HCI) was prepared as
described foi7c.HCI. Mp 132-136°C (slightly hydroscopic). Anal. (GH22CIN3O4) C, H, N.
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3,5-Dioxospiro[piperazine-2,2-tricyclo[3.3.1.1*/Jdecane]-4-acetamide (43)

Using a procedure essentially similar to that dbsdrearlier for the preparation of compound
22,° the amide ester precursbr (365 mg, 1.3 mmol) was treated with (§4$iNK (259 mg, 1.3
mmol), and the 2,6-DKP imidic potassium salt formecs subsequently reacted with
bromoacetamide (190 mg, 1.37 mmol). The reactioxture was then poured onto cold brine
and quenched as #2. The resulting residue was chromatographed olica giel column eluting
first with AcCOEt-EtO 1:1 and then AcOEt to give the title compoutdas a white solid (191
mg, 50%): mp 168-18%C (EtOH — E£0); *H NMR (600 MHz, DMSOsdg) §1.43 (d, 2H,J=12.0
Hz, 4e, 9e-H), 1.57-1.69 (m, 4H,’68e, 10e-H), 1.75 (s, 1H, #H ), 1.79 (s, 1H, 5H), 1.95
(s, 2H, 1, 3-H), 2.17-2.32 (m, 4H, 4, 8a, 9a, 10a-H), 3.09 (br s, 1H, 1-H), 3.56 (d, 2H,
J=6.5 Hz, 6-H), 4.17 (s, 2H, ECONH,), 6.99 (s, 1H, CONH), 7.38 (s, 1H, CONH); *C
NMR (100 MHz, DMSO#d) 626.6 (5-C), 26.8 (7-C), 31.8 (1, 3-C), 31.9 (4, 9'-C), 32.7 (8,
10'-C), 37.7 (6-C), 41.4 CH,CONH,), 43.9 (6-C), 59.3 (2,2C), 168.5CONH,), 172.1, 174.5
(3, 5-C) Anal. (C1>5H21N303) C, H, N.

3,5-DioxoN-(phenylmethoxy)spiro[piperazine-2,2-tricyclo[3.3.1.1* ]decane]-4-acetamide
(32)

To a solution of the carboxylic ac®”® (320 mg, 1.1 mmol) in dry THF (15mL) was added
1,1'-carbonyldiimidazole (214 mg, 1.32 mmol), and thigtore was stirred at 2& for 1h under
argon. Then,0-benzylhydroxylamine hydrochloride (210 mg, 1.32 atymand triethylamine
(202 mg, 2 mmol) were added successively, andtthing was continued at 2& for 24h and
then at 45°C for 1h under argon. After removal of the solventvacuo, water (20 mL) was
added, and the mixture was extracted with ethylaaeg3x20 mL). The combined extracts were
washed with brine (2x20 mL) dried (p&0,) and evaporated in vacuo. The viscous oily residue
was purified by column chromatography on silica gleiting first with E}O-n-hexane 2:1 and
then AcOEt to give the correspondi@gbenzyl hydroxamat82 as a white solid (312 mg, 72%):
mp 162-164C (AcOEt);'H NMR (400 MHz , CDCJ 270K) 5 1.50 (d, 2HJ=12.5 Hz, 4e, 9e-

H), 1.62-1.75 (m, 4H, 6 8'e, 10e-H), 1.82 (s, 1H, 7H), 1.86 (s, 1H, 5H), 1.94 (s, 1H, tH),
1.99 (s, 1H, 3H), 1.90-2.08 (br s, 1H, 1-H), 2.23 (br s, 4H,a484a, 9a, 10a-H), 3.68, 3.72
(sts, 2H, 6-H), 4.23 (s, 0.99H, H;CONHOCHPh, Z-isomer), 4.59 (s, 0.94H,
CH,CONHOCHPh, E-isomer), 4.84, 4.88 (st+s, 2H, CONHEBgPh), 7.37 (br s, 5H, aromatic—
H), 8.34 (s, 0.4H, CONOCH,Ph, E-isomer), 8.89 (s, 0.5H, CG#DCH,Ph, Z-isomer); **C
NMR (100 MHz , CDC} ,270K) 626.8 (5-C), 27.0 (7-C), 32.1 (4, 9-C), 32.3 (1, 3'-C), 33.0
(8, 10-C), 37.7 (6-C), 39.8, 39.9 CH,CONHOCH,Ph), 44.2 (6-C), 60.3, 60.4(2;2), 78.1,
79.4 (CONHOCH,Ph), 128.5, 128.8, 129.1, 129.3, 129.4 (2, 3, 4-aromatic C), 133.9, 134.9
(1-aromatic C), 165.4QONHOCH,Ph, Z-isomer), 170.5 QONHOCH,Ph, E-isomer), 172.4,
172.5,174.5, 174.6 (3, 5-C). Anal£8,7;N304) C, H, N.

3,5-Dioxospiro[piperazine-2,2-tricyclo[3.3.1.1*‘Jdecane]-4-acetohydrazide (44)

Carboxylic acid27’ (585 mg, 2.0 mmol) was treated with t¢arbonyldiimidazole (390 mg, 2.4
mmol) in dry THF (26 mL) as described 82 To the solution was then added benzylcarbazate
(399 mg, 2.4 mmol), and the reaction mixture wasest at 28°C for 25h under argon. After
removal of the solvent in vacuo, the residue wasalved in chloroform, and the resulting solution
washed with brine (2x30 mL), dried (P&0,), and evaporated. The residue was purified by
column chromatography on silica gel eluting firsthWAcOEtn-hexane 1:1 and then AcOEt to
give a white foamy solid (700 mg): EI MS m/z 44Q[M]", 7). This was then dissolved in EtOH
(55 mL), and the solution was hydrogenated as destifor the preparation gfa-e 8, 9a-d, 103
and 10b to yield the acetohydrazidét as a TLC andH NMR pure white solid (466 mg, 76%
from 27), which was recrystalized from EtOH-EX mp 197 — 200C (dec);'H NMR (600 MHz,
DMSO-dg) §1.43 (d, 2H,J=11.9 Hz, 4e, 9e-H), 1.58-1.72 (m, 4H, 68e, 10e-H), 1.75 (s, 1H,
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7-H), 1.79 (s, 1H, 5H), 1.90-2.0 (s, 2H, 1 3-H), 2.26 (~t, 4HJ=11.9, 12.8 Hz, %4, 8a, 9a,
10'a-H), 3.13 (~br s, 1H, 1-H), 3.56 (d, 2B7.0 Hz, 6-H), 3.92-4.75 (v br s, 2H, CONHH,
4.18 (s, 1.7H, 6,CONHNH,, Z-isomer), 4.52 (s, O, CH,CONHNH,, E-isomer), 8.46 (s, 0.1H,
CONHNH,, E-isomer), 9.06 (s, 0.8H, CO®NNH,, Z-isomer);**C NMR (100 MHz, DMSOd)
826.6 (3-C), 26.9 (7-C), 31.8 (1, 3-C), 31.9 (4, 9-C), 32.7 (8, 10-C), 37.7 (6-C), 39.95,
40.02 CH,CONHNH,), 44.0 (6-C), 59.4 (2,'C), 166.5 CONHNH,), 172.2, 172.3, 174.5, 174.7
(3, 5-C) Anal. (QsH22N403) C,H, N.

N-Methoxy-3,5-dioxospiro[piperazine-2,2-tricyclo[3.3.1.1*"]decane]-4-acetamide (45)

Prepared from carboxylic acRl” in exactly the same procedure describe@Jmexcept thaD-
methyl hydroxylamine hydrochloride was used. Th&ulteng oily residue was chromatographed
on silica gel column using AcOEt 1:1 to afford colourless viscous oil which striynginds
the aforementioned solvents. Removal of the en@@pgolvents upon drying at S under
vacuum (1¢ mmHg) in an Abderhalden apparatus gave the titepound45 as a glass solid:
(82%); *H NMR (400 MHz, CDCJ) §1.51 (d, 2H,J=12.3 Hz, 4e, Je-H), 1.63-1.77 (m, 4H,6
8’e, 10e-H), 1.82 (s, 1H, ?H ), 1.86 (s, 1H, 5H), 1.92-2.10 (br s, 3H, 1,/ 13"-H), 2.27 (d, 4H,
J=11.8 Hz, 4a, 8a, 9a, 10a-H), 3.60-3.88 (br s, 5H, CONH®g, 6-H), 4.27 (br s, 1.1H,
CH,CONHOCH;, Z-isomer), 4.63 (br s, 07 CH,CONHOCH;,, E-isomer), 8.97(br s, 0.3H,
CONHOCH;, E-isomer), 9.67 (br s, 0.6H, C®MDCHs, Z-isomer);**C NMR (100 MHz, CDC})
627.0 (5-C), 27.2 (7-C), 32.2 (4, 9-C) 32.5 (1, 3-C), 33.1 (8, 10-C), 37.9 (6-C), 39.8
(CH,CONHOCH;), 44.4 (6-C), 60.4 (2,2C), 64.3, 65.1 (CONHOH3), 165.6 CONHOCH;, Z-
isomer), 170.6 QONHOCH;, E-isomer), 172.6, 174.6 (3, 5-C)I'QVIS: m/z 322.2 ([M+H], 24),
290.2 ([M-OCH]", 15), 294.2 (64), 219.1 (79). The hydrochloridi £%6.HCI) was prepared by
treating a solution o5 in ELO-AcOEt 3:2 with ethereal HCI under ice cooling.eTihite solid
was collected by filtration, triturated with 46t and dried at 62-62C under vacuum (IDmmHg).
Mp 193-195°C; Anal. (GgH24CIN3O;0.4E£O) C, H, N.

N—-[2—Cyano(tricyclo[3.3.1.FJdec—2-yl)]-L—phenylalanine methyl ester (14)

Prepared by employing the Strecker reaction onati@mantanondl in exactly the same
procedure described earlier for the preparationcompound 12° except that methylL-
phenylalaninate hydrochloride was used. The regulaff-white solid was purified by column
chromatography on silica gel eluting first with,@tn-hexane 1:2 and then 1:1 to afford the title
compoundl4 as a white crystalline solid (89%): mp 78-%D (ELO-n-pentane)H NMR (400
MHz, CDCk) 61.15 (dd, 1HJ=2.5, 12.4 Hz, 4e-Ad H), 1.40 (dd, 1Bk2.4, 12.7 Hz, 9e-Ad H),
1.48-1.62 (complex m, 4H, 4a, 5, 6-Ad H), 1.64-1(88mplex m, 6H, 1, 3, 7, 8e, 10e-Ad HHN
1.98 (d, 1H,J=13.4 Hz, 8a-Ad H), 2.03-2.13 (m, 2H, 9a, 10a-Ad Ri¥6-2.81 (q, 1H, AMX, A
region, Jav=13.4 Hz, Jax=8.0 Hz, NH-CH-CHHyPh), 2.92-2.97 (q, 1H, AMX, M region,
Jam=13.4 Hz, $x=5.6 Hz, NH-CH-CHxHwPh), 3.58-3.62 (q, 1H, AMX, X regiordax=8.0 Hz,
Jux=5.6 Hz, NH-GHx-CHaHwPh), 3.64 (s, 3H, Bs), 7.09-7.24 (m, 5H, aromatid); *C NMR
(100 MHz, CDC}) (ppm):26.4 (5-Ad C), 26.6 (7-Ad C), 29.6 (4-Ad @G).4 (9-Ad C), 33.4 (1-
Ad C), 34.1 (8-Ad C), 34.7 (10-Ad C), 36.5 (3-Ad,@).4 (6-Ad C), 40.8GH,Ph), 51.8 CH3),
57.7 (HNCH), 60.7 (2-Ad C), 121.90N), 126.7, 128.2, 129.5 (2, 3, 4, 5, 6-aromaticX3){.1 (1-
aromatic C), 174.800,CHs); [0]®ss5= -6 (c 0.2, ACOEL). Anal. (GH2¢N20,) C, H, N.

N-[2—Aminocarbonyl(tricyclo[3.3.1.2 Jdec—2—-yl)]-L—phenylalanine methyl ester (19)

To a vigorous stirred solution of the aminonitrilé (1.93 g, 5.7 mmol) in C}Cl, (24 mL)
was added dropwise ,BO, 97% (9.5 mL), and the mixture was vigorously stirrat room
temperature for 48 h. The reaction mixture was thamred onto ice (30 g) and neutralized with
agueous Nkl 26 % under ice cooling. The organic layer was s#pd, and the aqueous layer
was extracted with C}€l, (3x30 mL). The combined organic phase was wash#dwater (30
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mL) and brine (30 mL), dried (M&QO), and evaporated. The resulted coloured residue wa
purified by column chromatography on silica gelngsiAcOEt-EtO 1:1 to afford the title
compound19 as a white crystalline solid (1.04 g, 51%): mp -14B °C (CH,Cl»-E,0); *H
NMR (400 MHz, CDC}) 61.27 (~d, 1HJ=11.7 Hz, 4e-Ad H), 1.39 (~d, 1H=11.7 Hz, 9e-Ad
H), 1.47-1.73 (complex m, 8H, 4a, 5, 6, 7, 8, 1GbH), 1.74-1.92 (m, 3H, N, 3, 10a-Ad H),
1.95 (s, 1H, 1-Ad H), 2.12 (d, 1H=12.6 Hz, 9a-Ad H), 2.67-2.72 (g, 1H, AMX, A region
JIam=13.2 Hz,Jax=7.8 Hz, NH-CH-CHaHuPh), 2.80-2.85 (q, 1H, AMX, M regiollav=13.2
Hz, Jux=5.7 Hz, NH-CH-CHaHuPh), 3.53 (br s, 4H, I, NH-CHx-CHaHMPh), 5.50 (br s, 2H,
CONHy), 7.05-7.22 (m, 5H, aromatld); **C NMR (100 MHz, CDGJ) §26.7 (5-Ad C), 26.9 (7-
Ad C), 31.4 (4-Ad C), 31.7 (1-Ad C), 32.1 (9-Ad G}.2 (3-Ad C), 34.4 (8-Ad C), 34.6 (10-Ad
C), 37.6 (6-Ad C), 41.5GH,Ph), 51.4 CH3), 56.3 (NHCH), 64.2 (2-Ad C), 126.5, 128.1, 129.6
(2, 3, 4, 5, 6-aromatic C), 137.5 (1-aromatic (J5.4 CO,CHs), 176.9 CONH,); [0]%sg9 +12
(C 0.2, MeOH) Anal. (Q_stNzOg) C, H, N.

(S)-3,5-Dioxo—6—(phenylmethyl)spiro[piperazine-2,2tricyclo[3.3.1.1* ‘|decane]-4-acetic
acid benzyl ester (24)

Prepared from the above amide-ester precut8an exactly the same procedure described
earlier for the preparation of compoud® The resulted oily residue was purified by column
chromatography on silica gel using,@tn-hexane 1:1 to afford the title compou@id as a
colourless viscous oil (86%)H NMR (400 MHz, CDCJ) §1.38 (d, 2H,J=12.9Hz, 4e, 9e-H),
1.29-1.48 (v br s, 1H, 1-H), 1.51-1.70 (complex?dH, 4a, 6, 7', 8, 10e-H), 1.75 (br s, 2H,3
5-H), 1.95 (d, 1HJ=12.8 Hz, 9a-H), 2.02 (s, 1H, tH), 2.82 (d, 1H,J=12.6 Hz, 10a-H),
2.92-2.97 (g, 1H, AMX, A regionJaw=13.8 Hz,Jax=8.1 Hz, 6-GaHwPh), 3.30 (dd, 1H, AMX,

M region, Jav=13.8 Hz,Jux=4.0 Hz, 6-CHH\Ph), 3.77-3.87 (m, 1H, AMX, X region, 6-Hx),
4.33-4.53 (g, AB, 2HJ)=16.8 Hz, G,CO,CH,Ph), 5,07 (s, 2H, C&H,Ph), 7.10-7.35 (m, 10H,
aromaticH); *C NMR (100 MHz, CDG) §26.9 (5-C), 27.0 (7-C), 30.5 (1-C), 31.3 (4-C),
32.4 (9-C), 33.2 (8-C), 339 (10C), 34.8 (3-C), 37.8 CH.Ph), 37.9 (6C), 40.9
(CH,CO,CH,Ph), 54.1 (6-C), 60.8 (2;), 67.2 (CQCH,Ph), 127.1, 128.3, 128.4, 128.6, 128.7,
129.2, 135.1, 136.6 (aromatic C), 168@CH,Ph) 173.5, 174.1 (3, 5-C)oJ*sss -34 (c 0.2,
CHCL); CI' MS: m/z 473.3 ([M+H], 50), 472.3 ([M], 13), 382.2 ([M+H-CHPh’, 23), 381.2
(M- CH,PhT', 100); HRMS (ESI): }+H]" calcd for GoH33N2O4, 473.2440, found 473.2440.

(9)-3,5-Dioxo—6—(phenylmethyl)spiro[piperazine-2,2tricyclo[3.3.1.1* ‘|decane]-4-acetic
acid (29)

Prepared from the above benzyl es2drby catalytic hydrogenolysis in EtOH-AcCOEt 3:2
following the procedure described earlier for theparation of carboxylic aci@7.’® White
foamy solid which strongly binds the aforementiorsmlvents. Removal of the entrapped
solvents upon drying at 62-8€ under vacuum (IDmmHg) in an Abderhalden apparatus gave
the title compound®9 as a glass solid (almost quantitative yief#j:NMR (400 MHz, CDC})
01.35-1.47 (m, 2H, %, 9e-H), 1.52-1.73 (m, 7H,’4, 6, 7', 8, 10e-H), 1.79(s, 2H, 35-H),
1.95 (d, 1HJ=12.5 Hz, 9a-H), 2.05 (s, 1H, 1H), 2.84 (d, 1HJ=12.8 Hz, 10a-H), 2.99-3.05
(g, 1H, AMX, A region,Jav=13.8 Hz,Jxx=8.0 Hz, GHaHwPh), 3.31 (dd, 1H, AMX, M region,
Jav=13.8 Hz,Jux=4.1 Hz, CHHMPh), 3.82-3.85 (q, 1H, AMX, X regiorjAX=8.0 Hz,Jux=4.1
Hz, 6-Hx), 4.35-4.51 (q, AB, 2Hlag=17.1 Hz, Gi,COH), 4.20-6.80 (v br s, 2H, CQ4qQ 1-H),
7.13-7.30 (m, 5H, aromatid); **C NMR (100 MHz, CDC}) §26.8 (5-C), 26.9 (7-C), 30.4 (1-
C), 31.3 (4-C), 32.4 (9-C), 33.2 (8-C), 33.8 (10-C), 34.7 (3-C), 37.5 CH.Ph), 37.9 (6C),
40.7 CH,CO.H), 54.0 (6-C), 61.1 (2,2C), 127.2, 128.8, 129.3 (2 3, 4, 5, 6-aromatic 135.3
(1-aromatic C), 173.000.H), 173.5 (3, 5-C). The hydrochloride s##®(HCI) was prepared as
described fof7c.HCI. Mp 182-184°C (dec); [1]*%so -24 (c 0.2, MeOH). Anal. (§H27Cl N,Oy)

C, H, N.
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(S)—-6—(Phenylmethyl)spiro[piperazine—2,2-tricyclo[3.3.1.1* Jdecane]-3,5—dione (37)

Prepared from the above amide-ester precut8an exactly the same procedure described
earlier for the preparation of the diketopiperaziae White foamy solid which strongly binds
the eluting solvents. Removal of the entrappedesdb/upon drying at 62-64€ under vacuum
(10° mmHg) gave the title compour8Y as a glass solid (969%)H NMR (400 MHz, CDCJ)
61.39 (d, 2HJ=12.4Hz, 4e, 9e-H), 1.37-1.50 (v br s, 1H, 1-H), 1.53-1.70 (coexpin, 7H, 4a,

6, 7, 8, 10e-H), 1.74 (s, 1H, 3H), 1.80 (s,1H, 5H), 1.92-2.05 (m, 2H, 1 9a-H), 2.86 (d,
1H, J=12.9 Hz, 10a-H), 2.97-3.02 (q, 1H, AMX, A regionJay=13.8 Hz, Jax=7.6 Hz,
CHaHwPh), 3.28 (dd, 1H, AMX, M regionlany=13.8 Hz,Jux=4.0 Hz, CHHuPh), 3.68-3.71 (q,
1H, AMX, X region,Jax=7.6 Hz,Jyx=4.0 Hz, 6-Hx), 7.16-7.28 (m, 5H, aromatib, 7.89 (s,
1H, 4-H); *C NMR (100 MHz, CDC}) §26.9 (5-C), 27.0 (7-C), 30.3 (1-C), 31.2 (4-C), 32.5
(9'-C), 33.2 (8-C), 33.8 (10-C), 34.6 (3-C), 36.7 CH.Ph), 37.9 (6C), 53.6 (6-C), 61.1 (2,2
C), 127.1, 128.7, 129.3 (2, 3, 4, 5, 6-aromatic X35.6 (1- aromatic C), 174.1, 174.8 (3, 5-C);
CI"' MS: m/z 325.2 ([M+H], 88), 324.2 (IM], 21), 233.1 ([M-CHPh[’, 66). The hydrochloride
salt 37.HCI) was prepared as described farHCI. Mp 185-187°C (dec). {]*sss -38 (C 0.2,
MeOH) Anal. (QQH250| Nzoz) C,H, N.

1-Methylspiro[piperazine—2,2—tricyclo[3.3.1.1*"]decane]-3,5—-dione (6b)

A solution of diketopiperazinéa’ (500 mg, 2.13 mmol) in THF-MeOH 1:1 (14 mL), aquso
formaldehyde 37 % (1 mL, 12.5 mmol) was stirred3dr at room temperature, and NaCNBH
(217 mg, 3.45 mmol) was then added in one portidter stirring for 20 min the pH of the
reaction mixture was adjusted to 6-7 by dropwisditawh of acetic acid. Stirring was continued
for 4 h at ambient temperature with the occasiawlalition of acetic acid to maintain the pH at
6-7. Solvents were evaporated in vacuo and thduesvas treated with water (20 mL), and then
NaOH 1N and solid N&O; until the pH was adjusted to 8. The off-white ddiormed was
isolated by vacuum filtration, washed with watemx(8 mL), and dried. Subsequent purification
by column chromatography on silica gel usingd=h-hexane 4:1 afforded the title compogiul
as a white crystalline solid (490 mg, 92%): mp 192-°C (CH,Cl,-n-pentane)H NMR (400
MHz , CDCk) 61.47 (d, 1H,J=12.0 Hz, 4e-H), 1.54 (d, 1HJ=12.3 Hz, %e-H), 1.61-1.91
(complex m, 7H, 3 5, 6, 7, 8¢, 10e-H), 2.03-2.25 (complex m, 4H,-H , 4a, 8a, 9a-H),
2.32 (s, 3H, El3), 2.76 (d, 1HJ=12.9 Hz, 10a-H), 3.25-3.89 (q, 2H, ABJAs=19.0 Hz, 6-H),
7.87 (br, s, 1H, 4-H)**C NMR (100 MHz , CDGJ) §26.3 (5-C), 27.1 (7-C), 30.2 (1-C), 31.8
(4'-C), 32.1 (3, 9-C), 33.2 (8-C), 33.7 (10-C), 37.4 CH3), 37.5 (6-C), 53.0 (6-C), 65.7 (2,
2’-C), 172.0, 174.1 (3, 5-C). Anal. {fH20N20,) C, H, N.

1-Methyl-3,5—dioxospiro[piperazine-2,2-tricyclo[3.3.1.1*‘|decane]-4-acetic benzyl ester
(40)

Sodium hydride (47 mg, 1.94 mmol) was added porntise to a stirred solution of
diketopiperazine6b (400 mg, 1.61 mmol) in dry DMF (12 mL). After stirg at room
temperature for 1 h under argon, benzyl bromoaed®87 mg, 1.69 mmol), dissolved in dry
DMF (4 mL) was added dropwise. Stirring was corgthwat rt for 48 h under argon, and the
reaction mixture was then poured onto ice/watertuméx(35 mL), and extracted withEX (4x25
mL). The combined organic extracts were washed Wwithe (25 mL), dried (N&Qy), and
evaporated in vacuo. The oily residue was puritigdcolumn chromatography on silica gel
using EtO-n-hexane 1:1 to afford the title compoun@ as a colourless viscous oil (530 mg,
83%): 'H NMR (400 MHz , CDCJ) $1.49 (dd, 1H,J=2.1, 12.2 Hz, Z-H), 1.55 (dd, 1HJ)=2.2,
12.1 Hz, 9e-H), 1.58-1.77 (complex m, 5H;,&", 10'e-H), 1.85 (br s, 2H,57-H ), 2.06-
2.28 (m, 4H, 1, 3, 4a, 9a-H), 2.36 (s, 3H, B3), 2.76 (d, 1HJ=13.0 Hz, 10a-H), 3.36-4.03
(q, 2H, AB,Jag =19.1 Hz, 6-H), 4.40-4.70 (q, 2H, AByg =16.8Hz, G1,CO,CH,Ph), 5.15 (s,
2H, COQ:.CH,Ph), 7.28-7.40 (m, 5H, aromatit); *C NMR (100 MHz , CDG)) & 26.3 (3-C),
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27.1 (7-C), 30.5 (I-C), 31.9 (4-C) 32.1 (9-C), 32.2 (3-C), 33.1 (8-C), 33.7 (10-C), 37.3
(CHs), 37.6 (6-C), 40.4 CH,CO,CH,Ph), 53.3 (6-C), 65.5 (2,X), 67.3 (CGCH,Ph), 128.3,
128.4, 128.5 (2, 3, 4, 5, 6-aromatic C), 135.1 r¢iwetic C), 168.0G0,CH,Ph), 171.2 , 174.0
(3, 5-C); CI MS: m/z 397.2 ([M+H], 23), 396.2 ([M], 18), 369.2 (100), 305.1 ([M-GIRh],
12).

1-Methyl-3,5—dioxospiro[piperazine-2,2-tricyclo[3.3.1.1*Jdecane]-4-acetic acid (41)

Prepared from the above benzyl esty in an almost quantitative yield by catalytic
hydrogenolysis in exactly the same procedure desdrearlier for the preparation of carboxylic
acid 27.° White solid: mp 210-212C (EtOH-E$O); 'H NMR (400 MHz , DMSOds) 51.42 (d,
2H, J=11.9 Hz, 4e-H), 1.52 (td, 2H,J=13.8, 16.8 Hz, &, 9e-H), 1.59-1.75 (m, 4H, 68a,
10’e-H), 1.78 (s, 2H, 5 7'-H), 2.03-2.18 (m, 4H,1 3, 4'a, 9a-H ), 2.31 (s, 3H, B3), 2.69
(d, 1H,J=12.2 Hz, 10a-H), 3.0-3.85 (v br s, 1H, GA), 3.47-3.99 (q, 2H, ABJas=19.2 Hz, 6-
H), 4.19-4.39 (q, 2H, AB,Jag=16.9 Hz, ®,CO,H); *C NMR (100 MHz , DMSQds) & 25.9
(5’-C), 26.7 (7-C), 30.0 (1-C), 31.5 (3-C), 31.7 (4-C), 31.8 (9-C), 32.7 (8C), 33.4 (10
C), 36.6 CHs), 37.3 (6-C), 40.2 CH,CO,H), 52.5 (6-C), 64.8 (2,2C), 169.3 CO.H), 170.7 ,
173.7 (3, 5-C). Anal. (¢H22N204) C, H, N.

1-Methyl-1,4-diazaspiro[5,7]tridecane-3,5-dione (66

Prepared by reductive methylation of diketopiperafi4’ (650 mg, 3.09 mmol) in MeOH-
THF 1:3 (20 mL) as described above for the preparadtf compoundsb. The resulting solid
residue was purified by column chromatography ticasgel using AcOEt-EO 1:1 to afford the
titte compound as a white crystalline sob® (600 mg, 87%): mp 134-138C (CHCl,—n-
pentane)H NMR (400 MHz , CDCJ) §1.36-1.68 (complex m, 8H, 8, 9, 10, 11, 12-H) 1.70-
1.87 (m, 4H, 7, 9, 11, 13-H), 2.02-2.08 (~q, 2H8.0, 9.9 Hz, 7, 13-H), 2.37 (s, 3HHg), 3.61
(s, 2H, 2-H), 8.24 (br s, 1H, 4-H)*C NMR (100 MHz , CDGJ) 520.7 (9, 11-C), 24.5 (10-C),
27.9 (8, 12-C), 29.3 (7, 13-C), 39.8H3), 54.3 (2-C), 64.4 (6-C), 171.3, 176.4 (3, 5-Chah
(C12H20N205).

1-Methyl-3,5-dioxo-1,4-diazaspiro[5.7]tridecane-4-@etic acid benzyl ester (68)

Prepared from the diketopiperazifié in exactly the same procedure described abovehtor t
preparation of compound. The resulting oily residue was purified by colusimomatography
on silica gel eluting first with EO-n-hexane 1:1 and then AcORthexane 1:1 to afford the title
compound68 as a colourless viscous oil (92984 NMR (400 MHz, CDCJ) $1.38-1.67
(complex m, 8H, 8, 9, 10, 11, 12-H), 1.70-1.87 4H, 7, 9, 11, 13-H), 2.0-2.07 (~q, 2B9.3 ,
9.6 Hz, 7, 13-H), 2.39 (s, 3HH3), 3.72 (s, 2H, 2-H), 4.54 (s, 2HHZCO,CH,Ph), 5.12 (s, 2H,
CO,CH,Ph), 7.28-7.43 (m, 5H, aromatit); **C NMR (100 MHz ,CDGJ) & 20.7 (9, 11-C), 24.5
(10-C), 27.9 (8, 12-C), 29.8 (7, 13-C), 39CHE) 39.8 CH,CO,CH,Ph), 54.5 (2-C), 64.5 (6-C),
67.3 (CQCH,Ph), 128.4, 128.5, 128.6 (2, 3, 4, 5, 6-aromatic 13p.0 (1-aromatic C), 167.8
(CO.CH,Ph), 170.3, 175.9 (3, 5-C);JQvVIS: m/z 372.3 ([M[, 34), 373,3 ([M+H], 100), 281.1
(IM-CH,PHJ', 41).

1-Methyl-3,5-dioxo-1,4-diazaspiro[5.7]tridecane-4-eetic acid (70)

Prepared from the above benzyl es6® in an almost quantitative yield by catalytic
hydrogenolysis in exactly the same procedure desdrearlier for the preparation of carboxylic
acid 27.° White solid: mp 178-180 C (EtOH-E;O); *H NMR (400 MHz , DMSOds) §1.20 —
1.57 (complex m, 8H, 8, 9, 10, 11, 12-H), 1.61-1(&3mplex m, 4H, 7, 9, 11, 13-H), 1.87-2.01
(m, 2H, 7, 13-H), 2.33 (s, 3H,KB), 3.72 (s, 2H, 2-H), 3.30-4.90 (v br s, 1H, £, 4.27 (s, 2H,
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CH,CO,H); *C NMR (100 MHz , DMSOds) & 20.7 (9, 11-C), 24.6 (10-C), 27.8 (8 , 12-C),
29.5 (7 , 13-C), 38.8QH3), 39.8 CH,COH), 53.9 (2-C), 64.1 (6-C), 169.E0,H), 170.4 ,
175.8 (3, 5-C) Anal. (QH22N204) C, H, N.

Table 2. Antitrypanosome action of acetamid8, acetohydrazidd4, O-methyl hydroxamate
45, carboxylic acid®7-31, 41, 56, 59, and71, 2,6-DKP scaffold molecule®a, 6b, 37-39, and 64-
67, and acetohydroxamic acid tested against cultbl@od stream fornT. brucei(pH=7.4).

Compound® [ICso(uM) |ICeo(nM) Compound | ICso(uM) [ICgo(nM)

43 200 71 >300

44 118 6a nd’

45 542 6b na

27 469 37 63.2 79.2
28 203 255 38 38.6 57.2
29 111 203 39 18.5 27.1
30 171 259 64 na

31 103 208 65 >400

41 na 66 na

56 760 67 >400

59 >400 Acetohydroxamic 680

acid

4Compoundst5, 29-31, 37, and38were tested as hydrochloride salts.
®Data not available.

Experimental. Biological Assays.

Trypanocidal assays

Cultured bloodstream fori. brucei(strain 427) were maintained at 3Z in modified Iscove’s
medium (pH 7.4). Trypanocidal activity was assessedrowing parasites for 48 h in the presence
of various drug concentrations to determine thellewhich inhibited growth by 50% () and
90% (IGy). In the case of untreated cultures (volume 4 o)), densities increased from 0.5%10
to 1x16 cells mi* over this period. Experiments were performed iplicate. Cell densities at
each drug concentration were determined using aobgiometer (Weber Scientific International
Ltd), and drug sensitivity was expressed as a p&ge of growth of control cells. Far. cruzi
epimastigotes (CL Brener clone), inhibition expesiits were carried out in Nunclon 24 well
plates in 2 ml of growth medium at an initial inmbem of 2 x 16 epimastigotes rifl After 5
days incubation at 28 in RPMI medium (Kendakt al 1990) in the absence of drug, cell density
reached 2 x 10parasites .
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(25) Kendall, G.; Wilderspin, A. F.; Ashall, F.;ils, M. A. and Kelly, J. MTrypanosoma cruzi
glycosomal glyceraldehyde-3-phosphate dehydrogerdses not conform to the "hotspot"
topogenic signal modeEMBO J.199Q 9, 2751-2758

Cytotoxicity tests

Cytotoxicity against mammalian cells was assessaujumicrotitre plates as described in Bt
al. (2010). Briefly, L6 cells (a rat skeletal musciee) were seeded at 1 x“1®I™ in 200l of
growth medium containing different compound concarmins. The plates were incubated for 6
days at 37C and 20ul Alamar Blue (Biosource UK Ltd.) was then addedetach well. After
further 8 h incubation, the fluorescence was detegthusing a Gemini fluorescent plate reader
(Molecular Devices).

(26) Bot, C.; Hall, B. S.; Bashir, N.; Taylor, M.;Helsby, N. A.; Wilkinson, S. R. Trypanocidal
activity of aziridinyl nitrobenzamide prodrug@ntimicrob. Agents Chemothe201Q 54, 4246-
4252.

Abbreviation used RPMI, Roswell Park Memorial Institute.

Table 3.Elemental analysis data for the tested compounathegized in this study.

Molecular Calculated % Found %
Compounds Formula C H N C H N

7a C15H21N304 58.62 6.89 13.67 58.62 6.98 13.71
7a.HCI C15H2,CIN3O4 52.40| 6.45 12.22| 52.64 6.6l 11.95

7b C1eH23N304 59.79| 7.21 13.08| 59.52 7.30 13.37
7b.HCI C16H24CIN3O4 53.70| 6.76 11.74| 53.37 7.06 12.02
7c.HCI C16H24CIN3O4 53.70| 6.76 11.74| 5358 7.1 11.61
7d.HCI Cy2H2gCIN3O4 60.89| 6.50 9.68 61.28 6.7l 9.86
7e.HCI C22H2¢CIN3O4 60.89| 6.50 9.68 60.52 6.7 10.02
8.HCI Cy2H2gCIN3O4 60.89| 6.50 9.68 61.26 6.83 9.91
9a.HCI C13H2,CIN3O4 48.83| 6.93 13.14| 48.88 7.0l 13.07
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9b.HCI C14H24CIN304 50.37| 7.25 12.59| 50.7% 7.60 12.28
9c.HCI C14H24CIN304 50.37| 7.25 12.59| 50.37 7.6D0 12.21
9d.HCI CocH28CIN3O4 58.60| 6.89 10.25| 58.63 6.99 10.20
10a.HCI C12H20CIN3O4 47.14| 6.59 13.74| 46.9% 6.7 13.61
10b.HCI C13H22CIN3O4 48.83| 6.93 13.14| 48.40 7.28 12.72
43 Ci1sH21N303 61.83| 7.27 14.42| 61.46 6.8P 14.78
44 CisH22N403 58.80| 7.24 18.29| 58.5% 7.138 17.91
45.HCI | C16H24CIN3040.4 EbO| 54.63| 7.29 10.86| 54.59 7.1p 11.09
29.HCI CaH27CIN2O4 63.07| 6.50 6.69 63.08 6.5/ 6.43
30.HCI Co2H27CIN2Oy 63.07| 6.50 6.69 62.69 6.73 6.39
31.HCI Co2H27CIN2Oy4 63.07] 6.50 6.69 63.41 6.8]1 6.31
41 C1eH22N204 62.73| 7.24 9.15 62.61 7.14 9.23
59 C12H18N204 56.68| 7.14 11.02| 57.07 7.1p 11.38
71 Ci13H20N204 58.19] 7.51 10.44| 58.44 7.90 10.18
6b C14H20N20, 67.71] 8.12 11.28| 67.71 8.14 11.25
37.HCI CacH25CIN2O, 66.56| 6.98 7.76 6695 7.04 7.36
38.HCI CacH25CIN2O, 66.56| 6.98 7.76 66.19 7.22 8.20
39 CagH24N20, 74.04| 7.46 8.64 74.11 7.44 8.57
65 C10H16N202 61.20| 8.22 14.28| 61.19 8.5 14.05
66 C12H20N20, 64.25| 8.99 12.49| 64.10 8.99 12.65
67 C11H1eN202 62.83| 8.63 13.32| 63.01 9.0 12.97
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