


General information

Except wherestated, allreagents were purchased from commercial sources and used without further
purification. Anhydrous GBb, THFE acetonitrile hexane,EtO and DMF were obtained from an
Innovative Technology Inc. PureSaelvent purification systemDME, DMSO, DMA, NMP, @E,

and EtOH advertised as dry solvent&ere purchased from various commercial vendans! used as
suppliedwithout additional drying or purificatiorStandard gradé-PrOH t-BuOH TFE and HF{Pe.

alllikely to be wet) wer@btained from commercially suppliers and werged as suppliedVater used

in reactions was deionizetH NMR*C NMR, anéPF spectra were recorded on a JEOL ECX400 or JEOL
ECS400 spectrometer (operating at 400 MHz, 100 MHz, and 376 MHz), a BrukerlAGOC&IMR
spectrometer (operating at 300 MHz, 75 MHz, and 282 MHz), a Bruker Avance | 500 MHz spectrometer
(operating at 500 MHz, 125 MHz, and 470 MHz), a Bruker Avance Ill HD 500 NMR spectrometer
(operating at 500 MHz, 125 MHz, and 470 MHz), a Brukance Il HD 600 NMR spectrometer
(operating at 600 MHz, 151 MHz, and 565 MHz), or a Bruker Avance Neo 700 NMR spectrometer
(operating at 700 MHz, 176 MHz, and 659 MHz). All spectral data was acquired at 295 K unless stated
20KSNBAASD /| KERBADPHR G SRAXJTALIBNG AL LISNI YAEf A2y 0O LILI
T ®H c 717y 6or CDeWere usedas a reference. Coupling constandsafe reported in Hertz (Hz)

to the nearest 0.1 Hz. The multiplicity abbreviations used are: br s broad simgieglet, d doublet,

br d broad doublet, t triplet, br t broad triplet, g quartet, p pentet, dd, doublet of doublets, ddd
doublet of doublet of doublets, dddd doublet of doublet of doublet of doublets, dt doublet of triplets,

ddt doublet of doublet of tiplets, td triplet of doublets, m multiplet. Signal assignment was achieved

by analysis of DEPT, COSY, HMBC and HSQC experiments where required. Infrared (IR) spectra were
recorded on a PerkinElmer UATR 2 spectrometer as a thin film dispersed from ¢éitkrof CDGI

Mass spectra (highesolution) were obtained by the University of York Mass Spectrometry Service,
using Electrospray lonisation (ESI) on a Bruker Daltonics,-Micspectrometer. Melting points were
determined using Gallenkamp apparatd$in layer chromatography was carried out on Merck silica

gel 60ks4 pre-coated aluminium foil sheets and were visualised using UV light (254 nm) and stained
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with basic aqueous potassium permanganate. In most cases, flash column chromatography was
carriedout using slurry packed Fluka silicagel {58t n >YX c¢cn ) X dzy RSNJ I £ A 3k
eluting with the specified solvent systeiowever, viien noted in the procedurehat products were

purified usingautomated column chromatography3 cases)this was doneusing a Teledyne ISCO

NextGen 300+ automated flash columinrematography unit equipped with WWYis (20@800 nm)

and evaporative light scattering (ELS) detectors. Crude materials were loaded onpaqhe

RediSep Rf Gold columns (S5i@0c60 mesh) either by direct liquid injection or dry loading from

adsorbed Celite.



X-ray crystallography
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Diffraction data were collected at 110 K on an Oxford Diffraction SuperNova diffractometer with Cu

K. radiation (I = 1.54184 Rusing an EOS CCD caméfhe crystal was cooled with an Oxford
Instruments Cryojet. Diffractometer control, data collection, initial unit cell determination, frame
integration and unitcell refinement vere carried out with CrysAlisPré Faceindexed absorption
corrections were applied using spherical harmonics, implemented in SCALE3 ABSPACK scaling
algorithm? OLEX2was used for overall structure solution, refinement and preparation of computer
graphics and publication dataVithin OLEZX, the algorithm used for structure solutionasgShelXT
duakspacé. Refinement by fulmatrix leastsquares used th&HELXlalgorithm within OLEX2AIl
non-hydrogen atoms were refined anisotropicalllydrogens were located by difference map and
allowedto refine.Forl4a there were two molecules in the asymmetric unit but the figabemve and

in the manuscripshows ondor clarity (see CCDC 2122955 for further detail)



1-Acryloylkpiperidin-2-one (11a)

To a stirring solution of-valerolactam(992 mg, 10.0 mmol) in dry THF (36.4 mL) cooled®® @as
added a solution of MeMgBr (3.0 M in diethyl ether, 3.65 &i.O mmo) viadropwise addition using

a syringgpumpover 30 min. The reaction mixture was allowed to stir for 10 min 4CCafter addition

was completedbefore &ryloyl chloride (1.22 mL, 15.0 mmol) was added in a single portion and the
reaction mixture was stirredof an additional 30 min at 8C. The reaction was then quenched with
sat. ag. NBCI (30 mL) and the mixture was extracted witfCE50 mL). The organic layer was washed
with sat. ag. NaHCG2 x 30 mL), andrganic extracts dried over Mg$énd concentatedin vacuo
Purification by flash column chromatography (Si@1 diethyl ether hexane)afforded the title
compoundas a viscouscolourlessliquid (1.06 g, 69%); R 0.59 (ethyl acetatd; Ana/cms? (thin film)

2953 1679 1404,1384,1289 1211, 1155,1004, 796, + 4 (400 MHz, CD¢})6.97 (1H, ddJ) =17.0, 10.5

Hz, NCOE | | Q03X ¢ ®dH=017.06, .V Hz, RCODMCQ (5.69 (1H, ddJ = 10.5, 1.7 Hz,
NCOCHQAHR3.76¢ 3.71 (2H, m, N&), 2.60¢ 2.53 (2H, m, B.CON)1.90¢ 1.81 (4H, m, X CHy); 1 ¢

(100 MHz, CD$})173.8 (0), 169.700), 1320 (NCO / | | Q0 L m™MIQyId@AL D B)isdd o6 b
(GLCON), 22.6@H), 20.8 CHh); HRMS (ESI): calcd. fosHGNNaQ, 176.0682. Found: [MN3]
176.0684 ¢0.9 ppm error).

5-(4-Huorobenzyl}1,5-diazecane2,6-dione (143

HNJ\AN

To a solution of facryloytpiperidin-2-one 11a (766 mg, 5.00 mmol) in dry methanol 0.0 mL), was
added 4fluorobenzylamine.63 mL.5.50mmol) in a single portion. The reaction mixture was allowed
to stir for 4 h at RT and then the solvent was remowedvacuo Purification by flash column
chromatography (S.@ mYn SGKeét | OSGFiSY KSEFYyS h mYm SiiKet
methanol: ethyl acetatdh MY ¢ Y S G K| y 2)faford&lihétald corhpQuidag aip&ach
colouredsolid (L.20g, &%). In solution iINCDG, this compound exists a&2:15 mixture of rotameric
forms; m.p. 162¢ 165°C,R 0.20 (19 methanol: ethyl acet&); Ama/cm<! (thin film) 3294, 2933, 1620,
1509, 1443, 1350, 1221, 1096, 812, 5SAMR data for the major rotamer onlyy (400 MHz, CDéI
7.29¢ 7.22 (2H, m, A), 7.03¢ 6.96 (2H, m, A), 5.37¢ 5.19 (1H, m, N), 4.96 (1H, d)= 14.6 Hz,
Hy), 4.21 (1H, dJ= 14.6 Hz,8,), 3.98¢ 3.73 (2H, m, B,), 4.21 (1H, dtJ=15.8, 3.9 Hz,HB), 2.96
C2.79 (1H, m, B), 2.76¢ 2.57 (1H, m, B), 2.26¢ 2.00 (4H, m, B), 1.82¢ 1.36 (3H, m, By); 1 (100
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MHz, CD@)J174.1 00),171.0 Q0), 162.4 (AGF,"kr= 246.4 Hz), 133.9 (@r'ks= 3.3 Hz), 130.@
ArCH,3%e= 8.1 Hz), 115.2 (& ArCH, 2kr= 21.3 Hz), 48.7TH,), 45.3 (Hy), 39.3 (Hy), 37.7 (Hy), 28.4
(CH), 25.9 CHy), 23.9 CHy); 1F (376 MHz, CDglc114.12 (1Fm, AF); HRMS (ESI): calcd. for
GistHhgFNNaQ, 301.1323. Found: [MNg]301.1321 (0.5 ppm error).

Characteristic NMR data for the minor rotamer can be found @400 MHz, CDgI7.15¢ 7.09 (2H,
m, AH), 5.89 (1Hbrd, J= 10.3 HzNH), 4.81 (1H, dJ= 16.3 Hz, &), 4.28 (1H, d,J= 163 Hz, &),
4.17¢ 4.09 (2H, mCH,), 2.43¢ 2.36 (2H, mOH)T (100 MHz, CD§171.3 00),128.5 (2 x AGH,3%F
= 8.2 Hz)42.4(0), 40.2(0H), 35.2(CHy), 27.5(CHy), 25.1(CHy); 4 £(376 MHz, CDglc114.43 (1F, m,
ArP).

The same compounti4awas also made using K S 3 NP dzLJSURE themidtt to préviidan

authentic product standard prior to optimisationsing the method below.

Oxalyl chloride (0.77 mL, 9.00 mmol) was added to a suspensio-({H-fluoren-9-
yl)methoxy)carbonyl)(4luorobenzyl)amino)propanoic acifl.26 g, 3.00 mmol) in DCN8Q mL),
followed by a catalytic amount of DMF (3 drops). The resulting mixture was stirred at RT for 1 h and
concentrated in vacuo to remove all solvent and excess oxalyl chloride. The reagitinchloride
[(9H-fluoren-9-yl)methyl (3chloro-3-oxopropyl)4-fluorobenzyl)carbamafievasthe dissolved in DCM

(15 mL) anchdded to a prestirred mixture ofi -valerolactam(200 mg, 2.01 mmol), DMAP (24.2 mg,
0.200 mmol) and pyridine (0.977 mL, 12.1 mmol) in DCM (40 mL) under an argon atmosphere and
heated at reflx at 50 °C for 18 h. The crude mixture was concentrete@dcuo The mixture was then

diluted with DCM (60 mL) and washed with 10% aq. HCI (60 mL). The aqueous layer was then extracted
with DCM (3 x 30 mL) and the combined organic extracts dried over Mg8©@oncentratedn vacuo

to form crude (9Hfluoren-9-yl)methyl (4fluorobenzyl)(3oxo-3-(2-oxopiperidinl-
yl)propyl)carbamate, which was carried forward without further purificatibhus, asolution of this

crude imidewas dissolvedn DCM (40 mLand DBU (2.99 mL20.0 mmol) wa added, followed by

stirring at RT for 18 h, before the solvent was remowedvacuo Purification by flash column
chromatography (Sl mY ¢ SiKet I O0SGFGiSY KSElFIYyS ™ mYm SiKeaf
ethyl acetate: methanol) afforded thetle compoundl4aas an orange solid (489 mg, 87% from

valerolactan).



1-Acryloyl-azetidin-2-one (11b)
O O

$ A
A stirring solution of2-azetidinane (357 mg,5.02 mmol) and DIPEA (2.18 mL, 12.5 mmol) in THF (5.0
mL) wascooled to 0°C. To this was added &G cooled solution ofcayloyl chloride (0.81 mL, 10.0
mmol) in THF (5.0 mL) dropwisend¢r an argon ahosphere this mixture was stirred at°C for 2.5
hours. Afterwards it was allowed to warm to RT and stirred féurther 3.5 hours The reaction
mixture was then quenched witkat. ag.NH,Cl (15 mL), extracted with£&x (20 mL), then the organic
layer washed witlwaswashed withsat. ag.NaHC®(2 x 15mL),and sat. ag.NaCl (2x 15mL) The
organic extractsvere dried overMgSQ and concentratedin vacuo Purification by flash column
chromatography (Si©) 11 diethyl ether hexang afforded thetitle compoundas a fluffy white solid
(237 mg, 38%)M.p. 48 ¢ 50°C R 0.16 (1:1 diethyl ether: hexane)madcm¢! (thin film) 2976, 1783,
1686, 1624, 1409, 1328, 1303, 1264, 1207, 1148, 1072, 1047, 1004, 918, 784 (402 MHz, CD¢}}
7.00 (1H, dd) =17.1,10.4 Hz, NCOIC | | Q0 T ¢ Oply.1,4.6HzINCRBICQO S p dhbn O M|
J=10.4, 1.6 Hz, NCOCHCB3.65(2H, t,J= 5.4 Hz, B,), 3.09(2H, t,J= 5.4 Hz, By); ¢ (100 MHz,
CDG) 165.2 (D), 162.7Q0), 131.7 (NCOTCH | QU Z M@ B DI M QO0IEH)B6c2@,); HRMS
(ESI): calcd. forsB/NNaQ, 148.0369 Found: [MNaj, 148.0372(¢2.1 ppm error).

1-(4-Huorobenzyl}1,5-diazocane2,6-dione (14b)

To a solution of “acryloytazetidin2-one 11b (71.0 mg, 0.568 mmol) in dry DCM (1.1 mL), was added
4-fluorobenzylamine (7uL, 0.624 mmol) dropwise over the course of 1 min. The reaction mixture

was allowed to stir for 3 days at RT and then the solverst anovedn vacuo Purification by flash

column chromatography (Si® mMYm SiGKéf | OSilIGSY KSElFYS I SiKeaf
FOSGLFGS T mYmn YSOKIy2tY SikKét O0SGIdS ™M mYd YSi
afforded thetitle compoundas a white crystalline solid (96.7 mg, 68%); m.p.cl¥81°C,R 0.38 (14

methanol: ethyl acetatg Anadcm<t (thin film) 3266, 1627, 1509, 1476, 1414, 1320, 1220, 1157, 1099,

985, 920, 824, 730, 576, 548; (500 MHz, CDg}J}7.25¢ 7.19 (2H, m, Ad), 7.02¢ 6.96 (2H, m, Ad)

6.64(1H, br tJ= 7.5 Hz, N), 4.55 (2H, s, AH), 3.59¢ 3.50 (4H, m, X NGH,), 293 (2H, tJ= 6.9 Hz,

COGL), 2.78 (2H, t)= 6.9 Hz, CO®); 1 ¢ (125 MHz, CD$)173.0 0O), 170.9QD), 162.4 (ATF, kr=

246.1 Hz), 132.7 (Br*kr= 3.2 Hz), 130.1 (@H,3%r= 8.2 Hz), 115.5 (@H,%kr= 21.5 Hz), 48.3 (Gh),



41.7 CH), 38.0 GH), 37.5 CHy), 35.3 CHb); 4 £ (470 MHz, CD§}) ¢114.66 (1F, m , &; HRMS (ESI):
calcd. for @HisFNNaQ, 273.1010. Found: [MNg] 273.1013 1.3 ppm error). For Xray
crystallographic data, sqeage 4 andCCDQ122961

The outcome of the reaction when the synthesid 4bwas attempted using methanol as the reaction

solvent isalsodescribed below

To a solution of-acnjoyl-azetidin2-one (58.2 mg, 0.465 mmol) in dry methanol (0.93 mL), was added
4-fluorobenzylamine%8 uL, 0.511 mmol) in a singb@rtion. The reaction mixture was allowed to stir

for 4 h at RT and then the solvent was remoiredacuo Purification by flash column chromatography

(SiQ, 14SiKet | OSiGFGSY KSElFyYyS I mYnnw SS ignetvand: &8yl I G SY
I OSGI a4 Sk 2f Y SGIREEG KOGA T ¥ SS tigoistiandl: &/iatet@ts M mY
M @&invethanol: ethyl acetatdy 4dnYethanol: ethyl acetatdy #nvethanol: ethyl acetatdhy 1Y

methanol: ethyl acetate lh 9:19 methanol: ethyl acetate) afforded methyl 3(3-((4-
fluorobenzyl)amino)propanamido)propanoatg9.7 mg, 7%) andN-(4-fluorobenzyl)3-(3-((4-
fluorobenzyl)amino)propanamido)propanamig&3.6 mg, 8%) Data for each compound is ioded

below.

Methyl 3-(3-((4-fluorobenzyl)amino)propanamido)propanoate

\Oj\/\Nj\/\N
SN

A brown paste (9.7 mg, 7%)he isolated materialantained minor unidentified impurities, but the

F

NMRdataobtainedwere sufficient tadentify this unwanted side produd® 0.15(3:7 methanol: ethyl
acetate); Ama/cm®! (thin film) 3283, 2952, 1735, 1646, 1551, 1510, 1439, 1367, 1221 d2&nd**C
NMR data for the major rotamer only (500 MHz, CD§}7.59 ¢ 7.51(1H, br m, CON), 7.36¢ 7.30
(2H, m, AH), 7.02(2H,t, J= 8.5 HzArH), 3.82(2H, s, Arfl), 3.66 (3H, s, €k), 3.50(2H,q, J= 6.1 Hz
CONHXH,), 3.72 (1H, br SCHNHCH), 2.92 (2H,t, J= 6.0 HzO-:NHCHAI), 2.53(2H,t, J= 6.1 Hz
CH,CQCH), 2.44(2H,t, J= 6.0 HZNCOE&LOH,NHCHA); { ¢c(125 MHz, CD§J173.1 00), 12.1 (Q0),
162.4 (ArCF, kr= 24.0 Hz), 13.6 (AG “kr= 33 Hz), B0.4 (ArCH,3kr= 81 Hz), 115 (ArCH, 2ke=
214 Hz),52.6 (ArCH,), 51.9 (CHs), 44.8 (NCOELCGH:NHCHAr), 35.0 (NCAH.CHNHCHAr), 34.9
(CHOH:NHCQ, 34.1 (HhCQCH); * £ (470 MHz, CD§Ic114.73 (1F, br s, B, HRMS (ESI): calcd. for
CisHisFNNaQ, 305.1272Found: [MNa], 305.1275 (1.0 ppmerror).



N-(4-fluorobenzyl)}3-(3-((4-fluorobenzyl)amino)propanamido)propanamide

A white solid(13.6 mg, 8%); mp. 108¢ 110°CR 0.15 (3:7 methanol: ethylacetate); Ana/cm<t (thin

film) 3286, 1644, 1604, 1548, 1509, 1435, 122581097, 1016, 8244 (400 MHz, CD¢}| 7.84 (1H,
brt, J= 6.1 Hz, CO#, 7.32¢ 7.25 (2H, m, AH), 7.24¢ 7.17 (2H, m, AH), 7.05¢ 6.94 (4H, m, AH),

6.47 (1H, br t)= 5.8 Hz, CO#), 4.34 (2H,d, J= 5.8 HzArG+), 3.74 (2H, s, Ar), 3.51(2H,q,J= 6.1
Hz, CONHCH,(H,), 3.05 (1H, bis, GH:NHCH,), 2.83(2H,dd, J= 6.6, 5.4 HZOH.NHCHAY), 2.43(2H,m,

GHLCONCEHAr), 2.34(2H,t, J= 6.6, 5.4 HANCOELCH.NHCHAY); 1 ¢ (100 MHz, CDG), 172.7 (Q0),

1715 (QD), 1&.3 (2 x ArCF,*ke= 246.7 Hz), 13.4 (AIC, *kr= 33 Hz), 13.1 (AIG, “kr= 33 Hz), B0.2

(2 x ArCH, 3= 81 Hz), 29.6 (2 x ArCH, 3ke= 81 Hz), 1156 (2 x ArCH, 2kr= 214 Hz),1155 (2 x ArCH,

2Ye= 214 Hz),52.6 (ArCH,), 44.9(NCOCKH.NHCHAY), 42.9(ArCH,), 36.1 (GH,CONCHAY), 345 (2 x

OH, (CHOHENHCO and NGBLCHNHCHAT); 4 ¢ (282MHz, CD@I¢114.9 (1F, m, A, ¢115.2 (1F, m,
ArP); HRMS (ESI): calcd. foskbaN:O,, 376.1831 Found: [MNa], 376.1832(c0.2 ppm error)

1-Acryloylpyrrolidin-2-one (11¢

O O

Gl
To a stirring solution a2-pyrrolidone (426 mg, 5.01 mmol) in dry THF18.2 mL) cooled to OC was
added a solution of MeMgBr (3.0 M in diethyl eth&r83mL)via dropwise addition using ayringe
pump over 30 min. The reaction mixture was allowed to stir for 10 min &after addition was
completed. Acryloyl chloride @1 mL,7.51 mmol) was then added in a single portion and the reaction
mixture was stirred for an additional 30 min af©. The reaction was then quenched with sat. aqg.
NH,CI(15mL) and the mixture was extracted with,&t@5 mL). The organic layer was washed with
sat. ag. NaHCGQ2 x 15 mL), and organic extracts dried owlgSQ and concentratedn vacuo
Purification by flash column chromatography (i@l diethyl ether hexane afforded the title
compoundasa viscous colorless liqui91 ny, 56%);R 0.19 (1:1 diethyl ether: hexane)ma/cms?
(thin film) 2980, 1733, 1675, 1617, 1460, 1406, 136312, 12471223, 1192, 1062, 1021, 980, 930,
887,839, 799, 674, 639, 587 (400 MHz, CD§I7.74 (1H, ddJ =17.1, 105 Hz, NCBGC | | QU X c dn @
(1H, ddJ=171,1.9Hz, NCOCHC QU0 = p ®y=n10.% 119 Hz, NRGCHCH3.89¢ 3.84 (2H, m,
NGH,), 2.62(2H, t,J= 8.1 HLH,CON)2.11¢ 2.01 (2H, m, B); 1 ¢ (100 MHz, CDgJ175.7 O), 166.2
(00), 131.0(NCOCH | QU z ™A ddH QUEBECHT 33O CHGDN, 17.4 (H,); HRMS (ESI):
calcd. for @HNNaQ, 162.0525 Found: [MN&]} 162.0527(¢0.6 ppm error).



5-(4-Huorobenzyl}1,5-diazonane2,6-dione (14c)

»\AN
N V\QA?QF

To a solution of Jcryloytpyrrolidin-2-one 11¢(139 mg, 0.998 mmol) in dry methanol (2.0 mL), was

added 4fluorobenzylamine (12fL, 1.10 mmoljn a single portion. The reaction mixture was allowed

to stir for 4 h at RT and then the solvent was remowedvacuo Purification by flash column
chromatography (Sl mYn SiKeéf FOSGlFIGSY KSEFYyS ™ mym SikKet
methanoy SGKef FOSGFGS I mYMd Y Stil&kdongpdundds aSolbugléss | OS G |
oil (121 mg, 46%)n solution iINCDGCJ, this compound exists as a mixture of rotameric forms (1 major

rotamer andup to 3 minor rotamers, best seen in tA#F NMR)TheH NMR spectrum isignificantly

affected by rotameric broadening, with product identity and purity best determined ustagNMR
datacollectedin CDGlat 55°C, R 0.06 (19 methanol: ethyl acetate Aa/cm®! (thin film) 3280, 2941,

1622, 1508, 1461, 1413, 1359, 1219, 1157, 1098, 1053, 1015, 907, 825, 771, 730, 646, 365, 498;

(400 MHz, CD§) 7.26¢ 7.14 (2H, m, Af), 7.00¢ 6.90 (2H, m, A), 6.69 (1H, br tJ= 7.5 Hz, N,

major rotamer), 6.35 6.27(1H, br m, M, other rotamers), 26 ¢ 2.95 (6H, m, ¥ CH), 2.90¢ 1.64

(6H, m, 3x OHb); 1 ¢ (100 MHz, CDEB5°C),174.7 O), 173.8Q0), 162.5 (ATF,\kr= 246.3 Hz), 133.2

(AIC, “%r= 3.2 Hz), 130.R& ArCH, 3k¢= 7.9 Hz), 115. 2 ArCH, 2ke= 21.4 Hz), 49.T¢), 44.6 OHy),

41.6 CH), 34.7 (Hy), 30.6 OHy), 29.2 (Hy); 4 £ (282 MHz, CD§})¢114.54 (1F, m ArF, major rotame)),

¢115.12 (1F, mArB, c115.24 (1F, mArP, ¢115.74 (1F, mArB; HRMSESI): calcd. forEhFNNaQ,

287.1166. Found: [MNg]287.1171¢1.5 ppm error).

1-Acryloylazepan2-one (11d)

O O

NJ\/

7

To a stirring solution of caprolactam (226.3 mg, 2.00 mmol) in dry THF (7.3 mL) cool&d a8
added a solution of MeMgBr (3.0 M in diethyl ether, 0.73 madropwise addition using a syringe
pump over 30 min. The reaction mixture was allowed to stir for 10 min gafter addition was
completed. Acryloyl chloride (0.24mL, 3.00 mmol) washen added in a single portion and the
reaction mixture was stirred for an additional 30 min &30 The reaction mixture was then quenched
with sat. ag. NECI (8 mL) and the mixture was extracted withGE{10mL). The organic layer was
washed with satag. NaHC€X2 x 10 mL), and organic extracts dried over Mg&®@ concentratedn
vacua Purification by flash column chromatography ¢SI01 diethyl ether: hexarneafforded thetitle
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compoundas viscous colorless liquid (219 mg, 72R4);67 ethyl acetatd; Ana/cm¢t (thin film) 2932,

1701, 1683, 1404, 1383, 1333, 1240, 1209, 1181, 1152, 1098, 9807960 MHz, CD¢}6.91 (1H,
dd,J=16.8,10.3Hz, NCBIC| | QU0 X c O#16.818Hz, NCEORME Q0 X p ¢d=10.%mI T RR
1.8 Hz, NCOCHCHD3.91¢ 3.86 (2H, m, Ni&), 2.72¢ 2.66 (2H, m, B.CON)1.81¢ 1.63 (6H, m, %

(Hy); 4 ¢ (100 MHz, CD¢)J 178.1 (0), 168.9@)), 1319 (NCO / I | QU X MHYy KPQU D bh b dT
(NCHy), 39.4 GHCON, 29.3 (Hy), 28.7 CHe), 23.7(CHy); HRMS (ESI): calcd. GisNNaQ, 190.0838.

Found: [MNa], 190.0841¢1.3 ppm error).

5-(4-Huorobenzyl}1,5-diazacycloundecan,6-dione (14d)

O

To a solution of facryloytazepan2-one 11d (156 mg, 0.933 mmol) in dry methanol (2.0 mL), was

added 4fluorobenzylamine (12@L, 1.10 mmol) in a single portion. The reaction mixture was allowed

to stir for 4 h at RT and then the solvent was remowedvacuo Purification by flash column
chromatography (Sil@ mYn SiGKeét | OSGFiSY KSEFYyS h Mm¥dwm SiKet
YSOUKIy2ftyY SGKet | OSGFdS T mY mite coffpaunchsd titersolid G K& € |
(228 mg, 84%)In solution inCDGC] this compound exists as a mixture of rotameric forthsn@jor

rotamer and 1 minor rotamer based on the!®*r NMR d&). The!H NMR spectrum is severely
complicated by rotameric broadening, with product identity and purity best determined ud¥hg

NMRdata; m.p. 180¢ 183°C R 0.34 (19 methanol: ethyl acetate Ana/cm¢? (thin film) 3297, 2934,

1625, 15561509, 1452, 1352, 1223, 1183, 1154, 909, 821, #:3M00 MHz, CD¢}J 7.32¢ 7.25 (2H,

m, AH), 7.05¢ 6.98 (2H, m, A), 5.78¢ 5.56 (1H, m, N), 5.23¢ 3.07 (5H, m, 2.5 xHg), 3.03¢ 0.65

(11H, m, 5.5 x &0 Tc (160 MHz, CD§) 173.6 00), 171.4Q0), 162.4 (ATF, kr= 246.7 Hz), 134.1

(ArC *kr= 3.2 Hz), 130.1 (2 x@t,3kr= 8.1 Hz), 115.9 (2 x@t,2kr= 21.5 Hz), 48.3X)), 44.9 CHy),

41.9 CHy), 37.1 (), 28.6 (OHb), 25.3 (Hh), 24.4 CHy), 22.8 (Hy); 1 £ (282 MHz, CD§) ¢114.3) (1F,

m, AIF, major rotamer),¢114.73 (1F,m, A, minor rotamej); HRMS (ESI): calcd. fogkb:FNNaQ,

315.1479. Found: [MNg]315.1479¢0.1 ppm error).
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1-Acryloylazocan2-one (11e)

N

To a stirring solution af-aza2-cyclooctanone .28 g 10.1 mmol) in dry THF36 mL) cooled to OC
was added a solution of MeMgBr (3.0 M in diethyl etlB85mL)viadropwise addition using a syringe
pump over 30 min. The reaction mixture was allowed to stir for 10 min &iafter addition was
completed. Acryloyl chloridel(22 mL,15.0 mmol) was then added in a single portion and the reaction
mixture was stirred for an additional 30 min at@ The reaction wathen quenched with sat. ag.
NH,Cl B0 mL) and the mixture was extracted with,&t60 mL). The organic layer was washed with
sat. ag. NaHCQ2 x 30 mL), and organic extracts dried over Mg®@d concentratedn vacuo
Purification by flash column chratography (Si@) 1:1 diethyl ether: hexaneafforded the title
compoundas an oil that turned to a white crystallim®lid (1.08 g, 59%); m.p. 2633 °CR 0.67 (9:1
SikKet | OSil i (tMisfink 293622859, M67%, 1616, 1445, 1401, 1378, 1333, 1303,
1248, 1201, 1174, 1126, 1092, 1019, 996, 972, 867, 797, 77,58%. 1 (400 MHz, CD¢16.81 (1H,
dd,J=16.9, 10.3 HANCOE/ | ), &24 (1H, ddJ=16.9, 1.7 HAICOCHA X5.61 (1H, ddJ= 103,

1.7 HzZNCOCHAHR3.89¢ 3.82(2H, m, E:N), 2.63¢ 2.57(2H, m, €,CON), 1.86 1.77 (2H, m, &),
1.74¢ 1.65 (2H, m, B,), 1.58¢ 1.50 (2H, m, B,), 1.44c 1.36 (2H, m, B0 (100 MHz, CD§}} 178.9
(CON), 169.4 COCHCE, 131.9 (COHCH), 127.6 (COCBH,), 43.8 C0H:N), 36.7(CH.CON, 29.9 (Hy),
29.3 OHy), 26.2 CHy), 23.9 (Hy); HRMS (ESI): calcd. fapisNOy, 182.1176. Found: [ME]182.1180
(¢2.3 ppm error).

5-(4-Huorobenzyl}1,5-diazacyclododecan®,6-dione (14€)

To a solution ofl-acryloytazocanr2-one 11e (103 mg, 0.566 mmol) in dry methanol (1.1 mL), was

added 4fluorobenzylamine (74L, 0.622 mmol) in a single portion. The reaction mixture was allowed

to stir for 4 h at RT and then the solvent was remowedvacuo Purification by flash column
chromatogrphy (Sigz mYn SGKeét | OSGFiSY KSEFYyS h mYm SiiKet
YSGKEY2EY SGKat +O8GFGS M MY Mite confdufchsy aHitersoll G K& £ |
(119 mg, 69%); m.p. 149155°C R 0.36 (19 methanol: ethyl acet&); Ana/cm<! (thin film) 3295

2931, 1640, 1555, 1510, 1456, 1414, 1355, 1222, 1156, 10964 73400 MHz, CD¢}] 7.15¢ 7.09
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(2H, m, AH), 7.07¢ 6.97 (2H, m, Af), 6.39¢ 6.28 (1H, br dJ= 9.5 Hz, N), 4.86 (1H, dJ= 16.7 Hz,
0.5 x Ar€h), 4.54¢ 4.46 (1H, m, 0.5 xHG), 4.38 (1H, dj= 16.7 Hz, 0.5 x Arg), 3.81¢ 3.70 (1H, m,
0.5 x €h), 2.91¢ 2.74 (3H, m, 1.5 xHp), 2.61¢ 2.39 (2H, m, By), 2.30¢ 1.99 (2H, m, B), 1.66¢ 1.31

(6H, m, 3 x By), 1.28¢ 1.06 (1H, m, 0.5 x I&); 1 ¢ (100 MHz, CD$I175.9 0), 170.3 @), 162.4
(ArCF, ke= 246.5 Hz), 132.3 Br*ke= 3.3 Hz), 128.2(x AICH,3ke= 8.0 Hz), 116.2(K AICH, 2k¢=

21.6 Hz), 51.30H,), 41.0 OHy), 39.3 (Hy), 35.3 OHb), 32.5 (Hy), 27.4 OHy), 25.7 (Hy), 24.0 OHy),

22.3 OH); 1 (282 MHz, CD$§)¢114.48 (1F, m, &; HRMS (ESI): calcd. farkBsFNNaQ, 329.1636.
Found: [MNa], 329.1639¢0.9 ppm error).

4-Acryloylthiomorpholin-3-one (16a)

O O

Ao

s/
A stirring solution of thiomorpholir8-one (56.2 mg, 0.4Bmmol) and DIPEA (0.21 mL, 1.20 mmol) in
THF (1.9 mL) was cooled t6®. To this was added £0 cooled solution of acryloyl chloride (280
mL, 0.96 mmol) iTHF (0.9 mL) dropwise. Under an argon atmosphere this mixture was stirré€at 0
for 3 hours. Afterwards it was allowed to warm to RT and stirred for a further 2 hours. The reaction
mixture was then quenched with sat. ag. X (5 mL), extracted with £ (5 mL), then the organic
layer washed with washed with sat. ag. NaH@@Dx 5 mL). The organic extracts were dried over
MgSQ and concentratedn vacuo Purification by flash column chromatography (SiD1 diethyl
ether: hexangafforded thetitle compaundas a colorless oil (37.9 mg, 46%)0).R1 (1:1 diethyl ether:
KSE I yhdcmsE (thin film) 1707, 1684, 1405, 1369, 1334, 1274, 1244, 1198, 1163, 1124, 1021, 977,
869, 7941 1 (400 MHz, CD§)7.16 (1H, ddJ =16.9, 10.4Hz, NCOIC | | QU ¥ dd7169,4.Mm! = R
Hz, NCOCHEL QU0 = p ®y=M0.4 M7 Hz, NRGRCHCOB4.22¢ 4.16 (2H, m, SGEN), 340(2H,
s, GLCON),2.99 ¢ 2.94 (2H, m, SECHN); { ¢ (100 MHz, CD§1170.3 QO), 167.9 O), 131.2
(NC@ / I | QU INC@CHN IPQ 0 X SCrMP31.5 CH.CON, 26.0 8CH.CHN); HRMS (ESI):
calcd. for @HNNaQS, 194.0246. Found: [MNa]l94.0248¢1.1 ppm error).
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tert-Butyl 4-acryloyt5-oxo-1,4-diazepanel-carboxylate(16b)

To a stirring solution dert-butyl 5-oxo-1,4-diazepanel-carboxylateg642.8 mg, 3.0 mmol) in dry THF
(11 mL) cooled to 6C was added a solution of MeMgBr (3.0 M in diethyl ether, 1.lvimdyopwise
addition using a symge pumpover30min. The reaction mixture was allowed to stir for 10 min 4€0
after addition was completed. Acryloyl chloride (03®L, 4.5 mmol) was then added in a single
portion and the reaction mixture was stirred for an additional 30 min at DR€.reaction mixture was
then quenched with sat. ag. N@I (10 mL) and the mixture was extracted withCE{15 mL). The
organic layer was washed with sat. ag. Nakl(@0x 10 mL), and organic extracts dried over MgSO
and concentratedn vacuo Purification by flash column chromatography (SiR)1 diethyl ether:
hexane) afforded thditle compoundas colourless liquid (676 mg, 84%);05 (ethyl acetate);
Anadcmt (thin film) 2979, 1685, 1366, 1329, 1245, 1165, 1116, 1042, 9574 #9500 MHz, CDEI
do Y6.84 (ddJ=16.8, 10.3 Hz, INCO&/ | ), &25 (dtJ=2.0, 16.9 Hz, INCOEICH X5.64 (dt,
J=2.0, 10.4 Hz, 1MICOEICH )23.95¢ 3.87 (m, 2H, B), 3.60¢ 3.55 (M, 2H, B), 3.54¢ 3.49 (m,
2H, Gh), 2.79¢ 2.70 (m, 2H, B,), 1.36 (s, 9H, 3 x OB, { ¢ (100 MHz, CD&H, 503 ): 175.7(Q0),
168.4(C0), 154.6(C0), 131.4NC@HA | QAPB.8(NCAHA | B0.7 (COO), 47.2(CHy), 44.0(CHy),
41.3 (2 xCH), 28.4 (3 x OQHs); HRMS (ESI): calcd. foHBoNNaQ, 291.1315. Found: [MN3g]
291.1319€1.3 ppm error).

tert-Butyl 4-acryloy}t3-oxopiperazinel-carboxylate(16c)

To a stirring solution dkrt-butyl 3-oxopiperazinel-carboxylate (401 mg, 2.00 mmol) in dry THAB (
mL) cooled to OC was added a solution of MeMgBr (3.0 M in diethyl etbet3 mL)via dropwise
addition using a syringe pungver30min. The reactiormixture was allowed to stir for 10 min at’G
after addition was completed. Acryloyl chloride283 mL,3.00 mmol) was then added in a single
portion and the reaction was stirred for an additional 30 min &0The reaction was then quenched
with sat.aq. NHCI (15 mL) and the mixture was extracted witbCEL5 mL). The organic layer was
washed with sat. aq. NaHE@ x 15 mL), and organic extracts dried over Mg&®@ concentratedn

vacua Purification by flash column chromatography ($SiCL diethyl ether hexang afforded thetitle
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compoundasa colourlessoil (361 mg, 71%);R 0.16 (:1 hexanediethyl ether); Ana/cm<t (thin film)

2977, 1685, 1616, 1406, 1389, 1365, 1303, 1243, 1160, 1131, 1097, 1021, 974, 919, 864, 795, 769,
608, 5273 1 (400 MHz, CDg)I7.13 (1H, ddJ =16.9, 10.4 Hz, NCBIC | | QU X ¢ OA16.9,dMm| X3 RRZ
Hz, NCOGOH X25.79 (1H, dd)= 10.4, 1.7 Hz, NCBGHH(, 4.21 (2H, s, N(BodjgCON), 3.89¢ 3.84

(2H, m0), 3.65¢ 3.58 (2H, m, B;), 1.45(9H, s, 3 CHs); 4 c(100MHz, CDE)168.8(C0), 168.0(C0),
153.7(t-Bu0-Q0),131.1(NC@H | I, IBO.2NCE@HI | @130, 49.3 ((H), 423 (OHy), 41.7 CHy),

284 (3 x CHs); HRMS (ESI): calcd. fortGsNNaQ, 277.1159. Found: [MN§]277.1156 (1.0 ppm

error).

1-Acryloyl-6-allylpiperidin-2-one (16)

To a stirringsolution of Gallylpiperidin2-one (18 mg, 0.903 mmol) in dry THF (3.6 mL) cooled G 0
was added a solution of MeMgBr (3.0 M in diethylext 0.37 mLyiadropwise addition using a syringe
pump over 30 min. The reaction mixture was allowed to stir for 10 min &€ Gafter addition was
completed. Acryloyl chloride (1.22 mL36 mmol) was then added in a single portion and the reaction
mixture was stirred for an additional 30 min at@. The reaction mixture was then quenched with sat.
ag. NHCI (15 mL) and the mixture was extracted withCE{L5 mL). The organic layer was wadh
with sat. ag. NaHCG@2 x 15 mL), and organic extracts dried over Mg&t@ concentratedn vacuo
Purification by flash column chromatography ($i0:1 diethyl ether hexang afforded the title
compoundasa colourlessoil (73.3mg, 42%);R 0.25 (1:1 hexanediethyl ether); Ana/cms? (thin film)
3211, 3077, 2944, 1664, 1448, 1406, 1347, 1309, 1209, 1167, 996, 916, @& MHz, CD¢€)I6.79
(1H,dd,J=16.8, 10.3 HNCOE= | | 628 gH,dd, J = 16.8, 1.8 HICOE=CHI X25.71 (LH,dddd,
J=17.1,10.2, 8.2, 6.1 H4CHCKH=CH), 5.64 {H,dd, J = 10.3, 8 Hz,NCOE=CHI Q5.11 ¢5.01
(2H,m, NCHCHCHOH,), 4.5 ¢ 4.46 (1H,m, NGHCHCHOH,), 2.61¢ 2.42 (3H, m, 1.5 CHy), 2.19 (1H,
dddt, J= 13.7, 10.1, 8.2, 0.9 HZ5x (H,), 2.00¢ 1.87 (2H, m, B), 1.83¢ 1.68 (2H, m, B); ¢ (100
MHz, CDG) 1743 (Q0), 1691 (Q0),134.0(NGHCHCHCOH,), 1319 (NC@H/ | |, 23.7(NCQ@HI | Q0 X
118.1(NCHCHCHCH,), 532 (NCHCHCHCH,), 378 (CHy), 343 (), 248 (OHy), 169 (OH); HRMS (ESI):
calcd. for GHisNNaQ, 216.0995. Found: [MNg]216.0996¢0.3 ppm error).
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(1SR4Rg-2-acryloyt2-azabicyclo[2.2.1]hepb-en-3-one (16)

Acryloylchloride (0.®0mL, 3.45 mmol), BN (0.48 mL,3.40 mmol) and MAP(30mg, 0230 mmol)
were added to a solution oflSR4IR)-2-azabicyclf.2.1]hept5-en-3-one (249 mg, 2.30 mmol)in
DCM(11 mL) under argon at 0 °C. The reaction mixture was stirrdiTafior 18 hAfter this time, 0.5

M ag. HCI was adde@l5 mL) The crude reaction mixture was washed wstit. ag.NaH©s (15 mL)
and sat. ag.NaCl {5 mL)and the organic layer dried witMgS0; and concentratedin vacuo
Purification by flash column chromatography ($i@1 diethyl ether hexane) afforded thditle
compoundas acolourlessoil (63.8mg, 17%);R 0.28 (1:1 hexanediethyl ether); Ana/cm<? (thin film)
1734,1672, 1619, 1405, 1327,1236, 1174, 1146, 1066, 968338,4795, 758, 694, 598; (400 MHz,
CDG) 7.28 (LH, ddJ=17.1,10.4 Hz, NCABCI | Q0 X c¢ ®I=&.3,&.4 0.8 HzZR KRE2 ¥1H, ddd,
J=5.1, 3.2, 1.5 Hz), 6.44 (1H, ddk 17.1, 19 Hz, NCOCHC Q0 = p ®T1IF 104M1.SHzZ,RR T
NCOCHAHR5.29 (1H, ddt)= 4.1, 2.5, 1.6 Hz), 3.42 (1H, ddi¢, 3.2, 2.3, 1.5, 0.7 Hz), 2.30 (1H, dt,
J=8.7, 1.8 HA).5x (H,), 2.19 (1H, dt)= 8.7, 1.5 HA).5x CHy); 1 (100 MHz, CD§L77.5 QO), 164.7
(C0), 140.5CH), 138.1(H), 130.7 (NCOTH,), 128.7 (NCCHCH), 60.5 (H), 54.7 (H), 54.5 OH);
HRMS (ESI): calcd. feHINNaQ, 186.0525. Found: [MNg]186.0527¢0.7 ppm error).

4aR 4bS6aS5759aS9bS 11aR)-1-Acryloy-N-(tert-butyl)-4a,6adimethyl-2-0xo0-2,4a,4b,5,
6,6a,7,8,9,9a,9b,10,11,1@tradecahydro1H-indeno[5,4f]quinoline-7-carboxamide(16f)

To astirring solution of finasteride (125 mg, 0.335 mmed DIPEA)(14mL,0.84mmol) in THF1(3
mL) was cooled to 8C. To this was added &0 cooled solution of acryloyl chloride@®3mL,0.67
mmol) in THFQ(3 mL) dropwise. Under an argon atmosphere this mixture was stirred°at for3
hours. Afterwards it was allowed to warm to RT and stirred for a fuieurs. The reaction mixture
was then quenched witkat. aq.NH,Cl (15 mL), extracted with ED .0 mL), then the organic layer
washed with washed witkat. ag.NaHC®(2 x 15 mL). Therganic extractsvere dried overMgSQ

and concentratedin vacuo Purification by flash column chromatography ($i®1 hexane:ethyl
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acetatelh1:1 hexane ethyl acetatg afforded thetitle compoundas acolourlessoil (89.3mg, 62%);

R 0.63 (ethyl acetatd; Ana/cm<! (thin film) 3365, 2966, 2940, 2243, 1665, 1619, 1517, 1451, 1391,

1363, 1334, 1302, 1287, 1254, 1196, 1170, 1155, 1125, 1088, 1054, 975, 914, 867, 821, 729,

646, 6002 1 (400 MHz, CDg)16.94 (1H, dJ =10.0 HZCHCHCONCOCHC QU = ¢ d@+#170,m1 = RR
10.2 HzCHCHCONCEBGH QU X ¢dbHF 1706, b HCHCHCONCEBGH QU X p dIy=m o wmI X
10.0 HZCHCHCONCQOEHI Q 06Z (1hb, dd,J=10.2, 1.5 HCHHCONCOEH R5.12 (1H, s, N,

3.62 (1H, dddJ= 12.2, 3.5, 1.5 Hz), 2.41 (1H, 3d,13.3, 3.6 Hz), 2.162.03 (1H, m)2.03¢ 1.89 (2H,

m),1.78¢ 1.57 (4H, m)1.50¢ 1.33 (3H, m)1.30 (9H, s, CONG{£]), 1.27¢ 1.15 (2H, m, B,), 1.09¢

0.87 (6H, m)0.66 (3H, sGH); 1¢ (100 MHz, CDG) 171.68 QO), 171.66 @O), 166.5 QO), 153.4
(CHCHCONCOCHgH 133.6 CHCHCONG®MCH), 128.1 CHCHCONGOGICH;), 122.6
(CHOHCONCGCHCH), 65.1 (H),57.4 CH),55.6 (H),51.1 (NMICH)s3), 47.9 (H),43.8 ©), 40.0 ©),

38.4 (OH), 35.0 CH),29.9 CHy), 29.1 (NHO(CHs)s), 24.2 CH), 23.6 OHy), 23.4 OHp), 21.4 OHy), 13.4

(CHs), 13.3 OHs); HRMS (ESI): calcd. fortBsNaNaQ, 449.2775. Found: [MN§]449.2779¢1.0 ppm

error).

4-(4-Auorobenzyl}1,4,8thiadiazecane3,7-dione (17)

vx@

To asolution of 4acryloylthiomorpholir3-one 16a(37.9 mg, 0.222 mmol) in dry methanol (0.44 mL),
was added 4luorobenzylamine (28iL, 0.244 mmol) in aingleportion. The reaction mixture was
allowed to stir for 4 h at RT and then the solvent was remamegcuo Purification by flash column
chromatography (SiQ11S G K&t | OS i RYInS YS (KSeEEF vISOSH I 6 SY KISE |
methanol: ethy I OSGPANVS il vi¥t Y SO KEYS KIS taYS b Kid ¥

- <
o ¥
(s}

o o

methanol: ethyl acetate) afforded thiitle compoundasa colorless 0i(48.2mg, 73%) In solution in
CDGJ this compound exists as a mixture of 2 rotameric forB2 Katio, best seen in thé’F NMR).
The!H NMR spectrum is difficult to interpret due rotameric broadening, even when recorded°&t 80
in de-DMSQ with product identity and purity best determined usifC NMRdata, R 0.11 (1.9
methanol ethyl acetat; Aa/cm<! (thin film) 3299, 2928, 16281553, 1509, 1413, 1359, 1222, 1156,
1098, 826, 731, 5003 (400 MHz, ¢ DMSO, 80C),8.00 (1H, br s, N), 7.36¢ 7.22 (2H, m, Ad), 7.20

€ 6.99 (2H, m, Af), 5.09¢ 4.17 (2H, m, B,), 3.80¢ 2.61 (8H, m, B,), 2.44¢ 2.07 (2H, m, By); 1 (100
MHz, CDg), 172.3 (O, majorrotamer), 172.0 GO, minorrotamer), 171.4 QO, minor), 170.7C0,
major), 162.5 (ATF, ks = 246.5 Hz, minor, [overlapping]), 162.4 @Ariks = 246.5 Hz, major
[overlapping]), 133.0 (A& “Xr= 3.1 Hz, minor), 132.1 @r*kr= 3.1 Hz, major), 130.2 & ArCH, 3%
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= 8.0 Hz, minor), 128.2 (x ArCH, 3kr= 8.2 Hz, major), 116.2 (x ArCH, 2kr= 21.7 Hz, major,
[overlapping]), 115.92 x ArCH, 2kr= 21.7 Hz, minor [overlapping]), 52.@, major), 48.6 (Hs,
minor), 45.3 CHz, minor), 43.2 ¢Hz, minor), 42.4 ¢H,, major), 39.5 (H;, major), 36.9 (H,, minor),
35.4 (H, major), 34.8 @, major), 34.5CH,, minor), 32.4 CH,, major),30.8 CH,, minor);4 ¢ (282
MHz, CDG)J¢114.11 (1F, m, Arfninor rotame), ¢114.13 (1F, m, Arfmajor rotamer); HRMS (ESI):
calcd. for &@H;7/FNNaQsS, 319.0887. Found: [MNaB19.0891¢1.4 ppm error).

tert-Butyl 8-(4-fluorobenzyl}5,9-dioxo-1,4,8triazacycloundecane-carboxylate(17b)

b ﬂf@

To a solution ofert-butyl 4-acryloyt5-oxo-1,4-diazepanel-carboxylateléb (268 mg, 1.00 mmol) in

dry methanol (2.0 mL), was adddelurobenzylamine (1> X wmMdmn YY2ft 0 They | aA)
reaction mixture was allowed to stir for 4 h at RT and then the solvent was remavedcuo

Purification by flash column chromatography (SiO SG K&t | OSGlFr 4GS ™ mYmn YSi
afforded the titte compoundas a colourless oil (370 mg, 9496) solution inCDGJ, this compound

exists as a mixture of 3 rotameric forms (28:5:1 ratio, based o*th&lMR data). ThiH NMR and

13C NMR spectra are both affected by rotameric broaden&ggn when recorded at elevated
temperaturesRn ®H H 0 S (i K @ufemSH(tairsfilm) IB&)2975,2932, 1644, 1509, 1409, 1365,

1222, 1165, 919, 731, 592; (400 MHz, DMS@s at 503 ):1 T ® b db H)o 735¢ 7.05 (18, 4Hh, Ph

CH), 4.89¢ 4.12(m, 2H, NEPh), 3.7G; 3.36 (M, 4H, 2 xH), 3.25 (d,J= 9.9 Hz, 2H,Hp), 3.19¢ 3.07

(M, 2H, €b), 2.66¢ 2.03 (M, 4H, 2 xHB), 1.42 (s, 9H, 3 xHB); 1 ¢ (125 MHz, DMS@s at 903 ): 175.4

(00), 171.8Q0), 161.9 (PIOF, \kr= 243.0 Hz), 155.€0), 134.8 (PiT), 130.1 (PHCH, 3k¢= 7.5 Hz),

115.5 (PHCH, 2kr= 23.0 Hz), 79.1 (C@OH3), 48.6 (H,Ph), 47.1QH,), 45.2 (Hy), 44.1 (Hy), 38.5

(OH), 36.1 ), 31.7 CHh), 28.7 (3 >Grk); Diagnostid®C NMRresonancedor the minor rotamer:

171.3 O), 79.6 (COQCH), 28.6 (3 >(Hs); 1 (376 MHz, DMS@s at 503 ), 3 rotamers in a 28:5:1

ratio: ¢115.46 (1F, m, &4,¢115.89 (1F, m, & major rotamer), 16.26 (1F, m, &A; HRMS (ESI): calcd.

for GoHsFNINaQ,, 416.1956. Found: [MNg]416.1959¢0.6 ppm error).
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tert-Butyl 1-(4-fluorobenzyl}2,8-dioxo-1,4, -triazecane4-carboxylate (1€)

0
HNJ\AN
N8N, SN
Boc

To asolution oftert-butyl 4-acryloyt3-oxopiperazinel-carboxylatel6c (128 mg, 0.503 mmipin dry

methanol (1.0 mL), was addedfldiorobenzylamine (63.L, 0.553 mmol) in aingle portion. The

reaction mixture was allowed to stir for 4 h at RT and then the solvent was remavedcuo

Purification by flash column chromatography (SID1S G K&t | OS i [2il 8ty akefate:lr y S T
KSEIFIYS T SGKaIYSHIKI 2SS MBimeYsSirkdyu2tiys Spre | O0Si
methanol: ethyl acetate) afforded thtle compoundasa white solid {58 mg, 83%) In solution in

CDG] this compoundkxists as a mixture &rotameric forms 20:5:4 ratio, best seen in thé’F NMR)

m.p. 169¢172°G R 0.18 (1:9 methanot ethyl acetatg; Ana/cm<! (thin film) 2977, 1652, 1510, 1405,

1366, 1222, 115910, 832, 728, 646, 4981 and*C NMR data for the major rotamer, (400 MHz,

CDG) 7.19¢ 7.10 (2H, m, Ad), 7.07¢ 6.96 (2H, m, M), 5.74¢ 5.64 (1H, m, N), 5.11 (1H, d)= 16.3

Hz, €h), 5.03 (1H, d= 14.2 Hz, &), 4.28¢ 4.04 @H, m, €), 3.79¢ 3.70 (1H, m, B,), 3.27 (1H, d,

J=14.2 Hz, &), 3.11¢ 2.69 (4H, m, B,), 2.52¢ 2.39 (1H, m, B,), 1.5L (9H,s, 3 x CHs); 4 ¢ (100 MHz,

CDG) 172.7 (0), 170.8QD), 155.2@0), 162.4 (ATF,"kr= 246.3 Hz), 132.7 @rkr= 3.5 Hz), 128.9

(2 X ArCH, 3= 7.9 Hz), 115.@ & ArCH,2k¢= 21.3 Hz), 81.5 (qu@), 52.3 CHy), 51.7 CHy), 49.3 CHy),

41.6 OH), 38.9 (Hy), 35.2 OHy), 2835 (3 x OHb); 4 ¢ (470 MHz,CDGJ), ¢113.85 (1F, m, Arfninor
rotamer),¢114.36 (1F, m, Ariminor rotamej, ¢114.87 (1F, m, Armajor rotamer); HRMS (ESI): calcd.

for GoHesFNNaQ, 402.1800. Found: [MNgJ402.1808¢2.1 ppm error).

Characteristic NMR data for the minor rotamers can be founda400 MHz, CD¢14.69 (1H, dJ=
14.3 Hz, 8,), 3.52 (1H, dJ= 14.3 Hz, 1), 1.46 (9H, s, 3 xHg), 1.37 (9H, s, 3 xHx)T (100 MHz,
CDG) 172.0 0), 130.22 x ArCH, 3k¢= 8.3 Hz), 128.2( ArCH, *ke= 8.3 Hz), 116. 2 ArCH, 2kr=
22.9 Hz), 42.30), 41.3 CHy), 38.7 (Hy), 34.9 CHy), 28.42 (3x CHy).

10-Allyl-5-(4-fluorobenzyl)1,5-diazecane2,6-dione (1'H)

0]

HNJ\AN

To asolution of Xacryloyt6-allylpiperidin2-one16d (73.2mg,0.379mmol) in dry methanol (G6mL),
was added 4luorobenzylamine 48 uL, 0417 mmol) in asingleportion. The reaction mixture was

allowed to stir for 4 h at RT and then the solvent was remamedicuo Purification by flash column
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chromatography (SiQ11S i Kéf I OSGikuSSIKSEEIYS8SiH iSY KIEL Yy S
YSUKFy2tY SIK¥SIKOEAE ¥ SS (6 mdtharolOethiibicafat) affeyded Yhe

title compoundasa white solid 88.3mg, 73%) In solution iNCDGJ, this compound exists asaixture

of 2 rotameric forms (12:1atio, best seen in thé’F NMR)m.p. 195198 °C R 0.46 (1:9 methanot

ethyl acetatg; Ama/cm®! (thin film) 3287, 2933, 1621, 1552, 1509, 1414, 1361, 1221, 1157, 1096, 994,
915, 810, 729, 645, 600, 488 and*C NMRdata for the major rotameri 4 (400 MHz, CDg)I7.34¢

7.23 (2H, m, Ad), 6.99(2H, t,J= 8.5 Hz, Af), 5.68 (1H, ddt)= 17.3, 10.4, 7.1 HzHCH;), 5.10¢ 4.90

(3H, m,CHCH, andNH), 4.82 (1H, dJ= 14.5 Hz, &), 4.34 (1H, dJ= 14.5 Hz, &), 4.05¢ 3.84 (2H,

m, G), 3.26 (1H, dt)= 15.6, 3.8 Hz,H5), 2.69¢ 2.56 (1H, m, By), 2.24¢ 1.92 (6H, m, B), 1.71¢

1.53 (2H, m, By), 1.42¢ 1.28 (1H, m, B); 1 ¢ (100 MHz, CDGJ173.9 (0), 170.3Q0), 162.4 (ATF,

1kr= 246.7 Hz), 134.1 Brkr= 3.5 Hz), 134.G0HCH), 1301 2 x ArCH,3k¢= 8.1 Hz), 118.1 (CHy),

115.9 @ x ArCH, 2ke= 214 Hz), 49.2 (CONMHCHCHCH]), 49.0 CHy), 45.5 OHy), 41.0 (Hy), 37.8 (H),

31.0 (Hy), 28.0 CHp), 23.3 (Hy); 1 £ (282 MHz, CD$) ¢114.15 (1F, m, ArFAnajor rotamer), ¢114.15

(1F, m, ArFninorrotamer); HRMS (ESI): calcd. fagkBsFNNaQ, 341.1636. Found: [MNg]341.1643
(¢2.0 ppm error).

Characteristic NMR data for the minor rotamers can be found:g#00 MHz, CD§17.14 ¢ 7.09(2H,
m, AH), 4.75 (1H, dJ= 16.3 Hz0H,), 4.26 (1H, dJ= 16.3 HzCH)T (100 MHz, CD§I176.4 QO),
134.5 CHCH), 128.5 2 x ArCH, 3k¢= 8.1 Hz), 117.7 (CH,), 115.87 2 x ArCH, 2kr= 21.4 Hz)50.2
(CHp), 41.7 OHy), 40.2 CHb), 36.0 (Hy), 35.2 OHb), 32.5 OHy).

(1SR8SR-6-(4-fluorobenzyl)2,6-diazabicyclo[6.2.1]Junde®-ene-3,7-dione (1&)

To a solutiorof (1SR4SR-2-acryloyt2-azabicyclo[2.2.1]hepb-en-3-one 16e (63.8 mg,0.391 mmol)

in dry methanol (08 mL), was added-fluorobenzylamine49 pL, 0430 mmol) in asingleportion.

The reaction mixture wasllawed to stir br 5 h atRT and then the solvent was removiedvacuo
Purification by flash column chromatography (SiD1 S G K& t | OS i I3il $thyl akefate:l vy S
title compoundas an off-white solid 8.7 mg, 88%);m.p. 125¢131 °C R 0.19 (1:9 methanot ethyl
acetate); Ama/cmst (thin film) 3277, 1627, 1605, 1509, 1413, 1348, 1320, 1220, 1157, 1097, 1049, 992,
965, 910, 841727, 645, 550, 494, (400 MHz, CDg)I7.21 ¢ 7.14 (2H, m, AlH), 7.00(1H,d, J=6.9 Hz

NH), 6.98¢ 6.91 (2H, m, AH), 6.15 (1H, ddd)= 5.5, 2.9, 1.4 Hz, CH=CHCH)5.84 (1H, dtJ=5.3, 2.5
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Hz, CHCH#CH) 4.61 (1H, d,J= 14.4 Hz0.5x CHy), 4.48 ¢ 4.39 (1H, m,CHCH=CHCH,36 (1H, d,J
= 14.4 HZ0.5x OHp), 4.01¢ 3.89(2H, m, 0.5¢ Oy, andCHCH=CHCH3,36 (1H, dtJ= 16.6, 7.3 HA.5
x CHy), 2.75 ¢ 2.50 (3H, m, 1.5 CHy), 2.31 (1H, ddd)= 14.7, 7.4, 5.6 Hz, Dx CHy); 1 ¢ (100 MHz,
CDG) 174.7 (0), 171.9QD), 162.3 (AGF,‘kr= 246.3 Hz), 134.9 (CH=CHCH), 133.8 (CHCHEH,
CH), 133.0 (AT, “kr= 3.3 Hz), 130.12(x ArCH, 3k¢= 8.1 Hz), 115.0(x ArCH, 2k¢= 21.5 Hz), 58.8
(CHCH=CHCH), 54.7 (CHCHE:G}51.7 QHb), 40.4 OHb), 38.6 OHb), 30.1 OHb); 4 £ (282 MHz, CDg))
¢114.48 (1F, m, ArRRMS (ESI): calcd. fagkBFNNaQ, 311.1166 Found: [MNa]} 311.1169(c0.7

ppm error).

(8aR 8bS108511S13a513bS 15aR Z)N-(tert-Butyl)-5-(4-fluorobenzyl)8a,10adimethyl-2,6-dioxo-
2,3,4,5,6,8a,8b,9,10,10a,11,12,13,13a,13b,14,15;@8@mdecahydrelH-
cyclopenta[5,6]naphtho[2,3f][1,5]diazecinell-carboxamidetrione (17f)

To a solution of 4aR4bS6aS7S9aS9bS11aR)-1-acryloyiN-(tert-butyl)-4a,6adimethyl2-oxo-
2,4a,4b,5,6,6a,7,8,9,9a,9b,10,11, tbtradecahydrelH-indeno[5,4f]quinoline-7-carboxamide 16f
(89.3mg,0.209mmol) in dry methanol (@d2mL), was added-fluorobenzylamineZ6 L, 023 mmol)

in a single portion. The reaction mixture waldowed to stir for 4 h at RT and then the solvent was
removedin vacuo Purification by flash column chromatography (iO mYmM SGK&f | OSi
ethyl acetate) afforded théitle compoundasa white crystallinesolid 83.5mg, 77%);m.p. 226¢229

°G R 0.12 (ethyl acetat®; Ana/cm<? (thin film) 3319, 2934, 1632, 1542, 1509, 1452, 1414, 1365, 1222,
1157, 910, 821, 729, 645, 53%; (400 MHz, CD§I7.29 (2H, ddJ= 8.6, 5.5 HZArH), 7.02 (2H, tJ=

8.6 HzArH), 6.03 (1H, dJ= 13.4 Hz=CH), 5.48¢ 5.42 (1H, m, N),5.39 (1H, dJ= 13.4 Hz=CH), 5.07
(1H, s, W), 4.97 (1H, dJ= 14.1 Hz, Ali), 4.15 (1H, dJ= 14.1 HzArCH), 3.84¢ 3.67(2H, m,CHy),
3.32¢ 3.22(1H, m,CHy), 2.28¢ 1.96 (4H, m), 1.90¢ 1.60(7H, m), 1.53¢ 1.36(3H, m), 1.33 (9H, s,
CONC(Bs)3), 1.27¢ 1.16(2H, m),1.12¢ 0.95 (2H, m, [overlappingH}, 1.06 (3H, s,k&,[overlapping],

0.66 (3H, s, I&); 1 (100 MHz, CDg1172.3 0), 171.8Q0D), 169.900),162.5 (ACF, kr= 246.6 Hz),
143.3 CH), 133.1 (AT, “ke= 3.2 Hz), 130.2( ArCH, 3k¢= 7.9 Hz), 125.4(), 115.97 x ArCH, 2%¢=

21.3 H}, 576 (CH),55.8(CH),53.8(CH),53.6(CH), 51.2(quatC), 48.4(CHy), 47.2(0), 47.0(CHy), 44.1

(O, 388 (CHy), 37.8(CHy), 339 (CH), 30.2(CHy), 292 (NHI(CH)s), 26.6 (CHy), 24.3(CHy), 24.0 CHy),

21

[j

N



23.2(CH,), 13.3(CHs), 125 (CHb); L ¢ (376 MHz, CDG), ¢113.99 (1F, m, ArF)HRMS (ESI): calcd. for
GesHasFNNaQ, 574.3415 Found: [MNa] 574.3431(¢2.8 ppm error).

1-Methacryloylpiperidin2-one (18a)

o O

ORY

Me

To a stirringa 2 £ dzii Avalgfolagam (300 mg, 3.03 mmol) in dry THF (11.0 mL) cooletCtovas
added a solution of MeMgBr (3.0 M in diethyl etherl@mL)via dropwise addition usin@ syringe
pump over 30 min. The reaction mixture was allowed to stir for 10 min &€ Gafter addition was
completed.Methacryloyl chloridg0.436 mL,4.50 mmol) was then added in a single portion and the
reaction mixture was stirred for an additional 30 min &E0The reaction mixture was then gquenched
with sat. aq. NECI (0 mL) and the mixture was extracted with,@t(L5 mL). The organic layer was
washal with sat. ag. NaHG@2 x 10 mL), and organic extracts dried over Mg@a@d concentratedn
vacua Purification by flash column chromatography (SIOL diethyl ether: hexane) afforded thide
compoundas awhite solid (237 mgd7%);m.p.33¢39°C R 0.21 (1:1 hexane: diethyl eth@r Ana/cm¢

1 (thin film) 2953, 1677, 1455, 1387, 1324, 1288, 1268, 1196, 1173, 1148, 1111, 1093, 994, 918, 822,
787, 558;1y (400 MHz, CD§I5.20 (1H, app hJ =1.0, NCOC(GHHI Q5.15¢ 5.13 (1H, m,
NCOC(CHCH Q3.65¢ 3.57 (2H, m, Ni&), 2.51¢ 2.43 (2H, m, B,.CON), 1.9% 1.92 GH, m,
NCOC(Bs0 / | | Qg3.81M4Bly g, 2 xH); 4 ¢ (100 MHz, CDG) 175.8 0O), 173.3 QO), 142.8
(NCA@CHO / || QX wmmzdGbh Qo b /GH)p 36 CHCON), 22.60H), 21.3 (Hy), 18.9
(CHs); HRMS (ESI): calcd. feHENNaQ, 190.0838. Found: [MNg]190.0841¢1.3 ppm error).

(B-1-(But-2-enoyl)piperidin-2-one (18b)

O O

¢ 2 | &id A NNRvgleolagtan (R0 g 3/03 ghfiol)dny THF (11.0 mL) cooled t60 was
added a solution of MeMgBr (3.0 M in diethyl ether, 1.13 maéa dropwise addition using a syringe
pump over 30 min. The reaction mixture was allowed to stir for 10 min &after addition was
completed. Grotonoyl chloride (0.431 mL, 4mmol) was then added in a single portion and the
reaction mixture was stirred for an additional 30 min &30 The reaction mixture was then quenched
with sat. aq. NECI (10 mL) and the mixture was extracted witbkCE(15 mL). Tdorganic layer was
washed with sat. aq. NaH€@ x 10 mL), and organic extracts dried over Mg&®@ concentratedn

vacua Purification by flash column chromatography ¢SiD1 diethyl ether: hexanegfforded an
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impure batch of product (contaminatedithl crotonic acid), that was further purified lgiluting with
EtO (5 mLandwashng with sat. aq. NaHGd3 x 5 mL) Theorganicextractdried over MgS@and
concentratedn vacuao affordthe titte compoundas acolourlesil (96.4 mg19%) Trace impurities
were evident in théH NMR data for this compound, but the purity was deemed sufficient to test the
subsequent CARE reactjdt0.19 (11 hexane: diethyl eth@r Amadcm¢! (thin film) 2951, 1679, 1637,
1445, 1385, 1328, 1290, 1202, 113486, 966, 924, 828, 614; (400 MHz, CD¢)I6.98 (1H, dgJ=
15.2, 6.9 Hz, GAHCHCON), 6.77 (1H, dis 15.2, 1.6 Hz, GEHEICON), 3.7% 3.68 (2H, m, B:N),
2.59¢ 2.51 (2H, m, B,CON), 1.90 (3H, dds 6.9, 1.6 Hz, 1), 1.87¢ 1.81 (4H, m, By); 1 ¢ (100 MHz,
CDG@) 173.9 QON), 169.7QOCHCH(G)), 143.3 (COCHH(CH)), 126.6 (CCHCH(CH)), 44.6 C:N),
35.0 @.CON), 22.74H,), 20.8 CHh), 18.4 (Hs); HRMS (ESI): calcd. faHGNG, 168.1019. Found:
[MNa]*, 168.1021¢1.0 ppm error).

1-(2-Phenylacryloyl)piperidir2-one (18c)

| YA E (-daelacsh (991 mg, 10mmol), DMAP (122 mg, D@nmol), and pyridine (4.86 mL,

60.0 mmol) in dry CkCh (20 mL) under an argon atmosphere was stirred at RT for 30 mins. Next, a
solution of atropic acid chlorid€5 mmol, freshly prepared usiregpublishedmethody in dry CHCb

(20 mL) was added and resulting mixture was refluxed at 56r 18 h. The mixte was then diluted

with DCM (50 mL) and washed with 10% ag. HCI (50 mL), the aqueous layer was then extracted with

DCM (2 x 30 mL) and the combined organic extracts dried over MgiCconcentratedn vacuo

Purification by flash column chromatographyG& nY wm KSElFySYy Sakeét | O0Si

acetate) afforded theitle compoundas a yellow oil (1.55 g, 68%)065 (1:1 hexane: ethyl acetate);
AmaYcm®t (thin film) 2951, 1704, 1674, 1382, 1327, 1288, 1210, 1146, 1090, 996, 904, 775, 697, 595
555, 459: 11 (400 MHz, CD&ti): + 7.33¢ 7.20 (m, 5H, PiEH), 5.55 (s, 1HPhG=CHI }25.48 (s, 1H,
PhG=CHH(, 3.77¢ 3.72 (, 2H, &), 2.35¢ 2.13 (m, 2H, B,), 1.89¢ 1.62 (M, 4H, 2 xHB); 1 ¢ (100

MHz, CDG): 173.2 Q0), 172.2Q0), 147.3 (RC=CH), 136.5 (P¥0), 128.1 (2 x RAH), 127.8 (Ph

H), 126.2 (2 x REH), 116.2 (RC=CH,), 44.8 (Hy), 34.1 (Hy), 22.3 (Hy), 20.7 (Hy); HRMS (ESI):
calcd. for @HisNNaQ, 225.0995. Found: [MNg]252.0994 (0.5 ppm error).
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1-Cinnamoylpiperidin2-one (18d)

O O

To asolution ofcinnamoylchloride (166 g, 10 mmol) in Ci€k (20 mL) were addetliethylamine (4.18
mL, 300YY 2 f 0 -valgfdRactam (119 g, 120 mmol). The reactiomixture was stirred at room
temperature overnight before it waguenched with saturated agueous ME (30 mL) and extracted
with CHCL (2 x 30 mL)The combined organic phases were washed with brine and dried\dg8Q

then the solvent was removedin vacuo Purification by flash column chromatography (Si1

KSEFYySY SiKéet |0SGIGS T pY nitle KopoundaS ¥ whielsdlié 740 OS G |

mg, 33%); m.p: 40423 : Rn dpp OmMYM KSEF yoBnv (tBirifikrd 2951} 169,1674,5 0 T
1617, 1449, 1386, 1332, 1289, 1203, 1154, 1018, 973, 7664 5680 MHz, CD&lf):4 T ®d= O RSZ

15.6 Hz, 1H, CGEECHPh), 7.5 7.50 (m, 2H, PIH), 7.42 (dJ= 15.6 Hz, 1H,GCH=8Ph), 7.3%
7.28 (m, 3H, PIH), 3.85¢ 3.64 (M, 2H, By), 2.58¢ 2.45 (M, 2H, B), 1.94¢ 1.67 (M, 4H, 2 xH);

1 (100 MHz, CD&ti): 173.8 (0), 169.60), 142.9 (PIEH), 135.0 (PiD), 129.9 (COH=CHPh), 128.7
(2 x PRCH), 128.2 (2 x P@H), 122.1 (COCEHPh), 44.5QH,), 34.8 OHb), 22.4 (Hy), 20.5 OHb); HRMS
(ESI): calcd. forifHisNNaQ, 225.0995. Found: [MNg]252.09911.7 ppm error).

5-(4-Huorobenzyl}3-methyl-1,5-diazecane2,6-dione (199

0]
) F

To asolution of Emethacryloylpiperidir2-one 18a(168 mg, 1.01 mmol) in dry methanol (2.0 mL), was
added 4fluorobenzylamine (12@L, 1.11 mmol) in a single portion. The reaction mixture was allowed
to stir for 4 h at RT and then the solvent was removiadvacuo Purification by flash column
chromatography (SiD14S G K&t | OSGIF G4SY KSEIyYS [l ethyivacetatd: K & €
KSEIlyS M SikKéf [|ieRdmpduriisa dolFufieddliZ8.(ng, B®6$HIn solution in
CDG this compaind exists largely as a single rotamer, along \8ithinor rotamers (most clearly
seen in theé®F NMR datg)R 0.36(1:9 methanol ethyl acetatd; Ana/cms? (thin film) 3303, 2932, 1621,
1553, 1509, 1442, 1414, 1350, 1219, 1181, 1157, 1097, 107BER9727, 645, 585, 4B NMR data
for the major rotamer onlyi 4 (400 MHz, CD¢}I17.25¢ 7.19 (2H, m, At), 7.01¢ 6.94 (2H, m, A),
5.46 (1H, dJ= 10.0 Hz, N), 5.00 (1H, dJ= 14.6 Hz, &), 4.16 (1H, dJ= 14.6 Hz, ), 3.90¢ 3.76
(1H, m, €b), 3.65¢ 3.53 (1H, m, B), 2.95¢ 2.77 (2H, m, B,), 2.64¢ 2.52 (1H, m, B), 2.20¢ 2.02
(2H, m, €, [overlapping])2.20¢ 2.10 (1H, m, B, [overlapping]),1.70¢ 1.38 (3H, m, B), 1.00 (3H,
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d,J=6.8 Hz, B);{ c(100MHz, CDE)174.0 0),173.3(00),162.3 (AEF, k= 246.4 Hz), 133.8 (@r
“kr= 3.3 Hz), 129.9 (2 x@t,3kr= 8.1 Hz), 115.8 (2 x@t,%ke= 21.2 Hz), 52.2X1,), 48.9 CHy), 40.5
(CH), 38.9 Hh), 28.1 CHy), 25.8 (Hy), 23.9 (Hy), 13.6 CHs); 1 (376 MHz, CDE), 11425 (1F m,
ArB; HRMS (ESI): calcd. fagkiFNNaQ, 315.1479. Found: [MNg]315.1480¢0.2 ppm error).

Characteristic NMR data for the minor rotamers can be founda400 MHz, CD¢I5.88 (1H, dJ=
10.4 Hz, M), 4.80 (1H, d)= 16.4 Hz, 1), 4.21 (1H, d)= 16.4 Hz, B)T (100 MHz, CD§176.0
(Q0), 174.2(Q0), 132.5 (A, “kr= 3.3 Hz), 128.4 (2 x@i, k= 8.1 Hz), 54.90¢1), 39.95 (H,), 38.8
(CH), 35.4 (Hy), 27.6 (Hy), 25.4 (Hy), 15.1 OHe); 4 £ (376 MHz, CD§k114.55 (1F, m, ArR115.23
(1F, m, ArF)x116.05 (1F, m, ArF)

5-(4-Huorobenzyl}4-methyl-1,5-diazecane2,6-dione (19b)

HNMN

To asolution of(B-1-(but-2-enoyl)piperidin2-one 18b (92.6 mg, 0.554mmol) in dry methanol}.10
mL), was added-fluorobenzylamine {0 pL, 0609 mmol) in a single portion. The reaction mixture
was allowed to stir fod h at RT and then the solvent was remowed/acuo Purification by flash
column chromatography (Si014SG Kef | OSGF GSY KSEIyS mgplethyim SiKEf
acetate: hexandh S Ke f | 49 BétHanblSethyhacatate) afforded thiitle compoundasa
colourlessoil (84.3mg, 72%) In solution inCDGJ, this compound exists as a rougBt2:1 mixture of
rotamers based on the GHsignals in théH NMR spectrumR 0.23 (1:9 methanot ethyl acetaté;
AmaYcm®! (thin film) 3299, 2934, 1607, 1555, 1510, 1463, 1412, 1337, 1221, 1155,808, 731, 501;
14 (400 MHz, CD@)I7.28¢ 6.91(4H, m, AH, all rotamer3, 6.12 (1H, dJ= 10.5 Hz, N, rotamer), 5.93
(1H, d,J= 9.3 Hz, N, rotamer), 5.82 (1H, dl= 15.4 Hz, N, rotamer), 5.46 (1H, d@= 10.7, 6.8 Hz,
CH, rotamer), 4.83; 3.99 (2H, m, B overlapping])4.51¢ 4.41 (1H, m, B, rotamer [overlapping]),
3.90¢ 3.56 (1H, m, B,), 3.50 (1H, dpJ= 10.7, 6.8 Hz,H rotamer),3.22¢ 2.66 (3H, m, B,), 2.41¢
2.29 (1H, m, B),2.21¢ 1.48 (5H, m, B,), 1.22 (3H, dJ= 6.8 Hz, B, majorrotamer), 1.16 (3H, dl=
6.8 Hz, &;, minor rotamer), 1.06 (3H, d]= 6.8 Hz, B, minor rotamer); { ¢ (100 MHz, CDG) where
possible, equivalent signals from the 3 rotamers are grouped in square bradk&ts.7, 176.4, 174.6,
171.8, 170.8and170.7 @ x @O from the 3 rotamers)][162.4 (ACF, ke= 246.0 Hz), 162.0 (BF, L=
246.0 Hz), 161.9 (&F,'kr= 246.0 H3)[135.4 (A€, “kr= 3.2 Hz), 134.2 (Br'ke= 3.2 Hz), 132.6 (Gr
“r= 3.2 HA) [129.4 (2 x ATH,3%¢= 8.1 Hz), 129.15 (2 x@d, 3ke= 8.1 Hz), 129.19 (2 x@t, 3kr=
8.1 Hz), [115.76 (2 x A, 2k¢= 21.5 Hz), 115.73 (2 x@t, 2k¢= 21.5 Hz), 115.57 (2 xGht, 2ke=
21.5 HZ), 57.1 CH), 56.5(H,), 51.8 CH), 46.0CH), 45.4 (Hy), 44.3 OHy), 44.1 (Hy), 43.3 OHy), 42.5
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(GH), 40.2 ), 40.1 OHe), 39.6 OHp), 37.1 (Hy), 35.6 (He), 28.6 CHy), 28.0 OHe), 26.4 (Hy), 25.3
(CH), 25.1 CHy), 24.2 CHy), 24.0 CHy), [21.4 OHb), 19.1 OHb), 18.7 OHB)]; 1 ¢ (8376 MHz, CDg}l ¢
114.14 (1Fm, Ark major rotame}, ¢115.24 (1Fm, Ark minor rotamej, ¢115.32 (1Fm, ArE minor

rotamer); HRMS (ESI): calcd. faskB:FNNaQ, 315.1479 Found: [MNa] 315.1471(2.7 ppm error).

5-(4-Fluorobenzyl)3-phenyt1,5-diazecane2,6-dione (19c¢)

o
o F

To a solution ofl-(2-phenylacryloyl)piperidif2-one (229 mg, 1.00 mmol) in dry methanol (2.0 mL),
was added 4lurobenzylamine (1@ > [ 1.10 mmol) in a single portion. The reaction mixture was
allowed to stir for 4 h at RT and then the solvent was remameghcuo Purification by flash column
chromatography (SiQ1: 1hexaney SG K&t | OSGlF 4GS Iy Sitlekcénipoundd3ad I G S0
colourless oil (196 mg, 55%ih solution iINCDG] this compound exists as a roughly 10:1 mixture of
rotamers Rn ®o n 6 S i KRLemsi(thirilim) 3299 P9B1, 11620, 1508, 1442, 1218, 1155, 1095,
yMcZ TnnZzyu(4puMHZ Cpai)H T 1d®23Hm, 5H, PIAH, both rotamers), 7.227.12 (m,
2H, both rotamers), 7.63%.91 (m, 2H, both rotamers), 6.68.49 (m, 1H, N, major rotamer), 6.26 (d,
J=9.9 Hz, 1H, Nl minor rotamer), 5.17 (dl= 14.6 Hz, 1H,HPh, major rotamer), 4.95 (d=16.2 Hz,
1H, ®&Ph, minor rotamer), 4.25.01 (m, 2H, B, both rotamers), 3.943.35 (m, 2H, B;, both
rotamers), 3.283.10 (m, 1H, B;, both rotamers), 2.962.74 (m, 2H, B, both rotamers), 2.362.12
(m, 2H, €, both rotamers), 1.7% 1.46 (m, 3H, B, both rotamers); 1 ¢ (100 MHz, CD&d) data for
major rotamer:173.8 0), 171.2@0), 162.2 (PICF, kr= 246.4 Hz), 136.5 (RD), 133.5 (P¥C,*kr=
2.7 Hz), 129.7 (PBH 2kr= 8.0 Hz), 128.4 (REH), 128.2 (PitH), 127.5 (PICH), 115.6 (PICH, 2ke=
21.4 Hz), 51.5CHPh), 51.3 (8HPh), 48.5 @), 39.0 CHh), 28.0 CHy), 25.8 CHy), 23.9 (Hb);
Diagnostid*C NMR resonances ftite minor rotamer: 175.9qQ0), 171.9 0), 137.1 (PKO), 132.3(Ph
0O, 128.5 (PHH), 128.5 (PitH), 128.3 (PicH), 127.3 (PRCH), 115.8 (PieH), 115.6 (PigH), 55.0
(CHPh), 52.7 (8H:Ph), 50.1@H,), 40.1 CH,), 35.4 CHy), 27.5 CHy), 25.2 (Hy); 1 £ (376 MHz, CDEI

d): 1114.15 (s, 1F, PR major rotamer)} 114.28 (s, 1F, PR minor rotamer) HRMS (ESI): calcd. for

GiHsFNNaQ, 377.1636. Found: [MNg]377.1635@.1 ppm error).

26



5-Benzytl,5-diazecane2,6-dione (20a)
@)

HNJ\AN

To a solution of dcryloytpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added benzylamine (120L, 1.10 mmol) i singleportion. The reaction mixture was allowed to stir
for 4 h at RT and then the solvent was remoiredacuo Purification by flash column chromatography
(SiQ, 14SGiKet | OSiGFGSY KSElFIYS ™ mYm S @%nethand:&Byli I 4§ SY F
I OS G I {i%metignal ¥thyl acetate) afforded thiitle compoundasan off-white solid 217 mg,
83%) In solution inCDG, this compound exists as a roughy1 mixture of rotamersm.p. 165167

°G R 0.21 (1:9 methanot ethyl acetatd; Ana/cm¢! (thin film) 3293, 2931, 1617, 1559, 1449, 1349,
1204, 1110, 919, 728, 699, 618;(400 MHz, CD¢I7.36¢ 7.25 (5H, m, At), 5.88 (1H, br dJ=9.9
Hz, NH), 4.91 (1H, dJ= 144 Hz, €Il Q4.39 (1H, d)= 14.4 Hz, QHRQ 4.01¢ 3.69 (2H, m, B,), 4.21
(1H, dt,J= 15.6, 3.8 Hz,HB), 2.92¢ 2.80 (1H, m, B), 2.78¢ 2.59 (1H, m, B), 2.25¢ 1.99 (4H, m,
CHy), 1.84¢ 1.43 (3H, m, B,); 4 ¢ (100 MHz, CD@I 174.1 (0), 171.1Q0), 138.2 (AD), 129.1 (2 x
ArCH), 128.3 (2 x &H), 128.0 (ATH), 49.5 (AEH,), 45.4 (Hy), 39.3 OHy), 37.7 (Hy), 28.3 (Hy), 25.9
(CHy), 23.9 OHh); HRMS (ESI): calcd. faskBoN.NaQ, 283.1417 Found: [MNa] 283.1421(¢1.3 ppm

error).

Characteristic NMR data for the minor rotamers can be foundg400 MHz, CD¢I15.94 (1H, br d]
=10.4 Hz, N), 4.32 (1H, dJ= 16.5 Hz, &), 4.22¢ 4.13 (1H, m, B,), 3.00¢ 2.92 (1H, m, B,), 2.42
(1H, dddJ= 12.4, 8.7, 3.5 HEH,)T (100 MHz, CDgI176.4 (O), 171.4@0), 136.7 (AB), 129.0 (2
x AICH), 127.8 (ATH), 126.8 (2 x &H), 54.4 CH,), 42.5 CHb), 40.2 (Hy), 35.2 CHb), 27.4 OHy), 25.1
().

5-Methyl-1,5-diazecane2,6-dione (20b)

To asolution of Xacryloytpiperidin-2-one 11a (154 mg, 1.00 mmol) in dry methanol (2.0 mL), was

added methylamine solution (33 wt% in EtARB6 pL, 1.10 mmol) in a single portion. Treaction

mixture was allowed to stir for 4 h at RT and then the solvent was remiovegicuo Purificationby

flash column chromatography (S0 mYm SiéKeét | OSiGlFGSY KSElFyS M SikKe
I OSGl 4 Sk 2f Y SURESIKOPEL WSStK&tyml OSGI GS h mYd
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M mMmYc YSOKIFIy2tyY SGkKet FOSGlFGS mMytlewdmpourdssa sticky 2 Y S
white paste(118 mg, 64%); In solution inCDGJ, this compound exists as a roughly 7:1 mixture of
rotamers.R 0.19 (1:4 methanot ethyl acetat§; Ana/cm¢! (thin film) 3287, 2933, 1609, 1443, 1401,

1332, 1259, 1198, 1168, 1081, 1033, 729400 MHz, CDg}I6.00 ¢ 5.88 (1H, br m, M, minor

rotamer), 5.80; 5.64(1H, br m, M, major rotamer), 4.1%,3.94 (2H, m, B,),3.81¢ 3.65 (2H, m, B,),

3.33¢3.13 (2H, m, B,), 3.06(3H, s, 63, minor rotamer), 2.983H, s, E;, major rotamer), 2.95 2.83

(2H, m, €h), 2.74¢ 2.53 (2H, m, B), 2.36¢ 2.22 (4H, m, X (H,), 2.14¢ 1.98 (4H, m, X CHy), 1.75¢

1.38 (6H, m, % CHy); 4 ¢ (100 MHz, CDG) 174.1 00), 171.1Q0), 47.9 CH,), 39.5 (Hy), 37.3 CHy),

34.0 OHs), 28.3 (Hy), 25.7 (Hy), 23.8 OHy); HRMS (ESI): calcd. faHGENNaQ, 207.1104. Found:

[MNa]", 207.1101 (1.3 ppm error).

Characteristi¢*C NMR data for the minor rotamers can be foundtat100 MHz, CDgI176.2 Q0),
171.2 00), 44.8 (), 40.1 (Hy), 38.8 (He), 35.3 (OHy), 35.1 CHe), 27.4 OHp), 24.3 (OHy).

5-Cyclopropyil,5-diazecane2,6-dione (20c)

HN)OVNA

To a solution of facryloylpiperidin2-one 11a(153.2 mg, 1.00 mmol) in dry methanol (2.0 mL), was

added cyclopropylamine (62.8 mg ¢ @ H1.16 hmol) in a single portion. The reaction mixture was

allowed to stir for 4 h at RT then the solvent was remoiredacuo Purification by flash column
chromatography (Si,@ mYm SGKeét | OSGFGSY KSEFYS mwmyYpn YSiGK
ethyl acetate) afforded theitle compoundas a colourless oil (189 mg, 90%)solution iNCDG this

compound exists as a roughly 20:1 mixture of rotam@&s.®H M O MY d YSOKIp/BnicY SiKe |
1 (thin film) 3300, 3087, 2929, 1649, 1550, 1442, T324MH T N S  MNAQOMHZ, CHQH)[6.56 1

(s, 1H, M, minor rotamer), 6.01 (d]= 4.0 Hz1H, NH, major rotamer), 4.30 (dtJ= 14.1, 7.2 Hz, 1H,

NCH,, major rotamer), 4.19; 4.09 (m, 1H, Ni&, minor rotamer), 3.94; 3.85 (m, 1H, N, minor

rotamer), 3.79¢ 3.65 (m, 1H, N, major rotamer), 3.3& 3.30 (m, 1H, Ni&, minor rotamer), 3.12

(dt, J=13.5, 7.8 Hz, 1H, Ng major rotamer), 3.0¢ 2.94 (m, 1H, Ni&, both rotamers), 2.84 2.73

(m, 1H, COg;, both rotamers), 2.7@ 2.63 (m, 2H, CO4, both rotamers), 2.52 2.41 (m, 1H, N&,

both rotamers), 2.1% 1.95 (m, 1H, CQ4, both rotamers), 1.8@ 1.75 (m, 2H, B, both rotamers),

1.73¢ 1.56 (m, 2H, B, both rotamers), 1.0@ 0.72 (m, 2H, B, both rotamers), 0.7% 0.53 (m, 2H,

CH,, bothrotamers);t ¢ (100 MHz, CD&tl) forthe major rotamer: 179.0Q0), 171.5@0), 43.8 (lH,),

40.0 (NOHy), 36.0 (COHy), 35.5 (CQOHy), 30.9 (NH), 27.5 CHy), 24.2 OHb), 12.1 CHy), 7.5 OHh); 3C

NMR resonances fathe minor rotamer: 176.0(C0), 171.3 (Q0), 46.6 (MH,), 39.2 (NH,), 38.0
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(CA), 29.6 (CQHy), 29.1 (NH), 25.0 GH), 23.2 GHy), 9.2 CHy), 6.6 CH); HRMS (ESI): calcd. for
GiaHisN2NaQ, 233.1260. Found: [MNg]233.1259 (0.6 ppm error).

5-Isopropytl,5-diazecane2,6-dione (20d)

HN)OJ\ANJ\

To a solution of ‘acryloytpiperidin-2-one 11a(154 mg, 1.00 mmol) in dry DMF (2.0 mL), was added
isopropylamine (95 uL, 1.1@mol) in a single portion. The reaction mixture waswaéld to stir for 4

h at RT and then the solvent was remowedacuqg with dry loading ontdCelite using DCM to aithe
removal ofmost of theDMF. Purificatiorof the crude material loaded onto Celitey flash column
chromatography (Sl S Keéf :LSdIKt & 2MYm S (i Krdethanbl:Ge®yl dcétle ™M MY
M @&methanol: ethyl acetate) afforded thiéle compoundasacolorless 0i{106mg, 50%) In solution

in CDG this compound exists asraughly 11:1 mixture of rotamers.R 0.24 (1:9 methanot ethyl
acetate); Ama/cm<! (thin film) 3297, 2932, 1608, 1422, 1368, 1314, 1241, 1212, 1160, 1062, 1043, 922,
727, 644, 581INMR data for the major rotamet: (400 MHz, CDg)I5.75¢ 5.63 (1H, br m, N), 4.77

(1H, heptJ= 6.9 Hz, B), 3.81¢ 3.56 (2H, m, B), 3.34¢ 3.20 (1H, m, B,), 2.92¢ 2.77 (1H, m, B)),

2.61¢ 2.46 (1H, m, B), 2.34¢ 1.88 (4H, m, B,), 1.63¢ 1.31 (3H, m, B,), 1.17 (3H, dJ= 7.0 Hz, &),

1.10¢ 0.99 (3H, m, Bs); { ¢ (100 MHz, CDG)174.0 0O), 171.2Q0), 45.6 CH), 40.3 CHy), 39.6 (H),

39.2 CHy), 29.2 (Hy), 25.7 (H.), 23.8 (Hb), 20.8 (Hs), 20.2 (Hs); HRMS (ESI): calcd. for
GiiHoN2NaQ, 235.1417. Found: [MNg]235.1414 (1.2 ppm error).

Characteristic NMR data for the minor rotamer can be found @400 MHz, CD§I5.97¢ 5.86 (1H,
br m, NH), 3.95 (1H, hept]= 6.7 Hz, B0 (100 MHz, CDgK9.9 CH), 22.5 (Hs), 20.5 CHs).

The same reaction was alperformed usingmethanol as solvent, as detailed below:

To a solution of Acryloytpiperidin2-one 11a (153 mg,1.00 mmol) in dry methanol (2.0 mL), was
addedisopropylaming95uL,1.10 mmol) in a single portion. The reaction mixtwas allowed to stir

for 5h at RT and then the solvent was remowedacuo Purification by flash column chromatography

(SiQz SiKet OSGFIGS T mYngYBSKKIY2ZfYY SE &KRethanoliOG S ik 1t (B S
StKef I OBVUSUKS yTHtwy SiKet | MEMMGBY b ¥ BEKHYSEMIOY y 2 £
methanol: DCMTh MY H Y DEW laffo@idd B-isopropytl,5diazecane?,6-dione 20d as a

colourlessoil (100 mg, 47%) a trace amount of L -valerolactam(not quantified) and methyl 5
acrylamidopentanoat®6 asa pale-yellowoil (57.9mg, 31%) Data for20dis included above. Data

for methyl 5acrylamidopentanoate26: R 0.56 (1:9 methanot ethyl acetatd; Ama/cm®! (thin film)
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3285, 2939, 1735, 1658, 1625, 1547, 1437, 1409, 1366, 1242, 1167, 1100, 986, 959, 80FA0T02;
MHz, CD@)6.30 (1H, ddJ=17.0, 1.5 Hz, NCEC| | QU X ¢ d#I.0, 40 HZ, NRFTHCQ U X
5.81 (1H, br s, M), 5.65 (1H, ddj= 10.2, 1.5 Hz, NCOCHCE3.69 (3H, s,&), 3.37 (2H, td)= 6.8,

5.8 Hz, N&), 2.37 (2H, tJ= 7.1 Hz, B,CQCH), 1.75¢ 1.54 (4H, m, 2 xHg); 1 ¢ (100 MHz, CDG)
174.2 @0), 165.7 @), 131.0 (NCO / | | Q0 X MHC PO D ), BRY (), 33.6
(0H,CQCH), 29.0 (Hy), 22.1 CHy); HRMS (ESI): calcd. fosHENNaQ, 208.0944. Found: [MNg]
208.0940 (1.8 ppm error).

5-(4-Methoxyphenyl}1,5-diazecane2,6-dione (20f)

To a solution of Acryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added 4methoxybenzenamine (Bmg, 1.10 mmol) in a single portion. The reaction mixture was
allowed to stir for 4 h at RT and then the solvent was remameghcuo Purification by flash column
chromatography (Si@ mYpn YSiGKFy2ftY Sdiket | OSGlF GdStheh mYmn
title compoundas a white solid (240 mg, 88%) solution inCDG this compound largely as a single
rotamer, with a trace amount of a minor rotamer visible in f#irtand*C NMR spectraR 0.30 (1:9
methanol: ethyl acetate); m.p. 5855°C, Ana/cm<! (thin film) 3301, 2934, 1622, 1510, 1444, 1244,
1174, 1030, 835, 72%NMR data for the major rotamer only, (400 MHz, CD&tl) 4 T Y7 (m,
2H, PRCH), 6.90¢ 6.80 (M, 2H, PigH), 6.21 (dJ= 9.3 Hz, 1H, NH), 4.34 (d¢, 13.6, 7.9 Hz, 1H, Ng,
3.82 (dt,J= 13.7, 4.4 Hz, 1H, N§}, 3.76 (s, 3H, @®), 3.38 (dtJ= 14.2, 8.7 Hz, 1H, Ng}, 3.09 (dtJ
=11.6, 8.6 Hz, 1H, N§), 2.65¢ 2.51 (m, 1H, CQ®), 2.46¢ 2.24 (m, 2H, CA), 2.08¢ 1.90 (m, 1H,
COGY), 1.72¢ 1.34 (m, 4H, By); { ¢ (400 MHz, CD&tl) 177.1(Q0), 172.6(Q0), 158.7 (P, 137.4
(PhO), 128.4 (2 x RAH), 114.7 (2 x RP@H), 55.5 (@Hy), 49.1 (NH), 40.1 (\LHy), 36.3 (CQH), 35.6
(CQHy), 27.8 (Hh), 25.2 (Hh); HRMS (ESI): calcd. forstBoNoNaQ, 299.1366. Found: [MNg]
299.1358 (2.8 ppm error).

Characteristic NMR data for the minor rotamers can be found:g#00 MHz, CDgI7.13 (2H, m, Ph
CH), 6.87 (2H, m, RBH), 5.97 (1H, m, N), 3.60 (1H, m, &)T ¢(100 MHz, CDgI174.2 (0),171.0
(©0), 158.3PhC), 128.6 Ph-CH), 49.4(CHy), 39.6(CHy), 38.2(CHy), 28.8(CHz), 26.0(CHy), 24.0(CHy).
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5-Phenyl1,5-diazecane2,6-dione (209)

To a solution of dcryloytpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was

added aniline (100 uL, 1.10 mmol) in a single portion. The reaction mixture was allowed to stir for 3

days at RT and then the solvent was remoiredacuo Purification by flash column chromatography

(SiQz mYn SiKeéet | O0SGFrdiSY KSElFYyS ™ wmYm Siket FOSGl
FOSGFGS ™ mMmYMd YSGKI y2 it codbbhdasa flliffdhitelsalidc( 118 mgF F 2 NR S F
48%);m.p. 70¢75 °C R 0.25 (1:9 methanot ethyl acetat®; Ana/cms? (thin film) 3312, 2933, 1623,

1593, 1548, 1493, 1444, 1416, 1321, 1244, 1165, 1105, 911, 764, 726, 698, 645, 3834603y1Hz,

CDG) 7.41¢ 7.16 (5H, m, Af), 6.12 (1H, br d]= 10.2 Hz, N), 4.35 (1H, ddd]= 13.7, 8.5, 1.9 Hz, 0.5

x ), 3.81 (1H, ddi)=14.1, 9.5, 4.5 Hz, 0.5 ML 3.45 (1H, dtJ=13.5, 8.6 Hz, 0.5 *Hg}, 3.11 (1H,

dt, J=12.4, 8.9 Hz, 0.5 *Hg}, 2.57 (1H, ddt)= 13.3, 9.8, 3.2 Hz, 0.5 L 2.40 (1H, ddd)= 12.4,

8.0, 1.8Hz, 0.5 x B,), 2.33 (1H, ddd]= 13.6, 10.3, 3.6 Hz, 0.5 KA; 2.00 (1H, ddd]J=13.0, 7.1, 3.1

Hz, 0.5 x B,), 1.74¢ 1.52 (3H, m, 1.5 xHg), 1.47¢ 1.34 (1H, m, 0.5 xHg); { ¢ (100 MHz, CDG)177.0

(QD), 172.5Q0), 144.5 (AD), 129.8 (2 x AH),127.6 (ACH), 127.3 (2 x AH), 49.2 CHy), 40.1 CHb),

36.5 OH,), 35.6 OHb), 27.8 (Hy), 25.2 (H.); HRMS (ESI): calcd. fauiGsN.NaQ, 269.1260. Found:

[MNaJ*, 269.1260 (0.2 ppm error).

5-(4-Nitrophenyl)-1,5-diazecane2,6-dione (20h)

To a solution of facryloylpiperidin2-one 11a(60 mg, 0.39 mmol) in dry methanol (2.0 mL), was added
4-nitroaniline (59.2 mg, 0.43 mmol) in a single portion. The reaction mixture was allowed to &ir for
daysat RT and then the solvent was removad/acuo Purification by flash column chromatography
(SiQ, 1:1 hexane: ethyl acetate) afforded thide compoundas a yellow solid (24 mg, 21%0.25
(1:1 hexane: ethyl acetate); m.p. 1§820 °Cpna/cmS<? (thin film) 3374, 2958, 1686,1600, 1503, 1474,
1307, 1193, 1110, 835, 754; (400 MHz, CD&l)1 vy ® nJz 9.9, R®RHE, 2H, RH), 6.55¢ 6.50
(dd,J= 9.2, 0.6 Hz, 2H, RM), 3.75¢ 3.70 (M, 2H, Ni&), 3.58 (tJ= 6.0 Hz, 2H, @), 3.21 (tJ= 6.0

Hz, 2H, Ca®), 2.60¢ 2.50 (m, 2H, CQ4), 1.88¢ 1.80 (m, 4H, 2 xHE); 1 ¢ (400 MHz, CD&Htl) 175.2
(0D), 173.9Q0), 153.2 (PiD), 138.0 (P¥O), 126.6 (2 x RAH), 111.1 (2 x REH), 44.3 (IGHy), 39.2
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(NGH), 38.9 (COH), 34.9 (COHy), 22.4 OH), 20.3 CH); HRMS (ESI): calcd. forkE/NsNaQ,
314.1111. Found: [MNg]314.1110 (0.%pm error).

Bhyl 2-(4,10dioxo-1,5-diazecanl-yl)acetate (20i)
T~
o~
HN N
o

To a solution of dacryloytpiperidin2-one 11a (159 mg, 1.04 mmol) in dry methanol (2.0 mL), was
addedglycine ethyl este(l15uL,1.14mmol)in a single portion. The reaction mixture was allowed to
stir for 4 h at RT and then the solvent wasnmved in vacuo Purification by flash column
chromatography (S, mYm SiKef | OSGFdSY KSElFIYyS m SGKeéft
1:19 methanol: ethyl) afforded theitle compoundasa white solid 04 mg, 77%);m.p. 143¢145°C

R 0.18 (1:9 methanol ethyl acetatd; Ana/cm®! (thin film) 3316, 2932, 1721, 1640, 1555, 1477, 1441,
1380, 1212, 1153, 1112, 1071, 1022, 861, 715, 658, 5664981 4 (400 MHz, CDg}I7.58 (1H, br d,
J=10.0 Hz, N), 4.74 (1H, d)= 17.2 Hz, BCQCHCH), 4.23¢ 4.14 (2H, m, C£QCH,CH), 4.09 (1H,
ddd,J=15.2, 13.0, 1.6 HzHg}, 3.81 (1H, dddd]= 13.5, 11.6, 10.0, 1.6 H&IL; 3.32 (1H, d)=17.2
Hz, GLCQCHCH), 3.24 (1H, ddJ= 15.6, 3.6 Hz,H5), 2.95¢ 2.86 (1H, m, B), 2.62 (1H, ddd)=
16.8, 14.0, 4.0 HzHp), 2.41 (1H, tdJ=12.8, 3.2 Hz,kB), 2.21 (1H, ddd)= 12.6, 4.0, 1.6 HzHp),
2.12¢ 2.00 (2H, m, By), 1.67¢ 1.53 (2H, m, B,), 1.52¢ 1.38 (1H, m, B,), 1.29 (3H, tJ= 7.2 Hz,
CHCQCHCHs); 1 ¢ (100 MHz, CDG) 174.4 QO), 172.3 (D), 170.7 Q0), 62.1 (CH£QCH,CH), 51.5
(CHCQCHCH), 48.9 (Hy), 39.0 OHy), 37.5 CHy), 27.9 (Hy), 25.2 (Hy), 24.1 (Hy), 14.1 (Hs); HRMS
(ESI): calcd. forifEboN2NaQ, 279.1315 Found: [MN&]} 279.1316(c0.2 ppm error).

Methyl (§-2-(4,10dioxo-1,5-diazecanl-yl)propanoate(20j)

0
HNJ\ANJ\WONIe
10
MO 0

To a solution of Acryloylpiperidin2-one 11a(153.2 mg, 1.00 mmol) in dry methanol (2.0 mL), was
addedL-alanine methyl este(113.4 mg, 1.10 mmol) in a single portion. The reaction mixture was
allowed to stir for 4 h aRT and then the solvent was removiedvacuo Purification by flash column
chromatography (S 1:9 methanol: ethyl acetate) afforded ttigle compoundas a colourless oail
(154 mg, 60%)In solution iINCDG, this compound as a roughly 2:1 mixture ofawters R 0.23 (1:9
YSUKEYy2tY §iufedt(thih il 83R002537 TL71%, 1633, 1557, 1443, 1316, 1260, 1213,
1159, 1103, 1061, 1030, 749;(400 MHz, CDgtl)t T ® d=09.7 81/ BH, M| minor rotamer), 7.29
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(d,J=9.1 Hz, 1H, M major rotamer)4.81 (qJ= 7.8 Hz, 1H, NC minor rotamer),3.89¢ 3.68 (m, 2H,
NCH,, major rotamer), 3.67 (s, 3H, @€, major rotamer), 3.65 (s, 3H, B¢ minor rotamer), 3.6
3.58 (m, 1H, Nig;,, minor rotamer), 3.44 (q]= 6.9 Hz, 1H, N major rotamer), 3.4% 3.31 (m, 1H,
NCH, minor rotamer), 3.17 (dt)J= 15.4, 3.6 Hz, 1H, N§ both rotamers), 2.78 (dd]=13.7, 3.9 Hz,
1H, NGk, both rotamers), 25¢ 1.83 (m, 6H, 3 xH, both rotamers) 1.52¢ 1.42 (m, 2H, B, both
rotamers), 1.40 (dJ= 6.9 Hz, 3H,Ks, major rotamer), 1.35 (dl= 7.9 Hz, 3H,Hs, minor rotamer);4 ¢
(100 MHz, CDg&dl) for major rotamer:173.3(C0), 173.0(C0), 170.5(C0), 58.5 (@Hs), 52.7 (NCH),
47.2(NCH), 38.8 (NOHy), 36.7 CAlH,), 27.8(CATH,), 24.6(CHy), 23.6(CHy), 14.1 (Hs); DiagnostidC
NMR resonances for minor rotamel76.0(C0), 174.6(C0), 170.8(Q0), 53.1 (NtH), 40.4 NCH,), 38.7
(NCH;), 38.0(CAHy), 28.4 (CAlHy), 24.9 (OHy), 23.8 (CHy), 14.6 CHs); HRMS (ESI): calcd. for
Gi2HoN2NaQ, 279.1315. Found: [MNg]279.1316¢0.2 ppm error).

5-(4-Bromobenzyl}1,5-diazecane2,6-dione (20k)

HNMN

To a solution of Acryloylpiperidin2-one 11a(153.2 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added 4bromobenzylamine (204.6 mg, 1.11 mmol) in a single portion. The reaction mixture was
allowed to stir for 2 h at RT unglwhite solidprecipitatedout of solutionand then the solvent was
removedin vacuo Purification by flash column chromatography ¢SiO mYmM SGKe&f | OSdl &
StKef FOSOIdS ™ mYpn YSiKileydnpotndsS a whitd solil @®imp, & So |
97%) In solutionm CDGJ, this compound as a roughly 10:1 mixture of rotamensp. 167¢ 170°C,R

NnOHO OMYd YSOKL yeihy(this fink 8291, 8085 20381(i1618 T1560, 1487, 1264,

1010, 7314 1 (400 MHz, CD&tl) 7.43 (d,J= 8.2 Hz, 2H, A both rotamers), 7.14 (dl= 8.3 Hz, 2H,

PhCH, major rotamer), 7.03 (dJ= 8.2 Hz, 2HPhCH, minor rotamer), 5.94 (dJ= 10.0 Hz, 1H\H,

minor rotamer), 5.53 (dJ= 9.3 Hz, 1H, | major rotamer), 5.02 (d]= 14.7 Hz, 1H, NEPh, major

rotamer), 4.79 (dJ= 16.6 Hz, 1H, NzPh, minor rotamer), 4.28 (d,= 16.6 Hz, 1H, NgPh, minor

rotamer), 4.10 (dJ= 14.7 Hz, 1H, N2Ph, major rotamer)3.97¢ 3.73 (m, 2H, Ni&, both rotamers),

3.28¢ 3.19 (d, 1H, Ni&, both rotamers), 2.9% 2.82 (m, 1H, Ni&, both rotamers), 2.78 2.61 (m,

1H, CO&;, both rotamers), 2.2% 2.07 (m, 4H, 2 xHg, both rotamers), 64 (m, 2H, CQg, both
rotamers),1.56¢ 1.40 (m, 1HCO®E4, both rotamer$; { ¢ (100 MHz, CD&t) for major rotamer174.2

(D), 171.0(C0), 137.0 (PHCBr), 132.1 (2 x P@H), 129.9 (2 x PBH), 121.8 (PID), 48.7(CHy), 45.2

(OH), 39.3(CHy), 37.6(CHy), 28.3(CHy), 25.9(CH,), 23.8(CHy); Diagnostid*C NMR resonances ftive

minor rotamer: 176.4Q0), 171.3(C0), 135.8(PhCBr), 128.5(PhCH), 53.9(CH,), 42.5(CH,), 40.2
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(O), 35.1(CHy), 27.4(CH), 25.0(CH); HRMS (ESI): calcd. forstEsBrNeNaQ, 361.0519. Found:
[MNaJ*, 361.0522 (1.0 ppm error).

5-(2-(1H-Indol-3-yl)ethyl)-1,5-diazecane2,6-dione (20)

0] NH

/
HN)SOAN
K/\/*\\O

To asolution of acryloytpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanolX.0 mL), was
addeda solution of tryptaming176 mg, 1.10 mmol)in dry methanol (1.0 mL)lhe reaction mixture
was allowed to stir for 4 h at RT and then the solvent was remivveaicuo Purificationby automated

flash column chromatography (using a 24 g ppacked Si©column, 0%dJ 100% ethyl acetate in
hexanes, then 0% 10% methanol in ethyl acetatefforded thetitle compoundasa white solid

(220 mg 70%); m.p. 182196 °CR 0.11 (19 methanol: ethyl acetafe Amadcms? (thin film) 3263,
2933, 2404, 1612, 1457, 1351, 1199, 1107, 744400 MHz, ¢#MeOD)7.59 (1H, dtJ= 8.0, 1.1 Hz,
ArH), 7.30 (1H, dtJ= 8.0, 1.1 Hz, A, 7.09¢ 7.03 H, m, AH), 7.01¢ 6.95 (1H, m, A#), 4.28¢ 4.13
(1H, m, €b), 3.81¢ 3.64(1H, m, k), 3.30¢ 3.36 (1H, m, B,), 3.23¢ 3.15 (1H, m, B), 3.07¢ 2.85
(4H, m, 2 x By), 2.76¢ 2.55 (1H, m, B,), 2.34¢ 2.19 (1H, m, By), 2.14¢ 1.93 (3H, m, 1.5 %), 1.61

¢ 1.38 (3H, m, 1.5 xHp); 1 ¢ (100 MHz, ¢MeOD) 175.9QD), 173.6 @0), 138.1 (AT), 128.8 (AD),
123.5 (AEH), 122.4 (ABH), 119.7 (ABH), 119.3 (ATH), 113.2 (AB), 112.3 (AEH), 48.8 (Hy), 46.9
(@), 40.5 (Hy), 37.6 CHy), 29.6 OHy), 26.2 CHy), 25.1 CHh), 24.3 CHy);; HRMS (ESI): calcd. for
GisHosNsNaQ, 336.1682 Found: [MNa], 336.1685(¢0.6 ppm error).

tert-Butyl (3-(4,10-dioxo-1,5-diazecanl-yl)propyl)carbamate (20m)

O

Hm/\/\NHBoc

@)

To a solution of Acryloytpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
addedN-Boc1,3-diaminopropang192 uL,1.10 mmol) in a single portion. The reaction mixture was
allowed to stir for 4 h at RT and then the solvent was remamedcuo Purification by flash column
chromatography (Si@ S Kef NIdO SYiS GikS: yIB MY Sdinfethdnol: lettyBaidtate S
b @&nYethanol: ethyl acetate) afforded thi&tle compoundasan offwhite solid (225 mg69%);m.p.

151¢153 °CR 0.11 (19 methanol: ethyl acetate Ana/cms? (thin film) 3302, 2934, 1692, 1617, 1513,
1428, 1366, 1250, 1165, 914, 727, 645400 MHz, CD§6.63¢ 6.53 (1H, m, N), 5.42 (1H, t)= 6.3
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Hz, NH), 4.19¢ 3.46 (3H, m, B), 3.27¢ 3.05 (2H, m, B,), 2.99¢ 2.72 (3H, m, B,), 2.67¢ 2.49 (1H,
m, G4,), 2.35¢ 2.11 (2H, m, B), 2.07¢ 1.87 (2H, m, &), 1.76¢ 1.42 (5H, m, K), 1.32 (9H, s, 3 %
OHs); 1 ¢ (100 MHz, CD§I174.5 00), 171.0Q0), 156.2 (KO,), 79.0 ©), 45.4 (Hy), 43.1 OH,), 39.1
(GH), 37.8 OHb), 37.5 CHy), 28.4 (3x CHs, and 1x G, [overlapping), 28.2 (CHy), 25.7 (O), 23.7
(GH); HRMS (ESI): calcd. fagkBaNsNaQ, 350.2050 Found: [MNa] 350.2051(c0.3 ppm error).

5-(Prop-2-yn-1-yl)-1,5-diazecane2,6-dione (20n)
N
HN N
P
0]

To a solution ofl.-acryloytpiperidin2-one 11a(123 mg,0.806mmol) in dry methanolX.61 mL), was
addedpropargybmine (& uL, 0886 mmol) in a single portion. The reaction mixture was allowed to
stir for 4 h at RT and then the solvent was removedvacuo Purificationby flash column
chromatography (S, mYm SiKet | OSGlFGSY KSElyYyS Hyetée) Ke f
afforded thetitle compoundasa colourlessoil (128 mg, 77%); R 0.25 (1:9 methanot ethyl acetaté;
AnadcmS? (thin film) 3288, 29331625, 1560, 1447, 1351, 1205, 1149, 701(400 MHz, CDg)I6.05
(1H, br s, M), 4.45¢ 4.30 (1H, m, B), 4.07¢ 3.86 (2H, m, B,), 3.81¢ 3.65 (1H, m, B,), 3.53¢ 3.42
(1H, m, k), 2.92¢ 2.79 (1H, m, B,), 2.71¢ 2.49 (2H, m, By), 2.31¢ 2.28 (1H,m, C CH), 2.26¢ 2.17
(1H, m, €h), 2.10¢ 1.94 (2H, m, B,), 1.66¢ 1.34 (3H, m, B,); 1 ¢ (100MHz, CDG)I 173.6 (0), 171.0
(QD), 80.5QCH), 72.3 (@), 46.6 CHb), 39.2 (Hy), 37.4 CHb), 36.0 OHy), 28.2 OHb), 25.5 OHy), 23.9
(CH); HRMSESI)): calcd. fori{EHieN2NaQ, 231.1104 Found: [MN&] 231.1106(c0.8 ppm error).

5-(2-(Methylthio)ethyl)-1,5-diazecane2,6-dione (200)

o

HN)SO/\N/\/SMG
MO

To a solution of fcryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was

added 20 YSG K&t §KA20SGK&t I YAYS 6mMnu >[ X mdma YY2f0

allowed to stir for 4 h at RT and then the solvent was remameghcuo Purification by flash column

chromaography (SigZ mYwmn YSUGKFy2ftyY SdikKet OSGFGS tig mYd

compoundas a colourless oil (178 mg, 72%1RPop oMY d Y S K I pi/enitthinSiinK & f

NH), 3.92 (tJ= 13.7 Hz, 1H, Ng), 3.79¢ 3.58 (m, 2H, Nig), 3.41 (dtJ =13.0 5.6Hz, 1H, NB,),
3.23¢ 3.14 (m, 1H, Nig), 2.85¢ 2.70 (m, 2H), 2.6¢2.47 (m, 2H, B), 2.32¢ 2.14 (m, 2H, &), 2.07
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(s, 3H, Sés), 2.04¢ 1.90 (M, 2H, B), 1.63¢ 1.44 (m, 2H, B), 1.42¢ 1.30 (M, 1H, B); 1 c (400 MHz,
CDGHd) 174.2(NQO), 170.8(NQO), 46.5 (NCH,), 46.0 (NIH), 39.0 (NHy), 38.2 (CQHy), 32.2 (CGHy),
28.4 (H), 25.7 CHp), 23.9 (Hy), 15.1 (€Hs); HRMS (ESI): calcd. fortBiN2O.S, 245.1318. Found:
[MH]*, 245.1315 (1.4 ppm error).

5-(3-(2-Oxopyrrolidin-1-yl)propyl)-1,5-diazecane2,6-dione (20p)

o o]
et
o

To a solution of dcryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added1-(3-aminopropyly2-pyrrolidinoned mpn >[ X médémn YY2f0 Ay | aAiAy3dats
was allowed to stir for 4 h at RT and then the solvent was remavecuo Purification by flash
column chomatography (SiE mYm KSElySY SiKét |0SiGlIGS ™M mYH
methanol: ethyl acetate) afforded thiitle compoundas a colourless oil (263 mg, 89%)0.22 (1:1
YSGKIYy2tY S k@t (thih iing 6289 8371654, 1614,6% 1427, 1295, 1008, 815;
14 (400 MHz, CDgtl)+ T dnli, N, 4.02¢ 3.62 (m, 2H, Ni&), 3.43¢ 3.17 (m, 6H, 3 x NE),
3.16¢ 2.78 (m, 2H, Ni&,), 2.72¢ 2.57 (m, 1H, B), 2.34¢ 2.16 (m, 4H, 2 xKB), 2.07¢ 1.88 (m, 4H,
2x (), 1.85¢ 1.73(m, 1H, k), 1.66¢ 1.28 (M, 4H, 2 xH); 1 ¢ (100 MHz, CD&t) 175.2(Q0), 174.3
(Q0), 171.1(Q0), 47.1 (N\IHy), 46.8 (\THy), 45.3 (NIH,), 40.5 (NH), 39.0 (\OHy), 38.9 (COHy), 30.9
(CAH,), 28.2 (COHY), 26.7 (Hy), 26.1 (Hy), 23.9 (H), 17.9 CHy); HRMS (ESI): calcd. for
GisHsNsNaQ, 318.1788. Found: [MNg]318.1783 (1.6 ppm error).

tert-Butyl 2-((4R 6R)-6-(2-(4,10dioxo-1,5-diazecanl-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate
(200)

0 o o
0]

To a solution of dcryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added tertbutyl [(4R,6RPB-aminoethyt2,2-dimethyl1,3-dioxan4-yllacetate (3@ mg, 1.10 mmol) in
a single portion. The reaction mixture was allowed to siir4 h at RT and then the solvent was
removedin vacuo Purification by flash column chromatography ¢SiD20 methanol: ethyl acetate
M mMmYMmn YSGKFy2ftY SiKtkcompolnd(asaild wnixtlird & otddRessRas & K S
colourless oil (292 m@8%); R1 ®op O MY P Y S KI y&2hY(thiSfink 8209, 20S G 1 S0
2936, 1726, 1614, 1427, 1367, 1267, 1201, 1155, 951, 8424 /80 MHz, Methanet,):1 nabn n
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4.28 (m, 1H, CH), 4.13¢ 3.93 (m, 3H, O+ G), 3.65¢ 3.44 (M, 2H, B), 3.22¢ 2.72 (m, 3H, Bx+
GH), 2.49¢ 2.20 (M, 4H, 2 xHB), 2.17¢ 1.98 (m, 2H, B), 1.88¢ 1.54 (m, 6H, 3 xHB), 1.49 (s, 12H,
3 xCOOO& + OCEs), 1.36 (s, 3H, O€K), 1.27¢ 1.16 (M, 1H, Ek);1 (100 MHz, Methanetls): 174.4
and 174.3 (Q0), 172.1(Q0, both rotamers) 170.6(C0, both rotamers)98.7 and 98.60Q0), 80.4
(CO@, both rotamersy, 67.3 and 66.7 (QH), 66.3 (@H, both rotamer$, 45.6 (NH,, both rotamers,
44.8 (NOH,, both rotamer3, 42.4 (N\0H;, both rotamer3, 39.2 CH,, bothrotamers, 36.3 CH;, both
rotamerg, 36.2 (H,, both rotamer9, 33.9and 33.8 (H,), 29.3 (OCH;, both rotamers3, 28.2 CH,,
both rotamerg, 27.2 (3 x CO@Bs, both rotamer3, 25.0 O, both rotamer3, 23.8 O, both
rotamerg, 18.9 (OCHs, both rotamerg; HRMS (ESI): calcd. forHBsN.NaQ, 449.2622. Found:
[MNaJ', 449.2628 L3 ppm error).

5-(2,2-Difluoroethyl)-1,5-diazecane2,6-dione (20r)

HNMN F

To a solution of dcryloylpiperidin2-one 11a (153 mg, 1.00 mmol) idry methanol (2.0 mL), was

added 2,2difluoroethylamine (7@ >[ = wmdmn YY2f0 Ay | aAiAy3t S LR NIA
allowed to stir for 4 h at RT and then the solvent was remamedcuo Purification by flash column
chromatography (SiD1: 1 hek y SY SiKeéf FFOSGIFGS ™M mMmYun YSOKIFy2fY
ethyl acetate) afforded théitle compoundas a colourless oil (220 mg, 94%)0.40 (1:9 methanol:

ethyl acetate);Ama/cms? (thin film) 3285, 2940, 1624, 1438, 1163, 1115, 1056, 860(400 MHz,

CDGd)+ ¢ ®MI=5WKH D Hz, 1 HHE,), 5.61 (dJ= 6.6 Hz, 1H, 1), 4.07 (t,J= 13.8 Hz,

1H, N€%), 3.95¢ 3.68 (m, 2H, Ni&), 3.68¢ 3.49 (m, 1H, Ni§), 3.39¢ 3.29 (m, 1H, Ni&), 2.95¢ 2.86

(m, 1H, N&), 2.65 (tJ= 15.1 Hz, 1HH,), 2.41¢ 2.26 (M, 2H, By), 2.15¢ 2.01 (m, 3H, B,), 1.78¢

1.50 (M, 1H, By), 1.44¢ 1.31 (m, 1H, By); 1 ¢ (400 MHz, CD&t) 175.2(C0), 170.8(C0), 113.7 CHR,

1kr= 241.8 Hz)50.8 OHhCHE, 2ke= 26.8 Hz), 48.0NCH,), 39.2 (\IH,), 37.9 (COHy), 28.3 (COHy),

26.0 OH,), 23.9 OHy); L ¢ (376 MHz, CD&tl) 5120.0 (1F, dddd)= 290, 57, 16, 13 Hz, BT 121.4

(1F, dddd,)= 290, 57, 16, 13, Gk; HRMS (ESI): calcd. faptGemNNaQ, 257.1072. Found: [MN3]

257.1067 (1.8 ppm error).
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5-(2-(1,3-Dioxolan-2-yl)ethyl)-1,5-diazecane2,6-dione (20s)

L

To a solution of dacryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added13-dioxolane2-ethanamined MH 1 >[ X M®dmn YY2f0 Ay | aiAy3atsS L
allowed to stir for 4 h at RT and then the solvent was remamedicuo Purification by flash column
chromatography (Sig€ mYm KSElySYy Sidket FO0SiGIFdS m w¥gmn YSi
compoundas a colourless oil (216 mg, 80%) solution iNCDG, this compound exists as a 10:1

mixture of rotamersRn ®Hn dMYd YSOKI a2y (thib filrk) 8299, PIBS 16051 SO T A
1427, 1137, 1025, 942} (400 MHz, CD&t)+ ¢ ® d=y9.7 R IH, M major rotamer), 5.90 (d]

= 9.6 Hz, 1H, Nl minor rotamer), 4.9& 4.91 (m, 1H, O, major rotamer), 4.8@ 4.77 (m, 1H, O,

minor rotamer), 4.02¢ 3.65 (m, 7H, O& + NG, both rotamers), 3.46 3.33 (m, 1H, RH,, both

rotamers), 3.3@¢; 3.19 (m, 1H, BH,, both rotamers), 2.92 2.79 (m, 1H, RH,, both rotamers), 2.64

¢ 2.48 (m, 1H, B, both rotamers), 2.4@ 2.20 (m, 2H, B, bothrotamers), 2.13; 1.80 (m, 4H, B,

both rotamers), 1.68 1.36 (m, 3H, B;, both rotamers)i ¢ (400 MHz, CD&tl) forthe major rotamer:

174.2(Q0), 171.2(C0), 103.6(0CH), 64.8(0OCH,), 64.5(0CH;), 46.8 (NH,), 43.9 (NHy), 39.2 (\IHy),

38.8 (C@H,), 32.8 (C@H,), 28.5 (Hy), 25.6 (Hy), 23.9 (Hy); 3C NMR resonances feine minor

rotamer: 176.2(Q0), 172.3(C0), 101.9(OCH), 65.1(0CH,), 64.9(0CH), 45.8(NCH,), 42.3 (NCH.),

40.1(NCHp), 35.1(CQDH,), 31.5(CAHy), 25.1(CHy), 22.3(CHy), 20.9(CHy); HRMS (ESI): calcd. for
GisH2N2NaQ, 293.1472. Found: [MNg]293.1471@.4 ppm error).

2-(4,10Dioxo-1,5-diazecanl-yl)acetamide(20t)

@)
HN)K‘]O/\NWNHQ
MO o

To a solution of Acryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
addedglycinamide(81.5 mg, 1.10 mmol, made from glycinamide hydrochloride using reported
method) in a single portion. The reaction mixture was allowed to stir for 4 h at RT and then the solvent
was removedn vacuo Purification by flash column chromatography ¢SI0 methanol: ethydcetate

M mMYo YSGKIy2fY S ktktompoingas & dblSublesd of (RGB MiR SIR).63K S
OMYd YSOKI Y2t YolcrBitking fim) 826852933[11618,TL45%, 1308, 1210, 1154, 1110,
1072, 7361 1 (400 MHz, Methanetl)) ¢ 4.56¢ 3.98 (m, 2H, NG:CO), 3.72 (m, 2H, INg), 3.43 (m, 1H,
NGHy), 2.94 (m, 1H, N&), 2.68¢ 2.47 (m, 2H, CQ®), 2.22¢ 1.47 (m, 6H, 3 xHp); 1 c (100 MHz,
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Methanotds) 176.5 Q0O), 175.0 QO), 173.6 QO), 52.4 (MH.CO), 49.3 (W), 40.0 (NH), 37.5
(CQAHy), 29.1 (CQH,), 26.0 (Hy), 25.2 OHy); HRMS (ESI): caled. fapi;NsNaQ, 250.1162. Found:
[MNa], 250.116% £3 ppm error).

3-(4,10Dioxo-1,5diazecanl-yl)propanamide (20u)

@] O

To a solution of dacryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mijs
added3-aminopropanamid€97 mg, 1.10 mmdin a single portion. The reaction mixture was allowed

to stir for 4 h at RT and then the solvent was remowedvaaio. Purification by flash column
chromatography (Sl MYo YSGKIy2fyYy SdikKet I OSGFGS HmMjemYH YSI
compoundas a colourless oil (173 mg, 728y ®MmT o MYo Y S KI p/enitthirSimket | OS
3299, 2934, 16121434, 1349, 1201, 1151, 1108, 1070, 608400 MHz, Methanetl,) 1 4.07¢ 3.91

(m, 2H, N&,), 3.66¢ 3.43 (m, 2H, N;), 3.34¢ 3.23 (m, 1H, B), 3.16¢ 2.67 (M, 2H, B,), 2.59¢

2.48 (M, 2H, B,), 2.51¢ 2.40 (M, 1H, B,), 2.33¢ 2.20 (M, 1H, B,), 2.13¢ 1.96 (M, 2H, B,), 1.68¢

1.39 (M, 3H, B, + G4); 4 ¢ (100 MHz, Methanetls) 176.7(00), 175.9(C0), 173.4(C0), 47.0(NCHy),

44.6(NCH,), 40.3(NCHy), 37.8(CQADH,), 34.7(CAH,), 29.4(CAHy), 26.2(CHy), 25.0(CHy); HRMS (ESI):

calcd. for GHisNsNaQ, 264.1319. Found: [MNg]264.1315 (1.5 ppm error).

tert-Butyl 2-((4,10dioxo-1,5-diazecanl-yl)methyl)piperidine-1-carboxylate(20v)

To a solution of fcryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was

added 2(aminomethyl)1-N-Bocpiperidine 23> 2 wmdmn YY2f 0 Ay | aAy3ats
mixture was allowed to stir for 4 h at RT and then the solvess vemovedn vacuo Purification by

flash column chromatography (SO mYHun YSUOKFy2ftyY SdkKef FFOSdFdS m
afforded thetitle compoundas a colourless oil (265 mg, 72%)methanolds at 50 °C the 1H NMR

spectra is severely broadened due to rotamer interconversion, whiléXBeNMR spectrum shows it

exists as a roughly 1:1 mixture of rotamers under the same condjtR@s33 (1:9 methanol: ethyl

F OS { lndlctt (thin film) 3288, 2933,840, 1415, 1364, 1272, 1154, 1089, 927, 767, 728400

MHz, Methanoldsat 503 ):4  nady68(m, 1H, Ni§), 4.39¢ 4.11 (m, 2H, Ni&), 3.92¢ 3.62 (m, 3H,

OH, + @), 3.53¢ 3.16 (M, 2H, By), 3.17¢ 2.87 (M, 1H, B), 2.84¢ 2.18 (M, 4H, 2 xHB), 2.11¢ 1.78
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(m, 8H, 4 x &), 1.72 (s, 9H, 3 x 6§, 1.69¢ 1.53 (M, 2H, B); 1 ¢ (100 MHz, Methanetl; at 503 ):
175.9 and 175.7Q0), 173.4 and 173.830), 156.7(C0, both rotamers)80.9 and 80.¢CO@), 50.7
(NH, both rotamer$, 46.7 and 46.1 (@H;), 40.4 (\(H;, both rotamer$, 37.6 (NH;, both rotamers$,
29.5 (NOH,, both rotamer$, 28.8 (3 x G, both rotamer$, 28.4 CH,, both rotamer$, 27.6 CHy, both
rotamers, 26.5 O, both rotamers, 26.1 O+, both rotamers, 24.8 CH,, bothrotamers, 20.6 CH,,
both rotamerg, 20.2 CH,, both rotamer$; HRMS (ESI): calcd. forhBsNsNaQ, 390.2363. Found:
[MNa], 390.2358 (1.4 ppm error).

5-(Furan2-ylmethyl)-1,5-diazecane2,6-dione (20w)

To a solution of dcryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added2-furanylmethylaming ¢t >[ = Mdmn YY2f0 Ay | &Ay3IfS LR2NIA
to stir for 4 h at RT ahthen the solvent was removeith vacuo Purification by flash column
chromatography (Sl mYm KSElIySYy Sidiket +0SGlrGS m Siket IO
afforded thetitle compoundas a colourless oil (150 mg, 60%)0.35 (1:9 methanol: etHyacetate);

Amacm®t (thin film) 3288, 2931, 1615, 1442, 1349, 1174, 1011, 813473800 MHz, CD&t)1 T ®o

¢ 7.34 (m, 1H, OK), 6.36¢ 6.29 (m, 2H, BCH), 5.56 (dJ= 8.9 Hz, 1H, 1), 5.10 (dJ= 152 Hz, 1H,

NGH), 4.16 (dJ= 15.2 Hz, 1H, M), 4.04¢ 3.68 (m, 2H, N;), 3.41¢ 2.78 (m, 2H, Ni&), 2.66¢ 2.02

(m, 4H, 2 >xCHy), 1.90¢ 1.32 (m, 4H, 2 xKg); L ¢ (400 MHz, CD&H) 173.9(00), 171.1(Q0), 151.3

(OCCH), 142.(OCHCH, 111.3 CHCH), 109.0 (M), 46.4 (MH), 43.3 (NCH), 39.2 (NTH,), 37.6

(CQHy), 28.3 (CQHy), 25.8 (Hy), 24.0 (Hy); HRMS (ESI): caled. fagtEsN.NaQ, 273.1210. Found:

[MNa]", 273.1204 (2.0 ppm error).

5-(Pyridin4-ylmethyl)-1,5-diazecane2,6-dione (20x)
O
HN)%OAN o
To a solution of dcryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added 40 I YAY2YSUKe@f OLRBNARAYS OmMmMH >[3X mMdmn YY2f0 A
allowed to stir for 4 h at RT and then the solvent was remamedcuo Purification by flash column

chromatography (S.@ MY ¢ YSGKIy2fyY SGKeéf | OSGFrGS memYo YSi

compoundas a paleyellow oil (240 mg, 92%])n solution iInNCDG, this compound exists as a 10:1
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mixture of rotamersRn ®oc o MYM Y SOKI ya2chY (thib filrk) 8285, PIBS 16RO SO T A
1561, 1416, 1349, 1205, 1001,794;(400 MHz, CD&dl) 4 y c@8pdp (M, 2H, A, both rotamers),
7.15¢ 7.05 (m, 2H, Ad, both rotamers), 6.21 (dl= 9.1 Hz, 1H, M| major rotamer), 5.96 (d]= 10.1
Hz, 1H, M, minor rotamer), 5.29 (d]= 15.5 Hz, 1H, NPy, major rotamer), 4.82 (d= 17.4 Hz, 1H,
NH.Py, minor rotamer), 4.35 (d= 17.5 Hz, 1H, M&Py,minor rotamer), 4.03; 3.91 (m, 1H, Ni&,
both rotamerg, 3.84 (d,J= 15.6 Hz, 1H, NPy, major rotamer), 3.8Q 3.67 (m, 1H, Nz, both
rotamers), 3.18 (m, 1H, Mg both rotamers), 2.90 (m, 1H, Ng& both rotamers), 2.8@ 2.66 (m, 1H,
NCH,, both rotamers), 2.31¢ 2.21 (m, 2H, B, both rotamers), 2.21¢ 2.05 (m, 2H, B, both
rotamers), 3.6&;1.44 (m, 2H, B, both rotamers){ ¢(400 MHz, CD&tl) forthe major rotamer:174.3
(Q0), 170.8(C0), 150.1 (2 x AH), 146.9 (AD), 122.7 (2 x AH), 48.0 (IMH:Py), 45.4 (WH,), 39.3
(NGH), 37.4 (COH,), 28.2(CQHy), 25.7 OH), 23.0 OHe); 1*C NMR resonances ftite minor rotamer:
176.3(Q0), 171.1(00), 150.2 (A€H), 146.3 (AT), 121.6 (AEH), 53.5(NCH:PY) 43.0(NCH,), 40.1
(NCHy), 35.1(CQ0Hy), 35.0(CACHy), 27.3(CHy), 24.9(CHy); HRMS (ESBalcd. for ©HaoN:O,, 262.1550.
Found: [MH]}, 262.15551(2.0 ppm error).

5-(2-Morpholinoethyl)-1,5-diazecane2,6-dione (20y)

To a solution of Acryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 migs

added 4(2-aminoethyl)morpholine (143 mgunn >[ X M®mn YY2f0 Ay | aAy3d
mixture was allowed to stir for 4 h at RT and then the solvent was remioveacuo Purification by

flash column chromatography (SiQ:9 methanol: ethyl@S G+ S ™ MmYH YSGKIFy2fyY Si
methanol: ethyl acetate) afforded thiitle compoundas a colourless oil (252 mg, 89%)0.23 (1:1

YSGKI y2tY §iufciact(thih i 84B6(1 292712855, 1615, 1443, 1356, 1213, 1171, 1115,

921, 7654 1 (400 MHz, CD&tl)+ T ® Y=10.0 BeF1H, B, 4.76¢ 4.66 (m, 1H, NE:CHN), 4.01

(m, 1H, NELCHN), 3.96¢ 3.80 (m, 1H, NGEBH:N), 3.71¢ 3.56 (m, 4H, 2 x OCH2), 3.16 (4, 15.5,

3.8 Hz, 1H, NGEBH:N), 2.88¢ 2.52 (M, 7H, B), 2.44¢ 2.34(m, 2H, Eh), 2.28¢ 2.20 (M, 2H, By),

2.10¢ 1.96 (M, 2H, By), 1.70c 1.51 (m, 2H, B,), 1.45¢ 1.32 (m, 1H, B,);{ c(400 MHz, CD&tl) 174.6

(QD), 170.8(Q0), 66.6 (2 x OHy), 57.0 (\Hy), 53.7 (2 x BHy), 46.6 (NMH,), 44.0 (COH,), 38.5 (2 x

NCH,), 28.6 (C@H,), 26.0 CHy), 24.3 (Hy); HRMS (ESI): calcd. forBsNsNaQ, 306.1788. Found:

[MNa], 306.1787@.4 ppm error).
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5-(2-(1H-ImidazoHt4-yl)ethyl)-1,5-diazecane2,6-dione (202)

0 NH

»

HN)Km/\N/\/[N)
MO

To a solution of Acryloylpiperidin2-one 11a (153 mg, 1.00 mmol) in dry methanol (2.0 mL), was
addedhistamine(122 mg, 1.10 mmol) in a single portion. The reaction mixture was allowed to stir for
4 h at RT and then the solvent was remowedacuo Purfication by flash column chromatography
(S mMYo YSiUKFIy2ftyY SGkKeft FOSGlFGS mtlencompountdsiaK |l y 2t Y
colourless oil (135 mg, 51%n solution inmethanotds, this compound experiences rotameric
broadeningR0.22 (Im YSGKI y2f Y  S/anidthin filmpPeR6i) 2638, d612, 4436, 1199,
1174, 1106, 822, 664, 623; (400 MHz, Methanetl)t T ® d=n1.2 IR BH, ATH), 6.58 (dJ)= 1.2

Hz, 1H, ACH), 3.88¢ 3.51 (M, 2H, Nik), 3.45¢ 2.77 (M, 4H, 2 x M), 2.66¢ 2.41 (m, 3H, B + G),

2.19¢ 2.06 (M, 1H, B,), 1.98¢ 1.87 (M, 1H, B,), 1.85¢ 1.70 (M, 2H, B), 1.39¢ 1.16 (m, 3H, B, +

OHy); 4 ¢ (100 MHz, Methanetl) 175.8(0Q0), 173.4(00), 136.1 (2 x AEH), 117.8 (AQ), 47.7 NOHy),
46.7(NG), 40.4(NCHp), 37.7 CADHy), 29.4(CQAlHy), 26.3(CHy), 25.9 (HAT), 25.0(CH,); HRMS (ESI):
calcd. for @H1N4O,, 265.1659. Found: [MH]265.1657 (0.7 ppm error).

5-Methoxy-1,5-diazecane2,6-dione (20za)

To a solution of Acryloylpiperidin2-one 11a (100 mg, 0.65 mmol) in dry methanol (2.0 mL), was
addedmethoxyaming(51.8 mg, 0.95 mmol) in a single portion. The reaction mixture was allowed to
stir for 4 h at RT and therhé¢ solvent was removedn vacuo Purification by flash column
chromatography (Si© 1:9 methanol: ethyl acetate) afforded thiéle compoundas a colourless oil
(110 mg, 85%)n solution iNCDCJ this compound exists predominantly as a single rotameirlitin
rotameric broadening seen in tHeél NMR spectrum and traces of a minor rotamer evident inttae
NMR spectrumRn ®my oMY d Y SGKIE ya&my(thid filnk 8307, 3087 52035,11650, T A
1545, 4443, 1318, 1178, 1013, 946, 572(400 MHz, CD&d) 4 p ®Jdn3.0HR IH, M), 4.61¢

4.49 (m, 1H, Ni&,), 3.63 (s, 3H, G), 3.48¢ 3.31 (m, 1H, Ni&), 3.32¢ 3.16 (m, 1H, N&3), 2.90 (m,

1H, NE€L), 2.86¢ 2.75 (m, 1HH,), 2.57¢ 2.40 (m, 1H, B,), 2.15¢ 2.02 (m, 2H, B), 1.89¢ 1.79 (m,

1H, Gt), 1.78¢ 1.64 (M, 2H, B), 1.44¢ 1.30 (m, 1H, By); 1 c (100 MHz, CD&tl) 178.0(C0), 170.0
(Q0), 62.1 (@Hs), 43.9 NCH,), 39.7(NCH,), 34.1(CQHy), 31.1 CATHy), 27.4(CHy), 23.3(CH); HRMS
(ESI): calcd. forgBieN2NaQ, 223.1053. Found: [MNg]223.1053 (0.0 ppm error).
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Characteristi¢*C NMR data for the minor rotamers can be found at{400 MHz, CD&tl) 6.30 (1H,
m, NH), 4.00 (1H, m, N€®); 1 c (100 MHz, CD§I171.0 0O), 61.0(0CHs), 47.3(CHy), 36.5(CHy), 28.9
(CHy), 24.6(CHy), 22.7(CHy).

5-(((1S4aR 10a9-7-Isopropytl,4adimethyl-1,2,3,4,4a,9,10,10aoctahydrophenanthrelz
yl)methyl)-1,5-diazecane2,6-dione (20zb)

o]
IR
MO

To a solution of Acryloylpiperidin2-one 11a(153.2 mg, 1.00 mmol) in dry methanol (2.0 mL), was
addedleelamine (314 mg, 1.10 mmol) in a single portion. The reaction mixture was allowed to stir for
4 h at RT and then the solvent was remowedacuo Purification by flash column chromatography
(SiGz mMmYm KSElFySY Sidket I OS lille&dnpotnds & ¢oldurless D@16l G S0 |
mg, %) In solution inmethanotd,, this compound exists as a roughly 3:2 mixture of rotamBrs
noon 68580 Kakm(tdiln)3293,8085, 228, 2867, 1768, 1643, 1556, 1448, 1417, 1375,
1304, 1167, 1105, 1046, 820, 733; (400 MHz, Methanedt,): T @AMO8 (m, 1H, PIRH, both
rotamers), 6.9& 6.84 (m, 1H, Pi&H, both rotamers), 6.88 6.79 (m, 1H, PIH, both rotamers), 4.34

¢ 4.14 (m,1H, PhECH, both rotamers), 4.18 3.87 (m, 1H, G4C, both rotamer} 3.77¢ 3.40 (m,
2H, NE€LC, both rotamers), 2.97 2.67 (m, 4H, B, both rotamers), 2.5¢ 2.38 (m, 2H, B, both
rotamers), 2.3%; 2.20 (n, 1H, €, CH,, both rotamers), 2.1@ 1.96(m, 3H, €k, both rotamers), 1.84

¢ 1.38 (m, 9H, B, both rotamers), 1.3% 1.24 (m, 2H B,, both rotamers), 1.2@ 1.14 (m, 9H, B;,
both rotamers), 1.02, 0.78 (m, 4H, B, both rotamers)i ¢ (100 MHz, Methanetl,): 176.9 and 176.7
(Q0), 173.5(C0, both rotamers) 148.6 and 148.5 (P@), 146.6 and 146.5 (PG, 135.8 and 135.3 (Ph
O, 127.7 (PHH, both rotamers), 124.9 and 124.8 (PH), 124.7 and 124.6 (FtH), 49.9 (PGHCH,
both rotamers), 48.0 (8H.C, both rotamers), 47.6 (EIC, both rotamers}1.3 and 41.0QCHC), 39.7
and 39.5(CH), 38.7 and 38.60CHC), 38.2¢;, both rotamers), 37.3dH,, both rotamers), 34.7 @4,
both rotamers), 31.2 and 31.Th), 29.1 CH,, both rotamers), 26.5 and 26.8Hs), 25.6 CH,, both
rotamers), 24.6 @Hs, both rotamers), 24.4@H,, both rotamers), 20.7GH,, both rotamers), 20.5 and
20.4 O, both rotamers), 19.7 and 19.6Hb, both rotamers), 18.90Hs, both rotamers)HRMS (ESI):
calcd. for ggHizN:NaQ, 461.3138. Found: [MNg]J461.31521(2.8 ppm error)
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(4-Hydroxylbenzyh1,5-diazecane2,6-dione (20zc)

HNJ\AN

To a solution of facryloylpiperidin2-one 11a(153.2 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added 4aminomethylphenol (135.5 mg, 1.10 mmol) in a single portion. The reaction mixture was
allowed to stir for 4 h at RT and then the solvent was remamedicuo Purification by flash column
chromatagraphy (SigE mYpn YSOKFy2tyY SGKet FOSOGlIGS ™M MYHun
ethyl acetate) afforded théitle compoundas a white solid (205 mg, 749%Jotameric broadening is
evident in both the'H and**C NMR spectram.p. 7@72°C,R 0.32 (L.:9 methanol: ethyl acetate);
AnadcmSs? (thin film) 3275, 2934, 1609, 1514, 1349, 1229, 1101, 813,7A800 MHz, Methanetls)

L T ®Ad98.5HR 2HAH), 6.70 (dJ= 8.5 Hz, 2HArH), 5.33 (dJ= 14.7 Hz, 1H, NAr), 3.90¢

3.74 (m, 1H, N&), 3.66 (dJ= 147 Hz, 1H, NB:Ar), 3.30¢ 3.22 (m, 1H, Ni), 3.10¢ 2.91 (m, 1H,

OHy), 2.84¢ 2.62 (M, 1H, By), 2.49¢ 2.36 (M, 1H, B), 2.24¢ 2.13 (m, 1H, B,), 2.13¢ 1.93 (m, 2H,

CHy), 1.65¢ 1.41 (m, 3H, B); ¢ (100 MHz, Methanetls) 175.9(Q0), 173.6(Q0), 157.9 Ar-COH),
130.4 (2 xAr-CH), 129.4 Ar-CO), 116.4 (2 Ar-CH), 49.9 (IHAT), 44.9 (\IHL), 40.4 (NTHp), 37.1
(CQDHy), 29.4 (COH), 26.2(CHy), 25.1(CHy); HRMS (ESI): calcd. fagtBiN:NaQ, 299.1366. Found:
[MNaJ*, 299.1362 (1.4 pprarror).

5-(4-Hydroxyphenethyl}1,5-diazecane2,6-dione (20zd

To amixture ofl-acryloytpiperidin-2-one1la(154 mg,.1.00mmol) and tyramine (151 mg, 1.10 mmol)

was added dry methanol (2.0 mL). The reaction mixture was allowed to stir for 4 h at RT and then the
solvent was removedh vacua Purificationby automated flash column chromatography (using a 24 g
pre-packed Si@column, 0%U 100% ethyl acetate in hexanes, then @15% methanol in ethyl
acetate afforded thetitle compoundasa white solid (164 md&6%) Rotameric broadening is evident

in both the'H and**C NMR spectran.p. 102,108 °CR 0.21 (19 methanol: ethyl acetatg Ana/cm<t

(thin film) 3271, 2940, 1636, 1613, 1516, 1495, 1447, 1353, 1329, 1232, 1200, 1173, 1111, 940, 830,
526, 4601 1 (400 MHz, ¢MeOD)7.03 (2H, d,)= 8.4 Hz, Af), 6.70 (2H, d)= 8.4 Hz, Af), 4.10 (1H,

dt, J= 13.5, 7 Hz, 0.5 xH,), 3.88¢ 3.71 (1H, m, 0.5 xHg), 3.27¢ 3.17 (2H, m, By), 2.90 (1H, dt)=

13.5, 7.6 Hz, 0.5@H,), 2.74 (2H, t)= 7.6 HzOHy), 2.38¢ 2.24 (2H, m, By), 2.21¢ 1.97 (2H, m, B),
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1.81¢1.68 (3H, m, 1.5 xHp), 1.61¢ 1.46 (2H, mCHy); 1 ¢ (100 MHzd,-MeOD data for major rotamer:
175.7 (0), 173.5Q0), 157.QACOH), 131.1 (AD),130.8 (2 x AH), 116.3 (2 x AH),46.8 OHs), 42.9
(CHy), 37.7 CHy), 33.7 (Hy), 32.0 OHy), 25.0 CH), 23.0 CHy), 21.7 (Hy), Characteristic NMR signal
for minor rotamer: 174.9 QO), HRMS (ESI): calcd. forstB.No.NaQ, 313.1523. Found: [MNg]
313.1527 1.3 ppm error).

5-(2-Hydroxyethyl}-1,5-diazecane2,6-dione (20z¢
O

HN)%OAN/\/ OH
NS

To a solution of cryloytpiperidin2-one 11a (154 mg, 1.00 mmol) in dry methanol (2.0 mL), was
added ethanolamine (66 pL, 1.10 mmol) in a single portion. The reaction mixture was allowed to stir
for 4 h at RT and then the solvent was remoiredacuo Purification by flas column chromatography
(SiQz SiKeéet OSGlFLGS ™ mYod YSOKIy2ftyYy SGKet | OSal S
SGKef OSGIGS ™ mYc YSiK ity Gompoundadakvdife sobddRg gl So | F
69%) Rotameric broadening is ewddt in both the'H and*C NMR spectran.p. 164,166 °CR 0.11
(1:4 methanol: ethyl acetafe Ana/cm<t (thin film) 3351, 2937, 2412, 1604, 1487, 1460, 1442, 1351,
1238, 1203, 1069, 1038, 549, 462;(400 MHz, ¢MeOD)4.13¢ 3.19 (7H, m, B,), 3.14¢ 2.42 (3H,
m, GHy), 2.37¢ 1.83 (3H, m, B,), 1.78¢ 1.24 (3H, m, B0 T (100 MHz, ¢MeOD)176.4 (O), 173.7
(Q0), ®.1 CH,), 51.0 CHh), 48.3 CHy), 40.2 OHb), 37.6 (Hy), 29.6 (Hy), 26.5 OHb), 25.3 CHy); HRMS
(ESI): calcdor GoHisNoNaQ;, 237.1210. Found: [MNg]237.1208 (0.7 ppm error).

5-(4-Aminobenzyl}1,5-diazecane2,6-dione (20zf)

O
HN)SOAN/\@

To a solution of Acryloytpiperidin2-one 11a (154 mg, 1.00 mmol) in dry methanol (2.0 mL), was

2

added4-aminobenzylaminé125pL,1.10 mmol) in a single portion. The reaction mixture was allowed
to stir for 4 h at RT and then the solvent was remowedvacuo Purification by flash column
chromatography (S DCMTH 18Ymethanol:DCMIh ™ iiethanol: DCMV afforded thetitle
compoundasa white solid (140mg, 51%) Rotameric broadening is evident in thé NMR spectrum.
Product identity and purity is best seen in tH€ NMR datam.p.165¢176°C R 0.21 (1:9 methanot
DCM; Amadcm¢! (thin film) 3314, 2931, 1613, 1517, 1424, 128201, 1177, 1140, 910, 729, 506;
(400 MHz, CDg)I7.14¢ 7.10 (2H, m, A), 6.66¢ 6.61 (2H, m, Af), 5.28 (1H, s, At¥), 5.25¢ 5.17

45



(1H, m, M), 4.53 (2H, s, AHB), 3.96¢ 3.66 (3H, m, 1.5 xHzand 1H, s, ArN; [overlapping]), 3.30
(1H, dt,J= 156, 3.8 Hz, 0.5 xHp), 2.90¢ 2.79 (1H, m, 0.5 xH5), 2.68¢ 2.56 (1H, m, 0.5 xHE), 2.22
¢ 1.95 (3H, m, 1.5 xHB), 1.73¢ 1.42 (3H, m, 1.5 xHp); 1 ¢ (100 MHz, CDG) 173.9 (0), 171.20),

146.3 (AENH), 129.7 (2 x AH), 128.2 (AD), 115.5 (2 ArCH), 49.5CHy), 45.5 OHy), 39.3 OHy), 37.8
(CHp), 28.4 (Hy), 25.9 (Hy), 24.0 OHs); HRMS (ESI): calcd. fag:NsNaQ, 298.1526. Found: [MN3]
298.1515 (3.6 ppm error).

5,5-(1,4-Phenylenebis(methylene))bis(18liazecane2,6-dione) (20zg)

)OKA 0
HNT 2N m
M;\Q\/N\/\WNH

To a solution of,4-phenylenedimethanamine (103 mg, 0.75 mmol) in dry DMF (1.5 mL), was added a

solution of acryloytpiperidin2-one 11a (230 mg, 1.50 mmol) idry DMF {.5 mL)dropwise The

reaction mixture was allowed to stir for 4 h at RT and then the solvent was remaveadcuo

Purification by flash column chromatography (SiO0 mYn SGKeéft | OSil G4SY KSEly

KSEFTYS T SGKetYSHI&Iy2dS mpakerd o | &S (S G0KSR M | @SHIn (18S
YSGKIFy2fY SiGKéet FFOSGFGS ™M mYd YSGKIy2tY Sikeft

title compoundasa white solid(98.3mg, 30%) Severe rotameric broadening is evident in thtlNMR
spectrum. Product identity and purity is best seen in t#f@ NMR dataThe product exists primarily
as a single rotamer, with traces of a minor rotamer also evidenp. 163170 °C R 0.37 (1.4
methanot DCM); Ana/cm¢t (thin film) 3290, 29311615, 1557, 1416, 1349, 1202, 1177, 1145, 1109,
1054, 910, 726, 645, 49%; (400 MHz, CDg)I7.21¢ 7.05 (4H, m, A, 6.19¢ 5.80 (2H, m, 2 x i),
5.20¢ 4.98 (2H, m, B), 4.17¢ 3.55 (6H, m, B,), 3.28¢ 3.10 (2H, m, B,), 2.98¢ 2.43 (5H, m, B),
2.23¢2.03 (7TH, m, B), 1.81¢ 1.38 (6H, m, B); 1 ¢ (100 MHz, CDGJ174.1 (2 >Q0) 171.1 (2 €0),
137.4 (2 x AT), 128.5 (4 x AH), 48.5 (2 ¥H,), 45.0 (2 Xb), 39.3 (2 XIHh), 37.3 (2 XTHh), 28.3 (2 x
OH,), 25.7 (2 XCHb), 23.9 (2 *CHb); HRMS(ESI): calcd. forEkaNiNaQ, 465.2472. Found: [MN3]
465.2481 (1.8 ppm error).

Characteristic NMR data for the minor rotamers can be foundaf400 MHz, CDgK.81 (2Hd, J=
16.3 Hz(H,), 4.27 (2Hd, J= 16.3 Hz(H,); 1 ¢ (100 MHz, CDgI176.3 (2 xQ0), 171.3 (2 €0), 127.3
(4 x ACH),35.1 (2 xCHy), 27.3 (2 xCHy), 249 (2 xCHy).
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4-Acryloylmorpholin-3-one (21)

0] O

A Ao

SN
To a stirring solution of morpholg-one (202 mg, 1.99 mmol) in dry THF (7.3 mL) cooled to 0 °C was
added a solution of MeMgBr (3.0 M in diethyl ether, 0.73 ma)Yropwise addition using a syringe
pump over 30 min. The reaction mixture was allowed toirstor 10 min at 0°C after addition was
completed. Acryloyl chloride (0.24mL, 3.00 mmol) was then added in a single portion and the
reaction mixture was stirred for an additional 30 min &) The reaction mixture was then quenched
with sat. ag. NECI (10 mL) and the mixture was extracted witblCE(LO mL). The organic layer was
washed with sat. ag. NaH@@ x 8 mL), and organic extracts dried over Mg8®@ concentratedn
vacua Purification by flash column chromatography ¢SI01 diethyl etherhexang afforded thetitle
compoundas a fluffy white powder (106 mgd%); m.p. 44; 47°C; R0.16 (1:1 diethyl ether: hexane);
AmaYcm®t (thin film) 1686, 1396, 1345, 1312, 1204, 1148, 1114, 84000 MHz, CD&}}7.22 (1H, dd,
J=16.9,105Hz, NG | | QU I c k6.9, d.MHZNCREBHCQUO = p ®Y=m0.6uT X RRZ
Hz, NCOCHCHR4.28 (2H, s, OB,CON),3.96 ¢ 3.92 (2H, m, OGGCHN), 3.85¢ 3.80 (2H, m,
OCHGOH:N); 1 ¢ (100 MHz, CD§1169.8 (0), 168.3@0),131.3 (NCA / | | Q0T mMdNPAQO Db/ h/
69.0 (@HCON, 64.1 (@H,CHN), 43.8 (CCHCH:N); HRMS (ESI): calcd. foHgBINaQ, 178.0475.
Found: [MNa], 178.0475¢0.3 ppm error).

Methyl 2-(2-acrylamidoethoxy)acetate (23and N-(2-(2-((4-fluorobenzyl)amino)2-
oxoethoxy)ethyl)acrylamide (24)

0 (0]
/@ANJ\/O\/\NJ\/
H H

To a solution o#-acryloylmorpholir3-one 21 (77.8 mg, 0.501 mmol) in dry methanol (1.0 mL), was

0] o]
H

F

added 4fluorobenzylamine (63 uL, 0.551 mmol) in a single portion. The reaction mixture was allowed

to stir for 4 h at RT and then the solvent was remowedvacuo Purification by flash column
chromatogaphy (SigZ mYn SGkKeét | OSiGFiSY KSEFYyS h mYm SiiKet
methanol: ethyl acetate) affordethethyl 2(2-acrylamidoethoxjacetate(23) asa colorlessoil (61.4

mg, 65%) N-(2-(2-((4-fluorobenzyl)aminoR-oxoethoxy)ethyl)acrylamid€24), contaminatedwith

morpholin-3-one,as an orangeil (25.3mg, 18%)
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Data for23: R 0.45 (1:9 methanol ethyl acetat; Ama/cm® (thin film) 3292, 2954, 1742, 1659, 1626,
1543, 14371216, 1139, 985, 888, 806, 705, 580(400 MHz, CD¢)I6.73 (1H, br s, N), 6.27 (1H, dd,
J=17.0,1.6 Hz, NCEC| | QU X ¢ O™I7.0,d02HZ, NRGTHCQ O = p P JI+H10.5, L6 =
Hz, NCOCHCHR4.10 (2H, s, @GCQCH), 3.74 (3H, s, GCHs), 3.66¢ 3.62 (2H, m, B), 3.55¢ 3.48

(2H, m, €h); { ¢ (100 MHz, CDE) 171.5(C0), 165.8(C0),131.0(NC@H | | 6.FANCETHI | QU =
70.5(0H), 68.0(CHy), 52.1(CHs), 395 (CHy); HRMS (ESI): caled. fasHGNNaQ, 210.0737 Found:
[MNa], 210.0737(c0.2 ppm error).

Datafor 24 (isolated as aoughly2:1 mixture of24 and morpholin3-one):R 0.23(1:9 methanot ethyl
acetate); Ama/cms? (thin film) 3296, 2927, 1660, 1544, 1511, 1414, 1347, 1222, 1124, 983,820

MHz, CDG)7.27¢ 7.20 (2H, m, At), 7.03¢ 6.96 (2H, m, Af), 6.51 (1H, br s, 1), 6.30 (1H, br s, 1),

6.24 (1H, ddJ=16.9, 1.5 Hz, NCOGHICQU = ¢ PAfHl6. Y MWR2Hz, RIE | | QU I p Pc ™
J=10.2, 1.5 Hz, NCOCHCR4.42 (2H, dJ= 6.1 Hz, B), 3.99 (2H, s, ), 3.63¢ 3.58 (2H, m, B),
3.55¢ 3.48 (2H, m, B); { ¢ (100 MHz, CDG)): 169.0 (0), 165.9Q0), 162.3 (AT, 1kr= 245.6 Hz),
134.0 (A€, “kr= 3.5 Hz), 1326 (NCD/ | | Q0 L mM@PFEc 7.9 Hz), 7.0 (NCOQHI QU ¥
115.6 (2 x ABH, 2kr= 21.8 Hz), 70.70H,), 70.5 OHy), 42.2 (Hy), 39.3 OHy); L (376 MHz, CDG), -
11475 (1F, mArB; HRMS (ESI): calcd. fortFNNaQ, 303.1115. Found: [MN3]303.1116 0.1

ppm error).

Data for morpholir3-one :1 4 (400 MHz, CDgI17.06 (1H, br s, N), 4.15 (2H, s,K5), 3.85¢ 3.80 (2H,
m, Gb), 3.44¢ 3.39 (1H, m, B0 T (100 MHz, CDGIL69.4(00), 68.1CHy), 63.4 CHy), 41.7 OHb).

Methyl 5-acrylamidopentanoate(26)

The synthetic procedure and data 8 can be found with the information about compou2@don

page S30.

5-Acryloyl-1-oxa-5-azacycloheptadecand,17-dione (27

A stirring solution ofl-oxa-5-azacycloheptadecané,17-dione’ (111 mg, 0.413 mmol) and DIPEA
(0.180 mL, 1.03 mmol) in THF (1.6 mL) was cooled@ Uo this was added &0 cooled solution of
acryloylchloride (0.067 mL, 0.825 mmol) in THF (0.8 mL) dropWwisger an argon ahosphere this

mixture was stirred at OC for 3 hourslt wasthen allowed to warm to RT and stirred for a further 2
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hours The reaction mixture was then quenched watht. ag NH.CI (2 mL), extracted with DCM (4 mL),
andthe organic layer washed with washed witht. agNaHC®(2 x 2 mL) The organic extractsvere
dried overMgSQ and concentratedin vacuo Purification by flash column chromatography (Si0L
diethyl ether. hexang afforded thetitle compoundas a colourlessoil (21.5mg, 12%) R 0.27 (1.1
hexane diethyl ethe; Amadcms? (thin film) 2927, 2857, 1732, 1687, 1618, 1460, 1404, 1365, 1220,
1133, 1103, 1061, 979, 797, 736;(300MHz, CDG)6.73 (1H, ddJ =16.7, 10.3 Hz, NCBIC | | QU X
6.41 (1H, ddJ=16.7, 1.7 Hz, NCECH Q5.80 (1H, dd]= 10.3, 1.7 Hz, NCEBCH 4.43 (2H, t,)=
5.9Hz, C@H,(H,CON), F5¢ 3.65 (2H, m,CHCHCH:NCO), 3.0(2H,t, J=5.9 Hz, CQCHCH.CON),
2.35¢ 2.25(2H, m, CkOH.CQ), 1.72¢ 1.51(4H, m 2 x G4), 1.41.21 (14H, m7 x G); 4 c(75 MHz,
CD@) 173.9 00),173.3 (CO), 168.9 (@0), 1306 (CHOH), 1302 (CHGH,), 59.8 (CQGH.CH,CON), 4.3
(CHCHGENCQ, 37.2 CQGHG+1CON), 3£ (CHOHLCQ), 28.1 (OH), 27.8 (Oh), 27.7 (O), 273
(), 27.2(QHy), 27.0 (OH), 26.8 (CHy), 25.2 (CHy), 24.7 (OHy); HRMS (ESI): caled. fortBNNaqQ,
346.1989 Found: [MNd] 346.1993(¢1.2 ppm error).

5-(4-Huorobenzyl}1-oxa5,9-diazacyclohenicosand,8,2Ltrione (28)
jej
O N
0.0 HN
21

To a solution 027 (21.5mg, 0066 mmol) in dry methanol (03ImL), was added-fluorobenzylamine

(8 uL, 0073mmol) in a single portion. The reaction mixture was allowed to stid foat RTandthen

the solvent was removeah vacuo Purification by flash column chromatography (Si21 hexane:
SGakKef FOSidlIdS T S Kiefcompodritlash GoSubless: of @2 NIYEEHR) Ini K S
solution inCDG this compound exists as a rougBhl mixture of rotamersR 0.22 ethyl acetate;
Anadcm¢? (thin film) 3313, 2927, 2855, 1732, 1638, 1553, 1510, 1460, 1415, 1358, 1222, 1156, 1101,
1016, 824, 732, (400 MHz, CDgI7.27¢ 7.20 (2H, m, Atl, minor rotame), 7.16¢ 7.09 (2H, m, A,
major rotamer), 7.0&; 7.02 (2H, m, A, minor rotamer), 7.0X, 6.95 (2H, m, Ad, minor rotamer),
6.32 (1H, tJ= 5.8 Hz, N, major rotamer), 5.64 (1H, 3= 5.8 Hz, N, minor rotamer), 4.56 (4H, s,X2

CH,, both rotamers), 4.45 (2H, 3= 6.9 Hz, B, minor rotamer), 4.39 (2H, §= 6.5 HzQ+,, major
rotamer), 3.65¢ 3.55(4H, m, €k, both rotamers), 3.3%, 3.20(4H, m, €k, both rotamers), 2.77 (2H,
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t, J= 6.9 Hz, B, minor rotamer), 2.66 (2H, 8= 6.5 Hz, B,, major rotamer), 2.49 (2H, 3= 6.4 Hz,
CH,, major rotamer), 2.38 2.24(6H, m, €k, both rotamers), 1.69 1.56(4H, m, €k, both rotamers),
1.55¢ 1.43(4H, m, €, both rotamers), 1.3¢ 1.18(28H, m, €, both rotamers){ ¢ (100 MHz, CDgI
174.2(C0, minor rotamer),173.9(C0, major rotamer)171.0 (CO, majorrotamer),1709 (CO, major
rotamer), 1702 (GO, minor rotamer)169.6(C0, minor rotamer),162.4 (ArCF, ke= 246.0 Hz major
rotamer),161.3 (ArCF, ke= 246.0 Hz minor rotamer),1335 (ArCF,*kr=3.0Hz,minor rotamer),132.1
(ArCF,*Xr=3.0Hz major rotamer),130.0 (ArCH, 3tr= 8.0 Hz, minor rotamer},28.1 (ArCH, 3Lk¢= 8.0
Hz, major rotamer)116.1 (ArCH, 2kr= 215 Hz major rotamer),1156 (ArCH, 2kr= 215 Hz minor
rotamer),61.1 (GHy, minor rotamer) 604 (CH,, major rotamer) 51.6(CH,, major rotamer)48.4(CH,,
minor rotamer) 44.3 (CH,, minor rotamer)43.7 (GH;, major rotamer)39.7 (CH,, major rotamer)39.3
(CH,, minor rotamer) 36.0 (CH,, minor rotamer) 35.6 (CH,, major rotamer) 34.1(CH,, major rotamer),
32.7 (O, major rotamer),32.3 ((H,, minor rotamer),29.3 (CH;, major rotamer),28.9 (CH,, minor
rotamer), 28.8 (CH;, major rotamer),284 (CH,, rotamer),28.3 (CH,, rotamer),28.2 (CH,, rotamer),
28.10(CH,, rotamer) 28.07(CHy, rotamer),27.94 (CH,, rotamer), 27.93 (CH,, rotamer),27.89 (CH;,
rotamer),27.6(CH,, minor rotamer) 27.2(CH,, minor rotamer) 26.4(CH;, major rotamer)25.7 (CH,,
minor rotamer),24.7 (CH;, major rotamer),24.6 (GH;, minor rotamer);4 ¢ (376 MHz, CDG), two
rotamers in &:1ratio: 114.34 (1F, m, ArF, major rotamds}14.76 (1Fm, ArF) HRMS (ESI): calcd.
for GsHs7FNINaQ, 471.2630. Found: [MNgJ471.2632¢0.5 ppm error).

5-Acryloyl-1-thia-5-azacyclododecand,12-dione (29

Astirring solution ofl-thia-5-azacyclododecané,12-dion€® (31.5mg, 0.147mmol) and DIPEA (0.064
mL, 0.366 mmol) in THF (0.6 mL) was cooled’@. 0o this was adde®&C cooled solution ofcayloyl
chloride (0.024 mLQ.293mmol) in THFQ:3 mL) dropwiseUnder an argon ahosphere this mixture
was stirred at 0C for 2 hourdt was thenallowed to warm to RT and stirred for a furtighours The
reaction mixture was then quenched wisiat. aq.NH:CI L mL), extracted wittbCM(2 mL), then the
organic layer washed with washed wght. aq.NaHC®(2 x 1 mL) The organic extractsvere dried
overMgSQandconcentratedn vacuo Purification by flash column chromatography (Si0L diethyl
ether. hexang afforded thetitle compoundasa colourlessoil (24.5mg, 62%) R 0.29 (1:1 hexane
diethyl ethed; Ana/cm®? (thin film)2938,1683, 1618, 1404, 1352, 1301, 1276, 1210, 1151, 1072, 1032,
978, 870, 795, 694;, (400 MHz, CD§6.65 (1H, ddJ =16.7, 10.2Hz, NCOIC| | QU X c d=n c
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16.7, 1.8 Hz, NCOICHI 25.83 (1H, dd]=10.2, 1.8 Hz, NCBCHI Q3.77(2H, br s, &), 3.60¢ 2.90
(4H, m 2x CHy), 2.54¢ 2.44 (2H, m, B), 1.82(2H, br s, &), 1.65¢ 1.52 (2H, m, B), 1.50¢ 1.28
(4H, m, 2x CHy); 1 ¢ (100 MHz, CD1200.1(00S),1757 (@0), 1694 (CO), 1305 (CHH,), 1303
(CHOH,), 443 (CHy), 43.7(CHy), 388 (), 283 (OHh), 27.4(CHh), 250 (@), 24.8(CHh), 23.5(CHy);
HRMS (ESI): calcd. faskzsNNaQS,292.0978 Found: [MNa] 292.0981(¢1.1 ppm error).

5-(4-Huorobenzyl}1-thia-5,9-diazacyclohexadecand,8,16trione (30)

0O 0

To a solution 029 (24.5mg, 0091 mmol) in dry methanolq.18 mL), was added-fluorobenzylamine
(11 yL,0.200mmol) in a singlgortion. Thereaction mixture was allowed to stir for 2 h at RT,rthe
the solvent was removeth vacuo Purification by flash column chromatography (@1 hexane:
ethyl acetatelh1:2 hexane:ethyl acetatelh S i K &  affor@e8 thétitle Sampound30 (15.0mg,
42%) a colaurless oi) along with1-thia-5-azacyclododecané,12-dione (2.2 mg, 11%).8 In solution in
CDG compound30 exists as a roughly 3:1 mixture of rotameBzata for30: R 0.22 (ethyl acetatd;
Anadcm<? (thin film) 3314, 2931, 2858, 1640, 1548, 1509, 1414, 1364, 1222, 1156, 1098, 982, 823, 731,
597;'H NMR for the major rotamet:, (400 MHz, CD§I17.31¢ 6.95 (4H m, AH), 5.89 (1H, t)J=5.6
Hz, NH), 4.58¢ 4.45 (2H, m, B,), 3.69¢ 3.53(2H, m, €k), 3.32¢ 3.21(2H, m, Eh), 3.21¢ 3.08(2H,
m, GHy), 2.74¢ 2.34(6H, m, €), 1.97¢ 1.66(2H, m, €h), 1.58¢ 1.42(2H, m, k), 1.40¢ 1.21(4H,
m, CH). DiagnostictH NMR shifts fothe minor rotamerscan be seen at7.31¢ 7.19 (1H, m, A,
minorrotamer), 4.55 (2H, s, AHg, minor rotamer), 7.1@ 7.04 (1H, m, At, major rotamer), 4.49 (2H,
s, ArGl,, majorrotamer); 1 ¢ (100 MHz CDG) 1°C peaks fothe major rotamer:200.6 (00S),171.51
(00),171.45 (0),162.3 (ArCF, 2 kr= 2461 Hz),132.7 (ArCF,“ke= 3.2 Hz), 128.2(x ArCH,3ke= 8.1
Hz), 116.0Z x ArCH, 2k¢= 215 Hz) 529 (CHy), 45.1(CHy), 42.5(CHy), 39.1(CHz), 35.3(CHy), 331 (CHy),
29.5(CHy), 27.8(CHy), 25.9(CHy), 252 (OHy), 25.0 OHe). 1°C peaks fothe minorrotamer: 133.53 (ATF,
“kr= 3.2 Hz), 129.2 & ArCH, 3kr= 8.1 Hz), 115. 2, ArCH, 2= 215 Hz),48.7(CH,), 447 (QH,), 437
(@), 39.6 (O), 36.7 (CHy), 338 (CHy), 29.8(CHy), 28.0 (CHy), 27.2(CHy), 262 (OHy), 23.7 (CHy); L ¢
(376 MHz, CDG@), b114.77 (1F, m, ArFyoth rotamers, overlappiny HRMS (ESI): calcd. for
GoH2/FNNaQS,417.1619 Found: [MN&] 417.1620(c0.3 ppm error).
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1-Acryloyts-(4-fluorobenzyl}1,5-diazecane2,6-dione (S1)

Py

A stirring solution ofl4a(1.20g, 4.30 mmol) and DIPEA (1.87 mL, 10.8 mmol) in THF (20 mL) was
cooled to 0°C. To this was added &Xcooled solution ofaayloylchloride (0.524 mL, 6.45 mmol) in
THF (5.0 mL) dropwiséinder an argon ahosphere this mixire was stirred at CC for 2 hours.
Afterwards it was allowed to warm to RT and stirred for a further 18 hdtrs reaction mixture was

then quenched wittsat. aqNH,CI (5mL), extracted with O 5mL), then the organic layer washed

with washed withsat. ag.NaHC® (2 x 15 mL) The organic extractsvere dried overMgSQ and
concentratedin vacuo Purification by flash column chromatography (SiC2 ethyl acetate: hexane

M S Ke f)affor@es thetitle Sompoundasa pale-yellowoil (997 mg, 70%) In solution inCDG,

this compound exists largely as a single rotamer, along with a minor rotamer (most clearly seen in the
1F NMR data). ThH NMR spectrum is significantly affected by rotameric broadering.49 (1:9
methanot ethyl acetatg; Amadcm<t (thin film) 2943, 1681, 1631, 1509, 1457, 1406, 1342, 1245, 1220,
1158, 1141, 1092, 1063, 981, 905, 816, 767, 730, 582, 498} 4{#N0 MHz, CDgI7.19¢ 7.13 @H,

m, AH), 6.96¢ 6.89 (2H, m, Atl), 6.62 (1H, dd) =16.6, 10.3Hz, NCBIC| | QU X c dnl66,0 M| T R
1.5 Hz, NCO@HI X25.85 (1H, ddj= 10.3, 1.5 Hz, NCBCHI Q4.91¢ 4.15 (2H, m, B,), 3.84(2H,

br's, k), 3.56(2H, br s, &), 3.24(2H, br s, &), 2.39(2H, br s, &), 1.90(2H, br s, &), 1.66(2H,

br p,J= 5.4Hz(H,); 1 ¢ (100 MHz, CD§I175.4 00), 172.9(0), 168.8Q0), 162.1 (ATF, k= 245.6

Hz), 133.0 (A, “ke= 3.1 Hz), 132.1 (NCOEH | QU = 2wmHAIDH, cikr ® 8.1 Hz), 129.4
(NCQ@H= | | QU Z2 xMAndig, &= 2.5 Hz)46.8 (OH.), 456 (), 438 (OH), 38.0 (CHy), 29.1

(CHp), 24.1(CHy), 24.0 (OH); 1 £ (376 MHz, CDG), b114.32 (1F, m, ArF, minor rotamek),15.01 (1F,

m, ArF, major rotamer}iRMS (ESI): calcd. fagkb:FNNaQ, 355.1428 Found{MNa]*, 355.14231.5

ppm error).
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5-Benzyt9-(4-fluorobenzyl}1,5,9triazacyclotetradecane,6,10trione (31a)

59%3

To a solution 061(179mg, 0537 mmol) in dry methanol1.07 mL), was addetlenzybmine 65 pL,
0.591mmol) in a singl@ortion. After 30 min of stirring a white precipitate formedhichturnedthe
solution into a slurryThe reacthn mixture was allowed to stir fa8 h in total at RTand then the
solvent was removeth vacuo Purification by flasttolumn chromatography (SiQethyl acetatelh
1:49 methanol: ethyl acetatelh 6Ynhethanol:ethyl acetatelh ®nYethanol:ethyl acetatelhy &
methanol:ethyl acetatelH1:4 methanol:ethyl acetate) afforded théitle compoundas awhite solid
(180mg, 76%) This compounds exists as a complex mixture of rotamers at RD@) with 4 main
rotamers visible in a ratio of roughly 7:5:4:1, based on*fReNMR data anthe NH signals in théH
NMR spectrumm.p. 188¢190 °C R 0.34 (1:4 methanol ethyl acetatd; Ana/cm®t (thin film) 3301,
2933, 1626, 1552, 1509, 1450, 1363, 1221, 1157, 1096, 915, 823, 729, 699, @O® MHz, CDgI
7.39¢ 6.91 (9H, m, A), 6.88 (1H, br t)= 5.7 Hz, N), 6.76 (1H, br tJ= 6.0 Hz, N), 6.46 (1H, br t)
=5.5 Hz, N), 6.05 (1H, br )= 6.1 Hz, N), 4.69(2H, s, ABH:), 4.62(2H, s, ABH,), 4.56(2H, s, ATH,),
4.55(2H, s, ABH,), 4.48(2H, s, ABHp), 4.38(2H, s, ABH,), 3.74¢ 3.47 (4H, m2 x CHy), 3.36¢ 3.26
(2H, m,CHy), 2.66¢ 2.23 (6H, M6 x CHy), 1.80¢ 1.50 (4H, m2 x OHy); 4 ¢ (100 MHz, CD§1739 (Q0),
1736 (00),1734 (0Q0),172.9 (Q0),172.8 (0D),171.2 (00),171.1 (Q0), 170.6 (Q0), 170.2 (CO), 162.3
(AICF, 1e= 246.0 H2), 162.1 (AICF, 1e= 245.0 HZ),138.0 (ArQ), 137.4 (ArC), 136.9(Ar0), 137.8(Ar0),
133.5 (AIG, “kr= 30 Hz),133.4 (AIC, “kr= 30 Hz),132.8 (AIG, “kr= 30 Hz),129.8 (ArCH, 3k¢= 80 Hz),
129.3(2 x ArCH), 129.0(2 x ArCH), 128.8 (ArCH), 129.31 (ArCH, 3= 8.0 Hz),128.32(ArCH), 128.0
(AICH), 127.7 (ArCH), 127.6 (ArCH), 126.2 (2 x ArCH), 126.0(2 x ArCH), 116.0 (ArCH, 2kr= 215 Hz),
1156 (ArCH, 2k¢= 215 Hz), 115 (ArCH, 2ke= 211 Hz),53.4(ArCH,), 53.0 (AEH,), 51.5(ArCH;), 48.3
(ArCHy), 48.0(ArCH,), 47.9(ArCH,), 44.5(CHy), 43.9(CHy), 43.7(THy), 42.9(CHy), 42 4 (OHy), 396 (OHy),
38.5(CHy), 38.3 (OHh), 35.4(CHy), 35.2(CHy), 35.0 (OHy), 336 (OHy), 332 (CHy), 32.5(CHy), 31.7(CHy),
291 (@Hy), 28.1(CHy), 278 (CHy), 24.0 (QH2), 23.3(CHy), 23.0(CHy); L £(376 MHz, CDG), four rotamers
in a7:5:1:4ratio: 511449 (1F, m, ArF, major rotame11469 (1F, m,ArF) £114.87 (1F, mArF),
5115.15 (1F, mArF);HRMS (ESI): calcd. foetBFNNaQ, 462.2163 Found: [MNa} 462.2160(0.7

ppm error).
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5-Cyclopropyt9-(4-fluorobenzyly1,5,9triazacyclotetradecane?,6,10trione (31b)
F
0 A
JA !
N
14 i
OM o

To a solution 061(320 mg, 0.963 mmol) in dry methanol (2.0 mL), was added cyclopropyl amine (73
KL, 1.06 mmol) in a single portiohhe reaton mixture was allowed to stir for 4 h at RT and then the
solvent was removeih vacuo Purification by flash column chromatography ($Si0O1 ethyl acetate:
KSElyS T S K asmethadd: éthyliaBetatelh #nethanol: ethyl acetatelh3:17
methanol: ethyl acetate) afforded thétle compoundas a colourless 279 mg, 74%])Ihis compound
exists as a complex mixture of rotamers at RCIMG with 4 main rotamers based on the carbonyl
region of the’*C NMR spectrum. Due to overlapping signals in*thend*F NMR, it is difficult to
confidenly quote a rotamer ratip R 0.26 (14 methanol: ethyl acetafg Amadcm¢! (thin film) 3303,
2937, 186, 1638, 1549, 1509, 1413, 1366, 1221, 1158, 827400 MHz, CD#I7.38 (H, t,J=5.6
Hz, MH, rotamer), 7.33 (1H, 1= 5.7 Hz, N, rotamer), 7.14; 6.98 (2H, m, At), 6.96¢ 6.83 (2H, m,
ArH), 6.80 (1H, t)= 5.4 Hz, N, rotamer), 4.7Q; 4.37(2H, m, €h), 3.63¢ 3.54 (2H, m, B,), 3.52 (1H,
d, J= 6.6 Hz, B, rotamer), 3.4% 3.40 (1H, m, B,), 3.20¢ 2.99 (2H, m, B), 2.84¢ 2.67 (1H, m, B),
2.61¢ 2.16 (6H, m, B (rotamer) and €), 1.64¢ 1.25 (4H, m, &), 0.80¢ 0.66 (1H, m, cyclopropy
CH,, major rotamer), 0.6Q; 0.48 (1H, m, cyclopropylHz major rotamer), 0.44; 0.36 (1H, m,
cyclopropyl €., minor rotamer), 0.32; 0.23 (1H, m, cyclopropyHz minor rotamer)i ¢ (100 MHz,
CDG) 174.2(00),173.9(00),173.7(00),173.3(C0),173.0(00),1728 (C0),172.34(C0),172.31(C0),
1722 (00),1712 (@0),1709 (30),1707 (@0),162.0(ArCF, Xr= 24.6 H2), 161.92 (ArCF,*kr= 24.6
H2), 16289 (ArCF, 1kr= 245.6 H2), 1334 (ArCF,%kr= 3.2 Hz), 133.2 (&F,*kr= 3.2 Hz), 133.1 (&F,
“kr= 3.2 Hz), 132.3 (8F,*kr= 3.2 Hz), 129.@ (x ArCH, 3= 8.0 Hz), 129.2 & ArCH,3ke= 8.0 Hz),
129.1 @ x ArCH, 3k¢= 8.0 Hz), 127.82( ArCH, %= 8.0 Hz), 115.2( ArCH, 2kr= 21.6 Hz), 115.2(

x ArCH, 2ke= 21.6 Hz), 115.2 (< ArCH, 2k¢= 21,6 Hz),53.4(CHy), 53.1(CHy), 51.8 (CHy), 51.54 CH),
51.51 CH), 51.2 CHy), 48.0 CHy), 47.5 OHb), 43.5 OHy), 43.3 (Hy), 43.0 (Hy), 42.5 (Hy), 41.8 CHy),
38.7 CHy), 38.6 (Hy), 38.0 (Hy), 36.5 CH), 34.9 (Hy), 34.8 (Hy), 34.6 (Hy), 33.9 (Hy), 33.5 (Hy),
33.4 CHy), 33.1 OHb), 32.8 (Hy), 32.6 (Hy), 32.5 OHb), 32.3 (Hy), 32.2 (Hy), 30.7 CH), 29.2 CH),
28.8 (OHy), 28.7 (CHy), 286 (OHy), 28.0 (CHy), 232 (CHy), 229 (CHy), 224 (CHy), 22.2 (OHy), 95
(cyclopropylHy), 9.0(cyclopropylCHy), 6.4 (cyclopropylCHy); 4 £ (376 MHz, CDE), 114.98(1F, mArF),
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¢114.62(1F, m, ArFRMS (ESI): calcd. foikBsFNsNaQ, 412.2007. Found: [MNg]412.2008¢0.2

ppm error).

5-(Benzo[d][1,3]dioxol-5-yImethyl)-9-(4-fluorobenzyl}1,5,9triazacyclotetradecane2,6,10trione

(31c)
iig%

To a solution 061(332 mg, 0.98 mmol) in dry methanol (2.0 mL), was addageronylamine(166

)

mg, 1210 mmol) in a single portionThe reaction mixture was allowed to stir for 10 min at RT at which
point a white precipitate formed which impeded stirring. To the crude reaction mixture was added
DCM (2 mL) and then the solvent was remowedacuo Purfication by flash column chromatography
(Sigz mYm SikKet FOSGrGSY KSEFyS I uYm Siket | OShl
I OSGFGS ™ mYmMd YSUKEy2fyY StGkKef OSGFGS ™M mYdp YSi
afforded thetitle compoundas a white solid256 mg 53%) This compounds exists as a complex
mixture of rotamers at RT i@DCJ, with 3 main rotamers visible in a ratio of roughly 12:8:6 based on
the F NMR data and th@@+.0 signals in théH NMR spectrumA more nmor fourth rotamer can

also be seen in th®F NMR spectrupm.p.216¢220°C;R 0.23 (14 methanol: ethyl acetadge Ama/cmS

! (thin film) 2933, 1633, 1508, 1490, 1443, 1244, 1157, 1038, 928, 705} ()0 MHz, CDgI7.26

¢ 7.11 (2H, m, Ad), 7.07¢ 6.93 (2H, m, A), 6.79¢ 6.67 (2H, m, Ad), 6.61 (1H, br tJ)= 5.9 Hz, N,
rotamer), 6.5 6.46 (1H, m, Ad), 6.01¢ 5.87 (2H, s, O&0),5.67 (1H, br tJ= 6.2 Hz, N, rotamer),
4.85¢ 4.23 (4H, m, Aiigy), 3.74¢ 3.46 (4H, m, By), 3.37¢ 3.21 (2H, m, By), 2.69¢ 2.40 (5H, m, By),
1.91¢ 1.49 (5H, m, B,), DiagnosticH NMRsignals forthe 3 major rotamers: 5.97 (2H, s, B0,
rotamer B), 5.94 (2H, s, G0, major rotamer A), 5.93 (2H, s,®0O, rotamer C) (151 MHz, CDgI
173.9 O, major rotamer), 173.630), 173.4@0), 172.8Q0, major rotamer), 172.70), 171.2Q0,
major rotamer) 171.0 QO), 170.6@Q0), 170.2Q0), 162.4 (AT, k= 246.0 Hz, major rotamer), 162.3

(2 x ArCF,*Xe= 246.0 Hz, two minor rotamers overlapping), 148.600CH), 148.4 (AGOCH, major
rotamer), 148.2 (ABOCH), 147.5 (ABOCH)), 147.3 (ABOCH), 147.2 (AGOCH, major rotamer), 133.6
(ArQ), 133.5 (AD), 132.9 (AL, “kr= 2.8 Hz, major rotamer), 131.3 @\r130.8 (A€ major rotamer),
129.9 (A€H, 3k= 8.0 Hz), 129.6 (B, 128.4 (A€H,3Lkr= 8.0 Hz), 128.2 (@H,3%r= 8.0 Hz), 121.7
(ArCH), 119.6 (A€H), 119.5 (AGH), 116.0 (ABH, 2kr= 21.5 Hz), 115.7 (@H, 2kr= 21.5 Hz), 115.6
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(ArCH, 2xe= 21.5 Hz), 108.9 (@H), 108.8 (AtH), 108.7 (AtH, major rotamer), 108.4 (8H), 106.8
(ArCH, major rotamer), 106.6 (8H), 101.5 (@H;0),101.32 (@H0, major rotamer), 101.26 @0),
53.2 CHh), 53.1 OHp), 51.4 (Hy), 48.4 (OHb), 48.1 CHp), 47.8 CHy), 44.5 (Hy), 44.3 CHy), 43.8 CHy),
43.7 CHy), 43.0 OHb), 42.2 OHy), 39.6 OHb), 38.54 CHp), 38.51 (Hy), 35.5 CHy), 35.3 (Hy), 352 (CHy),
33.6 (), 33.3 OHh), 33.2 (Hy), 32.7 OHb), 31.8 (Hh), 29.1(CHy), 282 (OHy), 27.8(CHy), 24.0 CHy),
233 (H),230 (Oh); L r(376MHz,CDG), four rotamers in a 12:8:3:6 ratiq114.48 (1F, m, ArF, major
rotamer),¢114.73 (1F, m, ArQ114.84 (1F, m, Arffinor rotamej, ¢115.19 (1F, m, ArfjiIRMS (ESI):
calcd. for GHzoFNsNaQ, 506.2062. Found: [MNg]506.2061 (0.2 ppm error).

1-Acryloyk5-benzyl9-(4-fluorobenzyl}1,5,9triazacyclotetradecane?,6,10trione (S2)

éiﬁo@
Y

To a stirring solution o3l1a (277 mg, 0630 mmol) and DIPEA (R7 mL, 158 mmol) inDCM(10 mL)
was cooled to OC. To this was added a°Q cooled solution ofcayloyl chloride (0.7 mL,0.945
mmol) inDCM(3.0 mL) dropwiseUnder an argon ahosphere this mixture was stirred at°C for 2
hours. Afterwards it was allowed to warm to RT and stirred for a futB&ours The reaction mixture
was then guenched witlsat. ag. NH,Cl 40 mL), extracted with EO @0 mL), then the organic layer
washed with washed witkat. aq.NaHC®(2 x 40 mL) The organic extractsvere dried overMgSQ
and concentratedin vacuo Purification by flash column chromatography (SiD2 ethyl acetate:
hexanelh1:1 ethyl acetate: hexan€h2:1 ethyl acetate: hexan€h S i K & f ME:In&ihdnadl: S
ethyl acetatg afforded thetitle compoundasa colorless 0i{265mg, 85%) This compound exists as a
complex mixture of rotamers at RT@DG with at least3 significant rotameric forms based on the
carbonyl region of thé*C NMR spectrum. Due to overlapping signals in'thend®F NMR, it is
difficult to confidenty quote a rotamer ratig R 0.12 (1:9 methanol ethyl acetatg; Ana/cm<t (thin
film) 1681, 1634, 1509, 1408, 1365, 1221, 1141, 1064, 974, 910, 822, 726, 646, 48230 MHz,
CDGJ) 7.41¢ 7.01 (9H, m, At), 6.84 (1H, ddJ =16.6, 10.3 Hz, NCOIC | | [€¥érlappind), 6.80 (1H,
dd, J =16.6, 103 Hz, NCBIC | | Q0 = Y I J@ethppd)i6.40 INIdd) = 16.6, 1.5 Hz,
NCOCHdA Q-26l, major rotamer[overlapping), 6.36 (1H, ddJ= 16.6, 1.5 Hz, NCOGQH#ICQ-26,
[overlapping), 5.77 (1H, dd)J= 103, 1.5 Hz, NCOCHICI®-25, major rotamer[overlapping), 5.74
(1H, dd,J= 10.3, 1.5 Hz, NCOCHC®-25, [overlapping), 4.82 (2H, s, AH, major rotamer), 4.71
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(2H, s, ArE), 4.69 (2H, s, AKG, major rotamer), 4.56 (2H, s, A, 4.43 (2H, s, AHE), 3.97¢ 3.60
(5H, m,2.5x CH,), 3.52¢ 3.40 (1H, mP.5x CH,), 3.14¢ 3.03 (1H, mP.5x CH,), 2.92¢ 2.74(2H, m,
Hy), 2.56¢ 2.39(2H, m, €h), 1.86¢ 1.55 (5H, m2.5x O); 4 ¢ (100 MHz, CD§175.24(C0),174.66
(@0), 173.70(00), 173.55(Q0), 173.23(00), 173.10(0C0), 172.69(00), 172.22(00), 171.73(C0),
170.06(C0),169.44(00),168.91(00),168.64(C0),168.49(00),161.98 (ArCF, k= 245.0 H2), 137.53
(ArQ), 137.07(ArC), 136.88(ArC), 133.34 (ACF,*Xr= 31 Hz), 133.03 (AF,*kr= 31 Hz), 132.89 (ATF,
“Tr= 31 Hz) 132.08 (ArCH), 131.31 (ArCH), 131.09 (ArCH), 130.47 (ArCH), 129.71 (ArCH), 129.63
(ArCH), 129.10 (ArCH), 128.90 (ArCH), 129.67 (ACH, 3kr= 8.1 H}, 128.53(ArCH), 128.51 (ArCH),
128.19 ArCH,3%r= 8.1 Hy, 12807 (ArCH, 3ke= 8.1 Hy, 128.01(ArCH), 127.45(ArCH), 127.41(ArCH),
127.35(ArCH), 126.18(ArCH), 125.99(ArCH), 11562 (ArCH, 2kr= 216 Hz),11558 (ArCH, 2= 216
Hz),11524 (ArCH, 2k¢= 216 Hz),53.45(CH,), 53.18(CHy), 53.09(CHs), 51.91(CH,), 49.88(CHy), 48.13
(CHp), 47.72(CHy), 47.57(CHy), 44.21(CHy), 44.13(CHy), 43.45(CHy), 43.37(CHy), 43.15(CHy), 43.04
(CHp), 42.38(CHy), 36.41(CHy), 35.55(CHy), 34.98(CHy), 33.83(CHy), 32.76(CHy), 32.54(CHy), 31.72
(CHp), 31.24(CHy), 30.80(CHy), 30.77(CHy), 28.65(CHy), 28.29(CHy), 28.16(CHy), 27.22(CHy), 22.77
(CHy), 22.60 (Hy), 21.32 (CHy), Characteristic peaks for major rotaméi75.24(Q0), 168.91(Q0),
137.07(ArC), 133.03 (AEF,%%e= 31 Hz),131.09(ArCH), 53.45(CH,), 53.18(CHy), 44.21(CH,), 43.37
(CHp), 43.15(CHy), 34.98(CH,), 33.83(CHy), 30.77(CHy), 28.65(CHy), 22.77(CHy); £ (376 MHz, CDG),
three signals are visiblm a 11:23:3 ratio¢114.72 (1F, mArF),11480 (1F, m, ArF, major rotamer),
¢115.07 (1F, mArF);HRMS (ESI): calcd. fesdE.FNsNaQ, 516.2269 Found: [MN&]} 516.2273(c0.8

ppm error).

1-Acryloyk5-cyclopropylt9-(4-fluorobenzyl}1,5,9triazacyclotetradecane2,6,10trione (S3
F

O A

J)L !

N

LS
X

O

Astirring solution of31b (278 mg, 0713mmol) and DIPEA (0.31 mL, 1.78 mmol) in THF (4.0 mL) was
cooled to 0°C. To this was added &0 cooled solution ofcayloylchloride (0.087 mL, 1.07 mmol) in
THF (1.0 mL) dropwis&nder an argon ahosphere this mixture was stirred at°@ for 2 hours.
Afterwards it was allowed to warm to RT and stirred for a further 2 hd\trthis stage additional THF

(4 mL) was added to aid solubility and the mixture was allowed to stir fadditional 2 hours. The

reaction mixture was then quenched wittat. aq.NH.CI (25 mL), extracted with £ (15 mL), then
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the organic layer washed with washed wiht. aq.NaHC®(2 x 25 mL) The organic extractsvere

dried overMgSQ and concentratedin vacuo Purification by flash column chromatography (SR
SiKéet | O0Si 1210 hyl adétst& hexaBEHMPH (i K &  M1:10 BethariplSthyl acetatd
afforded thetitle compounda colairless 0i(105 mg 33%) This compound exists as a complex mixture

of rotamers at RT i@DG], with 4 main rotamers visible in a ratio of roughly 10:8:5:1, based oifhe
NMR data R 0.30 and Q46 (1:4 methanol: ethyl aceta)eg the 2 R values shows that rotamer
interconverson is sufficiently slow that some rotamer separation is possible using chromatography,
although for the purpose of this synthetic reaction, the product was isolated and used as a rotameric
mixture; Ana/cm<? (thin film) 2937, 1682, 1639, 1509, 1405, 136221, 1148, 1064, 1036, 977, 917,
823, 798, 729, 646, 533, 499; (400 MHz, CD§I7.20¢ 7.07 (2H,m, ArH), 7.06¢ 692 (2H,m, AH),

6.75¢ 6.57 (1H, MNCOE&/ | | QU &6.32 (PH mNCOEICHI R5.82¢ 5.72 (1H, m, NCO{CHI Q

4.86¢ 4.47 (2H,m, ArGH,), 3.74¢ 3.47 (6H, m, B(rotamer) and €k),3.03¢ 2.87 (3H, m, B(rotamer)

and G4), 2.58 (1H, tJ= 68 Hz, €b), 2.54¢ 2.28 (3H, m, B,), 1.72¢ 1.45 (4H, m, B), 0.39¢ 0.27

(4H, m, cyclopropyl). For a dagnostictH NMRsignal forone of the individualrotamers: 2.53 (1H,

tt, J= 6.8, 3.9 Hz, cyclopropyHEt ¢ (100 MHz, CD§N755 (Q0), 174.7(00), 1742 (00),173.4(Q0),

1729 (Q0), 172.60(C0), 172.5 (CO), 171.4(C0), 168.9 (Q0), 1688 (0D), 162.28 ArCF, 1kr= 245.5

Hz), 162.22 (AF, kr= 245.5 Hz), 162.15 (@F,'kr= 245.5 Hz), 133.6 (Br'ks= 3.2 Hz), 133.4 (&

“kr= 3.2 Hz), 132.6 (Br*kr=3.2 Hz), 13062 (NCO/ |1 | QX 2y S NZR {1QY/SINDTS mio@n2bp
rotamers), 130.1 (NCOCH | Q Trotdn®i®), 129.0 (NCOCHI QF 2y S NRAKAGHEND = MH g
= 8.1 Hz), 128.2& ArCH, 3ke= 8.1 Hz), 128.@ & ArCH, 3ke= 8.1 Hz), 116.@ & ArCH, 2Le= 21.5 Hz),
115.8 @ x ArCH, 2ke= 21.5 Hz), 115.@  ArCH, 2ke= 21.5 Hz), 53.6,), 52.0 (H), 51.8 CH), 51.5

(G), 50.8 OH), 47.7 OH), 44.30 CHy), 44.25 CHy), 43.8 (Hy), 43.6 CHy), 42.9 OHy), 42.7 (Hy),

41.8 CHy), 36.0 CHy), 35.6 OH), 35.5 CH), 33.4 CHy), 32.8 CHy), 32.7 (Hh), 32.4 (Hy), 32.3(CHy),

29.9 CH), 29.0 CHy), 28.9 OHb), 28.4 (Hy), 22.5 CHy), 22.35 (Hy), 22.3 CHy), 9.7 (cyclopropylH),

7.1 (cyclopropy(H;, two rotamers) 1 (376 MHz, CD@), four major rotamers in a 10:1:8:5 ratiq
114.61(1F, mArF, majorotamer),¢114.78(1F, m, ArF);115.00(1F, m, ArF)115.17(1F, m, ArE)
HRMS (ESI): calcd. forkB,FNiNaQ, 466.2113. Found: [MNg]466.2114 0.4 ppm error).

58



1-Acryloyk5-(benzof][1,3]dioxol-5-yImethyl)-9-(4-fluorobenzyl}1,5,9triazacyclotetradecane
2,6,10trione (S4)

oo

A stirring solutionof 31c(73.1mg, 0151 mmol) and DIPEA (0.065 mL, 0.37 mmol) in DCM (2.5 mL)

was cooled to OC. To thisvas added a OC cooled solution ofcayloylchloride (0.018 mL, 0.22 mmol)

in DCM (0.5 mL) dropwisender an argon ahosphere this mixture was stirred at°C for 2 hours.

Afterwards it was allowed to warm to RT and stirred for a further 15 hdure reaction mixture was

then quenched withsat. aq.NH,Cl (8 mL), extracted with £ (10 mL), then the organic layemas

washed withsat. agNaHC®(2 x5 mL) The organic extractsveredried overMgSQ andconcentrated

in vacuo Purification by flash columohromatography (Si01:2S G Kef I OSi 12 &yl KSEI y ¢
acetate: hexandh S i K & ) affor@e8l thetifleScompounda colorless 0i(22.0 mg, 27%) This

compound exists as a complex mixture of rotamers at RDIGE g A G K H YIF 22 NJ NRB G YSN
based on the carbonyl region of th%& NMR spectrum, and a third more minor rotamer based on the

9= NMR data. Due to overlapping signals in‘theand'*F NMR, it is difficult to confidelytquote a

rotamer ratig R 0.68 (1:9 methanol: ethyl acetat Ana/cm¢? (thin film)2932, 1682, 1637, 1508, 1490,

1443, 1410, 1374, 1223, 1143, 1038, 923, 812, 7300 MHz, CDgI7.24¢ 7.10(2H, m, AH), 7.07

¢ 6.94(2H, m, AH), 6.84¢ 6.65(3H, m, AHand GICH), 6.63¢ 6.57 (1H, m, AH), 6.37 (1H, ddJ=

16.8, 1.7 Hz,l@Hl Q> Y 22 NJ NB.91{2U SNIDEL0) p5F4p@H, dd)= 10.3, 1.7 Hz,

CHCHQZ YI 22 NJ NB.46HMINME), 302 .57 (4H, m, B), 3.42 (1H, br s,15), 3.03

(1H, br s, &), 2.91¢ 2.67 (2H, m, K,), 2.53¢ 2.33 (2H, m, B,), 1.89¢ 1.48 (4H, m, B,). Diagnostic

'H NMRsignals forthe minor rotamer: 6.34 (1H, dd)= 16.8, 1.7 Hz, CHC Q> YA Y 2NJ NR G Y SN
(1H, ddJ=10.4, 1.6 Hz, CHEEIY YA Y 2 NJ NR ( I Y8180 Mbi2, GMI5I5 QDJAFRI 6 0 T

(0D), 173.7QD), 173.6 QO), 172.4Q0), 172.1Q0), 169.2Q0), 168.8Q0),162.3 (ACF, kr= 246.0

Hz), 148.3 (ABOCH), 148.0 (ABOCH), 147.18 (ABOCH), 147.15 (ABOCH) 134.8 (Hy), 133.1 (AG,

“ke= 3.1 Hz), 133.0 (Br‘kr= 3.1 Hz), 132.12 (@), 132.02 (Hy), 131.6 CH), 131.5QH), 131.3CH),

131.0 (A€), 129.9 (ABH, 3ke= 8.2 Hz), 129.00¢,), 128.9 (H,), 128.4 (ABH, 3kr= 8.2 Hz), 128.3

(AICH, 3k¢= 8.2 Hz), 127.6 (@H), 121.8 (ATH), 119.8 (AGH), 115.92 (AGH, 2kr= 21.5 Hz), 115.89

(ArCH, 2Xe= 21.5 Hz), 108.8 (@H), 108.6 (AtH), 108.3 (AtH), 107.0 (A€H), 106.6 (AtH), 101.3
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(OCH:0), 101.2 (QH.0), 53.8 CH), 53.6 (Hy), 53.2 CHy), 50.0 CHy), 44.6 CHy), 44.5 OH), 43.9
(Gh), 43.7 CHh), 43.2 CHy), 36.7 CHy), 35.2 CHy), 34.1 CHy), 31.6 OHb), 31.2 OHb), 31.1 (OHh), 29.8
(CH),28.9 (Hy), 27.5 (Hy), 23.0 OHy), 21.6 CHy); 4 ¢ (376 MHz,CDG)), three signals irm20:14: 1ratio:
¢114.74 (1F, m, ArF;11477 (1F, m, ArF, major rotamec),15.05 (1F, m, ArF);115.19 (1F, m, Arf)
HRMS (ESI): calcd. foskBFNSNaQ, 560.2167 Found: [MNa] 560.2185¢3.1 ppm error).

9-Benzytl13-(4-fluorobenzyl}5-(2-(methylthio)ethyl)-1,5,9,13tetraazacyclooctadecang,6,10,14
tetraone (32a)

NZ)E@
AN

S
|

o)

To a solution ofS2 (258 mg, 0523 mmol) in dry methanol 04 mL), was added -2
(methylthio)ethylamine (8 pL, 0575mmol) in a single portiorilhe reaction mixture was allowed to
stir for 4 h at RT and then the solvent was removedvacuo Purification by flash column
chromatography (Sl mMYm SiGK&t FOSGFGSYIOKSEKYE2Thy SE&KEE T I 1D
1:9 methanol: ethyl acetategnfforded the title compoundas a white solid (196 mg 64%) This
compound exists as a complex mixture of rotamers at RIDi@] with 8 rotameric forms observable
in the °F NMR data, and 32.€ 4 x 8) signals consistent with CO groups in'tieNMRDue to
overlapping signals in the NMR data, it is not possible to confidently quote a rotamemnapiol 3¢

57 °C;R 0.11 (1:9 methanol: ethyl acetatl Ana/cm<? (thin film) 3310, 2928, 1626, 1551, 1509, 1424,
1364, 1220, 1157, 921, 823, 730, 700, 499400 MHz, CD#18.08 (1H, br t)=4.6 Hz, N), 7.61 (1H,
br t, J= 5.0 HzNH, rotames), 7.52 (1H, br tJ= 5.6 Hz, N), 7.47 (1H, br tJ= 6.0 Hz, N), 7.42¢ 6.89
(9H, m, AH), 4.86¢ 4.35(4H, m,2 x ArCH,), 3.81¢ 3.13(10H, m,5 x (H,), 2.95¢ 2.26 (10H, m,5 x
CHy), 2.16 ¢ 2.02(3H, m,CHs), 1.91¢ 1.44(4H, m,2 x CHy); 4 ¢ (100 MHz, CD§I174.21(Q0),174.10
(QD), 174.02(Q0), 173.94(C0D), 173.78(00), 173.70(00), 173.41(C0), 173.11(Q0), 172.69(C0),
172.61(Q0), 172.16(C0D), 172.08(Q0), 172.05(00), 171.88(Q0), 171.52(00), 171.44(Q0), 171.41
(Q0), 171.29(Q0), 171.24(C0), 171.19(00), 171.16(00), 171.11(C0), 170.97 (Q0), 170.72(C0),
170.68(C0D), 170.62(Q0), 170.49(C0), 170.47(C0), 170.44(Q0), 170.32(00), 170.12(C0), 169.96
(00),161.97 (ArCF,Xkr= 245.0 H2), 161.92 (AICF, 2Xr= 245.0 H2), 161.88 (ArCF, Xkr= 245.0 H2), 161.83
(AICF, 2ke= 246.0 H2), 161.80 (AICF 2ke= 246.0 H2), 161.73 (ArCF, X k= 245.0 H2), 137.51(ArC), 137.38

60



(ArQ), 137.34(Ar0), 137.13(Ar0), 136.96(Ar0), 136.86(ArC), 136.78(ArC), 136.38(Ar0), 136.31(Ar0),
135.84(Ar0), 135.71(Ar0), 133.64 ArCF,*xr=3.0Hz), 133.43ArCF,“kr=3.0Hz), 133.18ArCF,*Xr=
3.0Hz), 133.07ArCF,“kr= 3.0 Hz), 132.70ArCF, “Xr= 3.0 Hz), 132.32ArCF, “Xr= 3.0 Hz), 132.19
(ArCF,*Xe= 3.0 Hz), 132.10ArCF, “Xr= 3.0 Hz),129.63 ArCH, 3ke= 8.1 Hy, 129.48(ArCH), 129.43
(ArCH), 129.39(ArCH), 129.13 ArCH, 3kr= 8.1 Hy, 128.98(ArCH), 128.90 (ArCH), 128.86(ArCH),
128.68(ArCH), 128.63(ArCH), 128.52(ArCH), 128.43(ArCH), 128.33(ArCH), 128.06 ArCH, 3kr= 8.1
H2), 127.94(ArCH), 127.88ArCH), 127.82ArCH), 127.80(ACH), 127.71(ArCH), 127.50(ArCH), 127.30
(ArCH), 127.14(ArCH), 126.27 (ArCH), 126.08(ArCH), 125.91(ArCH), 125.75(ArCH), 125.73(ArCH),
126.27 (ArCH), 126.08(ArCH), 125.91(ArCH), 125.75(ArCH), 11565 (ArCH, 2ke= 211 Hz),11558
(AICH, 2k¢= 211 Hz),11554 (ArCH, 2ke= 211 Hz),11523 (AICH, 2k¢= 211 Hz),11554 (ArCH, 2ke=
211 Hz),11523 (ArCH, 2kr= 211 Hz),11512 (ArCH, 2k= 211 Hz),114.99 (ArCH, 2kr= 211 Hz) 55.86
(CHp), 53.22(CHy), 52.93(CHy), 52.67 (CHy), 52.33(CHy), 51.92(CH), 51.83(CHy), 51.23(CHy), 49.96
(CHp), 49.11(CHy), 49.01(CHy), 48.81(CHy), 48.59(CHy), 48.28(CHy), 48.25(CHy), 48.10(CHy), 47.80
(CHp), 47.49(CHy), 47.18(CHy), 46.91(CHy), 46.79(CHy), 46.42(CHy), 45.89(CHy), 45.60(CHy), 45.45
(CHp), 45.33(CHy), 45.02(CHy), 44.89(CHy), 44.62(CHy), 44.26(CHy), 44.17(CHy), 44.03(CHy), 43.75
(CHp), 43.65(CHy), 43.58(CHy), 43.54(CHy), 43.48(CHy), 43.36(CHy), 43.23(CHy), 43.11(CHy), 42.87
(CHp), 42.68(CHy), 42.47 (CHy), 42.33(CHy), 42.25(CHy), 41.20(CHy), 40.24(CHy), 39.41(CHy), 39.22
(GHh), 39.13(CHy), 38.66(CHy), 38.58(CHy), 38.20(CHy), 38.06(CHy), 37.56(CHy), 37.51(CHy), 37.33
(GH), 36.91(CHy), 36.20(CHy), 35.33(CHy), 35.27(CHy), 34.93(CHy), 34.79(CHy), 34.15(CHy), 33.99
(GHh), 33.52(CHy), 33.44(CH), 33.23(CHy), 33.05(CH), 32.78(CHy), 32.74(CHy), 32.64(CHy), 32.53
(GHh), 32.49(CHy), 32.41(CHy), 32.32(CHy), 32.24(CHy), 32.14(CHy), 32.05(CHy), 31.98(CHy), 31.81
(CHp), 31.75(CHy), 31.65(CHy), 31.56 (CHy), 31.52(CHy), 31.44(CHy), 31.34(CHy), 31.24(CHy), 31.20
(GH), 31.05(CHy), 30.93(CHy), 30.76(CHy), 30.67(CHy), 30.58(CHy), 29.34(CHy), 28.76(CHy), 28.56
(CHy), 27.96(CHy), 27.87(CHy), 27.73(CHy), 27.61(CHy), 27.41(CHy), 27.20(CHy), 27.03(CHy), 23.60
(CHy), 23.12(CHy), 22.99(CHy), 22.68(CHy), 22.18(CHy), 22.08(CH), 22.03(CHy), 20.65(CHy), 20.49
(CH), 15.58 (OHy), 15.22(CH); L < (376 MHz, CDG)), eight signas in al4:24:19:7:16:7:7:6 ratiog
11433 (1F, m, ArFx11447 (1F, m, ArF, major rotaen), 11459 (1F, m, ArF;11472 (1F, m, ArF)
11479 (1F, m, ArF}115.04 (1F, m, ArFE115.15 (1F, m, ArF11547 (1F, m, AJEHRMS (ESI): calcd.
for GiHx1FNINaQS,607.2725 Found: [MN&] 607.2708(2.8 ppm error).
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9-Cyclopropyt13-(4-fluorobenzyl}5-(prop-2-yn-1-yl)-1,5,9,13tetraazacyclooctadecan?,6,10,14
tetraone (32b)

0O

(A
L
o> l

To a solution 063(98.1 mg, 0.221 mmol) in dry methanol &t mL), was addegropargyl aming16

pL, 0243mmol) in a single portionThe reaction mixture was allowed to stir for 4 h at RT and then the
solvent was removeih vacuo Purification by flash column chromatography ($iQ1 ethyl acetate:
KSEIFIYS T SiK&eY 3OSy AifSY NS iMoeYiS (IKO §F &l &S Sthremtr I OS
methanol: ethyl acetatdy 4#nyethanol: ethyl acetateafforded thetitle compoundasa colourless

oil (27.6 mg, 25%) This compound exists as a complex mixture of rotamers at D@, with 6
rotameric forms observable in théF NMR data. Due to overlapping signals in the NMR data, it is not
possible to confidently quote a rotamer ratiB 0.33 (1:4 methanol:ethyl acetate); Ana/cms? (thin
film) 3295, 2941, 1733, 1634, 1552, 1510, 1438, 1369, 1219, 1017, 82647810 MHz, CDg}| 7.23

¢ 7.13(2H,m, ArH), 710 (1H,t, J=6.6 Hz,NH, rotamer), 706 ¢ 6.95 (2H,m, ArH), 692 (1H,t, J=6.0
Hz,NH, rotamer), 666 (1H,t, J= 55 Hz,NH, rotamer),4.63¢ 4.48 (2H,m, (H,), 422 ¢ 4.11 (2H, m,
OHb), 381¢ 3.50 (4H,m, CHb), 345¢ 3.13(2H,m, OHb), 2.96 ¢ 2.16 (12H,m, CHy and G), 1.87¢ 1.43
(4H, m, €k), 0.96¢ 0.55 (4H, m, cyclopropylHg); 1 ¢ (176 MHz, CDG), 174.36(CD),174.10(Q0),
173.94(00),173.81(00),173.78(00),173.71(C0),172.58(00),172.49(C0),171.64(00),171.54(C0),
171.50(C0),171.48(00),171.06(00),170.37(00),170.26(C0),169.89(00),162.35 ArCF, kr= 24.0

H2), 162.31 ArCF,1ke= 246.0 H2), 162.24 ArCOF, 1 ke= 246.0 H2), 162.20 ArCF, Xkr= 246.0 H2), 162.18
(ArCF, 2ke= 245.0 H2), 133.99(ArCF, “k¢= 3.2 Hz),133.91(ArCF, “kr= 3.2 Hz),133.39(ArC0P), 132.70
(ArCF, “kr = 3.2 Hz),132.54(ArCF), 129.96(ArCH, k= 8.0 Hy, 129.50(ArCH, 3k¢= 8.0 HY, 129.22
(ArCH, 3Le= 8.0 Hy, 128.32(ArCH, 3%r= 8.0 HY, 128.23(ArCH, 3k¢= 8.0 Hy, 128.09(ArCH, 3%r= 8.0

H2), 116.05(ArCH, 2r= 215 Hz),116.02(ArCH, 2kr= 215 Hz),115.95(ArCH, 2k¢= 215 Hz),115.60
(AICH, 2kr= 215 Hz),115.55(ArCH, k= 215 Hz),79.22(CCH),78.98(CCH),78.80(CCH),78.63(CCH),
72.85(Q0H), 72.45(QCH), 72.06(C0H), 71.89(C0H), 51.50(CHy), 51.44(CHy), 50.05(CHy), 47.94(CHy),
47.82(CHy), 45.92(CHy), 45.52 (CHy), 45.48(CHy), 43.99 (CHy), 43.93(CHy), 43.82(CHy), 43.64(CHy),
43.15(QHy), 42.97 (OHy), 42.47 (CHy), 40.58 (CHy), 39.65 (CHy), 39.55(CH), 39.43 (CHy), 39.32(CHy),
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39.09(CHy), 37.53(CHy), 37.22(CHy), 35.75(CHy), 35.11(CHy), 34.81(CHy), 33.42(CHy), 33.27 (CH),
33.25(CH), 32.84(CHy), 32.73(CHy), 32.69(CHy), 32.64(CHy), 32.40(CHy), 32.11(CHy), 31.94(CHy),
31.87(0), 31.51(CHy), 30.90(CHy), 30.53(CH),30.37(CH),30.31(CH),29.79(CHy), 29.71(CH),28.67
(Oh), 28.46 (CHy), 28.30(CHy), 27.96 (OHh), 27.24(CHy), 23.40(CHy), 22.67 (), 22.58(CHy), 22.31
(G), 9.87(cyclopropylCHy), 9.67 (cyclopropylCH), 9.31(cyclopropylCH), 9.25(cyclopropylG); 4 ¢
(376 MHz,CD@)), sixrotamers in a7:5:9:1:12:4 ratio¢11442 (1F, m, ArF);11457 (1F, m, Ark ¢
11465 (1F, m, ArF;11480 (1F, m, ArF);11492 (1F, m, ArF, major rotame115.08 (1F, m, Arf
HRMS (ESI): calcd. forkBsFNiINaQ, 521.2535 Found: [MNa] 521.2536(c0.3 ppm error).

9-(Benzo[d][1,3]dioxol-5-yImethyl)-13-(4-fluorobenzyl}5-isopentyt1,5,9,13

tetraazacyclooctadecan®,6,10,14tetraone (32c)

To a solution 064(53.3 mg, 0.099 mmol) in dry methanol (0.24 mL), was added isopentylamine (15
pL, 0.130 mmol) in a single portiofihe reaction mixture was allowed to stir for 4 h at RT and then
the solvent was removeth vacuo Purification by flash column chromatograpliSiQ, 1:1 ethyl
FOSGFGSY KSElFLYS ITBHYStGKEY 2t ©S 6 @ EeétHapol@®hyl ladeGte) T MY
afforded thetitle compoundasa colourlessoil (37.1 mg, 60%) R 0.45 (1:4 methanol: ethyl acetafe
AmaYcm®t (thin film) 3308, 2942, 1628, 1557, 1508, 1489, 1442, 1368, 1243, 1221, 1097, 1038, 924,
813, 73111 (600MHz, CDG)8.01 (1H, br tJ= 5.1Hz NH, rotamer), 7.4Q; 7.36 (1H, m, N, rotamer),

7.34 (1H, br tJ= 5.6 Hz N, rotamer), 7.25; 7.07 (2H, m, Af), 7.07¢ 6.90 (2H, m, A, 6.81¢ 6.44

(3H, m, AH), 5.96¢ 5.87 (2H, m, O&0), 4.77¢ 4.19(4H, m, 2x ArCHy), 3.76¢ 3.46(6H, m 3 x CHy),

3.40¢ 2.98 (4H, m,2 x OH), 2.87¢ 2.24 (8H, m,4 x G), 1.86¢ 1.12 (7H, m,3 x GHhand CH,
[overlapping]), 0.92 0.83 (6H, m, 2 GH); 1 c(151MHz, CDE)J174.49(C0), 174.14(C0),174.05(C0),
173.96(00),173.86 QO), 173.84@0), 173.39q0D), 173.60@0), 173.39@0), 173.12@D), 172.71

(QD), 172.64QO), 172.32@0D), 172.14 Q0), 172.02Q0), 171.98 @0), 171.63Q0), 171.46 (D),
171.39 (O), 171.22@0), 171.01@0), 170.85@D), 170.75@0), 170.55@D), 170.53Q0), 170.43

(Q0), 170.37Q0), 170.30Q0), 170.19QD), 170.04@D), 170.03QD), 169.77Q0), 162.36 (ATF, ks
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= 246.5 Hz)162.34 (ATF,"Xr= 246.5 Hz), 162.30 @&, = 246.5 Hz), 162.23 (@F, k= 246.5 Hz),
148.55 (AGOCH), 148.33(ArCOCH), 148.27(ArGOCH), 148.20(ArCOCH), 148.05(ArCOCH), 147.94
(ArGOCH), 147.51 (ArGOCH), 147.29 (ArQOCH), 147.19 (ArGOCH), 147.10 (ArGOCH), 147.06
(ArGOCH), 147.00(ArGOCH), 133.90(Ar0), 13374 (ArCF, “ke= 3.0 Hz)133.50(ArCF,*Xe= 3.0 Hz),
133.41(Ar0), 132.83(ArC), 132.59(ArCF,*Xkr= 3.0 Hz), 32.38(ArCF,“ke= 3.0 Hz)132.34(ArCF,*Xr=
3.0 Hz)131.83(Ar0), 131.72 (ArQ), 131.52 (ArQ), 131.18(ArQ), 130.71 (ArQ), 130.35(ArQ), 130.03
(ArCH, 3ke= 8.1 Hz), 129.86 (@, 3kr= 8.1 Hz), 129.83 (@H, k= 8.1 Hz)129.70(Ar0), 129.53
(ArQ), 129.48 (ACH, *%r= 8.1 Hz), 129.31 (@, 3kr= 8.1 Hz), 128.31 (@H, 3kr= 8.1 Hz), 128.20
(ArCH), 128.15 (AtH),128.10(ArCH), 128.05(ArCH), 121.68(ArCH), 121.61(ArCH), 121.43(ArCH),
121.01(ArCH), 119.84(ArCH), 119.54(ArCH), 119.49(ArCH), 119.42(ArCH), 116.05 (ArCH, 2ke= 216
Hz),116.02 (ArCH, 2kr= 216 Hz),115.95 (ArCH, 2kr= 216 Hz),115.62 (ArCH, 2kr= 216 Hz),115.57
(ArCH, 2Xr= 216 Hz),115.46 (ArCH, 2Xr= 216 Hz),108.80(ArCH), 108.76 (ArCH), 108.66 (ArCH),
108.64 (ArCH), 108.59(ArCH), 108.55(ArCH), 108.34 (ArCH), 108.26 (ArCH), 108.21(ArCH), 107.12
(ArCH), 106.94(ArCH), 106.79(ArCH), 106.60(ArCH), 106.55(ArCH), 115.53(0CH0),115.38(0CH;0),
101.46(0CCH.0),101.43(0CCH.0),101.29(0CH.0),101.26(0CCH.0),101.22(0CH,0),101.13(0CH0),
101.06(0OCH:0), 53.52 (), 53.12(CH), 53.03 (CHy), 52.62 (CHy), 52.50(CHy), 52.27 (OHy), 52.16
(G), 52.06(CH), 51.81(CHy), 51.53(CH), 50.56(CH), 49.80(CHy), 49.42(CHy), 49.26(CHy), 49.11
(G), 48.63(CHy), 48.27(CHy), 47.99(CHy), 47.85(0CHp), 47.68(CHp), 47.23(CHy), 46.94(CHy), 46.74
(GH), 46.33(CHy), 46.15(CHy), 45.82(CHy), 45.34(CHh), 45.25(CHy), 44.96(CHy), 44.89(CHy), 44.85
(CHp), 44.74(CH), 44.52(CHy), 44.25(CHy), 44.09(CH), 44.04(CHy), 43.85(CHy), 43.74(CHy), 43.68
(GH), 43.52(CHy), 43.23(0Hy), 43.07(CHy), 42.98(CHp), 42.77(CHp), 42.39(CHy), 41.88(CHy), 39.65
(GH), 39.51(CHy), 39.18(CHy), 38.94(CHy), 38.49(CH), 38.34(CHy), 38.07(CHy), 37.83(CHy), 37.68
(), 37.64(CHy), 37.52(CHy), 37.28(CHy), 36.96(CH), 36.75(CHy), 36.68(CHy), 36.57(CHy), 36.22
(G), 35.88(CHe), 35.86(CHy), 35.79(CHy), 35.37(CH), 35.12(CHy), 33.60(CHy), 33.52(CHy), 33.46
(Gb), 33.21(CH), 33.11(CHy), 32.96(CHy), 32.83(CHy), 32.65(CHy), 32.53(CHe), 32.31 (CHy), 32.19
(@), 32.12 CHp), 32.02 (Hy), 31.98 OHy), 31.94 CHp), 31.91 (Hy), 31.84 (Hy), 31.69 (Hy), 31.34
(@), 31.10 CHy), 30.95 (Hy), 29.69 CHy), 29.07 CHy), 28.78 OHy), 28.12 OHy), 27.95 CHy), 27.74
(@), 27.23 CHy), 27.05 CHy), 26.38 CH), 26.32CH), 26.23(H), 26.14(H), 26.10(H), 26.04 CH),
26.00 CH), 25.97 CH), 23.87 @H,), 23.48 OHp), 23.25 ), 22.97 OHy), 22.61 OH), 22.59 CHs),
22.48 (), 22.42 (), 2239 (CHy), 20.77 ((Hy); ¢ (376 MHz, CDG), eight rotamers in a
42:8:14:13:6:8:5:3 ratiocb114.34 (1F, m, ArF, major rotameg114.50 (1F, m, ArF114.57 (1F, m,
ArF),b114.71 (1F, m, Arf114.83 (1F, m, Arf115.12 (1F, m, Arf115.19 (1F, m, Arf)115.50
(1F, m,ArF) HRMS(ESI): calcd. forzEhsFNiINaQ, 647.3215. Found: [MNg]647.3223 €1.2 ppm

error).
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NMR datafor were alsocollected in d-DMSO atl120 °Cto reduce the number of rotameric forms

leading greatly simplified NMR spectra

1 (500MHz,ds-DMS0,120 °C)2 major rotamersvere observed under these conditigngith most
signals broadened .60 (1H, br s, N, minor rotamer), 7.52 (1H, br sHNmajor rotamer), 7.3%, 7.23
(2H, m, AH), 7.15¢ 7.06 (2H, m, Ad), 6.65¢ 6.68 (3H, m, A1), 5.96 (2H, s, O&0),4.60¢ 4.52(2H,
m, ArCH,), 4.47¢ 4.41(2H, m,ArCH,), 3.65¢ 3.43(6H, m,3 x CH,), 3.30¢ 3.20 (2H, m,CHy), 3.19¢
3.05(3H, m,1.5x CHy), 2.72¢ 2.53(3H, m, 15 x CHy), 2.45¢ 2.30(4H, m, 2x CHy), 1.68¢ 1.44(4H, m,
2 x(Hy), [overlapping]), 1.54 (1H, di= 13.4, 6.7 HLH, [overlapping]), 1.4Q 1.32(2H, m,(H,), 0.91
(6H, dJ= 6.7 Hz, 2 Ok); Diagnostid3C resonancesre provided; there is clear evidence for rotemric
broadening in the*C NMR spectrum, which expia why all carbons are not accounted:fog (126
MHz, ds-DMS0,120 °C) 173.1(Q0), 171.1(QD), 1706 (Q0), 1620 (ArCF, ke = 243.2 H2), 1481
(ArGOCH), 147.0 (ArCOCH), 135.0(Ar0), 1297 (ArCH), 11553 (AICH, 2kr= 213 Hz),11546 (ArCH,
2}r= 213 Hz),108.5(ArCH), 101.3(00H,0),43.8(CH,), 322 (CHy), 26.1(CH), 22.7 (CHa); L £ (471 MHz,
ds-DMSO;120°Chitwo rotamers(broadened, and overlapping) a 8:5 ratiob115.99 (1F,m, ArF, major
rotamer), £116.07 (1LF,m, ArB.
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1-Acryloyl-piperidin-2-one (11a)
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5-(4-Huorobenzyl}1,5-diazecane2,6-dione (144a) 2:15 mixture of rotamers
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b8029kyp
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1l-acryloylazetidin-2-one (11b)
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1-(4-Huorobenzyl}1,5-diazocane2,6-dione (14b)
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i5807f.1 fid
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Methyl 3-(3-((4-fluorobenzyl)amino)propanamido)propanoateT he isolated materialantained
minor unidentified impurities, but the NMR data obtained were sufficient to identify this unwanted
side product
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20210215_KP450_A_8RE.2.fid
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N-(4-fluorobenzyl}3-(3-((4-fluorobenzyl)amino)propanamidgropanamide
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2021-02-08.340.fid
Elsewhere in Chemistry
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1-Acryloyl-pyrrolidin-2-one (110
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5-(4-Huorobenzyl}1,5-diazonane2,6-dione (14c). In sdution in CDGl this compound exists as a
mixture of rotameric forms (1 major rotamand 3 minor rotamers, best seen in tHe NMR). ThéH
NMR data is complicated by rotameric broadening, with product identity and purity best determined

usingthe *C NMRlata collected at 55C.
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1-Acryloyl-azepan2-one (11d)
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5-(4-Huorobenzyl}1,5-diazacycloundecan®,6-dione (14d) Note, in soltion in CDGJ, this compound
exists as a mixture of rotameric forms (1 major rotamer amainor based on thé’F NMR data). The

H NMR spectm is severely complicated by rotameric broadening, with product identity and purity
best determined using’C NMRlata.
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1-Acryloyl-azocan2-one (11e)
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5-(4-Huorobenzyl}1,5-diazacyclododecan®,6-dione (14€)
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4-(Acryloyl)thiomorpholin-3-one (16a)
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tert-Butyl 4-acryloyts-oxo-1,4-diazepanel-carboxylate (1®)
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tert-Butyl 4-acryloyt3-oxopiperazinel-carboxylate (16)
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1-Acryloyl-6-allylpiperidin-2-one (16&1)
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4aR 4bS6aS759aS9bS 11aR)-1-AcryloykN-(tert-butyl)-4a,6adimethyl-2-o0xo0-2,4a,4b,5,
6,6a,7,8,9,9a,9b,10,11,1%@tradecahydro1H-indeno[5,4f]quinoline-7-carboxamide(16f)
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4-(4-Huorobenzyl}1,4,8thiadiazecane3,7-dione (17) In solution inCDG, this compound exists as
a mixture of 2 rotameric forms (4:1 ratio, best seen in {feNMR). ThéH NMR spectrum is difficult
to interpret due rotameric broadening, even when recorded at ‘@in DMS@I6, with product

identity and purity best determined usiféC NMRJatain CDGlat RT
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tert-Butyl 8-(4-fluorobenzyl)5,9-dioxo-1,4,8triazacycloundecane-carboxylate (17b) TheH NMR
and 13C NMR spectra are both affected by rotameric broadening, even when recorded at elevated
temperatures
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tert-Butyl 1-(4-fluorobenzyl}2,8-dioxo-1,4, 7-triazecane4-carboxylate (1€) In solution inCDGCJ this
compound exists as a mixture ®fotameric forms 4:5:20 ratiq best seen in th&’F NMR)
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10-Allyl-5-(4-fluorobenzyl}1,5-diazecane2,6-dione (1®) In solution inCDGCJ this compound exists
as a mixture of 2 rotameric forms (12dtio, best seen in thé’F NMR)
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