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Experimental Section
General Information

'H, 2H and '3C nuclear magnetic resonance (NMR) spectra were obtained as solutions in a
suitable deuterated solvent and recorded at 500 MHz, 76 MHz and 125 MHz, respectively, on
a Bruker Avance III 500 spectrometer. Chemical shifts are reported in parts per million (d)
referenced to the deuterated solvent employed. Multiplicities are indicated by s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet), b (broad), hep (heptet) or combinations thereof.
LCMS was carried out on a Waters Acquity SQD operating in positive and negative ion
electrospray mode, employing a 50 x 2.1 mm, Waters Acquity UPLC BEH C18, 1.7 um column
and a 1.5 min gradient elution of 0.1% aqueous formic acid and acetonitrile (5-95%) at a flow
rate of 0.6 mL min~!. High resolution mass spectrometry were measured using a Finnigan MAT
95 XP or a Finnigan MAT 900 XLT by the EPSRC National Mass Spectrometry Service
Centre, University of Wales (Swansea), Singleton Park, Swansea, SA2 8PP. Infrared (IR)
spectra were recorded on a Bio-Rad FTS 3000MX diamond ATR as a neat sample. UV spectra
were obtained using a U-2001 Hitachi Spectrophotometer with the sample dissolved in ethanol.
All commercial reagents and solvents were purchased from reputable suppliers. Where petrol
1s stated, this refers to the fraction of alkanes, which boils between 40 °C and 60 °C. The
chemicals were of the highest available purity and used as supplied unless otherwise stated.
Anhydrous solvents were stored under nitrogen. Reactions requiring microwave irradiation

were carried out in a Biotage Initiator™ Sixty reactor.

General procedure A

10% Pd/C (~ 10 wt%) was added to the carboxylic acid (for typical scale see below) dissolved
in AcOH (1.5 mL/mmol). Following evacuation, an atmosphere of hydrogen was introduced
via a balloon. After stirring vigorously for 69 h at 60 °C, the suspension was filtered through a
Celite plug, eluting with AcOH (1.5 mL/mmol). The solvent was removed in vacuo and the

resultant solid was dissolved in water (0.6 mL/mmol) before the addition of 35% ammonium



hydroxide in water (0.6 mL/mmol). The mixture was stirred at RT for 30 min after which it

was concentrated and dried in vacuo to afford the product.
General procedure B

A reaction vessel was equipped with a stirrer bar, finely powdered diammonium salt (for typical
scale see below and covereded with glass wool. The mixture was stirred and heated at 230 °C
for 6 h. EtOAc (10 mL/mmol) was added along with sat. sodium bicarbonate solution (10
mL/mmol) and the mixture was sonicated to dissolve all the solids. The aqueous layer was
extracted twice with EtOAc and the collated organic layers were dried (MgSQO,) and evaporated
to dryness.

General procedure C

Under an inert atmosphere, to the imide (for typical scale see below) in anhydrous THF (2.3
mL/mmol) was added 1 M BH;-THF solution (4 mmol per mmol substrate) was added
cautiously and the reaction mixture was heated at reflux for 3 h. After cooling to RT, the
reaction was quenched MeOH until effervescence ceased, evaporated to dryness and taken up
in MeOH (1.7 mL/mmol). A 1.25 M solution of hydrogen chloride in MeOH (1.7 mL/mmol)
was added and, under nitrogen, the solution was heated at reflux for 3 h. After cooling to RT,
the solvent was removed in vacuo and the crude product was purified by recrystallisation from

MeOH-diethyl ether.

Diammonium tetrahydrofuran-2,5-dicarboxylate 4:

® O o ®
H4N OQC(&002 NH4

Prepared according to general procedure A with the following reagents: 2,5-furandicarboxylic
acid (3, 5.00 g, 32.0 mmol), Pd/C (510 mg), AcOH (50 mL), water (20 mL) and 35%
ammonium hydroxide in water (20 mL) affording 4 as a white solid (6.06 g, 32.0 mmol, 100%);
R¢=0.51 (DCM:MeOH, 90:10); m.p: 227-230 °C; IR vy /cm 1 3178, 2993, 2869, 2778, 1699,
1545; '"H NMR (500 MHz, D,0) 6 1.73-1.79 (2H, m, 2 x CH), 2.13-2.20 (2H, m, 2 x CH),
4.10-4.16 (2H, m, 2 x CH); 13C NMR (125 MHz, D,0) 6 30.1, 79.7, 180.4); HRMS calcd. for
CeHgOs m/z [M+H]* 159.0296, found 159.0299.



8-Oxa-3-azabicyclo[3.2.1]octane-2,4-dione 5:

ﬁ
0~ 'N° 0O
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Prepared according to general procedure B starting from 4 (200 mg, 1.03 mmol), which gave
5 as a white solid (110 mg, 0.80 mmol, 78%). R¢= 0.60 (EtOAc); mp: 133—-137 °C; IR vya/cm!
3082, 2839, 1907, 1713; 'TH NMR (500 MHz, DMSO-ds) 8 1.92-1.97 (2H, m, 2 x CH), 2.13—
2.21 (2H, m, 2 x CH) 4.70-4.74 (2H, m, 2 x CH), 11.10 (1H, br s, NH); '3C NMR (125 MHz,
DMSO-ds) 6 30.1, 79.7, 180.4; HRMS calcd. for C¢H/NO; m/z [M+H]" 142.0499, found
142.0496.

8-Oxa-3-azabicyclo[3.2.1]octane hydrochloride 1a:

Prepared according to general procedure C with the following reagents: 5 (306 mg, 2.17 mmol),
THF (5 mL), 1 M BH;-THF solution (8.7 mL, 8.7 mmol), MeOH (5 mL), 1.25 M solution of
hydrogen chloride in MeOH (6 mL) affording 1a as an off white solid (0.227 g, 1.52 mmol,
70%); Ry = 0.93 (EtOAc); mp: 192-195 °C; IR vy, /cm! 2958, 2899, 2845, 2768, 2660, 2548,
2492, 2360, 2293, 1598; 'H NMR (500 MHz, DMSO-d;) 6 1.91-1.98 (2H, m, 2 x CH), 2.03-
2.09 (2H, m, 2 x CH), 2.95-3.06 (4H, m, 4 x CH), 4.37-4.41 (2H, m, 2 x CH), 8.93-9.37 (2H,
m, NH,); 3C NMR (125 MHz, DMSO-dy) 6 26.6, 47.1, 71.6; HRMS calcd. for CsH;1NO m/z
[M+H]" 114.0912, found 114.0913.



8-Oxa-3-azabicyclo[3.2.1]octan-3-ium-2,2,4,4-d, chloride 1b:

Prepared according to general procedure C with the following reagents: 5 (345 mg, 2.45 mmol),
THF (5.6 mL), 1 M BD;-THF solution (9.79 mL, 9.79 mmol), MeOH (5.6 mL), 1.25 M HCl
in MeOH (5.6 mL) yielding 1b as an off-white solid (113 mg, 0.96 mmol, 30%); Ry = 0.21
(DCM:MeOH, 80:20); mp: 192-198 °C; '"H NMR (500 MHz, DMSO-d¢) 4 1.90-1.97 (2H, m,
2 x CH), 2.04-2.10 (2H, m, 2 x CH), 2.95-3.05 (0.76 H, m, non-deuterated material), 4.37-4.41
(2H, m, 2 x CH), 9.38 (2H, br s, NH;); *C NMR (125 MHz, DMSO-ds) 6 27.3 (CH,), 46.3-
47.5 (1:2:3:2:1 pent, 2 x CD,), 72.0 (CH); ; HRMS calcd. for CcH;D4,NO m/z [M+H]*
118.1164, found 118.1161.

4H-Pyran-2,6-dicarboxylic acid'?

To a stirred solution of tetraethyl 1,5-dioxopentane-1,2,4,5-tetracarboxylate (1.59 g, 4.10
mmol) in water (1.6 mL) was added concentrated hydrochloric acid (1.6 mL). The mixture was
heated at reflux for 6 h, after which the solvent was removed in vacuo. To the stirred residue
was added conc. sulfuric acid (2 mL) dropwise. The mixture was cooled to 0 °C and stirred for
18 h. Ice-cold water was added to give a precipitate which was filtered, washed with ice cold
water (3 x 10 mL) and dried to give a brown solid. According to "H NMR analysis this product
was a mixture of the title compound and ethyl ester(s). The mixture was taken up in THF (25
mL) and 2M aqueous NaOH (22.5 mL) was added. After stirring at room temperature
overnight, the resulting solution was acidified with 2M HCI. The precipitate was filtered,
washed with ice-cold water and dried to afford the title compound as a brown solid (0.50 g, 2.9
mmol, 71%). R¢=0.15 (DCM:MeOH, 95:5); mp = 250 °C dec; Ay, (EtOH/nm) 234; IR (neat)
Vmax/cm! 3420, 3014, 2845, 1724, 1632; 'TH NMR (500 MHz, DMSO-dg) 6 3.02 2H, t, J=3.7
Hz, CH,), 6.01 (2H, t,J=3.7 Hz), 13.1 (2H, br s, 2 x OH); '3C NMR (125 MHz, DMSO-ds) &
21.6 (CH,), 110.2 (CH), 142.2 (CH), 162.2 (C=0); HRMS calcd. for C;HsO5 m/z [M+H]"
171.0288, found 171.0288.



Diammonium (2R,6S)-tetrahydro-2H-pyran-2,6-dicarboxylate 6a:

0o Ll oo

Hs,N 0,7 ~0” CO, NH,

Prepared according to general procedure A with the following reagents: 4H-pyran-2,6-
dicarboxylic acid (3.47 g, 20.5 mmol), AcOH (70 mL), Pd/C (326 mg), water (35 mL) and 35%
ammonium hydroxide solution (6.3 mL). Compound 6a was an off-white solid (4.16 g, 20
mmol, 98%). Ry=0.41 (DCM:MeOH, 60:40); mp: 212-220 °C; IR vy /cm! 2921, 2851, 1561,
1403; 'TH NMR (500 MHz, DMSO-dg) 6 1.24-1.37 (2H, m, 2 x CH), 1.49-1.62 (1H, m, CH),
1.76-1.93 (3H, m, 3 x CH), 3.66 (2H, dd, J = 2.2 and 10.9 Hz, 2 x CH), 7.90 (8H, br s, 2 x
NH,); 3C NMR (125 MHz, DMSO-d;) 6 23.9, 29.3, 77.9, 175.1; HRMS calcd. for C;H;(Os
m/z [M+H]" 173.0455, found 173.0459.



9-Oxa-3-azabicyclo[3.3.1]nonane-2,4-dione 7a:
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N
H
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Prepared according to general procedure B starting from 6a (150 mg, 0.72 mmol) furnishing
7a as a white solid (85 mg, 0.55 mmol, 76%). Ry = 0.29 (petrol:EtOAc, 60:40); mp: 149-157
°C; IR vmax/cm! 3077, 2958, 2925, 2852, 1702; 'H NMR (500 MHz, DMSO-dg) 6 1.35-1.50
(1H, m, CH), 1.66-1.77 (3H, m, 3 x CH), 1.84-1.94 (2H, m, 2 x CH), 4.45 (2H, dd, J=1.0 and
5.4 Hz, 2 x CH), 11.58 (1H, br s, NH); 3C NMR (125 MHz, DMSO-dy) 6 16.6, 26.0, 71.3,
173.7; HRMS calcd. for C;HoNO; m/z [M+H]" 156.0655, found 156.0653.

9-Oxa-3-azabicyclo[3.3.1]nonane hydrochloride 2a:

e
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Cl

Prepared according to general procedure C with the following reagents: 7a (585 mg, 3.77
mmol), THF (5 mL), 1 M BH;3-THF (15.1 mL, 15.1 mmol), MeOH (15 mL) and 1 M HCl in
Et,0 (30 mL), furnishing 2a as a white solid (420 mg, 2.56 mmol, 68%). Ry = 0.16
(DCM:MeOH, 80:20); mp: 242-250 °C; IR vy /cm! 3092, 2753, 2637, 2494, 1591; 'H NMR
(500 MHz, DMSO-d;) 6 1.56-1.69 (3H, m, 3 x CH), 1.89 (2H, heptet, 2 x CH), 2.00-2.16 (1H,
m, CH), 3.19-3.22 (4H, m, 2 x CH5), 4.03 (2H, br s, 2 x CH), 8.28 (1H, br s, NH), 9.72 (1H,
brs, NH); 3C NMR (125 MHz, DMSO-dg) 8 16.7,27.7, 44.4, 63.8; HRMS calcd. for C;H;3NO
m/z [M+H]" 128.1070, found 128.1067.

Diammonium (1R,3S5)-cyclohexane-1,3-dicarboxylate 6b:

H4sN O,C CO, NH,4

Prepared according to general procedure A with the following reagents: (1R,3S)-cyclohexane-
1,3-dicarboxylic acid (2.5 g, 14.5 mmol) in water (10 mL) with 35% ammonium hydroxide in
water (10 mL). Compound 6b was a white solid (3.0 g, 14.5 mmol, 100%). Ry = 0.31
(DCM:MeOH, 90:10); mp: 127-134 °C; IR via/cm 12922, 1686; '"H NMR (500 MHz, DMSO-
dg) 6 1.14-1.35 (4H, m, 4 x CH), 1.74-1.90 (3H, m, 3 x CH), 2.00-2.15 (3H, m, 3 x CH), 5.97



(8H, br s, 2 x NHy); 13C NMR (125 MHz, DMSO-dy) & 25.5 (CH,), 29.7 (CH,), 33.1, 44.2,
178.1; HRMS calcd. for CgH;¢O4 m/z [M+H]* 171.0663, found 171.0667.
3-Azabicyclo[3.3.1]nonane-2,4-dione 7b:

0 N O
H

Prepared according to general procedure B from compound 6b (950 mg, 4.61 mmol). 7b was
a white solid (489 mg, 3.20 mmol, 69%). R¢= 0.63 (DCM:MeOH, 90:10); mp: 123-130 °C; IR
Vmax/cm1 2952, 2925, 1696; '"H NMR (500 MHz, CDCl3) 8 1.40-1.51 (2H, m, 2 x CH), 1.60-
1.75 (3H, m, 3 x CH), 1.92-1.99 (2H, m, 2 x CH), 2.13-2.20 (1H, m, CH), 7.73-7.78 (2H, m, 2
x CH), 7.84 (1H, br s, NH); 13C NMR (125 MHz, CDCls) 6 19.4, 27.9, 28.9, 37.7, 175.8;
HRMS calcd. for CgH;;NO, m/z [M+H]* 154.0863, found 154.0859.
3-Azabicyclo[3.3.1]nonane hydrochloride 2b

o

N
Hy %

Prepared according to general procedure C with the following reagents: Compound 7b (289
mg, 1.80 mmol), THF (3 mL), 1 M BH;-THF (7.5 mL, 7.5 mmol), MeOH (10 mL) and 1 M
HCI in MeOH (10 mL) furnishing 2b as a white solid (200 mg, 1.23 mmol, 69%). R¢= 0.13
(MeOH); mp: 209-214 °C; IR vy /cm' 2924, 2674, 1587, 1445; 'TH NMR (500 MHz, CDCl5)
0 1.50-1.79 (8H, m, 8 x CH), 1.86-2.00 (2H, m, 2 x CH), 3.03-3.12 (2H, m, 2 x CH), 3.17-3.23
(2H, m, 2 x CH), 7.67 (1H, br s, NH), 9.29 (1H, br s, NH); 3C NMR (125 MHz, CDCl;) 3
19.9,25.7,29.2,30.2,47.3; HRMS calcd. for CsH¢N m/z [M+H]" 126.1277, found 126.1277.

Synthesis of (1R,5S8,7s)-7-(benzyloxy)-9-oxa-3-azabicyclo[3.3.1]nonane-2,4-dione 8c:



OH

HOOC COOH EtOO0C (6] COOEt EtOOC (0) COOEt
OBn
OBn OBn
iv, v vi
© ©
EtOOC (@) COOEt oocC (@) (6{0]0)
©)
2NH,
7c 8c

Reagents and Conditions: 1) H,SO,4, EtOH, RT, 48 h, 70%; ii) H,, Pd/BaSO,, EtOH, RT, 20
h, 67%; ii1)) BhnOC(NH)CCIl;, TfOH, DCM:cyclohexane, RT, 24 h, 91%; iv) LiOH, THF, RT,
20 h, 100%; v) NH4OH, H,0, RT, 100%; vi) 230 °C, 6 h, 37%.

Diethyl 4-ox0-4H-pyran-2,6-dicarboxylate
O

jol

Et0,C~ 0~ “CO,Et

To a solution of 4-ox0-4H-pyran-2,6-dicarboxylic acid (1.54 g, 7.61 mmol) in ethanol (30 mL)
at 0 °C was added conc. sulfuric acid (1.2 mL) dropwise over 5 min. The mixture was warmed
to room temperature and then heated at reflux for 48 h. After cooling to RT, the solvent was
removed in vacuo and the residue taken up into ethyl acetate (5 mL). Saturated sodium
hydrogen carbonate was added until the aqueous layer pH was ~ 7. The aqueous layer was
extracted with EtOAc (3 x 20 mL); the organic extracts were combined, dried over anhydrous
MgSO, and the solvent was removed in vacuo to afford the title compound as an orange oil
which was used directly (1.25 g, 5.2 mmol, 70%); R¢ = 0.44 (Petrol:EtOAc, 1:1); Apax
(EtOH/nm) 271; IR vy /cm! 3071, 2984, 1650; '"H NMR (500 MHz, CDCl3) 8 1.40 (6H, t, J
=17.1 Hz, 2 x CH3), 4.44 (4H, q, J= 7.1 Hz, 2 x CH,), 7.10 (2H, s, 2 x CH); BC-NMR (125
MHz, CDCl;) 6 14.0, 63.2, 120.1, 153.0, 159.4, 177.1; HRMS calcd. for C,;H,0¢ m/z [M+H]"
241.0707, found 241.0705.



Diethyl (2R,45,65)-4-hydroxytetrahydro-2H-pyran-2,6-dicarboxylate

OH

EtO,C” ~O~ “CO,Et

To diethyl 4-oxo0-4H-pyran-2,6-dicarboxylate (1.4 g, 5.82 mmol) in ethanol (20 mL) was added
a catalytic quantity of Pd/BaSO, and the mixture was placed under an atmosphere of hydrogen.
After stirring for 20 h, the slurry was filtered through a pad of Celite, which was washed with
ethanol (20 mL); the solvent was removed in vacuo. The crude product was purified by column
chromatography (silica, elution with petrol:EtOAc, 1:1) to give the title compound as a
colourless o0il (0.98 g, 3.79 mmol, 67%); R¢=0.17 (PE:EA 1:1); IR vy, /cm! 3497, 3339, 2983,
1719; 'H NMR (500 MHz, CDCl;) 6 1.28 (6H, t, /= 7.1 Hz, 2 x CH3), 1.54 (2H, q, J = 12.0
Hz, 2 x CH,) 2.22 -2.32 (2H, m, 2 x CHy), 2.39 (1H, br s, OH), 3.95 (1H, tt, J=4.5 and 10.9
Hz, CH), 4.01 (2H, dd, J=2.0 and 12.0 Hz, 2 x CH,), 4.22 (4H, q,J=7.1 Hz, 2 x CH,); 13C
NMR (125 MHz, CDCl;) 8 14.1,37.2, 61.5, 67.2, 74.8, 169.7; HRMS calcd. for C;H;30¢ m/z
[M+H]*247.1176, found 247.1179.

Diethyl (2R,4s,6S5)-4-(benzyloxy)tetrahydro-2 H-pyran-2,6-dicarboxylate’

EtO,C” ~0~ “CO,Et

Diethyl (2R,4s,65)-4-hydroxytetrahydro-2H-pyran-2,6-dicarboxylate (1.3 g, 5.3 mmol) was
dissolved in DCM (11 mL) and cyclohexane (11 mL). Benzyl trichloroacetamidate (1.09 mL,
5.83 mmol) was introduced dropwise followed by TFA (56 puL) in DCM (0.5 mL). After 15 h,
more benzyl trichloroacetamidate (0.55 mL, 2.92 mmol) was added with TFA (38 uL) in DCM
(0.5 mL). After a further 4 h at RT, the solvent was removed in vacuo and the crude product
was purified by MPLC (elution with petrol:EtOAc, 70:30) affording the title compound as a
colourless oil (1.6 g, 4.8 mmol, 91%); R= 0.53 (petrol:EtOAc, 1:1); IR (neat) vy /cm™!' 1734;
'"H NMR (500 MHz, CDCl;) 6 1.23 (6H, t,J=7.2 Hz, 2 x CH3), 1.55 (2H, q,J=12.2 Hz, 2 %
CH), 2.32-2.39 (2H, m, 2 x CH), 3.61 (1H, tt, /= 4.4 Hz and 10.9 Hz, CH), 4.18 (4H, q, J =



7.2 Hz, 2 x CH,), 4.54 (2H, s, CH,), 7.20-7.32 (5H, m, 5 x H-Ar); '*C NMR (125 MHz, CDCl5)
5 14.3, 34.6, 61.6, 69.9, 73.4, 75.0, 127.6, 127.9, 128.6, 138.0, 169.7; HRMS calcd. for
C15H406 m/z [M+H]*354.1911, found 354.1915.

(2R,45,65)-4-(Benzyloxy)tetrahydro-2 H-pyran-2,6-dicarboxylic acid 6c¢:

HO,C” O~ “CO,H

To diethyl (2R,4s,6S5)-4-(benzyloxy)tetrahydro-2 H-pyran-2,6-dicarboxylate (218 mg, 0.60
mmol) in THF (6.5 mL) was added 2 M LiOH in water (4.5 mL, 8.9 mmol) and the mixture
was stirred at room temperature for 28 h. The solvent was removed in vacuo and the residue
taken up in EtOAc (5 mL), H,O (2 mL) was added and the pH of the aqueous layer was
adjusted to 2 with 2M HCI. The product was extracted with EtOAc (3 x 15 mL), the organic
extracts were combined and dried (MgSQO,), and the solvent was removed in vacuo to afford
the title compound as a white solid (180 mg, 0.64 mmol, 100%.); R¢= 0.27 (DCM:MeOH,
50:50); mp 165-172 °C; IR (neat) vya/cm! 3247, 1765, 1711; 'H NMR (500 MHz, DMSO-
de¢) 6 1.30 (2H, q, J=12.2 Hz, 2 x CH), 2.25-2.30 (2H, m, 2 x CH), 3.74 (1H, tt, /=4.4 Hz
and 10.9 Hz, CH), 4.02 (2H, dd, /= 1.9 and 12.3 Hz, 2 x CH), 4.57 (2H, s, CH,), 7.25-7.40
(5H, m, 5 x H-Ar), 12.75 (2H, br s, OH); *C NMR (125 MHz, DMSO-d;) 6 39.9, 69.3, 73.4,
74.0, 127.8, 127.9, 128.7, 139.2, 171.7; HRMS calcd. for C4H60¢ m/z [M-H]-279.0874,
found 279.0876.

Diammonium (2R,4s,65)-4-(benzyloxy)tetrahydro-2 H-pyran-2,6-dicarboxylate 7c:

® O SC)
NH, 0,C7 O~ ~CO,NH,
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(2R ,45,6S5)-4-(Benzyloxy)tetrahydro-2 H-pyran-2,6-dicarboxylic acid (700 mg, 2.5 mmol) was
solubilised in water (3.5 mL) and 35% ammonium hydroxide in water (3.5 mL) was added
dropwise. After stirring for 3 h at RT, the solvent was removed in vacuo and by freeze drying,
to afford the title compound as a white solid (750 mg, 2.5 mmol, 100%.); R¢ = 0.37
(DCM:MeOH, 50:50); mp 234-238 °C; IR (neat) vy /cm™ 3199, 1574; '"H NMR (500 MHz,
DMSO-dg) 6 1.14 (2H, q, J=11.8 Hz, 2 x CH), 2.31-2.37 (2H, m, 2 x CH), 3.51-3.63 (3H, m,
CH and 2 x CH), 4.59 (2H, s, CH,), 7.20-7.44 (5H, m, 5 x H-Ar), 7.82 (8H, br s, NH); 13C
NMR (125 MHz, DMSO-dg) 6 36.5, 69.0, 75.6, 76.4,127.7, 127.8, 128.7, 139.6, 175.1; HRMS
caled. for C14H,N,Og m/z 279.0874 [M-H]-, found 279.0876.

(1R,5S,7s)-7-(benzyloxy)-9-oxa-3-azabicyclo[3.3.1]nonane-2,4-dione 8c:

(1R,5S8,7s)-7-(benzyloxy)-9-oxa-3-azabicyclo[3.3.1]nonane-2,4-dione was synthesised
according to general procedure B, using: diammonium (2R,4s,6S5)-4-(benzyloxy)tetrahydro-
2H-pyran-2,6-dicarboxylate (300 mg, 0.90 mmol) and purification by MPLC (petrol:EtOAc,
70:30) to afford the title compound as a white solid (83 mg, 0.32 mmol, 35%); R = 0.57
(EtOAc); mp 164-169 °C; IR (neat) vy /cm! 3178, 1698; 'TH NMR (500 MHz, CDCls) 2.07
(2H, dq, J= 3.3 and 14.5 Hz, 2 x CH), 2.21-2.34 (2H, m, 2 x CH), 3.78 (1H, pen, J = 2.7 Hz,
CH), 4.33 (2H, s, CH»), 4.41 (2H, d, J= 6.1 Hz, 2 x CH), 7.12-7.30 (5H, m, 5 x H-Ar), 7.87
(1H, bs, NH); 3C NMR (125 MHz, CDCl;) 6 29.9, 68.6, 69.4, 70.0, 126.3, 126.7, 127.4, 136.3,
171.6; HRMS calcd. for C14H5NOy4 m/z 279.1339 [M+H]", found 279.1344.
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Table 1: Crystal data and structure refinement for 6a.

Empirical formula C-H3NOs

Formula weight 191.18
Temperature/K 150.0(2)

Crystal system triclinic

Space group P-1

a/A 6.9141(2)

b/A 9.3897(3)

c/A 14.4781(5)

o/° 101.468(3)

pB/e 96.993(3)

v/° 98.349(3)
Volume/A3 900.34(5)

Z 4

Pealcg/cm? 1.410

wmm-! 1.036

F(000) 408.0

Crystal size/mm? 0.15x0.11 x 0.08
Radiation CuKa (A =1.54184)
20 range for data collection/® 6.306 to 133.746
Index ranges -8<h<8 -11<k<I1l1,-16<1<14
Reflections collected 12629

Independent reflections 3184 [Rip; = 0.0253, Rgigma = 0.0180]
Data/restraints/parameters ~ 3184/2/275
Goodness-of-fit on F? 1.038

Final R indexes [[>=26 (T)] R, =0.0312, wR, = 0.0817
Final R indexes [all data] R, =0.0345, wR, = 0.0843
Largest diff. peak/hole / e A3 0.26/-0.24
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Currant Data Paramabors

HAME JEP-446-148_2
EXFRO 14
EFROCHD 1

FZ - Acquisition Farametars
Data_ 20150220

Tima 9.27
IHETRIM spact
EROBHD 5 mm PABBO BB-
FULFROG zg3d

m ESS3E
SOLVENT Dio

HE 16

oE a

SWH 10330.578 Bz
FIDRES 0. 157632 Hz
AQ 3.1719425 =ac
B 144

oW 4E.400 usec
DE 11.99 usac
TE 298.1 K

o1 1.00000000 sac
ol 1
======== CHAMMEL fl =—==—====
srol 500.30308%6 HHz
HCL 1H

EFl 16.25 usac
FLW1 1E. 33600044 w
Fi - Proceassing paramatars
51 E5536

5F S00. 3000000 HHZ
WDW EM

SER 1]

LB 0.30 Bz
=] o

BC 1.00
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HRME JEP-d4b-148_2

EXPHD 11
FROCHD i

F2 - Acquisition Paramatars
Data 20150220
Tima .44
INETRIM spact
PROEHD 5 mm FRHED BE-
PULPROG I?ESD

o EEIE
SOLVENT D0

HE 25k

a1} 2

=1 29761904 Hz
FIDRES 0.454131 Bx
KD i.i040048 mac
L 45k

i} 16800 wsac
OE 7. 68 usac
TE 9.1 K
oi Z2.00000000 =ac
Oit 0. 03000000 =ac
ToG 1
SRS | 1.} & W £ S —
SFD1 1258131151 MHz
HUC1 13C

i 9.75 usac
PLA1 B2.ZB950920 W
e s . CHEMBEL 7 e s
sFoz 500. 3020042 MHx
NUC2 iH
CPOPRG]2 waltzik
P2 &0.00 usac
PLAZ 18. 33600044 W
PLN12 O. TSES4000 W
PFLN13 0. 48418259 W

F2 - Procassing paramatars

51 5E3E

SF 125. 8005350 MHI
EM

LE i.00 Bx

PC 1.40
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Currant Data Paramabtars

HAME JER-446-D3EPURE
EXFHD 11
PROCHD 1
FZ - Acguisition Farametars
Data_ 20121114
Tima 16.37
INETRUM spact
EROBHD 5 mm PABBD BE-
PULFROG zgdd
D ESS3E
SOLVENT OMSO
HE 16
OE a
SWH 10330.578
FIDRES 0.157632
AQ 3.1719425
RZ 406
oW 4E.400
DE 12.35
TE 295.40
ol 1.09000004
o0 1
======== CHAMMEL fl =—==—=—==
HWOC1 1H
Bl 14.50
PL1 1.00
ELLW 1B. 33646011
sFol E00.303089€

FZ - Frooessing parametars

81

aF 500. 3000116 MHz
WDW EM

SER o

LB 0.30 Bz
GH o

BC 1.00
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HAME JEF- 446~ 13ErIRE
EEFEG 11
FROCED 1

FZ - Acquimition Parammtsra
Datm_ o Zhl1i11d
Tims 1714
INSTRON apmct
FROBED 5 =m PARGD OB-
FULFROG zgpgdl

T 36
SOLVENT DHSD

mE 25§

oS 2

o 20761, 304 =
FIDFES 0.454131 Hz
f.l=] 1.1010048 mac
£

oW 1E. 800 uamc
ox 1.6 vamc
X 295.9 £
ol Z.00000000 =sc
oal 0.03000000 ssc
™0 1
m—— CAANMEL £1 -
=OC1 13cC

ri P75 uamc
FL1 0 du

FLIW B2.383877311 w
[-°H 125. 8131151 MEx
e CHANEL: £7 semm————
oroeRG [2 walezlé
macE 10
FOTDE 80.00 uamc
FLI 1.00 da
FLIZ 17.00 da
FL1E 21.00 dm
FLIW 1B.33646011 w
FLIIW 0. 46059208 m
FLIZW 0.1833E460 w
SFOE 500. 3020012 MEx
¥Z - Proomami T b T
s o P‘{SSH

=¥ 125. 3005579 Mz
L] X
szm ]

1= 1.00 mzx
(=] o

FC 1.40
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HAME Andrays HAT-morpholing

EXPHO 10

PROCHO 1

F2 - Aoquisition Paramatars

= Data 20121220

Tina 13. 45

INETRIM spact

PROBHD 5 mm PREBO HE-

PULPROG g0

b o] EE53E

SOLVENT OME0

NS 16

o3 o

HH 10330.576 Hz

FIDRES 0. 15763F Hz

g Z.1T19425 sac

AG 362

oW AE.400 usec

DE 12.35 usac

TH ZT.0 K

D1 1.00000000 sac

DO 1

e CEAHHEL £1 e

NUC1 1H

Pl 14.50 usac

PL1 : é.l:un- d=

PLIW 18.33646011 W
r—r E |—=u—”_-— 5F01 500.3020836 MHz

F2 - Processing paramatars
81

ar 500.3000000 MHz
15 14 13 12 1 10 9 8 T 6 5 4 3 2 1 ppm wo% p EM
L " 1_'_ - 'l= 18 0.30 Hx
TE : A E g 5 ﬂ EE : 1.00
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1
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FZ - Acquimition Parmmstsra

Datm_ 20121220

Timm 14.1

ImSTROH apmct

FRORED 5 =m FARBD B8-

PULTROG zgpgall

™ 553&

SOLVENT oS

L] 25&

o5 2

-] 20761 94 Bx

FIDRES 0. 454131 m=x

] 1100048 aac

G 575

=] 16800 umsc

om 7.6 umsc

T 147.0

1 Z.00000000 ssc
0-03000000 =sc

=0 1

———— CHANNEL 1 s——

375 umsc

1 0 dm
FLL B2.3838M31 m
sFan 125.8131151 MEx
e CHAHNEL £7 s
oroews [2 walez1d
BOCE 10
oD B0 00 uas
FLZ 1. 00 dm
FLIZ 17. 00 dm
FL1E 21.00 da
FLIM 18- 33646011 W
FLIZW 0. 46059108 w
FLIZM 0.1833L460 w
=rold 500. 3020012 Mmx

Fi - Froomazi T A
=1 e P'-&ss:-&

=F 125. 3005979 Mz
L= ] (1]
S5 o

L= 1. 00 mx
[—] o
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Currant Dot Paramatars
MRHE

JEF-48%-04E

EXPHD 1z0
PROCHD i
F2 - Acquisition Paramatars
Data 20141006
Tima ZZ.I5
INSTRIM spact
FPROEHD 5 mm FRHED BE-
PULPROC r
o) 41662
E0LVENT =]
HNE ZE5E
o8 2
== I9TEL. 904 Hz
FIDRES 0714346 Bz
o 0. 695521k mac
RL 5T5
O 16800 wsac
OE T.TZ wsac
TE IoE.0 K
Di 5. 00030000 =ac
Dit 0. 03000000 =ac
oG 1
SRS | ]} & W £ S —
BFD1 125. 8131151 MHz
HUC1 13C
Pi 9.75 usac
PLA1 B2.ZBOH0920 W
SRS | 1.} W v —
EFD2 500. 3020042 MHx

2 iH
CPOPAC] 2 waltzik
PCPOD2 &0.00 usac
PLAZ 18. 33600044 W
PLN12 0. TSES4000 W
PLN13 D.4841B259 W

F2 - Procassing paramatars

81 553k

ar 125. BOOS350 MHI
EM

E5B o
LE i.00 Bz

PC i.40
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MRHE

JED-4BF-05E
EXPND a1
PROCHD 1
F2 - hcquisition Paramatars
Daka_ 20140820
Tima 1447
TNETRIM =pact
PROEHD 5 mm PRAEEO EE-
PULFROG IEEH
™ 3E
SOLVENT OMEQ
NE 256
F] 2
HE 25761904 Bz
FIDRES 0454131 Bz
] 1. 1010048 mac
Bl 724
7] 16800 usac
jul 4 T7.6B usac
TE Z0.0 E
oi 2. 00000000 sac
D1t 0.03000000 =ac
OO 1
v CHREEMEL 1 o o s
SFD1 125. 8131151 MHz
NUC1 130
Pl 9.T5 usac
LW EZ.3B099930 W
R - ] | A 4 —
SFD2 500. 3020012 MHI
NUC2 1H
CPOPRG| 2 waltzik
PCPO2 0. 00 usac
PINZ 18. 33600044 W
PLWi2 0. THES4000 W
PLW13 0. 4BA1B950 W

F2 - Procassing parametars
81

EF 125. B0O5350 MHz
W EM
5B o

LE i Bz
GE 0

PC i.40
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Currant Data Paramabtoros

HAME JEP-JB3-152
EXFRO 50
FROCHOD ol

FZ - Aogquisition Farametars
Data_ 20150203

Tima 15.37
INETRIM spact
EPROBHD 5 mm PABBO BB
FULFROG zg3d

m ESS3E
SOLVENT DHS0

HE 16

DE q

SWH 10330.578 Bz
FIDRES 0. 157632 Hz
AQ 3.1719425 =ac
B 362

oW 4E. 400 usec
DE 11.99 usac
TE 292.7 K

ol 1.00000000 sac
ol 1
======== CHAMMEL fl =—==—===
srol 500.30308%: HHz
HCL 1H

Fl 16.25 usac
FLW1 1E. 33600044 w
Fi - Frocessing paramatars
81 E5536

8F 500.29994679 MHz
WDW EM

SER 1]

LB 0.30 Bz
GH o

EC 1.00
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Currant Data Parametars
NRHE

JEP-48%-152
EXPHD 51
FROCHD i
F2 - Acquisition Paramatars
Data_ 20150203
Tima L1E.Z4
INSTROM spact
PROEHD 5 mu PFREED BE-
PULFROC IFESD
oy EEZE
SOLVENT =]
NE 25k
08 2
EWE 29761904 Bz
FIDRES .454131 Hzx
KD 1. 1010048 =mac
rC 575
i} 1&_B00 msac
OE 7.6E wsac
TE IZ95.7 K
oi Z.30000000 =ac
Dii 0.03030030 =ac
TG 1
SRS | 11| & P S ——
EFD1 125. B131151 MHI
NUC1 13C
i 9.75 usac
PLH1 B2.ZEI50920 W
s e . (CHEMEL £'7 e s
21 guied 500. 30200L2 MHx
NUC2 iH
CPOPRE[2 waltzik
PCPOD2 80.00 usac
PLNZ 18. 33600044 W
PLWi12 D. TSES4000 W
PLNi3 D.4B41B350 W

F2 - Procassing paramtars

51 G53IE

1 125. B00S3S0 MHI
EM

LE i.00 Bz

PC 1.40
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Currant Data Paramabtors

HAME JEP-4ES-090
EXFRD 11
EROCHO 1

FZ - Acgquisition Farametars
Data 2014101&
Tima B.51
IHETRIM spact
EROBHD 5 mm PABBO BB
FULFROG zg3d

Pyl 65536
SOLVENT OHS

HE 1E

oE a

SWH 10330.578 Bz
FIDRES 0.157632 Hz
AQ 3.1719425 sac
5 T4

oW 4E.400 usac
DE 11.9% usac
TE Z95.3 K
ol 1.00000000 sac
b 1
======== CHAMMEL fl =—==—====
S0l 500. 3030896 HHz
HC1 1H

Pl 16.25 usac
FLW1 1E. 33600049 W
Fi - Processing parametars
85I 65536

5F 500. 3000000 HMHZ
WDW EM

SEB o

LB 0.30 B=
GH a

BEC 1.00
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NRHE

JEP-48%-030
EXPHD 1k
FROCHD i
F2 - Rcquisition Paramatars
Data_ 014104k
Tima IZ.44
INSTRIM spact
PROEHD 5 mu FREBD BE-
PULFROC Tgpg30
oy LEE3E
SOLVENT =]
NE 25k
08 2
EWE 25761904 Bz
FIDRES .454131 Hz
KD 1. 1010048 mac
rC 45k
i} 1&_A00 msac
OE T.&E usac
TE IpE.5 K
oi Z.00000000 =ac
Dii 0.03000000 =ac
TG 1
SRS | .1 & W S —
EFD1 125. 8131151 MHI
NUC1 13C
i 9.75 usac
PLH1 B2.2ZE950930 W

CPOTAC] 2 waltzik

PCrPO2 20.00 usac
PLNZ 18. 33600044 W
FLW12 D. TSES4000 W
PIN13 O.4B4LEIST W

F2 - Procassing paramatars

51 =1l

1 125_ BO0S3S0 MHI
EM

LE 1.00 Bz

PC i.40
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Currant Data FParamabtaros

HAME JEP-JB9-162
EXFRO 21
FROCHOD a,

FZ - Aogquisition Farametars
Data_ 20150213

Tima 9.15
INETRUM spact
PROBHD 5 mm PABBO BB
FULFROG zg3d

m ESS3E
SOLVENT DHS0

HE 16

DE q

SWH 10330.578 Hz
FIDRES 0. 157632 Hz
AQ 3.1719425 =ac
Bz 575

oW 4E. 400 usec
DE 11.99 usac
TE 292.5 K

ol 1.00000000 sac
ol 1
======== CHAMMEL fl =—==—====
srol 500.30308% HHz
HUCL 1H

Fl 16.25 usac
ELW1 1E. 33600044 w
FZ - Frocessing paramatars
8I E5536

8F 500. 3000000 MHZ
WDW EM

SER 1]

LB 0.30 Bz
[=:} o

BC 1.00
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Currant Data Paramatars
HRHE

JEP-489-162

EXPHD 5
FROCHD i

F2 - hoquisition Paramatars
Data 0150214
Tima 0.8
INSTROM spact.
TPROEHD 5 = FRHED BE-
PULPROG r

T 41
EOLVENT =]

BE ZESE

o3 z

SWH 29761904 Bz
FIDRES 0. 71434E Bz
o) 0. E9552iE mac
iy 45k

oW 1&_B00 wsac
OE T.T2 wsac
TE 2064 K
DOi 5.00000000 =mac
Dii D.03000000 =ac
ToG 1
SR .. 1| N —
SFD1 125.8131151 HHx
HUTC1 13C
i 9.75 usac
L1 E2.2B990920 W
S . 1" s N J—
EFD2 500. 3020012 MHx
HIC2 iH
CPOPRG 2 waltzik
Cro2 E0.00 usac
TLNZ 1B.33600044 W
TLN1Z 0. 75654000 W
PLW13 D.4B41EI50 W

F2 - Procassing paramatars

EI 5536

ar 125. B0O5350 MHX
EM

LE i.00 Bz

e i.40
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Currant Data Faramators

NAME JEP-4B%-206
EXNFHD E0
PROCHD 1

FZ - hoguisition Parameters
Data_ 20150602
Tima 15.45
INETRUM speict
FROBED 5 mm FABBD BE-
PULFROC zgid

sl E5536
SOLVENT cocll

HE 1&

oE a

SWH 10330.578 Bz
FIDRES 0.157632 Bz
AQ 3.1719425 mac
RG B12

oW 4E. 400 usaec
DE 11.99 usac
TE 297.0 K
ol 1.00000000 sac
byl 1
—————— I} FMEL I ——
SFol EDD. 3030896 MHZ
NUOC1 1H

Bl 16.25 usac
PLW1 1B. 33600044 w
FI - Procassing paramatars
85I 65536

8F EDD. 3000461 MHzZ
WDW EM

S5EB o

LE 0.30 Bz
[=:] o]

BC 1.00
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MRHE

JE- 485-20E
EXPHND €1
PROCKD 1
F2 - hoquisition Pacamatars
Oata_ 0150603
Tima 4.41
TRETROM =pact
PROEHD 5 mm PREBO EE-
PULFROG IFEH
T 5E3E
SOLVENT m
ME 2560
08 2
THE 25761904 Bz
FIDRES 0. 454131 Bz
KD 1. 1010048 =ac
L 4=k
7] 16800 wsac
DE T.EB msac
TE 208.9 K
Oi 2.00030000 =sac
01t 0.03000000 mac
TIHE 1
v CHREMMEL £ o e o
SFO1 125. 8131151 MEz
HUC1 13C
P 9.75 wmsac
PLW1 BZ. TROS9930 W
s s CHABNEL 7 o —
sSFO2 500. 3020042 MEz
NUC2
CPOPRG |2 waltzik
PCRO2 £0.00 usac
PINZ 18. 33600044 W
PINi2 0. TSESA000 W
PIW13 0. 48418950 W

F2 - Procassing paramatars

81 553k

gF 125. B0G5350 MHI
EM

5B o
LE i.oh Bz

PC i.40
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Currant Data Paramtars
BRHE

JEP- 485214
EXPND 36
PROCKD 1
F2 - hoquisition Faramatars
Daka_ 20150608
Tima 0. 5E
INSTROM spact

PROEHD 5 mm PRHED BE-

PULFROG 159930

0 LEE3E
SOLVENT M0

HE 2540

Jaf 2

SHE 25761004 Bz
FIORES 0.454131 Hx
M 11010048 =mac
L 456

5] 14 800 wsac
OE 7. &8 usac
TE Z0A.5 K

Oi 2.00030030 =ac
D14 D.03030000 =ac
TO 1
s s e CHEMBNEL £ e o s
SFO1 125. 8131151 MHz
HUC1 13C

i 9.75 usac
PLW1 BZ. 3099930 W
NP i ]| A g e —
sFoz 500. 3020012 MHz
HUC2 1H
CPOPRG|2 waltzik
PLEO2 0. 00 wsac
PLNZ 18. 33600044 W
PINi2 0. TSESA000 W
PLW13 D.4B41B050 W

¥l - Frocassing parammtars

SI 5536

EF 125. B025350 MHx
EM

LE i.D Bz

P i.40
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MR-502-TE
EXPHD 32
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F2 - hequisition Paramatarcs
Daka_ 20150704
Tima 4.49
INSTRIM spact
FROEHD 5 m FRHED EE-
PULFROG IEEJD
T 3k
SDLVERT mCl3
BE 1024
08 2
e 25761 . 904 Hz
FIDRES O.4=4131 Hr
) 1. 1010048 mac
RL 456
o 14,800 wsac
OE T.EB wsac
TE I03.T K
o1 2. 20000000 =ac
Oii 0.03000000 =ac
TR 1
S 1 11110 A 2 [ —
SFDi 1Z5.B131151 MHx
HNUTC1 13C
i 9.75 wsac
TLHi BZ.ZEIF0920 W
SRR T 1773 A o S —
EFD2 500. 3020012 MHI
HUC2 iH
CPOPRG] 2 waltzik
PLFO2 .00 wsac
TLNZ 1833600044 W
rLN12 0. TSES4000 W
FLN13 D.4B41E950 W

FI - Procassing paramtars

51 G536

-1 125. 8005350 MHx
EH

LE 1.00 Bz

PC 140
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Curmmnt Data Paramtars
HRME ma-502-81 {20~ 30)

EXPHD 13
FROCKD i

F2 - hequisition Paramatarcs
Daka_ 20150700
Tima 1.37
INSTRIM spact
FROEHD 5 m FRHED EE-
PULFROG IEE}D

T 3k
SDLVERT mCl3

BE 1024

08 2
e 25761 . 904 Hz
FIDRES O.4=4131 Hr
o] 11040048 =mac
RL 456

o 14,800 wsac
OE T.EB wsac
TE I0E.D0 E
o1 2. 20000000 =ac
Oii D.03000000 =ac
TR 1

[ 1 1.1 A 2 —

SFDi 1Z5.B131151 MHx
HNUTC1 13C

i 9.75 wsac
TLHi BZ.ZEIF0920 W
e e (THR | i ———
EFD2 500. 3020012 MHI
HUC2 iH
CPOPRG] 2 waltzik
PCPOZ 2000 usac
TLNZ 1833600044 W
rLN12 0. TSES4000 W
FLN13 D.4B41E950 W

FI - Procassing paramtars
51

8r 125, BOOG3S0 MHx
WM EM
55B o

LE 1.00 Bz
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Curmant Data Peramsbsrs

BAME M -502-T78 target copd
EEXFRD 13
FROCEO 1

¥2 - Acquizition Farmswtess
Daba_ 0150706
Timm 20.57
THSTRIM =puct
FROBED 5 mm FABDBD BE-
FULFROG 20

™ 36
SOLVENT cl3

-] 156

o5 2

SMH 25761504 nx
FIDRES 0. 454131 nz

f 5 1. 10i004E =ac
o=

oW 16. 500 usec
oE 7. 68 umc
TE 298.9% K
ol 2. 00000000 mmc
oii 0.03000000 ==c
ol 1

e s CHAMHEL £ o e
srod 125. 8131151 sz
HUCL 13c

Fi 9.75 usac
FLEL B2.3899953 0 w
e e CHAMNEL E2 e

srod 500.3020012 mHx
mucl im
crorec |2 walezid
rorod B0.00 usac
FLMI 1033600044 w
FLE1l 0. TSE54000 W
FLWil 0. 45418559 w

r2 - Froomasi Tummtmza
L4 Za FuEES!E

5r 125. 9005350 smzx
L] EM

558 [

LB 1.00 Bz
GH a
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