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Reaction of 2-azabicyclo[2.2.1]heptenes with nitrile oxides

Tatiana A. Solodovnikova, Nikolai V. Zyk and Anna Yu. Gavrilova

Experimental part

General details. The NMR spectra were recorded on spectrometer Bruker Avance 400 (400.1
MHz for 'H NMR and at 100.6 MHz for 3C NMR). HRMS spectra were acquired at TripleTOF
5600+ and Orbitrap Elite instrument using electrospray ionization (ESI).

Compound 1a was synthesized according to the previously described procedure [S1].

Synthesis of compounds 1b-e (general procedure). To a mixture of NH4CI (0.083 mol) and
formaldehyde (37% ag., 0.117 mol) in methanol (14 ml), freshly distilled cyclopentadiene (0.167
mol) in methanol (10 ml) was added with vigorous stirring. The mixture was stirred for 12 h, then
diluted with water and extracted with diethyl ether (2 x 30 ml), the organic extracts were discarded.
The aqueous phase was brought to pH ~ 9 with NaOH, the product was extracted with diethyl ether
(2 x 30 ml). To a mixture of the isolated product and NaOH solution (10% aqg., 17 ml) was added
the corresponding acid anhydride (in case of 1c) or acid chloride (in cases of 1b,d,e) (0.033 mol).
The mixture was stirred at room temperature for 24 h, the organic layer was separated, dried over
Na2SOg, the solvent was evaporated. In some cases, additional chromatographic purification was
required. The physicochemical characteristics of the compounds coincided with those published
earlier: 1c (81%) [S2], 1le (81%) [S3].

Methyl 2-azabicyclo[2.2.1]hept-5-ene-2-carboxylate 1b. Yield 68%. Colourless oil. *H NMR
(CDCls, & ppm, J, Hz) (two rotamers 1:1): 1.51 (bs, 2H, H>C"), 2.56 (d, 0.5H, HC3endo, J = 8.2),
2.61 (d, 0.5H, HC®ndo, J = 8.6), 3.13 (bs, 1H, HC?), 3.30 (m, 1H, HC?«), 3.59 and 3.61 (both s,
3H, OCH3), 4.57 (bs, 0.5H, HCY), 4.69 (bs, 0.5H, HCY), 6.22 (s, 1.5H, HC®+HC?), 6.31 (bs, 0.5H,
HC®). ESI-MS (m/z): calculated for CsH1:NO2, 154.0863 [M+1], found: 154.0861.
2-Tosyl-2-azabicyclo[2.2.1]hept-5-ene 1d. Yield 78%. Crystallizing oil. *H NMR (CDCls, &
ppm, J, Hz): 1.40 (d, 1H, HC’, J = 8.5), 1.45 (d, 1H, HC’, J = 8.5), 2.4 (s, 3H, CH3), 2.52 (d, 1H,
HC%ndo, J = 8.5), 3.12 (bs, 1H, HC?), 3.33 (dd, 1H, HC®xo, J1= 8.5, J» = 3), 4.62 (s, 1H, HC?), 5.97
(d, 1H, HC®, J = 5.5), 6.08 (m, 1H, HC®), 7.25 (d, 2H, Ar, J = 8.3), 7.65 (d, 2H, Ar, J = 8.3). 1*C
NMR (CDCls, 6 ppm): 21.10 (CHs), 43.31, 46.67, 47.50 (C*,C*,C"), 63.76 (C'), 127.25, 129.08
(C2arom, Carom, C%rom, C%arom), 133 (C® or C), 135.63 (Carom), 136.35 (C8 or C®), 142.80 (Clarom).
ESI-MS (m/z): calculated for C13H15sNSO>, 250.0896 [M+1], found: 250.0894.
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Synthesis of compounds 3a-¢, 4a-c (general procedure). To a mixture of alkene (2.5 mmol) and
dibromoformaldoxime (2.5 mmol) in ethyl acetate (25 ml) at 5°C was added sodium bicarbonate
(12.5 mmol), and this was stirred for 1 h, then warmed to room temperature and stirred for more
4 h. The mixture was diluted with water, the organic layer was separated, the aqueous one was
extracted with CH2Cl», the combined organic extracts were dried over NaSOs, the solvent was
evaporated. The residue was chromatographed. The yields of the compounds are shown in Table
1 (see main text). The complete chromatographic separation of isomers 3 and 4 was not possible.
The assignment of signals was carried out on the basis of a comprehensive analysis of fractions

with different content of isomers.

Br o 9-Benzyl-5-bromo-3-oxa-4,9-
1= "\"'
E% | _ diazatricyclo[5.2.1.0%¢]dec-4-ene (3a) and 8-benzyl-5-
3a "““.[-H:p}, Br 4a  CH:Ph

bromo-3-oxa-4,8-diazatricyclo[5.2.1.0>%]dec-4-ene
(4a) (mixture). Colourless oil, Rf 0.30 (EtOAc — petroleum ether, 1:1). *H NMR (CDCls, § ppm,
J, Hz): isomer 3a 1.48 (d, 1H, HC' %, J=11.1), 1.68 (dm, 1H, HC %, J=11.1), 2.52 (d, 1H,
HC8ndo, J=9.5), 2.60 (dd, 1H, HCB%x0, J=9.5, 3.4), 2.65 (bs, 1H, HC"), 3.39 (d, 1H, HC?, J=8.4),
3.44 (bs, 1H, HCY), 3.70 (s, 2H, CH2Ph), 4.86 (d, 1H, HCO, J=8.4); isomer 4a 1.60 (d, 1H, HC %,
J=11.1), 1.75 (dm, 1H, HC %4, J=11.1), 2.03 (d, 1H, HC g0, J=9.9), 2.73 (bd, 1H, HC?, J=4.2),
2.78 (dd, 1H, HC%xo J=9.9, 4.4), 3.48 (bs, 1H, HC"), 3.65 (s, 2H, CHPh), 3.72 (HC?, overlaps
with CHzPh of 3a), 4.75 (d, 1H, HCO, J=8.3); isomers 3a+4a 7.20-7.40 (m, HCarom). 3C NMR
(CDCls, & ppm): isomer 3a 28.87 (C1°), 39.99 (C7), 56.67 (C?), 59.12 (CHz), 60.83 (C?), 64.22
(CY), 85.72 (C-O); isomer 4a 30.16 (C°), 44.39 (CY), 56.67 (C®), 58.27 (CH>), 59.40 (C?), 62.13
(C"), 86.45 (C-0); isomers 3a+4a 128.40, 128.42, 128.46 (Carom). ESI-MS (m/z): calculated for
C14H16BrN20 307.0451 [M+1], found 307.0448, calculated for C14H16BrN2O 309.0431 [M+3],
found 309.0428.

B Methyl 5-bromo-3-oxa-4,9-diaza-
-0

T% LZEW tricyclo[5.2.1.0>¢]dec-4-ene-9-carboxylate (3b)

’ 3b “Scoome ®' 4 “coome and methyl 5-bromo-3-oxa-4,8-diaza-

tricyclo[5.2.1.0%%]dec-4-ene-8-carboxylate (4b)
(mixture). Yellow oil, Rf0.71 (MeOH — CHClIs, 1:30). *H NMR (CDCls, § ppm, J, Hz): isomer 3b
(rotamer major : minor = 54:46) 2.81 (bs, HC"), 3.00 (d, HC8ndo minor, J=9.8), 3.05 (d, HC®ndo
major, J=9.9), 3.42 (d, HC®, J=8.3), 4.73 (d, HCO major, J=8.0); isomer 4b (rotamer major :
minor = 58:42) 2.91 (HC%ndo minor), 2.94 (bs, HC), 2.95 (HC%ndo major), 3.56 (d, HC® minor,
J=7.8), 3.65 (HC® major), ); isomer 3b + isomer 4b 1.60-1.80 (m, HC?), 3.25-3.39 (m, HC8, 3b
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and HC%x,4b), 3.67, 3.70, 3.72 (three s, OCH3), 4.39 (bs, HC! 3b major, HC’ 4b minor), 4.51 (bs,
HC! 3b minor, HC” 4b major), 4.80 (d, HCO 3b minor +4b major, J=8.2). 13C NMR (CDCls, &
ppm): isomer 3b 30.73 (C° minor), 31.20 (C*° major), 38.76 (C’ major), 39.32 (C’ minor), 49.44
(C8), 59.04 (C! minor), 59.31 (C* major), 60.30 (C?), 84.27 (C-O minor), 84.42 (C-O major);
isomer 4b 31.00 (C*® major), 31.50 (C*° minor), 43.19 (C! minor), 43.77 (C* major), 46.15 (C°),
56.71 (C’” major), 56.95 (C” minor), 62.31 (C® minor), 62.68 (C® major), 85.61 (C-O); isomer 3b
+ isomer 4b 52.29, 52.45, 52.52 (OCH3), 136.50, 136.79, 138.50, 138.70 (C=N), 154.72, 154.95
(C=0). ESI-MS (m/z): calculated for CoH11BrN2O3 275.0026 [M+1], found 275.0024, calculated
for CoH11BrN203 277.0005 [M+3], found 277.0004,

Br tert-Butyl 5-bromo-3-oxa-4,8-diaza-
-0 _
‘t% m tricyclo[5.2.1.026]dec-4-ene-8-carboxylate (3c)
0 ] M .
i N"‘{'n::»{:u-nu Br s ~coopy, and tert-butyl 5-bromo-3-oxa-4,9-diaza-

tricyclo[5.2.1.0%5]dec-4-ene-9-carboxylate (4c)
(mixture). Yellow oil, Rf0.32 (EtOAc — petroleum ether, 1:1). *H NMR (CDCls, § ppm, J, Hz):
isomer 3c (rotamer major : minor = 67:33) 2.80 (bs, HC'), 2.96 (HC8ndo minor, overlaps with
HC%ndo 4¢ minor ), 3.03 (d, HC®ndo major, J=10.3), 3.43 (d, HC®, J=8.2), 4.35 (bs, HC! major),
4.73 (d, HCO major, J=8.2), 4.81 (d, HCO minor, overlaps with HCO 4c); isomer 4c (rotamer
major : minor = 53:47) 2.87 (d, HC%ndo major, J=9.7), 2.92 (bs, HC* minor), 2.93 (HC%ndo minor,
overlaps with HC?), 3.53 (d, HC® major, J=7.8), 3.66 (d, HC® minor, J=7.9), 4.31 (bs, HC' major),
4.81 (d, HCO, J=8.2); isomer 3c + isomer 4c 1.45, 1.46, 1.48 (three s, CH3), 1.6-1.75 (m, HC¥,
+ HC%n4), 3.23-3.35 (M, HC®xo 3¢, HCx0 4¢C), 4.48 (bs, HC! 3¢ minor, HC” 4c minor). 1*C NMR
(CDCls, § ppm): isomer 3¢ 30.71 (C*® minor), 31.15 (C*® major), 38.85 (C” major), 39.36 (C’ min),
49.03 (C® major), 49.64 (C® min), 58.51 (C* min), 59.45 (C* major), 60.33 (C®); isomer 4c 30.94
(C*° minor), 31.30 (C* major), 43.32 (C* major), 43.87 (C* minor), 45.81 (C° minor), 46.33 (C°
major), 56.18 (C” minor), 57.27 (C’ major), 62.31 (C® major), 62.66 (C® minor); isomer 3¢ + isomer
4c¢ 27.99 (CHs), 79.84, 79.94, 80.07, 80.11 (OC(CHa)s), 84.42, 84.54, 85.69 (C-0), 136.47, 136.61,
138.54, 138.81 (C=N), 153.68 (C=0). ESI-MS (m/z): calculated for C1,H17BrN,Os, 260.9869
[M+1-tBu], found 260.9869, C12H17BrN20O3, 262.9849 [M+3-tBu], found 262.9848.
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Synthesis of compounds 3d-t, 4d-t (general procedure) A solution of N-hydroxy imoyl halide
(2.25 mmol; 1.5 mmol in case of N-hydroxy-4-methoxybenzenecarboximidoyl chloride) in diethyl
ether or dichloromethane (10 ml) was added slowly dropwise to a solution of alkene (1.5 mmol)
and triethylamine (2.25 mmol; 1.5 mmol in case of N-hydroxy-4-methoxybenzene-carboximidoyl
chloride) in diethyl ether or dichloromethane (10 ml). The mixture was stirred at room temperature
for 0.5-5 h (TLC monitoring). Then water (20 ml) was added, the organic layer was separated, the
aqueous layer was extracted with diethyl ether or dichloromethane. The organic phases were
combined, dried over sodium sulfate, the solvent was evaporated. The residue was subjected to
column chromatography. The yields of the obtained compounds are shown in Table 1 (main text).
In those cases when the complete chromatographic separation of isomers 3 and 4 was not possible,
the assignment of signals was carried out on the basis of a comprehensive analysis of fractions
with different content of isomers. Compounds 3f,j and 4f,j were described earlier: 3f and 4f [S4],
3j and 4j [S5].

COOE Ethyl 9-benzyl-3-oxa-4,9-diazatricyclo[5.2.1.0%¢]dec-4-ene
NZ carboxylate (3d). Brown oil: Rf 0.69 (MeOH — CHCls, 1:50). 'H NMR
0 NeCH,pI (CDCls, & ppm, J, Hz): 1.35 (1H, HCr), 1.37 (t, 3H, CHs, J=7.1), 1.66

3d 2t

(dm, 1H, HC i, J=11.2), 2.58 (s, 2H, HCBndo + HC®xo), 2.74 (bs, 1H,
HC"), 3.46 (bs, 1H, HCY), 3.51 (d, 1H, HC®, J=8.5), 3.71 (s, 2H, CH.Ph), 4.34 (m, 2H, OCH>),
4.92 (d, 1H, HCO, J=8.5), 7.30-7.38 (m, 5H, CHarom). *C NMR (CDCls, & ppm): 13.72 (CHa),
28.47 (C9), 40.34 (C"), 54.07 (OCHz), 56.76 (C?), 59.02 (CH2Ph), 61.58 (C®), 63.75 (CY), 87.71
(C-0), 126.71, 127.95, 127.98 (Carom), 151.85 (C=N), 160.25 (C=0). ESI-MS (m/z): calculated
for C17H20N203 301.1547 [M+1], found 301.1537.
5 Ethyl 8-benzyl-3-oxa-4,8-diazatricyclo[5.2.1.02%]dec-4-ene
'\}, _ carboxylate (4d). Brown oil: R 0.45 (MeOH — CHCls, 1:50). 'H
E00C 44 “ouph NMR (CDCls, & ppm, J, Hz): 1.30 (t, 3H, CHs, J=7.1), 1.48 (d, 1H,
HC¥,, J=10.8), 1.72 (d, 1H, HC%ni, J=10.8), 2.03 (d, 1H, HC%ndo,
J=10.3), 2.74 (bs, 1H, HC?), 2.84 (dd, 1H, HC®%x,, J=10.3, 4.3), 3.58 (bs, 1H, HC"), 3.64, 3.71
(two d, 1H, CHPh, J = 13.3), 3.85 (d, 1H, HCS, J=8.4), 4.29 (m, 2H, OCH3>), 4.85 (d, 1H, HCO,
J=8.4) 7.30 (m, 5H, CHarom). *C NMR (CDCls,  ppm): 13.63 (CHs), 30.00 (C*°), 43.94 (CY),
51.66 (OCH_), 52.15 (C®), 57.53 (CH>), 61.54 (C°), 62.16 (C’), 88.28 (C-0), 159.99 (C=0),
126.83, 127.42, 127.98, 128.18 (Carom), 151.47 (C=N). ESI-MS (m/z): calculated for C17H20N2O3
301.1547 [M+1], found 301.1544.
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COOE Ethyl 9-[(4-methylphenyl)sulfonyl-3-oxa-4,9-diazatricyclo[5.2.1.0%¢]dec-
NZ 4-ene-5-carboxylate (3e). Brown oil. Rf 0.60 (MeOH — CHCls, 1:50). *H
0 - Nt NMR (CDCls, & ppm, J, Hz): 1.04 (d, 1H, J=11.4, HC%%n), 1.35 (t, 3H,
OCHCHs, J=7.2), 2.44 (s, 3H, CHs, Ts), 2.84 (bs, 1H, HC"), 3.08 (dd, 1H,
HC8x0, J=9.3, 3.0), 3.13 (d, 1H, HC®ndo, J=9.3), 3.55 (d, 1H, HC?, J=8.4), 4.30 (m, 2H, OCH2CHj),
4.36 (s, 1H, HCY), 4.99 (dd, 1H, HCO, J=8.4, 1.2), 7.34 (d, 2H, Harom, J=8.1), 7.71 (d, 2H, Harom,
J=8.1). The signal of protons HC'sn overlaps with the signal of OCH2CHs. **C NMR (CDCls, &
ppm): 13.66 (OCH,CHs), 21.17 (CHs), 30.23 (C9), 40.31 (C"), 51.18 (C°), 54.16 (C?®), 61.85,
61.91 (C!, OCH2CHa), 87.25 (C-0), 126.92, 129.59, 134.66, 143.62 (Carom), 151.27 (C=N), 159.77
(C=0). ESI-MS (m/z): calculated for C17H20N20sS 365.1166 [M+1], found 365.1168.
0 Ethyl 8-[(4-methylphenyl)sulfonyl-3-oxa-4,8-diaza-
No tricyclo[5.2.1.0>6]dec-4-ene-5-carboxylate (4e). Brown oil. R¢ 0.68
de (MeOH — CHCls, 1:50). 'H NMR (CDCls, & ppm, J, Hz): 1.15 (d, 1H,
HC%nt, J=11.2), 1.39 (t, 3H, OCH2CHs, J=7.2), 1.44 (d, 1H, HC®,, J=11.2), 2.43 (s, 3H, CHj,
Ts), 2.89 (bs, 1H, HCY), 2.96 (d, 1H, HC%ngo, J=9.9), 3.16 (dd, 1H, HC %, J=9.9, 4.1), 3.78 (d,
1H, HC®, J=8.5), 4.30 (m, 2H, OCH,CHs), 4.46 (s, 1H, HC"), 4.85 (d, 1H, HCO, J=8.5), 7.34 (d,
2H, Har, J=8.2), 7.73 (d, 2H, Har, J=8.2). 3C NMR (CDCls, § ppm): 13.66 (OCH,CHs), 21.14
(CHs), 30.68 (C19), 44.01 (CY), 47.14 (C®), 57.04 (C®), 60.18 (C"), 61.85 (OCH,CH3), 87.55 (C-
0), 126.97, 129.57, 134.76, 143.57 (Carom), 151.30 (C=N), 159.43 (C=0). ESI-MS (m/z):
calculated for C17H20N20sS 365.1166 [M+1], found 365.1166.

N
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Ph 9-Benzyl-5-phenyl-3-oxa-4,9-diazatricyclo[5.2.1.0>¢]dec-4-ene (3f).
?'; : Colorless oil, Rt 0.61 (EtOAc — petroleum ether, 2:1). *H NMR (CDCls, & ppm,
3t CH:Ph 3 Hz):1.49 (d, 1H, HC®yy,, J=10.9), 1.61 (dt, 1H, HCX®ai, J=11.1, 1.4), 2.61
(dd, 1H, HCBxo, J=9.2, J=3.3), 2.62-2.69 (M, 2H, HC®ndo + HC?), 3.46 (bs, 1H, HCY), 3.73 (dd,
HCS, J=8.4, J=1.1), 3.76 (s, 2H, CH2Ph), 4.91 (dt, 1H, HCO, J=8.4, 1.3), 7.30-7.45 (m, 8H, Harom),
7.70 (m, 2H, Harom). 3C NMR (CDCls, § ppm): 28.96 (C9), 40.70 (C), 55.83 (C?), 57.40 (C?),
59.54 (CH2Ph), 64.50 (C1), 85.92 (C-0), 126.83, 127.06, 128.37, 128.41, 128.80, 128.99, 129.93,
139.38 (Carom), 156.87 (C=N).
.0 8-Benzyl-5-phenyl-3-oxa-4,8-diazatricyclo[5.2.1.0>¢]dec-4-ene (4f).
Crystallizing colorless oil. R 0.45 (EtOAC - petroleum ether, 2:1). *H NMR
(CDCls, &, ppm, J, Hz): 1.59 (d, 1H, HC 0y, J=10.6), 1.67 (dt, 1H, HC an,
J=10.6, 1.5), 2.10 (d, 1H, HC%ndo, J=9.9), 2.74 (d, 1H, HC?, J=3.7), 2.99 (dd, 1H, HC%xo, J=9.9,
4.3), 3.49 (bs, 1H, HC"), 3.69, 3.85 (two d, 1H, CH2Ph, J=13.3), 4.02 (d, 1H, J=8.4, HC?®), 4.81

(d, 1H, J=8.4, HCO), 7.27-7.45 (m, 8H, Harom), 7.53 (M, 2H, Harom). 3C NMR (CDCl3, & ppm): &
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30.49 (C9), 44.55 (C1), 52.38 (C®), 53.42 (C®), 58.05 (CH2Ph), 61.93 (C"), 86.35 (C-0), 126.68,
127.23, 128.45, 128.62, 128.70, 128.97, 129.83, 138.90 (Carom), 156.55 (C=N). ESI-MS (m/z)
isomers 3f+4f: calculated for C2oH21N20 305.1648 [M+1], found 305.1654.

Ph Methyl 5-phenyl-3-oxa-4,9-diazatricyclo[5.2.1.0>%]dec-4-ene-9-
\ﬁ\, carboxylate (3g) (with admixture of 4g). Yellow oil. H NMR (CDCls,
O e Necoome PPM, J, Hz): (rotamer major : minor = 60:40) 1.57 — 1.68 (m, 2H, HC'yn+

HC%nti), 2.82 (bs, 1H, HC"), 3.12 (d, HC®ngo minor, J=9.7), 3.18 (d,
HC8%ngo major, J=9.8), 3.35 (M, HCB%xo), 3.70 (OCH3 minor), 3.73 (OCHs, major), 3.76 (d, HC?,
J=8.3), 4.42 (bs, HC! major), 4.55 (bs, HC* minor), 4.81 (d, HCO major, J=8.3), 4.89 (d, HCO
minor, J=8.3), 7.42 (m, 4H, Ph), 7.71 (m, 1H, Ph). 3C NMR (CDCls, & ppm): 30.85 (C*° minor),
31.35 (C° major), 39.35 (C" major), 39.93 (C’ minor), 50.00 (C® minor), 50.06 (C® major), 52.21
(OCHs3), 55.30 (C® minor), 55.33 (C® major), 59.26 (C! minor), 59.52 (C! major), 84.41 (C-O
minor), 84.59 (C-O major), 126.41, 128.51, 129.88 (Car major), 126.41, 128.58, 129.88 (Car
minor), 154.94 (C=N).
O Methyl 5-phenyl-3-oxa-4,8-diazatricyclo[5.2.1.0%¢]dec-4-ene-8-
1 o carboxylate (4g). Yellow oil, Rf0.65 (MeOH — CHClIs, 1:50). *H NMR
a g COOMe (CDCls, & ppm, J, Hz): (rotamer major : minor = 60:40) 1.62 (d, HC%
minor, J=10.3), 1.66 (d, HC,, major, J=9.5), 1.73 (d, HC %y, J=10.5), 2.96 (bs, HC?), 3.00 (d,
HC%ndo major, J=10.2), 3.06 (d, HC®%ndo minor, J=10.5), 3.31 (dd, HC%, major, J=10.2, 3.8),
3.36 (dd, HC . minor, J=10.5, 3.7), 3.73 (s, OCH3 major), 3.82 (s, OCHs minor), 3.89 (d, HC®
minor, J=8.2), 3.99 (d, HC® major, J=8.2), 4.44 (bs, HC' minor), 4.55 (bs, HC’ major), 4.86 (d,
HCO, J=8.3). 7.43 (m, 4H, Ph), 7.83 (m, 1H, Ph). 3C NMR (CDCls, § ppm): 30.88 (C° major),
31.62 (C'° minor), 43.27 (C*minor), 43.88 (C major), 46.13 (C®%), 52.08 (OCH3), 57.58 (C® minor),
57.65 (C® major), 58.14 (C’" major), 58.18 (C” minor), 85.31 (C-O major), 85.39 (C-O minor),
126.42, 128.59, 129.88 (Car), 154.88 (C=0), 155.08 (C=N, minor), 155.12 (C=N, major). ESI-MS
(m/z) isomers 3g + 4g: calculated for C15sH16N2O3 273.1234 [M+1], found 273.1234.
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tert-Butyl 5-phenyl-3-oxa-4,9-diaza-
> o N0 tricyclo[5.2.1.0%¢]dec-4-ene-9-carboxylate (3h)
O and  tert-butyl  5-phenyl-3-oxa-4,8-diaza-
tricyclo[5.2.1.0>6]dec-4-ene-8-carboxylate (4h)
(mixture). Yellow oil, Rf0.32 (MeOH — CHCls, 1:50). *H NMR (CDCls, 5 ppm, J, Hz): isomer 3h
(rotamer major : minor = 71:29) 2.80 (bs, HC"), 3.08 (d, HC8ngo minor, J=9.8), 3.14 (d, HC®nqo
major, J=9.8), 3.77 (d, HC®, J=8.3), 4.38 (s, HC! major), 4.50 (HC! minor, overlaps with HC’ 4h
minor), 4.80 (d, HCO major, J=8.3), 4.89 (HCO minor, overlaps with HCO 4h), 7.70 (m, HCa/);
isomer 4h (rotamer major : minor = 60:40) 2.93 (s, HC?), 2.95 (HC®ndo minor overlaps with HCY),
3.02 (HC%ngo major, J=10.4), 3.86 (d, HC® major, J=8.3), 3.98 (d, HC® minor, J=8.3), 4.39 (bs,
HC’ major), 4.50 (bs, HC’ minor), 4.86 (d, HCO, J=8.3), 7.76 (m, HCa/), 7.80 (dd, HCar, major,
J=7.8, J=2.1), 7.82 (dd, HCar, minor, J=7.8, J=2.3); isomer 3h + isomer 4h 1.46, 1.48, 1.57 (three
s, CH3), 1.59 — 1.74 (M, HC X + HC %), 3.22-3.34 (M, HCB%xo 3h + HC %0 4h), 7.41 (M, HCa).
13C NMR (CDCls, § ppm): isomer 3h 30.21 (C° minor), 30.87 (C* major), 39.44 (C” major),
39.95 (C” minor), 49.63 (C® major), 49.69 (C® minor), 59.67 (C* minor), 59.96 (C! major), 57.05
(C% minor), 57.67 (C® major); isomer 4h 31.29 (C'?), 43.37 (C! major), 43.94 (C* minor), 45.92
(C® major), 46.43 (C° minor), 55.32 (C®), 58.06 (C’); isomer 3h + isomer 4h 79.41, 79.54, 79.80,
79.82 (OC(CHs)s3), 84.60, 84.68, 85.38, 85.46 (C-0), 126.25, 126.41, 128.02, 128.20, 128.39,
128.48, 128.55, 129.81 (Carom), 153.85, 154.0, 154.67, 154.99 (C=N, C=0). ESI-MS (m/z) isomers

3h + 4h: calculated for C1sH22N203 315.1703 [M+1], found 315.1704.

; M
N, Ph “COO-Bu
gy COOt-Bu ih

Ph 9-[(4-Methylphenyl)sulfonyl]-5-phenyl-3-oxa-4,9-
N% hl'l'u diazatricyclo[5.2.1.0>6]dec-4-ene (3i) and 8-[(4-
0 w Nop o i Vo methylphenyl)sulfonyl]-5-phenyl-3-oxa-4,8-diaza-

1 S =

tricyclo[5.2.1.02%]dec-4-ene (4i) (mixture). Colourless
oil. Rf 0.70 (MeOH — CHClIs, 1:30). *H NMR (CDCls, & ppm, J, Hz): isomer 3i 1.00 (d, 1H,
HCni, J=11.1), 1.48 (d, 1H, HC' %, J=11.1), 2.44 (s, 3H, CHs), 2.74 (bs, 1H, HC"), 3.13 (dd,
1H, HC80, J=9.3, 3.3), 3.20 (d, 1H, HC®nq0 J=9.2,), 3.77 (d, 1H, HCS, J=8.2), 4.37 (s, 1H, HCY),
4.96 (d, 1H, HCO, J=8.2), 7.33 (d, 2H, Hrs, J=7.8); isomer 4i, 1.04 (d, 1H, HC'%ni, J=11.0), 1.56
(d, 1H, HC%,, J=11.0), 2.43 (s, 3H, CHs), 2.88 (1H, bs, HCY), 3.07 (s, 2H, HC%xo + HC%ndo ),
4.13 (d, 1H, HC®, J=8.3), 4.41 (s, 1H, HC"), 4.86 (d, 1H, HCO, J=8.3,), 7.32 (d, 2H, Hrs, J=8.0);
isomers 3i + 4i 7.37-7.46 (M, Harom), 7.65-7.65 (M, Harom). **C NMR (CDCls, & ppm): isomer 3i
21.54 (CHs), 30.63 (C*?), 40.56 (C"), 51.66 (C®), 55.78 (C?®), 62.48 (C1), 85.63 (C-0), 126.75,
127.32, 128.13, 128.89, 129.93, 130.29, 135.27, 143.88 (Carom), 156.32 (C=N); isomer 4i 21.54
(CHs), 30.99 (C19), 44.53 (C1), 47.54 (C®), 59.10 (C®), 60.89 (C), 85.63 (C-0O), 126.75, 127.31,
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128.15, 129.08, 129.94, 130.37, 135.31, 143.94 (Car), 155.00 (C=N). ESI-MS (m/z) isomers 3i +
4i: calculated for C20H20N203S 369.1267 [M+1], found 369.1263.

5-Phenyl-3-oxa-4,9-diazatricyclo[5.2.1.0>%]dec-4-en-9-yl](phenyl)-methanone  (3j)  (with
admixture of 4j) Yellow oil. (MeOH — CHCls, 1:100). *H NMR (CDCls, & ppm, J, Hz) (rotamer

Ph major : minor = 77:23): 1.65-1.90 (m, HC %, + HC%44), 2.83 (bs, HC” minor),
N7 2.96 (bs, HC” major), 3.16 (d, HC®ngo minor, J=10.0), 3.38 (d, HCndo major,
© R N J=11.5), 3.65 (dd, HC®x, major, J=11.5, 3.4), 3.79 (d, HC® minor, J=8.5), 3.91

] COPh

(d, HC® major, J=8.1), 4.39 (bs, HC! major), 4.96 (d, HCO major, J=8.2), 5.08
(d, HCO minor, J=8.5), 7.20-8.50 (M, Harom), HC! minor overlaps with HCO major, HC8x, minor
overlaps with HCx, major 4j.
5-Phenyl-3-oxa-4,8-diazatricyclo[5.2.1.0>6]dec-4-en-8-yl](phenyl)-methanone (4j). Yellow
oil. R 0.47 (MeOH — CHCls, 1:100). *H NMR (CDCls, § ppm, J, Hz) (rotamer major : minor =
55:45): 1.70-1.80 (m, HC'), 1.86 (d, HC'®, J=10.8), 2.96 (bs, HC! minor),
N\’O 3.01 (dd, HC®ndo minor, J=10.1, 1.1), 3.08 (bs, HC! major), 3.32 (d, HC®ndo
Ph 4 N\Coph minor, J=11.8), 3.61 (dd, HC®%x, minor, J=10.0, 3.8), 3.58 (dd, HC®x, major,
J=11.8, 4.1), 3.85 (d, HC® major, J=8.4), 4.23 (d, HC® minor, J=8.3), 4.33
(bs, HC' major), 4.82 (d, HCO minor, J=8.3), 4.89 (bs, HC' minor), 4.96 (d, HCO major, J=8.2),
7.17-7.25,7.32,7.40-7.62, 7.97 (all m, Harom). *C NMR (CDCls, § ppm): 30.71 (C*° minor), 31.84
(C 1° major), 43.64, 44.64, 46.30, 50.41, 57.38, 58.08, 59.12, 60.91, 85.22 (C-O minor), 85.72 (C-
O major), 126.41, 126.83, 127.04, 127.57, 128.08, 128.48, 128.78, 128.82, 129.04, 130.19, 130.21,
130.34, 130.87, 135.43 (Carom), 154.58 (C=N major), 155.62 (C=N minor). ESI-MS (m/z) isomers
3j+4j: calculated for C2oH1sN202 319.1441 [M+1], found 319.1443.

OCH; 9-Benzyl-5-(4-methoxyphenyl)-3-oxa-4,9-diazatricyclo[5.2.1.0>5]dec-4-

ene (3K). Yellow oil, R 0.50 (EtOAc — petroleum ether, 2:1). 'H NMR

(CDCls, § ppm, J, Hz): 1.50 (d, 1H, HCYn, J=10.8), 1.61 (dt, 1H, HCX 4,

) 7 J=10.8, 1.4), 2.60 (dd, 1H, HCB8%, J=9.2, 3.1), 2.62-2.67 (m, 2H, HC’ +

sk CHRP s 1), 3.46 (bs, 1H, HCY), 3.70 (d, 1H, HCS, J=8.3), 3.74 (s, 2H, CH.Ph),

3.84 (s, 3H, OCHs), 4.88 (d, 1H, HCO, J=8.3), 6.93 (d, 2H, HCarom, J = 8.8), 7.30-7.40 (m, 5H,

Ph), 7.66 (d, 2H, HCaom, J = 8.8). ¥C NMR (CDCls, 5 ppm): 28.49 (C), 40.29 (C7),

54.95(0CHs), 55.70 (C®), 56.98 (C?), 59.13 (CHy), 64.08 (CY), 85.19 (C-0), 113.78, 121.06,

126.61, 127.93, 127.99, 139.00 (Carom), 155.98 (C=N), 160.47 (Carom). ESI-MS (m/z): calculated
for C21H22N202 335.1754 [M+1], found 335.1764.
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8-Benzyl-5-(4-methoxyphenyl)-3-oxa-4,8-diaza-

I oo tricyclo[5.2.1.0%%]dec-4-ene (4k). Yellow oil, Rf 0.40 (EtOAC —

: petroleum ether, 2:1). 'H NMR (CDCls, § ppm, J, Hz): 1.57 (d, 1H,

HC%yn, J=10.7), 1.65 (dt, 1H, HC' %, J=10.9, 1.4), 2.09 (d, 1H,

HC%ndo, J=9.9), 2.74 (bd, 1H, HC?, J=3.1), 2.90 (dd, 1H, HC 0, J=9.8, 4.3), 3.46 (bs, 1H, HC"),

3.68, 3.83 (two d, 1H, CH2Ph, J=13.5), 3.81 (s, 3H, OCHj3), 3.98 (d, 1H, HC®, J=8.3), 4.55 (d, 1H,

HCO, J=8.3), 6.80 (d, 2H, CHarom, J = 8.8), 7.30-7.46 (m, 7H, HCarom). 3C NMR (CDCls, 5 ppm):

30.43 (C19), 44.53 (Ch), 52.39 (C°), 53.69 (C?), 55.33 (OCH3), 58.07 (CH>), 61.93 (C7), 85.98 (C-

0), 114.07, 121.46, 127.20, 128.19, 128.44, 128.6 (Carom), 155.04 (C=N), 160.80 (Carom). ESI-MS
(m/z): calculated for C21H22N20, 335.1754 [M+1], found 335.1761.

H, OO

OCH; Methyl 5-(4-methoxyphenyl)-3-oxa-4,8-diazatricyclo[5.2.1.0>6]dec-4-
ene-8-carboxylate (3l) (with admixture of 41). Brown oil, Rf 0.20 (MeOH —
N CHClIs, 1:25). 'H NMR (CDCls, § ppm, J, Hz): (rotamer major : minor =
Necoome  54:46) 2.78 (bs, 1H, HCT), 3.09 (d, HC®ngo minor, J=9.4), 3.14 (d, HC®qo
major, J=9.9), 3.25-3.35 (m, 1H, HC8xo), 4.39 (bs, HC! major), 4.51 (bs, HC*
minor), 4.75 (d, HCO major, J=8.2), 4.83 (HCO minor, J=8.4), 6.90 (m, 2H, HCarom), 7.65 (d, 2H,
HCarom, J=8.8), the signals HC?, HoC*%, HCarom overlap with 41. 3C NMR (CDCls, § ppm): 31.30
(C1% major), 30.80 (C*° minor), 39.36 (C’ major), 39.93 (C’ minor), 49.97 (C® minor), 50.04 (C®
major), 55.40 (C?), 59.27 (C* minor), 59.53 (C* major), 84.11 (C-O, minor), 84.28 (C-O, major),
154.61, 154.85, 154.65 (C=0, C=N), Caom overlap with 4l. ESI-MS (m/z): calculated for
C16H18N204 303.1339 [M+1], found 303.1334.
o L, Methyl 5-(4-methoxyphenyl)-3-oxa-4,9-diaza-
,@)Lﬂ‘_{_cmh_ tricyclo[5.2.1.0>%]dec-4-ene-9-carboxylate (4l). Brown oil, Rf 0.27
H,CO 4 (MeOH — CHCls, 1:25). H NMR (CDCls, 5 ppm, J, Hz): isomer 4l
(rotamer major : minor = 60:40) 1.55 — 1.65 (m, 1H, HC %), 1.71 (d, 1H, HC¥,, J=10.8), 2.91
(bs, 1H, HCY), 2.96 (d, 1H, HC®%ndo major, J=10.2), 3.01 (d, 1H, HC®%ndo min, J=10.4), 3.67 (1H,
HC® min, overlaps with OCH3), 3.70, 3.80 (two s, 3H, OCH3 major), 3.78, 3.82 (two s, 3H, OCH3
minor), 3.92 (d, 1H, HC® major, J=8.3), 4.40 (bs, 1H, HC” min), 4.49 (bs, 1H, HC” major), 4.79
(d, 1H, HCO, J=8.3), 6.90 (m, 2H, HCarom), 7.62 (d, HCarom minor, J=8.9), 7.65 (d, HCarom major,
J=8.7), 7.73 (d, HCarom major, J=8.7). 3C NMR (CDCls, & ppm): 30.82 (C*° major), 31.46 (C©
minor), 43.24 (C* minor), 43.85 (C* major), 46.10 (C® major), 46.29 (C° minor), 52.07 (OCHs
major), 52.46 (OCH3s minor), 54.93 (OCHs major), 54.95 (OCHs minor), 57.39 (C’ major), 57.74
(C® minor), 58.42 (C’ minor), 85.01 (C-O minor), 84.93 (C-O major), 113.98, 120.40 (Carom),
127.76 (Carom minor), 128.00 (Carom major), 154.15 (C=0 minor), 154.40 (C=0 major), 154.93
S9
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(C=N minor), 155.16 (C=N major). 160.74 (Carom). ESI-MS (m/z): calculated for C1sH1sN204
303.1339 [M+1], found 303.1342.

OCH, tert-Butyl 5-(4-methoxyphenyl)-3-oxa-4,9-diaza-
tricyclo[5.2.1.026]dec-4-ene-9-carboxylate (3m) (with admixture of
4m).Yellow oil, Rf0.51 (MeOH — CHCls, 1:25). 'H NMR (CDCls, §

:f:]f o ppm, J, Hz) (rotamer major : minor = 67:33): 1.45 (s, CH3), 1.6-1.75
am OB HCYOy, + HCY0), 2.78 (bs, HCT), 3.07 (d, HC®nto min, J=9.6),

3.12 (d, HCBnao major, J=9.6), 3.23-3.33 (M, HC%), 3.74 (d, HC?, J=8.1), 3.80 (s, OCHg), 4.37
(HC! major), 4.49 (s, HC! min), 4.78 (d, HCO major, J=8.0), 4.86 (d, HCO minor, overlaps with
4m), 6.93 (d, HCarom, J=8.1), 7.65 (d, HCarom, J=8.1).

tert-Butyl 5-(4-methoxyphenyl)-3-oxa-4,8-diaza-

tricyclo[5.2.1.026]dec-4-ene-8-carboxylate (4m) Yellow oil, R¢
NcooeBs 60 (MeOH — CHClIs, 1:25). *H NMR (CDClz, & ppm, J, Hz)

(rotamer major : minor = 60:40): 1.49 (s, CHs, major), 1.57 (s,
CHs, minor), 1.65 (d, 1H, HC¥yy, J=10.1), 1.72 (d, 1H, HC X, J=10.1), 2.92 (bs, HC?), 2.94
(HC%ngo, minor, overlaps with HCY), 3.02 (d, HC®%ndo, major, J=10.5), 3.27 (dd, HC%x, minor,
J=10.3, 3.8), 3.30 (dd, HC®%x, major, J=10.5, 3.8), 3.83 (s, minor, OCH3), 3.85 (s, major, OCHs),
3.96 (d, HC®, minor, J=8.1), 4.37 (s, HC' major), 4.49 (s, HC"minor ), 4.83 (d, HCO minor, J=8.0),
4.84 (d, HCO major, J=8.1), 6.93 (m, HCAar), 7.73 (d, HCar major, J=8.7), 7.77 (d, HCar minor,
J=8.7), the signal HC® major overlaps with the signal of OCHz. 3C NMR (CDCls, § ppm) 28.09
(CHs major), 28.19 (CHs minor), 30.82 (C° minor), 31.28 (C*° major), 43.36 (C! major), 43.94
(C* minor), 54.95, 55.00 (OCHs), 57.96, 58.08, 58.36 (C®, C), 79.77 (OC(CHs)s major), 80.30
(OC(CHz3)3 minor), 85.04 (C-O minor), 85.11 (C-O major), 154.23 (C=N).

HyCO

9-[(4-Methylphenyl)sulfonyl]-5-(4-methoxyphenyl)-3-oxa-4,9-diaza-tricyclo[5.2.1.026]dec-4-

ene (3n). Colourless oil. Rf 0.57 (MeOH — CHCls, 1:30). *H NMR (CDCls, § ppm, J, Hz): 0.98

OCH;  (d, 1H, HC %, J=11.2), 1.48 (d, 1H, HCn, J=11.2), 2.42 (s, 3H, CHs), 2.73

(1H, bs, HC7), 3.12 (dd, 1H, HC8x., J1=9.1, J,=3.2), 3.18 (d, 1H, J=9.1, HC?nqo0),

3.73 (d, 1H, HC?®, J=8.2), 3.83 (s, 3H, OCHa), 4.35 (s, 1H, HCY), 4.92 (d, 1H,

N HCO, J=8.2), 6.90 (d, 2H, Har, J=8.5), 7.34 (d, 2H, Har, J=7.6), 7.59 (d, 2H, Har,

3n “p¢ J=8.5), 7.73 (d, 2H, Har, J=7.6). 3C NMR (CDCls, § ppm): 21.14 (CHs), 30.22

(C19), 40.18 (C7), 51.26 (C®), 54.97 (OCH3), 55.68 (C?), 62.11 (C1), 84.99 (C-0), 113.91, 120.24,

126.90, 127.95, 129.53, 134.93, 143.46, 160.76 (Car), 155.45 (C=N). ESI-MS (m/z) isomers 3m
+ 4m: calculated for C10H24N204 345.18088 [M+1], found 345.1813.
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8-[(4-Methylphenyl)sulfonyl]-5-(4-methoxyphenyl)-3-oxa-4,8-
diazatricyclo[5.2.1.0>6]dec-4-ene (4n). Colourless oil. Rf 0.33
(MeOH — CHCls, 1:30). *H NMR (CDCls, & ppm, J, Hz): 1.02 (d, 1H,
HC i, J=10.9,), 1.55 (d, 1H, HC% %y, J=10.9), 2.42 (s, 3H, CHs),
2.86 (1H, bs, HCY), 3.06 (s, 2H, HC%xo + HC%nd0), 3.86 (s, 3H,
OCH3), 4.10 (d, 1H, HC?®, J=8.3), 4.39 (s, 1H, HC"), 4.82 (d, 1H, HCO, J=8.3), 6.96 (d, 2H, Harom,
J=8.5), 7.31 (d, 2H, Harom, J=7.7), 7.68 (d, 2H, Harom, J=8.5), 7.71 (d, 2H, Harom, J=7.7). °C NMR
(CDCls, 5 ppm): 21.14 (CHs), 30.56 (C*°), 44.14 (C1), 47.13 (C®), 55.00 (OCH3), 59.02 (C°), 60.56
(C"), 84.89 (C-0), 114.11, 120.24, 126.90, 127.95, 129.53, 134.98, 143.52, 160.85 (Carom), 154.14
(C=N). ESI-MS (m/z) isomers 3n + 4n: calculated for C21H22N204S 399.1373 [M+1], found
399.1374.

H,CO

5-Phenyl-3-oxa-4,9-diazatricyclo[5.2.1.0>%]dec-4-en-9-yl](phenyl)-methanone (30). Yellow
oil. Rf 0.41 (MeOH — CHClz, 1:100). *H NMR (CDCls, & ppm, J, Hz) (rotamer major : minor =
OCH, 77:23): 1.65-1.90 (M, HCy, + HC®,n4), 2.83 (bs, HC” minor), 2.94 (bs, HC'
major), 3.16 (d, HC8ngo minor, J=9.9), 3.38 (d, HC®ndo major, J=11.3), 3.54
(dd, HC8xo major, J=9.9, 3.5), 3.64 (dd, HC8x, major, J=11.3, 3.5), 3.76 (d,
I(\\;’ N HC® minor, J=8.0), 3.84 (s, OCHs major), 3.86 (s, OCHsz minor), 3.89 (d, HC®
30 \coph major, J=8.2), 4.38 (bs, HC! major), 4.95 (d, HCO major, J=8.2), 4.98 (bs HC*
minor), 5.05 (d, HCO minor, J=8.0), 6.91 (d, Harom minor, J=8.8), 6.95 (d,
Harom major, J=8.9), 7.38-7.57 (m, Harom), 7.61 (d, Harom minor, J=8.8), 7.68 (d, Harom major,
J=8.9).13C NMR (CDClIs, § ppm): 30.12 (C*° minor), 31.85 (C*° major), 39.09 (C’ major), 40.23
(C” minor), 54.98 (OCH3), 49.95, 56.03 (C8, C?), 62.42 (C* major), 65.13 (C* minor), 83.52 (C-O
minor), 84.89 (C-O major), 113.97, 120.10, 126.59, 126.84, 128.03, 128.26, 128.40, 130.06,
135.41 (Carom), 155.98 (C=N), 160.85 (Carom), 169.37 (C=0). ESI-MS (m/z): calculated for
C21H20N203 349.1547 [M+1], found 319.1551.
5-Phenyl-3-oxa-4,8-diazatricyclo[5.2.1.0>6]dec-4-en-8-yl]-(phenyl)methanone (40). Yellow
oil. R 0.50 (MeOH — CHCls, 1:100). *H NMR (CDCls, & ppm, J, Hz) (rotamer major : minor =
56:44): 1.73 (bs, HCY), 1.77 (d, HC, J=11.2), 1.86 (d, HC,
J=11.1), 2.95 (bs, HC! minor), 2.99 (d, HCng4o minor, J=10.0), 3.06
40 'COPh (bs, HC major), 3.31 (d, HC %ndo major, J=11.9), 3.56 (dd, HC%«o
H;CO major, J=11.9, 4.1), 3.61 (dd, HC®%x minor, J=10.0, 3.8), 3.80 (s,
OCHj3 major), 3.82 (d, HC® major, J=8.3), 3.86 (s, OCH3 minor), 4.19 (d, HC® minor, J=8.3), 4.30
(bs, HC' major), 4.79 (d, HCO minor, J=8.3), 4.87 (bs, HC' minor), 4.92 (d, HCO major, J=8.3),
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6.70 (d, Harom, J=8.8), 6.97 (d, Harom, J=8.8), 7.15 (d, Harom, J=8.8), 7.40-7.60 (M, Harom), 7.90 (d,
Harom, J=8.9).13C NMR (CDCls, & ppm): 30.16 (C*° minor), 31.84 (C 1° major), 43.14, 45.80 (C!,
C° major), 44.16, 49.88 (CL, C® minor), 54.90 (OCHs), 57.17, 57.65 (C8, C'minor), 58.85, 60.47
(C8, C” major), 84.42 (C-O minor), 84.92 (C-O major), 113.71, 113.99, 120.11, 120.42, 126.38,
127.13, 127.53, 128.01, 128.13, 128.35, 129.71, 130.38, 135.01, 136.34 (Carom), 153.68, 154.63
(C=N), 160.57, 160.75 (Carom), 169.45, 170.15 (C=0). ESI-MS (m/z): calculated for C21H20N203
349.1547 [M+1], found 319.1548.

9-Benzyl-5-(4-nitrophenyl)-3-oxa-4,9-diazatricyclo[5.2.1.0%¢]dec-4-ene (3p) Colourless oil, Rt
0.50 (EtOAc — petroleum ether, 2:1). *H NMR (CDCls, & ppm, J, Hz): 1.45 (d, 1H, HC' %,
NO; J=11.0), 1.65 (d, 1H, HC44, J=11.0), 2.60 — 2.70 (m, 2H, HC®ndo + HCB%x0),
3.52 (bs, 1H, HC%), 3.73 (d, 1H, HC®, J=8.5), 3.76 (s, 2H, CHPh), 5.00 (d,
1H, HCO, J=8.3), 7.24-7.40 (m, 5H, Ph), 7.88, 8.27 (two d, 2H, J=8.8). 13C
= NMR (CDCls, § ppm): 28.93 (C19), 40.58 (C'), 55.04 (C®), 57.26 (C?), 59.51
N (CH2Ph), 64.29 (CY), 87.12 (C-0), 155.56 (C=N); isomers 3p+4p (3p:4p =
3p \CHZPh 3:1): 123.96, 124.04, 127.15, 127.41, 128.38, 128.57, 135.18, 148.26 (Carom).
8-Benzyl-5-(4-nitrophenyl)-3-oxa-4,8-diaza-tricyclo[5.2.1.02.6]dec-4-ene (4p) Colourless oil,
Rf 0.36 (EtOAC — petroleum ether, 2:1). *H NMR (CDCls, & ppm, J, Hz): 1.50 (d, 1H, HC®¥,
J=10.6), 1.70 (d, 1H, HC%nsi, J=10.6), 2.15 (d, 1H, HC®ndo, J=9.8), 2.81 (bs, 1H, HC*), 2.98 (dd,
1H, HC%x0, J=9.9, 4.2), 3.44 (bs, 1H, HC'), 3.65, 3.90 (two d, 1H,
CH2Ph, J=13.3), 3.98 (m, 1H, HC®), 4.90 (d, 1H, HCO, J=8.3), 7.60,
CH,Ph 8.12 (two d, 2H, J=8.8); 7.32-7.45 (m, 5H, Ph). *C NMR (CDCl3, &
O,N 4p ppm): 30.46 (C1°), 44.48 (C1), 52.32, 58.02 (C°, CHy), 52.69 (C°),
61.44 (C"), 87.51 (C-0); 155.27 (C=N); 123.96, 127.25, 128.60, 128.66, 135.09, 148.18 (Carom).
ESI-MS (m/z): calculated for C20H19N303 350.1499 [M+1], found 350.1498.

N
\
o

Methyl 5-(4-nitrophenyl)-3-oxa-4,9-diazatricyclo[5.2.1.0>6]dec-4-ene-
9-carboxylate (3q). Yellow oil, Rf0.4 (MeOH — CHCls, 1:50). H NMR
(CDCls, & ppm, J, Hz) (rotamer major : minor = 63:37): 1.64 (d, 1H,
E# J HC,, J=11.1), 1.71 (d, 1H, HC %, J=11.3), 2.81 (bs, 1H, HC"), 3.15
COOMe 4 1H, HC®enao min, J=9.6), 3.20 (d, 1H, HC®ngo major, J=9.9), 3.32-3.43
(m, 1H, HC8), 3.71 (s, 3H, OCH3 min), 3.74 (s, 3H, OCHs major), 3.77 (d, 1H, HCS, J=8.5),
4.47 (bs, 1H, HC! major), 4.59 (bs, 1H, HC! min), 4.92 (d, 1H, HCO major, J=8.3), 4.99 (d, HCO
min, J=8.4), 7.88 (d, HCarom, J=8.6), 8.27 (d, HCarom, J=8.6). 3C NMR (CDCl3, 5 ppm): 30.88
(C1% min), 31.39 (C* major), 39.29 (C’ major), 39.85 (C” min), 49.86 (C® min), 49.95 (C® major),
S12
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52.18 (OCH3 min), 52.30 (OCH3 major), 54.54 (C® min), 54.55 (C® major), 59.09 (C* min), 59.36
(C! major), 85.50 (C-O min), 85.67 (C-O major), 123.75, 127.11, 134.20, 148.09 (Carom), 154.85
(C=N). *H NMR (DMSO-ds, & ppm) & 1.35 (d, HC%n, J=11.1), 1.63 (m, HC®,nti), 2.75 (bs, HC?),
3.10-3.25 (M, HC8xo+ HC8nq0), 3.59 (s, OCHs, major), 3.61 (s, OCHs, min), 4.10 (m, HC®), 4.28
(bs, HC?), 4.85 (m, HCO), 8.03 (d, HCarom, J=8.6), 8.35 (M, HCarom).
Methyl 5-(4-nitrophenyl)-3-oxa-4,8-diazatricyclo[5.2.1.0%¢]dec-4-
‘cooMe  ene-8-carboxylate (4q). Yellow oil, Rf0.32 (MeOH — CHCl3, 1:50).
ON 'H NMR (CDCls, § ppm, J, Hz) (rotamer major : minor = 63:37): 1.54
(s,-2H, H,C¥), 3.01 (bs, 1H, HC?Y), 3.03 (HC®%ngo minor), 3.07 (d, HC%ngo major, J=10.7), 3.32-
3.43 (M, HC%xo), 3.73 (s, OCH3 major), 3.82 (s, OCHs minor), 3.89 (d, HC® minor, J=8.3), 3.98
(d, HC® major, J=8.3), 4.42 (bs, HC’ minor), 4.50 (bs, HC' major), 4.97 (d, 1H, HCO, J=8.3), 7.90
(d, HCarom minor, J=8.6), 7.97 (d, HCarom major, J=8.6), 8.26 (d, HCarom major, J=8.6), 8.29 (d,
HCarom minor, J=8.6). 3C NMR (CDCls, § ppm): 30.82 (C° major), 31.51 (C° minor), 43.22 (C?
minor), 43.82 (C! major), 46.06 (C°® major), 46.23 (C° minor), 52.12 (OCHs, major), 52.52 (OCHj,
minor), 56.78, 57.38 , 57.50 (C®,C"), 86.51 (C-O major), 86.58 (C-O minor), 154.93 (C=N minor),
155.15 (C=N major), 155.42 (C=0 minor), 155.63 (C=0 major), 123.66, 126.85, 134.20, 147.98
(Carom major), 123.74, 127.04, 134.11, 147.98 (Carom minor). *H NMR (DMSO-ds, 5 ppm) 1.43 (d,
HC%n, J=10.3), 1.63 (m, HC,n4), 2.88 (bs, HC?), 2.99 (M, HC®%ndo), 3.23 (M, HC o), 3.62 (s,
OCHjs, major), 3.70 (s, OCHs, min), 4.11 (m, HC®), 4.28 (bs, HC’, min), 4.31 (bs, HC’, major),
4.99 (m, HCO), 7.91 (m, HCarom), 8.35 (M, HCarom). ESI-MS (m/z) isomers 3g+4q: calculated for
C15H15N305 318.1084 [M+1], found 318.1074.

N

tert-Butyl  5-(4-nitrophenyl)-3-oxa-4,9-diazatricyclo[5.2.1.0%¢]dec-4-
ene-9-carboxylate (3r). Yellow oil. R 0.47 (MeOH — CHCls, 1:50). *H
. NMR (CDCls, 6 ppm, J, Hz) (rotamer major : minor = 73:27): 1.57 (s,
Y Necoowps  CHs), 1.58-1.74 (m, HC), 2.79 (s, HC"), 3.12 (d, HC®ndo min, J=9.2), 3.17
3 (d, HC%ndo, Major, J=10.2), 3.35 (dd, HC3%, J=9.9, 3.0), 3.78 (d, HC®,
J=8.4), 4.42 (bs, HC! major), 4.56 (bs, HC! minor), 4.91 (d, HCO major, J=8.2), 4.99 (d, HCO
minor, J=7.7), 7.89 (d, HCarom, J=8.6), 8.28 (d, HCarom, J=8.8). ESI-MS (m/z): calculated for
C18H21N30s5 360.1554 [M+1], found 360.1551.
tert-Butyl 5-(4-nitrophenyl)-3-oxa-4,8-diazatricyclo[5.2.1.0%%]dec-
4-ene-8-carboxylate (4r). Yellow oil. R 0.54 (MeOH — CHCls, 1:50).
'H NMR (CDCls, & ppm, J, Hz) (rotamer major : minor = 55:45): 1.49
O:N (s, CHs major), 1.58 (s, CHs minor), 1.62 — 1.78 (m, HC9), 2.99 (s,
HC?Y), 3.05 (d, HCndo major, J=10.5), 3.32 (dd, HC®%x, minor, J1=10.3, 3.8), 3.35 (dd, HCxo
major, J1=10.2, 4.0), 3.87 (d, HC® major, J=8.3), 3.98 (d, HC® minor, J=8.4), 4.36 (s, HC' major),
S13
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4.47 (s, HC' minor), 4.96 (d, HCO, minor, J=7.9), 4.97 (d, HCO, major, J=7.9), 7.95 (d, HCarom
major, J=8.7), 7.99 (d, HCarom minor, J=8.7), 8.27 (dd, HCarom, J1=8.8, 2.9), the signal HC® ¢ngo
minor overlaps with HC®. *C NMR (CDCls, 5 ppm) 30.86 (C*° major), 31.36 (C*° minor), 43.34
(C! major), 43.93 (C! minor), 45.91 (C° major), 46.39 (C° minor), 56.92 (C® minor), 56.87 (C®
major), 57.31 (C’ major), 57.88 (C” minor), 79.89 (OC(CHs)s, minor), 80.14 (OC(CHs)s, major),
86.65 (C-0), 153.44, 153.66 (C=N, C=0). ESI-MS (m/z): calculated for C1sHz:N3Os 360.1554
[M+1], found 360.1552.

CeHyp-NO, 9-[(4-Methylphenyl)sulfonyl]-5-(4-nitrophenyl)-3-oxa-4,9-diaza-
NZ tricyclo[5.2.1.0%5]dec-4-ene (3s). Colourless oil. Rf 0.72 (MeOH — CHCls,
O~ Nre 1:25).1H NMR (CDCls, § ppm, J, Hz): 1.05 (dm, 1H, HC X%y, J=11.2), 1.4 (d,
1H, HCY,, J=11.2), 2.43 (s, 3H, CH3), 2.73 (bs, 1H, HC'), 3.16 (dd, 1H,
HC8x0, J1=9.3, 3.3), 3.23 (d, 1H, HC®nao, J=9.3), 3.79 (d, 1H, HC?®, J=8.3), 4.41 (s, 1H, HCY), 5.07
(d, 1H, HCO, J=8.3), 7.35 (d, 2H, Harom, J=8.1), 7.74 (d, 2H, Harom, J=8.1) 7.84 (d, 2H, Harom,
J=8.8), 8.26 (d, 2H, Harom, J=8.8). >*C NMR (CDCls, 5 ppm): 21.17 (CHs), 30.30 (C%), 40.11 (C"),
51.18 (C®), 54.66 (C?), 61.91 (C1), 86.45 (C-0), 123.77, 126.94, 127.07, 129.62, 134.69, 135.50
(Carom), 155.40 (C=N).
e (8-[(4-Methylphenyl)sulfonyl]-5-(4-nitrophenyl)-3-oxa-4,8-
| g diazatricyclo[5.2.1.0%6]dec-4-ene) (4s). Colourless oil. Rf 0.67 (MeOH —
CiHip-NO24s Ts  CHCI, 1:25). 'H NMR (CDCls, & ppm, J, Hz): 1.15 (dm, 1H, HC W,
J=11.4), 1.54 (d, 1H, HCYy,, J=11.4), 2.43 (s, 3H, CH3), 2.95 (bs, 1H, HCY), 3.11 (m, 2H, HC %o
+ HC%ndo), 4.19 (d, 1H, HCS, J=8.4), 4.37 (s, 1H, HC"), 4.99 (d, 1H, HCO, J=8.4), 7.34 (d, 2H,
Harom, J=8.0), 7.73 (d, 2H, Harom, J=8.0), 7.93 (d, 2H, Harom, J=8.8), 8.31 (d, 2H, Harom, J=8.8). 13C
NMR (CDCls, § ppm): 21.17 (CHs), 30.76 (C19), 44.16 (CY), 47.01 (C®), 58.06 (C°®), 60.30 (C"),
86.43 (C-0), 123.94, 126.86, 127.08, 129.61, 133.90, 134.90, 143.75, 148.17 (Carom), 153.44
(C=N). ESI-MS (m/z) isomers 3s+4s: calculated for CHi9N3OsS 414.1111 [M+1], found

414.1118.

NO- 5-(4-Nitrophenyl)-3-oxa-4,9-diazatricyclo[5.2.1.0%¢]dec-4-en-9-yl]-

h (phenyl)methanone (3t) Yellow oil. Rf 0.50 (MeOH — CHCls, 1:100). 'H

NMR (CDCls, 6 ppm, J, Hz) (rotamer major : minor = 73:27): 1.65 (d,

N= HC¥0n + HC ;0 major, J=11.2), 1.75 (d, HC%yn + HC %4 minor, J=10.7),
a N-coph 282 (bs, HC” minor), 2.94 (bs, HC” major), 3.18 (d, HC®ndo minor, J=9.5),

3.42 (d, HC®ndo major, J=10.5), 3.57 (d, HC®x, minor, J=9.5), 3.65 (d,

HC8x major, J=10.5), 3.79 (d, HC® min, J=8.2), 3.92 (d, HC® major, J=8.2), 4.41 (bs, HC! major),
4.97 (bs, HC! minor), 5.05 (d, HCO major, J=8.2), 5.15 (d, HCO minor, J=8.0), 7.40-7.53 (m, Ph),
7.84 (d, HCarom, J=8.4), 7.91 (d, HCarom major, J=8.4), 8.20-8.30 (m, HCarom). *C NMR (CDCls,
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5 ppm): 31.94 (C° major), 39.05 (C’ major), 49.93, 55.06 (C8, C?), 62.26 (C* major), 86.26 (C-O
major), 123/82, 126.56, 127.20, 127.95, 129.14, 132.52 (Carom), 155.01 (C=N), 169.45 (C=0).
ESI-MS (m/z): calculated for C20H17N3O4 364.1292 [M+1], found 364.1292.

5-(4-Nitrophenyl)-3-oxa-4,8-diazatricyclo[5.2.1.0>¢]dec-4-en-
8-yl](phenyl)methanone (4t). Yellow oil. Ry 0.41 (MeOH -
CHClIs, 1:100). *H NMR (CDCls, & ppm, J, Hz) (rotamer major :
minor = 55:45): 1.67-1.73 (m, HC %y + HCY ), 1.77-1.89 (m,
HCn + HCni), 3.02 (bs, HC! major), 3.04 (d, HC®%ndo major,
J=9.9), 3.14 (bs, HC! minor), 3.36 (d, HC! minor, J=12.2), 3.58 (dd, HC®x, minor, J=12.2, 4.11),
3.66 (dd, HC %xo major, J=10.0, 3.9), 3.82 (d, HC® minor, J=8.4), 4.22 (d, HC® major, J=8.4), 4.30
(bs, HC' min), 4.83 (bs, HC” major), 4.92 (d, HCO major, J=8.5), 5.05 (d, HCO minor, J=8.4),
7.32 (d, HCaromr, J=8.8), 7.4-7.6 (m, Ph), 8.05 (d, HCarom, J=8.8), 8.10 (d, HCarom, J=8.8). °C NMR
(CDCls, & ppm): 30.14 (C° major), 31.87 (C *° minor), 43.10, 45.73 (Ct, C® minor), 44.05, 49.85
(C1, C° major), 56.00, 57.42 (C°®, C'major), 57.76, 60.18 (C*, C” minor), 85.89 (C-O major), 86.41
(C-O minor), 123.46, 123.74, 126.23, 126.55, 127.10, 127.23, 128.03, 128.47, 129.95, 130.61,
133.75, 134.03, 134.52, 136.18, 147.75, 147.98 (Carom), 152.89, 153.89 (C=N), 169.46, 170.40
(C=0). ESI-MS (m/z): calculated for C20H17N304 364.1292 [M+1], found 364.1294.
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Figure S2. Fragments of *H NMR spectra of isomers 3r (upper) and 4r (lower).
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NMR spectra of synthesized compounds

¥9'128-g'cz8

S0}, B
06650} 99900} ———
100 mll1\u
T ——

T

0804 ]
AL
Wl

f

L IETSEL _

BLO%E- ———o
e

wLe

7126El W

. £679r1—" e =

SEE8yL— = 8E 0Byl ¢ M

:

J

3

M

m

J

3

o 8’668} _ |HL

i eLLgL ="

) . wetek o

: 718664 w
29'L067—
996262
Y6676

3.181.83 0.95 1.19 1.34 0.89 0.95 1.16 1.31 1.28

1.22 1.00

Chemical Shift (ppm)

88~

oroe/
66 66
-
-
19% _
07y 6 -
-
umn-
199
g.gw
1L
s
mzﬁ
i ozt
o
o_
Z
0
0
: 1981
0
n o nvw o wvwouwowuwo
n n £ v 00 N N o4 4
6060606060606 6 0

fystau pazyeusoy

a8 40 32

56

T T T
88 80

T
o6
Chemical sShift (ppm)

Figure S4. H and *C NMR spectrum (CDCls) of 3a and 4a

S19



18069
EqeTLS

N_
CTTT_ N
696717 L
SOPLTI— N
o
5
0B TIET
m_%m; / 0]
S 96ET, .
6T 189%ET> o4
HIE 2]
T
L0
o]
e 0L // &
65611/ 88 98T~ o

1.421.70
—l

STA-42A.001.001.1r.esp

o
¥ o & 8 « o
o

Ausuaju) pazyeuioy

2.0

T
3.0

Chemical shift (ppm)

3.5

Yy 69

Gloy

6228
Spes:

LE'RS

8-
1968 - = =

= o

«

=]

= o

—are ”O

£e

05°9¢h L0

6oL | A -
058el . —=

oLgeL — = o

3

0

Y

(o]

0

Figure S5. H and **C NMR spectrum (CDCls) of 3b and 4b

S20



10615~

STA-361.001.001.1r.esp

8T€8S

[

o v ¥
o o o©

Aysuaju| pazjeutio

£6'769

60'7¢TT

§'171
9615
IEL9TT

By 8LTT~

pss1erd
652087
w:oi
99'€TET
ergrer|
SBTZET
ey TLET
89'6LET
678047
8y 9TyT
887941
680LYT

— N —

791.63 0.521.310.370.69

s

17.13

.13

0.34 0.420

—I

0.50 0.76

—

e e ) S— —_ —

—

I

Chemical sShift (ppm)

6640~

10
gra a
1£7e

10%-

ST

(et~
Lot
185,

§e9r-

-

e

§r9%~
ele-
1585
Gee—

-
wr/

— ]
———

o
e

7661
108~ \

1518
__________________l_l_l_l_.

)
0 0
0

STA-B36-1povtor.002.001.1lr.esp

I RARRERRENR
1]

a
o]
fysuayu pozyeoN

T
(Sle}
Chemical

35 30

a0

rdel 65 55 50
Shift (ppm)

75

85

Figure S6. *H and **C NMR spectrum (CDCIs) of 3¢ and 4¢

S21



STA-881.001.001.1r.esp

~
!
~
<
T

o~
~
o
(==}
=
T
0.7
0.6
=
‘@ 0.5
2
[=%)
=
=3
Z o4
‘©
£
o
= 0.3
<=}
«©«
=5
0.2 S
|
0.1 w
o P < ~ —
6.40 1.12 3.73 2.051.001.05 1.032.17 1.114.813.37
I (=] (=] (=] (=] =] = I [—
e B I L I I o i e B T B e e B B B B B o e LA EL B R
- - 3.5 3.0 2.5 2.0 1.5
Chemical Shift (ppm)
o Lo
STA-88.1-13C.002.001.1r.esp DS o o — D
~ o~ S =&
oy o ~ © ©o
i < ~ ~ r~—
— ——
0.45- =
= o S = = o~
~ (Yol o ~
0.40-= o [ el = o3
E pZ=) | S — P
S s | = |
0.35- = = | e XK
= E S [~ |
L2 0.30-= V] |
(<%
£ 2
= 0.25-
D
N =
‘<
£ 0.20-
=3 _
=
0.15-
0.10-
0.05-
o
-0.05

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
Chemical Shift (ppm)

Figure S7. *H and **C NMR spectrum (CDCls) of 3d
S22



Nomnalized Intensty

06 00 0 0 0 0 0 0 0O

Nomalzed Intensity

55=

.50

A5 =

.40 =

-35-=

.30-=

25

.20 =

A5

.10

05—

.30

STA-883.001.001.1r.esp
—

WL

=3
=2
SIS = R
155 = i o3 ~ =3
j SSS S S
SN U = ==
S —
=
I
AL
= — L -4 = -
8.79 1.02 5.93 1.002.671.08 1.151.10 1.721.271.1210.30
— ] — [o] — L — [i] — |
T T T T T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 a.s5 4.0 3.5 3.0 2.5 2.0 1.5
Chemical Shift (ppm)
STA-88-3.002.001.1r.espS o ~ o oo
[ s < = S S o)
S8 S =R =3
—_— — =3
=
=
—
=
=3
= 8 = s
% =g S =
- o =
< 8 & B 3
=S [==3 Lo
= S sS
—
b=
=
=
\

UL a e bl e ke ok B L L

150 140 130 120

O T Y YOSy NITSRYY Y LI AR [ IN PRV O 00 YO SO IR YT VI PN [FYUPUTSIIN | TP M AP T OROPY u.‘l“ Ll m“ Ll
110 100 Q0 80 70 60 50

Chemical sSshift (ppm)

Figure S9. 3C NMR spectrum (CDClIs) of 3d and 4d

S23

|l bl | HIL...H.I AHLIJ.\ R v |
40 30 20



Nomalized Intensty

Nomalized Intensty

2907.65

sSta-109r2.001.001.1r.esp

977.00

Chemical Shift (ppm)

Figure S10. *H and *C NMR spectrum (CDClIs) of 3e

S24

=
&
() [T}
S = =) -
523 =3 o S
| < = Sdagg
S 2 = T8Iy g TS83
=~ DO MmN o~ = -~
p=—3 ~ r~ D~ = S = —
S S a5 33 —
| ,fL—',——"—l —
- I
1.96 1.94 o.89 2.90 1.00 1.95 0.94 3.06
[} [} [ [E— [ [ [ [}
e B R B A B o e o A 2 I e e B e o B L e B o B = B
6.5 6.0 5.5 5. . . 3 2.0 1.5 1.0
Chemical sShift (ppm)
Sta-109r2.002.001.1r.esp S8 S
S O S
~ r~— r~—
——
[=x]
i}
(=23
S o
P
o~
S
o
< — 3 - S
= > 5 S — o~
T 2T =32 & ] T
° = 5 S S
| I | —
— N
N o~ |
—i ©
~— [¥e) o
~ — =
: = o
=3 ! | <
~— -t
¢ =
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
150 140 130 120 110 100 20 80 70 60 50 a0 30 20



Nomalized Intensty

sSta-109r4001.001.1r.esp = =
— ~— <':
—~— Lo
(=23 Yol
| |
(=23
~
=l
o
s
<
=
o L 03%
g % o
[ & W
e NP
—~ - - — — \
1.00 1.012.57 0.99 1.081.101.08 3.61 1.44 3.511.19
[ [ ] [ [ ] [ [
R R e B T B T R T T B T T e T e B T R R e e R e e
5.0 . .
Chemical Shift (ppm)
H 1
Figure S11. “H NMR spectrum (CDClIs) of 4e
Sta-109r3.002.001.1r.esp 3
=
=
S
S o
=
1.0- =
=
E =
S
0.9-=
i = =
0.8- = =
© ~ b=
= 0.7- B wEe s = -
2 E XD 5 = =
= = =S8 = =
= ©-°3 = BN B = =
[ - S — = = o S
= 0.5- T = S 2 o S T =
g o- = rPe, =1 = o=t
g E o — ~ <
= o4 = o> - 5= I2 7 = S 3
: £ § 2 5 TS 7 T s
3 o = = S hrs) =
= P - 8, | el
0.34 ~ | 8 o _S
S g7 S
g = ~ | &
— e <
o.2§ Z
=y
0.1-
o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
150 140 130 120 110 100 70 60 50 a0 30 20

Q0 80
Chemical Shift (ppm)

Figure S12. 13C NMR spectrum (CDCls) of 3e and 4e
S25



B Y6ET,
o seht

47047 it

197
195961,

S.Ei

€567

08'060¢56'7.67
§U'E60Ey  PTEL6C
98 960¢

PROTON_O1
o
3
Lo
[==3
b=}
<~

-~

{

1.051.03

2.93

—

2.88 0.949

7.57

.88
—I

—I

—I

[ =)

—

—I

| —

T T T
a4.5

5.0
Chemical shift (ppm)

4 0 0 0 06 0 06 0 0 O

RSty pazjeuoy

a1

a

6.0

.5

o A—
FoN
vl
0L0b Fe
[
<
£8'%6 o
0725 0
1565 a
019 -S
ro
N
i
O
0]
P £
w-——F 1 &
0g
£
)|
=3
E
[ o
L
¢ 0
O
]
N
=l
Ll
o
FN
o
£8'91 .
s,mm» o
e 08'8714 567T— w
©
ny
Sl
ge6eT—— |
<
<
“ Ll
O_ L
Z
0 D
] 1
4
s L ]
n_v._ &.—.I.MO..&.M..&.ML.“..
o (o] (o] [e] o] o (o] o] (o] o

Ausuaiu) pazyeuon

Figure S13. 'H and *C NMR spectrum (CDCls) of 3f

S26



Nomalized Intensity

Nomnalized Intensty

W M 0 0 N ® ©

N

PROTON_O1
Lo
59

=

o

=
=
==}
—
b=
b\
2=~
=3
P=3
>
N
/

1482.34

1530.58
1395.04

1928.01
0 gf_lg 19.76
N r1608.52
1469.14
—844.28
\834.37

54378
117440
16450
116010

1 ] - i =2 - =
o 1.071.061.041.00 1.020.98 1.03 1.091.03
] — I I — — [ — —l —l

L o L e B o e B o e o e e B e B L e o e e o B L L R e e e o e B B B L B e
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
Chemical Shift (ppm)

<
1.867.81 1
[

|

CARBON_O1

882 128.70
126.68

T
1

129.83
86.35
61.93
—58.05
—52.38
44,55
—3049

-53.42

—156.55

——138.90

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32
Chemical Shift (ppm)

Figure S14. 'H and *C NMR spectrum (CDCls) of 4f
S27



C@l.OOl.lr.esp

STA-108-4

Y RALIEAS
9109/
56969
BB ———

2.23

072697

NN,OH{MQ_OQQ 2
0L'€05TE7 666T—=

WU,
§07281-

mm.ome

£9'706¢
£6'C06
ST'06¢

75060y

87°60671, 0762

N © n < ]

R L S S
6 o 0o o0 o 0o o

Aysuanu) pazjewso

—

~

1.000.410.54 0.190.13 3.881.290.820.380.580.260.72

[ =] [ =] [ =] =] | S gy —l I (=) [ =] [ =]
o B T o o o o o o o o B o o o B o B B e e B e B i L I o o o o o o B o o o o B e e o o e B L LI I o o o o o o B o B o B o B o B e o

—

2.5 2.0

3.0

3.5

Chemical Shift (ppm)

7.0 6.5 6.0

7.5

€9
199,
66'9L

STA-108-4-13C.002.001.1r.esp

1

]

W9t

0.30

19°8¢T

0.25

8861/

o 0
N L]

o o
fysusiu| pazewon

.10

0.05

32

40

[o4]

144 136 128 120 112 104 96 88
Chemical Shift (ppm)

152

35)

Figure S15. *H and *C NMR spectrum (CDCIs) of 3g and 4g (ratio 65

S28



Nomalized Intensity

GAV-1083.004.001.1r.esp 8
&
=
1.0
= [=2]
~
0.9 = 3
xXx N
_ &S
0.8 SH —'
oo
= o~
=
0.7 =
0.6
0.5-
0.4 - -
e —
0.3- S &8
E b 083
2T 8
0.2 e} N
- oo
0.1 - i
i 1 " e o
o memh ; iy A P v "
-0.1=
- T T T T T T T T T T T T T T T T T T T T T T T T T T T T
152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32
Chemical Shift (ppm)
H 13 H .
Figure S16. ~°C NMR (Apt) spectrum (CDClz) of 3g and 4g (ratio 55:45)
STA-108-2.801.001.1r.esp =
1= 12
& =1
| |
0.55-=
0.50-
0.45-]
= =3
= 0.40- =
s i &
£ 0.35-4 €T
= _
& 0.304
= E
E o0.25-
= -
0.20- 85 =3
- 23 =5
=1
0.155 -7 S S B
E = = = o
= 2
0.10-] ? =S5
E <5
0.05- |
o 4 P —_— — —_— —
1.08 0.06 5.020.06 1.010.610.550.540.391.142.360.631.382.01 1.271.23
—I I — L] —I (=) = —I I (=) —I —I | S gy — I —I
) 75 ) 70 ) &5 ) 6.0 ) 55 ) 5.0 ) as ) alo 3's 3’0 ) 2's ) 2’0 HRE R

Chémical Shift (ppm)

Figure S17. *H NMR spectrum (CDCls) of 4g

S29



I,

fL'96%
58069

59769

BLTTT
8T,

150021
NN,

et
S_wNmL

el
o@.zm; =

g_m@sw
TG 865

847091

EMARS
128087~
696267
837E6T
1887617
799967

118060

686067/
WL,

817 L80€
SL6TTE ‘/u
8e'seIe
ECIETE

sta-113r3.001.001.1r.esp

c o 2 N @9 b v O 4 4
4+ 0 0 06 0 0 06 0 0 ©

Ausuayu) pazyeuuon

U./
== V]
Tai % <

e
gs.._
0

(o
<

N

—
721.080.23
I I

| —

— = 2
| —

I

—
T

I

—
L L
4.5

—
1.000.350.580.290.450.241.040
| —

T

5.0
Chemical Shift (ppm)

—I

S

49 3.09

—

.0

a

6.0

91'8¢

haraiat

LEE———=
65—,

o
%%
mo_i
915

965~

90'85—

€L
799L 1
m@_,ﬁ.\

086/~

ST

90

971
R

8T
B.EM

2202-STA-613.002.001.1r.esp

c e o N © B ¢ O o o
= o] o] o o o o] o o] o]
Aysuaju| pazeuson

40 32

48

144 136 128 120 112 104 96 88 80 72 64
Chemical shift (ppm)

152

75)

Figure S18. 'H and *C NMR spectrum (CDCIs) of 3h and 4h (ratio 25
S30



Nomalized Intensity

Nomalized Intensity

STA-113E5#8001.001.1r.esp
—

S
T

-595.88

629.81

Chemical Shift (ppm)

Figure S19. *H and *C NMR spectrum (CDCIs) of 3h and 4h (ratio 52:48)

S31

o oo I\S
< g
E9u="88 swoaex8d3V3JNgCer a3~ s 8
- OSSR LLsII3gsSdedBSsSsFY N
@mmeH.\mmv\—'HmmHmNNNow—l\—' ~
— 33 S o TR0 —y T3 Crali B B BN e e P=23
ST BES S
L =
AR T =4 R e A 4
.571.153.42 1.00 0.350.61 0.19 0.290.511.060.470.180.320.650.552.492.797.12
(=] I [ — (=] [ I [ (=] — [ =] [ [ | [ — I [
T B I BN I B B B D e o R B L B e S o e o o e B —rrT
7.5 7.0 6.5 6.0 5.5 5.0 .5 4.0 1.5
Chemical sShift (ppm)
2202-STA-613.002.001.1r.esp mgc\.
(<=3
==
——
.8
= =
~
.7 = x
.6 =
8
.5 =S [r=1
[} <
E T\' ;‘ o
4= = =
x [rel
E i 5 I — &
.3 3 S &
= =3 Lo
24528 8| = g (828 ol | =
2 <t [N > = w8 5 =3
H<F O 1> Lo o =
P et [F i = =
EE I | . S I n
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
152 144 136 128 120 112 104 96 88 80 72 64 56 a8 40 32



s
805 7ms
7866
66619
90529

—

0.640.45
1

wled
86°€82T

6€°L0ST
mm.mHmH.I/

€8'9797
Hm.mmﬁ..f/
0€'9rLT
€6'69LT— A

89'Tr61—
mo.omg.\.
G8'8.6T
0T'/86T

. 17060,

STA-83.2(801.001.1r.esp

@ N © 0 M 0 N b
o o o o o o o o

Aususiu| pazjeuuoN

N =

p
0.980.60 0.430.410.421.170.590.442.98
]

1.06
[} | S—
1.0

(]

[} (] |- Ll =] Ll Ll
4.0 3.5 3 2

|-

4.5
Chemical Shift (ppm)

1.00
 S—
5.0

SL9CL

80'62L
v6'6Z1

68821

v§'LZ

£€90€
66 0€

eL9L
voLL
9€'LL

€968

19%8¢1L €18l

LE0EL §
8601

LE'Gel

88'EYL

00°654
TE'951

§ e awie)

aengf{ e v vy g

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25
Chemical Shift (ppm)

155

Figure S20. *H and *C NMR spectrum (CDCls) of 3i and 4i

S32



91'569

5799

-
=]

%_meM/

%_%L

0.892.610.43
— —

—I

—

1.010.790.84 1.000.88 0.97 1.90 1.00 1.001.57
[

Il

—

90°8EYT

4.5

5.0
Chemical Shift (ppm)

650151 1

10651
169801 1
gt /
[T~ 81
_ 1

109261
ey _ _

mm.;ﬁ
950861 | |

£8°9861
<
_ 187187 _ ﬂ
9L s .
] L — Eg?-g T o
g i
0 o

T

2 :
L 9
c o o N~ 0 I T

2.0

5.5

6.5

7.5

L0
e

190~
bl
om,ﬁ.\
705"
8€'L5
808
. (65—
16°09-

TL9L
Wit \ T
bE'LL

s
L% 1

T NAEY

W 0ET-
08T
8067
MEL

weud

=<3
L
=N
ey
T

CARBON_O1

| D B R R B R B B R B A R R R B R |
°c o @ N 0 B ¥ 0 N o
= o] o] o] o} o] o]

Aysuayu| pazjeuson

80

T T T T
96 88

T
104
Chemical sShift (ppm)

Figure S21. *H and 3C NMR spectrum (CDCls) of 4j

S33



Normalized Intensity

GAV-701a.001.001.1r.esp =
&
Lo
i
|
(o=}
x
o
(=2}
=t
~
|
o
~
(==}
& =
o —
— < g2
o~
< =
N © M o~ © o =
o= NN = =3 PRI
33 FIS = S a3
P'\J 5 — xR —cvu:“\’
— S 8L S
J S
-
— — — S
2.06 1.00 3.101.991.041.02 3.08 1.031.04
[ (=] Ll [H] I — I —
B T L I o o L I B o a B o o L L L B o o o B
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
Chemical Shift (ppm)
STA-75-5.002.001.1r.esp 25
5
1.0-
0.9 =5
E 5
< = 83
0.8+ S = =
- ~ <=3
~
0.7 —
=
% _
£ 0.6
oy _
S o5 2]
‘s R = = > =
E = < = 39 23 S =
S I o DS =3 a0 = =
= 0.4-= T i [ | =<
E ™~ |
- — o
°*F3 =8 = =
38 8 =3 = b
0.2= | ‘l—' | > T-
I
_ S
0.1-
o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
160 152 144 136 128 120 112 104 96 88 80 72 64 56 a8 40 32

Chemical Shift (ppm)

Figure S22. *H and *C NMR spectrum (CDCls) of 3k
S34



AN
myse |
19559

60599

Eg-[ﬂ
Tone/

L Ll [N}

I

1.024.001.100.99

0.98
[

1.90
Ll

S0125T-
0ssest s *
wrseer] 1
whosT—
s u
e el
i 8L
0,
Z
0 006
696z, _LSBIB~
: :
________________________________________
n o 0
o - 0 o)
o] o o

Aysusyu| pazjeulo

4.0 3.5 3.0 2.5 2.0 1.5

4.5
Chemical Shift (ppm)

6.5 6.0 5.5 5.0

7.0

£y 0e—
£8'ph—
6875
69'66—
er
1088
£6'79—
L9,
g.:uv
6Ll
86'58—
L0717
W1~
_ 07 LTI~
orect oy'871 %
09'82T
[
o_
5
8 p0'95T—
%
5 08'09T—
n_U_O_v._R_N_—_I_n_D_,._D_A_»“ ﬁ_<~_n_/__1_A
Ll o o (o] (o] o] (o] o o o

Aysusiu) pazieuuon

152 144 136 128 120 112 104 96 88 80 72 64 56 4 40 32
Chemical Shift (ppm)

160

Figure S23. *H and *C NMR spectrum (CDCls) of 4k

S35



Nomalized Intensty

Nomalized Intensity

-0.05

-0.10

-0.20:

0.15

0.10

0.05

o

STA-755.004.001.1r.esp

T T T
100 90 80
Chemical sShift (ppm)

70 60 50

Figure S24. 13C NMR spectrum (Apt) (CsDs) of 3k

40 30

Chemical Shift (ppm)

Figure S25. *3C NMR spectrum (Apt) (CsDs) of 3k and 4k

S36

1.0-{STA-757.004.001.1r.esp
0.5—
o -4 ] i, ikl 5 l l.l l lL_
_0.54]
h T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
160 152 144 136 128 120 112 104 96 88 80 72 64 56 a8 40 32



1E8E9T—

&®1.001.1r.esp

1062~

sta-120-5

95 61T,

wGwetd

469997,
q7'294T

H:Ni
£'586T

yr0LLE

0LelL

v68LL

69

T8LC

16984

719508+ 09°076¢
6790¢

976067/

.630.650.530.51

1.000.490.580.435.

[ =] [

—l

L I —l

—

0.50-

0.45-=

0.40-=

1

0
®
o

1

o
0
o

[¢]

Ausuau) pazieutoy

.5

5.0
Chemical Shift (ppm)

5.5

6.0

b6
9L
59— MEL
'Ll
- 88ETT b1l
. NI4T
sl 1821~
Q
0
0
5
o
o
o
q
o
o
5
o
N
o
o] 'N0T—
g 20091
D O W o ! ow owowow o
© 6wy ¥ ¥ O @ NN o4 o0
O 0O 0O O oo o oo OO 0o o

fusuaju| pazieusio

T
96 88

T
104
Chemical Shift (ppm)

Figure S26. *H and *C NMR spectrum (CDCls) of 3l and 4l

S37



TL°€0ST

STA-67M1.001.001.1r.esp

96'18Y1—

0.971.26

81T |

E—

878251

L0°65LT~
s.ozTM
mm.msﬂl

9C'Te6T

W09y
20°69.24i6 954 3
vz 69Led |

LT 106¢—

Nm_ﬁawg

— S

1.000.600.45 0.594.802.30 1.14 0.97

96706~

Ausuaju| pazieuuon

4 ® N 0o B T 0
4 0o o o o o o o

-]

|- =] |- |- I | Sy —
B T e o o o o I L L o o o o o o o T B o o o e B e T B i e o o o o e e Al |

-]

2.0 1.5

2.5

3.0

3.5

4.5 4.0

5.0
Chemical Shift (ppm)

6.0 5.5

6.5

7.0

7.5

e'9L
BQNW
669,

86°€TT—

STA-67-3povtor.002.001.1r.esp

B

mw.mwlqm £

oY
67
W
- —
19 15—

e 15/

£ %ﬂo_mm

0651y

.6

0y 0T

-

T
g
oregt/

fsuayy) pazjewoy

T
o6 88

Chemical Shift (ppm)

T
104

Figure S27. *H and *C NMR spectrum (CDClIs) of 4l

S38



0°€65—
90'L¢9”

wSmmH
Nm_mmmL.

PROTON_O1

-

|

S

No_omoulm
a

7681947689

I

1.762.665.22
-]

[

[

(==

It Tasiunaiiung

|-

N
(=2
o
[o=]
o
~
—
i}
I

0E'TEST

|

—

(=

[

@

<«

h=o

2 o

~

—

!

—
1.000.350.58 0.232.870.480.970.540.350.710.49

(==

—

-]
e i B o o o B B L B o o o B o o o o o B e e L B o o o B o B e B e e L L e B o o o i o o e

@@_mqu

196540

T e

1 o b 0 0
N N 1 iy ° o
o o o o o

Aysusiu] paziewion

2.0 1.5

2.5

3.0

4.0 3.5

5.0 4.5
Chemical Shift (ppm)

5.5

6.5 6.0

7.0

7.5

87'87
8_@% 897
'CC.
T
009~
s_i
pE'LL
won 00Ty
e 1
88021
-
s
077]
%mml £7'82]
97v5T
87'%57
) 09157
© mgml
m pIT9T-
0
id
g
0
"0 ow O b o w o nm O
b h ¥ I @ O N N o A 0
o] [e] o O o O O [e] o O o

Ausuaiu) pazyeuion

90

100
Chemical Shift (ppm)

110

T
130 120

T
140

150

160

Figure S28. *H and *C NMR spectrum (CDCls) of 3m and 4m

S39



&1.001.1r.esp

7'L060—

0
©
o
<
-
[0

_ TH'G65 L
87'789

wN.N%\

—_—

1.915.385

—I

186917
12087
ITH071~
Wizl
07'90€T
pL7TET
£59TET
L0828T

T PE8T, 669¢€T

WTrsT—
g.gi

66'2LST
99'/85T

LT6vLT+
£526,1/

I

K I

1.17 0.581.43

——

$

Jt

—_—

~ S

o
1.00 0.440.64 0.37 4.55

Emawm
0L 06T

9L'29L¢
097LLE
19%LL
br'LLLE
resLe

Q 0 3 0 N -
o o o (o] (o] (o]
fususu| pazjeuon

22
[ =]

(=

(= —l

I

— [ Ll I

[

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Chemical sShift (ppm)

1€°9L
£9°9L
¥6°9.

STA-66.5-13C.002.001.1r.esp

1

I

o]
N

o

6780—

n
|

o

Ausuayu| pazyeuioN

8CTE

9eer—
g.g.\

0%
%15y
o8/

16l
0808

§0°S8

el

08€T1—

®L1I-
mo_wﬁ.\

i

150 140 130 120 110 100 90 80 70 60 50 40 30
Chemical Shift (ppm)

160

Figure S29. *H and *C NMR spectrum (CDCls) of 4m

S40



20

30

40

50

60

A e A bt s il

70

80

Chemical Shift (ppm)

S41

100

Figure S31. 3C NMR spectrum (CDCls) of 3n and 4n (ratio 45:55)

- 2fo
88007 “rd |
8260~ [ a1
wael 3,
§1°885 47f0 -
g_g& e @m.om-/
Fo |
9168 N -~
] T~
; $T L~
60926 3, -
1 1615 L
£ 260~ S o
| ) 8956/
609521 1
AL o e
AR ﬁ o —
666921 a4 >
£T'6.21 ™
Lo O
9% C61 S A taly
06'€€ST 520051~ gn S mo_@q
sl \af ok w 991
"Fee 2
M bz m il
ki) — S| 0 —
0op-——= © =
<8 8
E @
40 o< o
88 /96T——== 07 o_c s
90°9.67 g >
T
r —
o S S oY
0 n
3 m A
0 2 _
2T
b £5621
o 8HE1—
: F6
: b m arept
3 e o 5 eh1-
b . _
° o/ WO :
5 g :
mmgal e 5 - : PTY5T—
3 Al A m o
< TV 9806 #zﬂ K @ 5
b 197608+, i g i
0 AL L S L L A L
LA S I L L
I S L T R 66666 66 5 o
o 0 o ° 5 S

fysuayu| pazeusoy

fusuayu) pazrewon



_ 10—
o o
18705
61979 &1
- ]
s -
N
08'7L6 — 03
1'
G HIT——=r O
)]
£8¥ZLT— o7
629221 N
)
THSHST — mu
09 65T 9
98'G9T— °1
L3l
o
LySal1-——== °7
(e}
mw_wgﬂﬁ o7
59867 -
Q
0
0
5 0
a Nm_%q"k o]
8 81'T6Le
3 oL L067 N
s] = 0]
e 6T°0L0¢ -
; 90°6L0¢ 9
g e
n_v._&_%_ﬁ_o_ﬁy_ _Q_u_nh_._1____
6 o o o ©

0w %o
o o (o] o o
fusuaju| pazieuuoy

4.0 3.5

4.5
Chemical Shift (ppm)

5.0

aTe-

9506~

-
-

0%

h065—
1509/

TE9L
£9°9.

969~

0T

B9

16121

s56c1S

STA-89.1.002.001.1r.esp

fusuayu) pazyeuso

90 80

Chemical Shift (ppm)

T
100

Figure S32. *H and *C NMR spectrum (CDCIs) of 4n

S42



Nomalized Intensity

-0.1

Nomalized Intensity

1.0

o
©
I

0
o
I

°
N
1.

o
o
|

o
o
I

0
Iy
|

o
(]
I

o
N
I

o
n
I

GAV-89.4.004.001.1r.esp

T T T T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50

1é0 1L1_>0 40 30 20
Chemical Shift (ppm)
Figure S33. 3C NMR spectrum (Apt) (CDClIs) of 3n and 4n (ratio 68:32)
GAV-89.2.004.001.1r.esp
' a1 (IS o a1 é o 1 4‘1—0 ' a1 CI% o ' a1 é o ' a1 i o ' a1 CI)O ' 9‘0 ' 8‘0 ' 7‘0 ' 6‘0 ' 5‘0 4‘0 3‘0 2‘0

Chemical Shift (ppm)

Figure S34. 13C NMR spectrum (Apt) (CDCls) of 4n

S43



0=
<
i
o]
o
n
0 fo
07
o
.
]
7 fo
Bfe 8
o]
wu.
5 o R
07Fs 1891 "
o 6991
o
il 102
" T.
LG 2 Lo 3
ofs 638
o ~ c
off £ §
m._ m %m.\.
Ogfune £
A4 FeE £
6 o?
- 0=
¢ =8
Ay ﬂ-o.m 5
286} % g 56
707661 . -
wme | LoeTT
902 0
o
3 NN 14 —
o sl 9007~
(0]
o
: g_sﬁn s m
o _ 0
: mm_EJE:? "o 8 89551~
; L ~ 8 9
. 0- . $8°091— 3
; W L060 d: Y i
: UET66%7 79 <l TR
3 66 L0065 — R 18691~ R
< wog! EEE-RJo_ L "
A R g

| | A B I Bl I B B e i | o o [o9] N © n < ™ N «
e o @ N O b ¥ 0 N d4 4 0 0o 6o 6 6o 6 o6 o o
= 0 0 O 0O O 0o o o0 O
Ausualu| pazijewion
Ausuaqu| pazyeuuoy

Figure S35. 'H and **C NMR spectrum (CDCls) of 30
S44



8¢°005T

STA-101R1.001.001.1r.esp

€818

—I

60817
9¢ €611
{ce0et
86 LeCT+"

C96TET
me&z/ \

WSS
86T

2]

T

I

(=]

—

96 Tr4T

81'8L9¢
mm,B@NH/
19°68L¢

GLT99T

580897
LAY —

097797
\

A
[ =] (=]

I

:_o;;
60°6T6T~
08861 M
GL'196T
106167

—

1.000.84 0.871.070.887.522.290.481.350.961.77
I

=)

—

(=]

iy
[

1.806.893.40 1.982.131.94

(S
L e

T
4.0

4.5

5.0
Chemical shift (ppm)

5.5

6.0

TLETT

8E'9¢T

6677

08T
qe8eT

150 140 130 120 110 100 90 80 70 60 50 40 30
Chemical shift (ppm)

160

Figure S36. 'H and *C NMR spectrum (CDCls) of 40

S45

I B R R R B A B R R R B | 1
c o @ N 0 O Y o0 N o
o] o o o
\S_mcch_ tmN__mgOZ ____ | | | | ________________ | | ____________ | | | _______________
©'9o @ N O B YT 0 N o
Ll o] ] 0 o] o] o] 0 o] o]
fysuayu) pazieuuoy

STA-101R1.002.001.1r.esp

o




176507

19185
19799

8.%.\

- =

161071
807677~

07001
69°080T

Eve0sT—

ooy

69'566T—
Hm_gow\.

6'806¢
9716
11116
0197

SETEOTY

98'6660—

6¢ LTS

067716y

TELW0T
190507 , /

-

sl

E.

o

I L2'997¢

1y8s1ed

88'66¢¢

o
o
Z
0
-
;i
o B_momm.\

S B
6 o o

Aususiu) pazyeutoy

1.151.05
[

3.00
| S—

=

—

2.991.00

0.94
[

5.23
| —

1.92
[

1.92
[

—
T

T T T
5.0 4.5
Chemical sShift (ppm)

5.5

6.0

6.5

Figure S37. *H NMR spectrum (CDCls) of 3p

8E'8z)

7 | 8205>—

v8ZLL

oL . B

Wi Sk

GeeL T
99621

L1581 A—

9’8yl

966G, -

aaler

RN TU U Y ISV E RS

e T I X O AT A

88

96

T

112

Chemical Shift (ppm)

120

104

128

136

144

152

160

3:1)

Figure S38. 13C NMR spectrum (CDCls) of 3p and 4p (3p:4p

S46



Normalized Intensity

-0.1-

-0.2-=

-0.3-

STA-76.2-apt.004.001.1r.esp

160

152

144 136 128 120 112 104 96 88 80 72 64 56
Chemical Shift (ppm)

Figure S39. 3C NMR spectrum (Apt) (CDCIs) of 3p and 4p (3p:4p = 3:1)

S47

48

40

32



17798

TTTeTT
£6971TA |
07 08T,
0Lv8TT
06T

TLUH6TT

T0LET~

9g

0L'%06¢

LTS,
o1~

OT'¥5T—
671961/

89'565T

—_—
A

S_wmﬂlﬂ
%_83.\

J

670960+

69'996¢

TSN

0€'er0E—

=
09628

L

0.920.961.04 0.99 1.000.97

W...%k

e50el )

ww_moﬁ o
ET910 /2]
WU &
£798 1_
99'189
— o
5G'¥58 g1

I =

(=

—
= I

—

(=

0.98
(=

—

1.954.85
—

0v 0vze
ovize]

PROTON_O1

68'752¢/

1 1 1 1 1 1 1 1
e o o N o B
o o (o] (o]
fususu) pazjeuuo

| AL B R B |
¥ 0 9
e} e} o
N

|
o
o

4.5

5.0
Chemical Shift (ppm)

07 06—
B —
Y
-
o
Wityyy,
RO
16 16—
57T
QL
07— =
BT
oI~
)
|
z 1756T—
0
7
q 70T—
< o)

| AL I R R R A R [N B I B A B B B |
©o o ® N O v ¥ 0 N

4 0 0 0 0 0 6 0 O O©
Aysuaju pazieuuoN

32

56 48 40

64

T T T T T T
o6 88 80

T
104
Chemical Shift (ppm)

T
112

Figure S40. *H and *C NMR spectrum (CDCls) of 4p

S48



O
e ——G A ?
26289 i 3
o
o 16— o
“ -
1 o 005 o
R 062~
1062TT— 3 Nﬁmmg g
Ly'1821 o Fo oAl o
11600 | 6] 0
S9E%T - ]
= 3I—
< n
o i
: 87 £
£7'105T— ] g
6v'STST "l gew
G 99 o
- 1% .
8596.T— ] 8 F9E o
£9'778T— oAt g
4 wl £ [
887961 =3 / 1 o S
a_zzQM 18- fog S
687667 B
S7°€002 £ a
5h
6 =
S o
o FS
SLElT ]
0 - .
4 ° 2
°] 0
3 - z
o 929067 o
%5406 . : | g
3 0 5 60871~ o
St ~ o £
3 8
8 N Sa151— :
z o]
N ° N 8
3 S £
: m :
U [0)
I T T S S R S A S A A S
© 6 6 o o o o © R I I A I BT R R I
0O 0 0O 0o oo 0o 0O 00 0 o

fysusi| paziewson

fysuau] pazjewson

Chemical Shift (ppm)
S49

Figure S41. *H and *C NMR spectrum (CDClIs) of 3q



VLN, -
O—F o
. 0
08789 = @
o]
o
9 o
N
.
, %2_-0
- 0_to
[}
-
kZL-B
~Fo
Shi
066677 “ b :
EE-'& o o%w Ns
y o]
87 7651 %--4_ 11— L
58'665T M._ 1 N:T\
WELT__3 &4 of
191081— o kg
15178
ot ¢
o c
igqﬂ o1foY
S9T661 T
S
0
0
o
F6
n
6 pey 1A\
: 10121
o
: "o
m 582067 — I ¢
. o ]
° 250976 ~ 8
2 10697 < | o
2 00261 Iss 2
§ 08002€ AE-M 3
3 g.gﬁ o M
< 66415 0 TF ;
0 070756 N
m._o_v._&_—_l._n_o.__._&_m_nu&_}._“__ﬁ_u %M%M%@ﬁ
o o o o o o o o ] o] [e] (o] [e] o o o o

Ausuayu) pazrewon fysuayuy pazjeusoy

88 80 72 64 56 48 40 32

96

Chemical sShift (ppm)
S50

144 136 128 120 112 104

Figure S42. *H NMR spectrum (CDCls) of 4q and *3C NMR spectrum (CDCls) of 4q (with admixture of 3q)



I

6-
11'866— =
97179 = 1; ’
A o
g_z: ,ﬂ
11069 alfo
] o
n
y
ﬂﬂl
AT
o] o}
i
o
N3
o
H?
NTFm
3 69L
95975 "o 5
_ S 6
\ =
g O
W0TLL— Io b w
wos-= \84fYe =
988967 M : E
mo_zzrm °lfe? B
A I A I
- o
£ )
m @
n
T
—
. )
s
N
e
0 -}
;D
LL
911062
AR o
p 9T'p0621 || ™
3 £T5060 i
0 1062 1v606c] syotec] f %
: e || ] R 1_
: 158162 :
] BEESTEy I ;
: S6T9TE— ° :
& ° :
3 o
; >
m N
(0]
0 o} 0 ° 8
0 ] - - o] o
e 0 o o o

fusuanu| pazjewon

o 0~

1

/

ELETT

90

100
Chemical sShift (ppm)

110

it

Figure S44. 3C NMR spectrum (CDCls) of 3r and 4r (ratio 55:45)

A S S T
6 6 o6 o6 o

Rysuaiuy pazyeutoy

S51



62565~
86'6£9— : —

0T'S8TT
Ve'S6TT~

e —
1.230.571.38
(= | (=] (==

0.440.490.430.56
(=]

208847

079657
TorLT—

60681~

— S
=]

Ll

8L'7861
86'9861
196867

£6'7667 ]

1.00
I

M

1
1062

60167

63'09T¢y ]
g_EJ

151062~
)

[}

LG0TEE:
05€TEE

STA-73.5.001.001.1r.e
o~
—
o~
p=1
~
3¢
\
2.41 1.86

|-

m o v o 1 o
o ® o§ « HJ d 0 g

o o o o o} o o
Aysuanu) pazjeusoy

4.5

5.5 5.0
Chemical Shift (ppm)

6.0

102
! g Te—
£eeh
16¢h=
065
mgt
1895
1694
6715~
o915/
169
%&
101 —_—
£9%-
19871~ 158y
oy et
s
Q
n
0
5
i
o]
o]
N
o]
o]
g
o
5
<
_I
(]

4 0 o o o6 o o
fysusiu] pazpeuloy

T T T T T
o6 88

Chemical sShift (ppm)

T
104

Figure S45. *H and *C NMR spectrum (CDCls) of 4r
S52



Nomalized Intensity

Nomalized Intensity

STA-90-4.001.001.

M

—978.90

—504.81

—~
2.88 2.502.29 2.24 1.00 1.00 1.12 2.17 1.31 3.40 1.481.310.03
—l —l — I [=] (=] [=] — [ =] [ —I (=] 1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

STA-90-4.002.001.1r.esp

I1||A“.Jlll.\ Axnlllu\nﬂ.la.h‘hhm.ljlXNIJLMl 1 1 l‘u.hmi‘l JlmJlJJ“J. L I...WLMn [d 4Ll llu“mlhldﬂ ul| Ju‘ku IV, ”mi.h‘. 4l All.ln ‘Hml.\“l i.l |[I|LLU‘\.M.IHLH ol M

150

140

12962

130

{

127.07
126.94
L1377

Chemical Shift (opm)

16.94
76.62
76.30

[
1

=30.30

54,66
5118
998

—86.45

120 110 100 90 80 70 60 50 40 30
Chemical Shift (ppm)

Figure S46. 'H and *C NMR spectrum (CDClIs) of 3s

S53

=017

20



sp

1.11
I

G6'GLp~=
115087

B_%
@@.NN@M
L0°0€9

1.81
—

19116

¥6'Lyel— \

692060+,

3.30
I

[

Ot pT-L0 E8TT— 4

—I

2.131.01

S9TL9T~
s8'6291/
Wl 3

<
1.001.00
(=] I
4.5

I
T

5.0
Chemical Shift (ppm)

o)
mm_mmzlﬂh m
g_SDN

o
F€!

 806¢

STA-90-1.001.001.1

I

152860~
:_ogt
58’8808
279608
1T1918r
s_@:m\
650288

q

—l

Pl
2.04 1.982.12 2.11

I

I

0
)

1 1
T o0
6 o o©

fysusiu) pazieusoN

4.0

11—
908
-
Wi
09—
0809~
T80
g.sW
%L
o
1501,
W9
‘w71
L e 0667
: 059e1—
5
:
o}
N sLen-
S .
; i
o
5 Wes—
q
T
(0]
"D o 0w oL o m o v o W
593398 &8 o a0
0O 0O 0 0o o o 0o 0o 0o o0 o

Ausuayuy pazyeu

S

N

20

30

70 60

T T T T
90 80

Chemical Shift (ppm)

T
100

T
140

Figure S47. *H and *C NMR spectrum (CDCls) of 4s

S54



100
Chemical Shift (ppm)

140

150

11999 ﬂ g gﬁmz
11169, 1L N
00z Fo -
N 7066~ -
d 8,
N 8- :
~Tfe T
80210 oTfu 005 K
. a.t 0 mJ
b i E
18911 ug-m o —
ST LT _ smg @N_ow\ i
6015er e T7EL ] d 97 :
1875ET PRl 3
67 T9€1 %
_ NIF %J
Mluo. m.ﬂ.u %.omﬂ =
B 15T S AR S
of = 6658 :
£r99LI— ° O - :
e &a !
s O 759
L8861 %15. < /m\
_ o fo¢
950y | o f2: S
$6c200/ R
el ) 10 E @
0810902 ShE o ]
a zZ
T 097146520
S ‘
s ) i
3 K90
0 D am- — —
Fo o argeT mmwmi\ _ = B
nUv eopd  ILOETS
- o L]
0 T
92062 FR g
. 175060y 26062
1062 : : o f a T,
0o y
m — 169867+ ¢¢ 696240 61 .\n._-s. 9 T o0T—
o T 4 F~ d .
d B e "1 g H%mw
8 26857¢ Ngmi ? : ° o/ 2
o . 0 N 0'G8T
o 6 L97¢- . Tt 0
° 06 162+ 894 Yk °
¥ : wiwed 3 3 z
g 8808~ %-. g _
_ 8] ) 98
< fo < _
B o4fg < 15001-
() 0]
SO S B T B 993908 &8 498
] o] o] o o o] o] o] ] o] o] o] o] o] o]
Ausuayu| pazjeusoy fisuaiu] pazjewioy

o 40 30

5

57)

120 110 90 80 70
S55

Figure S49. 13C NMR spectrum (CDCls) of 3t and 4t (ratio 43

160

170



1k
TS ﬁ- - 708
die
~_E9 S0'7h—
o [FN
2,#
N
NTp
- ”O
62120~ 97k 00'95—
— all;
W ' _
_ o7F
s m Fo
F oM
| I
0L 69T ot
Nm%w: = S . 159
65T~ o EQ 689/
ST | S g
b 9697~ Sk
99zt T,
© LA
O7F<E oF
4F 2 03
n [ 8 g
9L 9861~ 7o = £
965961/ 0_t9§ of
| I s %
110202 - - 2
97’8207 0 ;
40 20
o ezt
Fo HE /
F 0rLety
m e A
F o 80821 [y8z1s -
o 19081/
$ §0PET
- Nm_gL
o
o} 1G4 o
0 NTF 0
6% L067— - — R mg : :
i 186162+ ﬁg o f, g
o - _— 0 o (o]
o} '620€ T~
; T = ]
g 07 ve0e 5 990¢ a1t 8
: wain [ihe 7
¢ 1810576y oqfe g
9 196528~ _ L p
p : 77928 o f q
b 8 Y2eE~ oTF n

© N o B < 0
o 6 o o o o o

Aysuaiu| pazyeuloN

L S
6 6 ¢ o o

0.2
o

Ausuajuf pazeuson

Figure S50. *H and **C NMR spectrum (CDCls) of 4t
S56



