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Fig. 1®. Levels of protein of CHOP (A) and their quantification (B). Huh-7 hepatocytes were
incubated for 48 h in the absence (Control, CT) or in the presence of 0.5 mmol/L palmitate
(PAL) and the compounds tested. Data are presented as the mean + SD (n = 3 per group).

***. P < 0.001 vs control. *: P<0.01 and **: P<0.001 us palmitate-exposed cells.

The reduction of the mRNA and protein levels of BiP, CHOP and ATF3 markers
resulting from the sEH inhibition from our three tested compounds prompted the

following conclusions:

e In general, sEH inhibition at a low concentration provided a remarkable protection
against palmitate-induced ER stress and reduced the levels of theses markers to
those present in control cells.

e Except for compound 192 new inhibitors 170 and 176 led to an extremely
significant reduction of the ER stress comparable with the adamantyl standard 109

e Addition of compound 192 although providing less benefit than the other tested
compounds, resulted in a very significant recovery of the ER stress.

e Only in mRNA levels, compound 170 showed a better behaviour preventing
palmitate-induced ER stress than the adamantane analogue 109,

e The positive outcomes of these in vitro studies showed that the four sEH inhibitors

are able to cross cell membrane and are not cytotoxic.

As a whole, the findings of this study show that sEH inhibition contributes to the
prevention of palmitate-induced ER stress, and that our scaffolds compare well with the

adamantane nucleus.
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To our delight, these experiments with sEH inhibitors in Huh-7 cell line are, to date
and to the best of our knowledge, the first in vitro studies concerning sEH and ER stress

performed under this new protocol.



Conclusions
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This chapter involves the synthesis of 20 new ureas with 15 different adamantane-like
polycycles through a scaffold-hopping approach; none of them had been previously
described in the literature. The new structures have been thoroughly characterized by
spectroscopic and analytical means. None of the scaffolds had been previously applied in

the design and synthesis of sEH inhibitors.

The pharmacological evaluation was carried out, and entailed the optimization of the
assay conditions, followed by the determination of the ICsq values of each new compound.
Furthermore, an unexplored method for the water solubility measurement was applied,
and the values of solubility were used for the assessment of each scaffold. Finally, the

lipophilic ligand efficiency of each new sEH inhibitor was calculated from the ICso and clog
P data.

As the main conclusions of this chapter, in chronological order:

1. All the 15 polycyclic scaffolds were potent sEH inhibitors, with I1Csy values
ranging from 0.80 to 50.8 nM.

2. Three different structures were identified with higher inhibitory activities than
the adamantanyl standards 108 and 109 (ICso of 7.74 and 4.04 nM,
respectively) (Fig. 101).

Fig. 101. Most potent compounds found in this chapter.

3. According to the results obtained from water solubility and LipE, and taking
into account the ease in the synthesis of each structure, three scaffolds were

selected for the preparation of optimized sEH inhibitors (Fig. 102).

Fig. 102. Selected scaffolds as adamantane surrogates for the second batch of

compounds.

4. Five new ureas were prepared following described methods, in order to test
their in vitro potency against human sEH. Albeit showing higher 1Cso values
than the standard t+tAUCB, all of them were potent sEH inhibitors (from 8.41
to 50.8 nM).
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5. After the determination of their water solubility and LipE, these scaffolds have
proven to be efficient surrogates of the adamantane ring for this specific target,
with more appropriate physicochemical properties than the adamantane group.

6. In vitro cellular studies have demonstrated their ability to cross cell membrane
and to attenuate ER stress induced by palmitate, without promoting cell death.
These experiments with the human Huh-7 cell line are, to date, the first ever

reported that link sEH and ER stress under this protocol.

This work has been focused on investigating structure-activity relationships of
adamantane-like derivatives as human sEH inhibitors, which provided an important base
for developing valuable compounds that are not only highly potent inhibitors but show

improved physicochemical properties.

As a general conclusion of this dissertation, we have demonstrated that the
adamantane nucleus is not necessarily the perfect lipophilic bullet, and that a fine-tuning is
required in order to optimize the binding mode of the molecule for each specific target as
well as to adjust its physicochemical properties. Exploration around adamantane-like
scaffolds for the discovery of improved drug candidates is still an underexploited research

area.



MATERIALS & METHODS
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General Methods

Melting points were determined in open capillary tubes with a MFB 59510M
Gallenkamp or a Biichi B - 540 melting point apparatuses.

300 MHz 'H NMR spectra, 400 MHz 'H/100.6 MHz "C NMR spectra, and 500MHz
"H/125.7 MHz "C NMR spectra were recorded on Varian Gemini 300, Varian Mercury
400, and Varian Inova 500 spectrometers, respectively. The chemical shifts are reported in
ppm (0 scale) relative to internal tetramethylsilane, or to solvent peak, and coupling
constants are reported in Hertz (Hz). The used abbreviations were: s, singlet; d, doublet; t,

triplet; q, quadruplet; m, multiplet; or combinations thereof.

IR spectra were run on FTIR Perkin-Elmer Spectrum RX I spectrophotometer using
potassium bromide (KBr) pellets or attenuated total reflectance (ATR) technique.
Absorption values are expressed as wavenumbers (cm”); only significant absorption bands

are given.

The GC/MS analyses were carried out in an inert Agilent Technologies 5975 gas
chromatograph equipped with a DB-5MS (30 m x 25 mm) capillary column with a
stationary phase of phenylmethylsilicon (5% diphenyl-9% dimethylpolysoloxane), using the
following conditions: initial temperature of 50 °C ( 1 min), with a gradient of 15 °C/min
up to 300 °C, and a temperature in the source of 230 °C. solvent decay of 3 minutes and
pressure of 7.5 psi. The electron impact (70 eV) or chemical ionization (CH4) techniques
were used. Only significant ions are given, those with higher relative ratio, except for the

ions with higher m/z values.

The accurate mass analyses were carried out at Unitat d’Espectrometria de Masses dels
Centres Cientifics i Tecnologics de la Universitat de Barcelona (CCiTUB), Faculty of
Chemistry, using a LC/MSD-TOF spectrophotometer.

The elemental analyses were carried out in a Flash 1112 series Thermofinnigan

elemental microanalyzator (A5) to determine C, H, and N, and in a tiroprocessor Methrom

808 to determine Cl, at the Servei de Microanalisi of IIQAB (CSIC) of Barcelona.

To concentrate solvents in vacuo a Biichi GKR-50 rotavapor was used.

Column chromatography was perfomed on either silica gel 60 A (35-70 mesh, SDS),
or on aluminium oxide, neutral, 60 A (50-200 pm, Brockmann ).

Thin-layer chromatography was performed with aluminium-backed sheets with either
silica gel 60 F254 or aluminum oxide 60 A, and spots were visualized with UV light, 1%

aqueous solution of KMnOy and/or iodine.

All new compounds that were subjected to a pharmacological evaluation, possessed a

purity > 95% as evidenced by their analytical data, if possible.



246 | Materials & Methods

Solvent purification was carried out following the procedures described in: Perrin, D.
D.; Armarego, W. L. F. Purification of Laboratory Chemicals, 4™ Edition, Butterworth-
Heinemann: Oxford, 1996.

The NMR data and the synthetic procedure of all the compounds synthesized for the
first time in our laboratory are included in the current manuscript. Regarding the
compounds described previously in the literature, the synthetic procedure is described

along with the reference corresponding with their preparation.

A complete characterization of all the new compounds synthesized in this thesis, was
carried out including 'H and C, IR, elemental analysis or accurate mass and GC/MS. All
'H and "C NMR signlas were assigned by reason of homocorrelation 'H/'H (COSY and
NOESY) and heterocorrelation 'H/"C (HSQC) experiments.



Chapter 1
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Preparation of 5,6,8,9-tetrahydro-5,9-propanebenzocycloheptane-7,11-dione, 27 and
7,11-epoxi-6,7,8,9-tetrahydro-5,9-propane-5 Hbenzocycloheptane-7,11-diol, 28"

0 COOMe i) Et,NH, MeOH o
H reflux, 1.5 h ©:Co @
+ 2 o} + o
H % ii) glacial ACOH, conc. HCI o o
o) COOMe reflux, 12 h

27 28

a) Tetraester’s formation:

To a solution of o-phthaldialdehyde (9.80 g, 73.1 mmol) and dimethyl 1,3-
acetonedicarboxylate (25.9 g, 149 mmol) in methanol (200 mL) were added 15 drops of
diethylamine, and the solution was heated at reflux for 1.5 hours. Then 12 drops more of
diethylamine were added and the mixture was cooled to 4 °C overnight. The resulting
precipitated was filtered in vacuo and washed with cold methanol (25 mL) to give the

intermediate tetraester as white crystals (22.2 g, 68% vyield).
b) Preparation of the diketone 27 and its hydrate 28:

To a round bottom flask containing the intermediate tetraester prepared in the last
step (22.2 g, 49.8 mmol), glacial acetic acid (125 mL) and conc. HCI (35 mL) were added
and the mixture was heated at reflux for 12 hours. The acids were then removed under
vacuo and the resulting solid was digested with diethyl ether (150 mL) for 15 minutes and
cooled to 4 °C overnight. Filtration in vacuo gave a mixture of diketone 27 and hydrate 28
with a 1:3 ratio as a white solid (10.5 g). Dehydration of the mixture by a Dean-Stark system
with toluene (250 mL) as the solvent gave the pure diketone 27 (9.8 g, 93% yield), whose
spectroscopic data matched with those previously published.

Preparation of 5,6,8,9-tetrahydro-5,9-propanebenzocycloheptane-11-ene-7-one, 25'®

@E@O Ph3PCHjsl, NaH, anh. DMSO @@
0 75 °C, overnight o

27 25

A suspension of sodium hydride, 60% dispersion in mineral oil (1.00 g, 25.17 mmol)
in anh. DMSO (50 mL) was heated to 75 °C for 45 minutes under N, atmosphere. After
the reaction mixture was tempered, a solution of triphenylmethylphophonium iodide
(10.55 g, 25.17 mmol) in anh. DMSO (60 mL) was added and the resulting yellow solution
was stirred at room temperature for 20 minutes. Then a suspension of diketone 27 (4.31 g,

20.14 mmol) in anh. DMSO (50 mL) was added and the obtained solution was heated to

75 °C overnight. The resulting black solution was allowed to cool to room temperature and
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then poured into water (150 mL). Hexane (50 mL) was added and the phases were
separated. The aqueous phase was extracted with further hexane (2 x 50 mL) and the
combined organic phases were washed with brine (50 mL), dried over anh. Na;SOs, filtered
and concentrated in vacuo to give a white solid (3.93 g). Purification by packing the solid
with silica gel and extracting with 10% petroleum ether/diethyl ether mixture gave 25 (3.34

g, 84% vyield) as a white solid. The spectroscopic data were identical to those previously
published.

Preparation of 2-chloro-NV(9-hydroxy-5,6,8,9,10,11-hexahydro-7 A-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)acetamide, 34

4°C to RT, /U\/CI

overnight

25

To a solution of enone 25 (2.09 g, 9.86 mmol) in DCM (15 mL) was added
chloroacetonitrile (0.62 mL, 9.86 mmol) and the mixture was cooled to 0-5 °C with an ice
bath. Then conc. H:SO4 (0.79 mL, 14.82 mmol) was added dropwise without reaching a
temperature greater than 10 °C. After the addition, the reaction mixture was allowed to
reach room temperature and stirred overnight. Then to the resulting solution was added
ice (25 g) and the mixture was stirred at room temperature for few minutes. DCM (30 mL)
was added, the phases were separated and the aqueous phase was extracted with further
DCM (2 x 30 mL). The combined organic phases were dried over anh. Na,SOj, filtered
and evaporated in wacuo to give a white solid (2.68 g). Purification by column
chromatography (AL, O3, 0-5% methanol/DCM) gave 34 (1.46 g, 49% yield) as a white solid.

Analytical and spectroscopic data of compound 34:
Melting point: 184 - 185 °C.

IR (ATR) v: 3300 - 2800 (3315, 3247, 3217, 3065, 3021, 2925, 2851), 1911, 1664, 1560,
1494, 1441, 1413, 1361, 1300, 1224, 1202, 1151, 1107, 1037, 911, 757, 668, 571, 512, 471

-1
cm .

'H-NMR (400 MHz, CDCls) &: 1.78 [d, ] = 12.8 Hz, 2 H, 10(13)-Hy), 1.97 [m, 2 H, 10(13)-
H.J, 2.04 [d, J = 12.8 Hz, 2 H, 6(12)- Hyl, 2.12 (s, 2 H, 8-H>), 2.19 [m, 2 H, 6(12)- H.], 3.21
[t,] = 6.4 Hz, 2 H, 5(11)-H], 3.93 (s, 2 H, CH,Cl), 6.36 (s, 1 H, NH), 7.08 [m, 2 H, 1(4)-H],
7.13 [m, 2 H, 2(3)-H].

PC.NMR (100.6 MHz, CDCls) &: 38.2 [CH,, C6(12)], 39.9 [CH, C5(11)], 42.4 [CHa,
C10(13)], 42.8 (CH,, CH,Cl), 47.9 (CH,, C8), 57.3 (C, C7), 70.7 (C, C9), 126.8 [CH,
C2(3)], 128.1 [CH, C1(4)], 144.9 [C, C4a(C11a)], 164.6 (C, CO).
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MS (EI), m/z (%); significant ions: 307 (10), 305 (M*, 30), 270 [(M-"CI)", 12], 212 (100),
197 (17), 194 (22), 179 (26), 169 (13), 155 (58), 142 (25), 129 (32), 115 (26), 91 (7), 77 (9),
65 (2), 55 (4), 49 (4).

HRMS-ESI+ m/z [M+H]" caled for [CyH20CINO,+H]": 306.1255, found: 306.1249.

Preparation of 9-amino-5,6,8,9,10,11-hexahydro-7 H-5,9:7,11-
dimethanobenzo[9]annulen-7-0l hydrochloride, 46-HCl

OH ) Thiourea, AcOH, OH
@E@} o abs. EtOH @E@
N/U\/CI reflux, overnight
H i)
34

NH,-HCI

1
HCI/Et,0
46-HClI

To a solution of chloroacetamide 37 (710 mg, 2.32 mmol) in abs. ethanol (40 mL)
were added thiourea (0.212 g, 2.79 mmol) and glacial acetic acid (1.4 mL) and the mixture
was heated at reflux overnight. The resulting suspension was then tempered to room
temperature, water (20 mL) was added and the pH adjusted to ~12 with 5 N NaOH
solution. DCM (20 mL) was added, the phases were separated and the aqueous phase was
extracted with further DCM (2 x 20 mL). The combined organic phases were dried over
anh. Na;SOy, filtered and concentrated in wacuo to give 46 as a white solid. Its
hydrochloride was obtained by adding an excess of Et;O-HCI to a solution of the amine in
DCM, followed by filtration of the white precipitated (602 mg, quantitative yield). The
analytical sample was obtained by crystallization with methanol/diethyl ether.

Analytical and spectroscopic data of compound 46-HCI:
Melting point: > 315 °C (dec.).

IR (ATR) v: 3273, 2902, 2872, 2638, 2569, 2088, 1633, 1531, 1493, 1441, 1355, 1314, 1272,
1106, 1094, 1015, 972, 902, 764, 640, 580 cm.

'H-NMR (500 MHz, CDsOD) 6: 1.75 [d, J = 12.5 Hz, 2 H, 6(12)-H,), 1.81 [d, ] = 13.0 Hz, 2
H, 10(13)- Hyl, 1.89 (s, 2 H, 8-H,), 1.98 [m, 2 H, 6(12)- H.], 2.05 [m, 2 H, 10(13)- H.], 3.30
[tt, ] = 6.5 Hz, J’= 1.5 Hz, 2 H, 5(11)-H], 7.13 (m, 4 H, Ar-H).

PCNMR (125.7 MHz, CD;OD) 6: 39.0 [CH,, C10(13)], 40.7 [CH, C5(11)], 42.8 [CH,,
C6(12)], 47.9 (CH,, C8), 57.5 (C, C7), 70.9 (C, C9), 128.3 [CH, C2(3)], 129.3 [CH, C1(4)],
145.7 [C, C4a(Cl11a)].

MS (EI), m/z (%); significant ions: 229 (M, 100), 214 (10), 196 (CisHis", 10), 187 (37), 186
(16), 172 (14), 171 (11), 170 (23), 168 (18), 158 (11), 157 (20), 156 (29), 155 (12), 144 (49),
143 (47), 129 (28), 128 (32), 115 (26), 110 (33), 96 (29).
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Elemental analysis:
Calculated for CisH20CINO: C 671.79% H 7.58% Cl13.34% N 5.27%
Calculated for CisH20CINO-0.20H,O: C 66.87% H 7.63% Cl 13.16% N 5.20%

Found: C 66.87% H 7.71% Cl 13.08% N 4.98%

Preparation of 9-(dimethylamino)-5,6,8,9,10,11-hexahydro-7 A-5,9:7,11-
dimethanobenzo[9]annulen-7-ol hydrochloride, 50-HCI

i) Formaldehyde,
NaBH3;CN, AcOH,

OH OH
NH, RT, overnight N

46 50-HCI

To a solution of amine 46 (250 mg, 1.09 mmol) in methanol (8 mL) were added
formaldehyde (0.25 mL, 37% wt in aqueous solution, 3.32 mmol), glacial acetic acid (0.23
mL) and sodium cyanoborohydride (206.2 mg, 3.12 mmol) and the mixture was stirred at
room temperature for 7 hours. Then further NaBH;CN (206.2 mg, 3.12 mmol) and
formaldehyde (0.25 mL, 37% wt in aqueous solution, 3.32 mmol) were added and the
solution was stirred at room temperature overnight. The reaction mixture was then
evaporated to dryness in vacuo and the resulting residue partitioned between water (5 mL)
and EtOAc (5 mL). The pH was adjusted to ~12 with 5 N NaOH solution and the phases
were separated. The aqueous phase was extracted with further EtOAc (2 x 5 mL) and the
combined organic layers were dried over anh. Na;SOy, filtered and concentrated in vacuo.
The residue was taken in DCM and the amine 50 was precipitated as its hydrochloride
(104.9 mg, 33% yield) by adding an excess of Et;O-HCI. The analytical sample was obtained
by crystallization with methanol/diethyl ether.

Analytical and spectroscopic data of compound 50-HCI:
Melting point: 241-242 °C.

IR (ATR) v: 3424, 3224, 2956, 2855, 2533, 2429, 1665, 1487, 1451, 1412, 1361, 1348, 1310,
1211, 1183, 1141, 1094, 1078, 990, 978, 969, 908, 769, 702, 621, 591 cm™.

'HNMR (500 MHz, CD;OD) 6: 1.74 [d, ] = 14.0 Hz, 2 H, 6(12)-Hs), 1.96-2.02 [m, 6 H,
10(13)-Hy, 8-H,, 6(12)-H.], 2.14 [m, 2 H, 10(13)-H.], 2.83 (s, 6 H, N-CH3), 3.38 [tt, ] = 6.5
Hz,J'= 1.5 Hz, 2 H, 5(11)-HJ, 7.14 (s, 4 H, Ar-H).

PCNMR (125.7 MHz, CDsOD) 8&: 34.1 [CH,, C10(13)], 37.5 (CHs, N-CH3), 40.5 [CH,
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C5(11)], 42.6 [CH,, C6(12)], 45.5 (CH,, C8), 69.0 (C, C7), 71.6 (C, C9), 128.3 [CH, C2(3)],
129.3 [CH, C1(4)], 145.6 [C, C4a(C11a)].

MS (EI), m/z (%); significant ions: 257 (M, 100), 242 (16), 240 (20), 215 (43), 214 (14), 198
(14), 187 (54), 184 (19), 172 (18), 155 (16), 138 (18), 129 (19), 128 (22), 127 (12), 124 (23),
115 (19), 85 (17).

Elemental analysis:
Calculated for Ci;H4CINO: C 69.49% H 8.23% CI 12.07% N 4.77%
Calculated for C;H»4CINO-0.50H,O:  C 67.42% H8.32% Cl11.711% N 4.63%

Found: C 67.70% H 8.51% CIl 11.80% N 4.44%

Preparation of 9-bromo-5,6,8,9,10,11-hexahydro-7 H-5,9:7,11-
dimethanobenzo[9]annulen-7-amine, 47

OH Br
@@} SOBr;, Toluene @E@}

46 a7

To a solution of amine 46 (700 mg, 3.06 mmol) in toluene (23mL) and few drops of
DCM was added thionyl bromide (7 mL, 90.05 mmol). The resulting orange solution was
stirred at room temperature for 1.5 hours. The reaction mixture was then concentrated to
dryness in vacuo. Toluene (50 mL) was added and the resulting solution concentrated in
vacuo. The procedure was repeated five times more until it was obtained an orange solid
(1.33 g). The crude was partitioned between DCM (15 mL) and saturated aqueous
NaHCOQO; solution (15 mL) and the phases were separated. The aqueous layer was extracted
with further DCM (2 x 15 mL) and the combined organic layers were dried over anh.
Na;SOy, filtered and concentrated in vacuo to give the amine 47 (709.5 mg, 79% yield) as
a brown solid. The product was used in next steps without further purification or

characterization.
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Preparation of 5,6,8,9,10,11-hexahydro-7H5,9:7,11-dimethanobenzo[9]annulen-7-
amine hydrochloride, 23-HCI

i) BuzSnH, AIBN,
@@} anh toluene @E@}
90°C,2.5h
NH,-HCI
i) HCI/Et,O
47 23-HCI

To a solution of amine 47 (700 mg, 2.54 mmol) in dry and deoxygenated toluene (14.2
mL) under N; atmosphere were added tri-n-butyltin hydride (1.2 mL, 4.56 mmol) and 2,2’-
azobisisobutyronitrile (AIBN) (62.5 mg, 0.38 mmol). The resulting solution was heated to
95 °C for 1 hour. After addition of further AIBN (62.5 mg, 0.38 mmol) the solution was
kept to 95 °C for 90 minutes. The reaction mixture was then cooled to room temperature
and concentrated to dryness in vacuo. The residue was partitioned between DCM (15 mL)
and 2 N HCI solution (15 mL). The phases were separated and the organic layer was
extracted with further 2 N HCI solution (2 x 10 mL). The combined aqueous phases were
basified to pH ~12 with 10 N NaOH solution and then extracted with DCM (3 x 15 mL).
The combined organic layers were dried over anh. Na;SOs, filtered and concentrated in

vacuo to give a yellow oil (236 mg). The residue was taken in DCM and the amine 23 was
precipitated as its hydrochloride (72.9 mg, 12% yield) by adding an excess of E,O-HCI.

Analytical and spectroscopic data of compound 23-HCI:
Melting point: > 330 °C (dec.).

IR (ATR) v: 3426, 2987, 2903, 2856, 2633, 2545, 2159, 2050, 1604, 1506, 1493, 1446,
1371, 1312, 1273, 1220, 1119, 1092, 1059, 1006, 954, 752, 611 cm.

'H-NMR (500 MHz, CD;OD) &: 1.79 [dm, J = 14.0 Hz, 2 H, 10(13)-H,], 1.91 [d, J = 13.0
Hz, 2 H, 6(12)- Hyl, 1.97 (s, 2 H, 8-H,), 2.01 [m, 2 H, 10(13)-H.], 2.13 [m, 2 H, 6(12)- H.],
2.45 [m, 1 H, 9-H], 3.17 [tt, ] = 6.0 Hz, J’ = 2.0 Hz, 2 H, 5(11)-H], 7.09 (broad s, 4 H, Ar-
H).

PCNMR (125.7 MHz, CDsOD) &: 32.2 (CH, C9), 34.7 [CH,, C10(13)], 39.9 [CH,,
C6(12)], 40.5 (CH,, C8), 41.8 [CH, C5(11)], 54.0 (C, C7), 127.9 [CH, C2(3)], 129.3 [CH,
C1(4)], 146.8 [C, C4a(C11a)].

MS (EI), m/z (%); significant ions: 213 (M, 90), 198 (20), 172 (15), 171 (91), 170 (30), 157
(21), 156 (100), 155 (15), 144 (28), 143 (21), 141 (31), 130 (19), 129 (27), 128 (34), 115
(34), 94 (26), 77 (11), 57 (12).

Elemental analysis:

Calculated for CisHoCIN: C 72.13% H 8.07% Cl 14.19% N 5.61%
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Calculated for CisHoCIN-0.60H,O:  C 69.14% H 8.20% Cl 13.60% N 5.38%

Found: C 68.85% H 791% CI 13.68% N 5.417%

Preparation of N, N-dimethyl-5,6,8,9,10,11-hexahydro-7 A5,9:7,11-
dimethanobenzo[9]annulen-7-amine hydrochloride, 24-HCl

i) Formaldehyde,
H NaBH3;CN, AcOH, H
NH, RT overnight N
23 24-HCI

To a solution of amine 23 (140 mg, 0.55 mmol) in methanol (4 mL) were added
formaldehyde (0.13 mL, 37% wt in aqueous solution, 1.71 mmol), glacial acetic acid (0.12
mL) and sodium cyanoborohydride (107 mg, 1.62 mmol) and the mixture was stirred at
room temperature for 8 hours. Then further NaBH;CN (107 mg, 1.62 mmol) and
formaldehyde (0.13 mL, 37% wt in aqueous solution, 1.71 mmol) were added and the
solution was stirred at room temperature overnight. The reaction mixture was then
evaporated to dryness in vacuo and the resulting residue partitioned between water (5 mL)
and DCM (5 mL). The pH was adjusted to ~12 with 10 N NaOH solution and the phases
were separated. The aqueous phase was extracted with further DCM (2 x 5 mL) and the
combined organic phases were dried over anh. Na;SOy, filtered and concentrated in vacuo.
An excess of Et;O-HCI was added to a solution of the amine 24 in DCM to form its
hydrochloride, followed by evaporation to dryness in vacuo (101.4 mg, 69 yield).

Analytical and spectroscopic data of compound 24-HCI:
Melting point: 253 - 255 °C.

IR (ATR) v: 3414, 3014, 2930, 2904, 2850, 2599, 2473, 2151, 1635, 1491, 1447, 1416, 1377,
1309, 1287, 1272, 1220, 1188, 1156, 1089, 1046, 1011, 957, 902, 756, 631, 608 cm™.

'H-NMR (500 MHz, CDsOD) §: 1.78 [broad d, J = 14.0 Hz, 2 H, 6(12)-H,}, 2.00-2.09 [m,
6 H, 6(12)-H,, 8-H, 10(13)-H.], 2.19 [dm, J = 12.5 Hz, J’ = 6.5 Hz, 2 H, 10(13)-H.], 2.53 [m,
1 H, 9-HJ, 2.80 [s, 6 H, N-CHs], 3.26 [broad t, ] = 6.5 Hz, 2 H, 5(11)-H], 7.10 (m, 4 H, Ar-
H).

PCNMR (125.7 MHz, CD;OD) &: 32.8 (CH, C9), 34.6 [CH,, C6(12)], 35.0 [CH,,
C10(13)], 37.0 (CH;, N-CH3), 37.8 (CH,, C8), 41.8 [CH, C5(11)], 65.6 (C, C7), 128.0 [CH,
C2(3)], 129.2 [CH, C1(4)], 146.7 [C, C4a(Cl1a)].

MS (ED), m/z (%); significant ions: 241 (M, 84), 226 (21), 200 (18), 199 (100), 198 (33),
184 (39), 172 (21), 171 (16), 170 (15), 155 (30), 141 (43), 129 (30), 128 (35), 122 (20), 115
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(33), 108 (21), 85 (43), 84 (14), 71 (16), 70 (21), 58 (18).

Elemental analysis:

Calculated for CyH4CIN: C73.49% H8.71% Cl12.76% N 5.04%
Calculated for CyH»4CIN-1.3H,0-0.15HCI: C 66.57% H 8.79% CI 13.29% N 4.57%

Found: C 66.51% H 8.52% Cl13.08% N 4.60%

Preparation of 2-chloro-N(9-chloro-5,6,8,9,10,11-hexahydro-7 H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)acetamide, 40

OH Cl
SOCl,
CEC 8, s O
NJJ\/CI reflux, 1 h NJJ\/CI
H H
34 40

A solution of chloroacetamide 37 (500 mg, 1.64 mmol) in thionyl chloride (20.5 mL)
was heated at reflux for 1 hour. The reaction mixture was then tempered to room
temperature and evaporated to dryness in vacuo. Toluene (25 mL) was added and the
resulting solution concentrated in vacuo. The procedure was repeated twice more to give a
yellow oil (592mg). Purification by column chromatography (AlL,Os;, 0-10%
methanol/DCM) gave 40 (297 g, 56% vyield) as a white solid. The analytical sample was
obtained by crystallization with methanol/diethyl ether.

Analytical and spectroscopic data of compound 40:
Melting point: 195 - 197 °C.

IR (ATR) v: 3292, 3074, 2947, 2910, 2856, 1654, 1552, 1492, 1450, 1426, 1359, 1331, 1307,
1281, 1251, 1206, 1153, 1091, 1044, 998, 941, 892, 803, 756, 734, 692, 676 cm™.

'H-NMR (400 MHz, CDCL3) &: 2.05 [d, J = 13.2 Hz, 2 H, 6(12)- Hyl, 2.18 [d, J = 13.2 Hz, 2
H, 10(13)- Hul, 2.27 [m, 2 H, 6(12)-H.], 2.40 [m, 2 H, 10(13)-H.], 2.55 [s, 2 H, 8-H], 3.28
[tt, ] = 6.8 Hz, J’ = 1.6 Hz, 2 H, 5(11)-H], 3.94 [s, 2 H, 14-H], 6.35(s, 1 H, NH), 7.07 [m, 2
H, 2(3)-H], 7.13 [m, 2 H, 1(4)-H].

PCNMR (100.6 MHz, CDCl3) 8: 37.8 [CH,, C6(12)], 41.0 [CH, C5(11)], 42.8(CH,, C14),
44.3 [CH,, C10(13)], 49.6 (CH, C8), 56.7 (C, C9), 68.7 (C, C7), 127.0 [CH, C2(3)], 128.2
[CH, C1(4)], 144.4 [C, C4a(Cl11a)], 164.6 (C, C14).

MS (EI), m/z (%); significant ions: 327 M~ (’CLy), 5], 325 M (°CI'Cl), 20], 323 M~
(*CL), 32], 290 [(CisH1n"CINO), 13], 288 [(C;H1o’CINO), 34], 233 (14), 232 (42), 231
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(40), 230 [(CisHis”CD, 1001, 207 (21), 196 (19), 195 [(CisHis)", 88), 194 (23), 181 (28),
179 (24), 175 (23), 165 (24), 155 (36), 153 (24), 141 (41), 129 (24), 128 (31), 115 (33), 77
(15).

HRMS-ESI+ m/z [M+H]" caled for [CrH1sCLNO+H]": 324.0916, found: 324.0913.

Preparation of 9-chloro-5,6,8,9,10,11-hexahydro-7 H-5,9:7,11-
dimethanobenzo[9]annulen-7-amine hydrochloride, 42-HCI

Cl i) Thiourea, AcOH, Cl
@@} 0 abs. EtOH @@}
NJJ\/CI reflux, overnight
H
40

NH,-HCl
ii) HCI/Et,0
42-HCI

To a solution of chloroacetamide 40 (350 mg, 1.08 mmol) in abs. ethanol (23 mL)
were added thiourea (98mg, 1.29 mmol) and glacial acetic acid (0.75 mL) and the mixture
was heated at reflux overnight. The resulting suspension was then tempered to room
temperature, water (10 mL) was added and the pH adjusted to ~12 with 5 N NaOH
solution. DCM (10 mL) was added, the phases were separated and the aqueous phase was
extracted with further DCM (2 x 10 mL). The combined organic phases were dried over
anh. Na;SOy, filtered and concentrated in vacuo to give 42 as a yellow solid. An excess of
Et;O-HCI was added to a solution of the amine in DCM to form its hydrochloride,
followed by filtration of the white precipitated (230.3 mg, 73 yield). The analytical sample
was obtained by crystallization with methanol/diethyl ether.

Analytical and spectroscopic data of compound 42-HCI:
Melting point: > 315 °C (dec.).

IR (ATR) v: 2906, 2850, 2673, 2559, 2176, 1601, 1509, 1494, 1452, 1361, 1309, 1297, 1213,
1170, 1090, 1070, 1036, 1007, 967, 945, 877, 804, 756 cm™.

'H-RMN (500 MHz, CD;OD) &: 1.87 [d, J = 13 Hz, 2 H, 10(13)-H,), 2.10-2.17 [complex
signal, 4 H, 10(13)-H,, 6(12)-H.), 2.35 (s, 2 H, 8-H,), 2.41 [m, 2 H, 6(12)- H.], 3.33 [tt, ] =
6.5 Hz, J’= 1.5 Hz, 2 H, 5(11)-H], 7.12-7.17 (complex signal, 4 H, Ar-H).

BC.RMN (125.7 MHz, CDs;OD) 8&: 38.3 [CH,, C10(13)], 41.8 [CH, C5(11)], 45.0 [CH,,
C6(12)], 50.0 (CH3, C8), 56.9 (C, C7), 68.4 (C, C9), 128.5 (CH) and 129.4 (CH) [C1(4)
and C2(3)], 145.1 [C, C4a(C11a)].

MS (ED), m/z (%); significant ions: 248 [(M+H)"", 12], 214 (52), 213 [M-CI+H)", 100], 212
(62), 158 (16), 157 (27), 156 (21), 155 (19), 152 (10), 129 (12), 128 (14), 115 (15).

HRMS-ESI+ m/z [M+H]" caled for [CisHisCINO+H]": 248.1021, found: 248.1202.
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Elemental analysis:
Calculated for CisH1oCIN: C 6339% H 6.74% N 4.93%
Calculated for CisH1sCILN-0.50H,0: C 61.44% H 687% N 4.78%
Found: C 61.37% H 6.61% N 4.78%

Preparation of N, Ndimethyl-9-chloro-5,6,8,9,10,11-hexahydro-7 H-5,9:7,11-
dimethanobenzo[9]annulen-7-amine hydrochloride, 49-HCIl

i) Formaldehyde,
cl NaBH3;CN, AcOH, Cl
NH, RT overnight NE
i) HCI/Et,O | Hcl
42 49-HCI

To a solution of amine 42 (200 mg, 0.80 mmol) in methanol (6 mL) were added 37%
formaldehyde solution (0.19 mL, 2.48 mmol), glacial acetic acid (0.17 mL) and sodium
cyanoborohydride (155 mg, 2.35 mmol) and the mixture was stirred at room temperature
for 6 hours. Then further NaBH3CN (155 mg, 2.35 mmol) and 37% formaldehyde solution
(0.19 mL, 2.48 mmol) were added and the solution was stirred at room temperature
overnight. The reaction mixture was then evaporated to dryness in vacuo and the resulting
residue partitioned between water (5 mL) and EtOAc (5 mL). The pH was adjusted to ~12
with 5 N NaOH solution and the phases were separated. The aqueous phase was extracted
with further EtOAc (2 x 5 mL) and the combined organic phases were dried over anh.
Na;SOs, filtered and concentrated in wacuo. Purification by column chromatography
(ALLO3, 0-2% methanol/DCM) gave 49 (75.2 g, 57% column yield) as a white solid. The
purified product was taken in DCM and the amine 49 was precipitated as its hydrochloride
(44.4 mg, 19.6% overall yield) by adding an excess of E,O-HCL

Analytical and spectroscopic data of compound 49-HCI:
Melting point: 265 - 270 °C.

IR (ATR) v: 3484, 3415, 2937, 2867, 2553, 2441, 1481, 1467, 1449, 1367, 1316, 1252, 1218,
1177, 1158, 1143, 1091, 1048, 1012, 975, 936, 900, 822, 802, 783, 764, 737, 632 cm™.

'H-NMR (500 MHz, CD;OD) &: 2.02 [d, J = 12.5 Hz, 2 H, 6(12)-Hy], 2.13 [d, ] = 13.5 Hz,
2 H, 10(13)-Hsl, 2.23 [m, 2 H, 6(12)-H.], 2.44 [m, 2 H, 8-H, 10(13)-H.], 2.47 (s, 2 H, 8-H)),
2.85[s, 6 H, N(CH>).], 3.41 [t, ] = 7 Hz, 2 H, 5(11)-H], 7.16 (s, 4 H, Ar-H).

PCNMR (125.7 MHz, CD;OD) §: 33.6 [CH,, C6(12)], 37.7 [CH3, N(CHa),], 41.6 [CH,
C5(11)], 44.9 [CH,, C10(13)], 47.2 (CH,, C8), 68.2 (C, C7), 69.2 (C, C9), 128.6 (CH) and
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129.4 (CH) [C1(4) and C2(3)], 145.0 [C, C4a(C11a)].
MS (ED), m/z (%); significant ions: 275 (M, 18), 240 [(M-CD)*, 100], 233 (11), 184 (17).

HRMS-ESI+ m/z [M+H]" caled for [CyH2;CIN+H]™: 276.1514, found: 276.1514.

Elemental analysis:

Calculated for C7H33CIN: C 65.39% H 742% Cl122.710% N 4.49%
Calculated for CyH;3CILN-0.80MeOH: C 63.27% H 7.81% Cl120.98% N 4.16%
Found: C 63.12% H 7.54% Cl120.74% N 4.16%

Preparation of 9-£luoro-5,6,8,9,10,11-hexahydro-7 H#5,9:7,11-
dimethanobenzo[9]annulen-7-amine hydrochloride, 48-HCl

OH  i)DAsT bcm F
~
30 °C to 5 °C ~
NH, t05°C, NH,-HCI
overnight
ii) HCIEt,0

46 48-HCI

A solution of amine 46 (400 mg, 1.75 mmol) in DCM (6 mL) was cooled to -30 °C
with a dry ice in acetone bath. Then (diethylamino)sulfur trifluoride (DAST) (0.97 mL,
6.98 mmol) was added and the reaction mixture was stirred with the dry ice in acetone bath
overnight. To the resulting solution was added water (10 mL) and the pH adjusted to ~12
with a 1 N NaOH solution. The phases were separated and the aqueous phase was extracted
with further DCM (2 x 8 mL), and the combined organic phases were dried over anh.
Na;SOy, filtered and concentrated in vacuo to about 5 mL. An excess of Et;O-HCI was
added and the amine 48-HCI was recovered by filtration in vacuo (205.5 mg, 44% vyield) as

a white solid.
Analytical and spectroscopic data of compound 48-HCI:
Melting point: 280 °C (dec.).

IR (ATR) v: 3280, 2934, 2854, 2701, 2649, 2580, 1626, 1542, 1493, 1453, 1367, 1326,
1259, 1218, 1094, 998, 900, 860, 757, 708, 594, 577 cm.

'H-NMR (500 MHz, CD;OD) 8&: 1.85 [broad d, J = 15 Hz, 2 H, 6(12)-H.), 1.89 [broad d, J
=10 Hz, 2 H, 10(13)-Hy), 2.10-2.15 [m, 4 H, 6(12)-H., 8-Ha], 2.19 [m, 2 H, 10(13)-H.J, 3.39
[m, 2 H, 5(11)-H], 7.15 (s, 4 H, Ar-H).

PCNMR (125.7 MHz, CD;OD) &: 38.7 [CH,, s, C6(12)], 40.2 [CH, d, ’Jor= 12.8 Hz,
C5(11)], 40.6 [CHa, d, *Jer = 20.5 Hz, C10(13)], 45.9 (CHa, d, “Jer = 20.5 Hz, C8), 58.2 (C,
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d, Jer = 10.7 Hz, C7), 94.5 (C, d, Jor = 179.1 Hz, C9), 128.5 [CH, 5, C2(3)], 129.4 [CH, s,
C1(4)], 145.2 [C, s, C4a(C11a)].

MS (EI), m/z (%); significant ions: 231 (M, 100), 216 (17), 211 (11), 196 (20), 190 (12), 189
(73), 188 (12), 170 (34), 169 (18), 168 (56), 159 (13), 156 (44), 155 (13), 144 (18), 141 (14),
129 (17), 128 (24), 115 (26), 112 (25).

HRMS-ESI+ m/z [M+H]" caled for [CisHisFEN+H]": 232.1496, found: 232.1496.

Elemental analysis:
Calculated for Ci5sH19CIFN: C 67.28% H 715% Cl13.24% N 5.23%
Calculated for C;sHoCIEN-0.75H,0:  C 64.05% H 7.35% Cl 12.60% N 4.98%

Found: C 63.61% H 7.32% Cl13.11% N 4.75%

Preparation of 9fluoro-NV, M-dimethyl-5,6,8,9,10,11-hexahydro-7 A-5,9:7,11-
dimethanobenzo[9]annulen-7-amine hydrochloride, 51-HCI

i) Formaldehyde,
E NaBH3;CN, AcOH, F
NH, RT, overnight N~
48 51-HCI

To a solution of amine 48 (228 mg, 0.99 mmol) in methanol (8 mL) were added
formaldehyde (0.23 mL, 37% wt in aqueous solution, 3.01 mmol), glacial acetic acid (0.21
mL) and sodium cyanoborohydride (189.2 mg, 2.86 mmol) and the mixture was stirred at
room temperature for 6 hours. Then further NaBH;CN (189.2 mg, 2.86 mmol) and
formaldehyde (0.23 mL, 37% wt in aqueous solution, 3.01 mmol) were added and the
solution was stirred at room temperature overnight. The reaction mixture was then
evaporated to dryness in vacuo and the resulting residue partitioned between water (5 mL)
and EtOAc (5 mL). The pH was adjusted to ~12 with 5 N NaOH solution and the phases
were separated. The aqueous phase was extracted with further EtOAc (2 x 10 mL) and the
combined organic phases were dried over anh. Na;SOs, filtered and concentrated in vacuo
to about 5 mL. An excess of Et;O-HCI was added and the solvents were removed under
vacuo to give the amine 51-HCI (67 mg, 23% vyield).

Analytical and spectroscopic data of compound 51-HCI:
Melting point: 249 - 251 °C.

IR (ATR) v: 3398, 3034, 2936, 2860, 2511, 2415, 1470, 1368, 1341, 1322, 1220, 1186, 1136,
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1088, 1057, 983, 968, 929, 903, 882, 757, 656, 582 cm.

'H-NMR (500 MHz, CDsOD) &: 1.89 [d, J = 12.5 Hz, 2 H, 6(12)-Hy], 1.99 [d, J = 12 Hz, 2
H, 10(13)-Hul, 2.19-2.24 [m, 6 H, 6(12)-H,, 8-H,, 10(13)-H.], 2.85 (s, 6 H, N-CHs), 3.47 [m,
2 H, 5(11)-HI, 7.17 (s, 4 H, Ar-H).

BCNMR (125.7 MHz, CD;OD) &: 33.9 [CH,, s, C6(12)], 37.8 (CHs, s, N-CHs), 39.9 [CH,
d, ’Jer = 12.8 Hz, C5(11)], 40.6 [CH,, d, YJcr = 20.5 Hz, C10(13)], 43.3 (CH,, d, Yer = 21.6
Hz, C8), 69.5 (C, d, YJer = 10.7 Hz, C7), 94.8 (C, d, Yer = 179.1 Hz, C9), 128.3 [CH, s,
C2(3)], 129.3 [CH, s, C1(4)], 145.1 [C, s, C4a(C11a)].

MS (EI), m/z (%); significant ions: 259 (M'", 100), 258 (18), 244 (13), 217 (55), 216 (13), 184
(23), 173 (12), 159 (10), 141 (11), 140 (12), 128 (12), 115 (12), 85 (10).

Elemental analysis:
Calculated for CrHyCIEN: C 69.02% H 7.84% Cl 11.98% N 4.73%
Calculated for CsHyCIFN-0.30H;0-0.05HCL: C 67.38% H 7.87% Cl 12.28% N 4.62%
Found: C 67.32% H 7.91% Cl 12.20% N 4.67%

Preparation of 9-methoxy-5,6,8,9,10,11-hexahydro-7 H-5,9:7,11-
dimethanobenzo[9]annulen-7-0l, 53'

OMe
o  P-TSOH, MeOH @E@}
RT, overnight OH

To a solution of enone 25 (500 mg, 2.36 mmol) in methanol (10 mL) was added p-
toluenesulfonic acid monohydrate (112 mg, 0.59 mmol) and the reaction mixture was
stirred at room temperature overnight. To the resulting solution was then concentrated in
vacuo and the obtained residue partitioned between DCM (10 mL) and saturated aqueous
NaHCOs solution (10 mL). The phases were separated and the aqueous one was extracted
with further DCM (2 x 10 mL). The combined organic layers were dried over anh. Na;SOj,
filtered and evaporated in vacuo to give a yellow gum (541.3 mg). Purification by column
chromatography (AL,Os;, DCM/methanol mixture) gave 53 (367.5 mg, 64% yield) as a white
solid.

Analytical and spectroscopic data of compound 53:

Melting point: 97 - 98 °C.
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IR (ATR) v: 3359, 2930, 2851, 1723, 1495, 1444, 1356, 1296, 1239, 1193, 1094, 1061,
981, 900, 846, 758, 663 cm.

'H-NMR (400 MHz, CDCls) 8: 1.74 [dm, J = 12.0 Hz, 2 H, 10(13)-H,], 1.78 [s, 2 H, 8-Ha],
1.81[d,J = 13.0 Hz, 2 H, 6(12)-H.], 1.90 [m, 4 H, 6(12)-H,, 10(13)-H.], 3.23 [tt, ] = 6.4 Hz,
J’=2.0Hz, 2 H, 5(11)-H], 3.24 (s, 3 H, OCH3), 7.07-7.15 (m, 4 H, Ar-H).

PCNMR (100.6 MHz, CDCL) 8: 37.8 [CH,, C10(13)], 39.6 [CH, C5(11)], 42.7 [CH,,
C6(12)], 48.4 (CH;, OCH3), 48.9 (CH, C8), 72.5 (C, C9), 76.5 (C, C7), 126.7 [CH, C2(3)],
128.1 [CH, C1(4)], 145.1 [C, C4a(C11a)].

MS (EI), m/z (%); significant ions: 244 (M", 100), 213 (42), 201 (17), 172 (22), 171 (30), 159
(38), 158 (72), 157 (28), 155 (48), 154 (16), 153 (16), 144 (17), 143 (22), 141 (23), 132 (12),
130 (12), 129 (63), 128 (52), 127 (19), 125 (40), 115 (48), 111 (25), 107 (12), 91 (13).

HRMS-ESI+ m/z [M+H]" caled for [CisH19O+H; fragment]™: 227.1431, found: 227.1430.

Preparation of 2-chloro-V-(9-methoxy-5,6,8,9,10,11-hexahydro-7 A-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)acetamide, 54

/é %OMe

OH
53

PN
NC™ ClI, | 4oCctoRT,

H2804, DCM Overnight

OMe OH OMe
(0] + /[CJ)\/ +
©E2 i cl C 2 i
NJJ\/C| N
N H
54

OH

34 53

To a solution of alcohol 53 (545 mg, 2.23 mmol) in DCM (5 mL) was added
chloroacetonitrile (0,140 mL, 2.23 mmol) and the mixture was cooled to 0-5 °C with an ice
bath. Then conc. H,SO4 (0.180 mL, 3.38 mmol) was added dropwise without reaching a
temperature greater than 10 °C. After the addition, the reaction mixture was stirred at
room temperature overnight. Then the resulting solution was poured into ice (10 g) and
DCM (10 mL) was added. The phases were separated and the aqueous phase was extracted
with further DCM (2 x 10 mL). The combined organic phases were dried over anh. Na;SOs,
filtered and evaporated in vacuo to give a white gum (570 mg). Column chromatography
(AL,Os, Hexane/EtOAc mixture) gave in order of elution 54 (222 mg, 31% yield), 34 (210
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mg, 37% column yield) and 53 (91 mg, 16% column yield) as white solids. The product

was used in next steps without further purification or characterization.

Preparation of 9-methoxy-5,6,8,9,10,11-hexahydro-7 H45,9:7,11-
dimethanobenzo[9]annulen-7-amine, 52

OMe Thiourea, AcOH, OMe
@E@} 0 abs. EtOH @E@}
”/U\/CI reflux, overnight

NH,

54 52

To a solution of chloroacetamide 54 (136.8 mg, 0.43 mmol) in abs. ethanol (9 mL)
were added thiourea (39.2 mg, 0.52 mmol) and glacial acetic acid (0.3 mL) and the mixture
was heated at reflux overnight. The reaction mixture was then tempered to room
temperature and concentrated in vacuo. The crude was partitioned between water (10 mL)
and DCM (10 mL) and the aqueous phase was acidified to pH ~2 with 2 N HClI solution.
The phases were separated, the pH adjusted to ~12 with 2 N NaOH solution and the
aqueous phase was then extracted with DCM (3 x 10 mL). The combined organic phases
were dried over anh. Na;SOy, filtered and concentrated in vacuo to give 52 (62 mg, 59%

yield) as a white solid.
Analytical and spectroscopic data of compound 52:
Melting point: 71 - 73 °C.

IR (ATR) v: 3500-2850 (3507, 3389, 3329, 3307, 3263, 3126, 3019, 2936, 2852), 1651,
1605, 1490, 1441, 1360, 1210, 1113, 1059, 1047, 1010, 969, 947, 893, 847, 754, 666, 630,
584 cm’.

'H-NMR (400 MHz, CDCL) 6: 1.61-1.66 [m, 4 H, 6(12)-Hs, 8-Hal, 1.77 [m, 2 H, 6(12)-H.],
1.83-1.90 [m, 4 H, 10(13)-H,], 3.19 [broad t, ] = 6.0 Hz, 2 H, 5(11)-H], 3.23 (s, 3 H, OCHs),
7.05-7.13 (m, 4 H, Ar-H).

PCNMR (100.6 MHz, CDCls) 8: 37.8 [CH,, C10(13)], 40.2 [CH, C5(11)], 43.3 [CH,,
C6(12)], 48.2 (CH3, OCH5), 49.5 (CH,, C8), 52.5 (C, C7), 75.4 (C, C9), 126.6 [CH, C2(3)],
128.0 [CH, C1(4)], 145.4 [C, C4a(C11a)].

MS (ED), m/z (%); significant ions: 243 (M-, 100), 228 (17), 212 (27), 201 (13), 200 (14),
171 (20), 170 (18), 156 (23), 155 (14), 144 (20), 129 (15), 128 (19), 124 (28), 115 (18), 110
(41).

HRMS-ESI+ m/z [M+H]" caled for [CisHaO+H]": 244.1696, found: 244.1704.
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Preparation of 5,6,8,9-tetrahydro-5,9-propanebenzocycloheptane-7,11-diene, 29'®

@@O Ph3PCHj3l, NaH, anh. DMSO @EC
o 75 °C, overnight

27 29

A suspension of sodium hydride, 60% dispersion in mineral oil (0.78 g, 19.64 mmol)
in anh. DMSO (50 mL) was heated to 75 °C for 45 minutes. After the reaction mixture was
tempered, a solution of triphenylmethylphophonium iodide (8.2 g, 19.64 mmol) in anh.
DMSO (70 mL) was added and the resulting yellow solution was stirred at room
temperature for 20 minutes. Then a suspension of diketone 27 (2 g, 9.35 mmol) in anh.
DMSO (20 mL) was added and the obtained solution was heated to 75 °C overnight. The
resulting black solution was allowed to cool to room temperature and then poured into
water (150 mL). Hexane (100 mL) was added and the phases were separated. The aqueous
phase was extracted with further hexane (3 x 50 mL) and the combined organic phases were
washed with brine (50 mL), dried over anh. Na,SQOy, filtered and concentrated in vacuo to
give an orange gum (2.32 g). Purification by packing the solid with silica gel and extracting
with 100% petroleum ether gave 29 (1.56 g, 80% yield) as a white solid. The spectroscopic

data were identical to those previously published.

Preparation of MN(6,7,8,9,10,11-hexahydro-9-methyl-5,7:9,11-dimethano-5 H

benzocyclononen-7-yl)chloroacetamide, 55

4 °C to RT, JJ\/CI
overnight
29

A solution of diene 29 (5.02 g, 23.9 mmol) in chloroacetonitrile (6.05 mL, 95.6 mmol)
and glacial acetic acid (15 mL) was cooled to 0-5 °C with an ice bath. Then conc. H,SO4
(7.6 mL, 143.4 mmol) was added dropwise without reaching a temperature greater than 10
°C. After the addition, the reaction mixture was stirred at room temperature overnight.
Then the resulting solution was poured into ice (100 g) and DCM (40 mL) was added. The
phases were separated and the aqueous phase was extracted with further DCM (2 x 40 mL).
The combined organic phases were dried over anh. Na,SOy, filtered and evaporated in
vacuo to give 55 (5.86 g, 81% yield) as a white solid, whose spectroscopic data were those

corresponding to the previously published.
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Preparation of 6,7,8,9,10,11-hexahydro-9-methyl-5,7:9,11-dimethano-5 H

. 8
benzocyclononen-7-amine, 19°

Me Thiourea, AcOH, Me
@C@} o) abs. EtOH @@}
N/U\/CI reflux, overnight
H
55

NH,

19

To a solution of chloroacetamide 55 (5.86 g, 19.4 mmol) in abs. ethanol (150 mL)
were added thiourea (1.76 g, 23.2 mmol) and glacial acetic acid (14 mL) and the mixture
was heated at reflux overnight. The reaction mixture was then tempered to room
temperature and concentrated in vacuo. The crude was partitioned between water (200 mL)
and EtOAc (100 mL) and the aqueous phase was acidified to pH ~2 with 1IN HCl solution.
The phases were separated, the pH adjusted to ~12 with 5N NaOH solution and the
aqueous phase was then extracted with EtOAc (4 x 100 mL). The combined organic phases
were dried over anh. Na;SOy, filtered and concentrated in vacuo to give 19 (3.03 g, 69%
yield) as a white solid. The spectroscopic data were identical to those previously published.

Preparation of (2R)-tertbutyl 2-{(9-hydroxy-6,7,8,9,10,11-hexahydro-5FH5,9:7,11-
dimethanobenzo[9]annulen-7-yl)carbamoyl]pyrrolidine-1-carboxylate, 71

OH HO OH
+ N @)
o] )\o)< RT, overnight N
)
H N
" o<

NH, o
46
5
To a solution of amine 46 (500 mg, 2.18 mmol) in DMF (10 mL) were added Boc-D-

proline (445.8 mg, 2.07 mmol), HATU (328.4 mg, 2.18 mmol) and triethylamine (0.6 mL,
4.36 mmol) and the resulting solution was stirred at room temperature overnight. The
reaction mixture was then diluted with EtOAc/benzene (2:1, 25 mL) and washed with 0.5
N HCI aqueous solution (2 x 25 mL), brine (25 mL), saturated NaHCO; aqueous solution
(2 x 25 mL) and brine (25 mL). The organic phase was separated, dried over anh. Na;SOj,
filtered and concentrated in vacuo to give an orange oil (765 mg). Column chromatography
(AL,Os, hexane/ethyl acetate mixture) gave 12 (438 mg, 50% yield) as a white solid. The
analytical sample was obtained by crystallization from EtOAc/pentane.

Analytical and spectroscopic data of compound 71:
Melting point: 98 - 103 °C.

IR (ATR) v: 3408, 3327, 2975, 2927, 1677, 1538, 1451, 1400, 1366, 1300, 1247, 1163, 1119,
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1088, 1045, 978, 922, 862, 758 cm™.

'H-NMR (500 MHz, CDCls) §: 1.45 [s, 9 H, OC(CH5)s], 1.73 (m, 2 H, 17-H), 1.76 [d, J =
13.0 Hz, 2 H, 10(13)-H,), 1.83 (broad signal, 1 H, 16-H,), 1.93-2.31 [complex signal, 9 H,
10(13)-H., 6(12)-H,, 8-H, 16-Hy], 3.17 [, J = 6.5 Hz, 2 H, 5(11)-H], 3.37 (m, 2 H, 18-H), 4.21
(m, 1 H, 15-H), 5.81 (broad s, 1 H, OH), 6.94 (broad s, 1 H, NH), 7.06 [m, 4 H, 1(4)-H],
7.10 [m, 2 H, 2(3)-H].

BCNMR (125.7 MHz, CDCL) 8§ (mixture of two rotamers): 23.7 (CH,) and 24.1 (CH,)
(two rotamers, C17), 28.4 [CH3, OC(CH5)s), 31.1 (broad CH,, C16), 38.4 [CH,, C6(12)],
40.0 [CH, C5(11)], 42.4 [CH;, C10(13)], 47.1 (CH,, C18), 48.2 (CH;, C8), 56.6 (C, C7),
61.2 (CH) and 61.9 (CH) (C15, two rotamers), 70.8 (C, C9), 80.4 (C, C20), 126.6 [CH,
C2(3)], 128.1 [CH, C1(4)], 145.2 [d, C, C4a(C11a)], 154.7 (C) and 156.1 (C) (NCO, two
rotamers), 170.9 (C) and 171.6 (C) (CO, two rotamers).

HRMS-ESI+ m/z [M+H]" caled for [CysH34NO4+H]"™: 427.2591, found: 427.2593.

Preparation of (2 R-N(9-hydroxy-6,7,8,9,10,11-hexahydro-5 H-5,9:7,11-

dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 72

OH 85 wt. % 0-HzPOy, OH
DCM
(0] (0]
RT, 3 h

" "

H N H N
71 O:< 72 H

(0]

A solution of Boc-protected pyrrolidine 71 (438.5 mg, 1.03 mmol) in DCM (5 mL)

and 85% o-phosphoric acid (1.05 mL, 15.4 mmol) was stirred at room temperature for 3

hours. To the reaction mixture was then added water (8 mL) and the pH was adjusted to
~12 with 5 N NaOH solution. The phases were separated, the aqueous phase was extracted
with further DCM (2 x 8 mL) and the combined organic phases were dried over anh.
Na;SOy and filtered. Evaporation in vacuo of the combined organic layers gave 72 (290.8
mg, 87% yield) as a white solid.

Analytical and spectroscopic data of compound 72:
Melting point: 175 - 180 °C.

IR (ATR) v: 3441, 3368, 3262, 2945, 2863, 1639, 1521, 1507, 1475, 1434, 1401, 1378, 1361,
1336, 1300, 1230, 1194, 1115, 1050, 887, 846, 799, 767, 731, 698, 552 cm".

'H-NMR (500 MHz, CDCl;) 8: 1.66 (complex signal, 2 H, 17-Hy), 1.78 [d, J = 13 Hz, 2 H,
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10(13)-Hy), 1.85 (m, 1H, 16-H.), 1.90-1.99 [complex signal, 4 H, 6(12)-Hy, 10(13)-H.], 2.04-
2.11 (complex signal, 4 H, 8-H, 16-Hy), 2.15-2.25 [complex signal, 2 H, 6(12)-H.], 2.83 (dt, J
=10.5Hz,J’= 6.5 Hz, 1 H, 18-H.), 2.97 (dt,J = 10.5 Hz,J’ = 6.5 Hz, 1 H, 18-H,), 3.17 [broad
t,J = 6.5 Hz, 2 H, 5(11)-HJ, 3.59 (dd, J =9 Hz, J’ = 5.5 Hz, 1 H, 15-H), 7.06 [m, 2 H, 1(4)-
H], 7.08 [m, 2 H, 2(3)-H], 7.60 (broad s, 1 H, NH).

PCNMR (125.7 MHz, CDCL) 8: 26.1 (CH;, C17), 30.8 (CH,, C16), 38.5 (CH.) and 38.6
(CHy) (C6 and C12), 40.1 [CH, C5(11)], 42.4 [CH,, C10(13)], 47.2 (CH,, C18), 48.1 (CH,,
C8), 55.9 (C, C1), 61.0 (CH, C15), 70.7 (C, C9), 126.6 [CH, C2(3)], 128.1 [CH, C1(4)],
145.3 [C, C4a(Cl11a)], 174.1 (C, CO).

Elemental analysis:

Calculated for C20H26N,O5: C 73.59% H 8.03% N 8.58%
Calculated for C;0H26N,0,-0.15DCM: C 71.36% H 17.82% N 8.26%
Found: C 7148% H 7.718% N 8.07%

Preparation of (2 R-1-ethyl-M(9-hydroxy-6,7,8,9,10,11-hexahydro-5 H-5,9:7,11-

dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 56

Ethyl bromide, Ki,

OH OH
TEA, DMF
O (0]
o .
',\IJS? 5 °C, overnight /gi>
H /N N
72 H

A solution of pyrrolidine 72 (170 mg, 0.52 mmol) in DMF (3 mL) was cooled to 5 °C
with an ice bath. Then KI (8.64 mg, 0.052 mmol) and triethylamine (0.278 mL, 2.08 mmol)
were added, followed by the dropwise addition of ethyl bromide (0.04 mL, 0.55 mmol).

The reaction mixture was stirred at room temperature in an ice-water bath overnight. The

resulting suspension was then filtered and the solids were washed with EtOAc (10 mL).
The combined filtrates were washed with saturated aqueous NaHCQO; solution (10 mL)
and brine (10 mL). The organic phase was separated, dried over anh. Na;SOy, filtered and
concentrated in vacuo to give 56 (133 mg, 72% yield) as a white solid. The analytical sample
was obtained by crystallization from EtOAc¢/pentane.

Analytical and spectroscopic data of compound 56:
Melting point: 150 - 152 °C.

IR (ATR) v: 3388, 2931, 2871, 1647, 1511, 1440, 1384, 1358, 1335, 1304, 1234, 1194, 1117,
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1088, 1060, 761, 647 cm.

'H-NMR (500 MHz, CDCls) &: 1.04 (t, J = 7.5 Hz, 3 H, NCH,CHj3), 1.59-1.82 (complex
signal, 3 H, 16-H,, 17-H), 1.77 [d,J = 12.5 Hz, 2 H, 10(13)-HyJ, 1.92 [d, ] = 13 Hz, 2 H, 6(12)-
H.), 1.97 [dd, ] = 12.5 Hz, ]’ = 6.5 Hz, 2 H, 10(13)-H.], 2.02 (broad s, 1 H, OH), 2.11 (m, 1
H, 16-Hy), 2.14 (s, 2 H, 8-H), 2.17-2.30 [complex signal, 3 H, 6(12)-H,, 19-H.], 2.45 (m, 1 H,
18-H,), 2.58 (m, 1 H, 18-H,), 3.85 (dd, J = 10.0 Hz, J’ = 4.5 Hz, 1 H, 15-H), 3.12 (m, 1 H,
19-Hy), 3.18 [dt,J = 6.5 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 7.07 [m, 2 H, 1(4)-H], 7.11 [m, 2 H,
2(3)-HJ, 7.45 (broad s, 1 H, NH).

BCNMR (125.7 MHz, CDCL) 8: 14.8 (CHs, NCH,CH3), 24.1 (CH,, C17), 30.7 (CH,,
C16), 38.6 (CH) and 38.7 (CH,) (C6 and C12), 40.1 [CH, C5(11)], 42.4 [CH,, C10(13)],
48.1 (CH,, C8), 49.7 (CH,, C18), 53.8 (CH,, NCH,CHj5), 55.8 (C, C7), 67.8 (CH, C15),
70.7 (C, C9), 126.6 [CH, C2(3)], 128.1 [CH, C1(4)], 145.3 [d, C, C4a(Cl11a)], 174.3 (C,
CO).

Elemental analysis:
Calculated for C,;H30N,0;: C 74.54% H 853% N 7.90%
Calculated for C2,H30N,O0,:0.1EtOAc: C 74.06% H 855% N 7.71%

Found: C 7393% H 8.64% N 7.71%

Preparation of (2 R)-tert-butyl-2-[(9-methyl-6,7,8,9,10,11-hexahydro-5 H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)carbamoyl]pyrrolidine-1-carboxylate, 73

Me EDC, HOBt, TEA, Me
@E@} HOYO EtOAc @:@}
+ N (0]

(o] k RT, overnight

NH; o}\o "\l/%

H N

73 o:<

19

_@

Boc-D-proline (336 mg, 1.56 mmol), HOBt (316 mg, 2.34 mmol), EDC (363 mg, 2.34
mmol) and triethylamine (0.48 mL, 3.43 mmol) were added to a solution of amine 19 (388
mg, 1.71 mmol) in EtOAc (20 mL) and the mixture was stirred at room temperature
overnight. To the resulting suspension was then added water (15 mL) and the phases were
separated. The organic phase was washed with saturated aqueous NaHCOjs solution (15
mL) and brine (15 mL), dried over anh. Na,SO; and filtered. Evaporation in vacuo of the
combined organic layers gave 73 (556 mg, 84% yield) as a white solid, that was washed with

pentane for obtaining an analytical sample.
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Analytical and spectroscopic data of compound 73:
Melting point: 168 - 169 °C.

IR (ATR) v: 3296, 2917, 1706, 1684, 1657, 1560, 1450, 1385, 1363, 1287, 1238, 1179, 1161,
1123, 1089, 1048, 1009, 982, 920, 756, 673, 574 cm.

'"HNMR (400 MHz, CDCL) § (two rotamers): 0.91 (s, 3 H, C9-CH3), 1.46 [s, 9 H,
OC(CHs)3], 1.53 [broad d, J = 13.5 Hz, 2 H, 10(13)-H,], 1.65 [broad dd,J = 13.5Hz,J’= 6.5
Hz, 2 H, 10(13)-H.], 1.75-1.88 (complex signal, 4 H, 8-H, 17-H), 2.01 [broad d,J = 13 Hz, 2
H, 6(12)-Hy), 2.13 [m, 2 H, 6(12)-H.), 2.3 (very broad signal, 1 H, 16-H,), 3.06 [t, ] = 6 Hz,
2 H, 5(11)-H], 3.39 (broad m, 2 H, 18-H), 4.11 (very broad signal, 1 H, 15-H), 6.77 (broad
s, 1 H, NH), 7.05 [m, 4 H, Ar-H].

BCNMR (100.6 MHz, CDCl;) § (two rotamers): 24.2 (broad CH,, C17), 28.4 [CHs,
C(CH5)3], 31.1 (broad CH,, C16), 32.2 (CH;, C9-CHs), 33.6 (C, C9), 38.9 and 39.0 [CH,,
C6(12)], 41.0 and 41.1 [CH, C5(11)], 41.11 and 41.15 [CH,, C10(13)], 47.0 (CH,, C8), 47.2
(broad signal, CH,, C18), 54.1 (C, C7), 60.6 and 61.9 (CH, C15), 126.2 [CH, C2(3)], 127.9
[CH, C1(4)], 146.2 [broad C, C4a(C11a)], 170.8 (very broad C, CO).

MS-DIP (ED), m/z (%); significant ions: 424 (M, <1), 211 (CixsHuw', 14), 171 (22), 170 (14),
155 (19), 140 (8), 115 (22), 114 (100), 70 (60), 57 (22).

HRMS-ESI+ m/z [M+H]" caled for [CysH36N,Os+H'|: 425.2799, found: 425.2803.

Preparation of (2 R-N(9-methyl-6,7,8,9,10,11-hexahydro-5 F-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 74

Me 85 wt. % O-H3PO4' Me
DCM
o} 0]
RT, 3h

N N

H N H N
73 O_j/ 74 H

O

A solution of Boc-protected pyrrolidine 73 (556.1 mg, 1.31 mmol) in DCM (6 mL)
and 85% o-phosphoric acid (1.33 mL, 19.6 mmol) was stirred at room temperature for 18

hours. To the reaction mixture was then added water (15 mL) and the aqueous phase was
basified until pH ~12 with 5 N NaOH solution. The phases were separated and the aqueous
phase was extracted with further DCM (2 x 10 mL). The combined organic layers were
dried over anh. Na;SQO, filtered and evaporated in vacuo to give 74 (419.5 mg, quantitative
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yield) as a white solid. The analytical sample was obtained by crystallization from
EtOAc/pentane.

Analytical and spectroscopic data of compound 74:
Melting point: 116 - 119 °C.

IR (ATR) v: 3289, 3257, 3017, 2920, 2897, 2864, 2839, 1646, 1515, 1492, 1467, 1450, 1359,
1345, 1307, 1245, 1208, 1153, 1135, 1110, 1090, 1046, 1006, 948, 914, 877, 856, 800, 754,
700, 613, 644, 558, 488 cm.

"H-NMR (500 MHz, CDCl;5) 8: 0.91 (s, 3 H, C9-CH3), 1.53 [d,J = 13.0 Hz, 2 H, 10(13)-Ha],
1.66 [complex signal, 4 H, 17-H, 10(13)-H.], 1.86 (complex signal, 3 H, 8-H, 16-H.), 1.99
[dq,J = 13.0 Hz, J’ = 1.5 Hz, 2 H, 6(12)-H], 2.07 (m, 1 H, 16-Hy), 2.17 [m, 2 H, 6(12)-H.],
2.84 (dt,J =10.5 Hz,J’= 6.5 Hz, 1 H, 18-H.,), 2.97 (dt,J = 10.5 Hz,J’ = 6.5 Hz, 1 H, 18-H,),
3.06 [tq, ] = 6.5 Hz, J’= 1.5 Hz, 2 H, 5(11)-H], 3.60 (dd, J = 9.0 Hz, ]’ = 5.5 Hz, 1 H, 15-H),
7.02-7.08 [complex signal, 4 H, Ar-H], 7.50 (broad s, 1 H, NH).

BCNMR (125.7 MHz, CDCl5) 8: 26.1 (CH,, C17), 30.8 (CH,, C16), 32.2 (CH3, C9-CH3),
33.5(C, C9), 38.9 (CH>) and 39.0 (CH,) (C6 and C12), 41.0 [CH, C5(11)], 41.1 (CH,) and
41.2 (CH,) (C10 and C13), 47.0 (CH,, C8), 47.2 (CH,, C18), 53.3 (C, C7), 61.1 (CH, C15),
126.2 [CH, C2(3)], 127.9 [CH, C1(4)], 146.3 [d, C, C4a(Cl1a)], 173.9 (C, CO).

MS (CI), m/z (%); significant ions: 324 (M, <1), 211 (CsHyw™, 1), 155 (4), 70 (100).
Elemental analysis:

Calculated for CaiHasN,O: C 77.74% H 8.70%N 8.63%
Calculated for CoHysN,O-0.2EtOAc-0.15Pentane: C 76.75% H 8.97%N 7.94%

Found: C 76.78% H 8.95%N 7.89%

Preparation of (2 R)-1-ethyl- M(9-methyl-6,7,8,9,10,11-hexahydro-5 H5,9:7,11-

dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 57-tartrate

) EtBr, KI, TEA, Me
@@} DMF 5 °C, overnight R @@} 16) o QH o
ii) L-(+)-tartaric acid, MeOH N O\H/\)J\OH
v H
57

A solution of pyrrolidine 74 (504 mg, 1.55 mmol) in DMF (10 mL) was cooled to 5 °C
with an ice bath. Then KI (26 mg, 0.16 mmol) and triethylamine (0.87 mL, 6.2 mmol) were
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added, followed by the dropwise addition of ethyl bromide (0.12 mL, 1.63 mmol). The
reaction mixture was stirred at room temperature in an ice-water bath overnight. To the
resulting solution was added EtOAc (5 mL) and water (20 mL). The phases were separated
and the aqueous layer was extracted with further EtOAc (2 x 15 mL). The combined organic
phases were washed with saturated aqueous NaHCOj5 solution (15 mL) and brine (15 mL),
dried over anh. Na;SQO, filtered and concentrated in vacuo to give a clear oil (446 mg).
Column chromatography (AL,Os, hexane/EtOAc mixtures) gave 57 (255 mg, 44% yield) as
a white solid. A solution of LA(+)-tartaric acid (108.8 mg, 0.72 mmol) in methanol (2 mL)
was added to 57 directly. The solvents were removed under vacuo to give 57 as its tartrate

salt. The analytical sample was obtained by crystallization from methanol/diethyl ether.

Analytical and spectroscopic data of compound 57-tartrate:
Melting point: 177-179 °C.

IR (ATR) v: 3426, 3250, 3023, 2915, 1694, 1667, 1573, 1453, 1361, 1306, 1243, 1217, 1116,
1080, 948, 893, 800, 761, 666 cm.

"H-NMR (500 MHz, CD;OD) §: 0.94 (s, 3 H, C9-CH3), 1.27 (t, ] = 7.5 Hz, 3 H, NCH,CH35),
1.50[d, J = 13.5 Hz, 2 H, 10(13)-Hy), 1.69 [dd, J = 13.0 Hz, J’ = 6.0 Hz, 2 H, 10(13)-H.], 1.80
(s, 2 H, 8-H), 1.93-1.99 (complex signal, 3 H, 16-H., 17-H), 2.11 [m, 2 H, 6(12)-H.], 2.17 [d,
J=13 Hz, 2 H, 6(12)-Hy], 2.46 (m, 1 H, 16-Hy), 3.08 [tt, ] = 6.5 Hz, J’ = 2 Hz, 2 H, 5(11)-H],
3.13 (m, 1 H, 18-H.), 3.19 (q, J = 7.5 Hz, 2 H, NCH,CHs), 3.66 (m, 1 H, 18-H,), 3.96 (dd, J
=9 Hgz, J'= 6.5 Hz, 1 H, 15-H), 4.41 (s, 2 H, tartrate-CH), 7.02-7.065 [complex signal, 4 H,
Ar-HJ.

PCNMR (125.7 MHz, CD;OD) 8&: 11.5 (CHs;, NCH,CHj3), 24.0 (CH,, C17), 31.2 (CH,,
C16), 32.8 (CH;, C9-CH5), 34.5 (C, C9), 39.5 (CH2) and 39.6 (CH,) (C6 and C12), 42.4
[CH and CH, C5(11), C10(13)], 48.0 (CH,, C8), 51.3 (CH,, NCH,CH3), 55.6 (CH;, C18),
56.1 (C, C7), 68.6 (CH, C15), 74.1 (CH, tartrate-CH), 127.5 [CH, C2(3)], 129.0 [CH,
C1(4)], 147.4 [C, C4a(C11a)], 168.6 (C, CO), 176.6 (C, tartrate-CO).

MS (CI), m/z (%); significant ions: 393 (M+41, 7), 381 (M+29, 18), 354 (27), 353 (M+1,
100), 211 (12), 98 (26).

Elemental analysis:
Calculated fOI’ C27H38N207: C 6452% H 762% N 557%
Calculated for Cy;H3sN,O7-1H,0: C62.29% H 7.714% N 5.38%

Found: C6250% H 7.50% N 5.13%
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Preparation of 4-amino-3,5-dichloro-N-(9-hydroxy-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-

dimethanobenzo[9]annulen-7-yl)benzamide, 58

EDC, HOBt, TEA,

OH 0 Hos OH
t
RT, overnight
NH, NH, cl
Cl
46

N
I
H

58 NH>

Cl

4.Amino-3,5-dichlorobenzoic acid (220.9 mg, 1.07 mmol), 1-hydroxybenzotriazole
(HOBt) (216.7 mg, 1.6 mmol), l-ethyl-3(3-dimethylaminopropyl)carbodiimide (EDC)
(248.0 mg, 1.6 mmol) and triethylamine (0.327 mL, 2.2 mmol) were added to a solution of
amine 46 (270 mg, 1.18 mmol) in EtOAc (15 mL) and DMF (1 mL) and the reaction
mixture was stirred at room temperature for 21 hours. To the resulting suspension was
then added water (20 mL) and the phases were separated. The organic phase was washed
with 5% aqueous NaHCOj solution (15 mL) and brine (15 mL), dried over anh. Na;SO;
and filtered. Evaporation in vacuo of the combined organic phases gave 58 (422 mg, 95%
yield) as a white solid. The analytical sample was obtained by crystallization from DCM.

Analytical and spectroscopic data of compound 58:
Melting point: 236 - 237 °C.

IR (ATR) v: 3362, 2923, 2853, 2160, 1976, 1643, 1606, 1547, 1519, 1492, 1452, 1321, 1299,
1269, 1230, 1201, 1101, 1020, 864, 748, 570 cm™.

"H-NMR (500 MHz, CDCL) 8: 1.58 (broad s, 1 H, OH), 1.81 [d, ] = 12.5 Hz, 2 H, 10(13)-
H.l, 2.00 [m, 2 H, 10(13)-H.], 2.12 [d, J = 13 Hz, 2 H, 6(12)-H.], 2.19 (s, 2 H, 8-H), 2.27
[ddd, J=13.0Hz, J’= 6.5 Hz, J” = 1.0 Hz, 2 H, 6(12)-H.], 3.23 [tt,J = 6.5 Hz, ]’ = 1.5 Hz, 2
H, 5(11)-H], 4.73 (broad s, 2 H, Ar-NH,), 5.72 (broad s, 1 H, CONH), 7.09 [m, 2 H, 1(4)-
H], 7.13 [m, 2 H, 3(2)-H], 7.54 [s, 2 H, 16(20)].

PCNMR (125.7 MHz, CDCL;) §: 38.6 [CH,, C6(12)], 40.0 [CH, C5(11)], 42.5 [CHs;,
C10(13)], 48.4 (CH,, C8), 57.4 (C, C7), 70.9 (C, C9), 118.9 [C, C17(19)], 125.4 (C, C15),
126.7 [C, C16(20)], 126.8 [CH, C2(3)], 128.1 [CH, C1(4)], 142.6 (C, C18), 145.1 [d, C,
C4a(C11a)], 164.2 (C, CO).

MS (EI), m/z (%); significant ions: 418 (21), 416 (M, 32), 212 (43), 207 (36), 205 (46), 194
(16), 190 (63), 188 (100), 179 (15), 160 (15), 155 (33), 154 (29), 142 (16), 141 (17), 129 (19),
128 (20), 124 (16), 115 (16).

Elemental analysis:

Calculated fOI‘ szszClzNzOz: C 6332% H 5.31% N 6.71%
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Found: C 6332% H 535% N 6.52%

Preparation of 4-amino-3,5-dichloro-MN(9-methyl-6,7,8,9,10,11-hexahydro-5 F5,9:7,11-

dimethanobenzo[9]annulen-7-yl)benzamide, 59

Me ] EDC, :git TEA, Me
tOAc
RT, overnight
NH, NH, Cl
Cl
19

NH,

I-=z

59 ol

4-Amino-3,5-dichlorobenzoic acid (165 mg, 0.80 mmol), I-hydroxybenzotriazole
(HOBt) (162 mg, 1.2 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) (186
mg, 1.2 mmol) and triethylamine (0.25 mL, 1.76 mmol) were added to a solution of amine
19 (200 mg, 0.88 mmol) in ethylacetate (10 mL) and DMF (1 mL) and the reaction mixture
was stirred at room temperature for 22 hours. To the resulting suspension was then added
water (20 mL) and the phases were separated. The organic phase was washed with 5%
aqueous NaHCO;s solution (15 mL) and brine (15 mL), dried over anh. Na;SO; and
filtered. Evaporation in vacuo of the combined organic phases gave an orange solid (320
mg). Column chromatography (AL,Os;, 100% DCM) gave 59 (176.7 mg, 53% yield) as a

white solid. The analytical sample was obtained washing the solid with n-pentane.

Analytical and spectroscopic data of compound 59:
Melting point: 173 - 175 °C.

IR (ATR) v: 3460, 3352, 2920, 2852, 1627, 1610, 1532, 1484, 1452, 1322, 1306, 1270, 1232,
1126, 1091, 1049, 1006, 947, 908, 880, 837, 789, 757, 720, 695, 663, 581 cm.

"H-NMR (500 MHz, CDCl;) 6: 0.95 (s, 3 H, C9-CH3), 1.58 [dt, J = 13.5 Hz, J’ = 1.5 Hz, 2
H, 10(13)-Hy), 1.69 [ddm, J = 13.5 Hz, J’ = 6.5 Hz, 2 H, 10(13)-H.], 1.93 (s, 2 H, 8-H), 2.15
[dt,J=13.0 Hz, J’= 1.5 Hz, 2 H, 6(12)-H,], 2.25 [ddm, J = 13.0 Hz, J’ = 6.5 Hz, 2 H, 6(12)-
H.], 3.11 [tt, ] = 6.5 Hz, I’ = 1.5 Hz, 2 H, 5(11)-H], 4.71 (broad s, 2 H, NH,), 5.68 (broad s,
1 H, NH), 7.04-7.11 [complex signal, 4 H, 1(4)-H, 2(3)-H], 7.54 [s, 2 H, 16(20)].

PCNMR (125.7 MHz, CDCl5) &: 32.2 (CHs, C9-CH3), 33.7 (C, C9), 39.1 [CH,, C6(12)],
41.0 [CH, C5(11)], 41.1 [CH,, C10(13)], 47.3 (CH,, C8), 55.0 (C, C7), 118.8 [C, C17(19)],
125.7 (C, C15), 126.3 [CH, C2(3)], 126.6 [CH, C16(20)], 128.0 [CH, C1(4)], 142.4 (C,
C18), 146.1 [d, C, C4a(Cl11a)], 164.1 (C, CO).

MS (EI), m/z (%); significant ions: 416 (25), 415 (11), 414 (M7, 38), 211 (20), 210 (100), 195
(26), 190 (48), 188 (74), 182 (19), 181 (19), 160 (12), 156 (14), 155 (78), 154 (30), 143 (13),
142 (14), 141 (18), 129 (18), 128 (19), 124 (15), 115 (14).
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Elemental analysis:

Calculated fOl‘ Cstz4C1zNzOz: C 6651% H 5.82% N 674%
Calculated fOl’ Cz3Hz4C1zNzOz'O.1C5H1z: C 6679% H 601% N 663%
Found: C 66.82% H 6.04% N 6.54%
Preparation of MN(9-methyl-6,7,8,9,10,11-hexahydro-5 A-5,9:7,11-

dimethanobenzo[9]annulen-7-yl)cyclohexanecarboxamide, 60

Me O EDC, HOBt, TEA, Me
EtOAc
+ HO > O
RT, overnight
NH, N
19 60 H

Cyclohexanecarboxylic acid (104.9 mg, 0.82 mmol), HOBt (166.1 mg, 1.23 mmol),
EDC (190.5 mg, 1.23 mmol) and triethylamine (0.251 mL, 1.80 mmol) were added to a
solution of amine 19 (204.8 mg, 0.90 mmol) in EtOAc (15 mL) and the reaction mixture

was stirred at room temperature overnight. To the resulting suspension was then added
water (15 mL) and the phases were separated. The organic phase was washed with saturated
aqueous NaHCO; solution (15 mL) and brine (15 mL), dried over anh. Na;SO; and
filtered. Evaporation in vacuo of the combined organic layers gave 60 (265 mg, 96% vyield)
as a white solid. The analytical sample was obtained by crystallization with EtOAc¢/pentane.

Analytical and spectroscopic data of compound 60:
Melting point: 197-198 °C.

IR (ATR) v: 3299, 3060, 2917, 2850, 1645, 1545, 1490, 1447, 1381, 1361, 1335, 1316, 1261,
1214, 1091, 1047, 1005, 960, 942, 894, 753, 675, 665 cm™.

"H-NMR (500 MHz, CDCL;) §: 0.91 (s, 3 H, 14-H), 1.15-1.27 [complex signal, 4 H, 18-H,
17(19)-H.], 1.37 [m, 2 H, 16(20)-H.], 1.53 [broad d, J = 13.5 Hz, 2 H, 10(13)-Hy], 1.65 [m, 2
H, 10(13)-H.], 1.72-1.83 [m, complex signal, 4 H, 16(20)-Hy, 17(19)-H,], 1.85 (s, 2 H, 8-H),
1.93 (tt, J = 11.5 Hz,J’= 3.5 Hz, 1 H, 15-H]), 1.97 [dt,J = 13 Hz, J’ = 1.5 Hz, 2 H, 6(12)-H,],
2.16 [ddm, J = 13.0 Hz, J’ = 6.5 Hz, 2 H, 6(12)-H.], 3.06 [tt, ] = 6.5 Hz, J’ = 1.5 Hz, 2 H,
5(11)-H], 5.14 (broad s, 1 H, NH), 7.02-7.08 [complex signal, 4 H, Ar-H].

PCNMR (125.7 MHz, CDCly) 6: 25.7 [CH,, C17(19)], 25.8 (CH,, C18), 29.8 [CH,,
C16(20)], 32.2 (CH;3, C14), 33.6 (C, C9), 39.1 [CHa, C6(12)], 41.0 [CH, C5(11)], 41.1 [CH,,
C10(13)], 46.4 (CH, C16), 41.2 (CH., C8), 54.0 (C, C7), 126.2 [CH, C2(3)], 127.9 [CH,
C1(4)], 146.2 [d, C, C4a(Cl1a)], 175.3 (C, CO).



280 | Materials & Methods

MS (EI), m/z (%); significant ions: 338 (18), 337 (M, 68), 282 (49), 212 (22), 211 (92), 210
(61), 169 (18), 156 (19), 155 (100), 154 (20), 143 (34), 141 (30), 129 (27), 128 (23), 83 (17),
55 (22).

Elemental analysis:

Calculated for C;3H3NO: C 81.85% H 9.26% N 4.15%
Found: C 81.82% H 9.34% N 4.14%
Preparation of MN(9-methyl-6,7,8,9,10,11-hexahydro-5 A-5,9:7,11-

dimethanobenzo[9]annulen-7-yl)thiourea, 76

Me o i) CHCI3 Me
RT, overnight
+ SCN S
ii) KoCO3, H,0, N/U\
NH, NH,
MeOH, THF I—I|
19 RT, overnight 76

a) N-H{(9-methyl-6,7,8,9,10,11-hexahydro-5,9:7,11-dimethano-5H-benzocyclononen-7-

yl)carbamothioyl]benzamide formation:

Benzoyl isothiocyanate (0.327 mL, 2.43 mmol) was added to a solution of amine 19
(500 mg, 2.21 mmol) in CHCI; (20 mL) and the reaction mixture was stirred at room
temperature overnight. The resulting solution was concentrated in vacuo to give a brown

gum (1.11 g).

b) N-[(9-methyl-6,7,8,9,10,11-hexahydro-5,9:7,11-dimethano-5H-benzocyclononen-7-

yDthiourea formation:

K,COs (1.97 g, 14.26 mmol) and water (10 mL) were added to a solution of the
aforementioned benzamide (1.11 g, aprox. 2.85 mmol) in methanol (22 mL) and THF (10
mL), and the mixture was stirred at room temperature overnight. The resulting suspension
was filtered and the solids were washed with methanol (15 mL) to give 76 (330.3 mg, 52%

overall yield) as a white solid.
Analytical and spectroscopic data of compound 76:
Melting point: 197-199 °C.

IR (ATR) v: 3481, 3209, 3135, 3097, 3012, 2916, 2840, 1618, 1529, 1491, 1450, 1359, 1302,
1238, 1209, 1134, 1090, 1048, 1022, 941, 815, 799, 758, 719, 708, 643, 611 cm.

'H-RMN (400 MHz, DMSO-d¢) 8: 0.88 (s, 3 H, 14-H), 1.36 [broad d, J = 13.0 Hz, 2 H,
10(13)-Hyl, 1.61 [ddd, J = 13.0 Hz, J’ = 6.0 Hz, J” = 1.2 Hz, 2 H, 10(13)-H.], 1.77 (s, 2 H, 8&-
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H,), 2.06 [ddd, J = 12.0 Hz, J’= 5.6 Hz, J” = 2.0 Hz, 2 H, 6(12)-H.], 3.04 [m, 2 H, 5(11)-H],
6.76 (broad s, 2 H, NH>), 7.02-7.09 (complex signal, 4 H, Ar-H), 7.31 (broad s, 1 H, NH).

PC.RMN (100.6 MHz, DMSO-de) &: 32.1 (CHs, C14), 33.2 [CH;, C10(13)], 38.2 [CH,
C5(11)], 41.0 [CH,, C6(12)], 47.5 (CH,, C8), 50.1 (C, C7), 55.0 (C, C9), 126.1 [CH, C2(3)],
127.7 [CH, C1(4)], 146.2 [d, C, C4a(C11a)], 181.2 (C, CS).

MS-DIP (EI), m/z (%); significant ions: 287 (15), 286 (M, 66), 285 (66), 212 (10), 211
[(CisHu)", 501, 210 (14), 169 (15), 156 (17), 155 (100), 154 (12), 153 (12), 143 (37), 141 (33),
129 (29), 128 (24), 117 (11), 115 (24).

HRMS-ESI+ m/z [M+H]" caled for [CsH2,N,S+H']: 287.1576, found: 287.1578.

Preparation of 5,5-dimethyl-2-{(9-methyl-6,7,8,9,10,11-hexahydro-5 A-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)amino]thiazol-4(5 H)-one, 61

Me Me o)
DIPEA, EtOH
s . Br O\/ N
P§ uw, 130 °C, 3 h Py
NH, o N s
H
61

N
|
H

76

Thiourea 76 (300 mg, 1.05 mmol), ethyl 2-bromoisobutyrate (0.29 mL, 1.95 mmol),
DIPEA (0.36 mL) and abs. ethanol (3.5 mL) were placed into a microwave vial. The white
suspension was heated to 130 °C, 250 psi and 250 W for 3 hours. The solvents were then
removed under vacuo and the resulting solid was partitioned between DCM (10 mL) and
0.5 N HCI solution (10 mL) and the phases were separated. The aqueous phase was
extracted with further DCM (3 x 10 mL), and the combined organic phases were dried over
anh. Na;SO; and filtered. Evaporation in vacuo of the combined organic layers gave a white
solid (315 mg). Column chromatography (Al,O3;, DCM/methanol mixtures) gave 61 (47
mg, 13% yield) as a white solid. The analytical sample was obtained washing the solid with

pentane.
Analytical and spectroscopic data of compound 61:
Melting point: 294 - 299 °C.

IR (ATR) v: 3223, 2906, 1673, 1586, 1540, 1505, 1458, 1376, 1361, 1293, 1281, 1255, 1235,
1182, 1128, 1091, 1033, 1005, 951, 756, 651, 633, 602, 534 cm.

'H-NMR (500 MHz, CDCL3) 8: 0.93 (s, 3 H, CCH5), 1.53 [d, J = 13.5 Hz, 2 H, 10(13)-H],
1.62 [s, 6 H, C(CHs).], 1.67 [ddm, J = 12.5 Hz, J’ = 6.5 Hz, 2 H, 10(13)-H.], 1.95 (s, 2 H, 8&-
H), 2.17 [d, ] = 12.5 Hz, 2 H, 6(12)-H.], 2.29 [dd, J = 12.5 Hz, J’ = 6.5 Hz, 2 H, 6(12)-H.],
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3.09[t,]J = 6.5 Hz, 2 H, 5(11)-H], 5.75 (broad s, 1 H, NH), 7.04 [m, H, 1(4)-H], 7.08 [m, H,
2(3)-HI.

BCNMR (125.7 MHz, CDCl5) 8: 27.9 [CHs, C(CHs).l, 32.0 (CH3, C-CH3), 33.9 (C, C9),
38.9 [CH,, C6(12)], 40.8 [CH,, C10(13)], 40.9 [CH, C5(11)], 47.1 (CHa, C8), 59.4 (C, C7),
61.0 [C, C(CH3).l, 126.5 [CH, C2(3)], 128.0 [CH, C1(4)], 145.7 [d, C, C4a(C11a)], 176.2
(C, CN), 193.8 (C, CO).

MS (EI), m/% (%); significant ions: 355 (24), 354 (M"", 100), 285 (34), 211 [(CxHuw)", 35],
210 (11), 169 (14), 156 (15), 155 (100), 154 (10), 143 (35), 141 (29), 129 (27), 128 (21), 117
(11), 115 (18).

Elemental analysis:
Calculated for Cy1H26N,OS: C 71.15% H 7.39% N 7.90% S 9.04%
Calculated for C51H26N,0S-0.75CH;OH-0.1DCM: C 67.81% H 7.60% N 7.24% S 8.28%

Found: C67.98% H 7.22% N 7.29% S 7.88%

Preparation of MN(9-hydroxy-6,7,8,9,10,11-hexahydro-5 H#5,9:7,11-

dimethanobenzo[9]annulen-7-yl)piperidine-1-carboxamide, 62

OH o OH
+ Cl I\O
RT igh
, overnight ’,\‘)J\N
62 H

NH,
46

1-Piperidinecarbonyl chloride (0.162 mL, 1.30 mmol) and triethylamine (0.328 mL,
2.36 mmol) were added to a solution of amine 46 (270 mg, 1.18 mmol) in DCM (10 mL)
and the reaction mixture was stirred at room temperature overnight. Saturated aqueous
NaHCQO;s solution (15 mL) was added and the phases were separated. The aqueous phase
was extracted with further DCM (2 x 15 mL), and the combined organic phases were dried

over anh. Na;SOy, filtered and concentrated in vacuo to give a yellow solid (472 mg).
Column chromatography (ALO3;, DCM/methanol mixtures) gave 62 (288 mg, 64% overall

yield) as a white solid, that was washed with pentane for obtaining an analytical sample.
Analytical and spectroscopic data of compound 62:
Melting point: 188 - 190 °C.

IR (ATR) v: 3419, 2934, 2899, 2852, 1635, 1502, 1444, 1414, 1375, 1356, 1334, 1291, 1249,
1201, 1161, 1148, 1111, 1067, 1028, 992, 969, 907, 848, 762, 728, 625, 570, 544 cm™.

'H-RMN (500 MHz, CDCI5) 8: 1.48-1.59 [complex signal, 6 H, 16(18)-H,, 17-H,], 1.76 [d, ]



CHAPTER 2 | 283

= 13.0 Hz, 2 H, 10(13)-HyJ, 1.90-2.02 [complex signal, 4 H, 6(12)-Hy, 10(13)-H.], 2.09 (s, 2
H, 8H,), 2.17 [ddd, ] = 13.0 Hz, ]’ = 6.5 Hz,]” = 1.5 Hz, 2 H, 6(12)-H.], 3.16 [tt, ] = 6.5 Hz,
]’ = 1.5 Hz, 2 H, 5(11)-H], 3.23 [m, 4 H, 15(19)-H,], 7.05 [m, 2 H, 1(4)-H], 7.09 [m, 2 H,
3(2)-H].

PCRMN (125.7 MHz, CDCL3) 8: 24.3 (CH,, C17), 25.5 [CH,, C16(18)], 39.4 [CH,, C6(12)],
40.1 [CH, C5(11)], 42.4 [CH,, C10(13)], 44.9 [CH,, C15(19)], 49.1 (CH,, C8), 56.3 (C, C7),
71.0 (C, C9), 126.5 [CH, C2(3)], 128.0 [CH, C1(4)], 145.4 [d, C, C4a(C11a)], 156.4 (C,
CO).

MS-DIP (EI), m/z (%); significant ions: 341 (11), 340 (M, 48), 255 (41), 212 (9), 157 (13),
155(22), 144 (13), 141 (13), 129 (35), 128 (33), 127 (43), 115 (21), 112 (20), 86 (19), 85 (70),
84 (100), 69 (20), 57 (10), 56 (14).

Elemental analysis:
Calculated for Cy1H3sN,Ox: C 74.08% H 8.29%N 8.23%
Calculated fOI‘ C21H28N202'O.45CH3OH'O.2C5H1z: C 7301% H 879%N 759%

Found: C 73.17% H 8.43%N 7.23%

Preparation of MN(9-methyl-6,7,8,9,10,11-hexahydro-5 F5,9:7,11-

dimethanobenzo[9]annulen-7-yl)piperidine-1-carboxamide, 63

O
Me Me
P'§ TEA, DCM
+ Cl N (0]
RT, overnight NJJ\N
I
63 H O

NH,
19

1-Piperidinecarbonyl chloride (0.247 mL, 1.98 mmol) and triethylamine (0.367 mL,
2.64 mmol) were added to a solution of amine 19 (300 mg, 1.32 mmol) in DCM (15 mL).
The reaction mixture was stirred at room temperature overnight. To the resulting mixture
was added saturated aqueous NaHCQO; solution (15 mL) and the phases were separated.
The aqueous phase was extracted with further DCM (2 x 15 mL), and the combined organic

phases were dried over anh. Na;SOs, filtered and concentrated in vacuo to give a yellow
solid (419 mg). Column chromatography (Al,Os;, DCM/methanol mixtures) gave 63 (265
mg, 59% yield) as a white solid. The analytical sample was obtained washing with pentane.

Analytical and spectroscopic data of compound 63:
Melting point: 170 - 171 °C.

IR (ATR) v: 3361, 2914, 2850, 1617, 1525, 1479, 1439, 1404, 1360, 1343, 1275, 1261, 1228,
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1211, 1168, 1022, 978, 949, 852, 758, 576 cm.

'H-RMN (500 MHz, CDCls) &: 0.91 (s, 3 H, C9-CH3), 1.49-1.59 [complex signal, 8 H,
10(13)-Hy, 16(18)-H,, 17-H], 1.65 [ddm, J = 13.5 Hz, J’ = 6.5 Hz, 2 H, 10(13)-H.], 1.84 (s, 2
H, 8-H), 2.00 [d, J = 13.0 Hz, 2 H, 6(12)-Hy), 2.16 [ddm, J = 13.0 Hz, J’ = 6.5 Hz, 2 H, 6(12)-
H.], 3.06 [tt, ] = 6.5 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 3.22-3.25 [complex signal, 4 H, 15(19)-
Hl, 4.25 (s, 1 H, NH), 7.03 [m, 2 H, 1(4)-H], 7.06 [m, 2 H, 3(2)-H].

BCRMN (125.7 MHz, CDCl) 8: 24.4 (CH,, C17), 25.6 [CH,, C16(18)], 32.3 (CH3, C9-
CH3), 33.7(C, C9), 39.8 [CH,, C6(12)], 41.2 [CH, C5(11)], 41.3 [CH,, C10(13)], 44.9 [CH,,
C15(19)], 48.0 (CH,, C8), 53.6 (C, C7), 126.1 [CH, C2(3)], 127.9 [CH, C1(4)], 146.4 [d, C,
C4a(Cll1a)l, 156.6 (C, CO).

MS-DIP (EI), m/z (%); significant ions: 254 (18), 253 [(M-CsH;N)*, 100], 238 (25), 195
(10), 182 (14), 155 (32), 143 (13), 141 (15), 129 (17), 128 (15), 115 (15).

Elemental analysis:

Calculated for C,;H30N,O: C 78.06% H 8.93% N 8.28%
Found: C 78.05% H 9.11% N 8.06%
Preparation of MN(9A4luoro-5,6,8,9,10,11-hexahydro-7 H-5,9:7,11-

dimethanobenzo[9]annulen-7-yl)piperidine-1-carboxamide, 64

F Q F
+ Cl N
RT, ight
O , overnig 'I\I/U\N
64 H

NH,
48

1-Piperidinecarbonyl chloride (0.1 mL, 0.80 mmol) and triethylamine (0.213 mL, 1.54
mmol) were added to a solution of amine 48 (177.5 mg, 0.79 mmol) in DCM (9 mL) and
the reaction mixture was stirred at room temperature overnight. To the resulting mixture
was added saturated aqueous NaHCO; solution (10 mL) and the phases were separated.
The aqueous phase was extracted with further DCM (2 x 10 mL), and the combined organic
phases were dried over anh. Na;SOy, filtered and concentrated in vacuo to give a yellow
gum (246.3 mg). Column chromatography (Al,Os, DCM/methanol mixtures) gave 64 (68
mg, 26% vyield) as a white solid. The analytical sample was obtained by crystallization with
EtOAc/pentane.

Analytical and spectroscopic data of compound 64:

Melting point: 178 - 179 °C.
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IR (ATR) v: 3285, 2932, 2856, 1614, 1538, 1470, 1442, 1359, 1278, 1259, 1230, 1088, 1024,
1005, 968, 915, 865, 851, 804, 756, 648, 605, 570 cm™.

"H-RMN (500 MHz, CDCls) &8: 1.50-1.60 [complex signal, 6 H, 16(18)-H,, 17-H,], 1.91 [d, J
= 12.5 Hz, 2 H, 10(13)-H.], 2.03 [d, J = 13.5 Hz, 2 H, 6(12)-Hy], 2.12-2.22 [complex signal,
4 H, 6(12)-H., 10(13)-H.], 2.25 (d, Jcr = 6.5 Hz, 2 H, 8-H,), 3.20-3.27 [complex signal, 6 H,
5(11)-H, 15(19)-H,], 4.32 (s, 1 H, NH), 7.07 [m, 2 H, 1(4)-H], 7.11 [m, 2 H, 3(2)-H].

PCRMN (125.7 MHz, CDCL3) 8: 24.4 (CH,, C17), 25.6 [CH,, C16(18)], 39.3 [CH,, C6(12)],
39.6 [CH, d, YJor = 13.3 Hz, C5(11)], 40.1 [CH,, d, *Jer = 20.1 Hz, C10(13)], 44.9 [CH,,
C15(19)], 46.8 (CH,, d, *Jer = 17.8 Hz, C8), 51.1 (C, d, Jor = 11.4 Hz, C7), 95.4 (C, d, Jcr
=173.2 Hz, C9), 126.8 [CH, C2(3)], 128.1 [CH, C1(4)], 144.9 [d, C, C4a(C11a)], 156.3 (C,
CO).

MS (EI), m/z (%); significant ions: 258 (17), 257 [(CisHicFNO)", 100], 215 (12), 170 (10),
159 (13), 155 (10), 141 (9), 129 (13), 128 (12), 115 (15).

Elemental analysis:
Calculated for C;1H»FN,O: C 73.65% H 795% N 8.18%
Calculated for C;H»FN,O-0.1EtOAc: C 73.17% H 798% N 7.97%

Found: C 73.35% H 8.06% N 7.93%

Preparation of MN(9-methoxy-5,6,8,9,10,11-hexahydro-7 A-5,9:7,11-

dimethanobenzo[9]annulen-7-yl)piperidine-1-carboxamide, 65

O
OMe OMe
)J\ TEA, DCM
+ ClI N (@]
RT, overnight N/U\N
I
o 1

NH,
52

1-Piperidinecarbonyl chloride (0.04 mL, 0.33 mmol) and triethylamine (0.09 mL, 0.62
mmol) were added to a solution of amine 252(76 mg, 0.31 mmol) in DCM (3.5 mL) and
the reaction mixture was stirred at room temperature overnight. To the resulting mixture
was added saturated aqueous NaHCOs solution (5 mL) and the phases were separated. The
aqueous phase was extracted with further DCM (2 x 5 mL), and the combined organic
phases were dried over anh. Na;SOy, filtered and concentrated in vacuo to give a yellow
gum (201.4 mg). Column chromatography (Al,Os;, DCM/methanol mixtures) gave 65 (42
mg, 38% vyield) as a white solid.

Analytical and spectroscopic data of compound 65:
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Melting point: 172 - 173 °C.

IR (ATR) v: 3293, 2926, 2850, 2820, 1616, 1540, 1491, 1441, 1409, 1383, 1360, 1344, 1265,
1256, 1231, 1151, 1080, 1064, 1045, 1025, 994, 984, 969, 914, 848, 756, 638, 602 cm.

"H-RMN (500 MHz, CDCl;) §: 1.47-1.57 [complex signal, 6 H, 16(18)-H,, 17-H,], 1.43 [d, J
= 13.0 Hz, 2 H, 10(13)-H,J, 1.96 [m, 2 H, 10(13)-H.], 2.08 (s, 2 H, 8-H,), 2.07 [d, ] = 13.5
Hz, 2 H, 6(12)-Hy|, 2.14 [m, 2 H, 6(12)-H.), 3.18 [tt, ] = 6.5 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H],
3.23-3.27 [complex signal, 7 H, 15(19)-H, C9-OCHs], 4.31 (s, 1 H, NH), 7.05 [m, 2 H, 1(4)-
HJ, 7.09 [m, 2 H, 3(2)-H].

PCRMN (125.7 MHz, CDCL) 6: 24.4 (CH,, C17), 25.5 [CH,, C16(18)], 38.3 [CH,, C6(12)],
39.6 [CH,, C10(13)], 39.9 [CH, C5(11)], 44.9 [CH., C15(19)], 45.4 (CH., C8), 48.2 (CH;,
OCH,), 56.1 (C, C7), 74.8 (C, C9), 126.5 [CH, C2(3)], 128.0 [CH, C1(4)], 145.5 [d, C,
C4a(Cl1a)], 156.5 (C, CO).

MS (EI), m/z (%); significant ions: 270 (18), 269 [(C;H1wNO,)", 100], 238 (36), 226 (12),
195 (15), 182 (20), 171 (22), 159 (32), 158 (91), 155 (35), 153 (15), 150 (17), 141 (20), 129
(26), 128 (30), 127 (13), 115 (32).

Elemental analysis:
Calculated for C,;H30N,0O;: C 74.54% H 8.53% N 7.90%
Calculated for C;,H30N,0,:0.1CH5OH:  C 74.21% H 8.57% N 7.83%

Found: C 7411% H 8.54% N 7.67%

Preparation of (2 R-tert-butyl-2-[(9-fluoro-6,7,8,9,10,11-hexahydro-5 F5,9:7,11-
dimethanobenzo[9]annulen-7-yl)carbamoyl]pyrrolidine-1-carboxylate, 78

Y

EDC, HOBt, TEA,

F F
RT, ight
, overnig ',\‘
H N
78 o=<

NH,-HCl
48-HCI
=
Boc-D-proline (55 mg, 0.26 mmol), HOBt (52 mg, 0.38 mmol), EDC (59 mg, 0.38

mmol) and triethylamine (0.14 mL, 1.02 mmol) were added to a solution of amine 48-HCI

(75 mg, 0.28 mmol) in EtOAc (4 mL) and the mixture was stirred at room temperature
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overnight. To the resulting suspension was then added water (5 mL) and the phases were
separated. The organic phase was washed with saturated aqueous NaHCOj5 solution (5 mL)
and brine (5 mL), dried over anh. Na;SO, and filtered. Evaporation in wacuo of the
combined organic layers gave 78 (110 mg, 92% vyield) as a beige solid. The product was used

in next step without further purification or characterization.

Preparation of (2 R-N-9Aluoro-6,7,8,9,10,11-hexahydro-5 H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 79

85 wt. % o- H3PO4

F
o)
RT, 4 h
N
|
79 H

A solution of Boc-protected pyrrolidine 78 (110 mg, 1.26 mmol) in DCM (2 mL) and

85% o-phosphoric acid (0.26 mL, 3.90 mmol) was stirred at room temperature for 4 hours.

To the reaction mixture was then added water (5 mL) and the aqueous phase was basified
until pH ~12 with 5 N NaOH solution. The phases were separated and the aqueous phase
was extracted with further DCM (2 x 5 mL). The combined organic layers were dried over
anh. Na;SQO,, filtered and evaporated in vacuo to give 79 (82 mg, quantitative yield) as a
maroon gum. The product was used in next step without further characterization or

purification.

Preparation of (2 R)-1-ethyl- M(9-fluoro-6,7,8,9,10,11-hexahydro-5 H-5,9:7,11-

dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 77-tartrate

) EtBr, KI, TEA, F
@@} DMF 5 °C, overnight @@} o OH ©
©) B
/gi> )-tartaric acid, MeOH ”\l% O\ﬂ/\)J\OH
H. z
77 ( ’\(‘a °
A solution of pyrrolidine 79 (82 mg, 0.25 mmol) in DMF (1.5 mL) was cooled to 5

°C with an ice bath. Then KI (4 mg, 0.03 mmol) and triethylamine (0.14 mL, 1.00 mmol)
were added, followed by the dropwise addition of a solution of ethyl bromide (29 mg, 0.26

OH

mmol) in DMF (0.5 mL). The reaction mixture was stirred at room temperature in an ice-
water bath overnight. To the resulting solution was added EtOAc (5 mL) and water (5 mL).
The phases were separated and the aqueous layer was extracted with further EtOAc (2 x 5

mL). The combined organic phases were washed with saturated aqueous NaHCOjs solution
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(5 mL) and brine (5 mL), dried over anh. Na;SQOy, filtered and concentrated in vacuo to give
an orange oil (74 mg). Column chromatography (SiO;, DCM/methanol mixtures) gave 77
(33 mg, 35% yield) as a white solid. A solution of L-(+)-tartaric acid (11 mg, 0.07 mmol) in
methanol (1 mL) was added to 77 directly. The solvents were removed under vacuo to give

77 as its tartrate salt.

Analytical and spectroscopic data of compound 77-tartrate:
Melting point: 94-96 °C.

IR (ATR) v: 3500-2800 (3432, 3381, 3285, 3063, 2923, 2856), 2553, 2363, 2182, 1962,
1721, 1667, 1563, 1441, 1395, 1358, 1341, 1301, 1235, 1118, 1074, 997, 863, 757, 663 cm’

1

"H-RMN (500 MHz, CD;OD) §: 1.28 (t, ] = 7.5 Hz, 3 H, NCH,CH35), 1.84 [d, ] = 11.5 Hz,
2 H, 10(13)-Hu], 1.99 (complex signal, 2 H, 16-H.,, 17-H.), 2.08 [d, ] = 13 Hz, 2 H, 6(12)-H.],
2.16 [complex signal, 6 H, 6(12)-H., 10(13)-H,, 17-H.), 2.24 (d, ] = 6.5 Hz, 2 H, 8-H), 2.50
(m, 1 H, 16-Hy), 3.17 (complex signal, 3 H, NCH,CHjs, 18-H.), 3.27 [m, 2 H, 5(11)-H], 3.68
(m, 1 H, 18-Hy), 3.95(dd, ] = 8.5 Hz, ]’ = 7 Hz, 1 H, 15-H), 4.45 (s, 2 H, tartrate-CH), 7.11
[complex signal, 4 H, Ar-H].

BC.RMN (125.7 MHz, CD;OD) &: 11.4 (CH;, NCH,CH3), 24.0 (CH,, C17), 31.1 (CH,,
C16), 39.1 [CH,, d, YJcr = 7.4 Hz, C6(12)], 40.9 [CH, d, Jcr = 12.9 Hz, C5(11)], 41.2 [CH,,
d, JJer = 20.1 Hz, C10(13)], 46.6 (CHa, d, JJcr = 18.9 Hz, C8), 51.4 (CH,, NCH,CH3), 55.6
(CH,, C18), 59.3 (C, d, *Jcs = 11.2 Hz, C7), 68.6 (CH, C15), 73.8 (CH, tartrate-CH), 94.6
(C, d, Jer = 177.6 Hz, C9), 128.1 [CH, C2(3)], 129.2[CH, C1(4)], 146.1 [C, C4a(C11a)),
168.4 (C, CO), 176.9 (C, tartrate-CO).

MS (DEPEI), m/z (%); significant ions: 99 (27), 98 (100), 97 (26), 96 (11), 76 (13), 71 (10),
70 (34), 69 (14), 68 (11).

HRMS-ESI+ m/z [M+H]" caled for [C2.HoFN,O+H']: 357.2337, found: 357.2338.
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1Cso assay determination
a) Buffer preparation:

The buffer utilized was bis-tris with an ionic strength of 25 mM, supplemented with
0.1 mg BSA fraction V per mL of buffer and prepared with water filtered through a MilliQ
reagent water system (Millipore Corp., Bedford, MA, USA). The pH was adjusted to 7.0
with 1 N HCl solution.

b) Substrate preparation:

(3-Phenyl-oxiranyl)-acetic  acid  cyano-(6-methoxy-naphthalen-2-yl)-methyl  ester
(PHOME, Cayman Chemical, item number 10009134) was employed as a fluorescent
substrate at a final concentration of 5 uM. As the total volume of the assay is 200 pL in all
the wells, a 200 uM-solution of PHOME in DMSO was prepared prior to the assay

performance.
c) Enzyme dilution:

Beforehand to assaying, human recombinant sEH, purchased by Cayman Chemical,

was diluted with cold assay buffer (588 pL) and kept on ice during the assay, no longer than
4 hours.

d) Preparation of inhibitors:

Each compound was dissolved in DMSO so as to prepare an 800 uM-stock solution.
Serial dilutions in DMSO were followed in order to have a range of concentrations for the
compound testing (from 0.05 to 20 nM). In that the final concentration of the assay is 40x
diluted, the compounds were prepared 40 times more concentrated (from 2 to 800 nM).

Five different concentrations were used for each compound.
e) Assay performance:

For every determination, the 96-well black microplate (Greiner Bio-one, item n°
655900) was designed so to have at least a duplicate of the background and a triplicate of

each concentration of inhibitor, as well as a triplicate of 100% activity.

Table 25 discloses the pipetting summary for performing the assay.
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Table 25. Reagents of the inhibitory assay and addition order.

Solvent Assay Buffer +
Well Assay Buffer Inhibitor sEH
(DMSO) Substrate
Background 90 uL 5uL - - 100 uL + 5 puL
Positive control 85 uL 5uL - 5uL 100 uL + 5 pL
Inhibitor 85 uL - 5uL 5uL 100 pL +5puL
Addition order 1 2 3 4 5

As shown in Table 25, a pre-mixture of the assay buffer and the substrate was prepared
for its final addition with a multichannel pipette.

After the addition of the substrate, the microplate was carefully shaken for 10 seconds
and incubated for 5 minutes at room temperature. Enzyme activity was measured by means
of the fluorescence appearance of the hydrolysed product 6-methoxy-2-naphthaldehyde
over 10 min with a FLUOstar OPTIMA microplate reader (BMG) (excitation wavelength:

337 nm; emission wavelength: 460 nm).
f)  Pharmacological results:

Results were obtained by regression analysis from at least three data points in a linear
region of the curve. ICso values are average of minimum three independent replicates.

Results are given as means * standard error.
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Apparent or semi-equilibrium solubility measurements
a) Calibration curve of a standard, 109:

Compound 109 was used as a standard for calculating the linear regression of

concentration s area. In this manner, the calibration curve was obtained from six standard

stock solutions with UV detection at 225 and 254 nm (r = 0.99) (Table 26).

Table 26. Area values for six standard stock solutions at 225 and 254 nm.

Concentration Area

ug/mL  pumol/mL 225 nm 254 nm

100 0.3042 6056764 965689
50 0.1521 2966801 560875
10 0.0304 503418 125001
5 0.0152 200315 70518
1 0.0030 34244 10530
0,1 0.0003 30309 3147

The measurement was performed by HPLC (Waters), with an Akady ODS-C18
column (250 mm x 4.6 mm, 5 um) at room temperature. Ten microliters of the samples
were injected into the column. The conditions were the following: flow rate of 0.55

mL/min with an isocratic elution for 25 min (0.1% formic acid in acetonitrile/0.1% formic

acid in water, 75:25 (v/v)).

b) Sample preparation for solubility measurements:

Solubility samples were prepared according to the method described by Tsai et al.””

Each compound (~1 mg) was added into sodium phosphate buffer (0.1 M sodium
phosphate, pH 7.4, 1 mL) to create a suspension, which was equilibrated for 24 h at room
temperature. The suspension was then centrifuged (8,000 rpm, 5 min, RT) using
centrifuge. The supernatant was transferred to new Falcon™ tube and was diluted 10 times
with methanol to precipitate the salts. The solution was centrifuged (8,000 rpm, 5 min,
RT) by centrifuge and the supernatant was filtered through PTFE membrane filters (0.22
um) to a vial. The samples were kept at -20 °C before being analysed by HPLC, if necessary.

c) Solubility determination:

Two different conditions were applied depending on the compound for testing:
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- Conditions A: flow rate of 0.55 mL/min with an isocratic elution for 25 min (0.1%

formic acid in acetonitrile/0.1% formic acid in water, 75:25 (v/v)).

- Conditions B: flow rate of 0.60 mL/min with an isocratic elution for 15 min (0.1%

formic acid in acetonitrile/0.1% formic acid in water, 92:8 (v/v)).

Compounds 170-183 and 192-193 were measured applying conditions A, whereas
compounds 184, 188 and 195 were tested using conditions B, either at 225 nm or at 254

nm.
d) Correction factor calculation:

The absorbance of a 1 mM solution of 184, 188 and 195 in methanol was measured
by HPLC, as well as of a 1 mM solution of the standard 109 in methanol. The correction
factors were determined for each compound (Table 27).

Table 27. Correction factor applied for the determination of the solubility of compounds 184,
188 and 195.

Correction
Comp.
factor
184 2.28
188 2.81
195 3.27

e) Results:

Apparent solubility results are average of minimum two independent replicates in
ug/mL * standard deviation.
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In vitro cell cultures
a) Cell culture:

Human Huh-7 were maintained in a humid atmosphere of 5% CO; at 37 °C in
high glucose (25 mmol/L) Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% heat-inactivated fetal bovine serum (FBS), 1% of penicillin/streptomycin (10.000
units/mL of penicillin and 10.000 pg/mL of streptomycin) and 1% of amphotericin B (250

png/mlL).
b) Cell treatment:

Huh-7 cells were serum-starved overnight prior to treatment. Lipid-containing media
were prepared by conjugation of palmitic acid with fatty acid-free BSA, as previously
described.’” Cells were pre-treated with the inhibitors (final concentration 1 pmol/L) for 1
hour before treatment with palmitate (final concentration 0.5 mmol/L) and inhibitors
(final concentration 1 pmol/L). For each condition, at least 3 replicates were performed.

Following 48 hours of incubation, RNA or protein were extracted as described below.
c) Immunoblotting:

To obtain total protein, hepatocytes were homogenized in RIPA lysis buffer (Sigma)
with 5 mmol/L NaF, 1 mmol/L phenylmethylsulfonyl fluoride, 10 mmol/L sodium
orthovanadate and 5.4 pg/mL aprotinin at 4 °C for 30 min. The homogenate was
centrifuged at 10.000 g for 20 min at 4 °C. Protein concentration was measured by the
Bradford method. Total proteins (30 pg) were separated by SDS-PAGE on 10% separation
gels and transferred to Immun-Blot® polyvinylidene difluoride membranes (BioRad).
Western blot analysis was performed using antibodies against BiP, CHOP and ATF3 (Cell
Signalling Technology or Santa Cruz Biotechnology). Detection was achieved exposing to
Hyperfilm-ECL films, and analysed using an imaging system (Alpha Innotech, CA) to
obtain densitometric values. The equal loading of proteins was assessed by detection of

GAPDH. The size of proteins detected was estimated using protein molecular-mass

standards (BioRad).
d) Real-Time PCR:

Total RNA in hepatocytes was harvested by TRIsure (Bioline) according to the
manufacturer’s instructions. The extracted RNA was dissolved in RNase-free water and
concentrations of total RNA were quantified using a NanoDrop 2000c¢ spectrophotometer
(Thermo Scientific). Firststranded ¢cDNA was synthesized from 0.5 pg total RNA
(Fermentas Life Science). Primer Express Software (Applied Biosystems, Foster City, CA,
USA) was used to design the primers examined with SYBR Green I (Table 28). The PCR
reaction contained 10 ng of reverse-transcribed RNA, 2X IQ™ SYBRGreen Supermix
(BioRad, Barcelona, Spain) and 900 nmol/L concentration of each primer. Optical primer

amplification efficiency for each primer set was assessed and a dissociation protocol was
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carried out to assure a single PCR product. PCR assays were performed on a
MiniOpticon™ Real-Time PCR system (BioRad). Thermal cycling conditions were as
follows: activation of Taqg DNA polymerase at 95 °C for 10 min, followed by 40 cycles of
amplification at 95 °C for 15 sec and 60 °C for 1 min. The relative levels of specific mRNA
were estimated from the value of the threshold cycle (Ct) of the real-time PCR adjusted by
that of GAPDH through the formula 2A“ (ACt = Gene of interest Ct - GAPDH Ct).

Table 28. Primer sequences of selected genes for quantitative real-time PCR.

Gene Primer sequence

Forward 5-AAGAACGAGAAGCAGCATTTGAT-3’

hATE3
Reverse 5 TTCTGAGCCCGGACAATACAC-3’
Forward 5- ACTATTGCTGGCCTAAATGTTATGAG-
hBIP 3
Reverse 5" TTATCCAGGCCATAAGCAATAGC.3’
Forward 5- GGAAATGAAGAGGAAGAATCAAAAAT.
hCHOP 3
Reverse 5-GTTCTGGCTCCTCCTCAGTCA-3
Forward 5-GGCCTCCAAGGAGTAAGACC S
hGAPDH

Reverse 5-AGGGGTCTACATGGCAACTG-3’

e) Statistical analysis:

Results are expressed as means + SD of 3-6 separate experiments. Significant
differences were stablished by one-way ANOVA using the GraphPad Instat programme
(GraphPad Software V5.01; GraphPad Software Inc., San Diego, CA). When significant
variations were found, the Tukey-Kramer multiple comparisons test was applied.

Differences were considered at P < 0.05.
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