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Fig. 100. 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 vs 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:   

 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. 

 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. 

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

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

 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. 
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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 IC50 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 IC50 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 IC50 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 (IC50 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 IC50 values 

than the standard t-AUCB, 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 



 



 
  General Methods  245 

General Methods 

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

300 MHz 1H NMR spectra, 400 MHz 1H/100.6 MHz 13C NMR spectra, and 500MHz 
1H/125.7 MHz 13C NMR spectra were recorded on Varian Gemini 300, Varian Mercury 
400, and Varian Inova 500 spectrometers, respectively. The chemical shifts are reported in 
ppm (δ 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-i); 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 ºC ( 1 min), with a gradient of 15 ºC/min 
up to 300 ºC, and a temperature in the source of 230 ºC. 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 Científics i Tecnològics 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 Microanàlisi of IIQAB (CSIC) of Barcelona. 

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

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

Thin-layer chromatography was performed with aluminium–backed sheets with either 
silica gel 60 F254 or aluminum oxide 60 Å, and spots were visualized with UV light, 1% 
aqueous solution of KMnO4 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. 
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Solvent purification was carried out following the procedures described in: Perrin, D. 

D.; Armarego, W. L. F. Purification of Laboratory Chemicals, 4th 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 1H and 13C, IR, elemental analysis or accurate mass and GC/MS. All 
1H and 13C NMR signlas were assigned by reason of homocorrelation 1H/1H (COSY and 
NOESY) and heterocorrelation 1H/13C (HSQC) experiments. 
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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-5H-benzocycloheptane-7,11-diol, 28168 

 

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 ºC 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% yield). 

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. HCl (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 ºC 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, 25165  

 

 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 ºC for 45 minutes under N2 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 ºC 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. Na2SO4, 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% yield) as a white solid. The spectroscopic data were identical to those previously 
published. 

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

 

 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 ºC with an ice 
bath. Then conc. H2SO4 (0.79 mL, 14.82 mmol) was added dropwise without reaching a 
temperature greater than 10 ºC. 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. Na2SO4, filtered 

and evaporated in vacuo to give a white solid (2.68 g). Purification by column 
chromatography (Al2O3, 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 ºC. 

IR (ATR) ν: 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 
cm-1. 

1H-NMR (400 MHz, CDCl3) δ: 1.78 [d, J = 12.8 Hz, 2 H, 10(13)-Hb], 1.97 [m, 2 H, 10(13)- 

Ha], 2.04 [d, J = 12.8 Hz, 2 H, 6(12)- Hb], 2.12 (s, 2 H, 8-H2), 2.19 [m, 2 H, 6(12)- Ha], 3.21 

[t, J = 6.4 Hz, 2 H, 5(11)-H], 3.93 (s, 2 H, CH2Cl), 6.36 (s, 1 H, NH), 7.08 [m, 2 H, 1(4)-H], 
7.13 [m, 2 H, 2(3)-H]. 

13C-NMR (100.6 MHz, CDCl3) δ: 38.2 [CH2, C6(12)], 39.9 [CH, C5(11)], 42.4 [CH2, 
C10(13)], 42.8 (CH2, CH2Cl), 47.9 (CH2, 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-35Cl)+, 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]+ calcd for [C17H20ClNO2+H]+: 306.1255, found: 306.1249. 

 

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

  

 

 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. Na2SO4, filtered and concentrated in vacuo to give 46 as a white solid. Its 
hydrochloride was obtained by adding an excess of Et2O·HCl 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·HCl: 

Melting point: > 315 ºC (dec.). 

IR (ATR) ν: 3273, 2902, 2872, 2638, 2569, 2088, 1633, 1531, 1493, 1441, 1355, 1314, 1272, 
1106, 1094, 1015, 972, 902, 764, 640, 580 cm-1. 

1H-NMR (500 MHz, CD3OD) δ: 1.75 [d, J = 12.5 Hz, 2 H, 6(12)-Hb], 1.81 [d, J = 13.0 Hz, 2 
H, 10(13)- Hb], 1.89 (s, 2 H, 8-H2), 1.98 [m, 2 H, 6(12)- Ha], 2.05 [m, 2 H, 10(13)- Ha], 3.30 

[tt, J = 6.5 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 7.13 (m, 4 H, Ar-H). 

13C-NMR (125.7 MHz, CD3OD) δ: 39.0 [CH2, C10(13)], 40.7 [CH, C5(11)], 42.8 [CH2, 
C6(12)], 47.9 (CH2, C8), 57.5 (C, C7), 70.9 (C, C9), 128.3 [CH, C2(3)], 129.3 [CH, C1(4)], 
145.7 [C, C4a(C11a)]. 

MS (EI), m/z (%); significant ions: 229 (M·+, 100), 214 (10), 196 (C15H16
·+, 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 C15H20ClNO:                     C  67.79%    H  7.58%   Cl13.34%    N  5.27% 

Calculated for C15H20ClNO·0.20H2O:      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-7H-5,9:7,11-
dimethanobenzo[9]annulen-7-ol hydrochloride, 50·HCl  

  

 

 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 NaBH3CN (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. Na2SO4, 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 Et2O·HCl. The analytical sample was obtained 
by crystallization with methanol/diethyl ether.  

Analytical and spectroscopic data of compound 50·HCl: 

Melting point: 241-242 ºC. 

IR (ATR) ν: 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-1. 

1H-NMR (500 MHz, CD3OD) δ: 1.74 [d, J = 14.0 Hz, 2 H, 6(12)-Hb], 1.96-2.02 [m, 6 H, 

10(13)-Hb, 8-H2, 6(12)-Ha], 2.14 [m, 2 H, 10(13)-Ha], 2.83 (s, 6 H, N-CH3), 3.38 [tt, J = 6.5 

Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 7.14 (s, 4 H, Ar-H). 

13C-NMR (125.7 MHz, CD3OD) δ: 34.1 [CH2, C10(13)], 37.5 (CH3, N-CH3), 40.5 [CH, 
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C5(11)], 42.6 [CH2, C6(12)], 45.5 (CH2, 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 C17H24ClNO:                    C  69.49%   H  8.23%   Cl  12.07%  N  4.77% 

Calculated for C17H24ClNO·0.50H2O:     C 67.42%   H 8.32%     Cl 11.71%   N 4.63%                                                      

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

 

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

  

 

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 
NaHCO3 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. 

Na2SO4, 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-7H-5,9:7,11-dimethanobenzo[9]annulen-7-
amine hydrochloride, 23·HCl  

  

 

To a solution of amine 47 (700 mg, 2.54 mmol) in dry and deoxygenated toluene (14.2 

mL) under N2 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 ºC for 1 hour. After addition of further AIBN (62.5 mg, 0.38 mmol) the solution was 
kept to 95 ºC 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 HCl solution (15 mL). The phases were separated and the organic layer was 
extracted with further 2 N HCl 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. Na2SO4, 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 Et2O·HCl. 

Analytical and spectroscopic data of compound 23·HCl: 

Melting point: > 330 ºC (dec.). 

IR (ATR) ν: 3426, 2987, 2903, 2856, 2633, 2545, 2159, 2050, 1604, 1506, 1493, 1446, 
1371, 1312, 1273, 1220, 1119, 1092, 1059, 1006, 954, 752, 611 cm-1. 

1H-NMR (500 MHz, CD3OD) δ: 1.79 [dm, J = 14.0 Hz, 2 H, 10(13)-Hb], 1.91 [d, J = 13.0 
Hz, 2 H, 6(12)- Hb], 1.97 (s, 2 H, 8-H2), 2.01 [m, 2 H, 10(13)-Ha], 2.13 [m, 2 H, 6(12)- Ha], 

2.45 [m, 1 H, 9-H], 3.17 [tt, J = 6.0 Hz, J’ = 2.0 Hz, 2 H, 5(11)-H], 7.09 (broad s, 4 H, Ar-
H).  

13C-NMR (125.7 MHz, CD3OD) δ: 32.2 (CH, C9), 34.7 [CH2, C10(13)], 39.9 [CH2, 
C6(12)], 40.5 (CH2, 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 C15H20ClN:                       C  72.13%   H  8.07%   Cl  14.19%   N  5.61% 
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Calculated for C15H20ClN·0.60H2O:       C  69.14%    H  8.20%   Cl  13.60%  N 5.38% 

Found:                                C  68.85%     H  7.91%    Cl  13.68%   N  5.417% 

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

  

 

 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 NaBH3CN (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. Na2SO4, filtered and concentrated in vacuo. 
An excess of Et2O·HCl 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·HCl: 

Melting point: 253 - 255 ºC. 

IR (ATR) ν: 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-1. 

1H-NMR (500 MHz, CD3OD) δ: 1.78 [broad d, J = 14.0 Hz, 2 H, 6(12)-Hb], 2.00-2.09  [m, 

6 H, 6(12)-Ha, 8-H, 10(13)-Hb], 2.19 [dm, J = 12.5 Hz, J’ = 6.5 Hz, 2 H, 10(13)-Ha], 2.53 [m, 

1 H, 9-H], 2.80 [s, 6 H, N-CH3], 3.26 [broad t, J = 6.5 Hz, 2 H, 5(11)-H], 7.10 (m, 4 H, Ar-
H). 

13C-NMR (125.7 MHz, CD3OD) δ: 32.8 (CH, C9), 34.6 [CH2, C6(12)], 35.0 [CH2, 
C10(13)], 37.0 (CH3, N-CH3), 37.8 (CH2, C8), 41.8 [CH, C5(11)], 65.6 (C, C7), 128.0 [CH, 
C2(3)], 129.2 [CH, C1(4)], 146.7 [C, C4a(C11a)]. 

MS (EI), 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 C17H24ClN:                             C 73.49%  H 8.71%  Cl 12.76%  N 5.04% 

Calculated for C17H24ClN·1.3H2O·0.15HCl: C 66.57%  H 8.79%  Cl 13.29%  N 4.57%  

Found:                                      C 66.51%  H  8.52%  Cl 13.08%  N 4.60% 

 

Preparation of 2-chloro-N-(9-chloro-5,6,8,9,10,11-hexahydro-7H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)acetamide, 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 (Al2O3, 0-10% 
methanol/DCM) gave 40 (297 g, 56% yield) 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 ºC. 

IR (ATR) ν: 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-1. 

1H-NMR (400 MHz, CDCl3) δ: 2.05 [d, J = 13.2 Hz, 2 H, 6(12)- Hb], 2.18 [d, J = 13.2 Hz, 2 
H, 10(13)- Hb], 2.27  [m, 2 H, 6(12)-Ha], 2.40 [m, 2 H, 10(13)-Ha], 2.55 [s, 2 H, 8-H], 3.28 

[tt, J = 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]. 

13C-NMR (100.6 MHz, CDCl3) δ: 37.8 [CH2, C6(12)], 41.0 [CH, C5(11)], 42.8(CH2, C14), 
44.3 [CH2, C10(13)], 49.6 (CH2, C8), 56.7 (C, C9), 68.7 (C, C7), 127.0 [CH, C2(3)], 128.2 
[CH, C1(4)], 144.4 [C, C4a(C11a)], 164.6 (C, C14). 

MS (EI), m/z (%); significant ions: 327 [M·+ (37Cl2), 5], 325 [M·+ (35Cl37Cl), 20], 323 [M·+ 
(35Cl2), 32], 290 [(C17H19

37ClNO)·+, 13], 288 [(C17H19
35ClNO)·+, 34], 233 (14), 232 (42), 231 
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(40), 230  [(C15H15
35Cl)·+, 100], 207 (21), 196 (19), 195 [(C15H15)·+, 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]+ calcd for [C17H19Cl2NO+H]+: 324.0916, found: 324.0913. 

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

  

 

 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. Na2SO4, filtered and concentrated in vacuo to give 42 as a yellow solid. An excess of 
Et2O·HCl 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·HCl: 

Melting point: > 315 ºC (dec.). 

IR (ATR) ν: 2906, 2850, 2673, 2559, 2176, 1601, 1509, 1494, 1452, 1361, 1309, 1297, 1213, 
1170, 1090, 1070, 1036, 1007, 967, 945, 877, 804, 756 cm-1. 

1H-RMN (500 MHz, CD3OD) δ: 1.87 [d, J = 13 Hz, 2 H, 10(13)-Hb], 2.10-2.17 [complex 

signal, 4 H, 10(13)-Ha, 6(12)-Hb], 2.35 (s, 2 H, 8-H2), 2.41 [m, 2 H, 6(12)- Ha], 3.33 [tt, J = 

6.5 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 7.12-7.17 (complex signal, 4 H, Ar-H). 

13C-RMN (125.7 MHz, CD3OD) δ: 38.3 [CH2, C10(13)], 41.8 [CH, C5(11)], 45.0 [CH2, 
C6(12)], 50.0 (CH2, 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 (EI), m/z (%); significant ions: 248 [(M+H)·+, 12], 214 (52), 213 [(M-Cl+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]+ calcd for [C15H18ClNO+H]+: 248.1021, found: 248.1202. 
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Elemental analysis:  

Calculated for C15H19Cl2N:                      C  63.39%   H  6.74%    N  4.93% 

Calculated for C15H19Cl2N·0.50H2O:       C  61.44%   H  6.87%    N  4.78% 

Found:                                 C  61.37%   H  6.61%    N  4.78% 

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

  

 

 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. 

Na2SO4, filtered and concentrated in vacuo. Purification by column chromatography 
(Al2O3, 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 Et2O·HCl.  

Analytical and spectroscopic data of compound 49·HCl: 

Melting point: 265 - 270 ºC. 

IR (ATR) ν: 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-1. 

1H-NMR (500 MHz, CD3OD) δ: 2.02 [d, J = 12.5 Hz, 2 H, 6(12)-Hb], 2.13 [d, J = 13.5 Hz, 
2 H, 10(13)-Hb], 2.23 [m, 2 H, 6(12)-Ha], 2.44 [m, 2 H, 8-H, 10(13)-Ha], 2.47 (s, 2 H, 8-H2), 

2.85 [s, 6 H, N(CH3)2], 3.41 [t, J = 7 Hz, 2 H, 5(11)-H], 7.16 (s, 4 H, Ar-H). 

13C-NMR (125.7 MHz, CD3OD) δ: 33.6 [CH2, C6(12)], 37.7 [CH3, N(CH3)2], 41.6 [CH, 
C5(11)], 44.9 [CH2, C10(13)], 47.2 (CH2, 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 (EI), m/z (%); significant ions: 275 (M·+, 18), 240 [(M-Cl)·+, 100], 233 (11), 184 (17). 

HRMS-ESI+ m/z [M+H]+ calcd for [C17H23ClN+H]+: 276.1514, found: 276.1514. 

Elemental analysis:  

Calculated for C17H23Cl2N:                        C  65.39%   H  7.42%   Cl 22.70%     N  4.49% 

Calculated for C17H23Cl2N·0.80MeOH:    C  63.27%   H  7.81%   Cl 20.98%     N   4.16% 

Found:                                  C  63.12%   H  7.54%    Cl 20.74%    N  4.16% 

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

 

 A solution of amine 46 (400 mg, 1.75 mmol) in DCM (6 mL) was cooled to -30 ºC 
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. 

Na2SO4, filtered and concentrated in vacuo to about 5 mL. An excess of Et2O·HCl was 

added and the amine 48·HCl was recovered by filtration in vacuo (205.5 mg, 44% yield) as 
a white solid.  

Analytical and spectroscopic data of compound 48·HCl: 

Melting point: 280 ºC (dec.). 

IR (ATR) ν: 3280, 2934, 2854, 2701, 2649, 2580, 1626, 1542, 1493, 1453, 1367, 1326, 
1259, 1218, 1094, 998, 900, 860, 757, 708, 594, 577 cm-1. 

1H-NMR (500 MHz, CD3OD) δ: 1.85 [broad d, J = 15 Hz, 2 H, 6(12)-Hb], 1.89 [broad d, J 
= 10 Hz, 2 H, 10(13)-Hb],  2.10-2.15  [m, 4 H, 6(12)-Ha, 8-H2], 2.19 [m, 2 H, 10(13)-Ha], 3.39 
[m, 2 H, 5(11)-H], 7.15 (s, 4 H, Ar-H). 

13C-NMR (125.7 MHz, CD3OD) δ: 38.7 [CH2, s, C6(12)], 40.2 [CH, d, 3JC-F = 12.8 Hz, 

C5(11)], 40.6 [CH2, d, 2JC-F = 20.5 Hz, C10(13)], 45.9 (CH2, d, 2JC-F = 20.5 Hz, C8), 58.2 (C, 
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d, 3JC-F = 10.7 Hz, C7), 94.5 (C, d, 1JC-F = 179.1 Hz, C9), 128.5 [CH, s, 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]+ calcd for [C15H18FN+H]+: 232.1496, found: 232.1496. 

Elemental analysis:  

Calculated for C15H19ClFN:                     C  67.28%   H  7.15%   Cl 13.24%    N  5.23% 

Calculated for C15H19ClFN·0.75H2O:     C  64.05%   H  7.35%   Cl  12.60%   N  4.98% 

Found:                                C  63.61%   H  7.32%   Cl 13.11%     N  4.75% 

 

Preparation of 9-fluoro-N,N-dimethyl-5,6,8,9,10,11-hexahydro-7H-5,9:7,11-
dimethanobenzo[9]annulen-7-amine hydrochloride, 51·HCl  

  

 

 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 NaBH3CN (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. Na2SO4, filtered and concentrated in vacuo 
to about 5 mL. An excess of Et2O·HCl was added and the solvents were removed under 

vacuo to give the amine 51·HCl (67 mg, 23% yield).  

Analytical and spectroscopic data of compound 51·HCl: 

Melting point: 249 - 251 ºC. 

IR (ATR) ν: 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-1. 

1H-NMR (500 MHz, CD3OD) δ: 1.89 [d, J = 12.5 Hz, 2 H, 6(12)-Hb], 1.99 [d, J = 12 Hz, 2 
H, 10(13)-Hb], 2.19-2.24 [m, 6 H, 6(12)-Ha, 8-H2, 10(13)-Ha], 2.85 (s, 6 H, N-CH3), 3.47 [m, 
2 H, 5(11)-H], 7.17 (s, 4 H, Ar-H). 

13C-NMR (125.7 MHz, CD3OD) δ: 33.9 [CH2, s, C6(12)], 37.8 (CH3, s, N-CH3), 39.9 [CH, 

d, 3JC-F = 12.8 Hz, C5(11)], 40.6 [CH2, d, 2JC-F = 20.5 Hz, C10(13)], 43.3 (CH2, d, 2JC-F = 21.6 

Hz, C8), 69.5 (C, d, 3JC-F = 10.7 Hz, C7), 94.8 (C, d, 1JC-F = 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 C17H23ClFN:                               C 69.02% H 7.84%   Cl 11.98% N 4.73% 

Calculated for C17H23ClFN·0.30H2O·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-7H-5,9:7,11-
dimethanobenzo[9]annulen-7-ol, 53165  

  

 

 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 
NaHCO3 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. Na2SO4, 

filtered and evaporated in vacuo to give a yellow gum (541.3 mg). Purification by column 
chromatography (Al2O3, 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 ºC. 
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IR (ATR) ν: 3359, 2930, 2851, 1723, 1495, 1444, 1356, 1296, 1239, 1193, 1094, 1061, 
981, 900, 846, 758, 663 cm-1. 

1H-NMR (400 MHz, CDCl3) δ: 1.74 [dm, J = 12.0 Hz, 2 H, 10(13)-Hb], 1.78 [s, 2 H, 8-H2], 

1.81 [d, J = 13.0 Hz, 2 H, 6(12)-Hb], 1.90 [m, 4 H, 6(12)-Ha, 10(13)-Ha], 3.23 [tt, J = 6.4 Hz, 

J’ = 2.0 Hz, 2 H, 5(11)-H], 3.24 (s, 3 H, OCH3), 7.07-7.15 (m, 4 H, Ar-H).  

13C-NMR (100.6 MHz, CDCl3) δ: 37.8 [CH2, C10(13)], 39.6 [CH, C5(11)], 42.7 [CH2, 
C6(12)], 48.4 (CH3, OCH3), 48.9 (CH2, 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]+ calcd for [C16H19O+H; fragment]+: 227.1431, found: 227.1430. 

 

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

 

 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 ºC with an ice 
bath. Then conc. H2SO4 (0.180 mL, 3.38 mmol) was added dropwise without reaching a 
temperature greater than 10 ºC. 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. Na2SO4, 

filtered and evaporated in vacuo to give a white gum (570 mg). Column chromatography 
(Al2O3, 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-7H-5,9:7,11-
dimethanobenzo[9]annulen-7-amine, 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 HCl 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. Na2SO4, 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 ºC. 

IR (ATR) ν: 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-1. 

1H-NMR (400 MHz, CDCl3) δ: 1.61-1.66 [m, 4 H, 6(12)-Hb, 8-H2], 1.77 [m, 2 H, 6(12)-Ha], 

1.83-1.90 [m, 4 H, 10(13)-H2], 3.19 [broad t, J = 6.0 Hz, 2 H, 5(11)-H], 3.23 (s, 3 H, OCH3), 
7.05-7.13 (m, 4 H, Ar-H). 

13C-NMR (100.6 MHz, CDCl3) δ: 37.8 [CH2, C10(13)], 40.2 [CH, C5(11)], 43.3 [CH2, 
C6(12)], 48.2 (CH3, OCH3), 49.5 (CH2, 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 (EI), 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]+ calcd for [C16H21O+H]+: 244.1696, found: 244.1704. 
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Preparation of 5,6,8,9-tetrahydro-5,9-propanebenzocycloheptane-7,11-diene, 29165 

 

 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 ºC 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 ºC 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. Na2SO4, 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 N-(6,7,8,9,10,11-hexahydro-9-methyl-5,7:9,11-dimethano-5H-
benzocyclononen-7-yl)chloroacetamide, 5598 

 

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 ºC with an ice bath. Then conc. H2SO4 
(7.6 mL, 143.4 mmol) was added dropwise without reaching a temperature greater than 10 
ºC. 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. Na2SO4, 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-5H-
benzocyclononen-7-amine, 1998 

 

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 1N 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. Na2SO4, 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)-tert-butyl 2-[(9-hydroxy-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)carbamoyl]pyrrolidine-1-carboxylate, 71 

   

 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 HCl aqueous solution (2 x 25 mL), brine (25 mL), saturated NaHCO3 aqueous solution 
(2 x 25 mL) and brine (25 mL). The organic phase was separated, dried over anh. Na2SO4, 

filtered and concentrated in vacuo to give an orange oil (765 mg). Column chromatography 
(Al2O3, 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) ν: 3408, 3327, 2975, 2927, 1677, 1538, 1451, 1400, 1366, 1300, 1247, 1163, 1119, 
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1088, 1045, 978, 922, 862, 758 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 1.45 [s, 9 H, OC(CH3)3], 1.73 (m, 2 H, 17-H), 1.76 [d, J = 
13.0 Hz, 2 H, 10(13)-Hb], 1.83 (broad signal, 1 H, 16-Ha), 1.93-2.31 [complex signal, 9 H, 

10(13)-Ha, 6(12)-H2, 8-H, 16-Hb], 3.17 [t, 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]. 

13C-NMR (125.7 MHz, CDCl3) δ (mixture of two rotamers): 23.7 (CH2) and 24.1 (CH2) 
(two rotamers, C17), 28.4 [CH3, OC(CH3)3], 31.1 (broad CH2, C16), 38.4 [CH2, C6(12)], 
40.0 [CH, C5(11)], 42.4 [CH2, C10(13)], 47.1 (CH2, C18), 48.2 (CH2, 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]+ calcd for [C25H34N2O4+H]+: 427.2591, found: 427.2593. 

 

Preparation of (2R)-N-(9-hydroxy-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 72 

 

 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. 

Na2SO4 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) ν: 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-1. 

1H-NMR (500 MHz, CDCl3) δ: 1.66 (complex signal, 2 H, 17-H2), 1.78 [d, J = 13 Hz, 2 H, 
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10(13)-Hb], 1.85 (m, 1H, 16-Ha), 1.90-1.99 [complex signal, 4 H, 6(12)-Hb, 10(13)-Ha], 2.04-

2.11 (complex signal, 4 H, 8-H, 16-Hb), 2.15-2.25 [complex signal, 2 H, 6(12)-Ha], 2.83 (dt, J 

= 10.5 Hz, J’ = 6.5 Hz, 1 H, 18-Ha), 2.97 (dt, J = 10.5 Hz, J’ = 6.5 Hz, 1 H, 18-Hb), 3.17 [broad 

t, J = 6.5 Hz, 2 H, 5(11)-H], 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). 

13C-NMR (125.7 MHz, CDCl3) δ: 26.1 (CH2, C17), 30.8 (CH2, C16), 38.5 (CH2) and 38.6 
(CH2) (C6 and C12), 40.1 [CH, C5(11)], 42.4 [CH2, C10(13)], 47.2 (CH2, C18), 48.1 (CH2, 
C8),  55.9 (C, C7), 61.0 (CH, C15), 70.7 (C, C9), 126.6 [CH, C2(3)], 128.1 [CH, C1(4)], 
145.3 [C, C4a(C11a)], 174.1 (C, CO). 

Elemental analysis: 

Calculated for C20H26N2O2:                      C  73.59%      H  8.03% N  8.58% 

Calculated for C20H26N2O2·0.15DCM:          C  71.36%      H  7.82% N  8.26% 

Found:                                      C  71.48%      H  7.78% N  8.07% 

 

Preparation of (2R)-1-ethyl-N-(9-hydroxy-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 56 

 

 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 NaHCO3 solution (10 mL) 
and brine (10 mL). The organic phase was separated, dried over anh. Na2SO4, 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) ν: 3388, 2931, 2871, 1647, 1511, 1440, 1384, 1358, 1335, 1304, 1234, 1194, 1117, 
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1088, 1060, 761, 647 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 1.04 (t, J = 7.5 Hz, 3 H, NCH2CH3), 1.59-1.82 (complex 

signal, 3 H, 16-Ha, 17-H), 1.77 [d, J = 12.5 Hz, 2 H, 10(13)-Hb], 1.92 [d, J = 13 Hz, 2 H, 6(12)-
Hb], 1.97 [dd, J = 12.5 Hz, J’ = 6.5 Hz, 2 H, 10(13)-Ha], 2.02 (broad s, 1 H, OH), 2.11 (m, 1 
H, 16-Hb), 2.14 (s, 2 H, 8-H), 2.17-2.30 [complex signal, 3 H, 6(12)-Ha, 19-Ha], 2.45 (m, 1 H, 

18-Ha), 2.58 (m, 1 H, 18-Hb), 3.85 (dd, J = 10.0 Hz, J’ = 4.5 Hz, 1 H, 15-H), 3.12 (m, 1 H, 

19-Hb),  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)-H], 7.45 (broad s, 1 H, NH). 

13C-NMR (125.7 MHz, CDCl3) δ: 14.8 (CH3, NCH2CH3), 24.1 (CH2, C17), 30.7 (CH2, 
C16), 38.6 (CH2) and 38.7 (CH2) (C6 and C12), 40.1 [CH, C5(11)], 42.4 [CH2, C10(13)], 
48.1 (CH2, C8), 49.7 (CH2, C18),  53.8 (CH2, NCH2CH3), 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(C11a)], 174.3 (C, 
CO). 

Elemental analysis: 

Calculated for C22H30N2O2:                        C  74.54%      H  8.53%     N  7.90% 

Calculated for C22H30N2O2·0.1EtOAc:         C  74.06%      H  8.55%    N  7.71% 

Found:                                    C  73.93%      H  8.64%    N  7.71% 

 

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

 

 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 NaHCO3 solution (15 

mL) and brine (15 mL), dried over anh. Na2SO4 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) ν: 3296, 2917, 1706, 1684, 1657, 1560,  1450, 1385, 1363, 1287, 1238, 1179, 1161, 
1123, 1089, 1048, 1009, 982, 920, 756, 673, 574 cm-1. 

1H-NMR (400 MHz, CDCl3) δ (two rotamers): 0.91 (s, 3 H, C9-CH3), 1.46 [s, 9 H, 

OC(CH3)3], 1.53 [broad d, J = 13.5 Hz, 2 H, 10(13)-Hb], 1.65 [broad dd, J = 13.5 Hz, J’ = 6.5 

Hz, 2 H, 10(13)-Ha], 1.75-1.88 (complex signal, 4 H, 8-H, 17-H), 2.01 [broad d, J = 13 Hz, 2 

H, 6(12)-Hb], 2.13 [m, 2 H, 6(12)-Ha], 2.3 (very broad signal, 1 H, 16-Hb), 3.06 [t, J = 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]. 

13C-NMR (100.6 MHz, CDCl3) δ (two rotamers): 24.2 (broad CH2, C17), 28.4 [CH3, 
C(CH3)3], 31.1 (broad CH2, C16), 32.2 (CH3, C9-CH3), 33.6 (C, C9), 38.9 and 39.0 [CH2, 
C6(12)], 41.0 and 41.1 [CH, C5(11)], 41.11 and 41.15 [CH2, C10(13)], 47.0 (CH2, C8), 47.2 
(broad signal, CH2, 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 (EI), m/z (%); significant ions: 424 (M·+, <1), 211 (C16H19
+, 14), 171 (22), 170 (14), 

155 (19), 140 (8), 115 (22), 114 (100), 70 (60), 57 (22). 

HRMS-ESI+ m/z [M+H]+ calcd for [C26H36N2O3+H+]: 425.2799, found: 425.2803. 

 

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

 

 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. Na2SO4, 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) ν: 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-1. 

1H-NMR (500 MHz, CDCl3) δ: 0.91 (s, 3 H, C9-CH3), 1.53 [d, J = 13.0 Hz, 2 H, 10(13)-Hb], 
1.66 [complex signal, 4 H, 17-H, 10(13)-Ha], 1.86 (complex signal, 3 H, 8-H, 16-Ha), 1.99 

[dq, J = 13.0 Hz, J’ = 1.5 Hz, 2 H, 6(12)-Hb], 2.07 (m, 1 H, 16-Hb), 2.17 [m, 2 H, 6(12)-Ha], 

2.84 (dt, J = 10.5 Hz, J’ = 6.5 Hz, 1 H, 18-Ha), 2.97 (dt, J = 10.5 Hz, J’ = 6.5 Hz, 1 H, 18-Hb), 

3.06 [tq, J = 6.5 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 3.60 (dd, J = 9.0 Hz, J’ = 5.5 Hz, 1 H, 15-H), 
7.02-7.08 [complex signal, 4 H, Ar-H], 7.50 (broad s, 1 H, NH). 

13C-NMR (125.7 MHz, CDCl3) δ: 26.1 (CH2, C17), 30.8 (CH2, C16), 32.2 (CH3, C9-CH3), 
33.5 (C, C9), 38.9 (CH2) and 39.0 (CH2) (C6 and C12), 41.0 [CH, C5(11)], 41.1 (CH2) and 
41.2 (CH2) (C10 and C13), 47.0 (CH2, C8), 47.2 (CH2, C18),  53.3 (C, C7), 61.1 (CH, C15), 
126.2 [CH, C2(3)], 127.9 [CH, C1(4)], 146.3 [d, C, C4a(C11a)], 173.9 (C, CO). 

MS (CI), m/z (%); significant ions: 324 (M·+, <1), 211 (C16H19
·+, 1), 155 (4), 70 (100). 

Elemental analysis: 

Calculated for C21H28N2O:                  C  77.74%   H  8.70% N  8.63% 

Calculated for C21H28N2O·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 (2R)-1-ethyl-N-(9-methyl-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 57·tartrate 

 

 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 NaHCO3 solution (15 mL) and brine (15 mL), 

dried over anh. Na2SO4, filtered and concentrated in vacuo to give a clear oil (446 mg). 
Column chromatography (Al2O3, hexane/EtOAc mixtures) gave 57 (255 mg, 44% yield) as 
a white solid. A solution of L-(+)-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) ν: 3426, 3250, 3023, 2915, 1694, 1667, 1573, 1453, 1361, 1306, 1243, 1217, 1116, 
1080, 948, 893, 800, 761, 666 cm-1. 

1H-NMR (500 MHz, CD3OD) δ: 0.94 (s, 3 H, C9-CH3), 1.27 (t, J = 7.5 Hz, 3 H, NCH2CH3), 

1.50 [d, J = 13.5 Hz, 2 H, 10(13)-Hb], 1.69 [dd, J = 13.0 Hz, J’ = 6.0 Hz, 2 H, 10(13)-Ha], 1.80 
(s, 2 H, 8-H2), 1.93-1.99 (complex signal, 3 H, 16-Ha, 17-H), 2.11 [m, 2 H, 6(12)-Ha], 2.17 [d, 

J = 13 Hz, 2 H, 6(12)-Hb], 2.46 (m, 1 H, 16-Hb), 3.08 [tt, J = 6.5 Hz, J’ = 2 Hz, 2 H, 5(11)-H], 

3.13 (m, 1 H, 18-Ha), 3.19 (q, J = 7.5 Hz, 2 H, NCH2CH3), 3.66 (m, 1 H, 18-Hb), 3.96 (dd, J 

= 9 Hz, J’ = 6.5 Hz, 1 H, 15-H), 4.41 (s, 2 H, tartrate-CH), 7.02-7.065 [complex signal, 4 H, 
Ar-H]. 

13C-NMR (125.7 MHz, CD3OD) δ: 11.5 (CH3, NCH2CH3), 24.0 (CH2, C17), 31.2 (CH2, 
C16), 32.8 (CH3, C9-CH3), 34.5 (C, C9), 39.5 (CH2) and 39.6 (CH2) (C6 and C12), 42.4 
[CH and CH2, C5(11), C10(13)], 48.0 (CH2, C8), 51.3 (CH2, NCH2CH3), 55.6 (CH2, 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 for C27H38N2O7:                 C 64.52% H  7.62% N  5.57% 

Calculated for C27H38N2O7·1H2O:       C 62.29% H  7.74% N  5.38% 

Found:                             C 62.50% 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 

 

4-Amino-3,5-dichlorobenzoic acid (220.9 mg, 1.07 mmol), 1-hydroxybenzotriazole 
(HOBt) (216.7 mg, 1.6 mmol), 1-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 NaHCO3 solution (15 mL) and brine (15 mL), dried over anh. Na2SO4 

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) ν: 3362, 2923, 2853, 2160, 1976, 1643, 1606, 1547, 1519, 1492, 1452, 1321, 1299, 
1269, 1230, 1201, 1101, 1020, 864, 748, 570 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 1.58 (broad s, 1 H, OH), 1.81 [d, J = 12.5 Hz, 2 H, 10(13)-

Hb], 2.00 [m, 2 H, 10(13)-Ha], 2.12 [d, J = 13 Hz, 2 H, 6(12)-Hb], 2.19 (s, 2 H, 8-H), 2.27 

[ddd, J = 13.0 Hz, J’ = 6.5 Hz, J’’ = 1.0 Hz, 2 H, 6(12)-Ha], 3.23 [tt, J = 6.5 Hz, J’ = 1.5 Hz, 2 
H, 5(11)-H], 4.73 (broad s, 2 H, Ar-NH2), 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)]. 

13C-NMR (125.7 MHz, CDCl3) δ: 38.6 [CH2, C6(12)], 40.0 [CH, C5(11)], 42.5 [CH2, 
C10(13)], 48.4 (CH2, 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 for C22H22Cl2N2O2:              C  63.32%    H  5.31%      N  6.71% 
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Found:                         C  63.32%    H  5.35%     N  6.52% 

 

Preparation of 4-amino-3,5-dichloro-N-(9-methyl-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)benzamide, 59 

  

 4-Amino-3,5-dichlorobenzoic acid (165 mg, 0.80 mmol), 1-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 NaHCO3 solution (15 mL) and brine (15 mL), dried over anh. Na2SO4 and 

filtered. Evaporation in vacuo of the combined organic phases gave an orange solid (320 
mg). Column chromatography (Al2O3, 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) ν: 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-1. 

1H-NMR (500 MHz, CDCl3) δ: 0.95 (s, 3 H, C9-CH3), 1.58 [dt, J = 13.5 Hz, J’ = 1.5 Hz, 2 

H, 10(13)-Hb], 1.69 [ddm, J = 13.5 Hz, J’ = 6.5 Hz, 2 H, 10(13)-Ha], 1.93 (s, 2 H, 8-H), 2.15 

[dt, J = 13.0 Hz, J’ = 1.5 Hz, 2 H, 6(12)-Hb], 2.25 [ddm, J = 13.0 Hz, J’ = 6.5 Hz, 2 H, 6(12)-

Ha], 3.11 [tt, J = 6.5 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 4.71 (broad s, 2 H, NH2), 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)]. 

13C-NMR (125.7 MHz, CDCl3) δ: 32.2 (CH3, C9-CH3), 33.7 (C, C9), 39.1 [CH2, C6(12)], 
41.0 [CH, C5(11)], 41.1 [CH2, C10(13)], 47.3 (CH2, 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(C11a)], 164.1 (C, CO). 

MS (EI), m/z (%); significant ions: 416 (25), 415 (11), 414 (M·+, 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 for C23H24Cl2N2O2:                   C  66.51%   H  5.82% N  6.74% 

Calculated for C23H24Cl2N2O2·0.1C5H12:           C  66.79%   H  6.01% N  6.63% 

Found:                                          C  66.82%   H  6.04% N  6.54% 

 

Preparation of N-(9-methyl-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)cyclohexanecarboxamide, 60 

  

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 NaHCO3 solution (15 mL) and brine (15 mL), dried over anh. Na2SO4 and 

filtered. Evaporation in vacuo of the combined organic layers gave 60 (265 mg, 96% yield) 
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) ν: 3299, 3060, 2917, 2850, 1645, 1545, 1490, 1447, 1381, 1361, 1335, 1316, 1261, 
1214, 1091, 1047, 1005, 960, 942, 894, 753, 675, 665 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 0.91 (s, 3 H, 14-H), 1.15-1.27 [complex signal, 4 H, 18-H, 

17(19)-Ha], 1.37 [m, 2 H, 16(20)-Ha], 1.53 [broad d, J = 13.5 Hz, 2 H, 10(13)-Hb], 1.65 [m, 2 
H, 10(13)-Ha], 1.72-1.83 [m, complex signal, 4 H, 16(20)-Hb, 17(19)-Hb], 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)-Hb], 

2.16 [ddm, J = 13.0 Hz, J’ = 6.5 Hz, 2 H, 6(12)-Ha], 3.06 [tt, J = 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]. 

13C-NMR (125.7 MHz, CDCl3) δ: 25.7 [CH2, C17(19)], 25.8 (CH2, C18), 29.8 [CH2, 
C16(20)], 32.2 (CH3, C14), 33.6 (C, C9), 39.1 [CH2, C6(12)], 41.0 [CH, C5(11)], 41.1 [CH2, 
C10(13)], 46.4 (CH, C16), 47.2 (CH2, C8), 54.0 (C, C7), 126.2 [CH, C2(3)], 127.9 [CH, 
C1(4)], 146.2 [d, C, C4a(C11a)], 175.3 (C, CO). 
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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 C23H31NO:                   C  81.85%   H  9.26% N  4.15% 

Found:                               C  81.82%   H  9.34% N  4.14% 

 

Preparation of N-(9-methyl-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)thiourea, 76 

  

a) N-[(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 CHCl3 (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-
yl)thiourea formation: 

 K2CO3 (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) ν: 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-1. 

1H-RMN (400 MHz, DMSO-d6) δ: 0.88 (s, 3 H, 14-H), 1.36 [broad d, J = 13.0 Hz, 2 H, 

10(13)-Hb], 1.61 [ddd, J = 13.0 Hz, J’ = 6.0 Hz, J’’ = 1.2 Hz, 2 H, 10(13)-Ha], 1.77 (s, 2 H, 8-
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H2), 2.06 [ddd, J = 12.0 Hz, J’ = 5.6 Hz, J’’ = 2.0 Hz, 2 H, 6(12)-Ha], 3.04 [m, 2 H, 5(11)-H], 
6.76 (broad s, 2 H, NH2), 7.02-7.09 (complex signal, 4 H, Ar-H), 7.31 (broad s, 1 H, NH). 

13C-RMN (100.6 MHz, DMSO-d6) δ: 32.1 (CH3, C14), 33.2 [CH2, C10(13)], 38.2 [CH, 
C5(11)], 41.0 [CH2, C6(12)], 47.5 (CH2, 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 
[(C16H19)+, 50], 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]+ calcd for [C17H22N2S+H+]: 287.1576, found: 287.1578. 

 

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

 

 

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 HCl 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. Na2SO4 and filtered. Evaporation in vacuo of the combined organic layers gave a white 
solid (315 mg). Column chromatography (Al2O3, 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) ν: 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-1. 

1H-NMR (500 MHz, CDCl3) δ: 0.93 (s, 3 H, C-CH3), 1.53 [d, J = 13.5 Hz, 2 H, 10(13)-Hb], 

1.62 [s, 6 H, C(CH3)2], 1.67 [ddm, J = 12.5 Hz, J’ = 6.5 Hz, 2 H, 10(13)-Ha], 1.95 (s, 2 H, 8-

H), 2.17 [d, J = 12.5 Hz, 2 H, 6(12)-Hb], 2.29 [dd, J = 12.5 Hz, J’ = 6.5 Hz, 2 H, 6(12)-Ha], 
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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)-H]. 

13C-NMR (125.7 MHz, CDCl3) δ: 27.9 [CH3, C(CH3)2], 32.0 (CH3, C-CH3), 33.9 (C, C9), 
38.9 [CH2, C6(12)], 40.8 [CH2, C10(13)], 40.9 [CH, C5(11)], 47.1 (CH2, C8), 59.4 (C, C7), 
61.0 [C, C(CH3)2], 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/z (%); significant ions: 355 (24), 354 (M·+, 100), 285 (34), 211 [(C16H19)+, 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 C21H26N2OS:                              C 71.15% H 7.39% N 7.90%  S  9.04% 

Calculated for C21H26N2OS·0.75CH3OH·0.1DCM: C 67.81%  H 7.60%  N 7.24%  S 8.28% 

Found:                                      C 67.98% H 7.22% N 7.29% S 7.88% 

 

Preparation of N-(9-hydroxy-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)piperidine-1-carboxamide, 62  

 

 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 
NaHCO3 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. Na2SO4, filtered and concentrated in vacuo to give a yellow solid (472 mg). 
Column chromatography (Al2O3, 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) ν: 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-1. 

1H-RMN (500 MHz, CDCl3) δ: 1.48-1.59 [complex signal, 6 H, 16(18)-H2, 17-H2], 1.76 [d, J 
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= 13.0 Hz, 2 H, 10(13)-Hb], 1.90-2.02 [complex signal, 4 H, 6(12)-Hb, 10(13)-Ha], 2.09 (s, 2 
H, 8-H2), 2.17 [ddd, J = 13.0 Hz, J’ = 6.5 Hz, J’’ = 1.5 Hz, 2 H, 6(12)-Ha], 3.16 [tt, J = 6.5 Hz, 
J’ = 1.5 Hz, 2 H, 5(11)-H], 3.23 [m, 4 H, 15(19)-H2], 7.05 [m, 2 H, 1(4)-H], 7.09 [m, 2 H, 
3(2)-H]. 

13C-RMN (125.7 MHz, CDCl3) δ: 24.3 (CH2, C17), 25.5 [CH2, C16(18)], 39.4 [CH2, C6(12)], 
40.1 [CH, C5(11)], 42.4 [CH2, C10(13)], 44.9 [CH2, C15(19)], 49.1 (CH2, 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 C21H28N2O2:                    C  74.08%   H  8.29% N  8.23% 

Calculated for C21H28N2O2·0.45CH3OH·0.2C5H12:  C  73.01%   H  8.79% N  7.59% 

Found:                                  C  73.17%   H  8.43% N  7.23% 

 

Preparation of N-(9-methyl-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)piperidine-1-carboxamide, 63 

  

 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 NaHCO3 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. Na2SO4, filtered and concentrated in vacuo to give a yellow 
solid (419 mg). Column chromatography (Al2O3, 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) ν: 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-1. 

1H-RMN (500 MHz, CDCl3) δ: 0.91 (s, 3 H, C9-CH3), 1.49-1.59 [complex signal, 8 H, 

10(13)-Hb, 16(18)-H2, 17-H2], 1.65 [ddm, J = 13.5 Hz, J’ = 6.5 Hz, 2 H, 10(13)-Ha], 1.84 (s, 2 

H, 8-H), 2.00 [d, J = 13.0 Hz, 2 H, 6(12)-Hb], 2.16 [ddm, J = 13.0 Hz, J’ = 6.5 Hz, 2 H, 6(12)-

Ha], 3.06 [tt, J = 6.5 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 3.22-3.25 [complex signal, 4 H, 15(19)-
H], 4.25 (s, 1 H, NH), 7.03 [m, 2 H, 1(4)-H], 7.06 [m, 2 H, 3(2)-H].  

13C-RMN (125.7 MHz, CDCl3) δ: 24.4 (CH2, C17), 25.6 [CH2, C16(18)], 32.3 (CH3, C9-
CH3), 33.7 (C, C9), 39.8 [CH2, C6(12)], 41.2 [CH, C5(11)], 41.3 [CH2, C10(13)], 44.9 [CH2, 
C15(19)], 48.0 (CH2, C8), 53.6 (C, C7), 126.1 [CH, C2(3)], 127.9 [CH, C1(4)], 146.4 [d, C, 
C4a(C11a)], 156.6 (C, CO). 

MS-DIP (EI), m/z (%); significant ions: 254 (18), 253 [(M-C5H11N)·+, 100], 238 (25), 195 
(10), 182 (14), 155 (32), 143 (13), 141 (15), 129 (17), 128 (15), 115 (15). 

Elemental analysis: 

Calculated for C22H30N2O:               C  78.06%   H  8.93%    N  8.28% 

Found:                           C  78.05%   H  9.11%    N  8.06% 

 

Preparation of N-(9-fluoro-5,6,8,9,10,11-hexahydro-7H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)piperidine-1-carboxamide, 64 

 

 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 NaHCO3 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. Na2SO4, filtered and concentrated in vacuo to give a yellow 
gum (246.3 mg). Column chromatography (Al2O3, DCM/methanol mixtures) gave 64 (68 
mg, 26% yield) 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) ν: 3285, 2932, 2856, 1614, 1538, 1470, 1442, 1359, 1278, 1259, 1230, 1088, 1024, 
1005, 968, 915, 865, 851, 804, 756, 648, 605, 570 cm-1. 

1H-RMN (500 MHz, CDCl3) δ: 1.50-1.60 [complex signal, 6 H, 16(18)-H2, 17-H2], 1.91 [d, J 

= 12.5 Hz, 2 H, 10(13)-Hb], 2.03 [d, J = 13.5 Hz, 2 H, 6(12)-Hb], 2.12-2.22 [complex signal, 

4 H, 6(12)-Ha, 10(13)-Ha], 2.25 (d, JC-F = 6.5 Hz, 2 H, 8-H2), 3.20-3.27 [complex signal, 6 H, 
5(11)-H, 15(19)-H2], 4.32 (s, 1 H, NH), 7.07 [m, 2 H, 1(4)-H], 7.11 [m, 2 H, 3(2)-H].  

13C-RMN (125.7 MHz, CDCl3) δ: 24.4 (CH2, C17), 25.6 [CH2, C16(18)], 39.3 [CH2, C6(12)], 

39.6 [CH, d, 3JC-F = 13.3 Hz, C5(11)], 40.1 [CH2, d, 2JC-F = 20.1 Hz, C10(13)], 44.9 [CH2, 

C15(19)], 46.8 (CH2, d, 2JC-F = 17.8 Hz, C8), 51.1 (C, d, 3JC-F = 11.4 Hz, C7), 95.4 (C, d, 1JC-F 
= 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 [(C16H16FNO)+, 100], 215 (12), 170 (10), 
159 (13), 155 (10), 141 (9), 129 (13), 128 (12), 115 (15). 

Elemental analysis: 

Calculated for C21H27FN2O:                     C  73.65%   H  7.95% N  8.18% 

Calculated for C21H27FN2O·0.1EtOAc:    C  73.17%   H  7.98% N  7.97% 

Found:                                 C  73.35%   H  8.06% N  7.93% 

 

Preparation of N-(9-methoxy-5,6,8,9,10,11-hexahydro-7H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)piperidine-1-carboxamide, 65 

 

 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 NaHCO3 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. Na2SO4, filtered and concentrated in vacuo to give a yellow 
gum (201.4 mg). Column chromatography (Al2O3, DCM/methanol mixtures) gave 65 (42 
mg, 38% yield) as a white solid.  

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

IR (ATR) ν: 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-1. 

1H-RMN (500 MHz, CDCl3) δ: 1.47-1.57 [complex signal, 6 H, 16(18)-H2, 17-H2], 1.43 [d, J 

= 13.0 Hz, 2 H, 10(13)-Hb], 1.96 [m, 2 H, 10(13)-Ha], 2.08 (s, 2 H, 8-H2), 2.07 [d, J = 13.5 

Hz, 2 H, 6(12)-Hb], 2.14 [m, 2 H, 6(12)-Ha], 3.18 [tt, J = 6.5 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 
3.23-3.27 [complex signal, 7 H, 15(19)-H, C9-OCH3], 4.31 (s, 1 H, NH), 7.05 [m, 2 H, 1(4)-
H], 7.09 [m, 2 H, 3(2)-H].  

13C-RMN (125.7 MHz, CDCl3) δ: 24.4 (CH2, C17), 25.5 [CH2, C16(18)], 38.3 [CH2, C6(12)], 
39.6 [CH2, C10(13)], 39.9 [CH, C5(11)], 44.9 [CH2, C15(19)], 45.4 (CH2, C8), 48.2 (CH3, 
OCH3), 56.1 (C, C7), 74.8 (C, C9), 126.5 [CH, C2(3)], 128.0 [CH, C1(4)], 145.5 [d, C, 
C4a(C11a)], 156.5 (C, CO).  

MS (EI), m/z (%); significant ions: 270 (18), 269 [(C17H19NO2)+, 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 C22H30N2O2:                        C  74.54%   H  8.53%     N  7.90% 

Calculated for C22H30N2O2·0.1CH3OH:     C  74.21%   H  8.57%     N  7.83% 

Found:                                    C  74.11%   H  8.54%     N  7.67% 

 

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

 

 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·HCl 
(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 NaHCO3 solution (5 mL) 

and brine (5 mL), dried over anh. Na2SO4 and filtered. Evaporation in vacuo of the 
combined organic layers gave 78 (110 mg, 92% yield) as a beige solid. The product was used 
in next step without further purification or characterization. 

 

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

 

 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. Na2SO4, 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 (2R)-1-ethyl-N-(9-fluoro-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)pyrrolidine-2-carboxamide, 77·tartrate 

 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 
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 NaHCO3 solution 
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(5 mL) and brine (5 mL), dried over anh. Na2SO4, filtered and concentrated in vacuo to give 
an orange oil (74 mg). Column chromatography (SiO2, 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) ν: 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. 

1H-RMN (500 MHz, CD3OD) δ: 1.28 (t, J = 7.5 Hz, 3 H, NCH2CH3), 1.84 [d, J = 11.5 Hz, 
2 H, 10(13)-Hb], 1.99 (complex signal, 2 H, 16-Ha, 17-Ha), 2.08 [d, J = 13 Hz, 2 H, 6(12)-Hb], 
2.16 [complex signal, 6 H, 6(12)-Ha, 10(13)-Ha, 17-Ha], 2.24 (d, J = 6.5 Hz, 2 H, 8-H), 2.50 
(m, 1 H, 16-Hb], 3.17 (complex signal, 3 H, NCH2CH3, 18-Ha), 3.27 [m, 2 H, 5(11)-H], 3.68 
(m, 1 H, 18-Hb), 3.95 (dd, J = 8.5 Hz, J’ = 7 Hz, 1 H, 15-H),  4.45 (s, 2 H, tartrate-CH), 7.11 
[complex signal, 4 H, Ar-H].  

13C-RMN (125.7 MHz, CD3OD) δ: 11.4 (CH3, NCH2CH3), 24.0 (CH2, C17), 31.1 (CH2, 
C16), 39.1 [CH2, d, 4JC-F = 7.4 Hz, C6(12)], 40.9 [CH, d, 3JC-F = 12.9 Hz, C5(11)], 41.2 [CH2, 
d, 2JC-F = 20.1 Hz, C10(13)], 46.6 (CH2, d, 2JC-F = 18.9 Hz, C8), 51.4 (CH2, NCH2CH3), 55.6 
(CH2, C18), 59.3 (C, d, 3JC-F = 11.2 Hz, C7), 68.6 (CH, C15), 73.8 (CH, tartrate-CH), 94.6 
(C, d, 1JC-F = 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]+ calcd for [C22H29FN2O+H+]: 357.2337, found: 357.2338. 

 



 

 

 

 

 

 

 

 

 

 

 
 

Hexacyclic scaffolds 



 



 
 CHAPTER 2   291 

Preparation of dimethyl pentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene-8,9-dicarboxylate, 
82391 

a) Formation of 9,10-dihydrofulvalene, 81: 

 

 In a 2 L reactor equipped with a mechanic stirrer, thermometer, gas inlet and pressure-
equalizing dropping funnel was prepared a suspension of 95% dry sodium hydride (50 g, 
2.08 mol) in anh. THF (1 L). The stirred suspension was cooled to ~0 ºC with an ice bath 
and then freshly distilled cyclopentadiene (137 g, 2.08 mol) was added dropwise over 70 
minutes avoiding excess foaming. After the addition, the cooling bath was removed and 
the resulting dark red colour suspension was stirred at room temperature for one hour. 
Aferwards, copper(I)-bromide-dimethyl sulphide complex (750 mg) was added and the 
mixture was cooled to -78 ºC with a dry ice in acetone bath. A solution of iodine (265 g, 
1.04 mol) in anh. THF (400 mL) was added dropwise over 2 hours without reaching a 
temperature greater than -40 ºC. The dark suspension was stirred at low temperature for 
15 minutes. 

b) Diels-Alder reaction of 81 with dimethyl acetylenedicarboxylate: 

 

 Dimethyl acetylenedicarboxylate (165 g, 1.16 mol) was added rapidly dropwise over 10 
minutes to the previous slurry. The mixture was kept at low temperature for 30 minutes 
and then allowed to reach room temperature with the stirring maintained for 4 hours. The 
reaction mixture was the filtered through a Celite™ pad and the solid was washed 

repeatedly with THF (1 L). The combined filtrates were concentrated under vacuo at a 
temperature not above 40 ºC with the obtaining of a dark oil, which was dissolved in diethyl 
ether (750 mL) and stirred at room temperature for 15 minutes. The mixture was again 

filtered through Celite™ pad and evaporated under vacuo without exceeding 40 ºC to give 
a mixture of diesters 82 and 83, which was stored at 0 ºC until next step. 

c) Selective hydrolysis and isolation of 82: 

 

 



 
292   Materials & Methods 

 In a 2 L reactor equipped with mechanical stirrer, thermometer, gas outlet and 
pressure-equalizing dropping funnel was dissolved the concentrated from part b in 
methanol (1 L) and the solution was cooled to -5 ºC by means of an ice/NaCl bath. Then 
a precooled (0 ºC) solution of potassium hydroxide (110 g, 85%, 1.67 mol) in water (200 
mL) was added dropwise at such a rate as to keep the reaction temperature below 10 ºC. 
The reaction mixture was stirred at 0 ºC for 2 hours and at room temperature for an 
additional 2 hours prior to the addition of glacial acetic acid (50 mL), followed by powder 
sodium carbonate until pH ~8. The resulting suspension was then filtered through Celite™ 

pad. The filtrate was concentrated at 40 ºC under vacuo to about 500 mL, the residue was 
diluted with water (1 L) and extracted with petroleum ether (6 x 300 mL). The combined 
organics were washed with 10% sodium thiosulfate solution (2 x 200 mL), dried over anh. 
Na2SO4, filtered and concentrated under reduced pressure at 40 ºC to give the diester 82 
as an orange solid (20.0 g, 7% overall yield), whose spectroscopic data were in agreement 
with those described in the bibliography. 

 

Preparation of pentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene-8,9-dicarboxylic acid, 88391 

 

 To a solution of pentacyclic diester 82 (20.0 g, 73.4 mmol) in methanol (75 mL) was 
added a solution of potassium hydroxide (20 g, 85%, 0.30 mol) in water (75 mL). The 
reaction mixture was heated at reflux for 1 hour. The methanol was removed from the 

resulting brown solution under vacuo, water (145 mL) was added and the solution was 
heated for further 5 hours. Thereafter, activated charcoal (6 g) was added and the black 
suspension was stirred at room temperature overnight. Filtration through Celite™ pad was 
followed by cooling the filtrate with an ice bath. Conc. HCl was added dropwise until pH 

1 with the formation of a white solid, which was filtered under vacuo. The solid was 
dissolved in EtOAc (1 L), dried over anh. Na2SO4, filtered and concentrated under reduced 
pressure to give the diacid 88 as a white solid. In order to recover further amounts of desired 
product, the aqueous layer was extracted with EtOAc (3 x 50 mL) and the combined 

organics were dried over anh. Na2SO4, filtered and concentrated under vacuo to give a total 
amount of 14.5 g (81% yield) of diacid 88. The spectroscopic data were identical to those 
previously published.  
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Preparation of 3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadeca-7,13-diene-2,4-dione, 
8990 

 

Pentacyclic diacid 88 (3.60 g, 14.8 mmol) and urea (4.44 g, 74.0 mmol) were placed in 
a round-bottom flask equipped with a magnetic stirrer, gas outlet and Liebig condenser 
apparatus. The mixture was heated slowly to fusion (150 ºC) and once melted, the resulting 
paste was heated at 220 ºC for 30 minutes. Then the reaction mixture was tempered, water 
(120 mL) was added and the suspension was extracted with DCM (7 x 50 mL). The 
combined organic phases were washed with brine (100 mL), dried over anh. Na2SO4 and 

filtered. Evaporation under vacuo gave the imide 89 as a white solid (2.85 g, 86% yield). 
The spectroscopic data matched with those described in the bibliography. 

 

Preparation of 3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadeca-7,13-diene, 9090  

 

To a suspension of pentacyclic imide 89 (2.85 g, 12.6 mmol) in anh. toluene (90 mL) 
was added dropwise Red-Al® (17.9 mL, 63.4 mmol) under nitrogen, keeping the 
temperature lower than 35 ºC and with some gas releasing. The reaction mixture was 
heated at reflux for 48 hours, monitoring the starting material conversion by TLC. Then 
the solution was tempered to room temperature and quenched with 30 wt. % aqueous 
KOH solution (45 mL). The phases were separated and the aqueous layer was extracted 
with DCM (3 x 25 mL). The combined organic phases were dried over anh. Na2SO4, filtered 

and evaporated under vacuo to give a brown oil. In order to purify the crude, this was 
dissolved in DCM (20 mL) and extracted with 1 N HCl solution (2 x 15 mL). The pH of 
the combined aqueous phases was adjusted to 12 with 5 N NaOH solution and extracted 
with DCM (3 x 20 mL). The combined organic layers were dried over anh. Na2SO4, filtered 

and concentrated under vacuo to give the amine 90 as a brownish oil (2.28 g, 92% yield), 
its spectroscopic data and those previously published were identical. 
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Preparation of 3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadecane hydrochloride, 
95·HCl90 

 

A suspension of amine 90 (231 mg, 1.17 mmol) and 5 wt. % palladium on carbon 
(50% in water, 37 mg, 16% of the weight of 90) in abs. ethanol (37 mL) was stirred at room 
temperature and atmospheric pressure under hydrogen for 4 hours. The suspension was 
then filtered and the solids were washed with EtOH (15 mL). An excess of HCl/Et2O was 

added and the solvents were removed under vacuo to give the reduced amine 95·HCl (239 
mg, 86% yield) as white solid. The spectroscopic data matched with those described in the 
bibliography. 

 

Preparation of tert-butyl (R)-2-(3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]-pentadecane-3-
carbonyl)pyrrolidine-1-carboxylate, 96  

 

 To a solution of amine 95 (239 mg, 1.01 mmol) in ethylacetate (15 mL) were added 
Boc-D-Proline (197 mg, 0.92 mmol), HOBt (188 mg, 1.38 mmol), EDC (214 mg, 1.38 
mmol) and triethylamine (0.560 mL, 4.05 mmol) 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 
NaHCO3 solution (15 mL) and brine (15 mL), dried over anh. Na2SO4 and filtered. The 

organic layer was concentrated under vacuo to give 96 along with reaction by-products (360 
mg, quantitative yield) as a clear oil. The product was used in the next step without further 
purification or characterization.  
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Preparation of 3-[(2R)-prolyl]-3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadecane, 97  

 

 A solution of Boc-protected pyrrolidine 96 (385 mg, 0.97 mmol) in DCM (5 mL) and 
85 wt. % o-phosphoric acid (1.00 mL, 14.5 mmol) was stirred at room temperature for 6 
hours. To the reaction mixture was then added water (10 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. Na2SO4, filtered and evaporated in vacuo to give a brown oil (202 mg). The 
crude was purified by column chromatography (Al2O3, DCM/methanol mixture). The 
appropriate fractions were combined and concentrated under reduced pressure to give 97 
(104 mg, 36% yield) as a white solid that was used in the next step without further 
purification or characterization. 

 

Preparation of 3-[(2R)-N-ethylprolyl]-3-
azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadecane, 98·tartrate 

 

 A solution of pyrrolidine 97 (98 mg, 0.33 mmol) in DMF (2 mL) was cooled to 5 ºC 
with an ice bath. Then potassium iodide (5.5 mg, 10% mmol) and triethylamine (0.180 
mL, 1.32 mmol) were added, followed by the slowly addition of ethyl bromide (37.6 mg, 
0.35 mmol). The reaction mixture was stirred at room temperature in an ice-water bath 
overnight. Then the resulting precipitated was filtered off and washed with EtOAc (5 mL). 
The filtrate was washed with saturated aqueous NaHCO3 solution (5 mL) and brine (5 mL), 

dried over anh. Na2SO4, filtered and concentrated in vacuo to give clear oil (90 mg). A 
solution of tartaric acid (41 mg, 0.28 mmol) in methanol (1 mL) was added to the crude 

directly. The solvents were removed under vacuo to give 98 as tartrate salt (106 mg, 68% 
yield).  

Analytical and spectroscopic data of compound 98·tartrate: 

Melting point: 184 - 185 ºC. 
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IR (ATR) ν: 3450-2800 (3453, 3038, 2931, 2868), 1712, 1632, 1463, 1424, 1355, 1227, 1201, 
1118, 1074, 1027, 893, 836, 678 cm-1. 

1H-NMR (500 MHz, CD3OD) δ: 1.31 (t, J = 7 Hz, 3 H, CH3CH2), 1.48-1.63 (complex signal, 
8 H, 7-H2, 8-H2, 13-H2, 14-H2), 2.03-2.14 (complex signal, 2 H, 3’-Ha, 4’-Ha), 2.16-2.26 
(complex signal, 5 H, 6-H, 9-H, 12-H, 15-H, 4’-Hb), 2.49 (m, 2 H, 10-H, 11-H), 2.66 (m, 1 
H, 3’-Hb), 3.20 (m, 1 H, 5’-Ha), 3.28 (complex signal, 4 H, 2-H2 or 4-H2, CH3CH2), 3.51 (m, 
2 H, 4-H2 or 2-H2), 3.78 (m, 1 H, 5’-Hb), 4.41 (s, 2.2 H, tartrate-CH), 4.53 (m, 1 H, 2’-H). 

13C-NMR (125.7 MHz, CD3OD) δ: 11.4 (CH3, CH3CH2), 22.3 (CH2), 22.4 (CH2), 22.6 
(CH2), and 22.7 (CH2), (C7, C8, C13 and C14), 24.0 (CH2, C4’), 29.5 (CH2, C3’), 42.6 
(CH2, C2 or C4), 43.1 (CH2, C4 or C2), 50.6 (CH, C10 or C11), 51.2 (CH, C11 or C10), 
51.5 (CH2, CH3CH2), 55.5 (CH2, C5’), 55.8 (CH), 55.9 (CH), 56.3 (CH) and 56.5 (CH) 
(C6, C9, C12 and C15), 56.4 [d, CH, C12(15) or C6(9)], 58.8 (C, C1 or C5], 60.8 (C, C5 
or C1], 67.6 (CH, C2’), 74.1 (CH, tartrate-CH), 167.3 (C, CO), 176.6 (C, tartrate-CO). 

MS (CI), m/z (%); significant ions: 327 [(M·+)+1, 100], 325 (41), 258 (14), 230 (19), 98 (68). 

Elemental analysis: 

Calculated for C21H30N2O·1C4H6O6:             C 63.01% H 7.61% N 5.88% 

Calculated for C21H30N2O·1.25C4H6O6:  C 60.75% H 7.35% N 5.45% 

Found:                 C 61.03% H 7.51% N 5.19% 

 

Preparation of (4-amino-3,5-dichlorophenyl) (3-
azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadeca-7,13-dien-3-yl)methanone, 99 

 

 To a solution of amine 90 (400 mg, 2.03 mmol) in EtOAc (30 mL) and DMF (2 mL) 
were added 4-amino-3,5-dichlorobenzoic acid (380 mg, 1.85 mmol), 1-hydroxybenzotriazole 
(HOBt) (375 mg, 2.78 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) (430 
mg, 2.78 mmol) and triethylamine (0.560 mL, 4.07 mmol) and the reaction mixture was 
stirred at room temperature overnight. To the resulting suspension was then added water 
(20 mL) and the phases were separated. The organic phase was washed with saturated 
aqueous NaHCO3 solution (20 mL) and brine (20 mL), dried over anh. Na2SO4 and 

filtered. Evaporation in vacuo of the organic phase gave 677 mg of a yellow solid. The crude 
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was purified by column chromatography (Al2O3, DCM/methanol mixture). The 

appropriate fractions were combined and concentrated under vacuo to give compound 99 
as a white solid (332 mg, 47% yield).  

Analytical and spectroscopic data of compound 99: 

Melting point: 236 - 238 ºC. 

IR (ATR) ν: 3449, 3306, 3250, 3204, 2954, 2867, 2150, 1597, 1538, 1501, 1456, 1410, 
1384, 1342, 1316, 1295, 1244, 1225, 1192, 1054, 1002, 943, 896, 875, 791, 745, 733, 686, 
667, 643 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 2.61 [m, 2 H, 10(11)-H], 2.85 [broad s, 2 H, 6(12)-H or 9(15)-
H], 2.94 [broad s, 2 H, 9(15)-H or 6(12)-H], 3.13 (broad s, 2 H, 2-H or 4-H), 3.33 (broad s, 
2 H, 4-H or 2-H), 5.91 [m, 2 H, 7(13)-H or 8(14)-H], 6.03 [m, 2 H, 8(14)-H or 7(13)-H], 7.19 
(s, 2 H, Ar-H). 

13C-NMR (125.7 MHz, CDCl3) δ: 45.5 (CH2, C2 or C4), 49.9 (CH2, C4 or C2), 61.8 [CH, 
C6(12), C9(15)], 62.8 [CH, C10(11)], 68.8 (C, C1 or C5), 71.0 (C, C5 or C1), 118.7 (C, Ar-

Cmeta), 126.7 (C, Cipso), 127.1 (CH, Ar-Cortho), 132.9 [CH, C7(13) or 8(14)], 133.9 [CH, C8(14) 

or C7(13)], 141.3 (C, Ar-Cpara), 166.8 (C, CO). 

MS (EI), m/z (%); significant ions: 388 [(C21H18
37Cl2N2O)·+, 2], 386 [(C21H18

37Cl35ClN2O)·+, 
12], 384 [(C21H18

35Cl2N2O)·+, 18], 192 [(C7H4
37Cl2NO)+, 10],, 190 [(C7H4

37Cl35ClNO)+, 63], 
188 [(C7H4

35Cl2NO)+, 100], 180 (12), 160 (12), 124 (16). 

HRMS-ESI+ m/z [M+H]+ calcd for [C21H18Cl2N2O+H]+: 385.0869, found: 385.0875. 

 

Preparation of (4-amino-3,5-dichlorophenyl) (3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15] 
pentadecan-3-yl)methanone, 100 
 

 

 To a solution of amide 99 (200 mg, 0.78 mmol) in abs. ethanol (24 mL) was added  
5 wt. % palladium on carbon (50% in water, 24 mg, 8% of the weight of 99) and the 
suspension was hydrogenated at room temperature and atmospheric pressure for 5 hours. 
The reaction mixture was then filtered, the solids were washed with EtOH (15 mL) and the 

solvent was removed under vacuo to give a yellow solid (207 mg). Column chromatography 
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(Al2O3, DCM/methanol mixture) gave the desired amide 100 (180 mg, 89% yield) as white 
solid. 

Analytical and spectroscopic data of compound 100: 

Melting point: 243 - 244 ºC. 

IR (ATR) ν: 3455, 3283, 3238, 3186, 2931, 2865, 1631, 1597, 1545, 1498, 1456, 1425, 1332, 
1307, 1269, 1232, 1216, 1118, 1070, 1035, 944, 895, 789, 769, 745, 693, 647, 629 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 1.43-1.60 [complex signal, 8 H, 7(13)-H2, 8(14)-H2], 2.04 
[broad s, 2 H, 6(12)-H or 9(15)-H], 2.12 [broad s, 2 H, 9(15)-H or 6(12)-H], 2.41 [m, 2 H, 
10(11)-H], 3.29 (s, 2 H, 2-H2 or 4-H2), 3.53 (s, 2 H, 4-H2 or 2-H2), 7.40 (s, 2 H, Ar-H). 

13C-NMR (125.7 MHz, CDCl3) δ: 21.5 [CH2, C7(13) or C8(14)], 21.8 [CH2, C8(14) or 
C7(13)], 40.8 (CH2, C2 or C4), 45.5 (CH2, C4 or C2), 49.6 [CH, C10(11)], 54.8 [broad 

CH, C6(12) and C9(15)], 57.9 (C, C1 or C5), 59.6 (C, C5 or C1), 118.8 (C, Ar-Cmeta), 126.9 

(C, Cipso), 127.2 (CH, Ar-Cortho), 141.4 (C, Ar-Cpara), 170.0 (C, CO). 

MS (EI), m/z (%); significant ions: 392 [(C21H22
37Cl2N2O)·+, 8], 390 [(C21H22

37Cl35ClN2O)·+, 
42], 388 [(C21H22

35Cl2N2O)·+, 63], 200 (18), 192 [(C7H4
37Cl2NO)+, 11], 190 

[(C7H4
37Cl35ClNO)+, 64], 188 [(C7H4

35Cl2NO)+, 100],, 184 (33), 169 (13), 160 (12), 124 (13). 

Elemental analysis: 

Calculated for C21H22Cl2N2O:                     C  64.79%   H  5.70%   Cl  18.21%  N  7.20% 

Calculated for C21H22Cl2N2O·0.50H2O:     C  63.32%   H  5.82%   Cl  17.80%  N  7.03% 

Found:                                   C  63.23%   H  5.71%   Cl 17.82%   N 6.77% 

 

Preparation of (3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadeca-7,13-dien-3-
yl)(cyclohexyl)methanone, 101 

 

 To a solution of amine 90 (400 mg, 2.03 mmol) in ethylacetate (30 mL) were added 
cyclohexanecarboxylic acid (237 mg, 1.85 mmol), HOBt (375 mg, 2.78 mmol), EDC (430 
mg, 2.78 mmol) and triethylamine (0.570 mL, 4.07 mmol) and the reaction mixture was 
stirred at room temperature overnight. To the resulting suspension was then added water 
(20 mL) and the phases were separated. The organic phase was washed with saturated 
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aqueous NaHCO3 solution (20 mL) and brine (20 mL), dried over anh. Na2SO4 and 

filtered. Evaporation in vacuo of the combined organic layers gave an orange oil (627 mg). 
The crude was purified by column chromatography (Al2O3, DCM/methanol mixture). The 

appropriate fractions were combined and concentrated under vacuo to give the desired 
amide 101 as a white solid (260 mg, 42% yield). The analytical sample was obtained by 

crystallization from tert-butanol. 

Analytical and spectroscopic data of compound 101: 

Melting point: 111 - 113 ºC. 

IR (ATR) ν: 2961, 2930, 2853, 1630, 1443, 1425, 1347, 1305, 1223, 1194, 1138, 1067, 998, 
897, 878, 830, 780, 749, 734, 696, 659, 646 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 1.17-1.24 [complex signal, 3 H, 4’-Hax, 3’(5’)-Hax], 1.43 
[complex signal, 2 H, 2’(6’)-Hax], 1.60-1.66 [complex signal, 3 H, 2’(6’)-Heq, 4’-Heq], 1.75-1.78 

[complex signal, 2 H, 3’(5’)-Heq], 2.13 (tt, J = 12.0 Hz, J’ = 3.5 Hz, 1 H, 1’-H), 2.67 [m, 2 H, 
10(11)-H], 2.98 [complex signal, 4 H, 6(12)-H, 9(15)-H], 3.18 (s, 2 H, 2-H2 or 4-H2), 3.19 (s, 

2 H, 4-H2 or 2-H2), 6.00 [ddd, J = 6 Hz, J’ = 3 Hz, J’’ = 1.5 Hz, 2 H, 7(13)-H or 8(14)-H], 6.04 

[ddd, J = 6 Hz, J’ = 3 Hz, J’’ = 1 Hz, 2 H, 8(14)-H or 7(13)-H]. 

13C-NMR (125.7 MHz, CDCl3) δ: 25.8 (CH2, C4’), 25.9 [CH2, C3’(5’)], 28.7 [CH2, C2’(6’)], 
42.5 (CH, C1’), 45.5 (CH2, C2 or C4), 46.7 (CH2, C4 or C2), 62.0 [CH, C6(12) and 
C9(15)], 62.8 [CH, C10(11)], 69.1 (C, C1 or C5), 70.8 (C, C5 or C1), 132.8 [CH, C7(13) 
or 8(14)], 134.1 [CH, C8(14) or C7(13)], 174.4 (C, CO). 

MS (EI), m/z (%); significant ions: 308 (20), 307 (M·+, 83), 252 (16), 242 (25), 198 (17), 197 
(100), 196 (C14H14N·+, 39), 182 (19), 181 (15), 180 (41), 179 (16), 168 (24), 167 (25), 166 (15), 
165 (38), 156 (21), 153 (23), 152 (27), 132 (64), 131 (100), 130 (64), 128 (17), 118 (19), 117 
(19), 115 (23), 91 (18), 83 [(C6H11)+, 85], 77 (15), 55 (72). 

HRMS-ESI+ m/z [M+H]+ calcd for [C21H25NO+H]+: 308.2009, found: 308.2003. 

 

Preparation of (3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadecane-3-
yl)(cyclohexyl)methanone, 102 
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To a solution of amide 101 (118 mg, 0.40 mmol) in abs. ethanol (13 mL) was added 5 
wt. % palladium on carbon (50% in water, 12.6 mg, 10% of the weight of 101) and the 
suspension was hydrogenated at room temperature and atmospheric pressure for 5 hours. 
The reaction mixture was then filtered, the solids were washed with EtOH (15 mL) and the 

solvents were removed under vacuo to give the amide 102 (94 mg, 78% yield) as white solid. 
The analytical sample was obtained by crystallization from DCM/diethyl ether. 

Analytical and spectroscopic data of compound 102: 

Melting point: 134 - 135 ºC. 

IR (ATR) ν: 2932, 2851, 1621, 1463, 1426, 1357, 1286, 1202, 1120, 1104, 1036, 1013, 969, 
925, 886, 860, 825, 768, 732, 702, 657, 627 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 1.25 [complex signal, 3 H, 4’-Hax, 3’(5’)-Hax], 1.48-1.57 
[complex signal, 10 H, 7(13)-H2, 8(14)-H2, 17(21)-Hax], 1.68 (m, 1 H, 4’-Heq), 1.75-1.82 
[complex signal, 4 H, 2’(6’)-Heq, 3’(5’)-Heq], 2.08 (broad signal, 4 H, 6(12)-H, 9(15)-H], 2.36 

(tt, J = 12 Hz, J’ = 3.5 Hz, 1 H, 1’-H), 2.41 [m, 2 H, 10(11)-H], 3.29 [s, 4 H, 2(4)-H2]. 

13C-NMR (125.7 MHz, CDCl3) δ: 21.5 [CH2, C7(13) or C8(14)], 21.8 [CH2, C8(14) or 
C7(13)], 25.8 (CH2, C4’), 25.9 [CH2, C3’(5’)], 29.0 [CH2, C2’(6’)], 40.7 (CH2, C2 or C4), 
42.0 (CH2, C4 or C2), 42.9 (CH, C1’), 49.6 [CH, C10(11)], 55.0 [CH, C6(12) or C9(15)], 
55.1 [CH, C9(15) or C6(12)], 57.5 (C, C1 or C5], 59.3 (C, C5 or C1], 175.1 (C, CO). 

MS (EI), m/z (%); significant ions: 312 (23), 311 (M·+, 100), 270 (14), 257 (19), 256 (99), 243 
(12), 228 [(C15H18NO)+ 13], 202 (12), 201 (30), 200 (13), 184 (29), 169 (11), 129 (15), 128 
(15), 91 (16), 83 [(C6H11)+, 24], 55 (25). 

Elemental analysis: 

Calculated for C21H29NO: C  80.98%   H  9.39%    N  4.50% 

Found:    C  80.76%   H  9.61%    N 4.33% 

 

Preparation of (3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadeca-7,13-diene-3-
yl)(piperidin-1-yl)methanone, 103  

 

 To a solution of amine 90 (400 mg, 2.03 mmol) in DCM (18 mL) were added 1-
piperidinecarbonyl chloride (0.26 mL, 2.13 mmol) and triethylamine (0.56 mL, 4.06 mmol) 
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and the mixture was stirred at room temperature overnight. To the resulting mixture was 
added saturated aqueous NaHCO3 solution (20 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. Na2SO4, filtered and concentrated in vacuo to give a yellow oil 
(719 mg). Column chromatography (Al2O3, DCM/Methanol mixture) gave 103 (443 mg, 
71% yield) as a clear oil. Several attempts to crystallize this product met with failure. The 
product was used in the next step without further purification or characterization. 

MS (EI), m/z (%); significant ions: 308 (M·+, 46), 196 [(C14H14N)+, 17], 165 (14), 130 (15), 
112 [(C6H10NO)+, 100], 84 [(C5H10N)+, 17], 69 (41). 

 

Preparation of (3-azahexacyclo[7.6.0.01,5.05,12.06,10.011,15]pentadeca -3-yl)(piperidin-1-
yl)methanone, 104  

 

A suspension of urea 103 (235 mg, 0.76 mmol) and 5 wt. % palladium on carbon (50% 
in water, 24 mg, 10% of the weight of 103) in abs. ethanol (25 mL) was stirred at room 
temperature and atmospheric pressure under hydrogen for 3 hours. The suspension was 
then filtered and the solids were washed with EtOH (10 mL). The solvents were removed 

under vacuo to give the reduced urea 104 (171 mg, 72% yield) as white solid.  

Analytical and spectroscopic data of compound 104: 

Melting point: 124 - 126 ºC. 

IR (ATR) ν: 3457, 3291, 2936, 2867, 2839, 1615, 1538, 1461, 1415, 1370, 1332, 1304, 1252, 
1226, 1202, 1159, 1124, 1110, 1027, 991, 915, 882, 851, 767, 722, 632 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 1.47-1.58 [complex signal, 14 H, 7(8,13,14)-H2, 3’(5’)-H2, 4’-
H2], 2.05 [m, 4 H, 6(9,12,15)-H], 2.38 [m, 2 H, 10(11)-H], 3.19 [m, 8 H, 2(4)-H2, 2’(6’)-H2].  

13C-NMR (125.7 MHz, CDCl3) δ: 21.7 [CH2, C7(8, 13, 14)], 24.8 (CH2, C4’), 25.9 [CH2, 
C3’(5’)], 43.3 [CH2, C2(4)], 47.8 [CH2, C16(20)], 49.6 [CH, C10(11)], 54.8 [CH, C6(9, 12, 
15)], 58.8 [C, C1(5)], 163.3 (C, CO). 

MS (EI), m/z (%); significant ions: 312 (M·+, 100), 201 (15), 200 [(C14H18N)+, 82], 184 (33), 
129 (36), 112 [(C6H10NO)+, 54], 91 (16), 84 [(C5H10N)+, 59], 69 (28). 

Elemental analysis: 
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Calculated for C20H28N2O: C  76.88%   H  9.03%    N  8.97% 

Found:    C  76.60%   H  9.21%    N 8.74% 
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Preparation of N-benzyl(2-oxaadamantan-1-yl)amine hydrochloride, 126·HCl500  

 

In a three-necked round bottom flask equipped with a magnetic stirrer and gas inlet, 
benzylamine (4.36 mL, 40.3 mmol) was added to a solution of diketone 125 (6 g, 39.4 
mmol) in anh. THF (120 mL). The reaction mixture was heated at reflux for 0.5 hours. 
Afterwards the solution was cooled in an ice bath. In a separate flask, lithium aluminium 
hydride (3.16 g, 78.9 mmol) was added in small portions to anh. Et2O (80 mL). Then the 
cooled solution prepared before was added dropwise under vigorous stirring. After the 
addition, the suspension was heated to 40 ºC for 6 hours. The reaction mixture was 
tempered to room temperature and filtered through a Celite™ pad and the filtrate was 

evaporated under vacuo. The residue was partitioned between DCM (50 mL) and water (50 
mL) and the phases were separated. The aqueous layer was extracted with further DCM (3 
x 50 mL). The combined organic phases were washed with brine (100 mL), dried over anh. 

Na2SO4, filtered and concentrated under vacuo. To a solution of the residue in acetone 
(120 mL) was added an excess of conc. HCl. The formed precipitated was filtered under 

vacuo to give 126·HCl (6.25 g, 57% yield) as a white solid. The spectroscopic data was 
identical to those previously described. 

 

Preparation of (2-oxaadamantan-1-yl)amine hydrochloride, 120·HCl501  

 

 A suspension of benzilamine 126 (720 mg, 2.58 mmol) and 5% wt. palladium on 
carbon (55 mg) in abs. ethanol (80 mL) was hydrogenated at room temperature and 
atmospheric pressure until no further hydrogen consumption was observed. The 
suspension was then filtered and the solid washed with methanol (30 mL). An excess of 

Et2O·HCl was added and the solvent was evaporated under vacuo to give the amine 
120·HCl (466 mg, 96% yield) as a white solid. The spectroscopic data matched with those 
previously described.  
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Preparation of N-benzyl(4-oxahexacyclo[5.4.1.02,6.03,10.05,9.08,11]dodec-3-yl)amine, 129502 

 

In a three-necked round bottom flask equipped with a magnetic stirrer and gas inlet, 
Cookson’s diketone (5 g, 28.7 mmol) was dissolved in anh. THF (50 mL) and the solution 
was cooled to 5 ºC with an ice bath while stirring for 30 minutes under nitrogen. The 

resulting white solid (hydroxylamine) was filtered under vacuo and washed with cold THF 
(20 mL). The solid (11.25 g) was suspended in toluene (125 mL) and dehydrated under 
Dean-Stark conditions for one hour. The reaction mixture was tempered to room 

temperature and concentrated under vacuo to give the imine (6.95 g) as a yellow oil. Anh. 
THF (150 mL), anh. methanol (30 mL) and sodium borohydride (1.63 g, 43.1 mmol) were 
added and the suspension was stirred at room temperature for 24 hours. The reaction 

mixture was then evaporated under vacuo and the residue was partitioned between water 
(100 mL) and DCM (100 mL). The phases were separated and the aqueous layer was 
extracted with further DCM (3 x 50mL). The combined organic phases were dried over 

anh. Na2SO4, filtered and concentrated under vacuo to give a yellow solid (6.93 g). Column 
chromatography (SiO2, Hexanes/Ethyl acetate mixtures) gave 129 (2.67 g, 35% yield) as a 
white solid, whose spectroscopic data matched with those previously published. 

 

Preparation of 4-oxahexacyclo[5.4.1.02,6.03,10.05,9.08,11]dodec-3-yl)amine hydrochloride, 
121·HCl502 

 

 A suspension of benzilamine 129 (2.67 mg, 10.0 mmol) and 10 wt. % palladium on 
carbon (1.33 g) in methanol (100 mL) was hydrogenated at room temperature and 
atmospheric pressure until no further hydrogen consumption was observed. The 
suspension was then filtered and the solid washed with methanol (40 mL). An excess of 

Et2O·HCl was added and the solvent was evaporated under vacuo to give the amine 
121·HCl (1.79 g, 85% yield) as a white solid. The spectroscopic data matched with those 
previously described.  
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Preparation of tetramethyl (1α,4α,5α,8α)-3,7-hydroxy-bicyclo[3.3.0]octa-2,6-diene-
2,4,6,8-tetracarboxylate, 135504 

 

a) Formation of the disodium enolate salt of tetramethyl (1α,4α,5α,8α)-3,7-hydroxy-
bicyclo[3.3.0]octa-2,6-diene-2,4,6,8-tetracarboxylate, 134: 

 In 2 L round-bottom flask equipped with a pressure-equalizing dropping funnel, 
condenser apparatus, high temperature thermometer and stir bar a solution of sodium 
hydroxide (64 g, 1.64 mol) in methanol (1.15 L) was cooled to 10 ºC with an ice bath. Then 
dimethyl 1,3-acetondicarboxylate (273 g, 1.57 mol) was added dropwise over 1 hour. The 
mixture was heated at reflux, whereupon 40 wt. % glyoxal solution in water (128 g, 0.89 
mol) was added over 15-20 minutes, keeping the inner temperature at 65 ºC. Once added, 
the reaction mixture was stirred at room temperature overnight. The resulting solid was 

filtered under vacuo, washed with cold methanol and dried under reduced pressure to give 
134 as a disodium salt (339 g).  

b) Synthesis of tetramethyl (1α,4α,5α,8α)-3,7-hydroxy-bicyclo[3.3.0]octa-2,6-diene-
2,4,6,8-tetracarboxylate, 135: 

 In a 5 L Erlenmeyer flasks equipped with a large magnetic stirrer the disodium salt 134 
(339 g, 0.82 mol) was partitioned between water (1.9 L) and DCM (1.2 L). The two-phase 
mixture was vigorously stirred as 5 N HCl (400 mL) was added. The layers were separated 
and the aqueous phase was extracted with further DCM (2 x 500 mL). The combined 
organic layers were washed with brine (2 x 250 mL), dried over anh. Na2SO4, filtered and 

evaporated under vacuo, keeping the water bath temperature below 40 ºC. The resulting 
waxy oil was crystallized from 2:1 hexane/EtOAc affording 135 (179 g, 55% overall yield) 
as a white solid, which was used in next step without further characterization.  

 

Preparation of cis-bicyclo[3.3.0]octane-3,7-dione, 133504  

 

 A 2 L round-bottom flask equipped with three condenser apparatus and pumice stone 
as a stirrer was charged with the tetraester 135 (179 g, 0.48 mol), glacial acetic acid (90 mL) 
and 1 M HCl solution (800 mL). The reaction mixture was heated at reflux for 2.5 hours, 
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with vigorous foaming formation. Afterwards, the mixture was tempered to room 
temperature, the pumice stone decanted and the solution extracted with DCM (4 x 400 

mL). The combined organic phases were evaporated under vacuo, keeping the water bath 
temperature below 40 ºC, until most of the acetic acid was removed. The residue was 
dissolved in further DCM (400 mL) and the solution washed with saturated aqueous 
NaHCO3 solution (3 x 300 mL). The organic layer was dried over anh. Na2SO4, filtered and 
concentrated cautiously to give de diketone 133 (48 g, 71% yield) as a white solid, whose 
spectroscopic data were in accord to those described in the bibliography. 

 

Preparation of the stereoisomeric mixture of cis-3,7-dihydroxybicyclo[3.3.0]octa-3,7-
dicarbonitrile, 136505 

 

 In a 2 L round-bottom flask equipped with a pressure-equalizing dropping funnel, low 
temperature thermometer, magnetic stirrer and 10 N NaOH solution trap, a solution of 
diketone 133 (42 g, 0.3 mol) in water (315 mL) was prepared. To that, sodium cyanide (91 
g, 1.86 mol) was added and the solution was cooled to 10-15 ºC with an ice/NaCl bath. 
Then 40% H2SO4 (380 mL, 7.06 mol) was added dropwise while keeping the inner 
temperature < 15 ºC, with the formation of a thick slurry. After the addition, the ice/NaCl 
bath was removed and the reaction mixture was stirred at room temperature for 3 hours. 
Diethyl ether (300 mL) was added and the phases were separated. The aqueous layer was 
extracted with further Et2O (5 x 300 mL) and the combined organic layers were washed 

with water (2 x 150 mL), dried over Na2SO4 and filtered. Evaporation under vacuo gave the 
stereoisomeric mixture 136 (31 g, 53% yield) as a brown oil. The spectroscopic data 
matched with those previously described.   

 

Preparation of the mixture of cis-bicyclo[3.3.0]octa-2,7-diene-3,7-dicarbonitrile, 137, and 
cis-bicyclo[3.3.0]octa-2,6-diene-3,7-dicarbonitrile, 138505  

 

 In a round-bottom flask equipped with a pressure-equalizing dropping funnel, 
condenser apparatus and stir bar, thionyl chloride (40 mL) was added dropwise over 3 
hours to a solution of bis-cyanohydrines 136 (31 g, 0.16 mol) in pyridine (200 mL). The 
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black solution was heated at reflux for 5 hours. The mixture was tempered overnight and 
2 N HCl solution (200 mL) was carefully poured into reaching acid pH. The black 

precipitated was filtered under vacuo and washed diluted HCl solution and water (300 mL 
approx.). The solid was extracted with hot DCM (7 x 100 mL) and the combined organic 
extracts were washed with water (2 x 150 mL), dried over anh. Na2SO4, filtered and 

concentrated under vacuo to give a solid (7.9 g). In order to recover further product, the 
filtrate was concentrated until a third of its volume and DCM (300 mL) was added. The 
immiscible mixture was filtered through a Celite™ pad and the phases were separated. The 
aqueous phase was extracted with further DCM (200 mL) and the combined organic layers 

were dried over anh. Na2SO4, filtered and evaporated under vacuo to give an oil (12 g). 
Crystallization of the obtained product from EtOAc/hexane afforded the mixture of 
unsaturated dinitriles 137 and 138 (11.2 g, 44% yield) as a yellow solid. The spectroscopic 
data were identical to those described in the bibliography. 

 

Preparation of the stereoisomeric mixture of cis-bicyclo[3.3.0]octane-3,7-dicarbonitrile, 
139505 

 

 A suspension of the unsaturated dinitriles 137 and 139 (11.14 g, 70 mmol) and 10% 
wt. palladium on carbon (2.15 g) in methanol (200 mL) was stirred under hydrogen 
atmosphere (27 atm) at room temperature until no further hydrogen consumption was 
observed. The suspension was then filtered and the solid washed with methanol (50 mL). 

The solvent was evaporated under vacuo and crystallization of the residue from EtOAc gave 
the stereoisomeric mixture of saturated nitriles 139 (9.9 g, 87% yield) as a yellow solid in a 
ratio of 2:1.3:1; (1α,3α,5α,7α), (1α,3β,5α,7β) and (1α,3α,5α,7β) respectively. The 
spectroscopic data matched with those previously described.  

 

Preparation of the stereoisomeric mixture of dimethyl cis-bicyclo[3.3.0]octane-3,7-
dicarboxylate, 141506 

a) Synthesis of the stereoisomeric mixture of cis-bicyclo[3.3.0]octane-3,7-dicarboxylic 
acid, 140: 
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 A solution of the saturated dinitriles 139 (7.1 g, 44.2 mmol) in 40% (p/v) KOH in 
methanol (53 mL) was heated at reflux for 3 hours. Water (155 mL) was added and the 
reaction mixture was heated at reflux for further 3 hours. The solution was cooled with an 
ice bath and conc. HCl was added until acid pH. The resulting solution was concentrated 

under vacuo and the residue extracted with hot Et2O (5 x 100 mL). The combined organic 

extracts were dried over anh. Na2SO4, filtered and evaporated under vacuo to give the diacid 
mixture 140 (6.3 g, 72% yield) as a yellow solid which was used without any further 
purification or characterization. 

b) Synthesis of the stereoisomeric mixture of dimethyl cis-bicyclo[3.3.0]octane-3,7-
dicarboxylate, 141: 

 

 To a solution of diacid mixture 140 (6.45 g, 32.6 mmol) in anh. methanol (130 mL) 
was added conc. H2SO4 (13 mL) and the reaction mixture was heated at reflux overnight. 
Then the resulting solution was tempered to room temperature and anh. K2CO3 was added 
until reaching basic pH (~12). The solid was filtrated and the filtrate was concentrated 

under vacuo. The residue was dissolved in DCM (100 mL) and dried over anh. Na2SO4 and 

filtered. Evaporation under vacuo afforded the diester mixture 141 (6.3 g, 86% yield) as a 
brown oil, whose spectroscopic data belong to those previously described. Any further 
purification or characterization was carried out.  

 

 Preparation of dimethyl tricyclo[3.3.0.03,7]octane-1,5-dicarboxylate, 131505 

 

 In a three-necked round bottom flask equipped with a pressure-equalizing dropping 
funnel, low temperature thermometer and gas inlet, a solution of anh. diisopropylamine 
(10.8 mL, 77.0 mmol) in anh. THF (110 mL) was cooled to -78 ºC by means of a dry ice in 



 
CHAPTER 3   313 

acetone bath. 2.5 M n-butyllithium in hexanes (25.6 mL, 64.2 mmol) was added dropwise 
and the resulting clear solution was stirred at ~0 ºC with an ice bath for 1 hour. Afterwards 
the reaction mixture was cooled down to -10 ºC and a solution of the diester mixture 141 
(6.3 g, 27.9 mmol) in anh. THF (82 mL) was added dropwise. The resulting beige 
suspension was stirred at -10 ºC for 1 hour and at -78 ºC for a further hour. Next, a solution 
of iodine (7.1 g, 27.9 mmol) in anh. THF (185 mL) was added dropwise over 2 hours. After 
the addition, the resulting deep-red solution was stirred at 0 ºC for 1 hour and then at 
room temperature overnight. The reaction mixture was acidified with 5 N HCl solution 
until acid pH (~25 mL) and the phases were separated. The aqueous layer was extracted 
with Et20 (5 x 50 mL) and the combined organic phases were washed with 10% NaS2O3 
solution (3 x 50 mL) and brine (2 x 50 mL), dried over anh. Na2SO4 and filtered. 

Concentration under vacuo gave a brown oil (6.6 g). The crude was purified by column 

chromatography (SiO2, Hexane/EtOAc mixture) and evaporation in vacuo of the 
appropriate fractions provided the desired tricyclic diester 131 (2.23 g, 36% yield) as yellow 
solid. The spectroscopic data were identical to those described in the bibliography.  

 

Preparation of tricyclo[3.3.0.03,7]octane-1,5-dicarboxylic acid, 141515 

 

 A suspension of diester 131 (2.23 g, 9.9 mmol) in 40% (p/v) KOH in methanol (15 
mL) was heated at reflux for 3 hours. Then water (15 mL) was added and the resulting 
brown solution was heated at reflux for further 3 hours. Cooling to ~0 ºC with an ice bath 
was followed by the addition of conc. HCl until acid pH, and the resulting suspension was 

concentrated under vacuo. The residue was extracted with hot Et2O (7 x 30 mL) and the 
combined organic extracts were dried over anh. Na2SO4, filtered and concentrated under 

vacuo to give 142 (1.90 g, 97% yield) as a brown solid, whose spectroscopic data matched 
with those described in the bibliography.  

 

Preparation of 3-oxatetracyclo[5.2.1.15,8.01,5]undeca-2,4-dione, 144172 
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 Diacid 142 (1.9 g, 9.7 mmol) was placed in a round bottom flask equipped with a 
condenser apparatus and a stir bar. Acetic anhydride (55 mL) was added and the solution 
was heated at reflux for 90 minutes. The reaction was tempered to room temperature prior 

the evaporation under vacuo to give a brown solid. Purification by sublimation at 105 ºC 
and 0.5 Torr provided the desired anhydride 144 (1.24 g, 72% yield) as a yellow solid. Its 
spectroscopic data were identical to those described.  

 

 Preparation of 5-(methoxycarbonyl)tricyclo[3.3.0.03,7]octane-1-carboxylic acid, 146172 

 

In a round bottom flask equipped with a condenser apparatus, CaCl2 tube and 
magnetic stirrer was prepared a solution of anhydride 144 (1.24 g, 7.0 mmol) in anh. 
methanol (100 mL). To that, sodium methoxide (1.88 g, 34.8 mmol) was added and the 
suspension was heated at reflux overnight. Thereupon the resulting solution was tempered 

to room temperature and the solvents were removed under vacuo. The residue was 
partitioned between water (25 mL) and EtOAc (25 mL) and the layers were separated. The 
aqueous phase was adjusted with conc. HCl to pH ~1 and extracted with EtOAc (3 x 30 
mL). The combined organic layers were dried over anh. Na2SO4, filtered and concentrated 
under reduced pressure to give an orange oil (1.36 g) as a mixture of the desired hemiester 
146 and the diacid 142. Purification by column chromatography (SiO2, hexane/EtOAc 
mixture) gave in order of elution the hemiester 146 (747 mg, 51% yield) and the diacid 
142 (601 mg, 44% yield). The spectroscopic data were identical to those previously 
published.  

 

Preparation of tricyclo[3.3.0.03,7]octane-1-carboxylic acid, 155172 

a) Synthesis of the methyl tricyclo[3.3.0.03,7]octane-1-carboxylate, 148: 
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In a three-necked round bottom flask equipped with a magnetic stirrer and gas inlet, 

2,2’-dithiobis(pyridine-N-oxide) (198 mg, 0.78 mmol) was added to a solution of hemiester 
148 (129 mg, 0.61 mmol) in anhydrous and deoxygenated CHCl3 (5 mL). The resulting 
solution was wrapped in aluminium foil and cooled to 0 ºC by means of an ice/NaCl bath. 
Then tributylphosphine (0.22 mL, 0.86 mmol) was added and the yellow solution stirred 
at room temperature for 2 hours. Next the aluminium foil removed and the reaction 
mixture stirred at room temperature under irradiation of a 100 W lamp for 3 hours. 
Afterwards the reaction mixture was washed with saturated aqueous NaHCO3 solution (3 
x 10 mL), 6 N HCl solution (3 x 10 mL), water (2 x 10 mL) and brine (2 x 10 mL). The 
organic layer was dried over anh. Na2SO4 and filtered. The solvents were distilled off to give 
the monoester 148 along with reaction by-products (aprox. 420 mg). The product was used 
in next step without any further purification or characterization due to its high volatility. 

b) Synthesis of the tricyclo[3.3.0.03,7]octane-1-carboxylic acid, 155: 

 

A suspension of monoester 148 (aprox. 420 mg, 2.56 mmol) in 10% (p/v) KOH in 
methanol (3.2 mL) was heated at reflux for 3 hours. Water (3.2 mL) was added and the 
reaction mixture was heated at reflux for further 3 hours. The solution was tempered to 

room temperature and then concentrated under vacuo. The residue was partitioned 
between water (10 mL) and EtOAc (10 mL). The phases were separated and the aqueous 
layer was washed with further EtOAc (10 mL) followed by acidification with 2 N HCl 
solution until acid pH and extraction with EtOAc (3 x 10 mL). The combined organic 

layers were dried over anh. Na2SO4, filtered and evaporated under vacuo to give a grey solid 
(93 mg). Purification by column chromatography (SiO2, Hexane/EtOAc mixture) afforded 
the desired monoacid 155 (68 mg, 73% yield) as a white solid, whose spectroscopic data 
were in accord to those previously described. 

 

Preparation of (tricyclo[3.3.0.03,7]octa-1-yl)amine hydrochloride, 122·HCl172 

 

 In a round bottom flask equipped with a condenser apparatus and magnetic stirrer a 
solution of acid 155 (71 mg, 0.47 mmol) in toluene (1.4 mL) was prepared, to which was 
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added diphenylphosphoryl azide (0.150 mL, 0.69 mmol) followed by triethylamine (0.09 
mL, 1.34 mmol). The solution was heated at reflux for 3 hours, whereupon the reaction 
mixture was tempered to room temperature and washed with cold 6 N HCl solution (8 x 5 
mL). Further 6 N HCl solution (2.3 mL) was added and the biphasic system heated at reflux 
for 24 hours. Then the reaction mixture was tempered to room temperature and the phases 
were separated. The aqueous layer was washed with Et2O (3 x 5 mL), the pH was adjusted 
to ~12 with 10 N NaOH solution and extracted with Et2O (4 x 5 mL). The combined 
organic phases were dried over anh. Na2SO4 and filtered. To the combined extracts an 

excess of Et2O·HCl was added and the solvent was removed under vacuo keeping the bath 
temperature below 40 ºC, to give the amine 122·HCl (23 mg, 31% yield). The spectroscopic 
data matched with those described in the literature.  

 

Preparation of 3,7-dimethyltricyclo[3.3.0.03,7]octane-1,5-dicarboxylic acid, 143600  

  

 A suspension of diester 132 (2 g, 7.9 mmol) in 40% (p/v) KOH in methanol (15 mL) 
was heated at reflux for 3 hours. Then water (15 mL) was added and the resulting brown 
solution was heated at reflux for further 3 hours. Cooling to ~0 ºC with an ice bath was 
followed by the addition of conc. HCl until acid pH, and the resulting suspension was 

concentrated under vacuo. The residue was extracted with hot Et2O (5 x 30 mL) and the 
combined organic extracts were dried over anh. Na2SO4, filtered and concentrated under 

vacuo to give 143 (1.77 g, quantitative yield) as a yellow solid, whose spectroscopic data 
matched with those described in the bibliography.  

 

Preparation of 7,8-dimethyl-3-oxatetracyclo[5.2.1.15,8.01,5]undeca-2,4-dione, 145524 

 

 Diacid 143 (2.6 g, 11.4 mmol) was placed in a round bottom flask equipped with a 
condenser apparatus and a stir bar. Acetic anhydride (70 mL) was added and the solution 
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was heated at reflux for 90 minutes. The reaction was tempered to room temperature prior 

the evaporation under vacuo to give the desired anhydride 145 (2.29 g, 97% yield) as a 
yellow solid, which was used in next step without any further purification or 
characterization. Its spectroscopic data were identical to those described.  

 

Preparation of 3,7-dimethyl-5-(methoxycarbonyl)tricyclo[3.3.0.03,7]octane-1-carboxylic 
acid, 147164  

 

In a round bottom flask equipped with a condenser apparatus, CaCl2 tube and 
magnetic stirrer was prepared a solution of anhydride 145 (2.29 g, 11.1 mmol) in anh. 
methanol (160 mL). To that, sodium methoxide (3.00 g, 55.6 mmol) was added and the 
solution was heated at reflux for 20 hours. Thereupon the resulting suspension was 

tempered to room temperature and the solvents were removed under vacuo. The residue 
was partitioned between water (100 mL) and EtOAc (50 mL) and the layers were separated. 
The aqueous phase was adjusted with conc. HCl to pH ~1 and extracted with EtOAc (3 x 
50 mL). The combined organic layers were dried over anh. Na2SO4, filtered and 
concentrated under reduced pressure to give an orange oil (2.52 g) as a mixture of the 
desired hemiester 147 and the diacid 143. Purification by column chromatography (SiO2, 
Hexane/EtOAc mixture) gave in order of elution a mixture of 147 and 143 in a 1:1 ratio 
(920 mg, 37% yield), the hemiester 147 (293 mg, 11% yield) and the diacid 143 (1.22 g, 
48% yield). The spectroscopic data were identical to those previously published.  

 

Preparation of methyl 3,7-dimethyltricyclo[3.3.0.03,7]octane-1-carboxylate, 149164 

 

In a three-necked round bottom flask equipped with a magnetic stirrer and gas inlet, 

2,2’-dithiobis(pyridine-N-oxide) (271 mg, 1.08 mmol) was added to a solution of hemiester 
147 (200 mg, 0.84 mmol) in anhydrous and deoxygenated CHCl3 (10 mL). The resulting 
solution was wrapped in aluminium foil and cooled to 0 ºC by means of an ice/NaCl bath. 



 
318   Materials & Methods 

Then tributylphosphine (0.29 mL, 1.18 mmol) was added and the yellow solution stirred 
at room temperature for 2 hours. Next the aluminium foil removed and the reaction 
mixture stirred at room temperature under irradiation of a 60 W lamp for 2 hours. 
Afterwards the reaction mixture was washed with saturated aqueous NaHCO3 solution (3 
x 10 mL), 6 N HCl solution (3 x 10 mL), water (2 x 10 mL) and brine (2 x 10 mL). The 

organic layer was dried over anh. Na2SO4, filtered and concentrated under vacuo to give a 
yellow oil. The crude was purified by column chromatography (SiO2, Hexane/EtOAc 

mixture), evaporation under vacuo of the appropriate fractions provided the monoester 149 
(138 mg, 86% yield). The spectroscopic data were in accord to those described in the 
bibliography. 

 

Preparation of 3,7-dimethyltricyclo[3.3.0.03,7]octane-1-carboxylic acid, 156164 

 

A solution of monoester 149 (454 mg, 2.34 mmol) in 10% (p/v) KOH in methanol (5 
mL) was heated at reflux for 3 hours. Water (5 mL) was added and the reaction mixture 
was heated at reflux for further 3 hours. The solution was tempered to room temperature 

and then concentrated under vacuo. The residue was partitioned between water (15 mL) 
and EtOAc (15 mL). The phases were separated and the aqueous layer was washed with 
further EtOAc (2 x 15 mL) followed by acidification with 5 N HCl solution until acid pH 
and extraction with EtOAc (4 x 15 mL). The combined organic layers were washed with 

brine (3 x 15 mL), dried over anh. Na2SO4, filtered and evaporated under vacuo to afforded 
the desired monoacid 156 (256 mg, 61% yield) as a yellow solid, whose spectroscopic data 
were in accord to those previously described. 

 

Preparation of 3,7-dimethyl(tricyclo[3.3.0.03,7]octa-1-yl)amine hydrochloride, 123·HCl95 

 

 In a round bottom flask equipped with a condenser apparatus and magnetic stirrer a 
solution of acid 36 (221 mg, 1.23 mmol) in toluene (3.7 mL) was prepared, to which was 
added diphenylphosphoryl azide (0.390 mL, 1.80 mmol) followed by triethylamine (0.230 
mL, 1.64 mmol). The solution was heated at reflux for 3 hours, whereupon the reaction 
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mixture was tempered to room temperature and washed with cold 6 N HCl solution (10 x 
5 mL). Further 6 N HCl solution (6 mL) was added and the biphasic system heated at reflux 
for 24 hours. Then the reaction mixture was tempered to room temperature and the phases 
were separated. The aqueous layer was washed with Et2O (3 x 5 mL), the pH was adjusted 
to ~12 with 10 N NaOH solution and extracted with Et2O (2 x 10 mL) and EtOAc (2 x 10 
mL). The combined organic phases were dried over anh. Na2SO4 and filtered. To the 
combined extracts an excess of Et2O·HCl was added and the solvent was removed under 

vacuo to give the amine 123·HCl (230 mg, quantitative yield). The spectroscopic data 
matched with those described in the literature.  

 

Preparation of 1-adamantanecarbonyl azide, 164601

a) Formation of 1-adamantanecarbonyl chloride, 163: 

 

 In a round-bottom flasks equipped with a stir bar, condenser apparatus and CaCl2 
tube, a solution of 1-adamantanecarboxylic acid (100 mg, 0.55 mmol) in thionyl chloride 
(2 mL) was heated at reflux for 1.5 hours. The reaction mixture was then tempered to room 

temperature and concentrated in vacuo. The residue was dissolved in toluene (5 mL) and 
the solvent removed under reduced pressure. The procedure was repeated twice to obtain 
163 (108 mg, 98% yield) as a yellow solid. The product was used in next step without any 
further purification or characterization. 

IR (ATR) ν: 1786 (CO band) cm-1. 

b) Preparation of 1-adamantanecarbonyl azide, 164: 

 

 A solution of acyl chloride 163 (108 mg, 0.55 mmol) in acetone (3.6 mL) was added 
dropwise to a solution of sodium azide (131 mg, 2.02 mmol) in water (1.9 mL) prior cooling 
at 0 ºC with an ice/NaCl bath. The resulting suspension was stirred at room temperature 
for 4 hours. Water (5 mL) and Et2O (5 mL) were added, the phases separated and the 
aqueous layer was extracted with further Et2O (2 x 5 mL). The combined organic layers 
were washed with saturated aqueous NaHCO3 solution (2 x 10 mL) and water (2 x 10 mL), 
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dried over anh. Na2SO4, filtered and evaporated under vacuo to give the desired acyl azide 
164 (102 mg, 91% yield) as a yellow solid. The product was used in next step without 
further purification. 

IR (ATR) ν: 1702 (CO band), 2136 and 2905 (azide band) cm-1. 

 

Preparation of 1-(1-adamantyl)-3-(2,3,4-trifluorophenyl)urea, 166525 

a) Formation of 1-isocyanatoadamantane, 165: 

 

 In a round-bottom flasks equipped with a stir bar and condenser apparatus anh. 
toluene (17 mL) was heated at reflux under nitrogen. Then a solution of 1-
adamantanecarbonyl azide 164 (102 mg, 0.50 mmol) in anh. toluene (3.5 mL) was added 
dropwise and the reaction heated at reflux overnight. The reaction completion was 
monitored by IR. 

IR (NaCl) ν: 2248 (isocyanate band) cm-1. 

b) Preparation of 1-(1-adamantyl)-3-(2,3,4-trifluorophenyl)urea, 166: 

 

 2,3,4-trifluoroaniline (74 mg, 0.51 mmol) was added to anh. THF (10 mL) and cooled 

to -78 ºC by means of a dry ice in acetone bath. To that 2.5 M n-butyllithium in hexanes 
(0.21 mL, 0.51 mmol) was added dropwise. The reaction mixture was removed from the 
dry ice in acetone bath and tempered to 0 ºC with an ice bath. Afterwards the solution of 
the isocyanate in anh. toluene from the previous step already tempered to room 
temperature was added gradually and  the mixture stirred at room temperature overnight. 
Methanol (2 mL) was then added to quench any unreacted butyllithium. The solvents were 

evaporated under vacuo to give an impure mixture of the urea 166 plus reaction by-products 
(334 mg). Any further purification or characterization was fulfilled. 

IR (ATR) ν: 1509 (CO band) cm-1. 
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Preparation of pentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene-8,9-dicarboxylic anhydride, 
160602 

 

Pentacyclic diacid 88 (14.5 g, 59.4 mmol) was placed in a round-bottom flask equipped 
with a magnetic stirrer and condenser apparatus and acetic anhydride (370 mL, 5.47 mol) 
was added. The suspension was heated at reflux for 1 hour. After that, the resulting solution 

was tempered to room temperature and then concentrated under vacuo. The crude was 
purified by sublimation at 100 ºC and 0.7 Torr giving pure anhydride 160 (11.82 g, 88% 
yield) as a white solid. The spectroscopic data matched with those described in the 
bibliography. 

 

Preparation of 9-methoxycarbonilpentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene-8-
carboxylic acid, 161164 

 

In a round-bottom flask equipped with a magnetic stirrer, condenser apparatus and 
CaCl2 tube was prepared a solution of pentacyclic anhydride 160 (1.98 g, 8.76 mmol) in 
anh. MeOH (130 mL). Sodium methoxide (2.36 g, 43.8 mmol) was added and the reaction 
mixture was heated at reflux for 14 hours. Thereupon the resulting solution was tempered 

to room temperature and the solvents were removed under vacuo. The residue was 
partitioned between water (100 mL) and EtOAc (50 mL) and the layers were separated. The 
aqueous phase was adjusted with conc. HCl to pH ~1 and extracted with EtOAc (3 x 100 
mL). The combined organic layers were dried over anh. Na2SO4, filtered and concentrated 
under reduced pressure to give a white solid (2.17 g) as a mixture of the desired hemiester 
161 and the diacid 88. Purification by column chromatography (SiO2, Hexane/EtOAc 
mixture) gave in order of elution the hemiester 161 (1.37 g, 60% yield), a mixture of 161 
and 88 in a 1:1 ratio (450 mg, 21% yield), and the diacid 88 (310 mg, 14% yield). The 
spectroscopic data were identical to those previously published.  
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Preparation of methyl pentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene-8-carboxylate, 
162164 

 

In a three-necked round bottom flask equipped with a magnetic stirrer and gas inlet, 

2,2’-dithiobis(pyridine-N-oxide) (1.49 g, 5.93 mmol) was added to a solution of hemiester 
161 (1.19 g, 4.63 mmol) in anhydrous and deoxygenated CHCl3 (43 mL). The resulting 
solution was wrapped in aluminium foil and cooled to 0 ºC by means of an ice/NaCl bath. 
Then tributylphosphine (1.61 mL, 6.48 mmol) was added and the yellow solution stirred 
at room temperature for 2 hours. Next the aluminium foil removed and the reaction 
mixture stirred at room temperature under irradiation of a 60 W lamp for 2 hours. 
Afterwards the reaction mixture was washed with saturated aqueous NaHCO3 solution (3 
x 20 mL), 6 N HCl solution (3 x 20 mL), water (2 x 20 mL) and brine (2 x 20 mL). The 

organic layer was dried over anh. Na2SO4, filtered and concentrated under vacuo to give a 
yellow oil (1.50 g). The crude was purified by column chromatography (SiO2, 

Hexane/EtOAc mixture), evaporation under vacuo of the appropriate fractions provided 
the monoester 162 (858 mg, 59% yield). The spectroscopic data matched with those 
described in the bibliography. 

 

Preparation of pentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene-8-carboxylic acid, 159164 

 

 A solution of sodium hydroxide (1.05 g) in water (4 mL) was added to a solution of 
pentacyclic monoester 162 (858 mg, 4.00 mmol) in methanol (75 mL). The reaction 
mixture was heated at reflux for 1 hour. The solution was tempered to room temperature 

and the methanol evaporated under vacuo. Water (15 mL) was added and the solution was 
heated for further 5 hours. Thereafter, the reaction mixture was tempered to room 
temperature, activated charcoal (200 mg) was added and the black suspension was stirred 
at room temperature overnight. The suspension was filtered through Celite™ pad and the 
filtrate washed with EtOAc (3 x 30 mL). The aqueus layer was cooled to ~0 ºC with an ice 
bath and conc. HCl was added until pH ~1. The resulting white precipitated was filtered 
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under vacuo and washed with water (10 mL). The solid was left in the vacuum dryer until 
constant weight (103 mg). In order to recover further product, the aqueous phase was 
extracted with EtOAc (3 x 30 mL) and the combined organics were dried over anh. Na2SO4, 

filtered and concentrated under vacuo to give a total amount of 254 mg (31% yield) of 
monoacid 159. The spectroscopic data were identical to those previously published.  

 

Preparation of pentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene-8-carbonyl azide, 169 

a) Formation of pentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene-8-carbonyl chloride, 
168: 

 

 In a round-bottom flasks equipped with a stir bar, condenser apparatus and CaCl2 
tube, a solution of pentacyclic carboxylic acid 159 (100 mg, 0.50 mmol) in thionyl chloride 
(2 mL) was heated at reflux for 1 hour. The reaction mixture was then tempered to room 

temperature and concentrated in vacuo. The residue was dissolved in toluene (5 mL) and 
the solvent removed under reduced pressure. The procedure was repeated twice to obtain 
168 (108 mg, quantitative yield) as a beige solid. The product was used in next step without 
any further purification or characterization. 

IR (ATR) ν: 1778 (CO band) cm-1. 

b) Preparation of pentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene-8-carbonyl azide, 169: 

 

 A solution of acyl chloride 168 (108 mg, 0.50 mmol) in acetone (3.4 mL) was added 
dropwise to a solution of sodium azide (127 mg, 1.95 mmol) in water (1.8 mL) prior cooling 
at 0 ºC with an ice/NaCl bath. The resulting suspension was stirred at room temperature 
for 4 hours. Water (5 mL) and Et2O (10 mL) were added, the phases separated and the 
aqueous layer was extracted with further Et2O (2 x 5 mL). The combined organic layers 
were washed with saturated aqueous NaHCO3 solution (2 x 10 mL) and water (2 x 10 mL), 

dried over anh. Na2SO4, filtered and evaporated under vacuo to give the desired acyl azide 
169 (98 mg, 88% yield) as a beige solid. Any further purification or characterization was 
carried out. 

IR (ATR) ν: 1697 (CO band), 2129 and 2964 (azide band) cm-1. 



 
324   Materials & Methods 

Preparation of 1-(pentacyclo[6.4.0.02,10.03,7.04,9]dodeca-5,11-diene-8-yl)-3-(2,3,4-
trifluorophenyl)urea, 157 

a) Formation of 8-isocyanatopentacyclo[6.4.02,10.03,7.04,9]dodeca-5,11-diene, 158: 

 

 In a round-bottom flasks equipped with a stir bar and condenser apparatus anh. 
toluene (15 mL) was heated at reflux under nitrogen. Then a solution of pentacyclic azide 
169 (98 mg, 0.43 mmol) in anh. toluene (3 mL) was added dropwise and the reaction 
heated at reflux overnight. The reaction completion was monitored by IR. 

IR (NaCl) ν: 2258 (NCO band) cm-1. 

b) Preparation of 1-(pentacyclo[6.4.0.02,10.03,7.04,9]dodeca-5,11-diene-8-yl)-3-(2,3,4-
trifluorophenyl)urea, 157: 

 

 2,3,4-trifluoroaniline (64 mg, 0.43 mmol) was added to anh. THF (8 mL) and cooled 

to -78 ºC by means of a dry ice in acetone bath. To that 2.23 M n-butyllithium in hexanes 
(0.19 mL, 0.43 mmol) was added dropwise. The reaction mixture was removed from the 
dry ice in acetone bath and tempered to 0 ºC with an ice bath. Afterwards the solution of 
the isocyanate in anh. toluene from the previous step already tempered to room 
temperature was added gradually and  the mixture stirred at room temperature for 20 hour. 
The reaction completion was controlled by 1H-NMR, and once there was any further 
progression, methanol (2 mL) was then added to quench any unreacted butyllithium. The 

solvents were evaporated under vacuo to give a brown solid (173 mg, IR (ATR) ν: 1509 (CO 
band) cm-1). Purification by column chromatography (SiO2, Hexane/EtOAc mixture) gave 
the desired urea 157 (37 mg, 25% yield). The analytical sample was obtained by 
crystallization from methanol/diethyl ether. 

Analytical and spectroscopic data of compound 157: 

Melting point: 217 - 219 ºC. 
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IR (ATR) ν: 3350, 2964, 2522, 2158, 1977, 1656, 1639, 1562, 1511, 1471, 1339, 1290, 1246, 
1186, 1167, 1101, 1074, 1032, 1012, 999, 975, 882, 805, 767, 741, 725, 689, 661, 620 cm-1. 

1H-NMR (400 MHz, CDCl3) δ: 1.57 (s, 1 H, 9-H), 2.60 [d, J = 2.4 Hz, 2 H, 2(3)], 2.94 [broad 

s, 2 H, 4(10)-H], 3.60 [broad s, 2 H, 1(7)-H], 4.85 (broad s, 1 H, 1-NH), 5.93 [ddd, J = 6 Hz, 

J’ = 3 Hz, J’’ = 0.8 Hz, 2 H, 6(12)-H], 6.08 [ddd, J = 6 Hz, J’ = 3 Hz, J’’ = 0.8 Hz, 2 H, 5(11)-
H], 6.38 (broad s, 1 H, 3-NH), 6.90 (m, 1 H, 5’-H), 7.78 (m, 1 H, 6’-H). 

13C-NMR (100.6 MHz, CDCl3) δ: 58.5 (CH, C9), 60.2 [CH, C2(3) and C4(10)], 61.3 [CH, 

C1(7)], 73.7 (C, C8), 111.5 (CH, dd, 2JC-F = 17.5 Hz, 3JC-F = 3.8 Hz, C5’), 115.0 (CH, broad t, 
3JC-F = 5.4 Hz, C6’), 124.7 (C, dd, 2JC-F = 8 Hz, 3JC-F = 3.3 Hz Ar-C1’), 131.6 [CH, C6(12)], 

133.9 [CH, C5(11)], 139.8 (C, dd, 1JC-F = 250 Hz, 2JC-F = 15 Hz, Ar-C3’), 142.0 (C, dd, 1JC-F = 

245 Hz, 2JC-F = 15.5 Hz, Ar-C4’), 146.4 (C, dd, 1JC-F = 245 Hz, 2JC-F = 10 Hz, Ar-C2’), 153.9 (C, 
CO).  

MS (DIP), m/z (%); significant ions: 344 (M·+, 68), 279 (66), 171 (31), 170 [(C12H12N)+, 70], 
169 (15), 168 (26), 156 (26), 155 (31), 154 (73), 153 (60), 152 (24), 143 (15), 132 (25), 130 
(25), 129 (16), 128 (36), 127 (16), 119 (23), 115 (26), 106 (100), 93 (25), 91 (19), 80 (15), 78 
(22), 77 (28), 65 (16).  

HRMS-ESI+ m/z [M+H]+ calcd for [C19H15F3N2O+H]+: 345.1209, found: 345.12105. 

 

General method for the synthesis of urea compounds 108-109 and 170-183 

 

 In a round-bottom flask equipped with a stir bar under nitrogen atmosphere 1.2 eq. 
of the appropriate amine hydrochloride was added to anh. DCM (~110 mM). To this 
suspension 1.0 eq. of 2,3,4-trifluorophenyl isocyanate followed by 7 eq. of triethylamine 
was added. The reaction mixture was stirred at room temperature overnight. Then the 

solvent was removed under vacuo and the resulting crude was purified as specified in each 

compound (vide infra). 
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Preparation of 1-(1-adamantyl)-3-(2,3,4-trifluorophenyl)urea, 108497  

 

 The crude was purified by column chromatography (SiO2, hexane/EtOAc mixture). 

Evaporation in vacuo of the appropriate fractions gave the urea 108 (280 mg, quantitative 
yield). The analytical sample was obtained by crystallization from methanol. The 
spectroscopic data coincide with those described in the bibliography. 

 

Preparation of 1-(2-adamantyl)-3-(2,3,4-trifluorophenyl)urea, 109497 

 

 The crude was purified by column chromatography (SiO2, hexane/EtOAc mixture). 

Evaporation in vacuo of the appropriate fractions gave the urea 109 (270 mg, 94% yield). 
The analytical sample was obtained by crystallization from EtOAc/pentane. The 
spectroscopic data were identical to those previously published. 

Preparation of 1-(2-oxaadamant-1-yl)-3-(2,3,4-trifluorophenyl)urea, 170  

 

 Purification by column chromatography (SiO2, hexane/EtOAc mixture) of the crude 

and evaporation in vacuo of the appropriate fractions gave the urea 170 (163 mg, 94% yield) 
as a white solid. 

Analytical and spectroscopic data of compound 170: 

Melting point: 196 - 198 ºC. 

IR (ATR) ν: 3300-2800 (3293, 3232, 3127, 2933, 2857), 1702, 1640, 1621, 1563, 1509, 
1489, 1471, 1446, 1373, 1349, 1340, 1317, 1294, 1257, 1239, 1227, 1200, 1165, 1117, 1099, 
1080, 1020, 996, 976, 963, 932, 912, 884, 840, 805, 788, 757, 683, 653 cm-1. 
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1H-NMR (500 MHz, CD3OD) δ: 1.68 [dm, J = 12.5 Hz, 2 H, 4(10)-Ha], 1.89 [complex signal, 

4 H, 6-H2, 8(9)-Ha], 2.00 [dm, J = 12.5 Hz, 2 H, 4(10)-Hb], 2.26 [broad signal, 2 H, 5(7)-H], 

2.32 [d, J = 12.5 Hz, 8(9)-Hb], 4.23 (broad s, 1 H, 3-H), 7.03 (m, 1 H, 5’-H), 7.75 (m, 1 H, 
6’-H). 

 13C-NMR (125.7 MHz, CD3OD) δ: 29.6 [CH, C5(7)], 35.6 [CH2, C4(10)], 35.8 (CH2, C6), 

40.9 [CH2, C8(9)], 72.5 (CH, C3), 82.2 (C, C1), 112.3 (CH, dd, 2JC-F = 18 Hz, 3JC-F = 4 Hz, 

C5’), 116.8 (CH, C6’), 126.5 (C, d, 2JC-F = 8.8 Hz, Ar-C1’), 141.0 (C, dt, 1JC-F = 246 Hz, 2JC-F = 

15 Hz, Ar-C3’), 143.8 (C, dd, 1JC-F = 244 Hz, 2JC-F = 11 Hz, Ar-C4’), 147.6 (C, dd, 1JC-F = 244 

Hz, 2JC-F = 9 Hz, Ar-C2’), 156.0 (C, CO). 

MS (DIP), m/z (%); significant ions: 328 (6), 327 (5), 179 (11), 172 (18), 149 (97), 148 (100), 
146 (36), 121 (12), 120 (10), 118 (13), 111 (11), 95 (17), 94 (26), 93 (11), 79 (20), 68 (18).  

Elemental analysis: 

Calculated for C16H17F3N2O2:               C  58.89%   H  5.25%   F   17.47%    N  8.58% 

Found:                             C  59.00%   H  5.60%    F   17.22%   N  8.57% 

 

Preparation of 1-(3-methyl-2-oxaadamant-1-yl)-3-(2,3,4-trifluorophenyl)urea, 171  

 

 Column chromatography (SiO2, hexane/EtOAc mixture) of the crude and 

concentration in vacuo of the appropriate fractions gave the urea 171 (156 mg, 93% yield) 
as a white solid. The analytical sample was obtained by crystallization from 
methanol/diethyl ether. 

Analytical and spectroscopic data of compound 171: 

Melting point: 195 - 197 ºC. 

IR (ATR) ν: 3300-2800 (3270, 3227, 3128, 2976, 2927, 2856), 1701, 1641, 1622, 1564, 1509, 
1492, 1471, 1373, 1341, 1322, 1301, 1286, 1256, 1228, 1213, 1200, 1171, 1136, 1106, 1090, 
1072, 1034, 1006, 991, 972, 959, 921, 899, 885, 804, 788, 755, 682, 670, 652 cm-1. 

1H-NMR (500 MHz, CD3OD) δ: 1.19 (s, 3 H, 3C-CH3), 1.63 [dm, J = 12.5 Hz, 2 H, 4(10)-

Ha], 1.73 [dm, J = 12.5 Hz, 2 H, 4(10)-Hb], 1.75-1.82 (complex signal, 2 H, 6-H2), 1.83 [dm, 

J = 12.5 Hz, 2 H, 8(9)-Ha], 2.15 [dm, J = 12.5 Hz, 2 H, 8(9)-Hb], 2.29 [m, 2 H, 5(7)-H], 7.03 
(m, 1 H, 5’-H), 7.80 (m, 1 H, 6’-H).  
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13C-NMR (125.7 MHz, CD3OD) δ: 29.2 (CH3, C3-CH3), 30.1 [CH, C5(7)], 34.9 (CH2, C6), 

40.3 [CH2, C8(9)], 41.5 [CH2, C4(10)], 75.1 (C, C3), 83.3 (C, C1), 112.4 (CH, dd, 2JC-F = 

17.8 Hz, 3JC-F = 4 Hz, C5’), 116.3 (CH, C6’), 126.6 (C, C1’), 141.0 (C, dt, 1JC-F = 248 Hz, 2JC-F 

= 15 Hz, Ar-C3’), 143.5 (C, dd, 1JC-F = 245.2 Hz, 2JC-F = 9.5 Hz, Ar-C4’), 147.5 (C, dd, 1JC-F = 

242.6 Hz, 2JC-F = 8.9 Hz, Ar-C2’), 156.3 (C, CO). 

MS (DIP), m/z (%); significant ions: 342 (7), 172 (13), 150 (14), 149 (100), 148 (80), 147 
(25), 109 (10), 108 (14), 107 (11), 95 (10), 93 (25). 

Elemental analysis: 

Calculated for C17H19F3N2O2:                C  59.99%   H  5.63%    F  16.75%   N  8.23% 

Found:                              C  59.91%   H  5.90%    F  16.52%   N  8.22% 

 

Preparation of 1-(3-ethyl-2-oxaadamant-1-yl)-3-(2,3,4-trifluorophenyl)urea, 172  

 

 The crude was purified by column chromatography (SiO2, hexane/EtOAc mixture). 

Evaporation in vacuo of the appropriate fractions gave the urea 172 (116 mg, 96% yield) as 
a white solid.  

Analytical and spectroscopic data of compound 172: 

Melting point: 165 - 166 ºC. 

IR (ATR) ν: 3300-2800 (3288, 3238, 3128, 2970, 2927, 2850), 1702, 1641, 1622, 1563, 
1509, 1471, 1371, 1341, 1322, 1301, 1254, 1227, 1209, 1172, 1091, 1010, 996, 965, 939, 921, 
896, 803, 788, 755, 669, 653 cm-1. 

1H-NMR (500 MHz, CD3OD) δ: 0.92 (t, J = 7.5 Hz, 3 H, 3C-CH2CH3), 1.50 (broad q, J = 

7.5 Hz, 2 H, 3C-CH2CH3), 1.60 [broad d, J = 12 Hz, 2 H, 4(10)-Ha], 1.69 [broad d, J = 12 

Hz, 2 H, 4(10)-Hb], 1.80 (complex signal, 2 H, 6-H2), 1.86 [broad d, J = 13 Hz, 2 H, 8(9)-Ha], 

2.13 [broad d, J = 13 Hz, 2 H, 8(9)-Hb], 2.31 [broad s, 2 H, 5(7)-H], 7.02 (m, 1 H, 5’-H), 7.80 
(m, 1 H, 6’-H). 

13C-NMR (125.7 MHz, CD3OD) δ: 7.4 (CH3, 3C-CH2CH3), 30.0 [CH, C5(7)], 35.3 (CH2, 
C6), 35.7 (CH2, 3C-CH2CH3), 39.0 [CH2, C4(10)], 40.6 [CH2, C8(9)], 77.3 (C, C3), 83.2 

(C, C1), 112.4 (CH, dd, 2JC-F = 18 Hz, 3JC-F = 4 Hz, C5’), 116.6 (CH, C6’), 126.5 (C, 2JC-F = 8 

Hz, C1’), 141.0 (C, dt, 1JC-F = 248.5 Hz, 2JC-F = 15 Hz, Ar-C3’), 143.7 (C, dd, 1JC-F = 245.5 Hz, 
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2JC-F = 10.7 Hz, Ar-C4’), 147.6 (C, dd, 1JC-F = 243.5 Hz, 2JC-F = 8.9 Hz, Ar-C2’), 156.3 (C, CO). 

MS (DIP), m/z (%); significant ions: 354 (M·+, 5), 148 (14), 147 [(C6H4F3N)·+, 100], 94 (10), 
93 (10). 

Elemental analysis:  

Calculated for C18H21F3N2O2:                 C  61.01%   H  5.97%    F  16.08%   N  7.91% 

Found:                               C  60.97%   H  6.06%    F  16.23%   N  7.84% 

 

Preparation of 1-(3-cyclohexyl-2-oxaadamant-1-yl)-3-(2,3,4-trifluorophenyl)urea, 173 

 

 Purification by column chromatography (SiO2, hexane/EtOAc mixture) of the crude 

and evaporation in vacuo of the appropriate fractions gave the urea 173 (70 mg, 94% yield) 
as a white solid. The analytical sample was obtained by crystallization from 
methanol/diethyl ether. 

Analytical and spectroscopic data of compound 173: 

Melting point: 193 - 195 ºC. 

IR (ATR) ν: 3300-2800 (3309, 3227, 3107, 2925, 2855), 1681, 1622, 1537, 1513, 1470, 1326, 
1300, 1256, 1234, 1211, 1084, 1061, 1014, 994, 975, 892, 853, 825, 809, 763, 702, 678, 655 
cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 0.98-1.06 [dq, J = 12.5 Hz, J’ = 3.0 Hz, 2 H, 12(16)-Hax], 1.10-

1.16 (tq, J = 13.0 Hz, J’ = 3.5 Hz, 1 H, 14-Hax), 1.21-1.29 [tq, J = 13 Hz, J’ = 3.5 Hz, 2 H, 

13(15)-Hax], 1.40 (tt, J = 12 Hz, J’ = 3 Hz, 1 H, 11-H), 1.62-1.72 [complex signal, 8 H, 4(10)-
H2, 8(9)-Ha, 6-H2], 1.75-1.84 [complex signal, 5 H, 12(16)-Heq, 13(15)-Heq and 14-Heq], 2.09 

[d, J = 14 Hz, 2 H, 8(9)-Hb], 2.35 [broad s, 2 H, 5(7)-H], 5.03 (broad s, 1 H, 1-NH), 6.91 (m, 
1 H, 5’-H), 7.88 (m, 1 H, 6’-H), 8.58 (broad s, 1 H, 3-NH).   

13C-NMR (125.7 MHz, CDCl3) δ: 26.4 [CH2, C12(16)], 26.6 [CH2, C14 and C13(15)], 28.4 
[CH, C5(7)], 34.5 (CH2, C6), 35.8 [CH2, C4(10)], 40.0 [CH2, C8(9)], 48.3 (CH, C11), 78.9 

(C, C3), 82.1 (C, C1), 111.4 (CH, d, 2JC-F = 18 Hz, C5’), 115.3 (CH, C6’), 124.3 (C, C1’), 

139.7 (C, dt, 1JC-F = 248.8 Hz, 2JC-F = 15 Hz, Ar-C3’), 142.3 (C, d, 1JC-F = 247.7 Hz, Ar-C4’), 
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146.6 (C, d, 1JC-F = 244 Hz, Ar-C2’), 155.4 (C, CO). 

MS (DIP), m/z (%); significant ions: 408 (M·+, 5), 178 (38), 176 (21), 173 (19), 152 (23), 148 
(11), 147 [(C6H4F3N)·+, 100], 135 (16), 94 (19), 83 [(C6H11)+, 15], 55 (16).  

Elemental analysis: 

Calculated for C22H27F3N2O2:                         C  64.69%   H  6.66%    N  6.86% 

Calculated for C22H27F3N2O2·0.50MeOH:     C  63.26%   H  6.91%     N  6.56% 

Found:                                       C  63.44%   H  7.17%    N  6.63% 

 

Preparation of 1-(3-phenyl-2-oxaadamant-1-yl)-3-(2,3,4-trifluorophenyl)urea, 174 

 

 Column chromatography (SiO2, hexane/EtOAc mixture) of the crude and 

concentration in vacuo of the appropriate fractions gave the urea 174 (31 mg, 70% yield) 
as a white solid.   

Analytical and spectroscopic data of compound 174: 

Melting point: 150 - 152 ºC. 

IR (ATR) ν: 3300-2800 (3312, 3238, 3118, 2922, 2856), 1697, 1621, 1555, 1514, 1470, 1324, 
1262, 1235, 1208, 1179, 1094, 1079, 1017, 993, 976, 945, 897, 803, 751, 696, 669, 653 cm-

1. 

1H-NMR (500 MHz, CDCl3) δ: 1.84 [d, J = 12.5 Hz, 2 H, 8(9)-Ha], 1.88-1.96 (complex signal, 

2 H, 6-H2), 1.98 [d, J = 11 Hz, 2 H, 4(10)-Ha], 2.05 [d, J = 12.5 Hz, 2 H, 4(10)-Hb], 2.24 [d, J 
= 13 Hz, 2 H, 8(9)-Hb], 2.48 [m, 2 H, 5(7)-H], 5.29 (broad s, 1 H, 1-NH),  6.89 (m, 1 H, 5’-

H), 7.28 (t, J = 7.5 Hz, 1 H, Ar’-Hpara), 7.37 (t, J = 7.5  Hz, 2 H, Ar’-Hmeta), 7.45 (d, J = 7 Hz, 2 

H, Ar’-Hortho), 7.88 (m, 1 H, 6’-H), 8.51 (broad s, 1 H, 3-NH). 

13C-NMR (125.7 MHz, CDCl3) δ: 28.7 [CH, C5(7)], 33.8 (CH2, C6), 39.6 [CH2, C8(9)], 

40.6 [CH2, C4(10)], 77.4 (C, C3), 82.5 (C, C1), 111.3 (CH, dd, 2JC-F = 17.6 Hz, 3JC-F = 3.9 Hz, 

C5’), 114.9 (CH, t, 3JC-F = 5.5 Hz, C6’), 123.7 (CH, Ar’-Cortho), 124.7 (C, dd, 2JC-F = 8 Hz, 3JC-F 

= 3.3 Hz, Ar-C1’), 127.2 (CH, Ar’-Cpara), 128.3 (CH, Ar’-Cmeta), 139.6 (C, dt, 1JC-F = 249.5 Hz, 
2JC-F = 15 Hz, Ar-C3’), 142.0 (C, ddd, 1JC-F = 245.5 Hz, 2JC-F = 10.7 Hz, 3JC-F = 2.4 Hz, Ar-C4’), 
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146.4 (C, dd, 1JC-F = 244 Hz, 2JC-F = 10 Hz, Ar-C2’), 145.7 (C, Ar’-Cipso), 154.5 (C, CO). 

MS (DIP), m/z (%); significant ions: 402 (M·+, 13), 255 (19), 184 (15), 172 (25), 171 (15), 
155 (22), 147 (100), 145 (15), 142 (27), 129 (16), 120 (16), 118 (26), 110 (17), 105 (26), 91 
(17), 77 (23).  

Elemental analysis: 

Calculated for C22H21F3N2O3:                        C  65.66%   H  5.26%    N  6.96% 

Calculated for C22H21F3N2O3·1.0H2O:           C  62.85%   H  5.51%     N  6.66% 

Found:                                      C  62.79%   H  5.45%    N  6.69% 

 

Preparation of 1-(2-oxaadamant-5-yl)-3-(2,3,4-trifluorophenyl)urea, 175  

 

 The crude was purified by column chromatography (SiO2, hexane/EtOAc mixture). 

Evaporation in vacuo of the appropriate fractions gave the urea 175 (24 mg, 83% yield) as 
a white solid.  

Analytical and spectroscopic data of compound 175: 

Melting point: 211 - 213 ºC. 

IR (ATR) ν: 3344, 2937, 2856, 2478, 2362, 1681, 1621, 1556, 1504, 1473, 1434, 1402, 1361, 
1320, 1288, 1236, 1183, 1146, 1107, 1076, 1035, 1020, 1005, 992, 948, 921, 890, 810, 793, 
775, 761, 724, 686, 656, 636 cm-1. 

1H-NMR (400 MHz, CD3OD) δ: 1.66 [dm, J = 12.8 Hz, 2 H, 8(10)-Ha], 1.98 [dm, J = 12.4 

Hz, 2 H, 8(10)-Hb], 2.06 [d, J = 12 Hz, 2 H, 4(9)-Ha], 2.14-2.21 [complex signal, 4 H, 4(9)-Ha, 
6-H2], 2.25 (m, 1 H, 7-H), 4.17 [broad s, 2 H, 1(3)-H], 7.01 (m, 1 H, 5’-H), 7.68 (m, 1 H, 6’-
H).  

13C-NMR (100.6 MHz, CD3OD) δ: 28.8 (CH, C7), 36.0 [CH2, C8(10)], 41.2 [CH2, C6], 

41.8 [CH2, C4(9)], 50.6 (C, C5), 70.9 [CH, C1(3)], 112.2 (CH, dd, 2JC-F = 17.8 Hz, 3JC-F = 3.7 

Hz, C5’), 116.8 (CH, C6’), 126.8 (C, d, 2JC-F = 6.5 Hz, Ar-C1’), 141.0 (C, d, 1JC-F = 247 Hz, Ar-

C3’), 143.5 (C, d, 1JC-F ~ 245 Hz, Ar-C4’), 147.5 (C, d, 1JC-F = 242 Hz, Ar-C2’), 156.2 (C, CO). 

MS (DIP), m/z (%); significant ions: 173 [(C7H2F3NO)·+, 4], 149 (100), 148 (62), 147 (16), 
137 [(C9H13O)+, 8], 93 (49). 
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Elemental analysis: 

Calculated for C16H17F3N2O2:                         C  58.89%   H  5.25%    N  8.58% 

Calculated for C16H17F3N2O2·0.50H2O:         C  57.31%   H  5.41%     N  8.35% 

Found:                                       C  57.46%   H  5.70%    N  8.22% 

 

Preparation of 1-(4-oxahexacyclo[5.4.1.02,6.03,10.05,9.08,11]dodecan-3-yl)-3-(2,3,4-
trifluorophenyl)urea, 176 

 

 Purification by column chromatography (SiO2, hexane/EtOAc mixture) of the crude 

and evaporation in vacuo of the appropriate fractions gave the urea 176 (374 mg, 94% yield) 
as a white solid.  

Analytical and spectroscopic data of compound 176: 

Melting point: 152 - 154 ºC. 

IR (ATR) ν: 3329, 3192, 3118, 2975, 1701, 1641, 1621, 1559, 1509, 1470, 1342, 1321, 1287, 
1253, 1205, 1183, 1166, 1127, 1071, 1020, 996, 951, 933, 911, 867, 839, 798, 757, 708, 688, 
655, 635, 593 cm-1. 

1H-NMR (400 MHz, CDCl3) δ: 1.60 (dt, J = 10.8 Hz, J’ = 1.6 Hz, 1 H, 12-Ha), 1.95 (dt, J = 

10.8 Hz, J’ = 1.6 Hz, 1 H, 12-Hb), 2.50 (broad t, J = 5.2 Hz, 1 H, 7-H), 2.57 (t, J = 4.8 Hz, 1 
H, 1-H), 2.66 (m, 8 H, 2-H), 2.75-2.84 (complex signal, 3 H, 2-H, 10-H, 11-H), 2.88-3.01 

(complex signal, 2 H, 6-H, 9-H), 4.83 (t, J = 5.2 Hz, 1 H, 5-H), 5.94 (broad s, 1 H, 1-NH), 
6.90 (m, 1 H, 5’-H), 7.82 (m, 1 H, 6’-H), 8.06 (broad s, 1 H, 3-NH).   

13C-NMR (100.6 MHz, CDCl3) δ: 41.4 (CH, C8), 41.6 (CH, C11), 43.2 (CH, C1), 43.5 
(CH2, C12), 44.6 (CH, C9), 44.9 (CH, C7), 46.3 (CH, C10), 54.8 (CH, C6), 57.0 (CH, C2), 

84.1 (CH, C5), 103.1 (C, C3), 111.3 (CH, dd, 2JC-F = 17.7 Hz, 3JC-F = 3.9 Hz, C5’), 115.2 (CH, 

m, C6’), 124.5 (C, dd, 2JC-F = 8 Hz, 3JC-F = 3.5 Hz, C1’), 139.8 (C, ddd, 1JC-F = 252 Hz, 2JC-F = 

16.4 Hz, 2JC-F = 13.7 Hz, C3’), 142.3 (C, ddd, 1JC-F = 251 Hz, 2JC-F = 11.7 Hz, 3JC-F = 3.2 Hz, C4’), 

146.6 (C, ddd, 1JC-F = 245.8 Hz, 2JC-F  = 10 Hz, 3JC-F = 2.7 Hz, C2’), 154.7 (C, CO).  

MS (DIP), m/z (%); significant ions: 348 (M·+, 18), 173 [(C7H2F3NO)·+, 17], 159 [(C11H11O)+, 
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35], 147 (100), 146 (13), 131 (24), 91 (15). 

Elemental analysis: 

Calculated for C18H15F3N2O2:                      C  62.07%   H  4.34%    N  8.04% 

Found:                                    C  62.04%   H  4.43%    N  7.98% 

 

Preparation of 1-(tricyclo[3.3.0.03,7]oct-1-yl)-3-(2,3,4-trifluorophenyl)urea, 177 

 

 The crude was purified by column chromatography (SiO2, hexane/EtOAc mixture). 

Evaporation in vacuo of the appropriate fractions gave the urea 177 (24 mg, 66% yield) as 
a white solid.  

Analytical and spectroscopic data of compound 177: 

Melting point: 185 - 186 ºC. 

IR (ATR) ν: 3331, 3105, 2970, 2943, 2894, 2159, 1656, 1640, 1620, 1563, 1510, 1467, 1318, 
1288, 1244, 1204, 1171, 1107, 1076, 1065, 1017, 979, 823, 800, 764, 723, 710, 690, 668, 
645, 620 cm-1. 

1H-NMR (400 MHz, CDCl3) δ: 1.51 [d, J = 8.8 Hz, 2 H, 4(6)-Ha], 1.74 [complex signal, 6 H, 
4(6)-Ha, 2(8)-H2], 2.34 [broad s, 2 H, 3(7)-H], 2.42 (m, 1 H, 5-H), 5.42 (broad s, 1 H, 1-NH), 
6.67 (broad s, 1 H, 3-NH), 6.90 (m, 1 H, 5’-H), 7.82 (m, 1 H, 6’-H). 

13C-NMR (100.6 MHz, CDCl3) δ: 32.8 [CH, C3(7)], 43.0 (CH, C5), 46.6 [CH2, C4(6)], 51.1 

[CH2, C2(8)], 61.6 (C, C1), 111.4 (CH, dd, 2JC-F = 17.7 Hz, 3JC-F = 3.7 Hz, C5’), 115.1 (CH, t, 
3JC-F = 5.6 Hz, C6’), 124.8 (C, dd, 2JC-F = 8 Hz, 3JC-F = 3.5 Hz, C1’), 139.7 (C, dt, 1JC-F = 245 Hz, 
2JC-F = 15 Hz, C3’), 142.2 (C, dd, 1JC-F = 225 Hz, 2JC-F = 12 Hz, C4’), 141.5 (C, dd, 1JC-F = 246 

Hz, 2JC-F  = 10 Hz, Ar-C2’), 154.6 (C, CO). 

MS (DIP), m/z (%); significant ions: 296 (M·+, 34), 268 (14), 267 (24), 254 (22), 147 
[(C6H4F3N)·+, 77], 146 (23), 119 (14), 95 (29), 94 (100), 82 (29), 81 (62), 80 (20), 79 (18).  

Elemental analysis: 
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Calculated for C15H15F3N2O:                         C  60.81%   H  5.10%    N  9.45% 

Found:                                      C  60.87%   H  5.34%    N  9.19% 

 

Preparation of 1-(3,7-dimethyl(tricyclo[3.3.0.03,7]oct-1-yl))-3-(2,3,4-trifluorophenyl)urea, 
178 

 

 Purification by column chromatography (SiO2, hexane/EtOAc mixture) of the crude 

and evaporation in vacuo of the appropriate fractions gave the urea 178 (50 mg, 47% yield) 
as a white solid.  

Analytical and spectroscopic data of compound 178: 

Melting point: 174 - 175 ºC. 

IR (ATR) ν: 3335, 2957, 2930, 2882, 2158, 2005, 1686, 1656, 1637, 1621, 1565, 1509, 1471, 
1308, 1289, 1242, 1204, 1165, 1154, 1118, 1081, 1064, 1020, 1009, 964, 946, 816, 796, 719, 
694, 678, 657 cm-1. 

1H-NMR (400 MHz, CDCl3) δ: 1.15 [s, 6 H, 3(7)-CH3], 1.39 [dd, J = 8.4 Hz, J’ = 3.6 Hz, 2 

H, 4(6)-Ha], 1.64 [dd, J = 7.6 Hz, J’ = 3.6 Hz, 2 H, 2(8)-Ha], 1.76 [dd, J = 8.4 Hz, J’ = 3.0 Hz, 

2 H, 4(6)-Hb], 1.82 [d, J = 7.6 Hz, 2 H, 2(8)-Hb], 2.38 (t, J = 3.0 Hz, 1 H, 5-H), 5.47 (broad s, 
1 H, 1-NH), 6.75 (broad s, 1 H, 3-NH), 6.89 (m, 1 H, 5’-H), 7.80 (m, 1 H, 6’-H).   

13C-NMR (100.6 MHz, CDCl3) δ: 16.5 [CH3, C3(7)-CH3], 44.8 (CH, C5), 46.2 [C, C3(7)], 

53.1 [CH2, C4(6)], 57.5 [CH2, C2(8)], 61.8 (C, C1), 111.4 (CH, dd, 2JC-F = 17.7 Hz, 3JC-F = 3.8 

Hz, C5’), 115.0 (CH, t, 3JC-F = 5 Hz, C6’), 124.8 (C, dd, 2JC-F = 8 Hz, 3JC-F = 3.4 Hz, C1’), 139.7 

(C, ddd, 1JC-F = 249 Hz, 2JC-F = 16.3 Hz, 2JC-F = 13.7 Hz, C3’), 142.1 (C, ddd, 1JC-F = 244 Hz, 2JC-

F = 11.9 Hz, 3JC-F = 3.2 Hz, C4’), 141.4 (C, ddd, 1JC-F = 245 Hz, 2JC-F  = 10 Hz, 3JC-F = 2.8 Hz, C2’), 
154.6 (C, CO). 

MS (EI), m/z (%); significant ions: 324 (M·+, 8), 268 (15), 148 (44), 147 [(C6H4F3N)·+, 100], 
146 (23), 136 (17), 134 (84), 122 (89), 121 (54), 120 (40), 119 (81), 110 (20), 109 (51), 108 
(50), 107 (28), 106 (16), 105 (21), 96 (17), 95 (70), 94 (54), 93 (52), 92 (18), 91 (44), 81 (17), 
80 (18), 79 (37), 77 (33), 67 (24), 55 (16), 41 (23). 
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Elemental analysis: 

Calculated for C17H19F3N2O:                         C  62.95%   H  5.90%    N  8.64% 

Found:                                      C  63.12%   H  6.17%    N  8.48% 

 

Preparation of 1-[(3,7-dimethyl(tricyclo[3.3.0.03,7]oct-1-yl)methyl]-3-(2,3,4-
trifluorophenyl)urea, 179 

 

 Column chromatography (SiO2, hexane/EtOAc mixture) of the crude and 

concentration in vacuo of the appropriate fractions gave the urea 179 (82 mg, 97% yield) 
as a white solid.   

Analytical and spectroscopic data of compound 179: 

Melting point: 133 - 134 ºC. 

IR (ATR) ν: 3323, 2952, 2881, 1637, 1621, 1570, 1510, 1474, 1292, 1244, 1177, 1045, 1001, 
985, 809, 794, 755, 682, 653 cm-1. 

1H-NMR (500 MHz, CD3OD) δ: 1.17 [s, 6 H, C3(7)-CH3], 1.32-1.38 [complex signal, 4 H, 

4(6)-Ha and 2(8)-Ha], 1.42 [d, J = 7.5 Hz, 2 H, 2(8)-Hb], 1.59 [dd, J = 8 Hz, J’ = 3 Hz, 2 H, 

4(6)-Hb], 2.10 (t, J = 3 Hz, 1 H, 5-H), 3.42 (s, 2 H, CH2-N), 7.01 (m, 1 H, 5’-H), 7.75 (m, 1 
H, 6’-H).  

13C-NMR (125.7 MHz, CD3OD) δ: 17.1 [CH3, C3(7)-CH3], 42.7 (CH, C5), 43.8 [CH2, CH2-

N], 48.5 [C, C3(7)], 52.3 (C, C1), 54.9 [CH2, C4(6)], 57.2 [CH2, C2(8)], 112.3 (CH, dd, 2JC-

F = 17.7 Hz, 3JC-F = 3.9 Hz, C5’), 116.7 (CH, C6’), 127.0 (C, d, 2JC-F = 6 Hz, C1’), 141.5 (C, dt, 
1JC-F = 247 Hz, 2JC-F = 15 Hz, C3’), 143.6 (C, dd, 1JC-F = 246 Hz, 2JC-F = 12 Hz, C4’), 147.5 (C, 

dd, 1JC-F = 243 Hz, 2JC-F  = 9 Hz, C2’), 157.8 (C, CO). 

MS (DIP), m/z (%); significant ions: 338 (M·+, 1), 149 [(C11H17)+, 43], 148 (86), 147 
[(C6H4F3N)·+, 42], 136 (19), 135 [(C10H15)+, 100], 119 (18), 107 (56),  106 (15), 105 (15), 93 
(42), 91 (28), 79 (16), 77 (16).  

Elemental analysis: 

Calculated for C18H21F3N2O:                         C  63.89%   H  6.26%    N  8.28% 
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Found:                                     C  63.83%   H  6.52%    N  8.26% 

 

Preparation of 1(±)-[(tricyclo[3.3.1.03,7]non-3-yl)ethyl]-3-(2,3,4-trifluorophenyl)urea, 180 

 

 The crude was purified by column chromatography (SiO2, hexane/EtOAc mixture). 

Evaporation in vacuo of the appropriate fractions gave the urea 180 (53 mg, 63% yield) as 
a white solid. The analytical sample was obtained by crystallization from EtOAc/pentane. 

Analytical and spectroscopic data of the 180: 

Melting point: 148 - 150 ºC. 

IR (ATR) ν: 3302, 2929, 2861, 1717, 1637, 1620, 1561, 1509, 1474, 1291, 1242, 1190, 1173, 
1138, 1077, 1030, 1015, 964, 797, 754, 682, 653 cm-1.  

1H-NMR (500 MHz, CDCl3) δ (mixture of rotamers): 1.11 (d, J = 6.5 Hz) and 1.13 (d, J = 

6.5 Hz) (3 H, 2 CHCH3), 1.20-1.70 [complex signal, 10 H, 2(4)-H2, 6(8)-H2, 9-H2], 2.04 (t, J 

= 6.5 Hz) and 2.16 (t, J = 6.5 Hz) (1 H, 7-H), 2.18 (broad s) and 2.22 (broad s) [2 H, 1(5)-H], 
3.97 (m, 1 H, CHCH3), 5.00 (s) and 6.65 (s) (1 H, 1-NH), 6.90 (m, 1 H, 6’-H), 7.15 (m, 1 
H, 3-NH), 7.74 (m) and 7.81 (m) (1 H, 5’-H).   

13C-NMR (125.7 MHz, CDCl3) δ (mixture of rotamers):  17.4 and 17.9 (CH3, CHCH3), 35.1 
and 35.4 (CH2, C9), 36.9 and 37.1 (CH, C1 or C5), 37.4 and 37.5 (CH, C5 or C1), 41.1 
(CH, C7), 43.6 and 43.7 (CH2, C6 or C8), 44.0 and 44.1 (CH2, C8 or C6), 44.5 and 44.8 
(CH2, C2 or C4), 46.1 and 46.2 (CH2, C4 or C2), 51.4 and 52.4 (CH, CHCH3), 52.9 and 

53.3 (C, C3), 111.5 and 112.9 (CH, dt, 2JC-F = 17.7 Hz, 3JC-F = 4.3 Hz, C5’), 115.5 and 125.2 
(CH, broad s, C6’), 121.5-125.2 (C, several peaks, C1’), 138.7-153.0 (C, several peaks, C2’, 
C3’ and C4’), 151.6 and 154.6 (C, CO). 

MS (DIP), m/z (%); significant ions: 338 (M·+, 1), 146 (100). 

Elemental analysis: 

Calculated for C18H21F3N2O:                          C  63.89%   H  6.26%    N  8.28% 

Calculated for C18H21F3N2O ·0.15EtOAc:      C  63.55%   H  6.36%    N  7.97% 

Found:                                       C  63.26%   H  6.59%    N  8.26% 
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Preparation of 1-(pentacyclo[6.4.0.02,10.03,7.04,9]dodec-8-yl)-3-(2,3,4-trifluorophenyl)urea, 
181 

 

 Purification by column chromatography (SiO2, hexane/EtOAc mixture) of the crude 

and evaporation in vacuo of the appropriate fractions gave the urea 181 (14 mg, 60% yield) 
as a white solid.  

Analytical and spectroscopic data of compound 181: 

Melting point: > 220 ºC (dec.). 

IR (ATR) ν: 3388, 3260, 2958, 2932, 2866, 1645, 1546, 1504, 1481, 1324, 1267, 1248, 
1231, 1188, 1168, 1059, 1044, 991, 786, 719, 691, 670, 631 cm-1. 

1H-NMR (500 MHz, CDCl3) δ: 1.12 (t, J = 2.5 Hz, 1 H, 9-H),  1.49-1.67 [complex signal, 8 
H, 5(11)-H2 and 6(12)-H2], 2.19 [broad s, 2 H, 4(10)-H], 2.28 [broad s, 2 H, 2(3)-H], 2.71 
[broad s, 2 H, 1(7)-H], 4.92 (broad s, 1 H, NH-Al), 6.47 (broad s, 1 H, NH-Ar), 6.90 (m, 1 
H, 5’-H), 7.83 (m, 1 H, 6’-H).   

13C-NMR (125.7 MHz, CDCl3) δ: 21.5 [CH2, C6(12)], 24.4 [CH2, C5(11)], 46.9 [CH, C2(3)], 

52.8 [CH, C4(10)], 53.7 [CH, C1(7)], 55.6 (CH, C9), 65.6 (C, C8), 111.5 (CH, dd, 2JC-F = 

17.7 Hz, 3JC-F = 3.9 Hz, C5’), 114.9 (CH, C6’), 124.9 (C, dd, 2JC-F = 8.0 Hz, 3JC-F = 3.3 Hz Ar-

C1’), 139.7 (C, d, 1JC-F = 247.7 Hz, Ar-C3’), 146.4 (C, d, 1JC-F = 245.2 Hz, Ar-C4’), 151.8 (C, 

d, 1JC-F = 249.0 Hz, Ar-C2’), 154.2 (C, CO). 

MS (DIP), m/z (%); significant ions: 348 (M·+, 31), 320 (30), 202 [(C13H16NO)+, 12], 147 
[(C6H4F3N)·+, 100], 146 (19), 119 (16), 91 (11). 

HRMS-ESI+ m/z [M+H]+ calcd for [C19H19F3N2O+H]+: 349.1522, found: 349.152 
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Preparation of 1-(9-methyl-6,7,8,9,10,11-hexahydro-5H-5,9:7,11-
dimethanobenzo[9]annulen-7-yl)-3-(2,3,4-trifluorophenyl)urea, 182 

 

 For the preparation of compound 182, the starting amine was used as a free base, 
hence less equivalents of triethylamine (4 eq.) were needed following the above general 
procedure.   

 Column chromatography (SiO2, hexane/EtOAc mixture) of the crude and 

concentration in vacuo of the appropriate fractions gave the urea 182 (38 mg, 13% yield) 
as a white solid.   

Analytical and spectroscopic data of compound 182: 

Melting point: 206 - 207 ºC. 

IR (ATR) ν: 3331, 2903, 2839, 1654, 1556, 1510, 1473, 1361, 1344, 1290, 1237, 1174, 1101, 
1038, 1019, 1004, 800, 756, 690, 669, 625 cm-1. 

1H-NMR (500 MHz, CD3OD) δ: 0.94 (s, 3 H, CH3), 1.50 [d, J = 13.5 Hz, 2 H, 10(13)-Hb], 

1.69 [m, 2 H, 10(13)-Ha], 1.77 (s, 2 H, 8-H), 2.10 [m, 2 H, 6(12)-Ha], 2.15 [d, J = 13 Hz, 2 H, 

6(12)-Hb], 3.08 [tt, J = 6 Hz, J’ = 1.5 Hz, 2 H, 5(11)-H], 6.98 (m, 1 H, 5’-H), 7.04 [s, 4 H, 
1(2,3,4)-H], 7.66 (m, 1 H, 6’-H).  

13C-NMR (125.7 MHz, CD3OD) δ: 32.9 (CH3, CH3), 34.6 (C, C9), 40.6 [CH2, C6(12)], 
42.5 [CH, C5(11)], 42.5 [CH2, C10(13)], 44.9 [CH2, C16(20)], 49.0 (CH2, C8), 54.5 (C, 

C7), 112.2 (CH, dd, 2JC-F = 17.8 Hz, 3JC-F = 3.9 Hz, C5’), 116.6 (CH, C6’), 127.0 (C, dd, 2JC-F = 

8.0 Hz, 3JC-F = 2.4 Hz Ar-C1’), 127.4 [CH, C2(3)], 129.0 [CH, C1(4)], 141.0 (C, dt, 1JC-F = 

247.8 Hz, 2JC-F = 14.9 Hz, Ar-C3’), 143.6 (C, dd, 1JC-F = 245.7 Hz, 2JC-F = 12.8 Hz, Ar-C4’), 147.3 

(C, dd, 1JC-F = 242.6 Hz, 2JC-F = 10.3 Hz, Ar-C2’), 147.6 [C, C4a(C11a)], 156.1 (C, CO). 

MS (DIP), m/z (%); significant ions: 400 (M·+, <1), 253 (19), 228 (14), 211 [(C16H19)+, 16], 
172 (23), 155 (54), 149 (56), 148 (100), 147 (52), 143 (22), 141 (20), 129 (21), 128 (18), 115 
(16). 

Elemental analysis: 

Calculated for C23H23F3N2O:                          C  68.99%   H  5.79%    N  7.00% 

Found:                                       C  68.94%   H  5.92%    N  6.71% 
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Preparation of 1-(5-methyl-1,2,3,5,6,7-hexahydro-1,5:3,7-dimethano-4-benzoxonin-3-yl)-
3-(2,3,4-trifluorophenyl)urea, 183 

 

 For the preparation of compound 183, the starting amine was used as a free base, 
hence less equivalents of triethylamine (4 eq.) were needed following the above general 
procedure.   

 Any purification the urea was needed. The desired urea 183 was obtained as a white 
solid (205 mg, 54% yield) as a white solid.   

Analytical and spectroscopic data of compound 183: 

Melting point: 257 - 259 ºC. 

IR (ATR) ν: 3295, 3241, 3118, 2916, 2173, 1693, 1620, 1564, 1510, 1493, 1468, 1462, 1356, 
1345, 1320, 1302, 1286, 1273, 1254, 1229, 1210, 1181, 1167, 1111, 1091, 1074, 1049, 1035, 
1008, 999, 958, 906, 820, 812, 763, 646 cm-1. 

1H-NMR (400 MHz, DMSO-d6) δ: 1.18 (s, 3 H, CH3), 1.56 [d, J = 13.6 Hz, 2 H, 6(13)-Hb], 

1.84 [m, 2 H, 6(13)-Ha], 1.97 [d, J = 13.2 Hz, 2 H, 2(12)-Hb], 2.20 [m, 2 H, 2(12)-Ha], 3.16 [t, 

J = 5.5 Hz, 2 H, 1(7)-H], 4.06 (s, 1 H, NH-Al), 7.14 (complex signal, 5 H, 15-H, 5’-H), 7.84 
(m, 1 H, 6’-H), 8.52 (broad s, 1 H, NH-Ar).  

13C-NMR (100.6 MHz, DMSO-d6) δ: 31.1 (CH3, CH3), 37.4 [CH2, C2(12)], 38.1 [CH2, 

C6(13)], 38.2 [CH, C1(7)], 73.4 (C, C5), 82.7 (C, C3), 111.6 (CH, dd, 2JC-F = 17.2 Hz, 3JC-F = 

3.5 Hz, C5’), 114.3 (CH, broad s, C6’), 126.0 (C, dd, 2JC-F = 7.8 Hz, 3JC-F = 3.0 Hz Ar-C1’), 

126.5 [CH, C9(10)], 128.2 [CH, C8(11)], 139.0 (C, dd, 1JC-F = 246 Hz, 2JC-F = 15 Hz, Ar-C3’), 

141.0 (C, dd, 1JC-F = 248 Hz, 2JC-F = 12 Hz, Ar-C4’), 144.7 (C, dd, 1JC-F = 241 Hz, 2JC-F = 11 Hz, 
Ar-C2’), 145.5 [C, C7a(C11a)], 152.3 (C, CO). 

MS (DEPEI), m/z (%); significant ions:  402 (M·+, 48), 171 (13), 170 (34), 169 (21), 157 (20), 
156 (18), 155 (53), 154 (14), 153 (11), 148 (18), 147 [(C6H4F3N)·+, 100], 146 (53), 145 (15), 
143 (25), 142 (21), 141 (23), 131 (12), 130 (15), 129 (65), 128 (46), 127 (22), 116 (12), 115 
(55), 91 (17), 84 (19), 83 (28), 71 (15), 70 (16), 69 (21).  

Elemental analysis: 

Calculated for C22H21F3N2O2:                         C  65.66%   H  5.26%    N  6.96% 

Calculated for C22H21F3N2O2·0.1H2O:            C  65.37%   H  5.29%    N  6.93% 
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Found:                                       C  65.18%   H  5.31%    N  6.73% 

HRMS-ESI+ m/z [M+H]+ calcd for [C22H21F3N2O2+H]+: 403.1633, found: 403.1631. 

Preparation of (2-oxaadamant-1-yl)isocyanate, 185 

 

 In a three-necked round-bottom flask equipped with a stir bar, low temperature 
thermometer and gas inlet, triphosgene (392 mg, 1.32 mmol) was added in a single portion 
to a solution of amine hydrochloride 120·HCl (500 mg, 2.63 mmol) in DCM (35 mL) and 
saturated NaHCO3 solution (15 mL). The biphasic mixture was stirred vigorously at 4 ºC 
for 30 minutes. Afterwards, the phases were separated and the organic layer was washed 

with brine (20 mL), dried over anh. Na2SO4 and filtered. Evaporation under vacuo provided 
185 (408 mg, 86% yield), that was used in next step without further purification. 

IR (ATR) ν: 2235 (isocyanate band) cm-1. 

 

Preparation of 1-(1-acetylpiperidin-4-yl)-3-(oxaadamant-1-yl)urea, 184 

 

  Under anhydrous conditions, a solution of isocyanate 185 (323 mg, 1.80 mmol) in 
anh. DCM (20 mL) was added to a solution of 1-acetyl-4-aminopiperidine (308 mg, 2.16 
mmol) in anh. DCM (10 mL), followed by TEA (0.50 mL, 3.61 mmol). The reaction 
mixture was stirred at room temperature overnight. The solution was then concentrated 

under vacuo to give an orange gum (720 mg). Purification by column chromatography 
(SiO2, DCM/methanol mixture) gave the titled compound 184 (300 mg, 52% yield) as a 
white solid. The analytical sample was obtained by washing with pentane. 

Analytical and spectroscopic data of compound 184: 

Melting point: 172 - 173 ºC. 

IR (ATR) ν: 3322, 2920, 2850, 2188, 2153, 2000, 1637, 1549, 1428, 1369, 1313, 1264, 1234, 
1192, 1139, 1090, 1046, 995, 959, 879, 816, 773, 731 cm-1. 
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1H-NMR (400 MHz, CDCl3) δ: 1.28-1.41 (complex signal, 2 H, 3-Hax and 5-Hax), 1.58-1.96 
[complex signal, 9 H, 8’-Ha, 9’-Ha, 4’-H2, 10’-H2, 6’-H2, and 3-Heq or 5-Heq], 1.98-2.22 
(complex signal, 6 H, COCH3, 8’-Hb, 9’-Hb and 5-Heq or 3-Heq), 2.27 [broad s, 2 H, 5’(7’)-

H], 2.86 (dt, J = 11.2 Hz, J’ = 2.8 Hz, 1 H, 6-Hax or 2-Hax), 3.18 (dt, J = 10.8 Hz, J’ = 2.8 Hz, 

1 H, 2-Hax or 6-Hax), 3.70 (dm, J = 14 Hz, 1 H, 2-Heq or 6-Heq), 3.87 (m, 1 H, 4-H), 4.27 

(broad s, 1 H, 3’-H), 4.35 (broad d, J = 14.0 Hz, 1 H, 6-Heq or 2-Heq), 4.75 (s, 1 H, 3-NH), 

6.06 (d, J = 8 Hz, 1-NH).  

13C-NMR (100.6 MHz, CDCl3) δ: 21.4 (CH3, CH3CO), 27.9 [CH, C5’(7’)], 32.1 (CH2, C3 
or C5), 33.2 (CH2, C5 or C3), 34.6 (broad CH2, C4’, C6’ and C10’), 40.0 (CH2, C8’ or 
C9’), 40.2 (CH2, C9’ or C8’), 40.4 (CH2, C2 or C6), 45.1 (CH2, C6 or C2), 46.5 (CH, C4), 
71.0 (CH, C3’), 80.6 (C, C1’), 156.7 (C, NHCONH), 168.9 (C, CH3CO). 

MS (DIP), m/z (%); significant ions: 321 (M·+, 34), 197 (32), 179 [(C10H13NO2)·+, 34], 154 
(100), 153 (18), 137 [(C9H13O)+, 33], 136  (32), 126 (15), 125 (51), 122 (21), 111 (17), 96 (41), 
95 (18), 94 (45), 84 (19), 83 (37), 82 (54), 79 (22), 67 (20), 57 (23), 56 (32), 55 (15). 

Elemental analysis: 

Calculated for C17H27N3O3:                                         C  63.53%   H  8.47%    N  13.07% 

Calculated for C17H27N3O3·0.25H2O:                           C  62.65%   H  8.50%     N  12.89% 

Found:                                                    C  62.64%   H  8.61%    N  12.74% 

 

Preparation of N-(1-acetylpiperidin-4-yl)-1H-imidazole-1-carboxamide, 187 

 

 N,N’-carbonyldiimidazole (400 mg, 2.46 mmol) was suspended in anh. 1,2-
dichloroethane (15 mL) under nitrogen. Then 1-acetyl-4-aminopiperidine (250 mg, 1.76 
mmol) was added and the reaction mixture was heated to 50 ºC for 21 hours. With an 
external ice bath, the mixture was cooled down for 30 minutes. The resulting solid was 

collected by filtration under vacuo and washed with 1,2-DCE (20 mL) yielding the titled 
product 187 (312 mg, 75% yield) as a white solid.  

Analytical and spectroscopic data of compound 187: 

Melting point: 191 - 193 ºC. 

IR (ATR) ν: 3216, 3118, 3038, 2918, 2342, 2074, 1709, 1613, 1542, 1479, 1463, 1441, 1369, 
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1358, 1320, 1281, 1272, 1233, 1195, 1137, 1111, 1090, 1068, 1053, 1001, 984, 974, 916, 
902, 859, 799, 748, 652 cm-1. 

1H-NMR (400 MHz, CDCl3) δ: 1.37 (complex signal, 2 H, 3-Hax, 5-Hax), 1.99 (dm, J = 12.8 

Hz, J’ = 4 Hz, 1 H) and 2.21 (dm, J = 12.8 Hz, J’ = 4 Hz, 1 H)  (3’-Heq and 5’-Heq), 2.09 (s, 3 

H, COCH3), 2.69 (ddd,  J = 13 Hz, J’ = 2.6 Hz, 1 H) and 3.21 (ddd,  J = 13 Hz, J’ = 2.6 Hz, 

1 H) (2’-Hax and 6’-Hax), 3.86 (dm, J = 13.6 Hz, 1 H) and 4.67 (dm, J = 13.6 Hz, 1 H) (2’-Heq 

and 6’-Heq),  4.10 (m,  1 H, 4’-H), 7.06 (dd, J = 1.6 Hz, J’ = 0.8 Hz, 1 H, 4-H), 7.29 (broad d, 

J = 7.6 Hz, 1 H, NH),  7.60 (dd, J = 1.6 Hz, J’ =1.2 Hz, 1 H, 5-H),  8.29 (dd, J = 1.2 Hz, J’ = 
0.8 Hz, 1 H, 2-H).  

13C-NMR (100.6 MHz, CDCl3) δ: 21.5 (CH3, COCH3), 31.4 and 33.1 (CH2, C3’ and C5’), 
40.9 and 45.6 (CH2, C2’ and C6’), 48.2 (CH, C4’), 116.2 (CH, C5), 130.3 (CH, C4), 136.2 
(CH, C2), 148.5 (C, NHCNH), 169.2 (C, COCH3). 

MS (DIP), m/z (%); significant ions: 169 (10), 168 (100), 153 (19), 126 (53), 125 (31), 85 
(19), 84 (42), 83 (20), 82 (23), 81 (21), 68 (98), 57 (40), 56 (56), 55 (16). 

HRMS-ESI+ m/z [M+H]+ calcd for [C11H16N4O2+H]+: 237.1346, found: 237.1345. 

 

Preparation of 1-(1-acetylpiperidin-4-yl)-3-(oxaadamantan-1-yl)urea, 184 

 

 In a round bottom flask equipped with a condenser apparatus and magnetic stirrer a 
solution of amine hydrochloride 120·HCl (18 mg, 0.09 mmol) in chloroform (2 mL) was 
prepared, to which was added 187 (45 mg, 0.19 mmol) followed by triethylamine (10 mg, 
0.10 mmol). The solution was heated to 50 ºC for 16 hours, whereupon the reaction 

mixture was tempered to room temperature and evaporated under vacuo to dryness (78 mg). 
Purification by column chromatography (SiO2, DCM/methanol mixture) afforded the 
desired product 184 (16 mg, 53% yield) as a white solid.  
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Preparation of 4-oxahexacyclo[5.4.1.02,6.03,10.05,9.08,11]dodec-3-yl)isocyanate, 189 

 

 In a three-necked round-bottom flask equipped with a stir bar, low temperature 
thermometer and gas inlet, triphosgene (98 mg, 0.33 mmol) was added in a single portion 
to a solution of amine hydrochloride 121·HCl (50 mg, 0.24 mmol) in DCM (3.6 mL) and 
saturated NaHCO3 solution (2.3 mL). The biphasic mixture was stirred vigorously at 4 ºC 
for 30 minutes. Afterwards, the phases were separated and the organic layer was washed 

with brine (10 mL), dried over anh. Na2SO4 and filtered. Evaporation under vacuo provided 
the isocyanate 189 (47 mg, quantitative yield). Any purification or characterization was 
fulfilled and the product was used in next step. 

IR (ATR) ν: 2256 (NCO band) cm-1. 

 

Preparation of 1-(1-acetylpiperidin-4-yl)-3-(4-oxahexacyclo[5.4.1.02,6.03,10.05,9.08,11]dodec-3-
yl)urea, 188 

 

 Under anhydrous conditions, a solution of isocyanate 189 (365 mg, 1.81 mmol) in 
anh. DCM (20 mL) was added to a solution of 1-acetyl-4-aminopiperidine (309 mg, 2.18 
mmol) in anh. DCM (10 mL), followed by TEA (0.51 mL, 3.63 mmol). The reaction 
mixture was stirred at room temperature overnight. The solution was then concentrated 

under vacuo to give a beige solid (736 mg). Purification by column chromatography (SiO2, 
DCM/methanol mixture) gave the titled compound 188 (159 mg, 26% yield) as a white. 
The analytical sample was obtained by crystallization with ethyl acetate. 

Analytical and spectroscopic data of compound 188: 

Melting point: 164 - 166 ºC. 

IR (ATR) ν: 3501, 3455, 3272, 2948, 2857, 2180, 1985, 1650, 1543, 1425, 1357, 1310, 1300, 
1266, 1223, 1147, 1136, 1095, 1061, 1006, 973, 912, 870, 779, 731, 659 cm-1. 
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1H-NMR (400 MHz, CDCl3) δ: 1.32 [complex signal, 2 H, 3(5)-Hax], 1.57 (broad d, J = 10.4 
Hz, 1 H, 12’-Ha), 1.90 (complex signal, 2 H, 12’-Hb, 3-Heq or 5-Heq), 2.01 (complex signal, 1 

H, 3-Heq or 5-Heq), 2.07 (s, 3 H, COCH3), 2.46 (tt, J = 5.2 Hz, J’ = 4.4 Hz, 1 H, 7’-H), 2.51 

(t, J = 4.4 Hz, 1 H, 1’-H), 2.62 (m, 1 H, 8’-H), 2.72 (complex signal, 3 H, 2’-H, 10’-H, 11’-
H), 2.83 (complex signal, 3 H, 9’-H, 5’-H, 2-Hax or 6-Hax), 3.17 (m, 1 H, 6-Hax or 2-Hax), 3.70 

(dm, J = 13.6 Hz, 1 H,  2-Heq or 6-Heq), 3.86 (m, 1 H, 4-H), 4.36 (dm, J = 13.6 Hz, 1 H,  6-

Heq or 2-Heq), 4.71 (t, J = 5.2 Hz, 1 H, 5’-H), 5.32 (s, 1 H, 3-NH), 5.69 (dd, J = 10 Hz, J’ = 8 
Hz, 1 H, 1-NH). 

 13C-NMR (100.6 MHz, CDCl3) δ: 21.4 (CH3, COCH3), 32.0 (CH2, C3 or C5), 33.0 (CH2, 
C5 or C3), 40.3 (CH2, C2 or C6), 41.4 (CH, C8’), 41.6 (CH, C2’), 43.1 (CH, C1’), 43.4 
(CH2, C12’), 44.5 (CH, C9’), 44.8 (CH, C7’), 45.1 (CH2, C6 or C2), 45.7 (CH, C10’), 46.8 
(CH, C4), 54.6 (CH, C6’), 56.9 (CH, C11’), 83.7 (CH, C5’), 103.1 (C, C3’), 156.7 (C, 
NHCONH), 168.8 (C, COCH3).  

MS (DIP), m/z (%); significant ions: 343 (M·+, 16), 325 (62), 260 (42), 201 (15), 177 (12), 
176 (82), 168 (15), 160 (18), 159 [(C11H11O)+, 100], 158 (29), 146 (10), 132 (13), 131 (53), 
139 (20), 129 (26), 128 (15), 126 (15), 125 (33), 124 (89), 116 (16), 115 (19), 94 (17), 91 (37), 
84 (25), 83 (83), 82 (59), 81 (19), 80 (18), 56 (29), 55 (16). 

HRMS-ESI+ m/z [M+H]+ calcd for [C19H25N3O3+H]+: 344.1969, found: 344.1972. 

 

Preparation of trans-4-(4-amino-cyclohexyloxy)-benzonitrile, 191555 

 

 In a three-necked round bottom flask equipped with a condenser apparatus, magnetic 

stirrer and gas inlet a solution of trans-4-aminocyclohexanol (3 g, 26.0 mmol) in anh. DMF 
(130 mL) was cooled to 0 ºC with an ice/NaCl bath. Sodium hydride, 60% dispersion in 
mineral oil (1.15 g, 28.7 mmol) was added and the suspension was stirred for 1 hour while 
cooling. 4-fluorobenzonitrile (3.9 g, 32.6 mmol) was added and the reaction mixture was 
heated to 60 ºC for 2 hours and stirred at room temperature overnight. The resulting 
suspension was diluted with EtOAc (150 mL) and washed with water (2 x 100 mL) and 
brine (100 mL). The organic layer was extracted with 1N HCl solution (2 x 50 mL) and the 
combined aqueous phases were basified with 10N NaOH solution until pH ~12 and 
extracted with EtOAc (3 x 50 mL). The combined organic layers were dried over anh. 

Na2SO4, filtered and concentrated under vacuo to give a total amount of 2.59 g (46% yield) 
of nitrile 191. The spectroscopic data were identical to those previously published.  
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Preparation of trans-4-(4-amino-cyclohexyloxy)-benzoic acid, 190·HCl 

 

 6 N NaOH solution (30 mL) was added to a solution of nitrile 191 (2.58 g, 11.9 mmol) 
in ethanol (100 mL) and the reaction mixture was heated to 80 ºC for 18 hours. The 

solution was then tempered to room temperature and evaporated under vacuo. Water (100 
mL) was added and the solution was acidified with conc. HCl at 0 ºC until acidic pH. The 

resulting precipitate was filtered under vacuo to give the desired product 190·HCl (3.07 g, 
95% yield) as a white solid, whose spectroscopic were in good agreement with those 
previously published.  

 

Preparation of trans-4-[4-(3-oxaadamant-1-yl-ureido)-cyclohexyloxy]-benzoic acid, 192 

 

 

 A solution of isocyanate 185 (400 mg, 2.23 mmol) in anh. DCM (25 mL) was added 
to a solution of amine hydrochloride 190·HCl (728 mg, 2.68 mmol) in anh. DCM (12 mL), 
followed by TEA (1.24 mL, 8.94 mmol) under nitrogen. The reaction mixture was stirred 
at room temperature overnight. Water (50 mL) was then added and the phases were 
separated. The organic layer was extracted with further water (2 x 50 mL) and the pH of 
the combined aqueous phases was adjusted to pH ~2 with 5N HCl solution, prior 
extraction with DCM (3 x 50 mL). The combined organic layers were dried over anh. 

Na2SO4, filtered and concentrated under vacuo yielding 192 (220 mg, 24% yield) as a white 
solid. The analytical sample was obtained by crystallization with methanol/diethyl ether. 

 Analytical and spectroscopic data of compound 192: 

Melting point: 255 - 275 ºC. 

IR (ATR) ν: 3364, 3267, 3198, 3061, 2922, 2559, 2348, 2187, 2068, 2011, 1977, 1672, 1601, 
1552, 1443, 1369, 1347, 1320, 1231, 1196, 1172, 1110, 1091, 1049, 1027, 989, 959, 863, 
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828, 774, 698, 640 cm-1. 

1H-NMR (400 MHz, CD3OD) δ: 1.37 [m, 2 H, 3’(5’)-Hax], 1.55 [m, 2 H, 2’(6’)-Hax], 1.65 [dm, 

J = 12.4 Hz, 2 H, 4’’(10’’)-Ha], 1.78 [dm, J = 11.6 Hz, 2 H, 8’’(9’’)-Ha], 1.86 (complex signal, 
2 H, 6’’-H2), 1.94 [m, 2 H, 4’’(10’’)-Hb], 2.01 [m, 2 H, 3’(5’)-Heq], 2.10 [m, 2 H, 2’(6’)-Heq], 

2.22 [broad s, 2 H, 5’’(7’’)-H], 2.28 [dm, J = 15.5 Hz, 2 H, 8’’(9’’)-Hb], 3.57 (m, 1 H, 4’-H), 

4.18 (broad s, 1 H, 3’’-H), 4.40 (m, 1 H, 1’-H), 6.92 [d, J = 8.8 Hz, 2 H, 3(5)-H], 7.93 [d, J = 
8.8 Hz, 2 H, 2(6)-H].   

13C-NMR (100.6 MHz, CD3OD) δ: 29.6 [CH, C5’’(7’’)], 31.0 [CH2, C2’(6’)], 31.4 [CH2, 
C3’(5’)], 35.7 [CH2, C4’’(10’’)], 35.9 (CH2, C6’’), 41.0 [CH2, C8’’(9’’)], 48.6 (CH, C4’), 72.3 
(CH, C3’’), 75.8 (CH, C1’), 81.9 (C, C1’’), 115.9 [CH, C3(5)], 126.8 (C, C1), 132.6 [CH, 
C2(4)], 159.0 (C, NHCONH), 162.4 (C, C4 and CO2H). 

MS (DIP), m/z (%); significant ions: 414 (M·+, 0.2), 179 [(C10H13NO2)·+, 27], 138 [(C9H14O)+, 
(C7H5O3)+, 100], 122 (29), 121 (39), 111 (21), 108 (10), 98 (99), 96 (30), 94 (45), 82 (18), 81 
(97), 79 (41), 67 (19), 65 (15), 56 (42), 55 (16).  

Elemental analysis: 

Calculated for C23H30N2O5:                                          C  66.65%   H  7.30%    N  6.76% 

Calculated for C23H30N2O5·0.1H2O:                            C  66.36%   H  7.31%    N  6.73% 

Found:                                                    C  66.13%   H  7.32%    N  6.64% 

 

Preparation of trans-4-[4-[3-(4-oxahexacyclo[5.4.1.02,6.03,10.05,9.08,11]dodec-3-
yl)ureido]cyclohexyloxy]-benzoic acid, 193 

 

 A solution of isocyanate 189 (387 mg, 1.93 mmol) in anh. DCM (20 mL) was added 
to a solution of amine hydrochloride 190·HCl (627 mg, 1.93 mmol) in anh. DCM (10 mL), 
followed by TEA (1.07 mL, 7.70 mmol) under nitrogen. The reaction mixture was stirred 
at room temperature overnight. Water (80 mL) was then added and the phases were 
separated. The organic layer was extracted with further water (2 x 80 mL) and the pH of 
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the combined aqueous phases was adjusted to pH ~2 with 5N HCl solution, prior 
extraction with DCM (3 x 80 mL). The combined organic layers were dried over anh. 

Na2SO4, filtered and concentrated under vacuo to give a white solid (556 mg). Purification 
by column chromatography (SiO2, DCM/methanol mixture) yielded 193 (418 mg, 50% 
yield) as a white solid.  

 Analytical and spectroscopic data of compound 193: 

Melting point: 254 - 256 ºC. 

IR (ATR) ν: 3358, 3267, 2939, 2856, 2473, 2369, 2216, 2159, 1669, 1600, 1558, 1487, 1446, 
1305, 1242, 1168, 1108, 1033, 992, 910, 847, 776, 694 cm-1. 

1H-NMR (500 MHz, DMSO-d6) δ: 1.27 [complex signal, 2 H, 3’(5’)-Hax], 1.46 [complex 
signal, 4 H, 12-Ha, 2’(6’)-Hax], 1.86 [complex signal, 4 H, 12-Hb, 3’(5’)-Heq], 2.01 [complex 
signal, 2 H, 2’(6’)-Heq], 2.37 (complex signal, 2 H, 1’’-H and 7’’-H), 2.53 (m, 1 H, 2’’-H), 
2.62 (m, 1 H, 8’’-H), 2.70 (complex signal, 2 H, 6’’-H and 9’’-H), 2.84 (m, 1 H, 11’’-H), 2.90 

(t, J = 7.5 Hz, 1 H, 10’’-H), 3.42 (m, 1 H, 4’-H), 4.43 (m, 1 H, 1’-H), 4.54 (t, J = 5.5 Hz, 1 H, 

5’’-H), 5.84 (d, J = 7.5 Hz, 1 H, 1-NH), 6.69 (s, 1 H, 3-NH), 7.00 [m, 2 H, 3(5)-H], 7.85 [m, 
2 H, 2(6)-H].  

13C-NMR (125.7 MHz, DMSO-d6) δ: 29.6 [CH2, C2’(6’)], 30.1 [CH2, C3’(5’)], 40.8 (CH, 
C2’’), 41.0 (CH, C8’’), 42.5 (CH, C1’’), 43.0 (CH2, C12’’), 43.7 (CH, C9’’), 44.2 (CH, C7’’), 
44.6 (CH, C10’’), 46.9 (CH, C4’), 53.9 (CH, C6’’), 55.7 (CH, C11’’), 74.3 (CH, C1’), 81.7 
(CH, C5’’), 102.3 (C, C2’’), 115.0 [CH, C3(5)], 122.9 (C, C1), 131.3 [CH, C2(6)], 155.9 (C, 
C4), 161.0 (C, NHCONH), 167.0 (C, CO2H).  

MS (EI), m/z (%); significant ions: 200 (28), 158 (13), 135 (43), 132 (18), 131 (95), 130 (53), 
129 (41), 128 (21), 122 (18), 119 (19), 117 (17), 116 (28), 115 (36), 104 (19), 94 (16), 92 (30), 
91 (100), 81 (22), 79 (24), 78 (64), 77 (42), 70 (16), 66 (26), 65 (38), 64 (15), 63 (17).  

HRMS-ESI+ m/z [M+H]+ calcd for [C25H28N2O5+H]+: 437.2076, found: 437.2071.  

HRMS-ESI  m/z [M-H]+ calcd for [C25H28N2O5 H]+: 435.1920, found: 435.1905. 

Elemental analysis: 

Calculated for C25H28N2O5:                                           C  68.79%   H  6.47%    N  6.42% 

Calculated for C25H28N2O5·0.1CH3OH·0.2DCM:         C  66.54%   H  6.36%     N  6.13% 

Found:                                                      C  66.70%   H  6.55%    N  5.73% 

 

 



 
348   Materials & Methods 

Preparation of 1-(1-acetylpiperidin-4-yl)-3-(3,7-dimethyl(tricyclo[3.3.0.03,7]octa-1-yl)urea, 
195 

 

 In a round bottom flask equipped with a condenser apparatus and magnetic stirrer a 
solution of amine hydrochloride 123·HCl (68 mg, 0.36 mmol) in chloroform (5 mL) was 
prepared, to which was added 187 (172 mg, 0.73 mmol) followed by triethylamine (0.06 
mL, 0.40 mmol). The solution was heated to 50 ºC for 25 hours, whereupon the reaction 

mixture was tempered to room temperature and evaporated under vacuo to dryness (384 
mg). Purification by column chromatography (SiO2, DCM/methanol mixture) afforded the 
desired product 195 (90 mg, 77% yield) as a white solid.  

Analytical and spectroscopic data of compound 195: 

Melting point: 165 - 167 ºC. 

IR (ATR) ν: 3359, 3244, 2947, 2878, 2170, 2034, 1960, 1613, 1556, 1477, 1443, 1371, 1318, 
1264, 1227, 1151, 1096, 1033, 978, 717, 639 cm-1. 

1H-NMR (400 MHz, CDCl3) δ: 1.11 [s, 6 H, 3’(7’)-CH3], 1.22 [complex signal, 2 H, 2(6)-Ha], 

1.34 [dd, J = 8.2 Hz, J’ = 3.4 Hz, 2 H, 4’(6’)-Ha], 1.54 [dd, J = 7.4 Hz, J’ = 3.4 Hz, 2 H, 2’(8’)-

Ha], 1.70 [dd, J = 8.2 Hz, J’ = 2.6 Hz, 2 H, 4’(6’)-Hb], 1.75 [d, J = 7.6 Hz, 2 H, 2’(8’)-Hb], 1.90 

and 2.03 (complex signal, 2 H, 3-Hax and 5-Hax), 2.07 (s, 3 H, COCH3), 2.27 (t, J = 2.6 Hz, 

1 H, 5’-H), 2.75 (dt, J = 14.0 Hz, J’ = 2.8 Hz, 1 H, 2-Hax or 6-Hax), 3.14 (dt, J = 11.2 Hz, J’ = 

2.8 Hz, 2 H, 6-Hax or 2-Hax), 3.73 (broad d, J = 13 Hz, 2 H, 6-Heq or 2-Heq), 3.83 (m. 1 H, 4-

H), 4.42 (broad d, J = 13 Hz, 2 H, 2-Heq or 6-Heq), 4.79 (d, J = 7.6 Hz, 1 H, 1-NH), 5.18 
(broad s, 1 H, 3-NH).   

13C-NMR (100.6 MHz, CDCl3) δ: 319 (M·+, 1), 277 [(C16H27N3O)·+, 58], 263 (20), 177 
[(C11H15NO)·+, 61], 169 [(C8H13N2O2)+, 25], 151 (18), 150 [(C10H16N)+, 22], 148 (25), 143 
[(C6H13N3O)·+, 100], 136 (26), 135 [(C10H15)+, 43], 134 (31), 127 (16), 126 (23), 125 (17), 122 
(86), 121 (29), 119 (25), 110 (22), 109 (86), 108 (48), 96 (18), 95 (62), 94 (29), 93 (16), 91 
(15), 84 (31), 83 (16), 82 (33), 56 (25), 55 (17).  

MS (DIP), m/z (%); significant ions: 278 (10), 277 (58), 263 (20), 178 (10), 169 (25), 151 
(18), 150 (22), 148 (25), 143 (100), 136 (26), 135 (43), 134 (31), 127 (16), 126 (23), 125 (17), 
123 (11), 122 (86), 121 (29), 119 (25), 110 (22), 109 (86), 108 (48), 96 (18), 95 (62), 94 (29), 
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93 (16), 91 (15), 84 (31), 83 (16), 82 (33), 80 (11), 79 (12), 77 (11), 67 (11), 57 (13), 56 (25), 
55 (17). 

Elemental analysis: 

Calculated for C18H29N3O2:                         C  67.68%   H  9.15%    N  13.15% 

Calculated for C18H29N3O2·1.0H2O:            C  64.07%   H  9.26%     N  12.45% 

Found:                                    C  64.00%   H  9.31%    N  12.40% 

 

 

 

 

 

 

 

 



 



 

 

 

 

 

 

 

 

 

 

 
 

IC50 determination 
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IC50 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 μM. As the total volume of the assay is 200 μL in all 

the wells, a 200 μM-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 μL) 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 μM-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 nº 
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. 

Well Assay Buffer 
Solvent  

(DMSO) 
Inhibitor sEH 

Assay Buffer +  

Substrate 

Background 90 μL 5 μL - - 100 μL + 5 μL 

Positive control 85 μL 5 μL - 5 μL 100 μL + 5 μL 

Inhibitor 85 μL - 5 μL 5 μL 100 μL + 5 μL 

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. IC50 values are average of minimum three independent replicates. 
Results are given as means ± standard error. 

 

 



 

 

 

 

 

 

 

 

 

 

 
 

Water solubility 
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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 vs 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 

μg/mL μmol/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 μm) 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.539 
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 
μm) to a vial. The samples were kept at -20 ºC 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. 

Comp. 
Correction 

factor 

184 2.28 

188 2.81 

195 3.27 
 

 

e) Results:  

Apparent solubility results are average of minimum two independent replicates in 
μg/mL ± standard deviation.  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 
 

In vitro studies 
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In vitro cell cultures  

a) Cell culture: 

 Human Huh-7 were maintained in a humid atmosphere of 5% CO2 at 37 ºC 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 µg/mL of streptomycin) and 1% of amphotericin B (250 
µg/mL).  

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.575 Cells were pre-treated with the inhibitors (final concentration 1 µmol/L) for 1 
hour before treatment with palmitate (final concentration 0.5 mmol/L) and inhibitors 
(final concentration 1 µmol/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 µg/mL aprotinin at 4 ºC for 30 min. The homogenate was 
centrifuged at 10.000 g for 20 min at 4 ºC. Protein concentration was measured by the 
Bradford method. Total proteins (30 µg) 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). First-stranded cDNA was synthesized from 0.5 µg 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 Taq DNA polymerase at 95 ºC for 10 min, followed by 40 cycles of 
amplification at 95 ºC for 15 sec and 60 ºC 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 2∆Ct (∆Ct = Gene of interest Ct - GAPDH Ct).  

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

Gene Primer sequence 

hATF3 
Forward 5’-AAGAACGAGAAGCAGCATTTGAT-3’ 

Reverse 5’-TTCTGAGCCCGGACAATACAC-3’ 

hBIP 

Forward 5’- ACTATTGCTGGCCTAAATGTTATGAG-
3’ 

Reverse 5’-TTATCCAGGCCATAAGCAATAGC-3’ 

hCHOP 

Forward 5’- GGAAATGAAGAGGAAGAATCAAAAAT-
3’ 

Reverse 5’-GTTCTGGCTCCTCCTCAGTCA-3’ 

hGAPDH 
Forward 5’-GGCCTCCAAGGAGTAAGACC-3’ 

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. 

 



 

 

 

 

 

 

 

 

 

 

 
REFERENCES 



 



 
References   365 

1. Landa, S. Chem. Listy 1933, 27, 415-418 and 1933, 27, 443-448. 
2. Fort, R. C., Jr.; Schleyer, P. von R. Chem. Rev. 1964, 277-300. 
3. Adcock, W.; Kok, G. B. J. Org. Chem. 1987, 52, 356-364. 
4. Duddeck, H. Tetrahedron 1978, 34, 247-251. 
5. Kaselj, M.; Adcock, J. L.; Luo, H.; Zhang, H.; Li, H.; William, J. le N. J. Am. Chem. Soc. 
1995, 117, 7088-7091. 
6. Adcock, W.; Trout, N. A. Chem. Rev. 1999, 99, 1415-1435. 
7. Gleicher, G. J.; Schleyer, P. von R. J. Am. Chem. Soc. 1967, 89, 582-593. 
8. Wishnok, J. J. Chem. Educ. 1973, 50, 780-781. 
9. Wanka, L.; Iqbal, K.; Schreiner, P. R. Chem. Rev. 2013, 113, 3516-3604. 
10. Lamoureux, G.; Artavia, G. Curr. Med. Chem. 2010, 17, 2967-2978. 
11. Dahl, J. E.; Liu, S. G.; Carlson, R. M. K. Science 2003, 299, 96-99. 
12. Senning, A. Elsevier’s Dictionary of Chemoetymology; Elsevier: Oxford, 2007. 
13. Mair, B. J.; Shamaiengar, M.; Krouskop, N. C.; Rossini, F. D. Anal. Chem. 1959, 31, 
2082-2083. 
14. Schreiner, P. R.; Fokina, N. A.; Tkachenko, B. A.; Hausmann, H.; Serafin, M.; Dahl, J. 
E. P.; Liu, S.; Carlson, R. M. K.; Fokin, A. A. J. Org. Chem. 2006, 71, 6709-6720. 
15. Woodward, R. B.; Gougoutas, J. Z. J. Am. Chem. Soc. 1964, 86, 5030-5030. 
16. Tanner, J. A.; Zheng, B.-J.; Zhou, J.; Watt, R. M.; Jiang, J.-Q.; Wong, K.-L.; Lin, Y.-P.; 
Lu, L.-Y.; He, M.-L.; Kung, H.-F.; Kesel, A. J.; Huang, J.-D. Chem. Biol. 2005, 12, 303-311. 
17. Hu, L. H.; Sim, K. Y. Org. Lett. 1999, 1, 879-882. 
18. Tanaka, N.; Takaishi, Y.; Shikishima, Y.; Nakanishi, Y.; Bastow, K.; Lee, K.-H.; Honda, 
G.; Ito, M.; Takeda, Y.; Kodzhimatov, O. K.; Ashurmetov, O. J. Nat. Prod. 2004, 67, 1870-
1875 
19. Prelog, V.; Seiwerth, R. Ber. Dtsch. Chem. Ges. 1941, 74, 1644-1648. 
20. Schleyer, P. v. R. J. Am. Chem. Soc. 1957, 79, 3292-3292. 
21. Schleyer, P. v. R.; Donaldson, M. M.; Nicholas, R. D.; Cupas, C. Org. Synth. Coll. Vol. 
V 1973, 16-19. 
22. Morel-Desrosiers, N.; Morel, J.-P.  J. Solution Chem. 1979, 8, 579-592. 
23. Leach, A. R. Compr. Med. Chem. II 2007, 4, 87-118. 
24. Kaminski, G. A.; Stern, H. A.; Berne, B. J.; Friesner, R. A. J. Phys. Chem. A 2004, 108, 
621-627. 
25. Maple, J. R.; Cao, Y.; Damm, W.; Halgren, T. A.; Kaminski, G. A.; Zhang, L. Y.; 
Friesner, R. A. J. Chem. Theory Comput. 2005, 1, 694-715. 
26. Lipinski, C. A; Lombardo, F.; Dominy, B. W.; Feeney, P. J. Adv. Drug Deliv. Rev. 1997, 
23, 3-25. 
27. Leeson, P. D.; Springthorpe, B. Nat. Rev. Drug Discov. 2007, 6, 881-890. 
28. Liu, J.; Obando, D.; Liao, V.; Lifa, T.; Codd, R. Eur. J. Med. Chem. 2011, 46, 1949-
1963. 
29. Terasaki, T.; Pardridge, W. M. J. Drug Targets 2000, 8, 353-355. 
30. Tsuzuki, N.; Hama, T.; Kawada, M.; Hasui, A.; Konishi, R.; Shiwa, S.; Ochi, Y.; Futaki, 
S.; Kitagawa, K. J. Pharm. Sci. 1994, 83, 481-484. 
31. Abraham, M. H., Chadha, H. S., Whiting, G. S.; Mitchell, R. C. J. Pharm. Sci. 1994, 
83, 1085-1100. 
32. Spyrakis, F.; Bidon-Chanal, A.; Barril, X.; Luque, F. J. Curr. Top. Med. Chem. 2011, 11, 
192-210. 



 
366   References 

33. Mansoori, G. A.; George, T. F.; Assoufid, L.; Zhang, G. Molecular building blocks for 
nanotechnology. From diamondoids to nanoscale materials and applications. Springer: 
New York, 2007. 
34. Raags, R.; Poulos, T. L. Biochemistry 1991, 30, 2674-2684. 
35. Suckow, R. F. J. Chromatogr. B Biomed. Sci. Appl. 2001, 764, 313-325. 
36. Sturm, G.; Schollmeyer, J. D.; Wesemann, W. IRCS Medical Science: Library 
Compendium, 1976, 4, 55. 
37. Hayden, F. G.; Minocha, A.; Spyker, D. A.; Hoffman, H. E. Antimicrob. Agents 
Chemother. 1985, 28, 216-221. 
38. Rubio, F. A.; Choma, N.; Fukuda, E. K. J. Chromatogr. 1989, 497, 147-157. 
39. Su, H.; Boulton, D. W.; Barros, A. Jr.; Wang, L.; Cao, K.; Bonacorsi, S. J. Jr.; Iyer, R. 
A.; Humphreys, W. G.; Christopher, L. J. Drug Metab. Dispos. 2012, 40, 1345-1356. 
40. Fokin, A. A.; Schreiner, P. R. Chem. Rev. 2002, 102, 1551-1593. 
41. Nagasawa, H. T.; Elberling, J. A.; Shirota, F. N. J. Med. Chem. 1975, 18, 826-830. 
42. Davies, W. L.; Grunert, R. R.; Haff, R. F.; McGahen, J. W.; Neumayer, E. M.; 
Paulshock, N.; Watts, J. C.; Wood, T. R.; Hermann, E. C.; Hoffman, C. E. Science 1964, 
144, 862-863. 
43. De Clercq, E. Nat. Rev. Drug Discov. 2006, 5, 1015-1025. 
44. Cady, S. D.; Luo, W.; Hu, F.; Hong, M. Biochemistry 2009, 48, 7356-7364. 
45. Cady, S. D.; Wang, J.; Wu, Y.; DeGrado, W. F.; Hong, M. J. Am. Chem. Soc. 2011, 133, 
4274-4284. 
46. Schwab, R. S.; England, A. C. Jr.; Poskanzer, D. C.; Young, R. R. J. Am. Med. Assoc. 
1969, 208, 1168-1170. 
47. Kornhuber, J.; Bormann, J.; Hubers, M.; Rusche, K.; Riederer, P. J Pharmacol. 1991, 
206, 297-300. 
48. Blanpied, T. A.; Clarke, R. J.; Johnson, J. W. J. Neurosci. 2005, 25, 3312-3322. 
49. Kelly, J. M.; Miles, M. A.; Skinner, A. C. Antimicrob. Agents Chemother. 1999, 43, 985-
987. 
50. Kelly, J. M.; Quack, G.; Miles, M. A. Antimicrob. Agents Chemother. 2001, 45, 1360-1366. 
51. Rammes, G.; Danysz, W.; Parsons, C. G. Curr. Neuropharmacol. 2008, 6, 55-78. 
52. Herrmann, N.; Li, A.; Lanctôt, K. Expert Opin. Pharmacother. 2011, 12, 787-800. 
53. Lipton, S. A. Nat. Rev. Drug Discov. 2006, 5, 160-170. 
54. Tsunoda, A.; Maassab, H. F.; Cochran, K. W.; Eveland, W. C. Antimicrob. Agents 
Chemother. 1965, 5, 553-560. 
55. Hayden, F. G.; Minocha, A.; Spyker, D. A.; Hoffman, H. E. Antimicrob. Agents 
Chemother. 1985, 28, 216-221. 
56. Barret, M. P.; Burchmore, R. J. S.; Stich, A.; Lazzari, J. O.; Frasch, A. C.; Cazzulo, J. J.; 
Krishna, S. Lancet 2003, 362, 1469-1480. 
57. von Geldern, T. W.; Trevillyan, J. M. Drug Dev. Res. 2006, 67, 627-642. 
58. Villhauer, E. B.; Brinkman, J. A.; Naderi, G. B.; Burkey, B. F.; Dunning, B. E.; Prasad, 
K.; Mangold, B. L.; Russell, M. E.; Hughes, T. E. J. Med. Chem. 2003, 46, 2774-2789. 
59. Augeri, D. J.; Robl, J. A.; Betebenner, D. A.; Magnin, D. R.; Khanna, A.; Robertson, J. 
G.; Wang, A.; Simpkins, L. M.; Taunk, P.; Huang, Q.; Han, S.-P.; Abboa-Offei, B.; Cap, 
M.; Xin, L.; Tao, L.; Tozzo, E.; Welzel, G. E.; Egan, D. M.; Marcinkeviciene, J.; Chang, S. 
Y.; Biller, S. A.; Kirby, M. S.; Parker, R. A.; Hamann, L. G. J. Med. Chem. 2005, 48, 5025-
5037. 



 
References   367 

60. Metzler, W. J.; Yanchunas, J.; Weigelt, C.; Kish, K.; Klei, H. E.; Xie, D.; Zhang, Y.; 
Corbett, M.; Tamura, J. K.; He, B.; Hamann, L. G.; Kirby, M. S.; Marcinkeviciene, J. Protein 
Sci. 2008, 17, 240-250. 
61. Rosenthal, K. S.; Sokol, M. S.; Ingram, R. L.; Subramanian, R.; Fort, R. C. Antimicrob. 
Agents Chemother. 1982, 22, 1031-1036. 
62. Ickes, D. E.; Venetta, T. M.; Phonphok, Y.; Rosenthal, K. S. Antiviral Res. 1990, 14, 75-
85. 
63. Shroot, B.; Michel, S. J. Am. Acad. Dermatol. 1997, 36 (Suppl.), S96-S103. 
64. Piérard, G. E.; Piérard-Franchimont, C.; Paquet, P.; Quatresooz, P. Expert Opin. Drug 
Metab. Toxicol. 2009, 5, 1565-1575. 
65.  Wells, T. N.; Alonso, P. L.; Gutteridge, W. E. Nat. Rev. Drug Discovery 2009, 8, 879-
891. 
66. Glennon, R. A. Drug Dev. Res. 1992, 26, 251-274. 
67. Imig, J. D.; Zhao, X.; Zaharis, C. Z.; Olearczyk, J. J.; Pollock, D. M.; Newman, J. W.; 
Kim, I. H.; Watanabe, T.; Hammock, B. D. Hypertension 2005, 46, 975-981. 
68. Fieser, L. F.; Nazer, M. Z.; Archer, S.; Berberian, D. A.; Slighter, R. G. J. Med. Chem. 
1967, 10, 517-521. 
69. Wang, X.; Dong, Y.; Wittlin, S.; Creek, D.; Chollet, J.; Charman, S. A.; SantoTomas, 
J.; Scheurer, C.; Snyder, C.; Vennerstrom, J. L. J. Med. Chem. 2007, 50, 5840-5847. 
70. Protopopova, M.; Hanrahan, C.; Nikonenko, B.; Samala, R.; Chen, P.; Gearhart, J.; 
Einck, L.;  Nacy, C. A. J. Antimicrob. Chemother. 2005, 56, 968-974. 
71. Trivedi, B. K.; Padia, J. K.; Holmes, A.; Rose, S.; Wright, D. S.; Hinton, J. P.; Pritchard, 
M. C.; Eden, J. M.; Kneen, C.; Webdale, L.; Suman-Chauhan, N.; Boden, P.; Singh, L.; 
Field, M. J.; Hill, D. J. Med. Chem. 1998, 41, 38-45. 
72. Solaja, B. A.; Opsenica, D.; Smith, K. S.; Milhous, W. K.; Terzic, N.; Opsenica, I.; 
Burnett, J. C.; Nuss, J.; Gussio, R.; Bavari, S. J. Med. Chem. 2008, 51, 4388-4391. 
73. Moehrle, J. J.; Duparc, S.; Siethoff, C.; van Giersbergen, P. L.; Craft, J. C.; Arbe-Barnes, 
S.; Charman, S. A.; Gutierrez, M.; Wittlin, S.; Vennertrom, J. L. Br. J. Clin. Pharmacol. 2012, 
75, 524-537. 
74. Le, S. B.; Hailer, M. K.; Buhrow, S.; Wang, Q.; Flatten, K.; Pediaditakis, P.; Bible, K. 
C.; Lewis, L. D.; Sausville, E. A.; Pang, Y. P.; Ames, M. M.; Lemasters, J. J.; Holmuhamedov, 
E. L.; Kaufmann, S. H. J. Biol. Chem. 2007, 282, 8860-8872. 
75. Kaur, G.; Narayanan, V. L.; Risbood, P. A.; Hollingshead, M. G.; Stinson, S. F.; Varma, 
R. K.; Sausville, E. A. Bioorg. Med. Chem. 2005, 13, 1749-1761. 
76. Kelland, L. R.; Barnard, F. J.; Evans, I. G.; Murrer, B. A.; Theobald, B. R. C.; Wyer, S. 
B.; Goddard, P. M.; Jones, M.; Valenti, M.; Bryant, A.; Rogers, P. M.; Harrap, K. R. J. Med. 
Chem. 1995, 38, 3016-3024. 
77. Guile, S. D.; Alcaraz, L.; Birkinshaw, T. N.; Bowers, K. C.; Ebden, M. R.; Furber, M.; 
Stocks, M. J. J. Med. Chem. 2009, 52, 3123-3141. 
78. Mehta, N.; Kaur, M.; Singh, M.; Chand, S.; Vyas, B.; Silakari, P.; Bahia, M. S.; Silakari, 
O. Bioorg. Med. Chem. 2014, 22, 54-88. 
79. Horvat, S.; Varga-Defterdarovic, L.; Horvat, J.; Jukic, R.; Kantoci, D.; Chung, N. N.; 
Schiller, P. W.; Biesert, L.; Pfutzner, A.; Suhartono, H.; Rubsamen-Waigmann, H. J. Pept. 
Sci. 1995, 1, 303-310. 
80. Lovekamp, T.; Cooper, P. S.; Hardison, J.; Bryant, S. D.; Guerrini, R.; Balboni, G.; 
Salvadori, S.; Lazarus, L. H. Brain Res. 2001, 902, 131-134. 



 
368   References 

81. Lu, J. J.; Crimin, K.; Goodwin, J. T.; Crivori, P.; Orrenius, C.; Xing, L.; Tandler, P. J.; 
Vidmar, T. J.; Amore, B. M.; Wilson, A. G. E.; Stouten, P. F. W.; Burton, P. S. J. Med. 
Chem. 2004, 47, 6104-6107. 
82. Arnott, J. A.; Planey, S. L. Expert Opin. Drug Discov. 2012, 7, 863-875.  
83. (a) Leeson, P. D.; Young, R. J. ACS Med. Chem. Lett. 2015, 6, 722-725. (b) Waring, M. 
J.; Arrowsmith, J.; Leach, A. R.; Leeson, P. D.; Mandrell, S.; Owen, R. M.; Pairaudeau, G.; 
Pennie, W. D.; Pickett, S. D.; Wang, J.; Wallace, O.; Weir, A. Nat. Rev. Drug Discov. 2015, 
14, 475-486. 
84. Gleeson, M. P. J. Med. Chem. 2008, 51, 817-834. 
85. Charifson, P. S.; Walters, W. P. J. Med. Chem. 2014, 57, 9701-9717. 
86. Zhang, M.-Q. Methods Mol. Biol. 2012, 803, 297-307. 
87. Jordan, R.; Bailey, T. R.; Rippin, S. R.; Dai, D. WO 2008130348, 2008. 
88. Zoidis, G.; Papanastasiou, I.; Dotsikas, I.; Sandoval, A.; Dos Santos, R. G.; 
Papadopoulou-Daifoti, Z.; Vamvakides, A.; Kolocouris, N.; Felix, R. Bioorg. Med. Chem. 
2005, 13, 2791-2798. 
89. Becker, D. P.; Flynn, D. L.; Shone, R. L.; Gullikson, G. Bioorg. Med. Chem. Lett. 2004, 
14, 5509-5512. 
90. Duque, M. D.; Ma, C.; Torres, E.; Wang, J.; Naesens, L.; Juárez-Jiménez, J.; Camps, P.; 
Luque, F. J.; DeGrado, W. F.; Lamb, R. A.; Pinto, L. H.; Vázquez, S. J. Med. Chem. 2011, 
54, 2646-2657. 
91. Rey-Carrizo, M.; Torres, E.; Ma, C.; Barniol-Xicota, M.; Wang, J.; Wu, Y.; Naesens, L.; 
Degrado, W. F.; Lamb, R. A.; Pinto, L. H.; Vázquez, S. J. Med. Chem. 2013, 56, 9265-9274. 
92. Torres, E.; Leiva, R.; Gazzarrini, S.; Rey-Carrizo, M.; Frigolé-Vivas, M.; Moroni, A.; 
Naesens, L.; Vázquez, S. ACS Med. Chem. Lett. 2014, 5, 831-836. 
93. Rey-Carrizo, M.; Barniol-Xicota, M.; Ma, C.; Frigolé-Vivas, M.; Torres, E.; Naesens, L.; 
Llabrés, S.; Juárez-Jiménez, J.; Luque, F. J.; Degrado, W. F.; Lamb, R. A.; Pinto, L. H.; 
Vázquez, S. J. Med. Chem. 2014, 57, 5738-5747. 
94. Rey-Carrizo, M.; Gazzarrini, S.; Llabrés, S.; Frigolé-Vivas, M.; Juárez-Jiménez, J.; Font-
Bardia, M.; Naesens, L.; Moroni, A.; Luque, F. J.; Vázquez, S. Eur. J. Med. Chem. 2015, 96, 
318-329. 
95. Camps, P.; Duque, M. D.; Vázquez, S.; Naesens, L.; De Clercq, E.; Sureda, F. X.; López-
Querol, M.; Camins, A.; Pallàs, M.; Prathalingam, S. R.; Kelly, J. M.; Romero, V.; Ivorra, 
D.; Cortés, D. Bioorg. Med. Chem. 2008, 16, 9925-9936. 
96. Duque, M. D.; Camps, P.; Profire, L.; Montaner, S.; Vázquez, S.; Sureda, F. X.; Mallol, 
J.; López-Querol, M.; Naesens, L.; De Clercq, E.; Prathalingam, S. R.; Kelly, J. M. Bioorg. 
Med. Chem. 2009, 17, 3198-3206. 
97. Duque, M. D.; Camps, P.; Torres, E.; Valverde, E.; Sureda, F. X.; López-Querol, M.; 
Camins, A.; Prathalingam, S. R.; Kelly, J. M.; Vázquez, S. Bioorg. Med. Chem. 2010, 18, 46-
57. 
98. Torres, E.; Duque, M. D.; López-Querol, M.; Taylor, M. C.; Naesens, L.; Ma, C.; Pinto, 
L. H.; Sureda, F. X.; Kelly, J. M.; Vázquez, S. Bioorg. Med. Chem. 2012, 20, 942-948. 
99. Gu, R.-X.; Liu, L. A.; Wang, Y.-H.; Xu, Q.; Wei, D.-Q. J. Phys. Chem. B 2013, 117, 6042-
6051. 
100. Watkins, J. C.; Evans, R. H. Annu. Rev. Pharmacol. Toxicol. 1981, 21, 165-204. 
101. Danbolt, N. C. Prog. Neurobiol. 2001, 65, 1-105. 



 
References   369 

102. Traynelis, S. F.; Wollmuth, L. P.; McBain, C. J.; Menniti, F. S.; Vance, K. M.; Ogden, 
K. K.; Hansen, K. B.; Yuan, H.; Myers, S. J.; Dingledine, R. Pharmacol. Rev. 2010, 62, 405-
496. 
103. Niswender, C. M.; Conn, P. J. Annu. Rev. Pharmacol. Toxicol. 2010, 50, 295-322. 
104. Kleckner, N. W.; Dingledine, R. Science 1988, 241, 835-837. 
105. Chris Parsons web page. Projects: NMDA receptors. 
http://www.chrisparsons.de/Chris/nmda.htm (accessed on 11th September 2015). 
106. Bleich, S.; Romer, K.; Wiltfang, J.; Kornhuber, J. Int. J. Geriatr. Psychiatry 2003, 18, 
S33-S40. 
107. Parsons, C. G.; Stöffler, A.; Danysz, W. Neuropharmacology 2007, 53, 699-723. 
108. Karakas, E.; Furukawa, H. Science 2014, 344, 992-997. 
109. Lee, C.-H.; Lü, W.; Michel, J. C.; Goehring, A.; Du, J.; Song, X.; Gouaux, E. Nature 
2014, 511, 191-197. 
110. Karakas, E.; Regan, M. C.; Furukawa, H. Trends Biochem. Sci. 2015, 40, 328-337. 
111. Danysz, W.; Parsons, C. G. Br. J. Pharmacol. 2012, 167, 324-352. 
112. Butterfield, D. A.; Pocernich, C. B. CNS Drugs 2003, 17, 641-652. 
113. Lipton, S. A.; Rosenberg, P. A. N. Engl. J. Med. 1994, 330, 613-622. 
114. Lipton, S. A.; Nicoreta, P. Cell Calcium 1998, 23, 165-171. 
115. Lipton, S. A. Nat. Rev. Drug Discov. 2006, 5, 160-170. 
116. Zeevalk, G. D.; Nicklas, W. J. J. Neurochem. 1992, 59, 1211-1220. 
117. Herrmann, N.; Li, A.; Lanctôt, K. Expert Opin. Pharmacother. 2011, 12, 787-800. 
118. Lange, K. W.; Kornhuber, J.; Riederer, P. Neurosci. Biobehav. Rev. 1997, 21, 393-400. 
119. Cioffi, C. L. Bioorg. Med. Chem. Lett. 2013, 23, 5034-5044. 
120. Rammes, G.; Danysz, W.; Parsons, C. G. Curr. Neuropharmacol. 2008, 6, 55-78. 
121. Lipton, S. A. Nat. Rev. Neurosci. 2007, 8, 803-808. 
122. Kemp, J. A.; McKernan, R. M. Nat. Neurosci. 2002, 5 (Suppl.), 1039-1042. 
123. Koller, M.; Urwyler, S. Expert Opin. Ther. Pat. 2010, 20, 1683-1702. 
124. Strong, K. L.; Jing, Y.; Prosser, A. R.; Traynelis, S. F.; Liotta, D. C. Expert Opin. Ther. 
Pat. 2014, 24, 1349-1366. 
125. Abraham, W. C.; Mason, S. E. Brain Res. 1988, 462, 40-46. 
126. Lehmann, J.; Schneider, J.; McPherson, S.; Murphy, D. E.; Bernard, P.; Tsai, C.; 
Bennett, D. A.; Pastor, G.; Steel, D. J.; Boehm, C. J. Pharmacol. Exp. Ther. 1987, 240, 737-
746. 
127. Sveinbjornsdottir, S.; Sander, J. W.; Upton, D.; Thompson, P. J.; Patsalos, P. N.; Hirt, 
D.; Emre, M.; Lowe, D.; Duncan, J. S. Epilepsy Res. 1993, 16, 165-174. 
128. Davis, S.; Butcher, S. P.; Morris, G. M. J. Neurosci. 1992, 12, 21-34. 
129. Yenari, M. A.; Bell, T. E.; Kotake, A. N.; Powell, M.; Steinberg, G. K. Clin. 
Neuropharmacol. 1998, 21, 28-34. 
130. Kvist, T.; Greenwood, J. R.; Hansen, K. B.; Traynelis, S. F.; Bräuner-Osborne, H. 
Neuropharmacology 2013, 75, 324-336. 
131. Sonkusare, S. K.; Kaul, C. L.; Ramarao, P. Pharmacol. Res. 2005, 51, 1-17. 
132. Michaud, M.; Warren, H.; Drian, M. J.; Rambaud, J.; Cerruti, P.; Nicolas, J. P.; 
Vignon, J.; Privat, A.; Kamenka, J. M. Eur. J. Med. Chem. 1994, 29, 869-876. 
133. White, J. M.; Ryan, C. F. Drug Alcohol Rev. 1996, 15, 145-155. 
134. Dorandeu, F.; Dhote, F.; Barbier, L.; Baccus, B.; Testylier, G. CNS Neurosci. Ther. 
2013, 19, 411-427. 
135. Parsons, C. G.; Danysz, W.; Quack, G. Amino Acids 2000, 19, 157-166. 

http://www.chrisparsons.de/Chris/nmda.htm


 
370   References 

136. Blanpied, T. A; Clarke, R. J.; Johnson, J. W. J. Neurosci. 2005, 25, 3312-3322. 
137. Rammes, G. Expert Rev. Clin. Pharmacol. 2009, 2, 231-238. 
138. Mattia, C.; Coluzzi, F. Drugs 2007, 10, 636-644. 
139. Kiewert, C.; Hartmann, J.; Stoll, J.; Thekkumkara, T. J.; Van der Schyf, C. J.; Klein, J. 
Neurochem. Res. 2006, 31, 395-399. 
140. Rogawski, M. A. Amino Acids 2000, 19, 133-149. 
141. Torres-Gómez, H.; Lehmkuhl, K.; Frehland, B.; Daniliuc, C.; Schepmann, D.; 
Ehrhardt, C.; Wünsch, B. Bioorg. Med. Chem. 2015, 23, 4277-4285. 
142. Williams, K. Curr. Drug Targets 2001, 2, 285-298. 
143. Parsons, C. G.; Danysz, W.; Quack, G. Neuropharmacology 1999, 38, 735-767. 
144. Gotti, B. Duverger, D; Bertin, J.; Carter, C.; Dupont, R.; Frost, J.; Gaudilliere, B.; 
MacKenzie, E. T.; Rousseau, J.; Scatton, B.; Wick, A. J. Pharmacol. Exp. Ther. 1988, 247, 
1211-1221. 
145. Kew, J. N. C.; Trube, G.; Kemp, J. A. J. Physiol. 1996, 497, 761-772. 
146. Gawaskar, S.; Schepmann, D.; Bonifazi, A.; Wünsch, B. Bioorg. Med. Chem. 2014, 22, 
6638-6646. 
147. Bettini, E.; Sava, A.; Griffante, C.; Carignani, C.; Buson, A.; Capelli, A. M.; Negri, 
M.; Andreetta, F.; Senar-Sancho, S. A.; Guiral, L.; Cardullo, F. J. Pharmacol. Exp. Ther. 2010, 
335, 636-644. 
148. Regan, M. C.; Romero-Hernandez, A.; Furukawa, H. Curr. Opin. Struct. Biol. 2015, 33, 
68-75. 
149. Blanpied, T. A.; Boeckman, F. A.; Aizenman, E.; Johnson, J. W. J. Neurophysiology 
1997, 77, 309-323. 
150. Chen, H. S. V.; Lipton, S. A. J. Pharmacol. Exp. Ther. 2005, 314, 961-971. 
151. Johnson, J. W.; Glasgow, N. G.; Povysheva, N. V. Curr. Opin. Pharmacol. 2015, 20, 54-
63. 
152. Limapichat, W.; Yu, W. Y.; Branigan, E.; Lester, H. A.; Dougherty, D. A. ACS Chem. 
Neurosci. 2013, 4, 255-260. 
153. European Medicines Agency, Ebixa (memantine). 
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/00
0463/human_med_000750.jsp&mid=WC0b01ac058001d124 (accessed on 21th May 
2015). 
154. FDA approves memantine drug for treating AD. Am. J. Alzheimers Dis. Other Demen. 
2003, 18, 329-330. 
155. Alzheimer’s association. http://www.alz.org/ (accessed on 31st August 2015). 
156. Anand, R.; Gill, K. D.; Mahdi, A. A. Neuropharmacology 2014, 76, 27-50. 
157. Parsons, C. G.; Danysz, W.; Dekundy, A.; Pulte, I. Neurotox. Res. 2013, 24, 358-369. 
158. Herrmann, N.; Cappell, J.; Eryavec, G. M.; Lanctôt, K. L. CNS Drugs 2011, 25, 425-
433. 
159. Peng, D.; Yuan, X.; Zhu, R. J. Clin. Neurosci. 2013, 20, 1482-1485. 
160. Brocardo, P. S.; Gil-Mohapel, J. M. Curr. Physicopharmacol. 2012, 1, 137-154. 
161. Dang, Y.-H.; Ma, X.-C.; Zhang, J.-C.; Ren, Q.; Wu, J.; Gao, C.-G.; Hashimoto, K. Curr. 
Pharm. Des. 2014, 20, 5151-5159. 
162. Costa, A. C. S. CNS Neurol. Disord. Drug Targets 2014, 13, 16-25. 
163. Tomek, S. E.; LaCrosse, L. A.; Nemirovsky, N. E.; Foster Olive, M. Pharmaceuticals 
2013, 6, 251-268. 
164. Duque, M. D. Ph.D. Dissertation, University of Barcelona, 2010. 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/000463/human_med_000750.jsp&mid=WC0b01ac058001d124
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/000463/human_med_000750.jsp&mid=WC0b01ac058001d124
http://www.alz.org/


 
References   371 

165. Amini; Bishop, R. Aust. J. Chem. 1983, 36, 2465-2472. 
166. Amini; Bishop, R.; Burgess, G.; Craig, D. C.; Dance, I. G.; Scudder, M. L. Aust. J. 
Chem. 1989, 42, 1919-1928. 
167. Föhlisch, B.; Widmann, E.; Schupp, E. Tetrahedron Lett. 1969, 28, 2355-2358. 
168. Föhlisch, B.; Dukek, U.; Graessle, I.; Novotny, B.; Schupp, E.; Schwaiger, G.; 
Widmann, E. Justus Liebigs Ann. Chem. 1973, 1839-1850. 
169. The previous method used for dehydration of the hydrate was to sublimate the 
mixture at 160 ºC and 0.5 Torr. 
170. Greenwald, R.; Chaykovsky, M.; Corey, E. J. J. Org. Chem. 1963, 28, 1128-1129. 
171. Coxon, J. M.; Maclagan, R. G. A. R.; McDonald, D. Q.; Steel, P. J. J. Org. Chem. 1991, 
56, 2542-2549. 
172. Torres, E. Ph.D. Dissertation, University of Barcelona, 2013. 
173. Fokin, A. A.; Merz, A.; Fokina, N. A.; Schwertfeger, H.; Liu, S. L.; Dahl, J. E. P.; 
Carlson, R. K. M.; Schreiner, P. R. Synthesis 2009, 6, 909-912. 
174. Shimizu, K.-I.; Kanno, S.; Kon, K.; Hakim Siddiki, S. M. A.; Tanaka, H.; Sakata, Y. 
Catal. Today 2014, 232, 134-138. 
175. Sigl, M.; Heidemann, T. Process for preparing a primary amine with a tertiary alpha 
carbon atom by reacting a tertiary alcohol with ammonia. WO 2009/053275 A1. 
176. Itoh, H.; Kato, I.; Unoura, K.; Senda, Y. Bull. Chem. Soc. Jpn. 2001, 74, 339-345. 
177. Burkhardt, E. R.; Matos, K. Chem. Rev. 2006, 106, 2617-2650. 
178. Fortunato, J. M.; Ganem, B. J. Org. Chem. 1976, 41, 2194-2200. 
179. Martin, H. J.; Drescher, M.; Mulzer, J. Angew. Chem. Int. Ed. 2000, 39, 581-583. 
180. White, D. R. 6’-Alkylspectinomycins. US 4532336 A. 
181. Kim, S.; Choon Moon, Y.; Han Ahn, K. J. Org. Chem. 1982, 47, 3311-3315. 
182. Yamashita, M.; Kato, Y.; Suemitsu, R. Chem. Lett. 1980, 847-848. 
183. Barton, D. H. R.; Bohé, L.; Lusinchi, X. Tetrahedron 1990, 46, 5273-5284. 
184. Yamashita, M.; Tanaka, Y.; Arita, A.; Nishida, M. J. Org. Chem. 1994, 59, 3500-3502. 
185. Marchand, A. P.; LaRoe, W. D.; Sharma, G. V. M.; Suri, S. C.; Reddy, D. S. J. Org. 
Chem. 1986, 51, 1622-1625. 
186. Jackson, W. R.; Zurqiyar, A. J. Chem. Soc. 1965, 5280-5287. 
187. Ishiyama, J.; Senda, Y.; Imaizumi, S. Chem . Lett. 1983, 771-774. 
188. Ishiyama, J.; Senda, Y.; Imaizumi, S. Chem . Lett. 1983, 1243-1244. 
189. Bishop, R. Ritter-Type Reactions, Comprehensive Organic Synthesis II; Elsevier Ltd., 2014. 
190. Schwertfeger, H.; Würtele, C.; Sefarin, M.; Hausmann, H.; Carlson, R. M. K.; Dahl, 
J. E. P.; Schreiner, P. R. J. Org. Chem. 2008, 73, 7789-7792. 
191. Barton, D. H. R.; McCombie, S. W. J. Chem. Soc., Perkin Trans. 1975, 1, 1574-1585. 
192. McCombie, S. W.; Motherwell, W. B.; Tozer, M. J. Org. React. 2012, 77, 161-591. 
193. Zard, S. Z. Xanthates and Related Derivatives as Radical Precursors, in Encyclopedia of 
Radicals in Chemistry, Biology and Materials; John Wiley & Sons, Ltd., Chichester, UK, 2012. 
194. Kerr, J. A. Chem. Rev. 1966, 66, 465-500. 
195. Chenneberg, L.; Baralle, A.; Daniel, M.; Fensterbank, L.; Goddard, J.-P.; Ollivier, C. 
Adv. Synth. Catal. 2014, 356, 2756-2762. 
196. Chatgilialoglu, C.; Ferreri, C. Res. Chem. Intermed. 1993, 19, 755-775. 
197. Schummer, D.; Hoefle, G. Synlett 1990, 11, 705-706. 
198. Xu, J.; Yadan, J. C. Tetrahedron Lett. 1996, 37, 2421-2424. 
199. Padwa, A.; Harring, S. R.; Semones, M. A. J. Org. Chem. 1998, 63, 44-54. 
200. Marino, J. P.; Osterhout, M. H.; Padwa, A. J. Org. Chem. 1995, 60, 2704-2713. 



 
372   References 

201. Boussaguet, P.; Delmond, B.; Dumartin, G.; Pereyre, M. Tetrahedron Lett. 2000, 41, 
3377-3380. 
202. Kaneko, S.; Watanabe, T.; Oda, K.; Mohan, R.; Schweiger, E. J.; Martin, R. Fused-
ring pyrimidin-4(3H)-one derivatives, processes for the preparation and uses thereof. WO 
03/106435 A1. 
203. Luzzio, F. A.; Fitch, R. W. J. Org. Chem. 1999, 64, 5485-5493. 
204. Lam, K.; Markó, I. E. Org. Lett. 2008, 10, 2773-2776. 
205. Jang, D. O.; Kim, J.; Cho, D. H.; Chung, C.-M. Tetrahedron Lett. 2001, 42, 1073-1075. 
206. Larson, G. L.; Fry, J. L. Ionic and organometallic-catalyzed organosilane reductions, in 
Organic Reactions; John Wiley & Sons, Ltd., Chichester, UK, 2008. 
207. Gevorgyan, V.; Rubin, M.; Benson, S.; Liu, J.-X.; Yamamoto, Y. J. Org. Chem. 2000, 
65, 6179-6186. 
208. Duddeck, H.; Rosenbaum, D. J. Org. Chem. 1991, 56, 1707-1713. 
209. Banide, E. V.; Molloy, B. C.; Ortin, Y.; Müller-Bunz, H.; McGlinchey, M. J. Eur. J. 
Org. Chem. 2007, 2611-2622. 
210. Ito, M.; Konno, F.; Kunamoto, T.; Suzuki, N.; Kawahata, M.; Yamaguchi, K.; Ishikawa, 
T. Tetrahedron 2011, 67, 8041-8049. 
211. Ashby, E. C.; Deshpande, A. K. J. Org. Chem. 1994, 59, 3798-3805. 
212. Banister, S. D.; Yoo, D. T.; Chua, S. W.; Cui, J.; Mach, R. H.; Kassiou, M. Bioorg. Med. 
Chem. Lett. 2011, 21, 5289-5292. 
213. Jang, D. O. Synth. Commun. 1997, 27, 1023-1027. 
214. Sumino, Y.; Harato, N.; Tomisaka, Y.; Ogawa, A. Tetrahedron 2003, 59, 10499-10508. 
215. Rowlands, G. J. Tetrahedron 2009, 65, 8603-8655. 
216. Jirgensons, A.; Kauss, V.; Kalvinsh, I.; Gold, M. R. Synthesis 2000, 12, 1709-1712. 
217. The blue colour is distinctive of samarium(II), whereas the yellow colour of 
samarium(III). 
218. Jasch, H. Heinrich, M. R. Tin hydrides and functional group transformations, in Encyclopedia 
of Radicals in Chemistry, Biology and Materials; John Wiley & Sons, Ltd., Chichester, UK, 
2012. 
219. Renaud, P.; Sibi, M. P. Radicals in Organic Synthesis Vol. 1; Wiley-VCH, Weinheim, 
Germany, 2001. 
220. Kumar, K.; Tepper, R. J.; Zeng, Y.; Zimmt, M. B. J. Org. Chem. 1995, 60, 4051-4066. 
221. Marchand, A. P.; Namboothiri, I. N. N. Heterocycles 2000, 52, 451-457. 
222. Borch, R. F.; Bernstein, M. D.; Durst, H. D. J. Am. Chem. Soc. 1971, 93, 2897-2904. 
223. Lane, C. F. Synthesis 1975, 1975, 135-146. 
224. Rohde, J. J.; Pliushchev, M. A.; Sorensen, B. K.; Wodka, D.; Shuai, Q.; Wang, J.; 
Fung, S.; Monzon, K. M.; Chiou, W. J.; Pan, L.; Deng, X.; Chovan, L. E.; Ramaiya, A.; 
Mullally, M.; Henry, R. F.; Stolarik, D. F.; Imade, H. M.; Marsh, K. C.; Beno, D. W. A.; 
Fey, T. A.; Droz, B. A.; Brune, M. E.; Camp, H. S.; Sham, H. L.; Frevert, E. U.; Jacobson, 
P. B.; Link, J. T. J. Med. Chem. 2007, 50, 149-164. 
225. Jasys, V. J.; Lombardo, F.; Appleton, T. A.; Bordner, J.; Ziliox, M.; Volkmann, R. A. 
J. Am. Chem. Soc. 2000, 122, 466-473. 
226. Hagmann, W. K. J. Med. Chem. 2008, 51, 4359-4369. 
227. Müller, K.; Faeh, C.; Diederich, F. Science 2007, 317, 1881-1886. 
228. Furuya, T.; Kamlet, A. S.; Ritter, T. Nature 2011, 473, 470-477. 
229. Jeschke, P. ChemBioChem 2004, 5, 570-589. 
230. O’Hagan, D. Chem. Soc. Rev. 2008, 37, 308-319. 



 
References   373 

231. ChemBioChem 2004, 5, 557-726 (special issue: Fluorine in Life Sciences). 
232. Meanwell, N. A. J. Med. Chem. 2011, 54, 2529-2591. 
233. Shimizu, M.; Hiyama, T. Angew. Chem. Int. Ed. Engl. 2004, 44, 214-231. 
234. Middleton, W. J. J. Org. Chem. 1975, 40, 574-578. 
235. Lal, G. S.; Pez, G. P.; Pesaresi, R. J.; Prozonic, F. M.; Cheng, H. J. Org. Chem. 1999, 
64, 7048-7054. 
236. Lal, G. S.; Pez, G. P.; Syvret, R. G. Chem. Rev. 1996, 96, 1737-1756. 
237. Sodeoka, M. Science 2011, 334, 1651-1652. 
238. Johnson, A. L. J. Org. Chem. 1982, 47, 5220-5222. 
239. Singh, R. P.; Shreeve, J. M. Synthesis 2002, 2561-2578. 
240.  Yung-Chi, C.; Prusoff, W. H. Biochem. Pharmacol. 1973, 22, 3099-3108. 
241. Verdaguer, E.; García-Jordà, E.; Jiménez, A.; Stranges, A.; Sureda, F. X.; Canudas, A. 
M.; Escubedo, E.; Camarasa, J.; Pallàs, M.; Camins, A. Br. J. Pharmacol. 2002, 135, 1297-
1307. 
242. Grynkiewicz, G.; Poenie, M.; Tsien, R. Y. J. Biol. Chem. 1985, 260, 3440-3450. 
243. Life technologies web page. Ion indicators & ionophores: Fura-2. 
https://www.lifetechnologies.com/order/catalog/product/F1200 (accessed on 14th June 
2015). 
244. Sakmann, B.; Neher, E. Ann. Rev. Physiol. 1984, 46, 455-472. 
245. Chen, H. S.; Pellegrini, J. W.; Aggarwal, S. K.; Lei, S. Z.; Warach, S.; Jensen, F. E.; 
Lipton, S. A. J. Neurosci. 1992, 12, 4427-4436. 
246. Parsons, G. R.; Gruner, R.; Rozental, J.; Millar, J.; Lodge, D. Neuropharmacol. 1993, 
32, 1337-1350. 
247. Blanpied, T. A; Clarke, R. J.; Johnson, J. W. J. Neurosci. 2005, 25, 3312-3322. 
248. Gilling, K.; Jatzke, C.; Wollenburg, C.; Vanejevs, M.; Kauss, V.; Jirgensons, A.; 
Parsons, C. G. J. Neural Transm. 2007, 114, 1529-1537. 
249. Koller, M.; Urwyler, S. Expert Opin. Ther. Pat. 2010, 20, 1683-1702. 
250. Science Lab website. The patch-clamp technique. http://www.leica-
microsystems.com/science-lab/the-patch-clamp-technique/ (accessed on 18th September 
2015). 
251. Dallman, M. F.; Strack, A. M.; Akana, S. F.; Bradbury, M. J.; Hanson, E. S.; Scribner, 
K. A.; Smith, M. Front. Neuroendocrinol. 1993, 14, 303-347. 
252. Sapolsky, R. M.; Romero, L. M.; Munck, A. U. Endocr. Rev. 2000, 21, 55-89. 
253. Rosen, E. D.; MacDougald, O. A. Nat. Rev. Mol. Cell Bio. 2006, 7, 885-896. 
254. Smoak, K. A.; Cidlowski, J. A. Mech. Ageing Dev. 2004, 125, 697-706. 
255. Arriza, J. L.; Weinberger, C.; Cerelli, G.; Glase, T. M.; Handelin, B. L.; Housman, D. 
E.; Evans, R. M. Science 1987, 237, 268-275. 
256. Dzyakanchuk, A. A.; Balázs, Z.; Nashev, L. G.; Amrein, K. E.; Odermatt, A. Mol. Cell. 
Endocrinol. 2009, 301, 137-141. 
257. Atanasov, A. G.; Nashev, L. G.; Gelman, L.; Legeza, B.; Sack, R.; Portmann, R.; 
Odermatt, A. Biochim. Biophys. Acta 2008, 1783, 1536-1543. 
258. Hardy, R. S.; Seibel, M. J.; Cooper, M. S. Curr. Opin. Pharmacol. 2013, 13, 440-444. 
259. Edwards, C. R.; Stewart, P. M.; Burt, D.; Brett, L.; McIntyre, M. A.; Sutanto, W. S. de 
Kloet, E. R.; Monder, C. Lancet 1988, 2, 986-989. 
260. Hollis, G.; Huber, R. Diabetes Obes. Metab. 2011, 13, 1-6. 
261. Staab, C. A; Maser, E. J. Steroid Biochem. Mol. Biol. 2010, 119, 56-72. 
262. Odermatt, A.; Nashev, L. G. J. Steroid Biochem. Mol. Biol. 2010, 119, 1-13. 

http://www.leica-microsystems.com/science-lab/the-patch-clamp-technique/
http://www.leica-microsystems.com/science-lab/the-patch-clamp-technique/


 
374   References 

263. Mitić, T.; Andrew, R.; Walker, B. R.; Hadoke, P. W. F. Biochimie 2013, 95, 548-555. 
264. Odermatt, A.; Klusonova, P. J. Steroid Biochem. Mol. Biol. 2015, 151, 85-92. 
265. Gathercole, L. L.; Lavery, G. G.; Morgan, S. A; Cooper, M. S.; Sinclair, A. J.; 
Tomlinson, J. W.; Stewart, P. M. Endocr. Rev. 2013, 34, 525-555. 
266. Klein, T.; Henn, C.; Negri, M.; Frotscher, M. PLoS One 2011, 6, 1-13. 
267. Kotelevtsev, Y.; Brown, R. W.; Fleming, S.; Kenyon, C.; Edwards, C. R.; Seckl, J. R.; 
Mullins, J. J. J. Clin. Invest. 1999, 103, 683-689. 
268. Bisschop, P. H.; Dekker, M. J. H. J.; Osterthun, W.; Kwakkel, J.; Anink, J. J.; Boelen, 
A.; Unmehopa, U. A.; Koper, J. W.; Lamberts, S. W. J.; Stewart, P. M.; Swaab, D. F.; Fliers, 
E. J. Neuroendocrinol. 2013, 25, 425-432. 
269. Kilgour, A. H. M.; Semple, S.; Marshall, I.; Andrews, P.; Andrew, R.; Walker, B. R. J. 
Clin. Endocrinol. Metab. 2015, 100, 483-489. 
270. Robb, G. R.; Boyd, S.; Davies, C. D.; Dossetter, A. G.; Goldberg, F. W.; Kemmitt, P. 
D.; Scott, J. S.; Swales, J. G. Med. Chem. Commun. 2015, 6, 926-934. 
271. Wamil, M.; Seckl, J. R. Drug Discov. Today 2007, 12, 504-520. 
272. WHO web page. Diabetes Fact Sheet. 
http://www.who.int/mediacentre/factsheets/fs312/en/ (accessed on 26th June 2015). 
273. European Comission web page. Major and chronic diseases: Diabetes. 
http://ec.europa.eu/health/major_chronic_diseases/diseases/diabetes/index_en.htm#fra
gment7 (accessed on  2nd July 2015). 
274. WHO web page. Obesity and overweight Fact Sheet. 
http://www.who.int/mediacentre/factsheets/fs311/en/ (accessed on 26th June 2015). 
275. Grundy, S. M.; Brewer, H. B.; Cleeman, J. I.; Smith, S. C.; Lenfant, C. Circulation 
2004, 109, 433-438. 
276. Huang, P. L. Dis. Model Mech. 2009, 2, 231-237. 
277. Masuzaki, H.; Paterson, J.; Shinyama, H.; Morton, N. M.; Mullins, J. J.; Seckl, J. R.; 
Flier, J. S. Science 2001, 294, 2166-2170. 
278. Masuzaki, H.; Yamamoto, H.; Kenyon, C. J.; Elmquist, J. K.; Morton, N. M.; Paterson, 
J. M.; Shinyama, H.; Sharp, M. G. F.; Fleming, S.; Mullins, J. J.; Seckl, J. R.; Flier, J. S. J. 
Clin. Invest. 2003, 1125, 83-90. 
279. Paterson, J.; Morton, N.; Fievet, C.; Kenyon, C.; Holmes, M.; Staels, B.; Seckl, J. R.; 
Mullins, J. J. Proc. Natl. Acad. Sci. USA 2004, 101, 7088-7093. 
280. Kotelevtsev, Y.; Holmes, M. C.; Burchell, A.; Houston, P. M.; Schmoll, D.; Jamieson, 
P.; Best, R.; Brown, R.; Edwards, C. R.; Seckl, J. R.; Mullins, J. J. Proc. Natl. Acad. Sci. USA 
1997, 94, 14924-14929. 
281. Morton, N. M.; Paterson, J. M.; Masuzaki, H.; Holmes, M. C.; Staels, B.; Fievet, C.; 
Walker, B. R.; Flier, J. S.; Mullins, J. J.; Seckl, J. R. Diabetes 2004, 53, 931-938. 
282. Morton, N. M.; Holmes, M. C.; Fievet, C.; Staels, B.; Tailleux, A.; Mullins, J. J.; Seckl, 
J. R. J. Biol. Chem. 2001, 276, 41293-41300. 
283. Kershaw, E. E.; Morton, N. M.; Dhillon, H.; Ramage, L.; Seckl, J. R.; Flier, J. S. 
Diabetes 2005, 54, 1023-1031. 
284. Morgan, S. A.; Tomlinson, J. W. Expert Opin. Investig. Drugs 2010, 19, 1067-1076. 
285. Wake, D. J.; Rask, E.; Livingstone, D. E.; Soderberg, S.; Olsson, T.; Walker, B. R. J. 
Clin. Endocrinol. Metab. 2003, 88, 3983-3988. 
286. Valsamakis, G.; Anwar, A.; Tomlinson, J. W.; Shackleton, C. H. L.; McTernan, P. G.; 
Chetty, R.; Wood, P. J.; Banerjee, A. K.; Holder, G.; Barnett, A. H.; Stewart, P. M.; Kumar, 
S. J. Clin. Endocrinol. Metab. 2004, 89, 4755-4761. 

http://ec.europa.eu/health/major_chronic_diseases/diseases/diabetes/index_en.htm#fragment7
http://ec.europa.eu/health/major_chronic_diseases/diseases/diabetes/index_en.htm#fragment7
http://www.who.int/mediacentre/factsheets/fs311/en/


 
References   375 

287. Wang, M. Drug Dev. Res. 2006, 67, 567-569. 
288. Cooper, M. S.; Stewart, P. M. J. Clin. Endocrinol. Metab. 2009, 94, 4645-4654. 
289. Morton, N. M. Mol. Cell. Endocrinol. 2010, 316, 154-164. 
290. Joharapurkar, A.; Dhanesha, N.; Shah, G.; Kharul, R.; Jain, M. Pharmacol. reports 2012, 
64, 1055-1065. 
291. Anderson, A.; Walker, B. R. Drugs 2013, 73, 1385-1393. 
292. McEwen, B. S.; Biron, C. A.; Brunson, K. W.; Bulloch, K.; Chambers, W. H.; 
Dhabhar, F. S.; Goldfarb, R. H.; Kitson, R. P.; Miller, A. H.; Spencer, R. L.; Weiss, J. M. 
Brain Res. Rev. 1997, 23, 79-133. 
293. Sapolsky, R. M.; Romero, L. M.; Munck, A. U. Endocr. Rev. 2000, 21, 55-89. 
294. Yeager, M. P.; Guyre, P. M.; Munck, A. U. Acta Anaesthesiol. Scand. 2004, 48, 799-813. 
295. Chapman, K. E.; Coutinho, A. E.; Gray, M.; Gilmour, J. S.; Savill, J. S.; Seckl, J. R. 
Mol. Cell. Endocrinol. 2009, 301, 123-131. 
296. Hardy, R. S.; Seibel, M. J.; Cooper, M. S. Curr. Opin. Pharmacol. 2013, 13, 440-444. 
297. Hadoke, P. W. F.; Kipari, T.; Seckl, J. R.; Chapman, K. E. Curr. Atheroscler. Rep. 2013, 
15, 320-330. 
298. Jun, Y. J.; Park, S. J.; Hwang, J. W.; Kim, T. H.; Jung, K. J.; Jung, J. Y.; Hwang, G. H.; 
Lee, S. H.; Lee, S. H. Clin. Exp. Allergy 2014, 44, 197-211. 
299. Chapman, K. E.; Gilmour, J. S.; Coutinho, A. E.; Savill, J. S.; Seckl, J. R. Mol. Cell. 
Endocrinol. 2006, 248, 3-8. 
300. Chapman, K. E.; Seckl, J. R. Neurochem. Res. 2008, 33, 624-636. 
301. Hotamisligil, G. S. Nature 2006, 444, 860-867. 
302. Squire, L. R. Psychol. Rev. 1992, 99, 195-231. 
303. Sapolsky, R. M.; Pulsinelli, W. A. Science 1985, 229, 1397-1400. 
304. Beraki, S.; Litrus, L.; Soriano, L.; Monbureau, M.; To, L. K.; Braithwaite, S. P.; 
Nikolich, K.; Urfer, R.; Oksenberg, D.; Shamloo, M. PLoS One 2013, 8, 1-13. 
305. Sandeep, T. C.; Yau, J. L. W.; Maclullich, A. M. J.; Noble, J.; Deary, I. J.; Walker, B. 
R.; Seckl, J. R. Proc. Natl. Acad. Sci. USA 2004, 101, 6734-6739. 
306. Meaney, M. J.; O’Donnell, D.; Rowe, W.; Tannenbaum, B.; Steverman, A.; Walker, 
M.; Nair, N. P.; Lupien, S. Exp. Gerontol. 1995, 30, 229-251. 
307. Yau, J. L. W.; Wheelan, N.; Noble, J.; Walker, B. R.; Webster, S. P.; Kenyon, C. J.; 
Ludwig, M.; Seckl, J. R. Neurobiol. Aging 2015, 36, 334-343. 
308. de Quervain, D. J.-F.; Poirier, R.; Wollmer, M. A.; Grimaldi, L. M. E.; Tsolaki, M.; 
Streffer, J. R.; Hock, C.; Nitsch, R. M.; Mohajeri, M. H.; Papassotiropoulos, A. Hum. Mol. 
Genet. 2004, 13, 47-52. 
309. Martocchia, A.; Stefanelli, M.; Falaschi, G. M.; Toussan, L.; Ferri, C.; Falaschi, P. Aging 
Clin. Exp. Res. 2015, ahead of print. DOI: 10.1007/s40520-015-0353-0. 
310. Katz, D. A.; Liu, W.; Locke, C.; Jacobson, P.; Barnes, D. M.; Basu, R.; An, G.; Rieser, 
M. J.; Daszkowski, D.; Groves, F.; Heneghan, G.; Shah, A.; Gevorkyan, H.; Jhee, S. S.; 
Ereshefsky, L.; Marek, G. J. Transl. Psychiatry 2013, 3, e295. 
311. Yau, J. L. W.; Noble, J.; Seckl, J. R. J. Neurosci. 2011, 31, 4188-4193. 
312. Green, K. N.; Billings, L. M.; Roozendaal, B.; McGaugh, J. L.; LaFerla, F. M. J. 
Neurosci. 2006, 26, 9047-9056. 
313. Sooy, K.; Noble, J.; McBride, A.; Binnie, M.; Yau, J. L. W.; Seckl, J. R.; Walker, B. R.; 
Webster, S. P. Endocrinology 2015, ahead of print. DOI: 10.1210/en.2015-1395. 
314. Yau, J. L. W.; Noble, J.; Kenyon, C. J.; Hibberd, C.; Kotelevtsev, Y.; Mullins, J. J.; 
Seckl, J. R. Proc. Natl. Acad. Sci. USA 2001, 98, 4716-4721. 



 
376   References 

315. Sooy, K.; Webster, S. P.; Noble, J.; Binnie, M.; Walker, B. R.; Seckl, J. R.; Yau, J. L. 
W. J. Neurosci. 2010, 30, 13867-13872. 
316. Mohler, E. G.; Browman, K. E.; Roderwald, V. A; Cronin, E. A; Markosyan, S.; Bitner, 
R. S.; Strakhova, M. I.; Drescher, K. U.; Hornberger, W.; Rohde, J. J.; Brune, M. E.; 
Jacobson, P. B.; Rueter, L. E. J. Neurosci. 2011, 31, 5406-5413. 
317. Strachan, M. W. J.; Reynolds, R. M.; Frier, B. M.; Mitchell, R. J.; Price, J. F. Diabetes 
Obes. Metab. 2009, 11, 407-414. 
318. Anderson, S.; Carreiro, S.; Quenzer, T.; Gale, D.; Xiang, C.; Gukasyan, H.; 
Lafontaine, J.; Cheng, H.; Krauss, A.; Prasanna, G. J. Ocul. Pharmacol. Ther. 2009, 25, 215-
222. 
319. Park, J. S.; Bae, S. J.; Choi, S.-W.; Son, Y. H.; Park, S. B.; Rhee, S. D.; Kim, H. Y.; 
Jung, W. H.; Kang, S. K.; Ahn, J. H.; Kim, S. H.; Kim, K. Y. J. Mol. Endocrinol. 2014, 52, 
191-202. 
320. Tiganescu, A.; Tahrani, A. A.; Morgan, S. A.; Otranto, M.; Desmoulière, A.; 
Abrahams, L.; Hassan-Smith, Z.; Walker, E. A.; Rabbitt, E. H.; Cooper, M. S.; Amrein, K.; 
Lavery, G. G.; Stewart, P. M. J. Clin. Invest. 2013, 123, 3051-3060. 
321. Terao, M.; Murota, H.; Kimura, A.; Kato, A.; Ishikawa, A.; Igawa, K.; Miyoshi, E.; 
Katayama, I. PLoS One 2011, 6, 1-11. 
322. Hench, P. S.; Kendall, E. C.; Slocumb, C. H.; Polley, H. F. Ann. Rheum. Dis. 1949, 8, 
97-104. 
323. Sandeep, T. C.; Walker, B. R. Trends Endocrinol. Metab. 2001, 12, 446-453. 
324. Zhang, J.; Osslund, T. D.; Plant, M. H.; Clogston, C. L.; Nybo, R. E.; Xiong, F.; 
Delaney, J. M.; Jordan, S. R. Biochemistry 2005, 44, 6948-6957. 
325. Schuster, D.; Maurer, E. M.; Laggner, C.; Nashev, L. G.; Wilckens, T.; Langer, T.; 
Odermatt, A. J. Med. Chem. 2006, 49, 3454-3466. 
326. Wang, H.; Ruan, Z.; Li, J. J.; Simpkins, L. M.; Smirk, R. A; Wu, S. C.; Hutchins, R. 
D.; Nirschl, D. S.; Van Kirk, K.; Cooper, C. B.; Sutton, J. C.; Ma, Z.; Golla, R.; Seethala, 
R.; Salyan, M. E. K.; Nayeem, A.; Krystek, S. R.; Sheriff, S.; Camac, D. M.; Morin, P. E.; 
Carpenter, B.; Robl, J. A; Zahler, R.; Gordon, D. A; Hamann, L. G. Bioorg. Med. Chem. Lett. 
2008, 18, 3168-3172. 
327. Hosfield, D. J.; Wu, Y.; Skene, R. J.; Hilgers, M.; Jennings, A.; Snell, G. P.; Aertgeerts, 
K. J. Biol. Chem. 2005, 280, 4639-4648. 
328. Scott, J. S.; Chooramun, J. 11β-hydroxysteroid dehydrogenase Type 1 (11β-HSD1) inhibitors 
in development, in RSC Drug Discovery Series No. 27, The Royal Society of Chemistry, 2012. 
329. Thomas, M. P.; Potter, B. V. L. Future Med. Chem. 2011, 3, 367-390. 
330. Zhang, J.; Osslund, T. D.; Plant, M. H.; Clogston, C. L.; Nybo, R. E.; Xiong, F.; 
Delaney, J. M.; Jordan, S. R. Biochemistry 2005, 44, 6948-6957. 
331. Webster, S. P.; Pallin, T. D. Expert Opin. Ther. Pat. 2007, 17, 1407-1422. 
332. Hughes, K. A.; Webster, S. P.; Walker, B. R. Expert Opin. Investig. Drugs 2008, 17, 481-
496. 
333. St. Jean Jr., D. J.; Wang, M.; Fotsch, C. Curr. Top. Med. Chem. 2008, 8, 1508-1523. 
334. Boyle, C. D.; Kowalski, T. J. Expert Opin. Ther. Pat. 2009, 801-826. 
335. Scott, J. S.; Goldberg, F. W.; Turnbull, A. V. J. Med. Chem. 2014, 57, 4466-4486. 
336. Pavlova, S. I.; Uteshev, B. S.; Sergeev, A. V. Pharm. Chem. J. 2003, 37, 314-317. 
337. Bühler, H.; Perschel, F. H.; Hierholzer, K. Biochim. Biophys. Acta 1991, 1075, 206-212. 
338. Su, X.; Lawrence, H.; Ganeshapillai, D.; Cruttenden, A.; Purohit, A.; Reed, M. J.; 
Vicker, N.; Potter, B. V. L. Bioorg. Med. Chem. 2004, 12, 4439-4457. 



 
References   377 

339. Pandya, K.; Dietrich, D.; Seibert, J.; Vederas, J. C.; Odermatt, A. Bioorg. Med. Chem. 
2013, 21, 6274-6281. 
340. Wang, M. Inhibitors of 11β-hydroxysteroid dehydrogenase type 1 in antidiabetic therapy, in 
Diabetes – Perspectives in Drug Therapy, Handbook of Experimental Pharmacology, 203, Springer-
Verlag Berlin Heidelberg, 2011. 
341. Walker, B. R.; Connacher, A. A.; Lindsay, R. M.; Webb, D. J.; Edwards, C. R. J. Clin. 
Endocrinol. Metab. 1995, 80, 3155-3159. 
342. Andrews, R. C.; Rooyackers, O.; Walker, B. R. J. Clin. Endocrinol. Metab. 2003, 88, 
285-291. 
343. Nuotio-Antar, A. M.; Hachey, D. L.; Hasty, A. H. Am. J. Physiol. Endocrinol. Metab. 
2007, 293, E1517-E1528. 
344. PDB codes: 2BEL, 3D4N, 3D3E, 2ILT, 3BYZ, 3CZR, 3CH6, among others. See also 
reference 329 for a detailed analyses of the crystal structures of 11β-HSD1. 
345. Stefan, N.; Ramsauer, M.; Jordan, P.; Nowotny, B.; Kantartzis, K.; Machann, J.; 
Hwang, J.H.; Nowotny, P.; Kahl, S.; Harreiter, J.; Hornemann, S.; Sanyal, A. J.; Stewart, P. 
M.; Pfeiffer, A. F.; Kautzky-Willer, A.; Roden, M.; Häring, H. U.; Fürst-Recktenwald, S. 
Lancet Diabetes Endocrinol. 2014, 2, 406-416. 
346. Siu, M.; Johnson, T. O.; Wang, Y.; Nair, S. K.; Taylor, W. D.; Cripps, S. J.; Matthews, 
J. J.; Edwards, M. P.; Pauly, T. A; Ermolieff, J.; Castro, A.; Hosea, N. A; LaPaglia, A.; Fanjul, 
A. N.; Vogel, J. E. Bioorg. Med. Chem. Lett. 2009, 19, 3493-3497. 
347. Feig, P. U.; Shah, S.; Hermanowski-Vosatka, A; Plotkin, D.; Springer, M. S.; Donahue, 
S.; Thach, C.; Klein, E. J.; Lai, E.; Kaufman, K. D. Diabetes Obes. Metab. 2011, 13, 498-504. 
348. Shah, S.; Hermanowski-Vosatka, A.; Gibson, K.; Ruck, R. A.; Jia, G.; Zhang, J.; 
Hwang, P. M. T.; Ryan, N. W.; Langdon, R. B.; Feig, P. U. J. Am. Soc. Hypertens. 2011, 5, 
166-176. 
349. Clinical trials web site. 11β-HSD1. https://www.clinicaltrials.gov/ (accessed on 28th 
July 2015). 
350. Cheng, H.; Hoffman, J.; Le, P.; Nair, S. K.; Cripps, S.; Matthews, J.; Smith, C.; Yang, 
M.; Kupchinsky, S.; Dress, K.; Edwards, M.; Cole, B.; Walters, E.; Loh, C.; Ermolieff, J.; 
Fanjul, A.; Bhat, G. B.; Herrera, J.; Pauly, T.; Hosea, N.; Paderes, G.; Rejto, P. Bioorg. Med. 
Chem. Lett. 2010, 20, 2897-2902. 
351. Johansson, L.; Fotsch, C.; Bartberger, M. D.; Castro, V. M.; Chen, M.; Emery, M.; 
Gustafsson, S.; Hale, C.; Hickman, D.; Homan, E.; Jordan, S. R.; Komorowski, R.; Li, A.; 
McRae, K.; Moniz, G.; Matsumoto, G.; Orihuela, C.; Palm, G.; Veniant, M.; Wang, M.; 
Williams, M.; Zhang, J. J. Med. Chem. 2008, 51, 2933-2943. 
352. Tice, C. M.; Zhao, W.; Xu, Z.; Cacatian, S. T.; Simpson, R. D.; Ye, Y. J.; Singh, S. B.; 
McKeever, B. M.; Lindblom, P.; Guo, J.; Krosky, P. M.; Kruk, B. A; Berbaum, J.; Harrison, 
R. K.; Johnson, J. J.; Bukhtiyarov, Y.; Panemangalore, R.; Scott, B. B.; Zhao, Y.; Bruno, J. 
G.; Zhuang, L.; McGeehan, G. M.; He, W.; Claremon, D. A. Bioorg. Med. Chem. Lett. 2010, 
20, 881-886. 
353. Olson, S.; Aster, S. D.; Brown, K.; Carbin, L.; Graham, D. W.; Hermanowski-Vosatka, 
A.; LeGrand, C. B.; Mundt, S. S.; Robbins, M. A; Schaeffer, J. M.; Slossberg, L. H.; 
Szymonifka, M. J.; Thieringer, R.; Wright, S. D.; Balkovec, J. M. Bioorg. Med. Chem. Lett. 
2005, 15, 4359-4362. 
354. Rohde, J. J.; Pliushchev, M. A.; Sorensen, B. K.; Wodka, D.; Shuai, Q.; Wang, J.; 
Fung, S.; Monzon, K. M.; Chiou, W. J.; Pan, L.; Deng, X.; Chovan, L. E.; Ramaiya, A.; 
Mullally, M.; Henry, R. F.; Stolarik, D. F.; Imade, H. M.; Marsh, K. C.; Beno, D. W. A.; 



 
378   References 

Fey, T. A.; Droz, B. A.; Brune, M. E.; Camp, H. S.; Sham, H. L.; Frevert, E. U.; Jacobson, 
P. B.; Link, J. T. J. Med. Chem. 2007, 50, 149-164. 
355. Richards, S.; Sorensen, B.; Jae, H.-S.; Winn, M.; Chen, Y.; Wang, J.; Fung, S.; 
Monzon, K.; Frevert, E. U.; Jacobson, P.; Sham, H.; Link, J. T. Bioorg. Med. Chem. Lett. 
2006, 16, 6241-6245. 
356. Venier, O.; Pascal, C.; Braun, A.; Namane, C.; Mougenot, P.; Crespin, O.; Pacquet, 
F.; Mougenot, C.; Monseau, C.; Onofri, B.; Dadji-Faïhun, R.; Leger, C.; Ben-Hassine, M.; 
Van-Pham, T.; Ragot, J. L.; Philippo, C.; Farjot, G.; Noah, L.; Maniani, K.; Boutarfa, A.; 
Nicolaï, E.; Guillot, E.; Pruniaux, M. P.; Güssregen, S.; Engel, C.; Coutant, A. L.; de 
Miguel, B.; Castro, A. Bioorg. Med. Chem. Lett. 2013, 23, 2414-2421. 
357. Webster, S. P.; Ward, P.; Binnie, M.; Craigie, E.; McConnell, K. M. M.; Sooy, K.; 
Vinter, A.; Seckl, J. R.; Walker, B. R. Bioorg. Med. Chem. Lett. 2007, 17, 2838-2843. 
358. Okazaki, S.; Takahashi, T.; Iwamura, T.; Nakaki, J.; Sekiya, Y.; Yagi, M.; Kumagai, H.; 
Sato, M.; Sakami, S.; Nitta, A.; Kawai, K. J. Pharmacol. Exp. Ther. 2014, 351, 181-189. 
359. Ryu, J. H.; Kim, S.; Lee, J. A.; Han, H. Y.; Son, H. J.; Lee, H. J.; Kim, Y. H.; Kim, J.-
S.; Park, H. Bioorg. Med. Chem. Lett. 2015, 15, 1679-1683. 
360. Kim, Y. H.; Kang, S. K.; Lee, G. Bin; Lee, K. M.; Kumar, J. A.; Kim, K. Y.; Rhee, S. 
D.; Joo, J.; Bae, M. A.; Lee, W. K.; Ahn, J. H. Med. Chem. Commun. 2015, 6, 1360-1369. 
361. Waddell, S. T.; Balkovec, J. M.; Kevin, N. J.; Gu, X. Preparation of triazoles derivatives 
as inhibitors of 11β-hydroxysteroid dehydrogenase-1. WO 2007047625. 
362. Wang, H.; Robl, J. A.; Hamann, L. G.; Simpkins, L. M.; Golla, R.; Li, X.; Seethala, 
R.; Zvyaga, T.; Gordon, D. A.; Robl, J. A.; Li, J. L. Bioorg. Med. Chem. Lett. 2011, 21, 4146-
4149. 
363. Bauman, D. R.; Whitehead, A.; Contino, L. C.; Cui, J.; Garcia-Calvo, M.; Gu, X.; 
Kevin, N.; Ma, X.; Pai, L.; Shah, K.; Shen, X.; Stribling, S.; Zokian, H. J.; Metzger, J.; 
Shevell, D. E.; Waddell, S. T. Bioorg. Med. Chem. Lett. 2013, 23, 3650-3653. 
364. Leiva, R.; Seira, C.; McBride, A.; Binnie, M.; Luque, F. J.; Bidon-Chanal, A.; Webster, 
S. P.; Vázquez, S. Bioorg. Med. Chem. Lett. 2015, 25, 4250-4253. 
365. Roughley, S. D.; Jordan, A. M. J. Med. Chem. 2011, 54, 3451-3479. 
366. Pattabiraman, V. R.; Bode, J. W. Nature 2011, 480, 471-479. 
367. Montalbetti, C. A. G. N.; Falque, V. Tetrahedron 2005, 61, 10827-10852. 
368. Valeur, E.; Bradley, M. Chem. Soc. Rev. 2009, 38, 606-631. 
369. Sheehan, J. C.; Hess, G. P. J. Am. Chem. Soc. 1955, 77, 1067-1068. 
370. Chan, L. C.; Cox, B. G. J. Org. Chem. 2007, 72, 8863-8869. 
371. Carpino, L. A. J. Am. Chem. Soc. 1993, 115, 4397-4398. 
372. Albericio, F.; Bofill, J. M. El-Faham, A.; Kates, S. A. J. Org. Chem. 1998, 63, 9678-
9683. 
373. Carpino, L. A.; Imazumi, H.; El-Faham, A.; Ferrer, F. J.; Zhang, C.; Lee, Y.; Foxman, 
B. M.; Henklein, P.; Hanay, C.; Mügge, C.; Wenschuh, H.; Klose, J.; Beyermann, M.; 
Bienert, M. Angew. Chem. Int. Ed. 2002, 41, 441-445. 
374. Li, B.; Bemish, R.; Buzon, R. A.; Chiu, C. K. F.; Colgan, S. T.; Kissel, W.; Le, T.; 
Leeman, K. R.; Newell, L.; Roth, J. Tetrahedron Lett. 2003, 44, 8113-8115. 
375. Dragovich, P. S.; Prins, T. J.; Zhou, R.; Johnson, T. O.; Hua, Y.; Luu, H. T.; Sakata, 
S. K.; Brown, E. L.; Maldonado, F. C.; Tuntland, T.; Lee, C. A.; Fuhrman, S. A.; Zalman, 
L. S.; Patick, A. K.; Matthews, D. A.; Wu, E. Y.; Guo, M.; Borer, B. C.; Nayyar, N. K.; 
Moran, T.; Chen, L.; Rejto, P. A.; Rose, P. W.; Guzman, M. C.; Dovalsantos, E. Z.; Lee, S.; 



 
References   379 

McGee, K.; Mohajeri, M.; Liese, A.; Tao, J.; Kosa, M. B.; Liu, B.; Batugo, M. R.; Gleeson, 
J. P. R.; Wu, Z. P.; Liu, J.; Meador, J. W.; Ferre, R. A. J. Med. Chem. 2003, 46, 4572-4585. 
376. Nikitenko, A.; Alimardanov, A.; Afragola, J.; Schmid, J.; Kristofova, L.; Evrard, D.; 
Hatzenbuhler, N. T.; Marathias, V.; Stack, G.; Lenicek, S.; Potski, J. Org. Process Res. Dev. 
2009, 13, 91-97. 
377. Sasaki, N. A.; Garcia-Álvarez, M. C.; Wang, Q.; Ermolenko, L.; Franck, G.; Nhiri, N.; 
Martin M. T.; Audic, N.; Potier, P. Bioorg. Med. Chem. 2009, 17, 2310-2320. 
378. Jean, D. J. S.; Yuan, C.; Bercot, E. A; Cupples, R.; Chen, M.; Fretland, J.; Hale, C.; 
Hungate, R. W.; Komorowski, R.; Veniant, M.; Wang, M.; Zhang, X.; Fotsch, C. J. Med. 
Chem. 2007, 50, 429-432. 
379. Johansson, L.; Fotsch, C.; Bartberger, M. D.; Castro, V. M.; Chen, M.; Emery, M.; 
Gustafsson, S.; Hale, C.; Hickman, D.; Homan, E.; Jordan, S. R.; Komorowski, R.; Li, A.; 
McRae, K.; Moniz, G.; Matsumoto, G.; Orihuela, C.; Palm, G.; Veniant, M.; Wang, M.; 
Williams, M.; Zhang, J. J. Med. Chem. 2008, 51, 2933-2943. 
380. Tice, C. M.; Zhao, W.; Xu, Z.; Cacatian, S. T.; Simpson, R. D.; Ye, Y.J.; Singh, S. B.; 
McKeever, B. M.; Lindblom, P.; Guo, J.; Krosky, P. M.; Kruk, B. A; Berbaum, J.; Harrison, 
R. K.; Johnson, J. J.; Bukhtiyarov, Y.; Panemangalore, R.; Scott, B. B.; Zhao, Y.; Bruno, J. 
G.; Zhuang, L.; McGeehan, G. M.; He, W.; Claremon, D. A. Bioorg. Med. Chem. Lett. 2010, 
20, 881-886. 
381. Claremont, D. A.; Zhuang, L.; Ye, Y.; Singh, S. B.; Tice, C. M. Carbamate and urea 
inhibitors of 11beta-hydroxysteroid dehydrogenase 1. US 2011/0112062 A1. 
382. Jimenez, H. N.; Ma, G.; Li, G.; Grenon, M.; Doller, D. Adamantyl amide derivatives 
and uses of same. WO 2011/087758 A1. 
383. Mundt, S.; Solly, K.; Thieringer, R.; Hermanowski-Vosatka, A. Assay Drug Dev. Technol. 
2005, 3, 367-375. 
384. Solly, K.; Mundt, S. S.; Zokian, H. J.; Ding, G. J.; Hermanowski-vosatka, A.; Strulovici, 
B.; Zheng, W. Assay Drug Dev. Technol. 2005, 3, 377-384. 
385. PerkinElmer website. Radiometric assays and detection, SPA bead Technology. 
http://www.perkinelmer.com/Resources/TechnicalResources/ApplicationSupportKnowl
edgebase/radiometric/spa_bead.xhtml#top (accessed on 11th August 2015). 
386. Friesner, R. A.; Murphy, R. B.; Repasky, M. P.; Frye, L. L.; Greenwood, J. R.; Halgren, 
T. A.; Sanschagrin, P. C.; Mainz, D. T. J. Med. Chem. 2006, 49, 6177-6196. 
387. Curutchet, C.; Orozco, M.; Luque, F. J. J. Comput. Chem. 2001, 22, 1180-1193. 
388. Paquette, L. A.; Wyvratt, M. J. J. Am. Chem. Soc. 1974, 42, 4671-4673. 
389. McNeil, D.; Vogt, B. R.; Sudol, J. J.; Theodoropulos, S.; Hedaya, E. J. Am. Chem. Soc. 
1974, 96, 4673-4674. 
390. Domingo, L. R.; Arnó, M.; Andrés, J. Tetrahedron Lett. 1996, 37, 7573-7576. 
391. Taylor, R. T.; Pelter, M. W.; Paquette, L. A. Org. Synth. Coll. Vol. VIII 1993, 298-302. 
392. For further study on the pyrolysis of urea: Schaber, P. M.; Colson, J.; Higgins, S.; 
Thielen, D.; Anspach, B.; Brauer, J. Thermochim. Acta 2004, 424, 131-142. 
393. Rey-Carrizo, M. Ph.D. Dissertation, University of Barcelona, 2014. 
394. Gugelchuk, M.; Silva, L. F. Jr.; Vasconcelos, R. S.; Quintiliano, S. A. P. e-EROS 2007, 
1-8. 
395. Data from computational studies is not shown. 
396. Kodomari, M.; Suzuki, M.; Tanigawa, K.; Aoyama, T. Tetrahedron Lett. 2005, 46, 5841-
5843. 

http://www.perkinelmer.com/Resources/TechnicalResources/ApplicationSupportKnowledgebase/radiometric/spa_bead.xhtml#top
http://www.perkinelmer.com/Resources/TechnicalResources/ApplicationSupportKnowledgebase/radiometric/spa_bead.xhtml#top


 
380   References 

397. Hansch, C.; Leo, A.; Hoekman, D. Exploring QSAR: Hydrophobic, Electronic and 
Steric Constants, American Chemical Society, Washington, DC, 1995. 
398. Harizi, H.; Corcuff, J. B.; Gualde, N. Trends Mol. Med. 2008, 14, 461-469. 
399. Funk, C. D. Science 2001, 294, 1871-1875. 
400. Zeldin, D. C. J. Biol. Chem. 2001, 276, 36059-36062. 
401. Node, K.; Huo, Y.; Ruan, X.; Yang, B.; Spiecker, M.; Ley, K.; Zeldin, D. C.; Liao, J. K. 
Science 1999, 285, 1276-1279. 
402. Morisseau, C.; Hammock, B. D. Annu. Rev. Pharmacol. Toxicol. 2013, 53, 37-58. 
403. Fleming, I. Circ. Res. 2001, 89, 753-762. 
404. El-Sherbeni, A. A.; El-Kadi, A. O. S. Arch. Toxicol. 2014, 88, 2013-2032. 
405. Duflot, T.; Roche, C.; Lamoureux, F.; Guerrot, D.; Bellien, J. Expert Opin. Drug Discov. 
2014, 9, 1-15. 
406. Falck, J. R.; Manna, S.; Moltz, J.; Chacos, N.; Capdevila, J. Biochem. Biophys. Res. 
Commun. 1983, 114, 743-749. 
407. Skepner, J. E.; Shelly, L. D.; Ji, C.; Reidich, B.; Luo, Y. Prostaglandins Other Lipid 
Mediat. 2011, 94, 3-8. 
408. Imig, J. D.; Hammock, B. D. Nat. Rev. Drug Discov. 2009, 8, 794-805. 
409. Pillarisetti, S. Inflamm. Allergy - Drug Targets 2012, 11, 143-158. 
410. Harris, T. R.; Hammock, B. D. Gene 2013, 526, 61-74. 
411. Morisseau, C.; Hammock, B. D. Annu. Rev. Pharmacol. Toxicol. 2005, 45, 311-333. 
412. Imig, J. D. Physiol. Rev. 2012, 92, 101-130. 
413. Node, K.; Huo, Y.; Ruan, X.; Yang, B.; Spiecker, M.; Ley, K.; Zeldin, D. C.; Liao, J. K. 
Science 1999, 285, 1276-1279. 
414. Schmelzer, K. R.; Kubala, L.; Newman, J. W.; Kim, I.; Eiserich, J. P.; Hammock, B. D. 
Proc. Natl. Acad. Sci. USA 2005, 102, 9772-9777. 
415. Deng, Y.; Edin, M. L.; Theken, K. N.; Schuck, R. N.; Flake, G. P.; Kannon, M. A.; 
DeGraff, L. M.; Lih, F. B.; Foley, J.; Bradbury, J. A.; Graves, J. P.; Tomer, K. B.; Falck, J. 
R.; Zeldin, D. C.; Lee, C. R. FASEB J. 2011, 25, 703-713. 
416. Liu, Y.; Zhang, Y.; Schmelzer, K.; Lee, T. S.; Fang, X.; Zhu, Y.; Spector, A. A.; Gill, S.; 
Morisseau, C.; Hammock, B. D.; Shyy, J. Y. J. Proc. Natl. Acad. Sci. USA 2005, 102, 16747-
16752. 
417. Ollivier, V.; Parry, G. C. N.; Cobb, R. R.; de Prost, D.; Mackman, N. J. Biol. Chem. 
1996, 271, 20828-20835. 
418. Hammock, B. D.; Wagner, K.; Inceoglu, B. Pain Manag. 2011, 1, 383-386. 
419. Wagner, K.; Inceoglu, B.; Dong, H.; Yang, J.; Hwang, S. H.; Jones, P.; Morisseau, C.; 
Hammock, B. D. Eur. J. Pharmacol. 2013, 700, 93-101. 
420. Sing, K.; Lee, S.; Liu, J.; Wagner, K. M.; Pakhomova, S.; Dong, H.; Morisseau, C.; Fu, 
S. H.; Yang, J.; Wang, P.; Ulu, A.; Mate, C. A.; Nguyen, L. V; Hwang, S. H.; Edin, M. L.; 
Mara, A. A.; Wul, H.; Newcomer, M. E.; Zeldin, D. C.; Hammock, B. D. J. Med. Chem. 
2014, 57, 7016-7030. 
421. Pillarisetti, S.; Khanna, I. Drug Discov. Today 2015, In press. DOI: 
10.1016/j.drudis.2015.07.017. 
422. Bettaieb, A.; Nagata, N.; Aboubechara, D.; Chahed, S.; Morisseau, C.; Hammock, B. 
D.; Haj, F. G. J. Biol. Chem. 2013, 288, 14189-14199. 
423. Inceoglu, B.; Bettaieb, A.; Trindade da Silva, C. A.; Lee, K. S. S.; Haj, F. G.; Hammock, 
B. D. Proc. Natl. Acad. Sci. USA 2015, 112, 9082-9087. 



 
References   381 

424. Schmelzer, K. R.; Inceoglu, B.; Kubala, L.; Kim, I.; Jinks, S. L.; Eiserich, J. P.; 
Hammock, B. D. Proc. Natl. Acad. Sci. USA 2006, 103, 13646-13651. 
425. Fleming, I.; Rueben, A.; Popp, R.; Fisslthaler, B.; Schrodt, S.; Sander, A.; Haendeler, 
J.; Falck, J. R.; Morisseau, C.; Hammock, B. D.; Busse, R. Arterioscler. Thromb. Vasc. Biol. 
2007, 27, 2612-2618. 
426. Imig, J. D. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2004, 287, R3-5. 
427. Loch, D.; Hoey, A.; Morisseau, C.; Hammock, B. O.; Brown, L. Cell Biochem. Biophys. 
2007, 47, 87-98. 
428. Ulu, A.; Davis, B. B.; Tsai, H.; Kim, I.; Morisseau, C.; Inceoglu, B.; Fiehn, O.; 
Hammock, B. D.; Weiss, R. H. J. Cardiovasc. Pharmacol. 2008, 52, 314-323. 
429. Shen, L.; Peng, H.; Peng, R.; Fan, Q.; Zhao, S.; Xu, D.; Morisseau, C.; 
Chiamvimonvat, N.; Hammock, B. D. Atherosclerosis 2015, 239, 557-565. 
430. Shrestha, A.; Krishnamurthy, P. T.; Thomas, P.; Hammock, B. D.; Hwang, S. H. J. 
Pharm. Pharmacol. 2014, 66, 1251-1258. 
431. Xu, D.; Davis, B. B.; Wang, Z.; Zhao, S.; Wasti, B.; Liu, Z.; Li, N.; Morisseau, C.; 
Chiamvimonvat, N.; Hammock, B. D. Int. J. Cardiol. 2013, 167, 1298-1304. 
432. Zhang, W.; Otsuka, T.; Sugo, N.; Ardeshiri, A.; Alhadid, Y. K.; Iliff, J. J.; DeBarber, 
A. E.; Koop, D. R.; Alkayed, N. J. Stroke 2008, 39, 2073-2078. 
433. Xu, D.; Li, N.; He, Y.; Timofeyev, V.; Lu, L.; Tsai, H.; Kim, I.; Tuteja, D.; Mateo, R. 
K. P.; Singapuri, A.; Davis, B. B.; Low, R.; Hammock, B. D.; Chiamvimonvat, N. Proc. Natl. 
Acad. Sci. USA 2006, 103, 18733-18738. 
434. Duflot, T.; Roche, C.; Lamoureux, F.; Guerrot, D.; Bellien, J. Expert Opin. Drug Discov. 
2014, 9, 1-15. 
435. Deng, Y.; Thenken, K. N.; Lee, C. R. J. Mol. Cell. Cardiol. 2010, 48, 331-353. 
436. Luo, P.; Chang, H. H.; Zhou, Y.; Zhang, S.; Hwang, S. H.; Morisseau, C.; Wang, C.-
Y.; Inscho, E. W.; Hammock, B. D.; Wang, M. H. J. Pharmacol. Exp. Ther. 2010, 334, 430-
438. 
437. Luria, A.; Bettaieb, A.; Xi, Y.; Shieh, G.-J.; Liu, H.-C.; Inoue, H.; Tsai, H.-J.; Imig, J. 
D.; Haj, F. G.; Hammock, B. D. Proc. Natl. Acad. Sci. USA 2011, 108, 9038-9043. 
438. De Taeye, B. M.; Morisseau, C.; Coyle, J.; Covington, J. W.; Luria, A.; Yang, J.; 
Murphy, S. B.; Friedman, D. B.; Hammock, B. B.; Vaughan, D. E. Obesity 2010, 18, 489-
498. 
439. Iyer, A.; Kauter, K.; Alam, M. A.; Hwang, S. H.; Morisseau, C.; Hammock, B. D.; 
Brown, L. Exp. Diabetes Res. 2012, 2012, 14-16. 
440. Wang, S.; Kaufman, R. J. J. Cell Biol. 2012, 197, 857-867. 
441. Zhao, X.; Yamamoto, T.; Newman, J. W.; Kim, I. H.; Watanabe, T.; Hammock, B. D.; 
Stewart, J.; Pollock, J. S.; Pollock, D. M.; Imig, J. D. J. Am. Soc. Nephrol. 2004, 15, 1244-
1253. 
442. Olearczyk, J. J.; Quigley, J. E.; Mitchell, B. C.; Yamamoto, T.; Kim, I.-H.; Newman, J. 
W.; Luria, A.; Hammock, B. D.; Imig, J. D. Clin. Sci. 2009, 116, 61-70. 
443. Wang, L.; Yang, J.; Guo, L.; Uyeminami, D.; Dong, H.; Hammock, B. D.; Pinkerton, 
K. E. Am. J. Respir. Cell Mol. Biol. 2012, 46, 614-622. 
444. Podolin, P. L.; Bolognese, B. J.; Foley, J. F.; Long, E.; Peck, B.; Umbrecht, S.; Zhang, 
X.; Zhu, P.; Schwartz, B.; Xie, W.; Quinn, C.; Qi, H.; Sweitzer, S.; Chen, S.; Galop, M.; 
Ding, Y.; Belyanskaya, S. L.; Israel, D. I.; Morgan, B. A; Behm, D. J.; Marino, J. P.; Kurali, 
E.; Barnette, M. S.; Mayer, R. J.; Booth-Genthe, C. L.; Callahan, J. F. Prostaglandins Other 
Lipid Mediators 2013, 104-105, 25-31. 



 
382   References 

445. Zhou, Y.; Sun, G. Y.; Liu, T.; Duan, J. X.; Zhou, H. F.; Lee, K. S.; Hammock, B. D.; 
Fang, X.; Jiang, J. X.; Guan, C. X. Cell Tissue Res. 2015, Ahead of print. DOI: 
10.1007/s00441-015-2262-0. 
446. Wecksler, A. T.; Hwang, S. H.; Wettersten, H. I.; Gilda, J. E.; Patton, A.; Leon, L. J.; 
Carraway, K. L.; Gomes, A. V; Baar, K.; Weiss, R. H.; Hammock, B. D. Anticancer. Drugs 
2014, 25, 433-446. 
447. Wecksler, A. T.; Hwang, S. H.; Liu, J. Y.; Wettersten, H. I.; Morisseau, C.; Wu, J.; 
Weiss, R. H.; Hammock, B. D. Cancer Chemother. Pharmacol. 2014, 75, 161-171. 
448. Ma, M.; Ren, Q.; Fujita, Y.; Ishima, T.; Zhang, J. C.; Hashimoto, K. Pharmacol. 
Biochem. Behav. 2013, 110, 98-103. 
449. Inceoglu, B.; Zolkowska, D.; Yoo, H. J.; Wagner, K. M.; Yang, J.; Hackett, E.; Hwang, 
S. H.; Lee, K. S. S.; Rogawski, M. A.; Morisseau, C.; Hammock, B. D. PLoS One 2013, 8, 8-
17. 
450. Harris, T. R.; Bettaieb, A.; Kodani, S.; Dong, H.; Myers, R.; Chiamvimonvat, N.; Haj, 
F. G.; Hammock, B. D. Toxicol. Appl. Pharmacol. 2015, 286, 102-111. 
451. Newman, J. W.; Morisseau, C.; Hammock, B. D. Prog. Lipid Res. 2005, 44, 1-51. 
452. Fretland, A. J.; Omiecinski, C. J. Chem. Biol. Interact. 2000, 129, 41-59. 
453. Gomez, G. A.; Morisseau, C.; Hammock, B. D.; Christianson, D. W. Biochemistry 
2004, 43, 4716-4723. 
454. Morisseau, C.; Schebb, N. H.; Dong, H.; Ulu, A.; Aronov, P. A.; Hammock, B. D. 
Biochem. Biophys. Res. Commun. 2012, 419, 796-800. 
455. Gorman, J.; Shapiro, L. Acta Crystallogr. Sect. D 2004, 60, 1600-1605. 
456. Amano, Y.; Yamaguchi, T.; Tanabe, E. Bioorg. Med. Chem. 2014, 22, 2427-2434. 
457. Gill, S. S.; Hammock, B. D. Biochem. Pharmacol. 1980, 29, 389-395. 
458. Enayetallah, A. E.; French, R. A.; Thibodeau, M. S.; Grant, D. F. J. Histochem. 
Cytochem. 2004, 52, 447-454. 
459. Fang, X.; Hu, S.; Watanabe, T.; Weintraub, N. L.; Snyder, G. D.; Yao, J.; Liu, Y.; Shyy, 
J. J. Y.; Hammock, B. D.; Spector, A. A. J. Pharmacol. Exp. Ther. 2005, 314, 260-270. 
460. Wong, S. L.; Huang, Y. Clin. Exp. Pharmacol. Physiol. 2011, 38, 356-357. 
461. Ai, D.; Fu, Y.; Guo, D.; Tanaka, H.; Wang, N.; Tang, C.; Hammock, B. D.; Shyy, J. J. 
Y.; Zhu, Y. Proc. Natl. Acad. Sci. USA 2007, 104, 9018-9023. 
462. Zhang, D.; Xie, X.; Chen, Y.; Hammock, B. D.; Kong, W.; Zhu, Y. Circ. Res. 2012, 
110, 808-817. 
463. Shen, H. C. Expert Opin. Ther. Pat. 2010, 20, 941-956. 
464. Shen, H. C.; Hammock, B. D. J. Med. Chem. 2012, 55, 1789-1808. 
465. Morisseau, C.; Du, G.; Newman, J. W.; Hammock, B. D. Arch. Biochem. Biophys. 1998, 
356, 214-228. 
466. Dietze, E. C.; Kuwano, E.; Casas, J.; Hammock, B. D. Biochem. Pharmacol. 1991, 42, 
1163-1175. 
467. Draper, A. J.; Hammock, B. D. Toxicol. Sci. 1999, 52, 23-32. 
468. Morisseau, C.; Goodrow, M. H.; Dowdy, D.; Zheng, J.; Greene, J. F.; Sanborn, J. R.; 
Hammock, B. D. Proc. Natl. Acad. Sci. USA 1999, 96 , 8849-8854. 
469. Nakagawa, Y.; Wheelock, C. E.; Morisseau, C.; Goodrow, M. H.; Hammock, G.; 
Hammock, B. D. Bioorg. Med. Chem. 2000, 8, 2663-2675. 
470. McElroy, N. R.; Jurs, P. C.; Morisseau, C.; Hammock, B. D. J. Med. Chem. 2003, 46, 
1066-1080. 



 
References   383 

471. Anandan, S. K.; Do, Z. N.; Webb, H. K.; Patel, D. V; Gless, R. D. Bioorg. Med. Chem. 
Lett. 2009, 19, 1066-1070. 
472. Gomez, G. A.; Morisseau, C.; Hammock, B. D.; Christianson, D. W. Protein Sci. 2006, 
15, 58-64. 
473. Kodani, S. D.; Hammock, B. D. Drug Metab. Dispos. 2015, 43, 788-802. 
474. Yu, Z.; Xu, F.; Huse, L. M.; Morisseau, C.; Draper, A. J.; Newman, J. W.; Parker, C.; 
Graham, L.; Engler, M. M.; Hammock, B. D.; Zeldin, D. C.; Kroetz, D. L. Circ. Res. 2000, 
87, 992-998. 
475. Morisseau, C.; Goodrow, M. H.; Newman, J. W.; Wheelock, C. E.; Dowdy, D. L.; 
Hammock, B. D. Biochem. Pharmacol. 2002, 63, 1599-1608. 
476. Chen, H.; Zhang, Y.; Ye, C.; Feng, T. T.; Han, J. G. J. Biomol. Struct. Dyn. 2014, 32, 
1231-1247. 
477. Anandan, S.-K.; Webb, H. K.; Do, Z. N.; Gless, R. D. Bioorg. Med. Chem. Lett. 2009, 
19, 4259-4263. 
478. Rose, T. E.; Morisseau, C.; Liu, J.-Y.; Inceoglu, B.; Jones, P. D.; Sanborn, J. R.; 
Hammock, B. D. J. Med. Chem. 2010, 53, 7067-7075. 
479. Morisseau, C.; Goodrow, M. H.; Newman, J. W.; Wheelock, C. E.; Dowdy, D. L.; 
Hammock, B. D. Biochem. Pharmacol. 2002, 63, 1599-1608. 
480. Dorrance, A. M.; Rupp, N.; Pollock, D. M.; Newman, J. W.; Hammock, B. D.; Imig, 
J. D. J. Cardio. Pharm. 2005, 46, 842-848. 
481. Imig, J. D.; Zhao, Z.; Zaharis, C. Z.; Olearczyk, J. J.; Pollock, D. M.; Newman, J. W.; 
Kim, I. H.; Watanabe, T.; Hammock, B. D. Hypertension 2005, 46, 975-981. 
482. Hammock, B. D.; Kim, I. H.; Morisseau, C.; Watanabe, T.; Newman, J. W. Inhibitors 
of the soluble epoxide hydrolase. US 2005/0164951 A1. 
483. Hwang, S. H.; Tsai, H.; Liu, J.; Morisseau, C.; Hammock, B. D. J. Med. Chem. 2007, 
50, 3825-3840. 
484. Jones, P. D.; Tsai, H. J.; Do, Z. N.; Morisseau, C.; Hammock, B. D. Bioorg. Med. Chem. 
Lett. 2006, 16, 5212-5216. 
485. Kim, I.; Morisseau, C.; Watanabe, T.; Hammock, B. D. J. Med. Chem. 2004, 47, 2110-
2122. 
486. Kim, I.; Tsai, H.; Nishi, K.; Kasagami, T.; Morisseau, C.; Hammock, B. D. J. Med. 
Chem. 2007, 50, 5217-5226. 
487. Kim, I. H.; Heirtzler, F. R.; Morisseau, C.; Nishi, K.; Tsai, H. J.; Hammock, B. D. J. 
Med. Chem. 2005, 48, 3621-3629. 
488. Kasagami, T.; Kim, I. H.; Tsai, H. J.; Nishi, K.; Hammock, B. D.; Morisseau, C. Bioorg. 
Med. Chem. Lett. 2009, 19, 1784-1789. 
489. Clinical trials web site. AR9281. https://www.clinicaltrials.gov/ (accessed on 5th 
September 2015). 
490. Bhattachar, S. N.; Deschenes, L. A; Wesley, J. A. Drug Discov. Today 2006, 11, 1012-
1018. 
491. Di, L.; Fish, P. V; Mano, T. Drug Discov. Today 2012, 17, 486-495. 
492. Leeson, P. D.; Springthorpe, B. Nat. Rev. Drug Discov. 2007, 6, 881-890. 
493. Sun, H.; Tawa, G.; Wallqvist, A. Drug Discov. Today 2012, 17, 310-324. 
494. Dixon, D. D.; Sethumadhavan, D.; Benneche, T.; Banaag, A. R.; Tius, M. A.; Thakur, 
G. A.; Bowman, A.; Wood, K. T.; Makriyannis, A. J. Med. Chem. 2010, 53, 5656-5666. 
495. Wang, L.; Doherty, G.; Wang, X.; Tao, Z. F.; Brunko, M.; Kunzer, A. R.; Wendt, M. 
D.; Song, X.; Frey, R.; Hansen, T. M.; Sullivan, G. M.; Judd, A.; Souers, A. 8-Carbamoyl-2-



 
384   References 

(2,3-disubstitutedpyrid-6-yl)-1,2,3,4-tetrahydroisoquinoline derivatives as apoptosis-
inducing agents for the treatment of cancer and immune and autoimmune disease. WO 
2013055897 A1. 
496. Geldenhuys, W. J.; Malan, S. F.; Bloomquist, J. R.; Marchand, A. P.; Van der Schyf, 
C. J. Med. Res. Rev. 2005, 25, 21-48. 
497. Brown, J. R.; North, E. J.; Hurdle, J. G.; Morisseau, C.; Scarborough, J. S.; Sun, D.; 
Korduláková, J.; Scherman, M. S.; Jones, V.; Grzegorzewicz, A.; Crew, R. M.; Jackson, M.; 
McNeil, M. R.; Lee, R. E. Bioorg. Med. Chem. 2011, 19, 5585-5595. 
498. Scherman, M. S.; North, E. J.; Jones, V.; Hess, T. N.; Grzegorzewicz, A. E.; Kasagami, 
T.; Kim, I. H.; Merzlikin, O.; Lenaerts, A. J.; Lee, R. E.; Jackson, M.; Morisseau, C.; McNeil, 
M. R. Bioorg. Med. Chem. 2012, 20, 3255-3562. 
499. Geigy A. G. Derivatives of 2-oxa-adamantane. GB 1123609. 
500. Gagneux, A. R.; Meier, R. Tetrahedron Lett. 1969, 10, 1365-1368. 
501. Duque, M. D.; Camps, P.; Profire, L.; Montaner, S.; Vázquez, S.; Sureda, F. X.; Mallol, 
J.; López-Querol, M.; Naesens, L.; De Clercq, E.; Prathalingam, S. R.; Kelly, J. M. Bioorg. 
Med. Chem. 2009, 17, 3198-3206.  
502. Onajole, O. K.; Coovadia, Y.; Kruger, H. G.; Maguire, G. E. M.; Pillay, M.; Govender, 
T. Eur. J. Med. Chem. 2012, 54, 1-9. 
503. Marchand, A. P.; Arney, B. E. Jr.; Dave, P. R.; Satyanarayana, N. J. Org. Chem. 1988, 
53, 2644-2647. 
504. Bertz, S. H.; Cook, J. M.; Gawish, A.; Weiss, U. Org. Synth. Coll. Vol. VII 1990, 50-56. 
505. Camps, P.; Iglesias, C.; Rodríguez, M. L.; Grancha, M. D.; Gregori, M. E.; Lozano, R.; 
Miranda, M. A.; Figueredo, M.; Linares, A. Chem. Ber. 1988, 121, 647-654. 
506. Méndez, N. M.S. Thesis, University of Barcelona, 1997. 
507. Ivanoff, D.; Spassoff, A. Bull. Soc. Chim. Fr. 1935, 2, 76-78. 
508. Rathke, M. W.; Lindert, A. J. Am. Chem. Soc. 1971, 93, 4605-4606. 
509. Ito, Y.; Konoike, T.; Saegusa, T. J. Am. Chem. Soc. 1975, 97, 2912-2914. 
510. Frazier, R. H. Jr.; Harlow, R. L. J. Org. Chem. 1980, 45, 5408-5411. 
511. Kise, N.; Tokioka, K.; Aoyama, Y.; Matsumura, Y. J. Org. Chem. 1995, 60, 1100-1101. 
512. Paquette, L. A.; Bzowej, E. I.; Branan, B. M.; Stanton, K. J. J. Org. Chem. 1995, 60, 
7277-7283. 
513. Baran, P. S.; DeMartino, M. P. Angew. Chem. Int. Ed. Engl. 2006, 45, 7083-7086. 
514. DeMartino, M. P.; Chen, K.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 11546-11560. 
515. Camps, P.; Luque, F. J.; Orozco, M.; Pérez, F.; Vázquez, S. Tetrahedron Lett. 1996, 37, 
8605-8608. 
516. Renaud, P.; Fox, M. A. J. Org. Chem. 1988, 53, 3745-3752. 
517. Barton, D. H. R.; Crich, D.; Motherwell, W. B. J. Chem. Soc. Chem. Commun. 1983, 
939-941. 
518. Barton, D. H. R.; Hervé, Y.; Potier, P.; Thierry, J. J. Chem. Soc. Chem. Commun. 1984, 
1298-1299. 
519. Barton, D. H. R.; Crich, D. Motherwell, W. B. Tetrahedron 1985, 41, 3901-3924. 
520. Barton, D. H. R.; Samadi, M. Tethahedron 1992, 48, 7083-7090. 
521. Ko, E. J.; Savage, G. P.; Williams, C. M.; Tsanaktsidis, J. Org. Lett. 2011, 13, 1944-
1947. 
522. Ho, J.; Zheng, J.; Meana-Pañeda, R.; Truhlar, D. G.; Ko, E. J.; Savage, G. P.; Williams, 
C. M.; Coote, M. L.; Tsanaktsidis, J. J. Org. Chem. 2013, 78, 6677-6687. 
523. Ninomiya, K.; Shioiri, T.; Yamada, S. Tetrahedron 1974, 30, 2151-2157. 



 
References   385 

524. Camps, P.; Lukach, A. E.; Rossi, R. A. J. Org. Chem. 2001, 66, 5366-5373. 
525. North, E. J.; Scherman, M. S.; Bruhn, D. F.; Scarborough, J. S.; Maddox, M. M.; Jones, 
V.; Grzegorzewicz, A.; Yang, L.; Hess, T.; Morisseau, C.; Jackson, M.; McNeil, M. R.; Lee, 
R. E. Bioorg. Med. Chem. 2013, 21, 2587-2599. 
526. Dietze, E. C.; Kuwano, E.; Hammock, B. D. Anal. Biochem. 1974, 216, 176-187. 
527. Borhan, B.; Mebrahtu, T.; Nazarian, S.; Kurth, M. J.; Hammock, B. D. Anal. Biochem. 
1995, 231, 188-200. 
528. Morisseau, C.; Hammock, B. D. Curr. Protoc. Toxicol. 2007, Suppl. 33, 4.23.1-4.23.18. 
529. Jones, P. D.; Wolf, N. M.; Morisseau, C.; Whetstone, P.; Hock, B.; Hammock, B. D. 
Anal. Biochem. 2005, 343, 66-75. 
530. Newman, J. W.; Watanabe, T.; Hammock, B. D. J. Lipid Res. 2002, 43, 1563-1578. 
531. Cayman Chemical Company website. Soluble epoxide hydrolase inhibitor screening 
assay kit. https://www.caymanchem.com/app/template/Product.vm/catalog/10011671 
(accessed on 13th September 2015) 
532. Zhang, J. H.; Chung, T. D. Y.; Olderburg, K. R. J. Biomol. Screen. 1999, 4, 67-73. 
533. Wolf, N. M.; Morisseau, C.; Jones, P. D.; Hock, B.; Hammock, B. D. Anal. Biochem. 
2006, 355, 71-80. 
534. Reuveni, S.; Urbakh, M.; Klafter, J. Proc. Natl. Acad. Sci. USA 2014, 111, 4391-4396. 
535. Kim, I.; Park, Y.; Hammock, B. D.; Nishi, K. J. Med. Chem. 2011, 54, 1752-1761. 
536. Sugano, K.; Okazaki, A.; Sugimoto, S.; Tavornvipas, S.; Omura, A.; Mano, T. Drug 
Metab. Pharmacokinet. 2007, 22, 225-254. 
537. Bhattachar, S. N.; Deschenes, L. A; Wesley, J. A. Drug Discov. Today 2006, 11, 1012-
1018. 
538. Di, L.; Fish, P. V; Mano, T. Drug Discov. Today 2012, 17, 486-495. 
539. Tsai, H. J.; Hwang, S. H.; Morisseau, C.; Yang, J.; Jones, P. D.; Kasagami, T.; Kim, I. 
H.; Hammock, B. D. Eur. J. Pharm. Sci. 2010, 40, 222-238. 
540. Alsenz, J.; Kansy, M. Adv. Drug Deliv. Rev. 2007, 59, 546-567. 
541. Morisseau, C.; Newman, J. W.; Tsai, H. J.; Baecker, P. A.; Hammock, B. D. Bioorg. 
Med. Chem. Lett. 2006, 16, 5439-5444. 
542. Banerjee, S. Environ. Sci. Technol. 1980, 14, 1227-1229. 
543. Meanwell, N. A. Chem. Res. Toxicol. 2011, 24, 1420-1456. 
544. Abad-Zapatero, C.; Champness, E. J.; Segall, M. D. Future Med. Chem. 2014, 6, 577-
593. 
545. Hopkins, A. L.; Keserü, G. M.; Leeson, P. D.; Rees, D. C.; Reynolds, C. H. Nat. Rev. 
Drug Discov. 2014, 13, 105-121. 
546. Kuntz, I. D.; Chen, K.; Sharp, K. A.; Kollman, P. A. Proc. Natl. Acad. Sci. USA 1999, 
96, 9997-10002. 
547. Hopkins, A. L.; Groom, C. R.; Alex, A. Drug Discov. Today 2004, 9, 430-431. 
548. Freeman-Cook, K. D.; Hoffman, R. L.; Johnson, T. W. Future Med. Chem. 2013, 5, 
113-115. 
549. Hansch, C.; Bjo ̈rkroth, J. P.; Leo, A. J. Pharm. Sci. 1987, 76, 663-687. 
550. Pdiya, K. J.; Gavade, S.; Kardile, B.; Tiwari, M.; Bajare, S.; Mane, M.; Gaware, V.; 
Varghese, S.; Harel, D.; Kurhade, S. Org. Lett. 2012, 14, 2814-2817. 
551. Sciuto, A. M.; Hurt, H. H. Inhal. Toxicol. 2004, 16, 565-580. 
552. Ichikawa, Y.; Matsukawa, Y.; Nishiyama, T.; Isobe, M. Eur. J. Org. Chem. 2004, 2004, 
586-591. 
553. Davis, M. C.; Dahl, J. E. P.; Carlson, R. M. K. Synth. Commun. 2008, 38, 1153-1158. 

https://www.caymanchem.com/app/template/Product.vm/catalog/10011671


 
386   References 

554. Rawling, T.; McDonagh, A. M.; Tattam, B.; Murray, M. Tetrahedron 2012, 68, 6065-
6070. 
555. Hwang, S. H.; Wecksler, A. T.; Zhang, G.; Morisseau, C.; Nguyen, L. V; Fu, S. H.; 
Hammock, B. D. Bioorg. Med. Chem. Lett. 2013, 23, 3732-3737. 
556. Schröder, M.; Kaufman, R. J. Annu. Rev. Biochem. 2005, 74, 739-789. 
557. Ozcan, U.; Cao, Q.; Yilmaz, E.; Lee, A. H.; Iwakoshi, N. N.; Ozdelen, E.; Tuncman, 
G.; Görgün, C.; Glimcher, L. H.;Hotamisligil, G. S. Science 2004, 306, 457-461. 
558. Sharma, N. K.; Das, S. K.; Mondal, A. K.; Hackney, O. G.; Chu,W. S.; Kern, P. A.; 
Rasouli, N.; Spencer, H. J.; Yao-Borengasser, A.; Elbein, S. C. J. Clin. Endocrinol. Metab. 
2008, 93, 4532-4541. 
559. Hummasti, S.; Hotamisligil, G. S. Circ. Res. 2010, 107, 579-591. 
560. Hotamisligil, G. S. Int. J. Obs. 2008, 32, S52-S54. 
561. Eizirik, D. L.; Cardozo, A. K.; Cnop, M. Endocr. Rev. 2008, 29, 42-61. 
562. Wu, J.; Kaufman, R. J. Cell Death Differ. 2006, 13, 374-384. 
563. Zinszner, H.; Kuroda, M.; Wang, X.; Batchvarova, N.; Lightfoot, R. T.; Remotti, H.; 
Stevens, J. L.; Ron, D. Genes Dev. 1998, 12, 982-995. 
564. Nishitoh, H.; Matsuzawa, A.; Tobiume, K.; Saegusa, K.; Takeda, K.; Inoue, K.; Hori, 
S.; Kakizuka, A.; Ichijo, H. Genes Dev. 2002, 16, 1345-1355. 
565. Pluquet, O.; Pourtier, A.; Abbadie, C. Am. J. Physiol. Cell Physiol. 2015, 308, C415-
C425. 
566. Ron, D.; Walter, P. Nat. Rev. Mol. Cell Biol. 2007, 8, 519-529. 
567. Hotamisligil, G. S. Cell 2010, 140, 900-917. 
568. Shi, Y.; Vattem, K. M.; Sood, R.; An, J.; Liang, J.; Stramm, L.; Wek, R. C. Mol. Cell. 
Biol. 1998, 18, 7499-7509. 
569. Novoa, I.; Zhang, Y.; Zeng, H.; Jungreis, R.; Harding, H. P.; Ron, D. EMBO J. 2003, 
22, 1180-1187. 
570. Harding, H. P.; Y. Zhang, H.; Zeng, I.; Novoa, P. D.; Lu, M.; Calfon, N.; Sadri, C.; 
Yun, B.; Popko, R.; Paules Stojdl, D. F.; Bell, J. C.; Hettmann, T.; Leiden, J. M.; Ron, D. 
Mol. Cell. 2003, 11, 619-633. 
571. Hiramatsu, N.; Messah, C.; Han, J.; LaVail, M. M.; Kaufman, R. J.; Lin, J. H. Mol. 
Biol. Cell 2014, 25, 1411-1420. 
572. Sidrauski, C.; Walter, P. Cell 1997, 90, 1031-1039. 
573. Yoshida, H.; Matsui, T.; Yamamoto, A.; Okada, T.; Mori, K. Cell 2001, 107, 881-891. 
574. Calfon, M.; Zeng, H.; Urano, F.; Till, J. H.; Hubbard, S. R.; Harding, H. P.; Clark, S. 
G.; Ron, D. Nature 2002, 415, 92-96. 
575. Ye, J.; Rawson, R. B.; Komuro, R.; Chen, X.; Davé, U. P.; Prywes, R.; Brown, M. S.; 
Goldstein, J. L. Mol. Cell 2000, 6, 1355-1364. 
576. Okada, T.; Yoshida, H.; Akazawa, R.; Negishi, M.; Mori, K. Biochem. J. 2002, 366, 585-
594. 
577. Bertolotti, A.; Zhang, Y.; Hendershot, L. M.; Harding, H. P.; Ron, D. Nat. Cell Biol. 
2000, 2, 326-332. 
578. Sanderson, T.; Gallaway, M.; Kumar, R. Int. J. Mol. Sci. 2015, 16, 7133-7142. 
579. Shen, J.; Chen, X.; Hendershot, L.; Prywes, R. Dev. Cell 2002, 3, 99-111. 
580. Liu, C. Y.; Wong, H. N.; Schauerte, J. A.; Kaufman, R. J. J. Biol. Chem. 2002, 277, 
18346-18356. 
581. Kimata, Y.; Kimata, Y. I.; Shimizu, Y.; Abe, H.; Farcasanu, I. C.; Takeuchi, M.; Rose, 
M. D.; Kohno, K. Mol. Biol. Cell 2003, 14, 2559-2569. 



 
References   387 

582. Ma, Y.; Brewer, J. W.; Diehl, J. A.; Hendershot, L. M. J. Mol. Biol. 2002, 318, 1351-
1365. 
583. Rutkowski, D. T,.; Arnold, S. M.; Miller, C. N.; Wu, J.; Li, J.; Gunnison, K. M.; Mori, 
K.; Sadighi Akha, A. A.; Raden, D.; Kaufman, R. J. PLoS Biol. 2006, 4, e374. 
584. Koh, I.; Lim, J. H.; Joe, M. K.; Kim, W. H.; Jung, M. H.; Yoon, J. B.; Song, J. FEBS J. 
2010, 277, 2304-2317. 
585. Guo, W.; Wong, S.; Xie, W.; Lei, T.; Luo, Z. Am. J. Physiol. Endocrinol. Metab. 2007, 
293, E576-E586. 
586. Gwiazda, K. S.; Yang, T. L.; Lin, Y.; Johnson, J. D. Am. J. Phisiol. Endocrinol. Metab. 
2009, 296, E690-701. 
587. Wei, Y.; Wang, D.; Gentile, C. L.; Pagliassotti, M. J. Mol. Cell. Biochem. 2009, 331, 
31-40. 
588. Srivastava, R. K.; Sollott, S. J.; Khan, L.; Hansford, R.; Lakatta, E. G.; Longo, D. L. 
Mol. Cell Biol. 1999, 19, 5659-5674. 
589. Sidhu, A.; Miller, J. R.; Tripathi, A.; Garshott, D. M.; Brownell, A. L.; Chiego, D. J.; 
Arevang, C.-J.; Zeng, Q.; Jackson, L. C.; Bechler, S. A.; Callaghan, M. U.; Yoo, G. H.; Sethi, 
S.; Lin, H.-S.; Callaghan, J. H.; Tamayo-Castillo, G.; Sherman, D. H.; Kaufman, R. J.; 
Fribley, A. M. ACS Med. Chem. Lett. 2015, ASAP. DOI: 10.1021/acsmedchemlett.5b00133. 
590. Salvadó, L.; Coll, T.; Gómez-Foix, A. M.; Salmerón, E.; Barroso, E.; Palomer, X.; 
Vázquez-Carrera, M. Diabetologia 2013, 56, 1372-1382. 
591. Maruyama, H.; Takahashi, M.; Sekimoto, T.; Shimada, T.; Yokosuka, O. Lipids Health 
Dis. 2014, 13, 1-8. 
592. Rahman, S. M.; Qadri, I.; Janssen, R. C.; Friedman, J. E. J. Lipid Res. 2009, 50, 2193-
2202. 
593. Xiao, C.; Giacca, A. Lewis, L. F. Diabetes 2011, 60, 918-924. 
594. Ozcan, U.; Yilmaz, E.; Ozcan, L.; Furuhashi, M.; Vaillancourt, E.; Smith, R. O.; 
Görgün, C. Z.; Hotamisligil, G. S. Science 2006, 313, 1137-1140. 
595. Bettaieb, A.; Nagata, N.; Aboubechara, D.; Chahed, S.; Morisseau, C.; Hammock, B. 
D.; Haj, F. G. J. Biol. Chem. 2013, 288, 14189-14199. 
596. López-Vicario, C.; Alcaraz-Quiles, J.; García-Alonso, V.; Rius, B.; Hwang, S. H.; Titos, 
E.; Lopategi, A.; Hammock, B. D.; Arroyo, V.; Clària, J. Proc. Natl. Acad. Sci. USA 2015, 
112, 536-541. 
597. Inceoglu, B.; Bettaieb, A.; Trindade da Silva, C. A.; Lee, K. S. S.; Haj, F. G.; Hammock, 
B. D. Proc. Natl. Acad. Sci. USA 2015, 112, 9082-9087. 
598. Salvadó, L.; Palomer, X.; Barroso, E.; Vázquez-Carrera, M. Trends Endocrinol. Metab. 
2015, 26, 438-448. 
599. Huh-7 cell line website. http://huh7.com/ (accessed on 18th September 2015). 
600. Camps, P.; Font-Bardia, M.; Pérez, F.; Solans, X.; Vázquez, S. Angew. Chem. Int. Ed. 
Engl. 1995, 34, 912-914. 
601. Oliver, J. E.; Stokes, J. B. J. Med Chem. 1970, 13, 779-780. 
602. Camps, P.; Pujol, X.; Rossi, R. A.; Vázquez, S. Synthesis 1999, 5, 854-858. 
 
 

http://huh7.com/

