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Dr. Oleksandr O. Grygorenko*[a,b] 

 

Abstract: An approach to all isomeric 3-pyridylcyclobutane-derived 

building blocks, i.e. ketones, alcohols and amines, is described. 

Synthesis of the title compounds relied on the five-step reaction 

sequence including alkylation of isomeric pyridyl acetonitriles with 

1,3-dibromo-2,2-dimethoxypropane. Hydrolysis, decarboxylation and 

removal of the ketal moiety led to the key 3-pyridylcyclobutanones 

(obtained on up to 120 g scale in a single run), which were 

transformed into the corresponding alcohols and amines with high 

diastereosele-ctivity. The title cyclobutanone derivatives were used 

to synthesize three isomeric nicotine analogues, as well as for 

parallel synthesis of a small lead-like compound library via reductive 

amination. 

Introduction 

Pyridine is the top aromatic nitrogen heterocycle which is most 

often encountered in FDA-approved pharmaceuticals.[1] Promi-

nent examples of pyridine-containing drugs are anticancer agent 

imatinib (1), and antiretroviral drug atazanavir (2) found in World 

Health Organization's list of essential medicines. Notably, both 

these molecules have the pyridyl moiety attached to an aromatic 

ring. Similar biaryl systems have become widespread in 

medicinal chemistry since ubiquitous implementation of the 

palladium-catalyzed C–C couplings.[2,3] Meanwhile, a concern 

has arisen that high abundance of drug candidates with low sp3 

atom fraction might increase attrition rate in clinical trials.[4] The 

«escape from flatland» concept was proposed which drew 

attention of organic and medicinal chemists to the molecules 

with higher degree of saturation.[5,6] Several pyridine derivatives 

bearing sp3-enriched moieties can be found among FDA-

approved drugs and/or natural compounds, i.e. pyridyl propyl-

amine series represented by chlorpheniramine (3), bromphenir-

amine (4), disopyramide (5), as well as alkaloids nicotine (6), 

epibatidine (7), and dianicline (8) (Figure 1). 

 

Figure 1. Some important pyridine derivatives 

On the other hand, conformational restriction is a widely used 

design strategy in drug discovery which can potentially lead to 

enhanced potency, improved selectivity, and reduced 

metabolism rate of the compound due to minimization of 

entropic penalty upon binding to biological targets.[7] In this view, 

cyclobutane fragment seems to be especially promising as the 

conformational restriction tool since it is the smallest ring which 

does not lead to significant changes in chemical properties when 

introduced into the target molecules.[8–10] 

Taking into account the aforementioned considerations, we have 

turned our attention to functionalized pyridylcyclobutanes as 

attractive chemotypes for design of biologically active 

compounds. The known approaches to the synthesis of 

pyridylcyclobutane derivatives include metal-catalyzed sp2-sp3 

cross-couplings of halopyridines,[11–19] reactions of metallated 

pyridines,[20–23] the Minisci[17] or the Barton[24] radical reactions, 

transformations of pyridine N-oxides or their derivatives,[24–29] as 

well as other methods.[30–33] However, most literature examples 

relied on the [2+2] cycloadditions,[34] including photodimeri-

zation,[35–39] intra-[40–44] and intermolecular[45–49] reactions. Most of 
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these methods were applied for the synthesis of derivatives 

lacking functional groups at the cyclobutane ring. Synthesis of 

functionalized pyridylcyclobutanes is less represented in the 

literature; in particular, 1,3-disubstituted cyclobutane derivatives 

were prepared via SNAr or Negishi arylation of metallated 

cyclobutanes 9 with halopyridines (Scheme 1).[15,50–52] 

 

Scheme 1. Syntheses of functionalized 1,3-disubstituted pyridylcyclobutanes 

 

Figure 2. Building blocks 10–13 and other target compounds of this study 

In this work, we have aimed at synthesis of all isomeric 3-

pyridylcyclobutanones 10, as well as other building blocks of 

these series, i.e. alcohols 11, azides 12, and amines 13 (Figure 

2). To demonstrate utility of these products, their further 

modification to obtain nicotine analogues 14, as well as a small 

lead-like compound library 15 under the parallel synthesis 

conditions was envisaged. Two synthetic strategies were 

considered for the preparation of the key intermediates 10, i.e. 

[2+2] cycloaddition with ketenes, as well as double alkylation of 

pyridyl-substituted active methylene compounds with 1,3-dibro-

mo-2,2-dimethoxypropane (16) (Scheme 1). It should be noted 

that neither approach has been used for the preparation of 

functionalized 1,3-disubstituted pyridylcyclobutanes to date, 

although the latter strategy was applied for the synthesis of 

cyclobutylpyridines lacking other substituents at the cyclobutane 

ring.[53–56] 

Results and Discussion 

It was found that [2+2] cycloaddition of vinylpyridines with 

dichloroketene led to complex mixtures of products and was 

accompanied significant tar formation in all cases. Thus, we 

have switched to the second strategy and studied reaction of 

dibromide 16 with readily accessible pyridylacetates 17a–c in 

the presence of NaH. Unfortunately, the reaction did not occur 

even in refluxing DMF (Scheme 2). 

 

Scheme 2. Attempted double alkylation reaction of pyridylacetates 17a–c  

Therefore, (2-pyridyl)acetonitrile (18a) was synthesized from the 

commercially available 2-(chloromethyl)pyridine (19a) by 

reaction with KCN in DMSO at 40 °C in 84% yield (Scheme 

3).[57,58] Subsequent alkylation of 18a with 16 was fruitful when 

the reaction was performed in DMF at 50 °C for 18 h, which 

provided the target cyclobutane derivative 20a in 52% yield. This 

result was successfully extended towards all other regioisomers. 

Thus, the starting chlorides 19b and 19c were transformed to 

pyridyl acetonitriles 18b and 18c (in 86% and 79% yield, 

respectively), which in turn were used in the reaction with 16 

giving cyclobutanes 20b and 20c in 59% and 56% yield, 

respectively. It should be noted that applying higher tempera-

tures to the highly exothermic double alkylation reaction did not 

result in better reaction outcome; partial decomposition of 

reagents as well as significant tar formation was observed. THF 

was not efficient as the solvent due to insufficient temperature; 

on the contrary, in the case of N-methylpyrrolidone, isolation and 

purification of the products 20 was complicated. 

 

Scheme 3. Synthesis of the cyclobutane derivatives 23a–c 

Subsequent acidic hydrolysis of the nitriles 20a–c led to complex 

mixtures of products. We believe that this result could be 

explained by the ketal moiety cleavage, followed by self-

condensation of in situ generated ketones. Thus, the hydrolysis 

of 20a–c was performed in the presence of alkali (aq KOH, 

reflux) tolerant to the ketal protecting group (Scheme 4). This 

protocol led to the formation of potassium carboxylates 21a–c 

(87–93% yield), which were subjected to decarboxylation upon 
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action of an equimolar amount of PyHCl in pyridine at 60 °C. It 

was found that carboxylic acids 22a and 22c thus formed were 

unstable under the reaction conditions, so that the 

corresponding ketals 23a and 23c were obtained (85% and 87% 

yield, respectively). 

 

Scheme 4. Synthesis of the target ketones 10a–c 

Typically, the CO2 evolution ceased after 2 h; however, the 

reaction mixture was stirred additionally overnight for the 

reaction completion. On the contrary, the corresponding 

carboxylic acid 22b was stable under similar conditions and 

could be isolated in 90% yield. Further decarboxylation of 22b 

required higher reaction temperature, i.e. refluxing in pyridine for 

48 h, which resulted in the formation of 23b (91% yield). Finally, 

TsOH-promoted removal of the dimethylketal moiety in 23a–c 

led to the target cyclobutanones 10a–c in excellent yield (92–

95%). It should be noted that the title ketone 10a was obtained 

on up to 120 g scale, while the preparation of β- and γ-isomers 

10b and 10c was scaled up on to 50 g and 20 g, respectively. 

Next, we have aimed at synthesis of the amines 13a–c from the 

ketones 10a–c via corresponding oximes 24 or 25 (Scheme 5). 

Unfortunately, all the reduction conditions tested with 24 were 

unfruitful; in particular, catalytic hydrogenation in the presence of 

Raney nickel led to a complex mixture of products, while using 

LiAlH4 resulted in predominant reduction of the pyridine ring. In 

turn, reaction of O-methyl derivatives 25 (obtained from 10a–c in 

87–95% yield) with generated in situ NaBH3(CF3CO2) in THF 

followed by quenching with Boc2O gave the protected amines 26 

in low yield (26–33%) after the purification step. Deprotection of 

26 led to the formation of cis- and trans-13a–c mixtures, which 

were difficult to separate by common purification methods. As in 

the case of oximes 25, using LiAlH4 in THF in the case of 26 led 

to complex mixtures due to reduction of the pyridine ring. 

Alternatively, reduction of Ellman's sulfinamides 27 (obtained 

from 10) was performed with NaBH4 in THF. It was found that 

purification of the products 28 was complicated, so that they 

were isolated in 42–56% yield. Moreover, subsequent 

deprotection of 28 upon action of aq HCl in MeOH or HCl in 1,4-

dioxane - Et2O was also unfruitful; low yields of the products 

13a–c (as hydrochlorides) were observed (less than 34% 

according to LCMS). 

Therefore, an alternative approach to the synthesis of 13 was 

envisaged, including diastereoselective reduction of ketones 10 

to the corresponding alcohols 11, their transformation into 

azides 12 and subsequent reduction. It was found that reaction 

of ketones 10 with NaBH4 in MeOH resulted in the predominant 

formation of cis alcohols 11a–c (dr 9:1, 95–98% yield) (Scheme 

6). Mesylation of cis-11a–c followed by nucleophilic substitution  

 

Scheme 6. Synthesis of the target building blocks 11–13 

 

Scheme 5. Preliminary efforts towards preparation of amines 13 
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Scheme 7. Synthesis of cis amines 13a–c and nicotine analogues 14a–c 

with NaN3 was not successful, possibly due to low stability of the 

corresponding mesylates (which were likely prone to elimination). 

Therefore, the Mitsunobu reaction was used (DIAD, PPh3, 

DPPA), which proceeded smoothly and led to trans azides 12a–

c. It should be noted that trans-12a could be obtained in 87% 

yield as a single diastereomer after chromatographic purification, 

whereas trans-12b and trans-12c – with 4:1 dr (80% and 77% 

yield, respectively). It should be noted that attempted 

preparation of the corresponding trans alcohols 12 via the 

Mitsunobu reaction of their cis isomers and p-nitrobenzoic acid 

upon the aforementioned conditions was not successful: starting 

cis-12 were recovered exclusively. 

Catalytic hydrogenation of 12a to trans isomer of the amine 13a 

was performed in MeOH (1 atm of H2, Pd-C, rt, 89% yield). In 

the case of 12b, these conditions resulted in partial reduction of 

the pyridine ring. Interestingly, 12b was smoothly hydrogenated 

in EtOH to give 13b in 84% yield. In the case of 12c, fruitful 

results were obtained only when LiAlH4 was used as the 

reducing agent (93% yield), while the catalytic hydrogenation 

was successful in neither MeOH nor EtOH as the solvent. 

For the preparation of cis-13a–c, reductive amination of ketones 

10a–c was considered. Reaction of 10 with NaBH(OAc)3 and aq 

NH3·H2O or NH4Cl resulted in significant formation of the corres-

ponding secondary amines. Therefore, reductive amination was 

performed with diallylamine, bis(4-methoxybenzyl)amine, and 

dibenzylamine to give tertiary amines 29, 30, and 31, 

respectively, in up to 90% yield (Scheme 7). It was found that 

removal of allyl and p-methoxybenzyl protective groups (upon 

action of Pd(PPh3)4 and CAN, respectively) was not successful, 

whereas catalytic debenzyla-tion of 31 (H2, Pd(OH)2-C, rt, 2–3 h) 

led to the target cis amines 13a–c in 63–72% yield (from 10) 

with dr 4:1 (for 13b and 13c, Figure 3) to 9:1 (for 13a). 

Similar conditions were used to obtain nicotine analogues 14a–c 

(Me2NH·HCl, Et3N, NaBH(OAc)3, CH2Cl2, rt, 78–91% yield). The 

derivative 14a was obtained as a single cis diastereomer, while 

regioisomers 14b and 14c were synthesized with moderate to 

good cis diastereoselectivity (dr 3:1 and 5.7:1, respectively, 

Figure 3). 

 

Figure 3. NOE correlations in the synthesized cis and trans isomers. 

To further demonstrate utility of the building blocks obtained, a 

library of 62 compounds was generated by virtual coupling of 

building blocks 10a–c and primary amines 32(1–62) (see the SI). 

60 of these library members 15{1–3,1–62} were successfully 

obtained under parallel synthesis conditions with 47% average 

yield and 97% synthesis success rate (Scheme 8, Figure 4). 

Although common reaction conditions and work-up procedure 

were used, the corresponding dr values of derivatives 15 varied 

from low to moderate (dr 1:1 to 4:1). According to the previous 

results for 13 and 14, formation of cis isomers as major ones 

might be suggested. Chromatographilc separation of the 

diastereomeric mixtures was not always successful, although 

could be achieved in some cases, e.g. 15{1,2}, 15{3,3}, 15{1,39}, 

and 15{1,47}. 

 

Scheme 8. Parallel synthesis of library 15 

 

Figure 4. Representative library members 15 obtained via parallel reductive 

amination of 10a–c (dr’s are reported for the products isolated after 

chromatographic purification) 
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Predicted physico-chemical of the synthesized library members  

show that the building blocks 10a–c are perfectly suited for lead-

oriented synthesis (that is, synthetic methodologies which allow 

preparation of lead-like compounds in robust and efficient 

manner, preferably under parallel synthesis conditions).[4,59] 

Indeed, the synthesis success rate was very high even when 

rather strict criteria of lead-likeness (MW = 200…350, cLogP = 

–1…4) were applied to the library design (Figure 5). 

 

Figure 5. Predicted physico-chemical properties of 60 synthesized library 

members 15 shown in cLogP – MW plot[60] 

Conclusions 

Introduction of heteroaromatic substituents into organic 

molecules instead of their aryl counterparts often results in 

significant complications to the synthetic methodologies 

necessary for their preparation. This appeared to be the case for 

isomeric 3-pyridylcyclobutane-derived building blocks (ketones, 

alcohols, and amines). The interfering effects of the pyridyl 

substitutents were related to their strong acceptor properties 

(especially for 2- and 4-isomers), basicity of the nitrogen atom, 

as well as susceptibility to reduction. The optimized synthesis of 

the title cyclobutanones relied on a five-step reaction sequence 

including double alkylation of isomeric pyridylacetonitriles with 

1,3-dibromo-2,2-dimethoxypropane as the key step. According 

to this scheme, the target ketones could be obtained on up to 

120 g scale. Reduction of the resulting 3-(2-/3-/4-pyridyl)cyclo-

butanones with NaBH4 gave the corresponding cis alcohols with 

good diastereoselectivity (dr 9:1). Subsequent Mitsunobu 

reaction led to the corresponding trans azides, which were 

transformed into trans-3-(2-/3-/4-pyridyl)cyclobutanamines. Cis 

isomers of these amines were obtained via reductive amination 

of the title ketones with dibenzylamine, followed by catalytic 

hydrogenolysis (dr 4:1 to 9:1). A version of the latter method was 

also applied for the preparation of nicotine analogues and for 

parallel synthesis of lead-like compound libraries, which justifies 

utility of the building blocks obtained for medicinal chemistry. 

 

Experimental Section 

The solvents were purified according to the standard procedures.[61] 

Compounds 16, 17a-c, 19a-c, and 32(1–62) were available from 

Enamine Ltd. All other starting materials were purchased from 

commercial sources. Melting points were measured on MPA100 OptiMelt 

automated melting point system. Analytical TLC was performed using 

Polychrom SI F254 plates. Column chromatography was performed 

using Kieselgel Merck 60 (230–400 mesh) as the stationary phase. 1H 

and 13C NMR spectra were recorded on a Bruker 170 Avance 500 

spectrometer (at 500 MHz for 1H NMR, 126 MHz for 13C NMR and 470 

MHz for 19F NMR) and Varian Unity Plus 400 spectrometer (at 400 MHz 

for 1H NMR, 101 MHz for 13C NMR and 376 MHz for 19F NMR). NMR 

chemical shifts are reported in ppm (δ scale) downfield from TMS as an 

internal standard and are referenced using residual NMR solvent peaks 

at 7.26 and 77.16 ppm for 1H and 13C in CDCl3, 2.50 and 39.52 ppm for 
1H and 13C in DMSO-d6. Coupling constants (J) are shown in Hz. Spectra 

are reported as follows: chemical shift (δ, ppm), multiplicity, integration, 

coupling constants (Hz). Elemental analyses were performed at the 

Laboratory of Organic Analysis, Department of Chemistry, Taras 

Shevchenko National University of Kyiv. Mass spectra were recorded on 

an Agilent 1100 LCMSD SL instrument (chemical ionization (CI)) and 

Agilent 5890 Series II 5972 GCMS instrument (electron impact ionization 

(EI)). 

General procedure for the preparation of pyridylacetonitriles 18a–

c.[57] A solution of the corresponding chloromethylpyridine hydrochloride 

(40.0 g, 0.244 mol) in DMSO (120 mL) was added slowly to the 

suspension of NaCN (35.9 g, 0.732 mol) in DMSO (100 mL) at rt (NOTE: 

the temperature should not exceed 40 °C). The resulting mixture was 

stirred at 40 °C for 2.5 h, and solution of К2СО3 (101 g, 0.732 mol) and 

КОН (13.6 g, 0.240 mol) in H2O (500 mL) was added. The mixture was 

extracted with EtOAc (3300 mL), organic layer was separated, dried 

over Na2SO4 and evaporated in vacuo. 

2-(Pyridin-2-yl)acetonitrile (18a).[57] The compound was purified by 

distillation in vacuo. Yield 24.2 g (84%); yellowish liquid; solidifies upon 

cooling below rt (mp 23–25 °C); bp 136–138 °C / 6 mmHg. 1H NMR (400 

MHz, DMSO-d6) δ 8.56 (d, J = 4.2 Hz, 1H), 7.83 (td, J = 7.8, 1.9 Hz, 1H), 

7.42 (d, J = 7.8 Hz, 1H), 7.37 – 7.33 (m, 1H), 4.21 (s, 2H). 13C NMR (126 

MHz, DMSO-d6) δ 151.3, 149.5, 137.4, 122.9, 122.7, 118.3, 25.6. LC/MS 

(CI): m/z = 119 [M+H]+. Anal. Calcd. for C7H6N2: C 71.17; H 5.12; N 

23.71. Found: C 71.48; H 5.41; N 23.84. 

2-(Pyridin-3-yl)acetonitrile (18b).[57] The compound was purified by 

distillation in vacuo. Yield 24.8 g (86%); yellowish liquid; bp 105–108 °C / 

1.5 mmHg. 1H NMR (400 MHz, CDCl3) δ 8.59 – 8.49 (m, 2H), 7.67 (d, J = 

7.6 Hz, 1H), 7.29 (dd, J = 7.6, 5.1 Hz, 1H), 3.74 (s, 2H). 13C NMR (126 

MHz, CDCl3) δ 149.5, 149.3, 136.3, 128.0, 124.4, 119.2, 20.5. LC/MS 

(CI): m/z = 119 [M+H]+. Anal. Calcd. for C7H6N2: C 71.17; H 5.12; N 

23.71. Found: C 71.15; H 5.39; N 24.03. 

2-(Pyridin-4-yl)acetonitrile (18c).[57,62] The compound was purified by 

distillation in vacuo. Yield 22.8 g (79%); orange solid; mp 42–44 °C; bp 

141–142 °C / 16 mmHg. 1H NMR (400 MHz, CDCl3) δ 8.62 (d, J = 5.9 

Hz, 2H), 7.27 (d, J = 5.4 Hz, 2H), 3.76 (s, 2H). LC/MS (CI): m/z = 119 

[M+H]+. Anal. Calcd. for C7H6N2: C 71.17; H 5.12; N 23.71. Found: C 

71.53; H 4.86; N 23.96. 

General procedure for the preparation of cyclobutyl ketales 20a–c. 

The corresponding pyridylacetonitrile 18 (44.7 g, 0.205 mol) was added 

dropwise to a suspension of NaH (60%, 20.5 g, 0.513 mol) in DMF (250 

mL) at 0 °C under argon atmosphere. After completion of gas evolution, 

1,3-dibromo-2,2-dimethoxypropane (64.5 g, 0.246 mol) was added in one 

portion. The resulting mixture was heated at 60 °C (for 20a and 20c) or 

50 °C (for 20b) for 18 h, then H2O (500 mL) was added, and the mixture 

was evaporated in vacuo. The residue was diluted with H2O (250 mL) 
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and extracted with EtOAc (3200 mL), the organic layer was separated, 

dried over Na2SO4 and evaporated in vacuo. 

3,3-Dimethoxy-1-(pyridin-2-yl)cyclobutanecarbonitrile (20a). The 

compound was purified by column chromatography on silica gel using 

gradient hexanes – EtOAc as eluent. Yield 23.3 g (52%); beige crystals; 

mp 35–38 °C. 1H NMR (400 MHz, CDCl3) δ 8.61 (d, J = 4.5 Hz, 1H), 7.70 

(td, J = 7.9, 1.6 Hz, 1H), 7.63 – 7.56 (m, 1H), 7.24 – 7.19 (m, 1H), 3.27 

(s, 3H), 3.16 (s, 3H), 3.00 (d, J = 12.6 Hz, 2H), 2.94 (d, J = 12.6 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 156.7, 149.8, 137.1, 123.1, 122.9, 120.9, 

98.1, 48.9, 48.7, 44.4, 33.5. LCMS (CI): m/z = 187 [M−OMe]+. Anal. 

Calcd. for C12H14N2O2: C 66.04; H 6.47; N 12.84. Found: C 65.83; H 

6.48; N 12.61. 

3,3-Dimethoxy-1-(pyridin-3-yl)cyclobutanecarbonitrile (20b). The 

compound was purified by column chromatography on silica gel using 

gradient hexanes – EtOAc as eluent. The reaction temperature was 

50 °C. Yield 27.0 g (59%); beige crystals; mp 84–86 °C. 1H NMR (500 

MHz, CDCl3) δ 8.79 (s, 1H), 8.65 – 8.58 (m, 1H), 7.81 (d, J = 7.9 Hz, 1H), 

7.35 (dd, J = 7.9, 4.8 Hz, 1H), 3.28 (s, 3H), 3.19 (s, 3H), 3.15 (d, J = 12.1 

Hz, 2H), 2.75 (d, J = 12.1 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 149.4, 

147.5, 135.1, 133.5, 123.5, 122.6, 97.9, 48.9, 48.6, 45.7, 29.3. LCMS 

(CI): m/z = 219 [M+H]+. Anal. Calcd. for C12H14N2O2: C 66.04; H 6.47; N 

12.84. Found: C 65.93; H 6.41; N 12.50. 

3,3-Dimethoxy-1-(pyridin-4-yl)cyclobutanecarbonitrile (20c). The 

compound was purified by column chromatography on silica gel using 

gradient hexanes – EtOAc as eluent. Yield 23.5 g (56%); red solid; 

decomposes upon heating.  1H NMR (400 MHz, CDCl3) δ 8.64 (d, J = 5.4 

Hz, 2H), 7.43 (d, J = 5.4 Hz, 2H), 3.26 (s, 3H), 3.18 (s, 3H), 3.10 (d, J = 

13.2 Hz, 2H), 2.70 (d, J = 13.2 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 

150.4, 148.1, 122.1, 120.7, 97.7, 48.9, 48.6, 45.5, 30.6. LCMS (CI): m/z = 

219 [M+H]+. Anal. Calcd. for C12H14N2O2: C 66.04; H 6.47; N 12.84. 

Found: C 65.68; H 6.24; N 13.08. 

General procedure for the preparation of potassium carboxylates 

21a–c. To a solution of the corresponding ketal 20 (27.0 g, 0.124 mol), a 

solution of KOH (20.8 g, 0.372 mol) in H2O (250 mL) was added, and the 

resulting mixture was refluxed for 24 h (for 20a and 20b) or 48 h (for 

20c). Then, the reaction mixture was washed with CH2Cl2 (2250 mL), 

aqueous layer was evaporated in vacuo. The residue was recrystallized 

from MeCN. 

Potassium 3,3-dimethoxy-1-(pyridin-2-yl)cyclobutanecarboxylate 

(21a). Yield 25.5 g (87%); yellowish crystals; mp > 300 °C. 1H NMR (400 

MHz, D2O) δ 8.33 (d, J = 4.7 Hz, 1H), 7.77 – 7.65 (m, 1H), 7.37 (d, J = 

7.9 Hz, 1H), 7.20 (dd, J = 7.9, 5.3 Hz, 1H), 3.11 (s, 3H), 2.99 (s, 3H), 

2.83 (d, J = 12.5 Hz, 2H), 2.68 (d, J = 12.5 Hz, 2H). 1H NMR (DMSO-d6) 

δ 8.35 (d, J = 4.7 Hz, 1H), 7.61 – 7.52 (m, 1H), 7.36 (d, J = 7.9 Hz, 1H), 

7.04 (dd, J = 7.9, 4.7 Hz, 1H), 3.00 (s, 3H), 2.90 (s, 3H), 2.76 (d, J = 12.1 

Hz, 2H), 2.52 (d, J = 12.1 Hz, 2H). 13C NMR (126 MHz, DMSO-d6) δ 

176.3, 166.3, 147.7, 135.7, 122.2, 120.4, 99.5, 48.2, 48.0, 47.5, 42.4. 

LCMS (CI): m/z = 238 [M−K+2H]+. Anal. Calcd. for C12H14KNO4: C 52.35; 

H 5.13; N 5.09. Found: C 52.54; H 5.47; N 5.15. 

Potassium 3,3-dimethoxy-1-(pyridin-3-yl)cyclobutanecarboxylate 

(21b). Yield 31.0 g (91%); yellowish powder; mp > 300 °C. 1H NMR (400 

MHz, D2O) δ 8.41 (s, 1H), 8.28 (d, J = 3.9 Hz, 1H), 7.73 (d, J = 7.8 Hz, 

1H), 7.31 (dd, J = 7.8, 3.9 Hz, 1H), 3.11 (s, 3H), 3.01 (s, 3H), 2.89 (d, J = 

13.0 Hz, 2H), 2.55 (d, J = 13.0 Hz, 2H). 1H NMR (500 MHz, DMSO-d6) δ 

8.45 (s, 1H), 8.26 (d, J = 3.9 Hz, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.19 (dd, J 

= 7.9, 3.8 Hz, 1H), 3.01 (s, 3H), 2.93 (s, 3H), 2.88 (d, J = 12.2 Hz, 2H), 

2.31 (d, J = 12.2 Hz, 2H). 13C NMR (126 MHz, DMSO-d6) δ 176.3, 148.4, 

145.9, 143.9, 134.0, 122.8, 99.2, 48.2, 48.0, 43.6, 43.1. LCMS (CI): m/z = 

238 [M−K+2H]+. Anal. Calcd. for C12H14KNO4: C 52.35; H 5.13; N 5.09. 

Found: C 52.26; H 4.97; N 4.97. 

Potassium 3,3-dimethoxy-1-(pyridin-4-yl)cyclobutanecarboxylate 

(21c). Yield 27.6 g (93%); yellowish powder; mp > 300 °C. 1H NMR (500 

MHz, D2O) δ 8.35 (d, J = 4.7 Hz, 2H), 7.32 (d, J = 4.7 Hz, 2H), 3.11 (s, 

3H), 3.02 (s, 3H), 2.87 (d, J = 12.6 Hz, 2H), 2.55 (d, J = 12.6 Hz, 2H). 1H 

NMR (DMSO-d6) δ 8.34 (d, J = 4.7 Hz, 2H), 7.22 (d, J = 4.7 Hz, 2H), 3.01 

(s, 3H), 2.92 (s, 3H), 2.85 (d, J = 12.5 Hz, 2H), 2.28 (d, J = 12.5 Hz, 2H). 
13C NMR (126 MHz, D2O) δ 181.0, 154.8, 148.6, 122.0, 99.0, 48.5, 48.3, 

45.9, 42.1. LCMS (CI): m/z = 238 [M−K+2H]+. Anal. Calcd. for 

C12H14KNO4: C 52.35; H 5.13; N 5.09. Found: C 52.72; H 5.09; N 4.82. 

3,3-Dimethoxy-1-(pyridin-3-yl)cyclobutanecarboxylic acid (22b). To a 

solution of potassium carboxylate 21b (31.0 g, 0.113 mol) in H2O (250 

mL) 6M aq HCl was added until pH = 5 was reached. The solution was 

extracted with EtOAc (3200 mL), the organic layer was separated, dried 

over Na2SO4, and evaporated in vacuo. Yield 23.8 g (90%); yellowish 

crystals which decomposed upon heating above 90°C. 1H NMR (CDCl3) 

δ 8.56 (s, 1H), 8.47 (d, J = 2.6 Hz, 1H), 7.74 (d, J = 7.1 Hz, 1H), 7.37 (t, J 

= 2.6 Hz, 1H), 3.08 (s, 3H), 3.02 (d, J = 12.3 Hz, 2H), 3.00 (s, 3H), 2.58 

(d, J = 12.3 Hz, 2H). 13C NMR (DMSO-d6) δ 175.8, 148.1, 148.0, 139.1, 

134.8, 123.8, 98.9, 48.5, 48.5, 42.3, 42.3. LCMS (CI): m/z = 238 [M+H]+. 

Anal. Calcd. for C12H15NO4: C 60.75; H 6.37; N 5.9. Found: C 61.10; H 

6.21; N 5.52. 

General procedure for the preparation of pyridyl cyclobutanones 

10a and 10c. The corresponding potassium carboxylate 21a or 21c (25.5 

g, 92.6 mmol) was suspended in pyridine (250 mL), and PyHCl (10.7 g, 

92.6 mmol) was added. The resulting solution was warmed up to 60 °C 

for ca. 6 h (until a gas evolution ceased), then most of pyridine was 

evaporated in vacuo, the residue was diluted with H2O (50 mL) and re-

evaporated in vacuo. The residue was dissolved in EtOAc (150 mL), the 

precipitate was filtered off; the filtrates were dried over Na2SO4 and 

evaporated in vacuo. The residue was dissolved in acetone (150 mL), 

TsOH (ca. 50.0 mg) was added, and the resulting solution was refluxed 

for 12 h. Then, the reaction mixture was evaporated in vacuo, the residue 

was diluted with EtOAc (250 mL), washed with saturated aq NaHCO3 

(2100 mL), the organic layer was separated, dried over Na2SO4 and 

evaporated in vacuo. 

3-(Pyridin-2-yl)cyclobutanone (10a). The compound was purified by 

distillation in vacuo. Yield 10.9 g (94%, was scaled up to 120 g in a single 

run); yellowish oil; bp 75–76 °C / 0.22 mmHg. 1H NMR (CDCl3) δ 8.58 (d, 

J = 5.3 Hz, 1H), 7.66  – 7.57 (m, 1H), 7.23 (d, J = 7.6 Hz, 1H), 7.14 (dd, J 

= 6.7, 5.3 Hz, 1H), 3.76 – 3.65 (m, 1H), 3.51 (ddd, J = 12.3, 8.0, 5.4 Hz, 

2H), 3.45 – 3.33 (ddd, J = 12.3, 8.0, 5.4 Hz, 2H). 1H NMR (400 MHz, 

DMSO-d6) δ 8.07 (d, J = 4.9 Hz, 1H), 7.17 – 7.08 (m, 1H), 6.72 (d, J = 8.2 

Hz, 1H), 6.68 – 6.60 (m, 1H), 3.25 – 3.15 (m, 1H), 3.05 – 2.96 (m, 2H), 

2.94 – 2.85 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 206.5, 161.9, 149.7, 

136.5, 122.2, 121.8, 54.0, 30.2. LCMS (CI): m/z = 148 [M+H]+. Anal. 

Calcd. for C9H9NO: C 73.45; H 6.16; N 9.52. Found: C 73.74; H 5.83; N 

9.28. 

3-(Pyridin-4-yl)cyclobutanone (10c). The compound was purified by 

distillation in vacuo. Yield 11.8 g (92%, was scaled up to 20 g in a single 

run); yellowish liquid; bp 81–83 °C / 0.22 mmHg. 1H NMR (400 MHz, 

CDCl3) δ 8.59 (d, J = 5.9 Hz, 2H), 7.23 (d, J = 5.4 Hz, 2H), 3.66 (q, J = 

7.5 Hz, 1H), 3.58 – 3.49 (m, 2H), 3.30 – 3.22 (m, 2H). 13C NMR (126 

MHz, CDCl3) δ 204.8, 152.4, 150.1, 121.9, 54.2, 27.9. LCMS (CI): m/z = 

148 [M+H]+. Anal. Calcd. for C9H9NO: C 73.45; H 6.16; N 9.52. Found: C 

73.70; H 5.81; N 9.32. 

3-(Pyridin-3-yl)cyclobutanone (10b). The corresponding potassium 

carboxylate 21a or 21c (23.7 g, 100 mmol) was dissolved in pyridine (250 

mL), and PyHCl (11.6 g, 100 mmol) was added. The resulting solution 

was refluxed for 48 h, then most of pyridine was evaporated in vacuo, the 

residue was diluted with H2O (50 mL) and re-evaporated in vacuo. The 

residue was dissolved in EtOAc (150 mL), the precipitate was filtered off, 

the filtrates were dried over Na2SO4 and evaporated in vacuo. The 

product was purified by distillation in vacuo. Yield 12.6 g (95%, could be 

scaled up to 50 g in a single run); yellowish oil; bp 104–106 °C / 0.38 

mmHg. 1H NMR (500 MHz, CDCl3) δ 8.59 (s, 1H), 8.52 (d, J = 4.6 Hz, 

10.1002/ejoc.201901001

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



FULL PAPER    

 

 

 

 

 

1H), 7.64 (d, J = 6.4 Hz, 1H), 7.31 (dd, J = 6.4, 4.6 Hz, 1H), 3.71 (quint, J 

= 8.2 Hz, 1H), 3.60 – 3.53 (m, 2H), 3.30 – 3.24 (m, 2H). 13C NMR (126 

MHz, CDCl3) δ 205.2, 148.4, 147.9, 138.9, 133.9, 123.6, 54.6, 26.2. 

LCMS (CI): m/z = 148 [M+H]+. Anal. Calcd. for C9H9NO: C 73.45; H 6.16; 

N 9.52. Found: C 73.27; H 6.41; N 9.38. 

General procedure for the preparation of alcohols 11a–c. NaBH4 

(3.10 g, 81.9 mmol) was added in portions to a solution of the 

corresponding ketone (10.0 g, 67.9 mmol) in MeOH (100 mL) at 0 °C. 

Then, the reaction mixture was stirred at rt for 2 h, most of MeOH was 

evaporated in vacuo, the residue was diluted with H2O (50 mL), and 

extracted with EtOAc (375 mL). Combined organic layers were dried 

over Na2SO4 and evaporated in vacuo. 

cis-3-(Pyridin-2-yl)cyclobutanol (11a). The compound was obtained as 

ca. 9:1 mixture of diastereomers. Yield 9.31 g (92%); colorless liquid. 1H 

NMR (CDCl3) δ 8.51 (d, J = 4.9 Hz, 1H), 7.56 (t, J = 7.6 Hz, 1H), 7.12 (d, 

J = 7.6 Hz, 1H), 7.13 – 7.05 (m, 1H), 4.66 – 4.63 (m, 0.1H) and 4.27 

(quint, J = 6.8 Hz, 0.9H), 5.05 – 4.36 (m, 1H), 3.68 – 3.62 (m, 0.1H) and 

3.11 (quint, J = 7.8 Hz, 0.9H), 2.81 – 2.73 (m, 1.8H) and 2.65 – 2.56 (m, 

0.2H), 2.47 – 2.38 (m, 0.2H) and 2.27 – 2.17 (m, 1.8H). 13C NMR (CDCl3) 

δ 164.4 and 163.7, 149.2 and 149.0, 136.6 and 136.4, 121.9 and 121.5, 

121.3 and 121.0, 65.5 and 63.8, 39.8 and 38.3, 34.8 and 33.1. LCMS 

(CI): m/z = 150 [M+H]+. Anal. Calcd. for C9H11NO: C 72.46; H 7.43; N 

9.39. Found: C 72.65; H 7.52; N 9.73. 

cis-3-(Pyridin-3-yl)cyclobutanol (11b). The compound was obtained as 

ca. 9:1 mixture of diastereomers. Yield 8.61 g (85%); colorless liquid. 1H 

NMR (500 MHz, CDCl3) δ 8.58 (s, 1H), 7.59 (t, J = 6.8 Hz, 1H), 7.17 (d, J 

= 5.8 Hz, 1H), 7.12 (d, J = 6.8 Hz, 1H), 4.71 – 4.66 (m, 0.1H) and 4.31 

(quint, J = 6.8 Hz, 0.9H), 3.99 (br s, 1H), 3.71 – 3.66 (m, 0.1H) and 3.20 

(quint, J = 8.0 Hz, 0.9H), 2.86 – 2.81 (m, 1.8H) and 2.70 – 2.63 (m, 

0.2H), 2.46 – 2.39 (m, 0.2H) and 2.25 – 2.20 (m, 1.8H). 13C NMR (101 

MHz, CDCl3) δ 148.4 and 148.3, 147.1 and 147.0, 140.8 and 140.0, 

134.3 and 134.2, 134.2 and 123.4, 65.7 and 63.2, 40.7 and 38.9, 30.7 

and 27.7. LCMS (CI): m/z = 150 [M+H]+. Anal. Calcd. for C9H11NO: C 

72.46; H 7.43; N 9.39. Found: C 72.77; H 7.14; N 9.21. 

cis-3-(Pyridin-4-yl)cyclobutanol (11c). The compound was obtained as 

ca. 9:1 mixture of diastereomers. Yield 9.53 g (94%); colorless crystals. 
1H NMR (CDCl3) δ 8.41 (d, J = 4.7 Hz, 2H), 7.09 (d, J = 4.7 Hz, 2H), 4.58 

– 4.39 (m, 0.1H) and 4.37 – 4.19 (m, 0.9H), 3.94 (br, 1H), 3.57 – 3.47 (m, 

0.1H) and 2.97 – 2.82 (m, 0.9H), 2.73 (dd, J = 16.1, 9.4 Hz, 1.8H) and 

2.43 (m, 0.4H) and 2.10 – 1.89 (m, 1.8H). 13C NMR (126 MHz, CDCl3) δ 

153.7, 149.6 and 149.5, 122.1 and 122.1, 65.6 and 63.1, 40.1 and 38.6, 

32.3 and 29.4. LCMS (CI): m/z = 150 [M+H]+. Anal. Calcd. for C9H11NO: 

C 72.46; H 7.43; N 9.39. Found: C 72.68; H 7.21; N 9.49. 

General procedure for the preparation of azides 12a–c. DIAD (4.54 g, 

22.4 mmol) was added to a solution of PPh3 (6.13 g, 23.4 mmol) in THF 

(50 mL) at 0 °C. After 15 min (the precipitate was formed), a mixture of 

DPPA (6.43 g, 23.4 mmol) and the corresponding alcohol 11a–c (2.79 g, 

18.7 mmol) (in the case of solid 11c, a solution in THF (25 mL) was 

used) was added in portions (NOTE: the reaction is exothermic). The 

resulting mixture was stirred at rt overnight, then most of solvent was 

evaporated in vacuo, and the residue was purified by column 

chromatography. 

trans-2-(3-Azidocyclobutyl)pyridine (12a). The compound was purified 

by column chromatography on silica gel using gradient MeCN – MeOH 

as eluent. Yield 2.83 g (87%); yellowish oil. 1H NMR (400 MHz, CDCl3) δ 

8.56 (dd, J = 3.7 Hz, 1H), 7.60 – 7.54 (m, 1H), 7.13 – 7.11 (m, 1H), 7.09 

(dd, J = 3.7, 1.2 Hz, 1H), 4.27 (quint, J = 6.9 Hz, 1H), 3.71 – 3.64 (m, 

1H), 2.69 – 2.63 (m, 2H), 2.54 – 2.48 (m, 2H). 13C NMR (126 MHz, 

CDCl3) δ 163.1, 149.5, 136.3, 121.7, 121.4, 54.0, 36.4, 34.5. LCMS (CI): 

m/z = 147 [M−N2+H]+, 175 [M+H]+. Anal. Calcd. for C9H10N4: C 62.05; H 

5.79; N 32.16. Found: C 62.38; H 5.53; N 32.11. 

trans-3-(3-Azidocyclobutyl)pyridine (12b). The compound was purified 

by column chromatography on silica gel using gradient CHCl3 – MeCN as 

eluent; isolated as ca. 4:1 mixture of diastereomers. Yield 2.61 g (80%); 

yellowish oil. 1H NMR (500 MHz, CDCl3) δ 8.51 (s, 1H), 8.48 (d, J = 4.8 

Hz, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.28 – 7.25 (m, 1H), 4.17 (quint, J = 5.1 

Hz, 0.8H) and 3.91 (quint, J = 7.1 Hz, 0.2H), 3.73 (quint, J = 7.1 Hz, 

0.8H) and 3.21 (quint, J = 8.7 Hz, 0.2H), 2.85 – 2.73 (m, 0.4H) and 2.63 – 

2.57 (m, 1.6H), 2.56 – 2.49 (m, 1.6H) and 2.27 – 2.18 (m, 0.4H). 13C 

NMR (126 MHz, CDCl3) δ 148.4 and 148.3, 147.8 and 147.7, 139.4 and 

138.9, 133.8 and 129.3, 123.4 and 123.4, 53.9 and 51.1, 36.4 and 35.2, 

32.6 and 29.9. LCMS (CI): m/z = 147 [M−N2+H]+, 175 [M+H]+. Anal. 

Calcd. for C9H10N4: C 62.05; H 5.79; N 32.16. Found: C 61.72; H 5.49; N 

32.55. 

trans-4-(3-Azidocyclobutyl)pyridine (12c). The compound was purified 

by column chromatography on silica gel using gradient CH2Cl2 – MeCN 

or gradient hexanes – EtOAc as eluent; isolated as ca. 4:1 mixture of 

diastereomers. Yield 2.51 g (77%); yellowish oil. 1H NMR (400 MHz, 

CDCl3) δ 8.52 (d, J = 4.5 Hz, 2H), 7.12 (d, J = 5.6 Hz, 2H), 4.11 (quint, J 

= 5.9 Hz, 0.8H) and 3.89 (quint, J = 7.4 Hz, 0.2H), 3.66 (quint, J = 7.4 Hz, 

0.8H) and 3.16 (quint, J = 8.3 Hz, 0.2H), 2.81 – 2.69 (m, 0.4H) and 2.62 – 

2.36 (m, 3.2H) and 2.22 – 2.14 (m, 0.4H). 13C NMR (101 MHz, CDCl3) δ 

153.2, 149.9, 121.7, 53.8 and 51.0, 35.9 and 34.7, 34.1 and 31.5. LCMS 

(CI): m/z = 147 [M−N2+H]+, 175 [M+H]+. Anal. Calcd. for C9H10N4: C 

62.05; H 5.79; N 32.16. Found: C 61.88; H 5.92; N 32.37. 

trans-3-(Pyridin-2-yl)cyclobutanamine hydrochloride (13a). 10% Pd-

C (ca. 250 mg). was added to a solution of azide 12a (2.33 g, 13.4 mmol) 

in MeOH (25 mL). The resulting mixture was evacuated and backfilled 

with H2 and stirred at rt for 2 h. Then, the catalyst was filtered off and 

filtrates was evaporated in vacuo. The crude amine was purified by 

HPLC (gradient 0 − 30% H2O+HCl – MeCN, 30 mL / min flow rate; 

SunFire C18 Column, 100 Å, 3.5 µm, 4.6 mm150 mm). Yield 2.20 g 

(89%); colorless crystals; mp 234–237 °C. 1H NMR (400 MHz, DMSO-d6) 

δ 8.98 – 8.57 (m, 4H), 8.46 (q, J = 7.7 Hz, 1H), 8.02 (d, J = 7.7 Hz, 1H), 

7.84 (t, J = 6.7 Hz, 1H), 4.28 (quint, J = 7.9 Hz, 1H), 3.93 – 3.83 (m, 1H), 

2.77 – 2.67 (m, 4H). 13C NMR (126 MHz, DMSO-d6) δ 158.9, 145.7, 

142.6, 125.4, 125.0, 43.1, 33.1, 32.2. LCMS (CI): m/z = 149 [M−HCl+H]+. 

Anal. Calcd. for C9H13ClN2: C 58.54; H 7.10; N 15.17; Cl 19.20. Found: C 

58.87; H 6.87; N 15.36; Cl 18.85. 

trans-3-(Pyridin-3-yl)cyclobutanamine hydrochloride (13b). 10% Pd-

C (ca. 250 mg). was added to a solution of azide 12a (2.15 g, 12.3 mmol) 

in EtOH (25 mL). The resulting mixture was evacuated and backfilled 

with H2 and stirred at rt for 2 h. Then, the catalyst was filtered off and 

filtrates was evaporated in vacuo. The crude amine was purified by 

HPLC (gradient 0 − 30% H2O+HCl – MeCN, 30 mL / min flow rate; 

SunFire C18 Column, 100 Å, 3.5 µm, 4.6 mm150 mm). The compound 

was obtained as ca. 5.7:1 mixture of diastereomers. Yield 1.91 g (84%); 

colorless crystals. 1H NMR (400 MHz, DMSO-d6) δ 9.01 (s, 0.15H), 8.90 

(s, 0.85H), 8.83 – 8.62 (m, 4H), 8.55 (d, J = 8.1 Hz, 1H), 8.01 (t, J = 6.9 

Hz, 1H), 4.06 (quint, J = 8.6 Hz, 0.85H), 3.88 – 3.80 (m, 0.85H), 3.77 – 

3.71 (m, 0.15H), 3.53 (quint, J = 8.5 Hz, 0.15H), 2.72 – 2.63 (m, 2H), 

2.60 – 2.53 (m, 2H). 13C NMR (126 MHz, DMSO-d6) δ 162.9, 144.8 and 

144.4, 141.0 and 140.7, 140.3 and 140.1, 127.3, 43.3 and 43.2, 34.9 and 

32.9, 32.9 and 31.9. LCMS (CI): m/z = 149 [M−HCl+H]+. Anal. Calcd. for 

C9H13ClN2: C 58.54; H 7.10; N 15.17; Cl 19.20. Found: C 58.55; H 7.20; 

N 15.42; Cl 18.98. 

trans-3-(Pyridin-4-yl)cyclobutanamine hydrochloride (13c). The azide 

12c (2.45 g, 14.1 mmol) was added to a suspension of LiAlH4 (587 mg, 

15.5 mmol) in THF (25 mL) at 0 °C. When a gas evolution ceased, the 

reaction mixture was quenched with H2O (279 μL,15.5 mmol), 15% aq 

NaOH (620 mg, 15.5 mmol in 4.13 mL of H2O), and H2O (837 μL, 46.5 

mmol). The precipitate formed was filtered off, and filtrates were 

evaporated in vacuo. The residue was dissolved in Et2O (25 mL), and 4M 

HCl − 1,4-dioxane (5 mL) was added dropwise. The precipitate was 
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filtered, washed with Et2O (5 mL) and dried in vacuo. The compound was 

obtained as ca. 9:1 mixture of diastereomers. Yield 2.60 g (93%); 

colorless crystals. 1H NMR (400 MHz, D2O) δ 8.41 (d, J = 6.2 Hz, 2H), 

7.54 (d, J = 5.7 Hz, 1.8H), 7.49 (d, J = 6.2 Hz, 0.2H), 3.99 – 3.67 (m, 

1.8H), 3.55 – 3.35 (m, 0.2H), 2.80 – 2.68 (m, 0.4H), 2.64 – 2.51 (m, 

3.2H), 2.41 – 2.07 (m, 0.4H). 13C NMR (126 MHz, D2O) δ 160.7 and 

159.9, 144.1, 124.1 and 123.9, 43.6 and 41.4, 33.6 and 33.5, 32.2 and 

31.8.LCMS (CI): m/z = 149 [M−HCl+H]+. Anal. Calcd. for C9H13ClN2: C 

58.54; H 7.10 N 15.17; Cl 19.20. Found: C 58.56; H 6.81; N 14.87; Cl 

19.30. 

General procedure for the preparation of oximes 25a–c. To a solution 

of 10a–c (2.50 g, 17.0 mmol) in EtOH - H2O (25 mL, 3:1, v/v) was added 

NaHCO3 (2.85 g, 34.0 mmol) and NH2OMe·HCl (1.70 g, 20.4 mmol). The 

resulting mixture was refluxed for 6 h, then cooled to rt. Most of EtOH 

was evaporated in vacuo, the aqueous mixture was extracted with EtOAc 

(225 mL), dried over Na2SO4 and evaporated in vacuo. 

3-(Pyridin-2-yl)cyclobutanone O-methyl oxime (25a). Yield 2.85 g 

(95%); yellowish liquid. 1H NMR (400 MHz, CDCl3) δ 8.55 (d, J = 4.2 Hz, 

1H), 7.58 (t, J = 8.2 Hz, 1H), 7.15 (d, J = 7.8 Hz, 1H), 7.13 – 7.06 (m, 

1H), 3.81 (s, 3H), 3.64 (quint, J = 8.0 Hz, 1H), 3.52 – 2.92 (m, 4H). 13C 

NMR (101 MHz, CDCl3) δ 162.3, 155.1, 149.6, 136.4, 121.7, 121.6, 61.6, 

38.2, 37.5, 34.5. LCMS (CI): m/z = 177 [M+H]+. Anal. Calcd. for 

C10H12N2O: C 68.16; H 6.86; N 15.90. Found: C 68.46; H 6.94; N 15.99. 

3-(Pyridin-3-yl)cyclobutanone O-methyl oxime (25b). Yield 2.91 g 

(87%); yellowish liquid.1H NMR (400 MHz, CDCl3) δ 8.48 (s, 1H), 8.44 (d, 

J = 4.8 Hz, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.23 (dd, J = 7.9, 4.8 Hz, 1H), 

3.82 (s, 3H), 3.57 (quint, J = 8.2 Hz, 1H), 3.43 – 3.31 (m, 2H), 3.03 – 2.91 

(m, 2H). 13C NMR (101 MHz, CDCl3) δ 154.0, 148.5, 148.1, 139.2, 133.7, 

123.5, 61.7, 39.3, 38.4, 30.5. LCMS (CI): m/z = 177 [M+H]+. Anal. Calcd. 

for C10H12N2O: C 68.16; H 6.86; N 15.90. Found: C 68.40; H 7.08; N 

15.99. 

3-(Pyridin-4-yl)cyclobutanone O-methyl oxime (25c). Yield 3.01 g 

(90%); yellowish liquid.1H NMR (400 MHz, CDCl3) δ 8.52 (d, J = 5.3 Hz, 

2H), 7.19 (d, J = 5.3 Hz, 2H), 3.82 (s, 3H), 3.56 (quint, J = 8.1 Hz, 1H), 

3.45 – 3.31 (m, 2H), 3.04 – 2.92 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 

164.1, 153.6 and 153.4, 149.2, 122.0, 61.7, 38.7, 37.9, 32.2. LCMS (CI): 

m/z = 177 [M+H]+. Anal. Calcd. for C10H12N2O: C 68.16; H 6.86; N 15.90. 

Found: C 68.22; H 7.21; N 16.06. 

General procedure for the preparation of N-Boc amines 26a and 26c. 

TFA (809 mg, 543 μL, 7.10 mmol) was added to a solution of NaBH4 

(1.07 g, 28.4 mmol) in THF (25 mL) at 5 °C (NOTE: the temperature 

should not exceed 15 °C). Then, a solution of the corresponding oxime 

25a or 25c (2.50 g, 14.2 mmol) in THF (10mL) was added at at 5 °C. The 

resulting mixture was stirred at rt overnight, then evaporated in vacuo. 

The residue was diluted with CH2Cl2 (50 mL) and washed with brine (25 

mL), dried over MgSO4. Et3N (1.72 g, 2.37 mL, 17.0 mmol) and Boc2O 

(3.41 g, 3.59 mL, 15.6 mmol) were added in portions to the resulting 

solution. When the gas evolution ceased, the reaction mixture was 

washed with H2O (25 mL), brine (25 mL), dried over Na2SO4 and 

evaporated in vacuo. 

tert-Butyl (3-(pyridin-2-yl)cyclobutyl)carbamate (26a). The compound 

was purified by column chromatography on silica gel using gradient 

CHCl3 – MeCN as eluent; obtained as ca. 2:1 mixture of diastereomers. 

Yield 1.16 g (33%); yellowish oil. 1H NMR (400 MHz, CDCl3) δ 8.52 (d, J 

= 4.8 Hz, 1H), 7.59 – 7.50 (m, 1H), 7.22 – 7.09 (m, 0.67H) and 7.09 – 

7.04 (m, 1.33H), 4.95 (s, 0.67H) and 4.87 (s, 0.33H), 4.32 (s, 0.33H) and 

4.21 – 4.06 (m, 0.67H), 3.62 – 3.55 (m, 0.33H) and 3.21 (quint, J = 8.8 

Hz, 0.67H), 2.72 (d, J = 8.5 Hz, 1.33H) and 2.64 (d, J = 4.5 Hz, 0.67H), 

2.35 - 2.29 (m, 0.67H) and 2.20 – 2.09 (m, 1.33H), 1.41 (s, 3H) and 1.40 

(s, 6H). 13C NMR (126 MHz, CDCl3) δ 163.8 and 163.0, 155.1 and 155.0, 

149.3, 136.3 and 136.2, 121.8 and 121.3, 121.0, 79.2 and 79.1, 44.1 and 

41.8, 37.5, 36.0 and 35.9, 34.7, 28.4. Anal. Calcd. for C14H20N2O2: C 

67.72; H 8.12; N 11.28. LCMS (CI): m/z = 193 [M−H2C=C(CH3)2+H]+, 249 

[M+H]+. Found: C 67.55; H 7.95; N 11.53. 

tert-Butyl (3-(pyridin-4-yl)cyclobutyl)carbamate (26c). The compound 

was purified by column chromatography on silica gel using gradient 

CH2Cl2 – MeCN as eluent; obtained as ca. 5.7:1 mixture of diastereo-

mers. Yield 917 mg (26%); yellowish oil. 1H NMR (500 MHz, CDCl3) δ 

8.50 (d, J = 4.7 Hz, 2H), 7.17 (d, J = 4.7 Hz, 0.3H) and 7.10 (d, J = 4.7 

Hz, 1.7H), 4.92 (s, 0.15H) and 4.80 (s, 0.85H), 4.31 – 4.25 (m, 0.15H) 

and 4.21 – 4.10 (m, 0.85H), 3.13 (quint, J = 9.2 Hz, 1H), 2.90 – 2.70 (m, 

2H), 1.96 (q, J = 9.4 Hz, 2H), 1.45 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 

154.9, 153.3, 149.8 and 149.7, 121.9 and 121.8, 79.5 and 79.5, 42.0, 

37.9 and 36.3, 33.4 and 31.9, 28.4. LCMS (CI): m/z = 193 

[M−H2C=C(CH3)2+H]+, 249 [M+H Anal. Calcd. for C14H20N2O2: C 67.72; H 

8.12; N 11.28. Found: C 67.70; H 7.80; N 11.64. 

General procedure for the preparation of sulfinamides 28a and 28b. 

Ti(Oi-Pr)4 (5.79 g, 6.04 mL, 20.4 mmol) was added to a solution of 10a or 

10b (2.50 g, 17.0 mmol) and Ellman’s sulfinamide H2NS(O)t-Bu (2.16 g, 

17.9 mmol) in THF (50 mL) at rt. The resulting mixture was stirred 

overnight, then quenched with brine (25 mL), and stirred for 1 h. The 

precipitate formed was filtered off, the filtrate was evaporated in vacuo. 

The intermediate obtained 27a or 27b was dissolved in THF (50 mL), and 

NaBH4 (643 mg, 17.0 mmol) was added at rt. The resulting mixture was 

stirred for 4 h, then evaporated in vacuo, the residue was diluted with 

EtOAc (25mL) and water (25 mL). The organic phase was separated, 

washed with brine (25mL), dried over Na2SO4 and evaporated in vacuo. 

2-Methyl-N-(3-(pyridin-2-yl)cyclobutyl)propane-2-sulfinamide (28a). 

The compound was purified by column chromatography on silica gel 

using gradient hexanes – EtOAc  as eluent. Yield 2.40 g (56%); colorless 

solid; decomposed upon heating. 1H NMR (400 MHz, CDCl3) δ 8.54 (d, J 

= 4.9 Hz, 1H), 7.58 (td, J = 7.7, 1.9 Hz, 1H), 7.16 – 7.06 (m, 2H), 3.96 (d, 

J = 8.6 Hz, 1H), 3.88 (q, J = 7.8 Hz, 1H), 3.26 (quint, J = 8.6 Hz, 1H), 

2.89 – 2.69 (m, 2H), 2.33 – 2.26 (m, 2H), 1.19 (s, 9H). 13C NMR (126 

MHz, CDCl3) δ 162.9, 149.3, 136.3, 121.8, 121.3, 55.5, 48.0, 39.1, 37.9, 

35.1, 22.6. LCMS (CI): m/z = 253 [M+H]+. Anal. Calcd. for C13H20N2OS: C 

61.87; H 7.99; N 11.10; S 12.70. Found: C 61.78; H 7.61; N 11.30; S 

12.45. 

2-Methyl-N-(3-(pyridin-3-yl)cyclobutyl)propane-2-sulfinamide (28b). 

The compound was purified by column chromatography on silica gel 

using gradient hexanes – EtOAc as eluent. Yield 1.80 g (42%); colorless 

solid; decomposed upon heating. The compound existed as a mixture of 

ca. 5:1 of diastereomers. 1H NMR (400 MHz, CDCl3) δ 8.47 – 8.36 (m, 

2H), 7.74 (d, J = 7.9 Hz, 1H), 7.42 (dd, J = 7.9, 5.7 Hz, 1H), 3.94 (q, J = 

8.2 Hz, 1H), 3.53 (d, J = 7.6 Hz, 1H), 3.23 (quint, J = 9.7 Hz, 1H), 2.91 – 

2.80 (m, 2H), 2.10 (quint, J = 10.7 Hz, 2H), 1.26 – 1.14 (m, 9H). 13C NMR 

(126 MHz, CDCl3) δ 148.4 and147.5, 146.0 and 145.2, 137.2 and 133.9, 

125.0 and 123.3, 55.6 and 55.5, 47.4 and 47.2, 39.6 and 39.3, 38.9 and 

38.6, 30.6 and 30.4, 22.5. LCMS (CI): m/z = 253 [M+H]+. Anal. Calcd. for 

C13H20N2OS: C 61.87; H 7.99; N 11.10; S 12.70. Found: C 62.01; H 7.62; 

N 11.34; S 12.74. 

General procedure for the preparation of 14 and 29–31. NaBH(OAc)3 

(10.8 g, 51.0 mmol) was added in portions to a solution of the 

corresponding ketone 10a–c (2.50 g, 17.0 mmol) and amine (18.7 mmol) 

in CH2Cl2 (50 mL)  at rt (NOTE: in the case of dimethylamine 

hydrochloride, Et3N (1.89 g, 2.61 mL, 18.7 mmol) was also added). The 

resulting mixture was stirred overnight at rt; the completion of the 

reaction was monitored by LCMS. Then, the reaction mixture was 

quenched with saturated aq solution of NaHCO3 (10 mL), diluted with 

brine (10 mL). The organic phase was separated, dried over Na2SO4 and 

evaporated in vacuo. 

cis-N,N-Dimethyl-3-(pyridin-2-yl)cyclobutanamine hydrochloride 

(14a). The compound was purified by distillation in vacuo, then dissolved 

in Et2O (20 mL) and transformed into hydrochloride with 2M HCl – Et2O 

(10 mL), filtered, washed with Et2O (5 mL) and dried on air. Yield 3.15 g 

10.1002/ejoc.201901001

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



FULL PAPER    

 

 

 

 

 

(87%); white crystals; mp 205–209 °C (the corresponding base: colorless 

liquid; bp 57–59 °C / 0.22 mmHg). 1H NMR (500 MHz, DMSO-d6) δ 8.73 

(d, J = 6.4 Hz, 1H), 8.54 (d, J = 8.3 Hz, 1H), 8.37 (dd, J = 8.3, 2.7 Hz, 

1H), 7.88 (d, J = 7.0 Hz, 1H), 3.89 – 3.72 (m, 2H), 2.90 – 2.67 (m, 4H), 

2.65 (s, 6H). 13C NMR (126 MHz, DMSO-d6) δ 158.0, 146.0, 141.8, 

125.8, 125.5, 55.8, 39.2, 32.1, 28.8. LCMS (CI): m/z = 177 [M−HCl+H]+. 

Anal. Calcd. for C11H17ClN2: C 62.11; H 8.06; N 13.17; Cl 16.67. Found: 

C 62.47; H 8.03; N 12.86; Cl 16.63. 

cis-N,N-Dimethyl-3-(pyridin-2-yl)cyclobutanamine (14b). The 

compound was purified by distillation in vacuo. The compound was 

obtained as ca. 3:1 mixture of diastereomers. Yield 2.73 g (91%); 

colorless liquid; bp 74–77 °C / 0.22 mmHg. 1H NMR (500 MHz, CDCl3) δ 

8.53 (s, 0.25H) and 8.46 (s, 0.75H), 8.44 – 8.32 (m, 1H), 7.58 (d, J = 7.8 

Hz, 1H), 7.26 – 7.14 (m, 1H), 3.48 – 3.45 (m, 0.25H) and 3.12 (tt, J = 

10.2, 7.6 Hz, 0.75H), 2.85 (quint, J = 6.8 Hz, 0.25H) and 2.66 (tt, J = 8.7, 

6.6 Hz, 0.75H), 2.60 – 2.49 (m, 1.5H) and 2.49 – 2.39 (m, 0.5H), 2.30 – 

2.22 (m, 0.5H) and 2.17 (s, 1.5H), 2.16 (s, 4.5H) and 2.02 – 1.93 (m, 

1.5H). 13C NMR (126 MHz, CDCl3) δ 148.7, 147.4 and 147.2, 140.0, 

134.0, 123.2, 59.1 and 57.7, 41.9 and 41.7, 35.2 and 33.4, 30.7 and 

29.5. LCMS (CI): m/z = 177 [M+H]+. Anal. Calcd. for C11H16N2: C 74.96; 

H 9.15; N 15.89. Found: C 74.63; H 9.17; N 15.75. 

cis-N,N-Dimethyl-3-(pyridin-2-yl)cyclobutanamine (14c). The 

compound was purified by distillation in vacuo. The compound was 

obtained as ca. 5.7:1 mixture of diastereomers. Yield 2.79 g (93%); 

colorless crystals; mp 207–210 °C (the corresponding base: colorless 

liquid; bp 65–67 °C / 0.22 mmHg). 1H NMR (500 MHz, CDCl3) δ 8.51 (d, 

J = 4.8 Hz, 0.3H) and 8.47 (d, J = 4.8 Hz, 1.7H), 7.18 (d, J = 4.8 Hz, 

0.3H) and 7.13 (d, J = 4.8 Hz, 1.7H), 3.44 (tt, J = 8.6, 4.2 Hz, 0.15H) and 

3.08 (quint, J = 9.5 Hz, 0.85H), 2.84 – 2.80 (m, 0.15H) and 2.67 (quint, J 

= 7.4 Hz, 0.85H), 2.55 – 2.50 (m, 1.7H) and 2.46 – 2.43 (m, 0.3H), 2.27 – 

2.23 (m, 0.3H) and 2.00 – 1.94 (m, 1.7H), 2.17 – 2.16 (m, 6H). 13C NMR 

(101 MHz, CDCl3) δ 155.0 and 153.7, 149.7 and 149.5, 122.1 and 122.0, 

59.0 and 57.4, 41.8 and 41.5, 34.5 and 32.9, 32.3 and 31.1. LCMS (CI): 

m/z = 177 [M+H]+. Anal. Calcd. for C11H16N2: C 74.96; H 9.15; N 15.89. 

Found: C 75.19; H 8.97; N 16.20. 

cis-N,N-Bis(4-methoxybenzyl)-3-(pyridin-2-yl)cyclobutanamine (29a). 

The compound was obtained as ca. 3:1 mixture of diastereomers which 

was used in the next step without additional purification. Yield 5.81 g 

(88%); yellowish oil. 1H NMR (400 MHz, CDCl3) δ 8.58 (d, J = 4.9 Hz, 

0.25H) and 8.52 (d, J = 4.7 Hz, 0.75H), 7.61 (td, J = 7.7, 1.8 Hz, 0.25H) 

and 7.56 (td, J = 7.6, 1.9 Hz, 0.75H), 7.25 – 7.21 (m, 4H), 7.16 – 7.10 (m, 

1H), 7.09 – 7.03 (m, 1H), 6.86 – 6.81 (m, 4H), 3.79 – 3.77 (m, 6H), 3.71 

(s, 1H), 3.45 (s, 3H), 3.42 – 3.35 (m, 0.5H) and 3.22 – 3.10 (m, 1.5H), 

2.51 – 2.41 (m, 1.5H) and 2.41 – 2.30 (m, 0.5H), 2.18 – 2.10 (m, 1.5H) 

and 2.08 – 1.79 (m, 0.5H). LCMS (CI): m/z = 389 [M+H]+. 

cis-N,N-Diallyl-3-(pyridin-2-yl)cyclobutanamine (30a). The compound 

was used in the next step without additional purification. Yield 3.49 g 

(90%); yellowish oil. 1H NMR (500 MHz, CDCl3) δ 8.54 (d, J = 4.7 Hz, 

1H), 7.64 – 7.55 (m, 1H), 7.18 (d, J = 7.6 Hz, 1H), 7.08 (dd, J = 7.6, 4.7 

Hz, 1H), 5.89 (ddt, J = 16.9, 10.1, 6.7 Hz, 2H), 5.17 (dd, J = 16.9, 1.9 Hz, 

2H), 5.13 (dd, J = 10.1, 1.9 Hz, 2H), 3.30 – 3.21 (m, 1H), 3.21 – 3.15 (m, 

1H), 3.13 (d, J = 6.7 Hz, 4H), 2.54 (qd, J = 7.4, 2.7 Hz, 2H), 2.18 (tdd, J = 

11.1, 7.4, 2.7 Hz, 2H). LCMS (CI): m/z = 253 [M+H]+. 

General procedure for the preparation of cis amines 13a–c. 

The corresponding amine 30 or 31 (20.0 mol) was dissolved in MeOH 

(50 mL), and 20% Pd(OH)2–C (ca. 500 mg) was added. The resulting 

mixture was evacuated and refilled with H2, then stirred at rt for 3 h. The 

catalyst was filtered off, and the filtrates were evaporated in vacuo. 

cis-3-(Pyridin-2-yl)cyclobutanamine (13a). Yield 2.13 g (72%); 

colorless liquid. The compound was obtained as ca. 9:1 mixture of 

diastereomers. 1H NMR (400 MHz, CDCl3) δ 8.53 (d, J = 4.5 Hz, 1H), 

7.55 (t, J = 7.8 Hz, 1H), 7.10 (d, J = 7.8 Hz, 1H), 7.08 – 7.05 (m, 1H), 

3.83 – 3.69 (m, 0.1H) and 3.45 (quint, J = 8.2 Hz, 0.9H), 3.63 (quint, J = 

7.4 Hz, 0.1H) and 3.17 (quint, J = 8.8 Hz, 0.9H), 2.74 – 2.68 (m, 1.8H) 

and 2.63 – 2.55 (m, 0.2H), 2.25 (s, 2H), 2.04 – 1.95 (m, 2H). 13C NMR 

(126 MHz, CDCl3) δ 163.6, 149.2, 136.2, 121.5 and 121.4, 121.1 and 

120.9, 45.8 and 44.5, 40.0 and 38.2, 35.6 and 34.1. LCMS (CI): m/z = 

149 [M+H]+. Anal. Calcd. for C9H12N2: C 72.94; H 8.16; N 18.90. Found: 

C 73.33; H 8.14; N 18.75. 

cis-3-(Pyridin-3-yl)cyclobutanamine (13b). The compound was purified 

by column chromatography on silica gel using gradient t-BuOMe – MeOH 

as eluent; obtained as ca. 4:1 mixture of diastereomers. Yield 2.05 g 

(69%); colorless liquid. 1H NMR (500 MHz, CDCl3) δ 8.45 (s, 1H), 8.43 – 

8.38 (m, 1H), 7.56 (d, J = 7.4 Hz, 1H), 7.25 – 7.18 (m, 1H), 5.17 (s, 2H), 

3.76 (quint, J = 6.1 Hz, 0.2H) and 3.55 (quint, J = 8.2 Hz, 0.8H), 3.68 

(quint, J = 5.7 Hz, 0.2H) and 3.12 (quint, J = 8.7 Hz, 0.8H), 2.78 – 2.69 

(m, 1.6H) and 2.51 – 2.45 (m, 0.4H), 2.44 – 2.39 (m, 0.4H) and 2.10 – 

1.98 (m, 1.6H). 13C NMR (126 MHz, CDCl3) δ 148.3, 147.3 and 147.2, 

140.3 and 139.6, 134.2 and 134.0, 123.4 and 123.3, 44.9 and 43.4, 38.9 

and 36.9, 31.6 and 30.1. LCMS (CI): m/z = 149 [M+H]+. Anal. Calcd. for 

C9H12N2: C 72.94; H 8.16; N 18.90. Found: C 72.89; H 8.38; N 18.54. 

cis-3-(Pyridin-4-yl)cyclobutanamine (13c). The compound was purified 

by column chromatography on silica gel using gradient t-BuOMe – MeOH 

as eluent; obtained as ca. 4:1 mixture of diastereomers. Yield 1.87 g 

(63%); colorless liquid. 1H NMR (500 MHz, CDCl3) δ 8.64 – 8.29 (m, 2H), 

7.19 – 6.91 (m, 2H), 5.15 (s, 0.4H) and 5.07 (s, 1.6H), 3.72 (quint, J = 7.4 

Hz, 0.2H) and 3.54 (quint, J = 7.2 Hz, 0.8H), 3.64 (quint, J = 8.3 Hz, 

0.2H) and 3.10 (quint, J = 9.2 Hz, 0.8H), 2.78 – 2.67 (m, 1.6H) and 2.52 – 

2.44 (m, 0.4H), 2.42 – 2.35 (m, 0.4H) and 2.04 – 1.94 (m, 1.6H). 13C 

NMR (126 MHz, CDCl3) δ 154.2 and 153.4, 149.6 and 149.5, 121.9, 44.8 

and 43.4, 38.6 and 36.5, 33.2 and 31.7. LCMS (CI): m/z = 149 [M+H]+. 

Anal. Calcd. for C9H12N2: C 72.94; H 8.16; N 18.90. Found: C 72.61; H 

8.50; N 18.94. 

Parallel synthesis of the library 15. The corresponding ketone 10a–c 

(0.5 mmol) and amine 32(1–62) (0.5 mmol) were dissolved in CH2Cl2 (4 

mL), and NaBH(OAc)3 (1 mmol) was added (NOTE: in the case of amine 

hydrochlorides, Et3N (0.55 mmol) was also added). The vial was sealed, 

shaken intensively, then slightly opened and left standing for 12 h; then 

sealed again, placed into a shaker, and stirred at rt for 48 h. Then, the 

vials were opened to remove the excessive pressure and placed in a cold 

ultrasonic bath for 4 h. 15% aq NH3 (3 mL) was added to the reaction 

mixture (NOTE: extensive gas evolution may occur). The organic phase 

was separated, washed with H2O (33 mL), dried over Na2SO4 and 

evaporated in vacuo. 

2-(2,6-Difluorophenyl)-2-((3-(pyridin-2-yl)cyclobutyl)amino)ethanol 

(15{1,1}). The compound was obtained as ca. 4:1 mixture of 

diastereomers. Yield 96.3 mg (98%); brown oil. 1H NMR (500 MHz, 

DMSO-d6) δ 8.60 – 8.52 (m, 0.2H) and 8.47 (s, 0.8H), 7.71 (t, J = 7.9 Hz, 

0.2H) and 7.62 (t, J = 7.2 Hz, 0.8H), 7.46 – 7.36 (m, 0.2H) and 7.30 

(quint, J = 7.2 Hz, 0.8H), 7.27 – 7.18 (m, 0.4H) and 7.18 – 7.05 (m, 

1.6H), 7.00 (t, J = 9.1 Hz, 2H), 4.89 (br s, 1H), 4.12 (t, J = 7.8 Hz, 0.8H) 

and 4.10 – 4.01 (m, 0.2H), 3.93 – 3.83 (m, 0.2H) and 3.82 – 3.71 (m, 

0.8H), 3.71 – 3.56 (m, 1H), 3.56 – 3.16 (m, 2H), 3.09 (h, J = 9.6 Hz, 1H), 

2.49 – 2.25 (m, 1.4H) and 1.99 (q, J = 9.6 Hz, 0.8H) and 1.77 (q, J = 9.6 

Hz, 0.8H), 2.25 – 2.07 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 164.8, 

163.6, 162.9 (d, J = 9.3 Hz), 161.0 (d, J = 9.0 Hz), 149.4 and 149.3, 

136.8 and 136.7, 129.6 (t, J = 10.7 Hz), 121.9 and 121.8, 121.6, 112.1 (d, 

J = 23.4 Hz), 63.7, 54.5 and 54.3, 50.3 and 49.4, 38.1 and 36.1, 37.6 and 

35.9, 35.5 and 34.9. 19F NMR (470 MHz, dmso) δ -113.0, -113.9. LCMS 

(CI): m/z = 305 [M+H]+. Anal. Calcd. for C17H18F2N2O: C 67.09; H 5.96; N 

9.20. Found: C 66.70; H 6.24; N 9.36. 

(2R,3R)-N-(3-(Pyridin-2-yl)cyclobutyl)-2-(1,3,5-trimethyl-1H-pyrazol-

4-yl)tetrahydrofuran-3-amine (15{1,2}). Yield 81.8 mg (84%); light 

brown oil. 1H NMR (500 MHz, DMSO-d6) δ 8.46 (d, J = 3.4 Hz, 1H), 7.65 

(t, J = 7.5 Hz, 1H), 7.21 (d, J = 7.6 Hz, 1H), 7.17 – 7.13 (m, 1H), 4.24 (dd, 
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J = 7.4, 2.2 Hz, 1H), 3.90 (q, J = 7.3 Hz, 1H), 3.79 (q, J = 7.3 Hz, 1H), 

3.59 (s, 3H), 3.52 – 3.41 (m, 1H), 3.16 (qd, J = 7.2, 2.0 Hz, 1H), 3.12 – 

3.03 (m, 2H), 2.40 (q, J = 9.9, 8.4 Hz, 2H), 2.15 (s, 3H), 2.07 (s, 3H), 2.04 

– 1.96 (m, 1H), 1.92 (q, J = 9.6 Hz, 1H), 1.85 (q, J = 9.6 Hz, 1H), 1.77 – 

1.71 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 163.9, 149.3, 144.4, 

137.1, 136.7, 121.9, 121.6, 115.2, 79.3, 66.5, 62.2, 49.3, 38.7, 37.9, 

35.9, 34.8, 34.2, 12.9, 9.9. LCMS (CI): m/z = 327 [M+H]+. Anal. Calcd. for 

C19H26N4O: C 69.91; H 8.03; N 17.16. Found: C 70.21; H 8.38; N 16.76. 

(R)-8-Methyl-N-(3-(pyridin-4-yl)cyclobutyl)chroman-4-amine 

(15{3,3}). Yield 39.4 mg (79%); yellow oil. 1H NMR (500 MHz, DMSO-d6) 

δ 8.51 – 8.41 (d, J = 3.1 Hz, 2H), 7.28 (d, J = 3.1 Hz, 2H), 7.09 (d, J = 6.7 

Hz, 1H), 6.97 (d, J = 6.7 Hz, 1H), 6.73 (t, J = 7.3 Hz, 1H), 4.31 – 4.25 (m, 

1H), 4.21 – 4.15 (m, 1H), 3.70 (s, 1H), 3.06 (quint, J = 8.6 Hz, 1H), 2.63 

(quint, J = 7.4 Hz, 2H), 2.42 – 2.13 (m, 2H), 2.08 (s, 3H), 1.97 – 1.78 (m, 

4H). 13C NMR (126 MHz, DMSO-d6) δ 154.6, 152.9, 149.8, 129.5, 128.2, 

125.0, 124.7, 122.7, 119.4, 62.7, 49.4, 47.8, 39.0, 32.2, 28.4, 16.4. 

LCMS (CI): m/z = 295 [M+H]+. Anal. Calcd. for C19H22N2O: C 77.52; H 

7.53; N 9.52. Found: C 77.45; H 7.33; N 9.75. 

1-(3-Chloropyridin-2-yl)-N-(3-(pyridin-3-yl)cyclobutyl)pyrrolidin-3-

amine (15{2,4}). The compound was obtained as ca. 2:1 mixture of 

diastereomers. Yield 38.9 mg (78%); yellow oil. 1H NMR (500 MHz, 

CDCl3) δ 8.53 (s, 0H), 8.46 (s, 0.33H) and 8.43 (d, J = 4.7Hz, 0.67H), 

8.05 (d, J = 4.7 Hz, 1H), 7.59 (d, J = 7.9 Hz, 0.33H) and 7.55 (d, J = 7.9 

Hz, 0.67H), 7.46 (d, J = 7.6 Hz, 1H), 7.26 – 7.20 (m, 1H), 6.58 (dd, J = 

7.7, 4.7 Hz, 1H), 3.88 – 3.83 (m, 1H), 3.81 – 3.71 (m, 2H), 3.65 – 3.58 

(m, 0.67H) and 3.48 – 3.38 (m, 1.67H) and 3.21 – 3.14 (m, 0.67H), 3.55 

– 3.49 (m, 1H), 2.84 – 2.75 (m, 1.33H) and 2.48 – 2.43 (m, 0.67H), 2.34 

(tt, J = 9.5, 5.3 Hz, 1H), 2.20 – 2.03 (m, 2H), 1.91 – 1.86 (m, 1H), 1.83 – 

1.75 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 155.2, 148.7 and 148.5, 

147.4 and 147.3, 145.4, 140.8 and 139.4, 138.9, 133.9, 123.3 and 123.2, 

116.7, 114.1, 55.8 and 55.8, 55.8 and 55.7, 50.1 and 49.2, 48.1, 39.1 

and 39.1, 36.7, 32.3 and 32.2, 32.0 and 30.6. LCMS (CI): m/z = 329 

[M+H]+. Anal. Calcd. for C18H21ClN4: C 65.75; H 6.44; N 17.04; Cl 10.78. 

Found: C 65.69; H 6.57; N 16.95; Cl 10.77. 

2-((3-(Pyridin-2-yl)cyclobutyl)amino)-2-(2-(trifluoromethoxy)phenyl)-

ethanol (15{1,8}). The compound was obtained as ca. 1:1 mixture of 

diastereomers. Yield 69.8 mg (69%); yellowish solid. 1H NMR (500 MHz, 

DMSO-d6) δ 8.49 (d, J = 4.8 Hz, 0.5H) and 8.44 (d, J = 4.8 Hz, 0.5H), 

7.71 – 7.58 (m, 2H), 7.41 – 7.32 (m, 2H), 7.28 (t, J = 8.9 Hz, 1H), 7.21 – 

7.10 (m, 2H), 5.02 (s, 1H), 4.06 (ddd, J = 13.8, 8.1, 4.2 Hz, 1H), 3.55 – 

3.49 (m, 1H), 3.46 – 3.40 (m, 1H), 3.22 (quint, J = 7.1 Hz, 1H), 3.07 

(quint, J = 9.1 Hz, 1H), 2.93 (quint, J = 8.1 Hz, 1H), 2.46 – 2.43 (m, 1H), 

2.33 – 2.24 (m, 2H), 2.16 (q, J = 9.1 Hz, 1H), 2.08 (q, J = 9.1 Hz, 1H), 

1.91 (q, J = 9.1 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) δ 164.9, 163.7, 

149.5 and 149.4, 147.4, 136.8 and 136.7, 135.1 and 135.0, 129.7 and 

129.7, 128.9 and 128.9, 127.8, 121.9 and 121.9, 121.7 and 121.5, 120.7, 

65.5, 55.4 and 55.4, 49.3 and 48.1, 38.0 and 37.5, 36.0 and 35.7, 35.7 

and 34.6. 19F NMR (470 MHz, dmso) δ -55.8, -55.9. LCMS (CI): m/z = 

353 [M+H]+. Anal. Calcd. for C18H19F3N2O2: C 61.36; H 5.44; N 7.95. 

Found: C 61.51; H 5.35; N 7.69. 

N-(1-([1,2,4]Triazolo[4,3-a]pyridin-3-yl)-2-methylpropyl)-3-(pyridin-4-

yl)cyclobutanamine (15{3,11}). The compound was obtained as ca. 2:1 

mixture of diastereomers. Yield 31.5 mg (63%); yellow oil. 1H NMR (500 

MHz, DMSO-d6) δ 8.74 – 8.68 (m, 1H), 8.40 (d, J = 4.3 Hz, 2H), 7.72 (d, 

J = 9.3 Hz, 1H), 7.32 (dd, J = 9.3, 6.6 Hz, 1H), 7.15 (d, J = 4.3 Hz, 2H), 

6.94 (t, J = 6.6 Hz, 1H), 4.10 – 4.01 (m, 1H), 3.13 – 3.04 (m, 0.33H) and 

2.87 (quint, J = 7.6 Hz, 1.67H), 2.69 (s, 1H), 2.47 – 2.36 (m, 1H), 2.23 – 

2.18 (m, 1H), 2.14 – 2.09 (m, 0.33H) and 1.74 (q, J = 9.9 Hz, 0.67H), 

2.00 – 1.90 (m, 1H), 1.87 – 1.82 (m, 0.33H) and 1.57 (q, J = 9.9 Hz, 

0.67H), 1.05 (d, J = 6.5 Hz, 3H), 0.72 (d, J = 6.9 Hz, 1H) and 0.69 (d, J = 

6.9 Hz, 2H). 13C NMR (126 MHz, DMSO-d6) δ 154.2, 149.9 and 149.8, 

149.0, 148.0, 127.7, 125.1 and 125.0, 122.5 and 122.4, 115.9, 113.5, 

59.5 and 59.1, 50.0 and 48.8, 38.1 and 35.7, 38.0 and 35.9 33.5, 31.9 

and 31.8, 20.4 and 20.3, 19.8. LCMS (CI): m/z = 322 [M+H]+. Anal. 

Calcd. for C19H23N5: C 71.00; H 7.21; N 21.79. Found: C 71.13; H 7.21; N 

21.51. 

(R)-N-((1-(Methylsulfonyl)pyrrolidin-2-yl)methyl)-3-(pyridin-2-

yl)cyclobutanamine (15{1,12}). The compound was obtained as ca. 2:1 

mixture of diastereomers. Yield 62.2 mg (62%); yellow oil. 1H NMR (500 

MHz, DMSO-d6) δ 8.51 (d, J = 2.5 Hz, 0.33H) and 8.48 (d, J = 2.5 Hz, 

0.66H), 7.69 – 7.64 (m, 1H), 7.25 (d, J = 7.6 Hz, 1H), 7.17 (dd, J = 7.6, 

4.7 Hz, 1H), 3.65 – 3.59 (m, 1H), 3.57 – 3.53 (m, 0.34H) and 3.43 – 3.38 

(m, 0.66H), 3.26 – 3.20 (m, 2H), 3.20 – 3.09 (m, 2H), 2.88 (s, 2H) and 

2.87 (s, 1H), 2.65 – 2.60 (m, 1H), 2.47 – 2.43 (m, 1H), 2.41 – 2.29 (m, 

1H), 2.16 – 2.05 (m, 1H), 1.96 – 1.76 (m, 6H). 13C NMR (126 MHz, 

DMSO-d6) δ 165.0 and 163.9, 149.5 and 149.3, 136.8 and 136.7, 121.9 

and 121.9, 121.6 and 121.5, 60.1 and 60.0, 51.7 and 51.5, 51.4 and 

50.2, 49.2, 37.6 and 35.6, 37.4 and 35.5, 36.3 and 34.7, 34.1 and 34.0, 

29.6 and 29.6, 24.3 and 24.3. LCMS (CI): m/z = 310 [M+H]+. Anal. Calcd. 

for C15H23N3O2S: C 58.22; H 7.49; N 13.58; S 10.36. Found: C 58.53; H 

7.67; N 13.49; S 10.37. 

1,1,1-Trifluoro-2-(1-methyl-1H-imidazol-2-yl)-4-((3-(pyridin-2-

yl)cyclobutyl)amino)butan-2-ol (15{1,13}). The compound existed as 

ca. 2:1 mixture of diastereomers. Yield 64.6 mg (59%); yellowish oil. 1H 

NMR (500 MHz, DMSO-d6) δ 8.53 – 8.47 (m, 1H), 7.67 (t, J = 7.2 Hz, 

1H), 7.24 – 7.20 (m, 1H), 7.17 (dd, J = 7.5, 4.7 Hz, 1H), 7.13 (d, J = 6.4 

Hz, 1H), 6.86 (d, J = 3.3 Hz, 1H), 3.83 (s, 1H), 3.80 (s, 2H), 3.58 – 3.53 

(m, 0.33H), 3.49 – 3.40 (m, 0.67H), 3.23 – 3.05 (m, 2H), 2.85 – 2.78 (m, 

1H), 2.63 – 2.54 (m, 2H), 2.48 – 2.38 (m, 1.67H), 2.38 – 2.32 (m, 0.33H), 

2.31 – 2.25 (m, 0.33H), 2.17 – 1.97 (m, 1.67H), 1.99 – 1.74 (m, 2H). 13C 

NMR (126 MHz, DMSO-d6) δ 164.4, 163.5, 149.5 and 149.3, 142.7, 

136.8 and 136.8, 127.0 and 126.9, 125.0, 124.6, 121.8 (d, J = 13.7 Hz), 

77.7 (q, J = 28.4 Hz), 50.4 and 48.8, 42.5 and 42.3, 36.5 and 36.4, 36.1 

and 35.6, 34.6 and 34.3, 30.8 and 30.6. 19F NMR (470 MHz, dmso) δ -

79.1, -79.2. LCMS (CI): m/z = 355 [M+H]+. Anal. Calcd. for C17H21F3N4O: 

C 57.62; H 5.97; N 15.81. Found: C 57.24; H 6.23; N 16.18. 

(S)-2-((3-(Pyridin-4-yl)cyclobutyl)amino)propan-1-ol (15{3,14}). The 

compound was obtained as ca. 2:1 mixture of diastereomers. Yield 29.4 

mg (59%); yellow oil. 1H NMR (500 MHz, DMSO-d6) δ 8.59 – 8.30 (m, 

2H), 7.28 (d, J = 3.9 Hz, 1H), 7.26 – 7.13 (m, 1H), 4.38 (s, 1H), 3.51 – 

3.39 (m, 1H), 3.31 – 3.13 (m, 4H), 3.11 – 2.99 (m, 1H), 2.67 – 2.61 (m, 

0.67H) and 2.33 – 2.12 (m, 1.33H), 2.59 – 2.56 (m, 0.67H) and 1.83 – 

1.65 (m, 1.33H), 1.09 – 0.68 (m, 3H). 13C NMR (126 MHz, DMSO-d6) δ 

155.4 and 154.5, 150.0 and 149.8, 122.6, 66.2 and 66.0, 53.2 and 53.1, 

49.2 and 48.0, 39.0 and 36.6, 38.9 and 36.9, 33.5 and 32.1, 18.1 and 

18.0. LCMS (CI): m/z = 207 [M+H]+. Anal. Calcd. for C12H18N2O: C 69.87; 

H 8.80; N 13.58. Found: C 70.27; H 8.74; N 13.70. 

1-Methyl-N-(3-(pyridin-4-yl)cyclobutyl)piperidin-4-amine (15{3,16}). 

The compound was obtained as ca. 3:2 mixture of diastereomers. Yield 

28.0 mg (56%); yellow oil. 1H NMR (500 MHz, DMSO-d6) δ 8.48 – 8.42 

(m, 2H), 7.27 (d, J = 5.1 Hz, 0.8H) and 7.24 (d, J = 5.1 Hz, 1.2H), 3.46 – 

3.42 (m, 1H), 3.20 (quint, J = 7.6 Hz, 1H), 3.14 (s, 1H), 3.07 – 2.96 (m, 

1H), 2.65 (d, J = 10.7 Hz, 2H), 2.55 (qd, J = 7.6, 2.8 Hz, 2H), 2.37 – 2.31 

(m, 1H), 2.29 – 2.22 (m, 1H), 2.21 – 2.14 (m, 1H), 1.82 (t, J = 11.6 Hz, 

2H), 1.75 (q, J = 10.7 Hz, 2H), 1.68 (d, J = 11.6 Hz, 2H), 1.28 – 1.17 (m, 

2H). 13C NMR (126 MHz, DMSO-d6) δ 155.4 and 154.6, 150.0 and 149.8, 

122.6 and 122.6, 54.7 and 54.6, 52.8, 49.0 and 47.9, 46.5, 39.3, 36.9, 

33.6 and 33.1, 33.1 and 32.3. LCMS (CI): m/z = 246 [M+H]+. Anal. Calcd. 

for C15H23N3: C 73.43; H 9.45; N 17.13. Found: C 73.05; H 9.57; N 17.37. 

N-(3-(Pyridin-4-yl)cyclobutyl)-1-((tetrahydrofuran-3-yl)methyl)-

piperidin-4-amine (15{3,18}). The compound was obtained as ca. 3:2 

mixture of diastereomers. Yield 27.8 mg (56%); yellow oil. 1H NMR (500 

MHz, DMSO-d6) δ 8.44 (s, 2H), 7.28 (d, J = 3.2 Hz, 0.8H), 7.24 (d, J = 

3.2 Hz, 1.2H), 3.71 – 3.65 (m, 2H), 3.58 (q, J = 6.8 Hz, 1H), 3.47 – 3.42 

(m, 1H), 3.26 – 3.15 (m, 2H), 3.03 (quint, J = 9.1 Hz, 1H), 2.79 (d, J = 

11.0 Hz, 1H), 2.73 (d, J = 11.2 Hz, 1H), 2.55 (q, J = 8.2 Hz, 1H), 2.40 – 

2.33 (m, 2H), 2.30 – 2.23 (m, 1.2H), 2.21 – 2.12 (m, 2.8H), 1.91 – 1.82 
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(m, 2.8H), 1.76 (q, J = 10.2 Hz, 1.2H), 1.69 (d, J = 11.4 Hz, 2H), 1.47 (dq, 

J = 13.9, 7.2 Hz, 1H), 1.26 – 1.14 (m, 2H). 13C NMR (126 MHz, DMSO-

d6) δ 155.4 and 154.6, 150.0 and 149.8, 122.6 and 122.6, 71.9, 67.2, 

62.0, 53.3 and 53.1, 53.1 and 53.0, 52.6 and 52.5, 49.0 and 47.9, 39.2, 

36.9 and 36.8, 33.6, 33.2 and 33.1, 32.3, 30.7. LCMS (CI): m/z = 316 

[M+H]+. Anal. Calcd. for C19H29N3O: C 72.34; H 9.27; N 13.32. Found: C 

72.57; H 9.24; N 13.72. 

1-(3-(((3-(Pyridin-4-yl)cyclobutyl)amino)methyl)benzyl)piperidine-3-

carboxamide (15{3,21}). The compound was obtained as ca. 2:1 

mixture of diastereomers. Yield 27.3 mg (55%); yellow oil. 1H NMR (500 

MHz, DMSO-d6) δ 8.44 (d, J = 4.3 Hz, 2H), 7.26 – 7.15 (m, 5H), 7.15 – 

7.10 (m, 1H), 6.75 (s, 1H), 3.63 (s, 2H), 3.56 – 3.44 (m, 1H), 3.41 (d, J = 

4.4 Hz, 2H), 3.39 – 3.33 (m, 2H), 3.15 (quint, J = 7.6 Hz, 1H), 3.03 (quint, 

J = 8.7 Hz, 1H), 2.76 (d, J = 10.1 Hz, 1H), 2.68 (d, J = 9.6 Hz, 1H), 2.57 – 

2.51 (m, 1H), 2.32 – 2.26 (m, 1H), 2.22 (t, J = 7.1 Hz, 1H), 1.97 (t, J = 

10.8 Hz, 1H), 1.88 (t, J = 10.1 Hz, 1H), 1.80 (q, J = 9.3 Hz, 1H), 1.74 – 

1.69 (m, 1H), 1.62 – 1.55 (m, 1H), 1.42 (q, J = 11.3 Hz, 1H), 1.30 (q, J = 

11.3 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) δ 176.1, 155.3 and 154.6, 

150.0 and 149.8, 141.2, 138.6, 129.0, 128.3, 127.6, 127.1, 122.6 and 

122.5, 63.1, 56.3, 53.7, 50.9 and 50.9, 50.7, 49.7, 42.8, 38.0 and 35.7, 

34.0 and 32.1, 27.7, 24.8. LCMS (CI): m/z = 379 [M+H]+. Anal. Calcd. for 

C23H30N4O: C 72.98; H 7.99; N 14.8. Found: C 73.25; H 7.71; N 15.12. 

N-((5-Cyclopropyl-1,3,4-thiadiazol-2-yl)methyl)-3-(pyridin-3-

yl)cyclobutanamine (15{2,22}). The compound existed as a mixture of 

ca. 1:1 of diastereomers. Yield 27.3 mg (55%); yellow oil. 1H NMR (500 

MHz, DMSO-d6) δ 8.45 (s, 1H), 8.38 (d, J = 4.6 Hz, 1H), 7.69 (d, J = 6.7 

Hz, 1H), 7.33 – 7.29 (m, 1H), 3.96 (s, 2H), 3.58 – 3.54 (m, 0.5H) and 

3.43 – 3.40 (m, 0.5H), 3.18 (quint, J = 8.0 Hz, 1H), 3.05 (quint, J = 9.2 

Hz, 1H), 2.58 – 2.53 (m, 1H), 2.47 – 2.42 (m, 1H), 2.28 – 2.20 (m, 2H), 

1.82 (q, J = 9.8 Hz, 1H), 1.19 – 1.15 (m, 2H), 0.97 – 0.93 (m, 2H). 13C 

NMR (126 MHz, DMSO-d6) δ 173.6, 171.7 and 171.6, 148.8 and 148.7, 

147.6 and 147.4, 141.4 and 140.8, 134.6 and 134.4, 123.9 and 123.8, 

51.0 and 49.7, 45.6 and 45.4, 38.3 and 35.9, 32.1, 30.0, 11.5. LCMS 

(CI): m/z = 287 [M+H]+. Anal. Calcd. for C15H18N4S: C 62.91; H 6.34; N 

19.56; S 11.19. Found: C 63.09; H 6.37; N 19.73; S 11.18. 

1-(2-(((3-(Pyridin-2-yl)cyclobutyl)amino)methyl)benzyl)pyrrolidin-3-ol 

(15{1,24}). The compound was obtained as ca. 2:1 mixture of 

diastereomers. Yield 59.9 mg (54%); brownish oil. 1H NMR (500 MHz, 

DMSO-d6) δ 8.52 (d, J = 4.8 Hz, 0.33H) and 8.48 (d, J = 4.7 Hz, 0.67H), 

7.68 (t, J = 7.8 Hz, 1H), 7.41 – 7.33 (m, 1H), 7.33 – 7.28 (m, 1H), 7.28 – 

7.20 (m, 3H), 7.19 – 7.13 (m, 1H), 4.82 (s, 1H), 4.21 (s, 2H), 3.80 (dd, J = 

20.5, 9.8 Hz, 3H), 3.64 (t, J = 11.4 Hz, 2H), 3.51 – 3.38 (m, 1H), 3.32 

(quint, J = 8.2 Hz, 1H), 3.22 (quint, J = 9.0 Hz, 1H), 2.72 (q, J = 7.8 Hz, 

1H), 2.63 – 2.55 (m, 1H), 2.44 – 2.37 (m, 2H), 2.36 – 2.28 (m, 1H), 2.09 – 

1.95 (m, 2H), 1.62 – 1.52 (m, 1H). 13C NMR (126 MHz, DMSO-d6) δ 

164.5 and 163.4, 149.6 and 149.3, 138.1 and 138.0, 136.9 and 136.9, 

131.0, 130.5, 128.0 and 127.9, 122.1, 122.0, 121.8, 121.7, 69.6, 62.4 

and 62.4, 57.9, 52.4 and 52.3, 50.7, 49.1 and 48.4, 36.4 and 36.1, 34.9 

and 34.6, 34.5 and 34.3. LCMS (CI): m/z = 338 [M+H]+. Anal. Calcd. for 

C21H27N3O: C 74.74; H 8.06; N 12.45. Found: C 74.91; H 8.22; N 12.73. 

1-Isopropyl-3-((3-(pyridin-2-yl)cyclobutyl)amino)pyrrolidin-2-one 

(15{1,25}). The compound was obtained as ca. 3:2 mixture of 

diastereomers. Yield 49.6 mg (51%); brownish oil. 1H NMR (500 MHz, 

DMSO-d6) δ 8.52 (d, J = 4.8 Hz, 0.4H) and 8.49 (d, J = 4.8 Hz, 0.6H), 

7.68 (t, J = 7.8 Hz, 1H), 7.27 (d, J = 7.8 Hz, 0.6H) and 7.25 (d, J = 7.8 

Hz, 0.4H), 7.21 – 7.14 (m, 1H), 4.11 (quint, J = 7.0 Hz, 1H), 3.71 – 3.46 

(m, 3H), 3.30 – 3.11 (m, 3H), 2.66 – 2.51 (m, 1H), 2.44 – 2.34 (m, 1H), 

2.33 – 2.12 (m, 2H), 2.04 (q, J = 9.7 Hz, 1H), 1.94 (q, J = 9.7 Hz, 1H), 

1.69 – 1.49 (m, 1H, 1.06 (d, J = 7.0 Hz, 2.4H), 1.04 (d, J = 7.0 Hz, 3.6H). 
13C NMR (126 MHz, DMSO-d6) δ 172.8, 164.8 and 163.7, 149.5 and 

149.3, 136.9 and 136.8, 122.1 and 121.9, 121.7 and 121.6, 57.2 and 

57.0, 49.9 and 48.2, 42.6, 39.0, 37.4 and 35.6, 37.2 and 35.3, 35.7 and 

34.8, 27.3 and 27.1, 19.9. LCMS (CI): m/z = 274 [M+H]+. Anal. Calcd. for 

C16H23N3O: C 70.30; H 8.48; N 15.37. Found: C 69.94; H 8.49; N 15.71. 

3-((3-(Pyridin-2-yl)cyclobutyl)amino)-1-(2,2,2-trifluoroethyl)-

pyrrolidin-2-one (15{1,27}). The compound was obtained as ca. 2:1 

mixture of diastereomers. Yield 60.8 mg (50%); brownish oil. 1H NMR 

(500 MHz, DMSO-d6) δ 8.52 (d, J = 5.2 Hz, 0.33H) and 8.51 – 8.44 (m, 

0.67H), 7.68 (t, J = 7.5 Hz, 1H), 7.27 (d, J = 8.2 Hz, 0.67H) and 7.25 (d, J 

= 9.5 Hz, 0.33H), 7.20 – 7.14 (m, 1H), 4.11 – 3.99 (m, 2H), 3.74 – 3.59 

(m, 1H), 3.58 – 3.46 (m, 2H), 3.35 (quint, J = 8.1 Hz, 2H), 3.18 (quint, J = 

8.1 Hz, 1H), 2.44 – 2.35 (m, 1H), 2.32 – 2.15 (m, 2H), 2.03 (q, J = 9.3 Hz, 

1H), 1.96 (q, J = 9.3 Hz, 1H), 1.73 (quint, J = 8.7 Hz, 1H). 13C NMR (126 

MHz, DMSO-d6) δ 175.2, 164.8 and 163.7, 149.5 and 149.3, 136.8 and 

136.8, 125.1 (q, J = 280.6 Hz), 122.0 and 121.9, 121.7 and 121.6, 55.9 

and 55.8, 49.8 and 48.2, 45.3, 43.9 (q, J = 33.3 Hz), 37.5 and 35.7, 37.3 

and 35.4, 35.7 and 34.8, 27.6 and 27.4. 19F NMR (470 MHz, DMSO-d6) δ 

-68.7 (t, J = 9.6 Hz). LCMS (CI): m/z = 314 [M+H]+. Anal. Calcd. for 

C15H18F3N3O: C 57.50; H 5.79; N 13.41. Found: C 57.19; H 5.45; N 

13.22. 

1-Cyclopropyl-3-((3-(pyridin-2-yl)cyclobutyl)amino)pyrrolidin-2-one 

(15{1,34}). The compound was obtained as ca. 4:1 mixture of 

diastereomers. Yield 43.9 mg (43%); yellow oil. 1H NMR (500 MHz, 

DMSO-d6) δ 8.51 (d, J = 4.8 Hz, 0.2H) and 8.48 (d, J = 4.7 Hz, 0.8H), 

7.67 (t, J = 7.1 Hz, 1H), 7.25 (d, J = 7.8 Hz, 1H), 7.19 – 7.15 (m, 1H), 

3.51 – 3.42 (m, 1H), 3.29 – 3.24 (m, 2H), 3.19 – 3.13 (m, 2H), 2.93 (dd, J 

= 9.5, 4.4 Hz, 1H), 2.60 (quint, J = 5.9 Hz, 1H), 2.39 (dd, J = 16.5, 7.5 Hz, 

2H), 2.12 (q, J = 9.1 Hz, 1H), 2.02 (dd, J = 16.6, 5.4 Hz, 1H), 1.93 (q, J = 

9.9 Hz, 2H), 0.62 – 0.58 (m, 4H). 13C NMR (126 MHz, DMSO-d6) δ 173.9, 

164.9 and 163.8, 149.5 and 149.3, 136.8, 122.0 and 121.9, 121.7 and 

121.5, 53.5, 49.6 and 49.4, 49.2 and 48.3, 38.1 and 36.0, 38.1 and 36.2, 

35.0, 25.4, 4.9, 4.6. LCMS (CI): m/z = 272 [M+H]+. Anal. Calcd. for 

C16H21N3O: C 70.82; H 7.80; N 15.49. Found: C 70.43; H 8.13; N 15.48. 

(3-((3-(Pyridin-2-yl)cyclobutyl)amino)tetrahydrofuran-3-yl)methanol 

(15{1,39}). Yield 44.9 mg (40%); colorless oil. 1H NMR (500 MHz, CDCl3) 

δ 8.56 (d, J = 5.0 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H), 7.18 – 7.08 (m, 2H), 

3.95 (q, J = 7.9 Hz, 1H), 3.86 (q, J = 8.2 Hz, 1H), 3.70 – 3.64 (m, 1H), 

3.61 – 3.55 (m, 2H), 3.52 – 3.45 (m, 1H), 3.35 (quint, J = 7.9 Hz, 1H), 

3.24 (quint, J = 8.9 Hz, 1H), 2.79 – 2.66 (m, 2H), 2.38 (s, 1H), 2.29 (quint, 

J = 10.0 Hz, 1H), 2.14 (q, J = 9.9 Hz, 2H), 1.90 (dt, J = 13.4, 6.7 Hz, 1H), 

1.80 (dt, J = 13.4, 7.5 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 163.2, 

149.3, 136.3, 121.6, 121.2, 75.6, 67.5, 66.4, 64.8, 45.2, 39.9, 39.6, 35.2, 

34.6. LCMS (CI): m/z = 249 [M+H]+. Anal. Calcd. for C14H20N2O2: C 

67.72; H 8.12; N 11.28. Found: C 67.81; H 7.98; N 11.51. 

3-(((3-(Pyridin-2-yl)cyclobutyl)amino)methyl)tetrahydrofuran-3-ol 

(15{1,47}). Yield 31.2 mg (28%); brownish oil. 1H NMR (500 MHz, CDCl3) 

δ 8.56 (d, J = 4.9 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.19 – 7.08 (m, 2H), 

4.01 (q, J = 8.1 Hz, 1H), 3.91 (td, J = 8.5, 3.6 Hz, 1H), 3.75 (d, J = 9.2 

Hz, 1H), 3.63 (d, J = 9.1 Hz, 1H), 3.42 – 3.19 (m, 2H), 2.82 – 2.70 (m, 

3H), 2.68 – 2.18 (m, 4H), 2.08 (q, J = 9.5 Hz, 1H), 2.02 – 1.95 (m, 1H), 

1.91 – 1.82 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 163.4, 149.3, 136.4, 

121.8, 121.3, 79.4, 77.6, 67.7, 53.2, 50.5, 38.8, 36.8, 36.8, 34.8. LCMS 

(CI): m/z = 249 [M+H]+. Anal. Calcd. for C14H20N2O2: C 67.72; H 8.12; N 

11.28. Found: C 67.67; H 8.19; N 11.65. 
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