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Discussion 

N-(4-Bromobutyl)phthalimide was prepared from phthalimide via alkylation with excess of 

1,4-dibromobutane to suppress formation of diphthalimide product1. Bromo- derivative was converted 

to Iodo- with Finkelstein reaction2, to enhance reactivity in next step, and used without purification. 

Reaction with NaNO2 in DMSO was chosen for substitution of iodo- to nitro- group. While it provided 

lower yields of (I.) than procedures described in literature3,4 using AgNO2 it uses much cheaper and 

readily available reagent. N-(Phenylmethyl)-2-piperidinemethanamine (II.) was prepared via reductive 

amination from racemic 2-aminomethylpiperidine according to5 and reacted with 

N-(4-Nitrobutyl)phthalimide (I.) to obtain mixture of two enantiomeric pairs (III.a) and (III.b). While 

these diastereomers was firstly separated with chromatography (Hexane/Ethyl acetate) on silica gel 

column, it was found that desired (4R,10*R) + (4S,10*S) (III.b) enantiomeric pair partially crystalizes 

from solution of both products. Absolute configuration was determined with single-crystal X-ray 

diffraction analysis of both isomers. Only (4R,10*R) + (4S,10*S) (III.b) diastereomer was used in 

following reactions while retention of configuration was assumed. Catalytic hydrogenation provided 

reduction of nitro to amino group and debenzylation in one step. Presence of diluted HCl in reaction 

mixture was found to speed up reaction and drive it to completion. Resulting amine (IV.) was directly 

alkylated with excess of t-butyl bromoacetate and the product (V.) was purified with flash 

chromatography. In next step, phthalimide protective group was removed with hydrazine and free 

amine (VI.) separated with preparative HPLC chromatography.  

Firstly, DBCO acid was coupled directly to this t-butyl ester derivative, but subsequent trials to remove 

t-butyl protective group failed. Various conditions were tried (trifluoroacetic acid neat or diluted, with 

radical scavengers like TIPS, formic acid of various concentrations) but satisfactory deprotection was 

not achieved. Instead, DBCO moiety detached invariably. While some literature6,7 claims successful t-

butyl ester deprotection with preservation of DBCO in molecule, our observation corresponded to lit.8,9 

where DBCO rearranges to strain-promoted azide–alkyne cycloaddition (SPAAC) nonreactive 

tetracyclic compound. 

To address this problem, t-butyl esters was cleaved first from deprotected amine (tBu3-PIDAZTA-A-

NH2) (VI.) to form free ligand (PIDAZTA-A-NH2) (VII.) and subsequent reaction with active NHS ester of 

DBCO acid (VIII.) provided target compound (PIDAZTA-A-DBCO) (IX.). 
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Experimental 

 

N-(4-Bromobutyl)phthalimide: Phtalimide (20 g; 136 mmol), K2CO3 (50 g; 362 mmol) were dissolved in 

acetone (250 ml). 1,4-dibromobutane (87 g; 403 mmol) was added and the reaction mixture was 

stirred under reflux and checked periodically with TLC. After 12 h the reaction was completed, 

inorganic salts were filtered off and filtrate was evaporated on rotary vacuum evaporator (RVE) (70 °C, 

8 torr). Resulting product was recrystallized from Ethyl Acetate/Hexane and 34.5 g (90 % yield) of 

white crystalline product was obtained. 

1
H NMR (400 MHz, Chloroform-d) δ 7.96 – 7.80 (m, 2H), 7.79 – 7.62 (m, 1H), 3.75 (t, 

3
JHH = 6.7 Hz, 2H), 3.46 (t, 

3
JHH = 6.4 Hz, 2H), 2.01 – 1.79 (m, 4H). 

13
C NMR (101 MHz, CDCl3) δ 168.38, 134.01, 132.06, 123.28, 36.97, 32.79, 29.85, 27.26. 

 

 

 

 

N-(4-Nitrobutyl)phthalimide (I.): 4-bromobutylenphtalimide (34.5 g, 122 mmol) and KI (30 g, 181 

mmol) were dissolved in acetone (200 ml) and heated under reflux for 11 hours. Then, inorganic solid 

was filtered off and solvent was evaporated on RVE. Resulting solid was dissolved in DMSO (200 ml), 

NaNO2 (8.5 g, 123 mmol) was added and the solution was stirred at 30 °C for 15 hours. Reaction 

mixture was then diluted with water (500 ml) and extracted three times with ethyl acetate (3 x 150 

ml). Joined organic fractions were washed with brine (2 x 100 ml), dried over MgSO4 and evaporated 

on RVE. Thus obtained residue (about 25 g) was separated on silica gel chromatography with 

Hexane/Ethyl acetate gradient mobile phase. Fractions containing product were joined, evaporated 

and resulting white solid was recrystallized from hot MeOH. Product N-(4-Nitrobutyl)phthalimide (I.) 

(10.1 g, 40.7 mmol) was obtained as white crystals in 33.5 % yield. 

1
H NMR (400 MHz, Chloroform-d) δ 7.75 (td, J = 5.3, 2.1 Hz, 2H), 7.70 – 7.61 (m, 2H), 4.41 (t, J = 6.9 Hz, 2H), 

3.68 (t, J = 6.9 Hz, 2H), 2.14 – 1.89 (m, 2H), 1.84 – 1.65 (m, 2H). 
13

C NMR (101 MHz, CDCl3) δ 168.24, 134.08, 131.87, 123.23, 74.78, 36.71, 25.32, 24.48. 
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N-(Phenylmethyl)-2-piperidinemethanamine (II.): Racemic 2-aminomethylpiperidine (10.2 g, 89.3 

mmol) was dissolved in dichloromethane (DCM) (30 ml) and solution of benzaldehyde (10.4 g, 98 

mmol) in DCM (10 ml) was added slowly. The reaction mixture heated spontaneously and turned 

turbid. Anhydrous Na2SO4 (7 g, 49 mmol) was added to the solution and the mixture was stirred at 20 

°C for 1.5 hours. Then, inorganic salt was filtered off and solution was evaporated on RVE. Resulting 

yellow oil (about 19 g) was dissolved in methanol (30 ml) and NaBH4 (3.5 g, 92.6 mmol) was added 

during 30 minutes that resulted in intensive foaming. Methanol (10 ml) was added and the reaction 

mixture was stirred at 20 °C for 5 hours before more methanol (30 ml) was added and the reaction 

mixture was stirred under reflux for 1.5 hours. Then, reaction mixture was cooled down and excess of 

concentrated HCl (25 ml) was slowly added before the solution was evaporated on RVE (50 °C, 8 torr). 

Obtained residue was dissolved in 3% HCl (50 ml) and washed twice with DCM (25 ml), water phase 

was basified with NaOH (25 g) and extracted with DCM (3 x 30 ml).  Joined organic fractions were dried 

with Na2SO4 and evaporated to obtain product (II.) as viscous pale yellow oil (17.0 g, 83 mmol) that 

solidifies to white mass during few days in fridge. 

1
H NMR (400 MHz, Chloroform-d) δ 7.32 (s, 1H), 7.31 (s, 2H), 7.24 (ddd, J = 8.7, 5.1, 3.7 Hz, 1H), 3.78 (d, J = 

2.6 Hz, 2H), 3.14 – 3.02 (m, 1H), 2.72 – 2.46 (m, 4H), 1.91 (s, 2H), 1.84 – 1.72 (m, 1H), 1.59 (dddt, J = 13.1, 8.1, 

4.6, 2.2 Hz, 2H), 1.50 – 1.26 (m, 2H), 1.12 (tdd, J = 12.4, 10.4, 3.8 Hz, 1H). 
13

C NMR (101 MHz, CDCl3) δ 140.62, 128.36, 128.06, 126.87, 56.67, 55.38, 54.19, 46.79, 30.85, 26.59, 24.67. 
 
 
 
 
 
 

 

N-(Phenylmethyl)-2-piperidinemethanamine (II.) (8.0 g, 39 mmol), N-(4-Nitrobutyl)phthalimide (I.) 

(10.0 g, 40 mmol)  and paraformaldehyde (4.0 g, 133 mmol) were dissolved in 1:1 mixture of toluene 

and ethanol (240 ml) and stirred at 60 °C while progress of the reaction was checked periodically with 

TLC. After 20 hours the reaction was completed, solvent was evaporated on RVE and the residue 

dissolved in ethyl acetate (100 ml) was filtered over short plug of silica. Filtrate was evaporated on RVE 

and obtained residue was dissolved in minimal volume of hot 1:1 mixture of methanol and ethyl 

acetate and left overnight to crystalize. Crystals were filtered off, washed with cold methanol and 

dried under vacuum to obtain wanted (4R, 10a*R) (III.b) diastereomer (3.8 g). After recrystallization 

from hot methanol product (3.4 g, 6.9 mmol) was obtained as colourless crystals in 17 % yield. To 

unambiguously determine chirality of both isomers, small portion of reaction mixture was separated 
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on flash chromatography silica gel column with Hexane/ethyl acetate (8:2). Each of separated isomers 

was crystalized from MeOH to obtain single-crystal suitable for X-ray diffraction analysis.   

 (III.a) (4R, 10a*S)  

1
H NMR (400 MHz, Chloroform-d) δ 7.81 (dd, J = 5.5, 3.1 Hz, 2H), 7.70 (dd, J = 5.4, 3.1 Hz, 2H), 7.31 – 7.26 (m, 

4H), 7.23 (p, J = 4.1 Hz, 1H), 3.67 (d, J = 13.0 Hz, 1H), 3.54 (d, J = 13.0 Hz, 1H), 3.44 (td, J = 6.8, 1.9 Hz, 2H), 

3.26 (dd, J = 14.3, 6.7 Hz, 2H), 2.96 (t, J = 15.0 Hz, 2H), 2.89 – 2.74 (m, 2H), 2.38 – 2.25 (m, 1H), 2.19 (t, J = 

11.7 Hz, 1H), 2.12 (s, 1H), 1.77 – 1.65 (m, 1H), 1.64 – 1.56 (m, 2H), 1.56 – 1.46 (m, 1H), 1.44 – 1.28 (m, 4H), 

1.19 – 1.02 (m, 2H). 
13

C NMR (101 MHz, CDCl3) δ 168.18, 139.11, 133.99, 131.93, 129.14, 128.35, 127.32, 123.25, 93.67, 66.75, 

64.58, 64.22, 63.81, 59.88, 57.66, 37.34, 34.54, 30.74, 25.97, 23.46, 22.49. 

TLC (Hexane/ethyl acetate; 8:2) Rf : 0.42 

MS (ESI): m/z[M+H]+ = 477.4 

(III.b) (4R, 10a*R) 

1
H NMR (400 MHz, Chloroform-d) δ 7.86 (dd, J = 5.4, 3.1 Hz, 2H), 7.74 (dd, J = 5.5, 3.0 Hz, 2H), 7.32 – 7.19 (m, 

5H), 3.74 (d, J = 13.3 Hz, 1H), 3.67 (t, J = 7.1 Hz, 3H), 3.57 (d, J = 13.3 Hz, 1H), 3.42 (d, J = 13.7 Hz, 1H), 2.88 

– 2.65 (m, 4H), 2.39 – 2.25 (m, 1H), 2.20 – 2.11 (m, 1H), 2.11 – 1.90 (m, 3H), 1.77 – 1.60 (m, 1H), 1.60 – 1.46 

(m, 2H), 1.40 – 1.25 (m, 3H), 1.21 – 1.07 (m, 1H), 1.06 – 0.93 (m, 1H). 
13

C NMR (101 MHz, CDCl3) δ 168.26, 139.26, 134.02, 132.02, 128.69, 128.23, 127.12, 123.29, 94.35, 65.35, 

64.40, 63.35, 61.60, 58.59, 37.52, 33.80, 30.53, 26.01, 23.49, 22.73. 
 

TLC (Hexane/ethyl acetate; 8:2) Rf :0.38 

MS (ESI): m/z[M+H]+ = 477.4 

 

 

 

Nitro- derivative (III.b) (3.4 g, 6.9 mmol) was dissolved in autoclave in mixture of MeOH (50 ml) and 3% 

HCl (15 ml). 10% Pd@C (500 mg) was added, the vessel was pressurized to 9 atmospheres with 

hydrogen and the mixture was vigorously stirred at laboratory temperature for 3 days while progress 

of the reaction was checked with HPLC-MS and the pressure was kept at 9 atmospheres. After 

completion of the reaction Pd@C was filtered off and the solution was evaporated on RVE and the 

resulting residue was directly used in alkylation. The residue was dissolved in acetonitrile (50 ml), 

K2CO3 (8.0 g, 58 mmol) and t-butyl bromoacetate (5.0 g, 26 mmol) were added and the reaction 

mixture was stirred at 50 °C while periodically checked with HPLC-MS. After 3 days while the reaction 

was still not completed, more t-butyl bromoacetate (1.5 g, 7.7 mmol) and K2CO3 (2.0 g, 14.5 mmol) 

was added and the reaction was completed in next 2 days. Reaction mixture was filtered and 

evaporated on RVE and the resulting residue was separated with flash chromatography on silica gel 

column with CH2Cl2/MeOH/(28% aq.) NH4OH 10:1:0.1 v/v mobile phase. Fractions containing pure 
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product, as detected with HPLC-MS, were joined and evaporated to obtain product (V.) (1.26 g, 1.8 

mmol) as pale yellow oil. 

 

1
H NMR (300 MHz, Chloroform-d) δ 7.84 (ddd, J = 5.5, 3.0, 1.2 Hz, 2H), 7.77 – 7.61 (m, 2H), 3.81 – 3.57 (m, 

4H), 3.46 (d, J = 17.4 Hz, 2H), 3.20 (s, 2H), 2.92 (t, J = 12.7 Hz, 2H), 2.80 – 2.59 (m, 3H), 2.39 – 2.24 (m, 1H), 

2.10 (d, J = 13.8 Hz, 3H), 1.76 (dd, J = 25.4, 10.9 Hz, 2H), 1.59 (d, J = 11.3 Hz, 1H), 1.46 (s, 9H), 1.45 – 1.40 (m, 

18H), 1.38 – 1.01 (m, 6H), 0.94 (dd, J = 36.9, 9.9 Hz, 1H). 
13

C NMR (101 MHz, CDCl3) δ 169.35, 168.37, 134.05, 131.95, 123.30, 82.70, 63.60, 62.49, 60.90, 60.20, 59.26, 

55.85, 53.16, 49.97, 37.84, 32.54, 28.33, 28.15, 27.98, 24.16, 22.43, 21.40, 19.22. 

 

MS (ESI): m/z[M+H]+ = 699.4 

 

 

 

 

tBu3-PIDAZTA-A-NH2: Phthalimide derivative  (600 mg, 0.86 mmol) was dissolved in MeOH (15 ml) and 

N2H4·H2O (64 mg, 1.28 mmol) was added. Reaction mixture was heated under reflux for 3 h. Then, 

solvent was evaporated on RVE and the residue was dissolved in CH2Cl2 (10 ml), insoluble hydrazine 

phthalimide was filtered off and washed with CH2Cl2 (5 ml). Joined organic parts were evaporated and 

thus obtained product was purified with preparative HPLC on C18 column (Luna 5µm 100Å 250 x 21.5 

mm) with H2O/MeCN (0.1% trifluoroacetic acid as modifier) gradient (35-85 %) mobile phase. Product 

(VI.) (410 mg, 0.46 mmol) was obtained as pale yellow glassy solid after lyophilisation of joined 

fractions with pure product. 

1
H NMR (600 MHz, Chloroform-d) δ 8.33 (s, 3H), 3.63 (t, J = 19.8 Hz, 2H), 3.53 – 3.38 (m, 3H), 3.34 (d, J = 12.2 

Hz, 2H), 3.25 (s, 2H), 3.19 (d, J = 14.0 Hz, 1H), 3.08 (dd, J = 15.7, 6.4 Hz, 2H), 2.94 (dd, J = 27.9, 15.0 Hz, 3H), 

2.77 (t, J = 13.2 Hz, 1H), 1.94 (d, J = 13.1 Hz, 1H), 1.87 – 1.82 (m, 3H), 1.77 – 1.69 (m, 2H), 1.69 – 1.59 (m, 3H), 

1.47 (s, 27H). 
13

C NMR (151 MHz, CDCl3) δ 169.36, 82.79, 82.65, 82.48, 63.12, 62.34, 60.70, 60.51, 59.09, 55.93, 52.46, 50.12, 

39.84, 31.77, 28.10, 27.96, 23.94, 21.60, 21.22, 19.15. 

 
 

Elemental analysis for C30H56N4O6 ∙ 2.75 TFA ∙ 0.5 H2O – found: C-47.72 %; H-6.72 %; N-6.25 %  

– calculated: C-47.83 %; H-6.76 %; N-6.29 % 

MS (ESI): m/z[M+H]+ = 569.2 
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PIDAZTA-A-NH2: t-butyl ester derivative (VI.) (250 mg, 0.28 mmol) was dissolved in cleavage mixture 

(3 ml) of trifluoroacetic acid/CH2Cl2/triisopropyl silane/H2O 85:10:2.5:2.5 v/v and stirred at laboratory 

temperature overnight. Reaction mixture was then evaporated on RVE to dryness and five times 

dissolved in water (3 ml) and evaporated to dryness on RVE. Product (197 mg, 0.27 mmol) was 

obtained after lyophilisation from water (3 ml) as almost colourless glassy solid. 

1
H NMR (600 MHz, D2O) δ 3.76 (bs, 3H), 3.65 (s, 1H), 3.62 (s, 1H), 3.46 – 3.38 (m, 4H), 3.31 (d, J = 8.6 Hz, 

2H), 3.20 (d, J = 14.8 Hz, 1H), 3.14 (dd, J = 15.4, 6.6 Hz, 1H), 3.02 (d, J = 14.5 Hz, 1H), 2.82 (t, J = 7.7 Hz, 2H), 

2.76 (d, J = 14.8 Hz, 1H), 2.60 (dd, J = 15.5, 10.8 Hz, 1H), 1.81 (dq, J = 14.7, 7.6, 6.9 Hz, 1H), 1.78 – 1.74 (m, 

2H), 1.71 – 1.66 (m, 1H), 1.65 – 1.56 (m, 1H), 1.50 (ddd, J = 12.6, 10.1, 7.7 Hz, 1H), 1.48 – 1.41 (m, 1H), 1.42 – 

1.36 (m, 1H), 1.31 (dd, J = 9.9, 7.0 Hz, 2H). 
13

C NMR (151 MHz, D2O) δ 174.88, 174.85, 63.04, 62.25, 60.19, 58.74, 58.71, 55.23, 52.34, 39.44, 31.37, 23.53, 

21.00, 20.89, 18.85. 
 

Elemental analysis for C18H32N4O6 ∙ 2.7 TFA ∙ 0.5 H2O – found: C-39.13 %; H-5.06 %; N-7.84 %  

– calculated: C-39.18 %; H-5.02 %; N-7.81 % 

MS (ESI): m/z[M+H]+ = 401.3 

 

 

 

PIDAZTA-A-DBCO: 11,12-Didehydro-γ-oxodibenz[b,f]azocine-5(6H)-butanoic acid (DBCO acid) (91.5 
mg, 0.30 mmol) was dissolved in CH2Cl2 (4 ml), N-hydroxysukcinimide (NHS) (34.5 mg, 0.30 mmol) and 
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) (60 mg, 0.39 mmol) was added and the reaction 
mixture was stirred at laboratory temperature for 4 hours. Then, reaction mixture was washed three 
times with brine (3 x 3 ml), dried with Na2SO4 and evaporated on RVE at 30 °C. White microcrystalline 
powder (115 mg) thus obtained was >98 % pure 2,5-Dioxo-1-pyrrolidinyl 11,12-didehydro-γ-
oxodibenz[b,f]azocine-5(6H)-butanoate (VIII.) (DBCO–NHS) according to HPLC-MS and was used 
without further purification.  
PIDAZTA-A-NH2  2.7 TFA ∙0.5 H2O (VII.) (120 mg, 0.17 mmol) was dissolved in DMSO (4 ml) with 

DBCO-NHS (VIII.) (80 mg, 0.20 mmol) freshly prepared as stated above and Et3N (200 µl, 1.43 mmol). 

Reaction mixture was stirred for 3 hours and then evaporated on RVE (30 °C, 5 torr). Thus obtained 
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residue was dissolved in MeCN/H2O 1:2 mixture (5 ml) and lyophilized overnight. Resulting solid was 

subjected to preparative HPLC on C18 column (Luna 5µm 100Å 250 x 21.5 mm) with H2O/MeCN (0.1% 

trifluoroacetic acid as modifier) gradient (35-90 %) and fractions containing pure product according to 

HPLC-MS were joined and lyophilized. Product (IX.) (45 mg, 0.05 mmol) was obtained as fine white 

powder. 

1
H NMR (400 MHz, Methanol-d4) δ 7.67 (dt, J = 7.3, 2.3 Hz, 1H), 7.62 (ddt, J = 5.7, 4.5, 2.4 Hz, 1H), 7.51 – 7.45 

(m, 3H), 7.41 – 7.32 (m, 2H), 7.27 (dd, J = 7.1, 1.9 Hz, 1H), 5.16 (dd, J = 14.0, 2.2 Hz, 1H), 3.81 (s, 2H), 3.73 (d, 

J = 14.0 Hz, 1H), 3.68 – 3.52 (m, 2H), 3.53 – 3.45 (m, 2H), 3.45 – 3.35 (m, 3H), 3.27 – 3.15 (m, 2H), 3.09 (d, J = 

14.0 Hz, 2H), 3.00 (d, J = 6.5 Hz, 1H), 2.86 (d, J = 14.8 Hz, 1H), 2.81 – 2.66 (m, 2H), 2.35 (dtd, J = 15.2, 7.5, 4.9 

Hz, 1H), 2.15 (dtd, J = 15.0, 7.3, 5.9 Hz, 1H), 1.97 (ddt, J = 16.4, 7.0, 5.8 Hz, 1H), 1.85 (d, J = 16.5 Hz, 2H), 1.80 

– 1.71 (m, 2H), 1.71 – 1.60 (m, 1H), 1.53 (d, J = 14.4 Hz, 2H), 1.43 – 1.30 (m, 2H), 1.26 (dd, J = 11.7, 8.2 Hz, 

2H). 
13

C NMR (101 MHz, MeOD) δ 173.07, 173.05, 172.77, 151.28, 148.07, 132.04, 132.02, 129.20, 129.18, 128.60, 

128.28, 127.78, 127.49, 126.72, 125.07, 122.99, 122.33, 114.16, 107.36, 63.28, 62.52, 60.12, 58.85, 58.62, 55.33, 

54.96, 52.43, 39.10, 32.27, 30.47, 30.44, 29.84, 29.78, 23.59, 22.67, 21.31, 19.08. 

 

Elemental analysis for C37H45N5O8 ∙ 2.1 TFA ∙ 0.4 H2O – found: C-52.90 %; H-5.16 %; N-7.56 %  

– calculated: C-52.96 %; H-5.17 %; N-7.49 % 

MS (ESI): m/z[M+H]+ = 688.2 
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