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Abstract  

The title compounds were synthesized starting from homophthalic anhydride and a ketimine. The 

structure of 1'-methyl-1-oxo-2-(pyridine-3-yl-methyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-

piperidine]-4-carboxylic acid was studied by X-ray analysis, ab initio and DFT calculations and 

the similarity between the conformation in crystalline hydrate state and in water solution was 

inferred. Derivatives of the parent compound were synthesized and studied by means of 

theoretical calculations. 
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Introduction 

 

Tetrahydroisoquinolines are a wide class of compounds with a broad range of biological 

activities including antitumor,1 antibacterial, antiallergic, and psychotropic.2 The 

tetrahydroisoquinoline fragment is present in a number of plant alkaloids.3 In addition these 

compounds are also attractive objects for stereochemical studies, since they display variable 

conformational behavior depending on the substituents that are introduced.4 Their synthesis is a 

field of ongoing interest for synthetic organic chemistry because of their properties and for 

elucidation of the structure-activity relationship.5 Various methods for the synthesis of 

tertrahydroisoquinolines are known; amongst them is the reaction of homophthalic anhydride 

with imines.6 This method has the advantage of constructing the tetrahydroisoquinoline fragment 

and introducing three substituents in a single step. 
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As continuation of our studies of new heterocyclic compounds with expected 

pharmacological activities,4,6a,b,7 emphasizing the scope and limitations of the reaction between 

homophthalic anhydride and compounds containing activated double bonds, a series of new 

tetrahydroisoquinolinones was synthesized. In a recent paper4 we described the conformations of 

3-(furan-3-yl)-2-phenethyl-4-(pyrrolidine-1-carbonyl)-3,4-dihydroisoquinolin-1(2H)-one dedu-

ced by X-ray analysis, dynamic NMR techniques and ab initio and DFT calculations. 

Here we present the synthesis of 1'-methyl-1-oxo-2-(pyridine-3-yl-methyl)-2,4-dihydro-1H-

spiro[isoquinoline-3,4'-piperidine]-4-carboxylic acid 1 and its derivatives. The structures of the 

obtained compounds were studied by X-ray analysis, ab initio and DFT calculations. So far in 

the literature, few 3-spiroisoquinoline carboxylic acids synthesized by reaction of homophthalic 

anhydride and ketimines6c,8 are described but none of them are prepared from an imine 

originating from heterocyclic ketones. 

 

Results and Discussion 

 

The acid 1 was synthesized by reaction of homophthalic anhydride 2 and the heterocyclic 

ketimine 3 (N-(methylpiperidine-4-ylidene)-N-(pyridin-3-ylmethyl)amine) (Scheme 1) and was 

isolated in analytically pure form by filtration and simple washing with CH2Cl2 (93% yield). 

Upon standing in air the compound gained one and a half molecules of water and changed its 

composition to (acid)2(H2O)3. As expected and indicated by IR spectra (two bands at 1410 and 

1610 cm-1 assigned for the symmetrical and antisymmetrical vibration of carboxylate anion) and 

X-ray analysis (see Figure 1) the acid 1 exist as a zwitterion. 

 

 
 

Scheme 1. Synthesis of carboxylic acid 1: ClCH2CH2Cl, rt, 5h. 

 

The structure of 1 in solid state was characterized by single-crystal X-ray diffraction 

analysis9 (Figure 1). Single crystals of 1 with four water molecules in an asymmetric unit were 

obtained by slow evaporation from water/methanol solution. The crystals were isolated directly 

from the solution and mounted on a capillary. If kept in air outside the solution, spontaneous loss 

of water occurs, the crystals degrade and the composition reverts to (acid)2(H2O)3. The bond 

lengths and angles of 1 are comparable to those observed in other quinoline derivatives.10 The 

charge transfer effect is expressed through the similarity of the C-O distances of 1.243(4) and 
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1.252(4) Å within the carboxyl group. The tetrahydroisoquinolin-1-one and picolyl ring systems 

are nearly planar with respective rms deviation of 0.164(5) and 0.007(5) Å. They are attached to 

each other in a conformationally fluxional way; the dihedral angle between their mean planes is 

83.74(8)°. The piperidine adopts a chair conformation, moving the spiro-carbon atom out of the 

quinolinone plane by 0.355(2) Å. The tetrahydroisoquinoline-1-one moieties build up chains 

parallel to b through a single N3-H3N...O3 charge assisted hydrogen bond (Table 1). In the 

asymmetric unit of 1 each molecule is surrounded by four water molecules. 

 

   
A       B 

 

Figure 1. (A) ORTEP drawing of the basic crystallographic unit of acid 1 (S-enantiomer is 

shown), the hydrogen atoms are shown as small sphere of arbitrary radii. (B) A view of the 

molecular packing in 1 x 4H2O. All hydrogen atoms have been omitted for clarity. 

 

Table 1. Hydrogen bonds (Å) in 1  

D—H···A 

 

D—H H···A D···A D—H···A (º) 

N3—H3N···O3i 0.95 1.901 2.706 (4) 141.41 

N2—H2···Ow4 0.86 2.127 2.951 (5) 160.16 

Ow1—

HW1A···Ow3ii 

0.90 2.050 2.802 (4) 140.43 

Ow1—HW1B···O2 0.85 2.015 2.849 (4) 165.60 

Ow2—HW2A···O1 0.82 2.058 2.826 (4) 155.82 

Ow2—HW2B···O2 iii 0.90 2.222 3.000 (6) 144.96 

Ow3—

HW3A···Ow1iv 

0.84 2.196 2.742 (4) 122.43 

Ow3—

HW3B···Ow2v 

0.83 2.282 3.107 (6) 172.46 

Ow4—HW4A···N2 0.86 2.207 2.951 (5) 144.03 

Ow4—

HW4B···Ow2ii 

1.00 2.006 2.872 (4) 143.22 

Symmetry codes: (i)    -x+1/2, y+1/2, -z+1/2; (ii) x+1/2, -y+1/2, -z+1/2; (iii) I-1/2, -y+1/2, z-1/2; 

(iv) -x-1/2, y-1/2, -z+1/2 ; (v) -x, -y, -z; (vi) -x-1/2, y-1/2, -z+1/2. 
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The water molecules play a crucial role for the stabilization of the crystal structure. They are 

responsible for the formation of an extensive three-dimensional hydrogen bonding network 

between themselves and the tetrahydroisoquinoline-1-one molecules (Table 1). This arrangement 

suggests similarity between the conformation in crystalline hydrate state and in water solution, 

which can correlate with an in vivo conformation of the molecule. The obtained structural data 

can provide insight for similar isoquinolinones, for which the structures in solution are not 

known. 

To further study the structure of acid 1, ab initio and DFT calculations were performed using 

the GAUSSIAN 03 suite of programs.11 The geometry of 1 was elucidated by calculations at 

HF/6-31+G** and B3LYP/6-31+G** levels. The B3LYP/6-31+G** optimized geometry of 

zwitterionic form of acid 1 is presented on Figure 3. Selected interatomic distances are collected 

in Table 2 (the X-Ray numbering scheme is used). The obtained ab initio and DFT results for the 

geometry of zwitterionic form of 1 are in agreement with the X-ray data. 

 

Table 2. Selected experimental and calculated distances (Å) and bond angles (degrees) of the 

zwitterionic form of 1 and ap-6a 

Parameter 
1  ap-6a 

X-ray B3LYP HF  B3LYP HF 

Distances       

C1-C2 1.391(4) 1.403 1.393  1.400 1.390 

C2-C3 1.374(4) 1.391 1.381  1.394 1.385 

C3-C4 1.376(5) 1.402 1.392  1.399 1.388 

C4-C5 1.378(4) 1.394 1.383  1.397 1.387 

C5-C6 1.390(4) 1.403 1.393  1.400 1.389 

C1-C6 1.387(4) 1.399 1.382  1.399 1.385 

C1-C7 1.482(4) 1.485 1.486  1.495 1.495 

C7-N1 1.357(4) 1.391 1.373  1.379 1.362 

C8-N1 1.497(3) 1.483 1.472  1.495 1.483 

C8-C9 1.544(4) 1.560 1.555  1.565 1.559 

C6-C9 1.507(4) 1.497 1.501  1.514 1.513 

C7-O1 1.239(3) 1.233 1.205  1.234 1.207 

N1-C15 1.467(3) 1.465 1.458  1.468 1.462 

C8-C11 1.530(4) 1.563 1.545  1.549 1.427 

C9-C24 1.552(4) 1.601 1.571  1.548 1.538 

C24-O2 1.243(4) 1.243 1.221    

C24-O3 1.252(4) 1.263 1.238  1.232 1.206 

Torsion angles       

C7-N1-C8-C9 28.18 30.60 30.19  34.16 32.44 

N1-C8-C9-C6 44.59 41.17 42.80  49.09 49.09 

C1-C7-N1-C8 1.72 5.39 2.42  3.51 0.65 
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In the course of the present investigation derivatives of acid 1 were synthesized and studied 

as well (Scheme 2). Аcid chloride 4 was synthesized in a separate step and subsequently reacted 

with MeOH to the ester 5. Different reaction conditions were tested to increase the yield of acid 

chloride and thence - of 5. The best achieved yield was 53% after purification by column 

chromatography. Attempts to prepare the same compound by esterification with methanol/H2SO4 

were unsuccessful. When the reaction was carried out in methanol in the presence of thionyl 

chloride, only a small amount of the ester 5 (5%) was isolated. 

 

 
 

Entry Secondary amine Yield (%) 

6a  42 

6b  46 

6c  55 

6d 
 

53 

6e  75 

 

Scheme 2. Reagents and conditions: (a) SOCl2, DMF, 75°C, C6H6/CHCl3; (b) CH3OH, 60°C; (c) 

Secondary amine, THF, 10°C. 

 

Amides 6a-e were also synthesized through 4 and various heterocyclic secondary amines4,12 

(Scheme 2). It is worth noting that the obtained tetrahydroisoquinolines 6a-e contain four 

pharmacophoric groups: the lactam-amide fragment, pyridin-3-yl-methyl, N-methyl-piperidinyl 

and heterocyclic amido groups. 

Structural studies on 1'-methyl-2-(pyridin-3-yl-methyl)-4-(pyrrolidine-1-carbonyl)-2,4-

dihydro-1H-spiro[isoquinoline-3,4'-piperidin]-1-one 6a were also performed. The geometries of 

the two possible isomers of 6a (with different orientation of pyrrolidine fragment) were located 

by calculations at HF/6-31+G** and B3LYP/6-31+G** levels (Figure 2). 

To estimate the solvent effect (water) on the relative stabilities of amides, the PCM13 method 

was applied, as implemented in the GAUSSIAN 03 suite of programs at HF/6-31+G** and 

B3LYP/6-31+G** levels for the geometry optimized at the same levels of theory (PCM/HF/6-

31+G**//HF/6-31+G** and PCM/B3LYP/6-31+G**//B3LYP/6-31+G** respectively). 

 

HN

HN

HN F

HN O

HN
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ap-6a     sp-6a 

 

Figure 2. B3LYP optimized structures of amide 6a (antiperiplanar-(ap)- and synperiplanar-(sp)-

conformations of the proton H-4 and amide carbonyl group). 

 

Conformation ap-6a is preferred both in gas phase and in water solution (Table 3). The 

predicted geometry of ap-6a is very close to the geometry of unsubstituted compound 1 (see 

Figure 3 and Table 2). 

 

Table 3. Relative energies ΔET (kcal mol-1) of the isomers of amide 6 

 HF/6-31+G**  B3LYP/6-31+G** 

Species Gas phase PC

M 

 Gas phase PCM 

ap-6a 0.00 0.00  0.00 0.00 

sp-6a 1.70 5.29  0.71 4.11 

 

   
 

Figure 3. (A) Comparison of the X-ray determined structure of zwitterionic form of acid 1 

(green) and the optimized one. (B) Comparison of the X-ray determined structure of 1 (green) 

and optimized structure of amide ap-6a. 
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The ab initio and DFT calculated bond distances and bond angles for zwitterionic form of 1'-

methyl-1-oxo-2-(pyridine-3-yl-methyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-piperidine]-4-

carboxylic acid are in good agreement with the experimental ones. The calculations at the same 

levels performed for the 1'-methyl-2-(pyridin-3-yl-methyl)-4-(pyrrolidine-1-carbonyl)-2,4-

dihydro-1H-spiro[isoquinoline-3,4'-piperidin]-1-one suggest that the antiperiplanar conformer is 

favoured. 

 

Experimental Section  

 

General. All new synthesized compounds were purified by column chromatography and 

characterized on the basis of NMR and microanalytical data. NMR spectra were recorded on 

DRX Bruker Avance-250 (1H at 250.1 MHz; 13C at 62.9 MHz) and Bruker Avance II+ 600 (1H at 

600.1 MHz; 13C at 150.9 MHz) spectrometer, with TMS as the internal standard; J values are 

given in Hertz. Flash chromatography was performed on Silica Gel 60 (0.040–0.063 nm, Merck). 

Elemental analyses were performed by the Microanalytical Service Laboratory of Faculty of 

Chemistry, University of Sofia, using Vario EL3 CHNS(O). Melting points were determined on a 

Kofler hot stage. 

For description of the NMR spectral data the arbitrary numbering given in formula of amide 6c is 

used (Figure 4). 

 

 
 

Figure 4 

 

N-(1-Methylpiperidin-4-ylidene)-1-(pyridin-3-yl)methanamine (3). A mixture of equimolar 

amounts of 1-methylpiperidin-4-one and pyridin-3-ylmethanamine was heated at 100C for 45 

min. The pure product was isolated by vacuum distillation. Yield 76 %; bp 143-146С/2mmHg; 
1H NMR (250 MHz, CDCl3):  2.34 (s, 3H, -CH3), 2.27-2.32 (m, 2H, -CH2), 2.44-2.48 (m, 2H, -

CH2), 2.60-2.69 (m, 4H, -N-CH2), 4.52 (s, 2H, N-CH2), 7.23-7.25 (m, 1H, Py), 7.62-7.65 (m, 

1H, Py), 8.51-8.55 (m, 2H, Py); 13C NMR (60 MHz, CDCl3):   39.0(2CH2), 45.7(CH3), 

51.7(2CH2), 55.4 (N-CH2), 123.4, 134.8, 135.5, 148.2 (2C), 159.8 (-N=C-). 

1'-Methyl-1-oxo-2-(pyridin-3-yl-methyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-piperidine]-4-

carboxylic acid (1). To a stirred suspension of homophthalic anhydride 2 (0.0183 mol) in 15 ml 
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dry ClCH2CH2Cl at room temperature the solution of heterocyclic ketimine 3 (0.0183 mol) in 10 

ml dry ClCH2CH2Cl was added dropwise, and the mixture was stirred for 3 h. The obtained solid 

was filtered and washed with CH2Cl2. Yield 93 %; mp 208-210С (CH3OH); IR (nujol): 1660 

(CON), 1610 (COO - as), 1410 (COO - s); 1H NMR (250 MHz, CF3COOD):  2.05-2.11 (m, 2H, 

14-H), 2.33-2.43 (m, 1H, 14-H), 2.70-2.80 (m, 1H, 14-H), 3.00 (s, 3H, 16-H), 3.16-3.26 (m, 1H, 

15-H), 3.41-3.51 (m, 1H, 15-H), 3.51-3.69 (m, 2H, 15-H), 4.56 (s, 1H, 4-H), 4.66 (d, 1H, 9-H, J 

= 17.2 Hz), 5.65 (d, 1H, 9-H, J = 17.2 Hz), 7.38-7.40 (m, 1H, 6-H), 7.61-7.72 (m, 2H, 5-, 7-H), 

7.98-8.08 (m, 2H, 8-, 13-H), 8.57-8.68 (m, 2H, 11-, 12-H), 8.98 (s, 1H, 10-Н); 13C NMR (60 

MHz, CF3COOD):  29.6 (C-14), 30.2 (C-14), 42.8 (C-9), 43.7 (C-16), 47.5 (C-4), 51.3 (C-15), 

51.5 (C-15), 58.4 (C-3), 126.2, 127.7, 128.7, 129.6, 130.8 (2C), 135.5, 139.5, 140.2 (C-12), 

140.7 (C-10), 146.4 (C-11), 168.5 (C-1), 173.5 (C-17). Anal. Calcd for C21H23N3O3: C 65.78, H 

6.57. Found: C 65.39, H 6.57. 

Methyl 1'-methyl-1-oxo-2-(pyridin-3-yl-methyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-piperidine]-4-

carboxylate (5). To a stirred suspension of acid 1 (0.002 mol) in C6H6/CHCl3 (1:1) DMF was 

added (0.0002 mol). Then SOCl2 was added dropwise and the mixture was heated at 75C for 2.5 

h. The solvents were evaporated and to the residue of acid chloride 4 CH3OH was added. The 

mixture was heated at 60C for 1.5 h. Then was cooled and the solvent was evaporated. The 

residue was dissolved in 10% aq.Na2CO3 and extracted with EtOAc, dried over anhydrous 

MgSO4. Evaporation of the solvent gave crude product. It was purified by flash-column 

chromatography (EtOAc:MeOH:NH3/4.7:0.3:0.08). Yield 53 %; mp 148-150С (EtOAc); 1H-

NMR (600 MHz, CDCl3):  1.48 (d, 1H, 14-H, J = 11.6 Hz), 1.66 (dd, 1H, 14-H, J = 13.8, 

2.5Hz), 1.92 (dt, 1H,14-H, J = 13.1, 4.0 Hz), 2.11-2.15 (m, 1H, 14-H), 2.25-2.30 (m, 1H, 15-H), 

2.31 (s, 3H, 16-H), 2.39 (t, 1H,  15-H , J = 11.9 Hz), 2.70 (d, 1H, 15-H, J = 12.1 Hz), 2.76 (d, 

1H, 15-H, J = 11.9 Hz), 3.52 (s, 3H, 18-H), 4.34 (s, 1H, 4-H), 4.38 (d, 1H, 9-H, J = 16.3 Hz), 

5.48 (d, 1H, 9-H, J=16.3 Hz), 7.22-7.27 (m, 2H, 5-H, 12-H), 7.46-7.51 (m, 2H, 6-H, 7-H), 7.49 

(dd, 2H, J = 5.8, 9.0 Hz), 7.76 (d, 1H, 13-H, J = 7.86 Hz), 8.19 (dd, 1H, 8-H, J = 7.2, 1.5 Hz), 

8.49 (dd, 1H, 11-H, J = 4.5, 1.02 Hz), 8.58 (d, 1H, 10-Н, J = 1.4 Hz); 13C-NMR (150.9 MHz, 

CDCl3):  32.5(C-14), 33.5 (C-14), 42.0 (C-9), 45.8 (C-4) 48.3 (C-16), 51.5 (C-15), 52.0 (C-15), 

52.4 (C-18), 59.4 (C-3), 123.3, 127.7, 128.7, 129.1, 132.4, 132.6, 135.1(2C),  135.7, 148.3, 165.4 

(C-1), 170.3 (C-17). Anal. Calcd. for C22H25N3O3: C, 69.64; H 6.64. Found: C, 69.54; H 6.66. 

 

General procedure for the preparation of amides 6a-e 

To the solution of acid chloride 4 (0.0013 mol) in dry THF and dry CHCl3 (1:1) 4.5 eq. of the 

corresponding secondary amine were added at 10C and the mixture was stirred at this 

temperature for 1 h. Then was poured into CH2Cl2 (70ml), washed with brine and dried over 

MgSO4. After evaporation of the solvent the crude product was purified by flash 

chromatography. 

1'-Methyl-2-(pyridin-3-yl-methyl)-4-(pyrrolidine-1-carbonyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-

piperidin]-1-one (6a). Yield 42 % (after column chromatography); mp 144-146C (EtOAc); 1H-

NMR (250 MHz, CDCl3):  1.60-1.86 (m, 5H, 14-H, 15-H, 19-H), 1.94-2.17 (m, 5H, 14-H, 15-
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H, 19-H), 2.23 (s, 3H, 16-H), 2.66-2.81 (m, 2H, 15-H), 3.33 (dt, 2H, 18-H, J = 7.0, 2.2 Hz), 3.74-

3.87 (m, 2H, 18-H), 4.38 (s, 1H, 3-H), 4.67 (d,1H, 9-H, J = 16.6 Hz), 5.11 (d,1H, 9-H, J = 16.6 

Hz), 7.15-7.26 (m, 2H, 5-H, 12-H), 7.33-7.44 (m, 2H, 6-H, 7-H), 7.95 (dm, 1H, 8-H, J = 11.98 

Hz), 8.12-8.15 (m, 1H, 13-H), 8.40 (dd, 1H, 11-H, J = 4.7, 1.4 Hz), 8.60 (d, 1H, 10-H, J = 1.7 

Hz); 13C-NMR (60 MHz, CDCl3):  24.2 (C-19), 26.7 (C-19), 32.8 (C-14), 33.4 (C-14), 43.3 (C-

9), 45.4 (C-4), 46.3 (C-16), 46.5 (C-18), 47.9 (C-18), 52.4 (C-15), 52.6 (C-15), 59.8 (C-3), 123,7 

(C-12), 127.0 (C-5), 128.5 (C-7), 129.6 (C-8), 129.8 (C-9'), 132.2 (C-6), 134.6, 135.6, 136.2 (C-

13), 148.1 (C-11), 148.6 (C-10), 165.6 (C-1), 168.3 (C-17). Anal. Calcd for C25H30N4O2: C 

71.74; H 7.22. Found: C 71.54; H 7.58. 

1'-Methyl-4-(piperidine-1-carbonyl)-2-(pyridin-3-yl-methyl)-2,4-dihydro-1H-spiro[isoquinoline-

3,4'-piperidin]-1-one (6b). Yield 46 % (after column chromatography); mp 189-190C (EtOAc); 
1H NMR (250 MHz, CDCl3):  1.65-1.85 (m, 6H, 19-H), 1.80-2.19 (m, 6H, 14-, 15-H), 2.27 (s, 

3H, 16-H), 2.66-2.78 (m, 2H, 15-H), 3.33-3.88 (m, 4H, 18-H), 4.66 (d, 1H, 9-H, J = 16.5 Hz), 

4.68 (s, 1H, 4-H), 5.19 (d, 1H, 9-H, J = 16.5 Hz), 7.11-7.16 (m, 1H, 5-H), 7.19 7.23 (m, 1H, 12-

H), 7.39-7.46 (m, 2H, 6-, 7-H), 7.99-8.02 (m, 1H, 13-H), 8.17-8.21 (m, 1H, 8-H), 8.45 (dd, 1H, 

11-H, J = 4.8, 1.2 Hz), 8.61 (d, 1H, 10-Н, J = 1.7 Hz); 13C NMR (60 MHz, CDCl3):  24.4 (C-

19), 25.4 (C-19), 27.1 (C-19), 32.1 (C-14), 33.0 (C-14), 41.4 (C-4), 43.0 (C-9), 43.3 (C-18), 45.6 

(C-16), 47.9 (C-18), 51.9 (C-15), 52.2 (C-15), 59.3 (C-3), 123,4 (C-12), 126.8 (C-5), 128.1 (C-

7), 129.3 (C-8), 129.6 (C-9'), 131.9(C-6), 134.4, 135.2, 136.0 (C-13), 147.9 (C-11), 148,3 (C-10), 

165.4 (C-1), 167.9 (C-17). Anal. Calcd for C26H32N4O2: C, 72.19; H, 7.46. Found: C, 71.83; H, 

7.23. 

1'-Methyl-4-(4-phenylpiperazine-1-carbonyl)-2-(pyridin-3-yl-methyl)-2,4-dihydro-1H-

spiro[isoquinoline-3,4'-piperidin]-1-one (6c). Yield 55 % (after column chromatography); mp 

140-142C (EtOAc); 1H-NMR (600 MHz, CDCl3):  1.76-1.80 (m, 2H,14-H), 1.94-1.97 (m, 1H, 

14H), 2.17-2.21 (m, 1H, 15-H), 2.25-2.30 (m, 2H, 14-, 15-H), 2.34 (s, 3H, 16-H), 2.76 (d, 1H, 

15-H, J = 10.4 Hz), 2.85 (d, 1H, 15-H, J = 10.9 Hz), 3.06-3.40 (m, 4H, 18-H), 3.66-3.76 (m, 2H, 

19-H), 4.03-4.09 (m, 2H, 19-H), 4.71 (s, 1H, 3-H), 4.71 (d,1H, 9-H, J = 16.1 Hz) 5.21 (d, 1H, J = 

16.1 Hz), 6.91-6.96 (m, 3H, 22-, 23-H), 7.19 (d, 1H, 5-H, J = 6.96 Hz), 7.27-7.32 (m, 3H, 12-, 

21-H), 7.44-7.49 (m, 2H, 6-, 7-H), 8.00 (d, 1H, 13-H, J = 7.6 Hz), 8.22 (d, 1H, 8-H J = 7.0 Hz), 

8.49 (bs, 1H, 11-H), 8.67 (bs, 1H, 10-H); 13C-NMR (150.9 MHz, CDCl3):  32.6 (C-14), 33.4 

(C-14), 41,8 (C-4), 42.4 (C-19), 43.4 (C-9), 46.1 (C-16), 47.3 (C-19), 49.5 (C-18), 50.8 (C-18), 

52.4 (C-15), 52.6 (C-18), 59.7 (C-3), 116.7 (2C-22), 117.0, 120.9 (C-23), 123,6 (C-12), 126.8 

(C-5), 128.4 (C-7), 129.3 (C-5), 129.5 (C-8), 129.6 (C-9'), 132.2 (C-6), 134.0 (C-8'), 136.1 (C-

13), 148.0 (C-11), 148.4 (C-10), 150.6 (C-20), 165.4 (C-1), 168.2 (C-17). Anal. Calcd for 

C31H35N5O2: C, 73.06; H, 6.92. Found: C, 72.80; H, 7.03. 

4-(4-(4-Fluorophenyl)piperazine-1-carbonyl)-1'-methyl-2-(pyridin-3-yl-methyl)-2,4-dihydro-1H-

spiro[isoquinoline-3,4'-piperidin]-1-one (6d). Yield 53 % (after column chromatography); mp 134-

136C (EtOAc); 1H-NMR (600 MHz, CDCl3):  1.71-1.76 (m, 2H,14-H), 1.90 (td, 1H, 14-H, J = 

13.5, 4.2 Hz), 2.03-2.07 (m, 1H, 15-H), 2.10-2.14 (m, 1H, 14-H), 2.22 (td, 1.0H, 15-H, J = 12.8, 

4.2 Hz), 2.28 (s, 3H, 16-H), 2.70-2.71 (d, 1H, 15-H, J = 11.6 Hz), 2.79 (d, 1H, 15-H, J = 12.2 
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Hz), 2.92-3.0 (m, 2H, 18-H)3.15-3.20 (m, 2H, 18-H), 3.61-3.67 (m, 2H, 19-H), 3.98-4.06 (m, 

2H, 19-H), 4.65 (d, 1H, 9-H, J = 16.5 Hz), 4.67 (s, 1H, 3-H), 5.22 (d, 1H, 9-H, J = 16.5 Hz), 

7.13-7.16 (m, 1H), 7.24-7.26 (m, 1H), 7.41-7.4 (m, 2H, 6-, 7-H), 7.99 (d, 1H, 13-H, J = 7.9 Hz), 

8.22 (d, 1H, 8-H J = 7.0 Hz), 6.87-6.89 (m, 2H, 22-H), 6.97-7.01 (m, 2H, 5-, 12-H, J = 6.96 Hz), 

7.27-7.32 (m, 3H, 12-, 21-H), 7.44-7.49 (m, 2H, 6-, 7-H), 8.00 (d, 1H, 13-H, J = 7.6 Hz), 8.22 

(dd, 1H, 8-H J = 7.2, 1.7 Hz), 8.47 (d, 1H, 11-H, J = 3.7 Hz), 8.63 (d, 1H, 10-H, J = 1.5 Hz); 
13C-NMR (150.9 MHz, CDCl3):  32.6 (C-14), 33.3 (C-14), 41,2 (C-4), 42.1 (C-19), 42.9 (C-9), 

46.1 (C-16), 47.0 (C-19), 50.2 (C-18), 51.5 (C-18), 52.2 (C-15), 52.5 (C-18), 59.5 (C-3), 115.7 

(C-22), 115.9 (C-22), 118.6, 118.7, 123.5 (C-12), 126.8 (C-5), 128.4 (C-7), 129.6 (C-8), 129.7 

(C-9'), 132.1 (C-6), 134.0 (C-8'), 135.2, 136.1 (C-13), 147.2 (C-20), 148.1 (C-11), 148.4 (C-10), 

157.0, 158.6, 165.2 (C-1), 168.2 (C-17). Anal. Calcd for C31H34FN5O2: C, 70.57; H, 6.50.; 

Found: C, 70.73; H, 6.64. 

1'-Methyl-4-(morpholine-4-carbonyl)-2-(pyridin-3-yl-methyl)-2,4-dihydro-1H-spiro[isoquinoline-

3,4'-piperidin]-1-one (6e). Yield 65 % (after column chromatography); mp 180-182C (EtOAc); 
1H NMR (250 MHz, CDCl3):  1.69-2.30 (m, 6H, 14-, 15-H), 2.28 (s, 3H, 16-H), 2.69-2.84 (m, 

2H, 15-H), 3.48-3.87 (m, 8H, 18-, 19-H), 4.60 (s, 1H, 4-H), 4.67 (d, 1H, 9-H, J = 16.5 Hz), 5.19 

(d, 1H, 9-H, J = 16.5 Hz), 7.08-7.12 (m, 1H, 6-H), 7.25-7.29 (m, 1H, 13-H), 7.42-7.48 (m, 2H, 5-

, 7-H), 7.98-8.01 (m, 1H, 8-H), 8.19-8.23 (m, 1H, 12-H), 8.47 (d, 1H, 11-H, J = 3.9Hz), 8.63 (s, 

1H, 10-Н); 13C NMR (60 MHz, CDCl3):  32.4 (C-14), 33.1 (C-14), 41,0 (C-4), 42.5 (C-18), 

42.9 (C-9), 45.9 (C-16), 47.4 (C-18), 49.5 (C-18), 52.0 (C-15), 52.3 (C-15), 59.4 (C-3), 66.8 (2C-

19), 123,4 (C-12), 126.8 (C-5'), 128.3 (C-7), 129.4 (C-8), 129.6 (C-9'), 132.0 (C-6), 133.9 (2C), 

135.9 (C-13), 147.9 (C-11), 148.3 (C-10), 165.1 (C-1), 168.3 (C-17). Anal. Calcd for 

C25H30N4O3: C, 69.10; H, 6.96. Found: C, 68.97; H, 7.35. 
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