
 

HETEROCYCLES, Vol. 68, No. 12, 2006, pp. 2527 - 2547. © The Japan Institute of Heterocyclic Chemistry   
Received, 6th September, 2006, Accepted, 26th October, 2006, Published online, 27th October, 2006. COM-06-10878 
 

HYDANTOINS AND THIOHYDANTOINS DERIVED FROM 

1,2,3,4-TETRAHYDROISOQUINOLINE-3-CARBOXYLIC ACID (MS 

WORD STYLE “01 HET-TITLE”) 

Petr Jansa,1 Vladimír Wsól,2 Valerio Bertolasi,3  and Vladimír Macháček*1 

(MS Word Style “02 Het-Author’s name”) 

1 Department of Organic Chemistry, Faculty of Chemical Technology, University 

of Pardubice, Čs Legií 565, 53210 Pardubice, Czech Republic, e-mail: 

vladimir.machacek@upce.cz 

2 Department of Biochemical Sciences, Faculty of Pharmacy, Charles University, 

Heyrovského 1203, 50005 Hradec Králové, Czech Republic 

3 Università di Ferrara, Dipartimento di Chimica and Centro di Strutturistica 

Diffrattometrica, Via L.Borsari 46, I-441 00 Ferrara, Italy (MS Word Style “03 

Het-Author’s address”) 

Abstract – The reaction of methyl (S)-1,2,3,4-tetrahydroisoquinoline- 

3-carboxylate with isocyanates (phenyl, naphthalen-1-yl, cyclohexyl, 

(S)-1-methylbenzyl) in ether has been used to prepare N-substituted methyl 

(3S)-2-aminocarbonyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylates. These 

compounds were cyclised by action of CF3COOH to give the corresponding 

2-substituted (10aS)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)- 

diones (hydantoins Tic-H).  Hydantoins Tic-H were also prepared by the reaction 

of methyl (S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate with isocyanates 

(methyl, (1S)-1-methylbenzyl, 4-methylphenyl, 3-methylphenyl, 4-chlorophenyl, 

2,4-dichlorophenyl, 4-methoxyphenyl, 5-chloro-2-methoxyphenyl, 

3-chloro-4-ethoxyphenyl) and triethylamine in CH2Cl2. 2-Substituted 

(10aS)-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinolin-1-ones 

(thiohydantoins Tic-TH) were prepared analogously by the reaction of methyl 

(S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate with isothiocyanates (methyl, 
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ethyl, allyl, phenyl). The optical purity of selected substances was determined 

chromatographically. (MS Word Style “04 Het-Abstract”)

INTRODUCTION (MS Word Style “06 Het-Sub-heading”) 

The derivatives of 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (Tic acid), which is chiral α-amino 

acids not occurring in nature, are interesting thanks to their very varied biological activities. They act as 

inhibitors of various enzymatic processes.1-8 Tic acid can be considered a derivative  of phenylalanine 

containing a methylene bridge between amino group and benzene ring, which restricts its conformational 

freedom, and this allows preparation of peptides with defined tertiary structures.2,9-12 Some macrocyclic 

peptides containing Tic acid can block the biosynthesis of peptides.13,14 Also the hydantoin derivatives 

exhibit a wide range of biological activity. They act as antiarrhythmics, anticonvulsant, antitumor, 

anxiolytic, antiinflammatory, analgetics, antiepileptics, antihypertensive agents).15-17 One of the challenges 

of medicinal chemistry is the enhancement of the affinity of a given ligand for its target by decreasing its 

degrees of freedom and thereby reducing the entropy cost.16,17 A possible way to this goal in the case of 

hydantoins consists in their combination with the conformationally little flexible 

1,2,3,4-tetrahydroisoquinoline skeleton. The combination of hydantoin with tetrahydroisoquinoline 

skeleton introduces into the molecule the chirality derived from easily available, optically pure 

L-phenylalanine. The biological activity of these hydantoins has already been confirmed in literature.3 

Literature gives several cases of preparation of these tetrahydroisoquinoline-hydantoins (Tic-H) and 

thiohydantoins18 (Tic-TH) as well as their subsequent substitution at nitrogen atom N-2. However, in none 

of the cases the products prepared were studied from the viewpoint of their optical purity.  

In our previous paper19 we published preparation of some derivatives of 1,2,3,4-tetrahydroisoquinoline- 

3-carboxylic acid both in optically pure S-forms and as racemates. The aim of this present work is to 

prepare 2-substituted (10aS)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-diones (Tic-H) and 

their 3-thioxo derivatives (Tic-TH), at the same time using stereoslectivity control of the reactions leading 

to these substances. If the compound was prepared as both optically pure and racemate, the former is 

denoted “a” and the latter “b”. 

RESULTS AND DISCUSSION 

The preparation of tricyclic hydantoins derived from 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid 

(Tic-H) has already been described in literature because of their expected biological activity.3,16,17,20-24 

Although some syntheses16,17 start from optically pure Tic acid, nothing is known about the optical purity  

of Tic-H. All the preparation methods are multistep procedures and, in addition, there is a danger of 

racemisation. 
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Niopas18 prepared (10a±)-2-substituted-Tic-TH by reactions of racemic ethyl 1,2,3,4-tetrahydroiso- 

quinoline-3-carboxylate with isothiocyanates.  

Our preparation procedures of hydantoins Tic-H start from the optically pure hydrochloride of methyl 

1,2,3,4-tetrahydroisoquinoline-3-carboxylate (2a) (ref.19) in analogy with the earlier described way of 

preparation of hydantoins.25  We adopted two procedures: a two-step procedure involving preparation of 

carbamoyl derivatives in the first step, their isolation and subsequent ring closure, and a one-step procedure 

in which the carbamoyl derivatives primarily formed are, without isolation, cyclised to hydantoins.  
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Scheme 1. (a) (i) NEt3, Et2O; (ii) RNCO, 79-91%; (b) CF3COOH, 96-100%; (c) NEt3, MeOH or Et2O, 93%. 

 

Carbamoyl derivatives (3-6) were prepared by reaction of the base of methyl ester (2a) with isocyanates 

(Scheme 1). The base of methyl ester (2a) was set free in situ by a reaction of its hydrochloride with 

triethylamine in dry ether. The reaction of ester (2a) with (S)-1-methylbenzyl isocyanate and triethylamine    

in dry ether was used to prepare methyl (3S)-N-[(1S)-1-methylbenzyl]carbamoyl-1,2,3,4-tetrahydroiso- 

quinoline-3-carboxylate (5) having diastereoisomeric purity of 100 % (according to the 1H NMR). The 

yields of carbamoyl derivatives were above 80 %. 

The subsequent ring closure of carbamoyl derivatives is catalysed with triethylamine (Scheme 1). The ring 

closures of methyl (3S)-N-phenylcarbamoyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (3) and methyl 

(3S)-N-[(1S)-1-methylbenzyl]carbamoyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (5) in methanol 

with triethylamine catalysis were accompanied by partial racemisation. No racemisation was observed in 

the ring closure reaction of compound (5) with catalytic amount of triethylamine in ether. 

The carbamoyl derivatives can also undergo ring closure (Scheme 1) with acid catalysis (in CF3COOH). 

The optical purity of hydantoins is practically the same, whether they have been prepared with acid 

catalysis or with base catalysis. A ring closure experiment with methyl (3S)-N-[(1S)-1-methylbenzyl] 

carbamoyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (5) in CF3COOH at r.t. gave (10aS)-10,10a- 

dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (7a) in a yield of 84 % (Scheme 2). Obviously, the 

1-methylbenzyl group is split off after protonation of the carbonyl oxygen atom in the form of carbenium 
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ion by the AAl1 mechanism, in the same way as the tert-butyl group from the tert-butyl esters or the 

protecting Boc group from tert-butyloxycarbonyl derivatives.26,27  

a
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Scheme 2. (a) CF3COOH, 84%. 

 

In the case of reaction of base of ester (2a) with methyl isocyanate in the presence of triethylamine, we 

isolated a mixture of hydantoin (9) and the corresponding carbamoyl derivative; the ring closure was 

finished by reaction in CF3COOH.    

(10aS)-2-Cyclohexyl-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (11) was prepared 

from methyl (3S)-N-cyclohexylcarbamoyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (6) by reaction in 

CF3COOH in a practically quantitative yield, whereas the reaction of the base of ester (2a) with cyclohexyl 

isocyanate in CH2Cl2 only gave methyl (3S)-N-cyclohexylcarbamoyl-1,2,3,4-tetrahydroisoquinoline- 

3-carboxylate (6) (Scheme 1). 

(10aS)-10,10a-Dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (7a) was prepared in a very good 

yield by a reaction of the hydrochloride of methyl ester (2a) with excess KOCN in water at r.t. (Scheme 3). 

We verified the possibility of preparation of compound (7a) by a reaction of the base of methyl ester (2a) 

with nitrourea in boiling water (Scheme 3). The yield of the substance thus prepared (7a) is good, but the 

optical purity is somewhat lower than in the preparation described before. Literature3,17 describes two ways 

of preparation of this compound from 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid and KOCN in 

boiling water; experiments only gave the yields of 53 % and 25 %, respectively, the optical purity being 

unknown. 
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Scheme 3. (a) KNCO, H2O, 92%; (b) NH2CONHNO2, H2O, 90%. 

 

In two cases (7b, 8b) we also prepared racemic hydantoins from racemic ester (2b) for the purposes of 

chromatographic determination of optical purity. Substances (9), (10), (13)-(19) were prepared by one-step 

synthesis from methyl-(S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate and the respective isocyanate in 

dichloromethane (Scheme 4). 

2530 HETEROCYCLES, Vol. 68, No. 12, 2006



 

NH2

COOCH3
H

Cl

2
N

H

N

O

O

R

8, 10-19

  R = phenyl (8)
        methyl (9)
        naphthalen-1-yl (10)
        4-methylphenyl (13)
        3-methylphenyl (14)
        4-chlorophenyl (15)
        2,4-dichlorophenyl (16)
        4-methoxyphenyl (17)
        5-chloro-2-methoxyphenyl (18)
        3-chloro-4-ethoxyphenyl (19)

a

 

Scheme 4. (a) (i) NEt3, CH2Cl2; (ii) RNCO, 85-98%. 

 

In both 1H and 13C NMR spectra of hydantoins Tic-H substituted at 2-position by a 2-substituted phenyl 

group (2-(2,4-dichlorophenyl), 2-(5-chloro-2-methoxyphenyl) and also 2-(naphthalen-1-yl)) we observed 

doubling of signals, which we ascribe to formation of atropoisomers due to hindered rotation around 

N(2)—C(Ar) bond. The proportion of the atropoisomers is not in the ratio of 1:1, due to the presence of 

stereogenic centre at C10a. The situation is obvious from the ORTEP28 diagram of 

(10aS)-2-(5-chloro-2-methoxyphenyl)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (18). 

 

Figure 1. ORTEP view of compound (18) displaying the thermal ellipsoids at 30% probability. 

 

Because this compound crystallizes in the non-centrosymmetric space group P21, the crystal contains 

only molecules of one diastereoisomer. The correct absolute configuration, S, of the carbon C3 

(numbering after Figure 1) has been confirmed by the value of the Flack parameter of –0.03(6), obtained 

after the last cycle of refinement.29 For the inverted absolute structure the value of the Flack parameter is 

0.98(6). An ORTEP view of compound (18) is shown in Figure 1. The six membered ring C3-C4-C5 

C10-C11-N1 exhibits an envelope conformation 1E with puckering parameters30 of: QT = 0.403(2) Å, φ2 

= 0.3(4)°, θ2 = 49.1(3)°. The other rings are essentially planar. The C12-C17 phenyl group is rotated with 

respect to the hydantoin ring by an angle of 75.47(7)°. The molecules in the crystal are connected by 
C-H…O weak hydrogen bonds31 which involve both O1 and O2 oxygens of hydantoin: 
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C15-H15…O1(1-x,1/2+y,1-z), H15…O1 = 2.42(3) Å; C18-H183…O1(-x,1/2+y,1-z), H183…O1 = 2.55(4) 

Å; C3-H3…O2(-x,y-1/2,-z), H3…O2 = 2.66(4) Å; C18-H182…O2(-x, 1/2+y,-z), H182…O2 = 2.31(4) Å. 

The crystal packing is shown in Figure 2. 

 

Figure 2.  The crystal packing of (18) viewed down the crystallographic a axis. 

 

2-Substituted 3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]-isoquinoline-1-ones (Tic-TH) were prepa- 

red by reactions of the hydrochloride of ester (2a) with the respective isothiocyanates in dry ether in the 

presence of triethylamine as catalyst. The substances show strong inclination to racemisation (Scheme 5).  
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Scheme 5. (a) (i)1.20 eq NEt3, CH2Cl2; (ii) RNCS, 85-92%; (b) (i) 0.99 eq NEt3, Et2O; (ii) RNCS, 82-91%. 

 

In the presence of excess triethylamine, as it is given in procedure 2 for the preparation of 

(10aS)-2-phenyl-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (8a), we only obtained 

racemates (substances (20b), (21b), (22b) and (23b)) from the optically pure ester (2a). Therefore, we used 
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less than equimolar amount of triethylamine (99 % mol.) as compared with the hydrochloride of ester 

(Scheme 5). In spite of that, we never observed formation of the thiocarbamoyl derivative, an intermediate 

in the formation of thiohydantoin, but only thiohydantoin (Scheme 4), which means that the ring closure 

itself must be very fast in comparison with the formation of thiocarbamoyl derivative, being substantially 

faster than the ring closure reactions of the corresponding oxygen derivatives (which is usual).32 

Thiohydantoins Tic-TH were obtained by the above-described procedure in high yields (82-91%) and high 

optical purity (determined HPLC in the case of compound (22a)). 

CONCLUSION 

A method has been developed for preparing N-substituted methyl (3S)-2-aminocarbonyl- 

1,2,3,4-tetrahydroisoquinoline-3-carboxylates (3) – (6) from methyl (S)-1,2,3,4-tetrahydroisoquinoline-3- 

carboxylate and isocyanates (phenyl, naphthalen-1-yl, cyclohexyl, (S)-1-methylbenzyl) by reactions in 

ether. The yields of the aminocarbonyl derivatives (3) – (6) are in the range of 82-91%. The ring closure of 

aminocarbonyl derivatives giving 2-substituted (10aS)-10,10a-dihydroimidazo[1,5-b]isoquinoline- 

1,3(2H,5H)-diones (Tic-H) was carried out either in CF3COOH, or in methanol with triethylamine catalyst. 

The base catalysed ring closure is accompanied by partial racemisation as a consequence of the presence of 

acidic proton at the α-carbon atom in the vicinity of methoxycarbonyl group. The racemisation can be 

prevented by using a catalytic amount of triethylamine, and ether as solvent. Tic-H can also be prepared by 

one-step reaction of hydrochloride of methyl (S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (2a) with 

isocyanates and triethylamine in CH2Cl2. The yields of Tic-H are above 85 %, and the optical purity is high. 

(10aS)-10,10a-Dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (7a) was prepared by reaction of 

hydrochloride of methyl (S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (2a) with KOCN in water at r.t. 

in the yield of 92 % and optical purity of 99.7 %.  

The preparation of  (10aS)-2-substituted 3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinolin- 

1-ones (Tic-TH) by a reaction of hydrochlorides of methyl (S)-1,2,3,4-tetrahydroisoquinoline- 

3-carboxylate (2a) with isothiocyanates and triethylamine in dry ether has been described. This reaction is 

accompanied by easy racemisation, hence even the reaction of optically pure ester gives racemic Tic-TH. 

The fast racemisation of Tic-TH in excess base is obviously caused by higher acidity of thioamides as 

compared with analogous amides (e.g. the pKa values of N,N-dimethylphenylacetamide and 

N,N-dimethylphenylthioacetamide in DMSO are 26.6 and 21.3, respectively; ref.33). Of course, in the case 

of Tic-TH, the C=S group is not adjacent to the acidic C–H group. Another reason of the fast 

racemisation may lie in the unwillingness of sulphur to form double bonds. Optically pure Tic-TH were 

prepared with application of less than equimolar amount of triethylamine, the yields being 85 % and 

above. 
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EXPERIMENTAL 

The NMR spectra were measured at 298 K with  Bruker AVANCE 500 spectrometer equipped with 5 mm 

broadband probe at the frequencies of 500.13 MHz (1H) and 125.77 MHz (13C) and with a Bruker AMX 

360 spectrometer at the frequencies 360.14 MHz (1H) and 90.57 MHz (13C) in CDCl3. The 1H NMR spectra 

were calibrated on hexamethyldisiloxane (δ 0.05). J values are given in hertz. The 13C NMR spectra were 

calibrated on the central signal of the solvent multiplet (δ 77.0 for CDCl3). The carbon NMR spectra were 

measured in standard way and by means of the APT pulse sequence. 

Melting points were determined with a Kofler hot stage microscope and were not corrected. The 

microanalyses were performed on a FISONS EA 1108 CHNS automatic analyser. Optical rotations were 

measured on PERKIN ELMER 341 Polarimeter at λ 589.3 nm and 298 K, concentration c is given in g/100 

mL. 

Optical purities were determined by chiral HPLC. HPLC system consisted of a Spectra Series P200 

gradient pump (Fremont, CA, USA), a HP 1100 Series autosampler, a HP 1100 Series thermostated column 

compartment from Hewlett Packard (Waldbronn, Germany), and a SPD-10AVP UV-Vis detector from 

Shimadzu (Prague, Czech Republic). The enantiomers were measured at 240, 243, and 212 nm for 

compounds (8a), (22a), and (7a), respectively. Data from chromatographic runs were processed using a 

chromatography station for Windows CSW (version 1.7) software from DataApex (Prague, Czech 

Republic). Separation of the respective enantiomers was performed using a 250 × 4.6 mm OD-R Chiralcel 

column from Daicel Chemical Industries (Tokyo, Japan). The mobile phase was prepared by mixing buffer 

(0.3 M sodium perchlorate, pH 3.0 set by HClO4) with acetonitrile 40/60 (v/v) for (8a) and (22a), and 50/50 

(v/v) for (7a). HPLC separation was performed at 25°C with a flow rate of 0.8 mL/min. 

X-Ray diffraction data for compound (18) were collected at room temperature, 295 K, on a Nonius Kappa 

CCD diffractometer with graphite monochromated Mo Kα radiation (λ = 0.7107 Å). The structure was 

solved by direct methods (SIR97)34 and refined (SHELXL-97)35 by full matrix least squares with 

anisotropic non-hydrogen atoms and isotropic hydrogens.  

Crystal data: (18), C18H15ClN2O3; monoclinic, space group P21, a = 8.2611(2), b = 10.2672(3), c = 

9.9850(3) Å, β = 106.406(1)°, V = 812.43(4) Å3, Z = 2, Dc = 1.401 g cm-3. Intensity data collected with θ 

≤ 30°; 4193 independent reflections measured; 3590 observed [I >2σ(I)]. Final R index = 0.0421 (observed 

reflections), Rw = 0.1158 (all reflections), S (goodness of fit) = 1.038.  

Crystallographic data (excluding structure factors) have been deposited with the Cambridge 

Crystallographic Data Centre as supplementary publication number CCDC 296411. These data can be 

obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html or on application to CCDC, Union 

Road, Cambridge CB2 1EZ, UK [fax: (+44)1223-336033, e-mail: deposit@ccdc.cam.ac.uk 
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The starting (S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (1a) (CMS Chemicals LTD), mp 

331 °C, decomp, the content of 99.1% according to titration with HClO4, and  [ ]20
Dα –175.8° (c 1.1N NaOH, 

aq) (ref.35: [ ]20
Dα –177.4° (c 1.1N NaOH, aq)). 

(±)-1,2,3,4-Tetrahydroisoquinoline-3-carboxylic acid (1b) was prepared according to ref. 19, yield 91%. 

Hydrochloride of methyl (S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (2a) was prepared19 from 

(S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (1a) and SOCl2 in dry MeOH by a known 

procedure36,37 with quantitative yield. mp 248-250°C (decomp.) (MeOH-Et2O). Ref.36 gives mp 

250-255°C, (decomp.) (MeOH-Et2O). The product recrystallised from a mixture of CHCl3-Et2O ether 

melts at 261-263°C (decomp.), [ ]20
Dα –155.1° (c 1, CHCl3), [ ]20

Dα –128.2° (c 1, CH3OH) (ref.36: 

[ ]20
Dα –104.1° (c 1, CH3OH)). 

Hydrochloride of methyl (±)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (2b) was prepared from 

(±)-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (1b) in the same way and in quantitative yield.19 Its 

mp is 250-252°C (decomp.) (MeOH-Et2O), ref.37 gives mp 302-303°C (decomp.) (MeOH-Et2O), and 

ref.38 gives mp 278°C (CHCl3-Et2O). The 1H and 13C NMR spectra of compounds (1) and (2) are given in 

ref.19 

Methyl (3S)-N-phenylcarbamoyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (3): A suspension 

obtained from dry Et2O (20 mL) and hydrochloride of methyl (S)-1,2,3,4-tetrahydroisoquinoline- 

3-carboxylate (2a) (1.00 g, 4.40 mmol) was vigorously stirred, cooled, and treated with dry Et3N (0.44 g, 

4.36 mmol). Then, phenyl isocyanate (0.52 g, 4.35 mmol) in dry CH2Cl2 (2 mL) was quickly added. 

Vigorous stirring was continued for another 3 h, whereupon the separated solid was collected by suction 

and washed with Et2O (5 mL) and H2O (10 mL). The crude product was purified by flash chromatography 

(silica gel 60 μm, CH2Cl2). Yield 1.10 g (82%), white solid, mp 132–134°C, [ ]20
Dα  +36.6° (c 1, CHCl3). 

Anal. Calcd for C18H18N2O3: C, 69.66; H, 5.85; N, 9.03. Found: C, 69.91; H, 6.02; N, 9.19.  
1H NMR (δ/ppm, CDCl3): 7.53-7.10 (9H, m, arom.), 6.84 (1H, bs, NH), 4.78 (1H, d, H(1a), 2J=15.1), 4.77 

(1H, d, H(1b), 2J=15.1), 5.44 (1H, dd, H(3), 3J=3.1, 3J=6.1), 3.37 (1H, dd, H(4a), 2J=16.0,  3J=3.1), 3.24 

(1H, dd, H(4b), 2J=16.0, 3J=6.1), 3.65 (3H, s, OCH3), 3H. 13C NMR (δ/ppm CDCl3): 172.05 (COO), 

155.30 (NCON), 138.65 (Cq, phenyl, arom.), 131.87 131.48 (2xCq, arom.), 128.82, 128.49, 127.06, 

126.89, 126.20, 123.37, 120.28 (9xCH, arom.), 52.33 (OCH3), 52.18 (CHCO), 44.85 (ArCH2N), 31.31 

(ArCH2C).  

Methyl (3S)-N-(naphthtalen-1-yl)carbamoyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (4):  

Prepared from (2a) and naphthalen-1-yl isocyanate in the same way as (3). After recrystallisation from a 

cyclohexane-hexane mixture, yield 82 % white solid, mp 140-142°C, [ ]20
Dα +39.6° (c 1, CHCl3). Anal. 

Calcd for C22H20N2O3: C, 73.32; H, 5.59; N, 7.77. Found: C, 73.20; H, 5.72; N, 7.68.  
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1H NMR (δ/ppm, CDCl3): 8.01-7.92 (2H, m, arom., naphthyl), 7.82-7.74 (2H, m, arom., naphthyl),  

7.61-7.50 (3H, m, arom., naphthyl), 7.35-7.21 (4H, m, arom.), 6.97 (1H, bs, NH),  4.94 (1H, d, H(1a),  
2J=15.3), 4.90 (1H, d, H(1b), 2J=15.3), 5.48 (1H, dd, H(3), 3J=3.2, 3J=5.8), 3.41 (1H, dd, H(4a), 2J=15.8, 

3J=3.2), 3.32 (1H, dd. H(4b), 2J=15.8, 3J=5.8), 3.70 (3H, s, OCH3). 13C NMR (δ/ppm, CDCl3): 172.01 

(COO), 156.28 (NCON), 134.23, 133.46, 128.19 (3xCq, naphthyl), 132.02, 131.60 (2xCq, arom.), 128.67, 

128.61, 127.18, 126.97, 126.35, 126.25, 125.91, 125.78, 125.571, 121.43, 121.18  (11xCH arom.), 52.62 

(CHCO), 52.47 (OCH3), 45.15 (ArCH2N), 31.39 (ArCH2C). 

Methyl (3S)-N-[(1S)-1-methylbenzyl]carbamoyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (5): 

Prepared from 2a and (S)-1-methylbenzyl isocyanate in the same way as 3. After recrystallisation from a 

cyclohexane-hexane mixture yield 87 %, white solid, mp 137-139°C, [ ]20
Dα +88.9° (c 1, CHCl3). According 

to the NMR spectra the product was isolated in 100 % diastereoisomeric purity. Anal. Calcd for 

C20H22N2O3: C, 70.99; H, 6.55; N, 8.28. Found: C, 71.13; H, 6.75; N, 8.44.  

1H NMR (δ/ppm, CDCl3): 7.36-7.08 (9H, m, arom.), 4.61 (1H, d, H(1a) 2J=14.2), 4.52 (1H, d, H(1b), 

2J=14.2), 5.34 (1H, dd, H(3), 3J=3.0, 3J=6.0), 3.57 (3H, s, OCH3), 3.24 (1H, dd, H(4a), 2J=15.8, 3J=3.0), 

3.12 (1H, dd, H(4b), 2J=15.8, 3J=6.0), 5.08 (1H, m, NCH, 3J=7.0), 4.93 (1H, d, NH, 3J=7.0), 1.55 (3H, d, 

CCH3, 3J=7.0). 13C NMR (δ/ppm, CDCl3): 172.28 (COO), 156.94 (NCON), 144.25 (Cq, phenyl, arom.), 

131.89, 131.55 (2xCq, arom.), 128.56, 128.56, 127.11, 126.88, 126.76, 126.19, 126.07 (9xCH, arom.), 

52.17 (OCH3), 51.86 (CHCO), 50.24 (ArCHNH),  44.44 (ArCH2N), 31.30 (ArCH2C), 22.59 (CHCH3). 

Methyl (3S)-N-cyclohexylcarbamoyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (6): Prepared from 

2a and cyclohexyl isocyanate in the same way as 3. After recrystallisation from a cyclohexane-hexane 

mixture yield 91 %, white solid mp 101-105°C, [ ]20
Dα +47.2° (c 1, CHCl3). Anal. Calcd for C18H24N2O3: 

C, 68.33; H, 7.65; N, 8.85. Found: C, 68.38; H, 7.69; N, 8.94.  
1H NMR (δ/ppm, CDCl3): 7.23-7.17 (4H, m, arom.), 4.57 (1H, bs, NH), 4.62 (1H, d, H(1a), 2J=14.4), 4.54 

(1H, d, H(1b), 2J=14.4), 5.40 (1H, dd, H(3), 3J=2.9, 3J=5.9), 3.31 (1H, dd, H(4a), 2J=15.8, 3J=2.9), 3.20 (1H, 

dd, H(4b), 2J=15.8, 3J=5.9), 3.63 (3H, s, OCH3), 3.83-3.73 (1H, m, CHN, cyclohexyl), 2.08-2.03 (2H, m, 

cyclohexyl), 1.80-1.66 (4H, m, cyclohexyl), 1.46-1.41 (2H, m, cyclohexyl), 1.26-1.19 (2H, m, cyclohexyl). 
13C NMR (δ/ppm, CDCl3): 172.38 (COO), 157.03 (NCON), 131.98, 131.43 (2xCq, arom.), 128.53, 126.82, 

126.71, 126.17 (4xCH, arom.), 52.12 (OCH3), 51.82 (CHCO), 49.59 (CHN, cyclohexyl), 44.41 (ArCH2N), 

31.37 (ArCH2C), 33.92, 33.90, 25.63, 25.03, 25.00 (5xCH2, cyclohexyl).  

(10aS)-10,10a-Dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (7a): 

Procedure 1: A saturated aqueous solution of KOCN (0.81 g, 10 mmol) was added to hydrochloride of 

methyl (S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (2a) (1.14 g, 5 mmol) with stirring. After 12 h 

stirring separated white crystals, which were collected by suction and washed with H2O (2 × 30 mL). 
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Yield 0.93 g (92%), white solid, [ ]20
Dα –353.4° (c 1, CHCl3), mp 229-231°C (ref.3: mp 227-230°C). 

R-Enantiomer content (HPLC): 0.3 % (Figure 3).  

 

Figure 3. Chiral HPLC separation of  10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (7) 
enantiomers. Lower chromatogram represents separation of racemic mixture and upper chromatogram 
represents the enantiomeric impurity in (10aS)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)- 
dione (7a). HPLC conditions are described in Experimental section. 

 

Procedure 2: A solution of nitrourea (0.58 g, 5.52 mmol) and NEt3 (0.64 mL, 4.57 mmol) in H2O (20 

mL) was added to hydrochloride of methyl (S)-1,2,3,4-tetrahydroisoquinoline- 3-carboxylate (2a) (0.5 g, 

2.2 mmol) with stirring, whereupon the reaction mixture was heated to boil for 10 h. The product gradually 

separated during the heating. Yield 0.4 g (90 %) white crystalline solid, [ ]20
Dα –348.9° (c 1, CHCl3), mp 

228-230°C. Anal. Calcd for C11H10N2O2: C, 65.34; H, 4.98; N, 13.85. Found: C, 65.52; H, 5.10; N, 13.76.  
1H NMR (δ/ppm, CDCl3) (For numbering of atoms in NMR spectra of compounds (7)-(23), carbon 

C(10a) is denoted as C(11) and the corresponding hydrogen as H(11). H(10a) and H(10b) are 

diastereotopic protons at carbon C(10).): 8.41 (1H, bs, NH), 7.29-7.14 4H, m, arom.), 5.02 (1H, d, H(5a), 

2J=16.7), 4.41 (1H, d, H(5b), 2J=16.7), 4.15 (1H, dd, H(11), 3J=4.7, 3J=11.9), 3.27 (1H, dd, H(10a), 

2J=15.7, 3J=4.7), 2.94 (1H, dd, H(10b), 2J=15.7, 3J=11.9). 13C NMR (δ/ppm, CDCl3): 173.17 (CCON), 

154.88 (NCON), 130.85 130.66 (2xCq, arom.), 129.48, 127.42, 127.26, 126.67 (4xCH, arom.), 55.96 

(CHCO), 41.45 (ArCH2N), 30.70 (ArCH2C). 

(10a±)-10,10a-Dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (7b): Prepared from racemic ester 

(2b) by Procedure 1. Yield 95%, mp 218-220°C. The 1H and 13C NMR spectra were identical with those 

of compound (7a). 

A solution of methyl (3S)-N-[(1S)-1-methylbenzyl]carbamoyl-1,2,3,4-tetrahydroisoquinoline- 

3-carboxylate (5) (0.1 g, 0.30 mmol) in CF3COOH (10 mL) was stirred at rt for 4 h, whereupon the acid 

was removed in vacuum without heating. Yield 0.05 g (84 %), (10aS)-10,10a-dihydroimidazo[1,5-b] 

isoquinoline-1,3(2H,5H)-dione (7a), [ ]20
Dα –350.5° (c 1, CHCl3), mp 228-230°C (ref.3: mp 227-230°C). 

(10aS)-2-Phenyl-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (8a): 
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Procedure 1: A solution of methyl (3S)-N-phenylcarbamoyl-1,2,3,4-tetrahydroisoquinoline- 

3-carboxylate (3) (0.3 g, 0.97 mmol) in CF3COOH (10 mL) was stirred at rt for 4 h, whereupon all of the 

liquid was removed in vacuum without heating. The evaporation residue was washed with H2O (2 × 10 

mL) and dried to give 0.26 g (96 %) white solid, mp 170-171°C, [ ]20
Dα –228.1 (c 1, CHCl3). 

Procedure 2: A suspension of hydrochloride of methyl (S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate 

(2a) (2 g, 8.8 mmol) in dry CH2Cl2 (70 mL) was vigorously stirred, cooled, and treated with dry NEt3 

(2.55 mL, 18.3 mmol) followed by phenyl isocyanate (2.39 mL, 22 mmol) added at once. The stirring at 

rt was continued 14 h, whereupon the reaction mixture was concentrated to a volume of 5 ml. The 

precipitate formed after addition of Et2O (60 mL) was collected by suction on a sintered glass filter and 

subsequently washed with H2O (2 × 20 mL), 5 % aqueous hydrochloric acid (2 × 20 mL), and H2O (2 × 

20 mL). The residue was recrystallised from a benzene-cyclohexane mixture to give 2.33 g (95%) white 

solid, mp 171-172°C, [ ]20
Dα –229.5 (c 1, CHCl3). R-Enantiomer content (HPLC): 3.5 %. 

Procedure 3: A solution of methyl (3S)-N-phenylcarbamoyl-1,2,3,4-tetrahydroisoquinoline- 

3-carboxylate (3) (0.3 g, 0.97 mmol) and dry NEt3 (0.02 mL, 0.14 mmol) in CH3OH (10 mL) was stirred 

at rt for 14 h, whereupon the solvent was evaporated, and the evaporation residue was washed with 5 % 

aqueous hydrochloric acid (10 mL) and H2O (10 mL). After recrystallisation from a benzene-cyclohexane 

mixture, yield 0.25 g (93%) white solid, mp 165-169°C, [ ]20
Dα –104.8 (c 1, CHCl3). Anal. Calcd for 

C17H14N2O2: C, 73.37; H, 5.07; N, 10.07. Found: C, 73.65; H, 5.21; N, 10.13.  
1H NMR (δ/ppm, CDCl3): 7.47-7.34 (5H,  m, arom., phenyl), 7.28-7.16 (4H, m, isoquin., arom.), 5.12 

(1H, d,  H(5a), 2J=16.7), 4.51 (1H, d, H(5b), 2J=16.7), 4.27 (1H, dd, H(11), 3J=4.7, 3J=11.9), 3.38 (1H, 

dd, H(10a), 2J=15.5,  3J=4.7), 3.01 (1H, dd, H(10b), 2J=15.5, 3J=11.9). 13C NMR (δ/ppm CDCl3): 171.65 

(CCON), 154.29 (NCON), 131.55 (Cq, phenyl, arom.), 130.95, 130.77 (2xCq, isoquin.), 129.05, 125.98 

(2x2xCH-phenyl, arom.), 129.44, 128.11, 127.40, 127.24, 126.64 (5xCH, arom.), 54.59 (CHCO), 41.83 

(ArCH2N), 30.97 (ArCH2C). 

(10a±)-2-Phenyl-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (8b): Prepared from 2b 

and phenyl isocyanate in the same way as 8a by Procedure 2. Yield 95%, mp 157-159°C. The 1H  and 
13C NMR spectra (CDCl3) were identical with those of compound (8a). 

(10aS)-2-Methyl-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (9): 

A suspension of hydrochloride of methyl (S)-1,2,3,4-tetrahydroisoquinoline- 3-carboxylate (2a) (0.5 g, 

2.20 mmol) in dry CH2Cl2 (50 mL) was vigorously stirred, cooled, and treated with dry NEt3 (0.64 mL, 

4.57 mmol) followed by fast addition of methyl isocyanate (0.31 g, 5.50 mmol). After 14 h stirring at rt, 

the reaction mixture was concentrated to a volume of 5 mL. The triethylammonium chloride separated by 

addition of Et2O (50 mL) was collected by suction, and the ethereal filtrate was extracted with H2O (20 

mL), 5% aqueous hydrochloric acid (20 mL), and H2O (20 mL). Et2O was distilled off to leave an oily 
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residue, which according to 1H NMR contained 37 % (10aS)-2-methyl-10,10a-dihydroimidazo[1,5-b]iso- 

quinoline-1,3(2H,5H)-dione (9) and 63 % methyl (3S)-N-methylcarbamoyl-1,2,3,4-tetrahydroisoquinoline- 

3-carboxylate. This mixture was dissolved in CF3COOH (10 mL), and the solution was stirred at rt for 4 h, 

whereupon the acid was distilled off in vacuum without heating. The evaporation residue was washed 

with H2O (2 × 10 mL) and recrystallised from a cyclohexane-hexane mixture. Yield 0.42 g (89%), white 

solid, mp 136-138°C, [ ]20
Dα –325.1° (c 1, CHCl3). Anal. Calcd: C12H12N2O2: C, 66.65; H, 5.59; N, 12.95. 

Found: C, 66.59; H, 5.75; N, 12.71.  
1H NMR (δ/ppm, CDCl3): 7.27-7.18 (4H, m, arom.), 5.02 (1H, d, H(5a), 2J=16.7), 4.43 (1H, d, H(5b), 
2J=16.7), 4.09 (1H, dd, H(11), 3J=4.5, 3J=11.5), 3.27 (1H, dd, H(10a), 2J=15.6, 3J=4.5), 2.84 (1H, dd, 

H(10b), 2J=15.6, 3J=11.5), 3.08 (3H, s, NCH3). 13C NMR (δ/ppm, CDCl3): 172.92 (CCON), 155.56 

(NCON), 130.99, 130.78 (2xCq, arom.), 129.32, 127.25, 127.11, 126.55 (4xCH, arom.), 54.74 (CHCO), 

41.61 (ArCH2N), 30.70 (ArCH2C), 24.65 (NCH3). 

(10aS)-2-(Naphthalen-1-yl)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (10): 

Prepared from 4 by Procedure 1 and from 2a and naphthalen-1-yl isocyanate in the same way as 8a by 

Procedure 2. The yield of brownish product obtained by Procedure 1 was practically quantitative, that in 

Procedure 2 was 96 %. According to NMR, the product is a mixture of two diastereoisomers. Due to the 

hindered rotation around the N(2)–C(Ar) bond, the molecule exhibits atropoisomerism. The proportion of 

the diastereoisomers calculated from the integral intensities is I/II = 5 : 4. Mp 213-215°C, [ ]20
Dα –117.0° 

(c 1, CHCl3). Anal. Calcd for C21H16N2O2: C, 76.81; H, 4.91; N, 8.53. Found: C, 77.04; H, 4.98; N, 8.51.  

Diastereoisomer I: 1H NMR (δ/ppm, CDCl3): 7.92-7.17 (11H, m, arom.), 5.15 (1H, d, H(5a), 2J=16.8 ), 

4.48 (1H, d, H(5b), 2J=16.8), 4.33 (1H, dd,  H(11), 3J=4.7, 3J=11.6), 3.43 (1H, dd,  H(10a), 2J=15.4, 
3J=4.7), 3.16 (1H, dd, H(10b), 2J=15.4, 3J=11.6). 13C NMR (δ/ppm, CDCl3): 172.28 (CCON), 154.70 

(NCON), 130.96, 130.69, (2xCq, isoquin., arom.), 134.38, 129.85 a 127.66 (3xCq, arom.), 130.03, 129.49, 

128.58, 127.45, 127.26, 127.15, 126.67, 126.64, 126.46, 125.36 121.75 (11xCH, arom.), 55.10 (CHCO), 

41.95 (ArCH2N), 31.52 (ArCH2C). 

Diastereoisomer II: 1H NMR ((δ/ppm, CDCl3): 7.92-7.17 (11H, m, arom.), 5.10 (1H, d, H(5a),  2J=17.0), 

4.40 (1H, d, H(5b), 2J=17.0), 4.40 (1H, dd, H(11), 3J=4.6, 3J=11.6), 3.36 (1H, dd, H(10a), 2J=15.4,  
3J=4.6), 3.04 (1H, dd, H(10b), 2J=15.4, 3J=11.6). 13C NMR (δ/ppm, CDCl3): 172.30 (CCON), 154.78   

(NCON), 131.14, 130.69 (2xCq, isoquin., arom.), 134.40, 129.82 a 127.70 (3xCq, arom.), 129.96, 129.41, 

128.54, 127.41, 127.24, 127.10, 126.74, 126.67, 126.50, 125.35, 122.15 (11xCH, arom.), 54.98 (CHCO), 

41.92 (ArCH2N), 31.10 (ArCH2C). 

(10aS)-2-Cyclohexyl-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (11): Prepared from 

methyl (3S)-N-cyclohexylcarbamoyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (6) by Procedure 1. The 
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yield was practically quantitative; m.p. of white solid 126-128°C, [ ]20
Dα –167.9° (c 1, CHCl3). Anal. Calcd 

for C17H20N2O2: C, 71.81; H, 7.09; N, 9.85. Found: C, 71.90; H, 7.05; N, 10.15.  
1H NMR (δ/ppm, CDCl3): 7.25-7.15 (4H, m, arom.), 4.98 (1H, d, H(5a), 2J=16.5),  4.36 (1H, d, H(5b), 
2J=16.5), 3.97 (1H, dd, H(11), 3J=4.6 Hz, 3J=11.8), 3.22 (1H, dd, H(10a), 2J=15.5, 3J=4.6 Hz), 2.77 (1H, 

dd H(10b), 2J=15.5, 3J=11.8), 3.97-3.91 (1H, m, CHN, cyclohexyl), 2.15-2.12 (2H, m, cyclohexyl), 

1.83-1.63 (4H, m, cyclohexyl), 1.32-1.22 (4H, m, cyclohexyl). 13C NMR (δ/ppm, CDCl3): 172.89 

(CCON), 155.43 (NCON), 131.22, 130.96 (2xCq, arom.), 129.34, 127.22, 127.18, 126.57 (4xCH, arom.), 

54.10 (CHCO), 51.44 (NCH-cyclohexyl), 41.52 (ArCH2N), 30.95 (ArCH2C), 29.43, 29.29, 26.02, 25.17, 

25.05 (cyclohexyl). 

(10aS)-2-[(1S)-1-methylbenzyl]-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (12): 

Prepared from carbamoyl derivative (5) by Procedure 3 with the yield 93%. The integral intensities indicate 

the proportion of diastereoisomers in the product isolated to be I/II = 2/1, mp 149-156°C, [ ]20
Dα +27.2° (c 1, 

CHCl3).  The ring closure of compound (5) by means of catalytic amount of NEt3 in ether solution at r.t. 

for 3 days gave hydantoin (12) in quantitative yield. The 1H a 13C NMR spectra only exhibit the signals of 

diastereoisomer I, mp 139-140°C, [ ]20
Dα +68.3° (c 1, CHCl3). For the mixture of diastereoisomers: Anal. 

Calcd for C19H18N2O2: C, 74.49; H, 5.92; N, 9.14. Found: C, 74.23; H, 6.08; N, 9.00.  

Diastereoisomer I: 1H NMR (δ/ppm, CDCl3): 7.48-7.25 (5H, m, phenyl), 7.27-7.14 (4H, m, arom., isoquin.), 

5.38 (1H, q, CHCH3, 3J=7.3), 4.97 (1H, d, H(5a), 2J=16.9), 4.35 (1H, d, H(5b), 2J=16.9), 4.01(1H, dd, 

H(11), ), 3J=4.5, 3J=11.7), 3.20 (1H, dd, H(10a), 2J=15.5, 3J=4.5), 2.74 (1H, dd, H(10b), 2J=15.5, 3J=11.7), 

1.87 (3H, d, CHCH3, 3J=7.3). 13C NMR (δ/ppm CDCl3): 172.64 (CCON), 155.15 (NCON), 140.08 (Cq, 

phenyl, arom.), 131.09  130.82 (2xCq, isoquin., arom.), 128.45, 127.27 (2x2xCH, phenyl, arom.), 129.38, 

127.70, 127.33, 127.10, 126.57 (5xCH, arom.), 54.18 (CHCO), 50.36 (ArCHNH), 41.51 (ArCH2N), 30.84 

(ArCH2C), 17.25 (CHCH3). 

Diastereoisomer II: 1H NMR (δ/ppm, CDCl3): 7.48-7.25 (5H, m, phenyl), 7.27-7.14, (4H, m, arom., 

isoquin.), 5.39 (1H, q, CHCH3, 3J=7.3), 4.97 (1H, d,  H(5a), 2J=16.9), 4.35 (1H, d, H(5b), 2J=16.9), 3.98 

(1H, dd, H(11), 3J=4.6, 3J=11.6), 3.23 (1H, dd, H(10a), 2J=15.3,  3J=4.6), 2.78 (1H, dd, H(10b), 2J=15.3, 
3J=11.6), 1.87 (3H, d, CHCH3, 3J=7.3). 13C NMR (δ/ppm, CDCl3): 172.61 (CCON), 155.15 (NCON), 

140.05 (Cq, phenyl), 131.09, 130.82 (2xCq, isoquin., arom.), 128.45, 127.27 (2x2xCH, phenyl), 129.38, 

127.73, 127.33, 127.10, 126.57 (5xCH, arom.), 54.18 (CHCO), 50.30 (ArCHNH), 41.47 (ArCH2N), 30.88 

(ArCH2C), 17.09 (CHCH3). 

(10aS)-2-(4-Methylphenyl)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (13): 

Prepared from ester (2a) and 4-methylphenyl isocyanate in the same way as compound (8a) by Procedure 2.  
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Yield 98%, mp 189-191°C, [ ]20
Dα –223.0° (c 1, CHCl3). Anal. Calcd for C18H16N2O2: C, 73.96; H, 5.52; N, 

9.58. Found: C, 73.98; H, 5.64; N, 9.47.  
1H NMR (δ/ppm, CDCl3): 7.33-7.18 (8H, m, arom.), 5.09 (1H, d, H(5a), 2J=16.9), 4.48 (1H, d, H(5b), 
2J=16.9), 4.23 (1H, dd, H(11), 3J=4.5, 3J=11.7), 3.34 (1H, dd, H(10a), 2J=15.7, 3J=4.5), 2.98 (1H, dd, 

H(10b), 2J=15.7, 3J=11.7),  2.37 (3H, s, ArCH3). 13C NMR (δ/ppm, CDCl3): 171.80 (CCON), 154.48 

(NCON), 138.21, 128.87 (2xCq, 4-methylphenyl, arom.), 131.02, 130.83 (2xCq, isoquin., arom.), 129.71, 

126.65 (2x2xCH-4-methylphenyl, arom.), 129.45, 127.38, 127.23, 125.92 (4xCH-isoquin., arom.), 54.61 

(CHCO), 41.83 (ArCH2N), 31.00 (ArCH2C), 21.15 (ArCH3).    

(10aS)-2-(3-Methylphenyl)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (14): 

Prepared from ester (2a) and 3-methylphenyl isocyanate in the same way as compound (8a) by Procedure 

2.  Yield 96%, mp 190-192°C, [ ]20
Dα –208.1° (c 1, CHCl3). Anal. Calcd for C18H16N2O2: C, 73.96; H, 

5.52; N, 9.58. Found: C, 73.75; H, 5.75; N, 9.49.  
1H NMR (δ/ppm, CDCl3): 7.36-7.17 (8H, m, arom.),  5.10 (1H, d, H(5a), 2J=16.7), 4.49 (1H, d, H(5b), 
2J=16.7), 4.24 (1H, dd, H(11), 3J=4.5, 3J=11.9), 3.35 (1H, dd, H(10a), 2J=15.6 Hz, 3J=4.5), 2.99 (1H, dd, 

H(10b), 2J=15.6,  3J=11.9), 2.38 (3H, s, ArCH3). 13C NMR (δ/ppm, CDCl3): 171.79 (CCON), 154.48 

(NCON), 139.13, 131.36 (2xCq, 3-methylphenyl, arom.), 131.00, 130.81 (2xCq, isoquin., arom.), 129.46, 

129.12, 128.91, 127.42, 127.27, 126.76, 126.67, 123.25 (8xCH, arom.), 54.66 (CHCO), 41.86 (ArCH2N), 

31.02 (ArCH2C), 21.34 (ArCH3). 

(10aS)-2-(4-Chlorophenyl)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (15): 

Prepared from ester (2a) and 4-chlorophenyl isocyanate in the same way as compound (8a) by Procedure 2.  

Yield 90%, mp 232-234°C, [ ]20
Dα –212.4° (c 1, CHCl3). Anal. Calcd for C17H13N2O2Cl: C, 65.29; H,4.19; N, 

8.96; Cl, 11.34. Found: C, 65.24; H, 4.19, N, 8.92; Cl, 11.14.  
1H NMR (δ/ppm, CDCl3): 7.42-7.21 (8H, m, arom.), 5.09 (1H, d, H(5a), 2J=16.9), 4.49 (1H, d, H(5b), 
2J=16.9), 4.24 (1H, dd, H(11), 3J=4.7, 3J=11.9), 3.35 (1H, dd, H(10a), 2J=15.5, 3J=4.7 Hz ), 2.98 (1H, dd, 

H(10b), 2J=15.5, 3J=11.9). 13C NMR (δ/ppm, CDCl3): 171.40 (CCON), 153.93 (NCON), 137.78, 130.14 

(2xCq, 4-chlorophenyl), 130.82, 130.65 (2xCq, isoquin., arom.), 129.24, 127.06 (2x2xCH, 4-chlorophenyl), 

129.48, 127.50, 127.35, 126.68 (4xCH-isoquin., arom.), 54.64 (CHCO), 41.88 (ArCH2N), 30.96 

(ArCH2C).  

(10aS)-2-(2,4-Dichlorophenyl)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (16): 

Prepared from ester (2a) and 2,4-dichlorophenyl isocyanate in the same way as compound (8a) by 

Procedure 2. After recrystallisation from a benzene-cyclohexane mixture, yield 91%, mp 157-161°C, 

[ ]20
Dα –135.3° (c 1, CHCl3). Anal. Calcd for C17H12N2O2Cl2: C, 58.81; H, 3.48; N, 8.07; Cl, 20.42. Found: 

C, 58.63; H, 3.59; N, 8.25; Cl, 20.36. 
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The product is a mixture of two diastereoisomers. Due to the hindered rotation around the N(2)–C(Ar) 

bond, the molecule exhibits atropoisomerism. According to the integral intensities, the proportion of 

isomers in the mixture isolated is I/II = 7/5.  

Diastereoisomer I: 1H NMR (δ/ppm, CDCl3): 7.53-7.19 (7H, m, arom.), 5.08 (1H, d, H(5a), 2J=17.0), 4.48 

(1H, d, H(5b), 2J=17.0), 4.27 (1H, dd H(11), 3J=4.5, 3J=11.7), 3.36 (1H, dd, H(10a), 2J=15.4, 3J=4.5),  

3.06 (1H, dd, H(10b), 2J=15.4, 3J=11.7). 13C NMR (δ/ppm, CDCl3): 170.98 (CCON), 153.45 (NCON), 

136.28, 133.94 (2xCq, isoquin., arom.), 131.23, 130.34, 129.52, 128.25, 127.50, 127.33, 126.63 (7xCH, 

arom.), 128.70, 127.89, 127.83 (3xCq, arom.), 55.16 (CHCO), 41.84 (ArCH2N), 31.13 (ArCH2C). 

Diastereoisomer II: 1H NMR (δ/ppm, CDCl3): 7.55-7.19 (7H, m, arom.), 5.13 (1H, d, H(5a), 2J=16.7), 

4.52 (1H, d, H(5b), 2J=16.7), 4.34 (1H, dd, H(11), 3J=4.7, 3J=11.6), 3.36 (1H, dd,  H(10a), 2J=15.8, 
3J=4.7), 3.02 (1H, dd, H(10b), 2J=15.8, 3J=11.6). 13C NMR (δ/ppm, CDCl3): 170.98 (CCON), 153.45 

(NCON), 136.15, 133.77 (2xCq, isoquin., arom.), 131.10, 130.41, 129.45, 128.09, 127.53, 127.36, 126.68 

(7xCH, arom.), 128.69, 127.95, 127.70 (3xCq, arom.), 54.96 (CHCO), 41.97 (ArCH2N), 30.91 (ArCH2C). 

(10aS)-2-(4-Methoxyphenyl)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione (17): 

Prepared from ester (2a) and 4-methoxyphenyl isocyanate in the same way as compound (8a) by Procedure 

2. Yield 87%, mp 226-228°C, [ ]20
Dα –206.6° (c 1, CHCl3). Anal. Calcd for C18H16N2O3: C, 70.12; H, 5.23; 

N, 9.09. Found: C, 70.17; H, 5.32; N, 8.83.  
1H NMR (δ/ppm, CDCl3): 7.32 (2H, m, methoxyphenyl), 6.97 (2H, m, methoxyphenyl), 7.29-7.18 (4H, m, 

isoquin., arom.), 5.09 (1H, d, H(5a), 2J=16.9), 4.50 (1H, d, H(5b), 2J=16.9), 4.23 (1H, dd, H(11), 3J=4.6, 
3J= 11.9), 3.34 (1H, dd, H(10a), 2J=15.6, 3J=4.6), 2.98 (1H, dd, H(10b), 2J=15.6, 3J=11.9), 3.81 (3H, s, 

OCH3). 13C NMR (δ/ppm, CDCl3): 171.94 (CCON), 154.60 (NCON), 159.21, 124.11 (2xCq, 

methoxyphenyl, arom.), 130.99, 130.79 (2xCq isoquin., arom.), 127.45, 114.41 (arom, 2x2xCH, 

methoxyphenyl, arom.), 129.45, 127.39, 127.24, 126.65 (4xCH, isoquin., arom.), 55.47 (OCH3), 54.59 

(CHCO), 41.82 (ArCH2N), 30.99 (ArCH2C).    

(10aS)-2-(5-Chloro-2-methoxyphenyl)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione 

(18): Prepared from ester (2a) and 5-chloro-2-methoxyphenyl isocyanate in the same way as compound 

(8a) by Procedure 2. Yield 85%, mp 205-207°C, [ ]20
Dα –138.8° (c 1, CHCl3). Anal. Calcd for 

C18H15N2O3Cl: C, 63.07; H, 4.41; N, 8.17, Cl, 10.34. Found: C, 63.17; H, 4.45; N, 8.02; Cl, 10.46.  

The NMR analysis showed that the product is a mixture of two diastereoisomers. Due to the hindered 

rotation around the N–C(Ar) bond, the molecule exhibits atropoisomerism. The proportion of isomers in 

the mixture isolated is I/II = 6/5.  

Diastereoisomer I: 1H NMR (δ/ppm, CDCl3): 7.38-6.90 (7H, m, arom.), 5.06 (1H, d, H(5a), 2J=16.7), 4.50 

(1H, d, H(5b), 2J=16.7), 4.22 (1H, dd, H(11), 3J=4.5, 3J=11.7), 3.33 (1H, dd, H(10a), 2J=15.3, 3J=4.5 Hz ), 

3.01 (1H, dd, H(10b), 2J=15.3, 3J=11.7), 3.76 (3H, s, OCH3). 13C NMR (δ/ppm, CDCl3): 171.71 (CCON), 
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154.00 (NCON), 131.00, 130.78 (2xCq, isoquin., arom.), 130.61, 129.92, 129.41, 127.31, 127.12, 126.58, 

112.96 (7xCH, arom.), 153.97, 125.38, 120.87 (3xCq, arom.), 56.13 (OCH3), 54.89 (CHCO), 41.67 

(ArCH2N), 30.99 (ArCH2C). 

Diastereoisomer II: 1H NMR (δ/ppm, CDCl3): 7.38-6.90 (7H, m, arom.), 5.11(1H, d, H(5a), 2J=16.6), 

4.45 (1H, d, H(5b), 2J=16.6), 4.48 (1H, dd, H(11), 3J=4.6, 3J=11.7), 3.33 (1H, dd, H(10a), 2J=14.9,  
3J=4.6), 2.98 (1H, dd, H(10b), 2J=14.9, 3J=11.7), 3.82 (3H, s, OCH3). 13C NMR (δ/ppm, CDCl3): 171.51 

(CCON), 154.13 (NCON), 130.90, 130.66 (2xCq, isoquin., arom.), 130.48, 129.73, 129.38, 127.34, 

127.18, 126.59, 113.08 (7xCH, arom.), 153.94, 125.29, 120.72 (3xCq, arom.), 56.15 (OCH3), 54.84 

(CHCO), 41.85 (ArCH2N), 30.92 (ArCH2C). 

(10aS)-2-(3-Chloro-4-ethoxyphenyl)-10,10a-dihydroimidazo[1,5-b]isoquinoline-1,3(2H,5H)-dione 

(19): Prepared from ester (2a) and 3-chloro-4-ethoxyphenyl isocyanate in the same way as compound (8a) 

by Procedure 2. Yield 93%, mp 208-209°C, [ ]20
Dα –174.2° (c 1, CHCl3). Anal. Calcd for C19H17N2O3Cl: C, 

63.96; H, 4.80; N, 7.85; Cl, 9.94. Found: C, 63.86; H, 4.93; N, 7.73; Cl, 9.87.  
1H NMR (δ/ppm, CDCl3): 7.46 (1H, d,  H(2´), 4J=2.5), 7.27 (1H, dd, H(6´),3J=8.8, 4J=2.5), 7.30-7.17 (4H, 

m, isoquin., arom.), 6.96 (1H, d, H(5´), 3J=8.8), 5.07 (1H, d, H(5a), 2J=16.9), 4.47 (1H, d, H(5b), 2J=16.9), 

4.22 (1H, dd, H(11), 3J=4.6, 3J=11.7), 3.33 (1H, dd, H(10a), 2J= 15.6, 3J=4.6), 2.96 (1H, dd, H(10b), 2J= 

15.6, 3J=11.7), 4.11 (2H, q, OCH2, 3J=7.0), 1.46 (3H, t, 3J=7.0). 13C NMR (δ/ppm, CDCl3): 171.60 

(CCON), 154.21 (NCON), 130.80, 130.63 (2xCq, isoquin., arom.), 129.43, 128.04, 127.42, 127.27, 126.63, 

125.49, 112.98 (7xCH, arom.), 154.15, 124.23, 123.01 (3xCq, arom.), 54.91 (OCH2), 54.57 (CHCO), 41.81 

(ArCH2N), 30.91 (ArCH2C), 14.58 (CH3).  

(10aS)-2-Phenyl-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinoline-1-one (20a): A 

suspension of hydrochloride of methyl (S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (2a) (0.50 g, 2.20 

mmol) in dry Et2O (20 mL) was vigorously stirred, cooled, and treated with dry NEt3 (0.22 g, 2.18 mmol) 

followed by fast addition of phenyl isothiocyanate (0.30 g, 2.22 mmol) in dry CH2Cl2 (2 mL). After 3 h 

vigorous stirring, the solid portion was collected by suction and washed with Et2O (5 mL) and  H2O (10 

mL). The crude product was purified by flash chromatography (silica gel 60 μm, CH2Cl2). The residue 

was recrystallised from a benzene-cyclohexane mixture to give 0.59 g (91%), yellow solid, mp 

226-229°C, [ ]20
Dα –323.7° (c 1, CHCl3). Anal. Calcd for C17H14N2OS: C, 69.36; H, 4.79; N, 9.52; S, 10.89. 

Found: C, 69.53; H, 4.75; N, 9.36; S, 10.78.  
1H NMR (δ/ppm, CDCl3): 7.51-7.35, (5H, m, phenyl), 7.26-7.19 (4H, m, isoquin., arom.), 5.48 (1H, d, 

H(5a), 2J= 17.6), 4.61 (1H, d, H(5b), 2J= 17.6), 4.32 (1H, dd, H(11), 3J=4.5, 3J=12.2), 3.33 (1H, dd, H(10a), 

2J=15.6, 3J=4.5), 3.02 (1H, dd, H(10b), 2J=15.6, 3J=12.2). 13C NMR (δ/ppm, CDCl3): 180.87 (CS), 172.39 

(CO), 128.24 (Cq, phenyl,), 130.86, 130.30 (2xCq, isoquin., arom.), 129.13, 128.34 (2x2xCH, phenyl), 

129.27, 129.20, 127.65, 127.41, 126.74 (5xCH, arom.), 57.86 (CHCO), 46.24 (ArCH2N), 30.92 (ArCH2C).   
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(10a±)-2-Phenyl-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinoline-1-one (20b): Prepared 

from ester (2a) and phenyl isothiocyanate in the same way as compound (8a) by Procedure 2. Yield 89%, 

mp 197-199°C, (benzene-cyclohexane), (ref.18 mp 214-215°C, acetone). The 1H and 13C NMR spectra 

(CDCl3) were identical with those of compound (20a). 

(10aS)-2-Methyl-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinoline-1-one (21a): Prepared 

from ester (2a) and methyl isothiocyanate in the same way as compound (20a). Compound (21a) is 

soluble in Et2O and was isolated from the ethereal solution by distilling off the solvent until dry. After 

recrystallisation from a cyclohexane-hexane mixture yield 82 %, yellow solid mp 192-193°C, 

[ ]20
Dα –156.3° (c 1, CHCl3). Anal. Calcd for C12H12N2OS: C, 62.04; H, 5.21; N, 12.06; S, 13.80. Found: C, 

62.29; H, 5.14; N, 11.88; S, 13.84.  
1H NMR (δ/ppm, CDCl3): 7.33-7.21 (4H, m, arom.), 5.49 (1H, d, H(5a), 2J=17.6), 4.63 (1H, d, H(5b), 
2J=17.6), 4.17 (1H, dd, H(11), 3J=4.7, 3J=12.7), 3.35 (1H, dd, H(10a), 2J=15.9, 3J=4.7), 2.93 (1H, dd, 

H(10b), 2J=15.9, 3J=12.7), 3.35 (3H, s, CH3). 13C NMR (δ/ppm, CDCl3): 181.33 (CS), 173.02 (CO), 

130.86, 130.30 (2xCq, arom.), 129.18, 127.50, 127.27, 126.68 (4xCH, arom.), 57.47 (CHCO), 45.96 

(ArCH2N), 30.62 (ArCH2C), 27.78 (CH3). 

(10a±)-2-Methyl-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinoline-1-one (21b): Prepared 

from ester (2a) and methyl isothiocyanate in the same way as compound (8a) by Procedure 2. Yield of the 

yellow solid 92%, mp 162-164°C (cyclohexane-hexane), (ref.18: mp 175-176°C, acetone). The 1H and 13C 

NMR spectra (CDCl3) were identical with those of compound (21a). 

(10aS)-2-Ethyl-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinoline-1-one (22a): Prepared 

from ester (2a) and ethyl isothiocyanate in the same way as compound (20a). Yield of the yellow solid 91%, 

mp 118-120°C (cyclohexane-hexane), [ ]20
Dα –293.8° (c 1, CHCl3). (In the sample exhibiting [ ]20

Dα –209.0 

(c 1, CHCl3), the content of R-enantiomer determined by HPLC was 15.6 % (Figure 4), which means that 

the sample exhibiting [ ]20
Dα –293.8° (c 1, CHCl3) contains 1.6 % of R-enantiomer. 

 

Figure 4. Chiral HPLC separation of  2-ethyl-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]iso- 
quinoline-1-one (22) enantiomers. Lower chromatogram represents separation of racemic mixture and 
upper chromatogram represents the mixture of enantiomers containing 84.4%  (10aS)-2-ethyl-3-thioxo- 
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1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinoline-1-one (22a) and 15.6% (10aR) enantiomer. HPLC 
conditions are described in Experimental section. 

Anal. Calcd for C13H14N2OS: C, 63.39; H, 5.73; N, 11.37; S, 13.02. Found: C, 63.66; H, 5.78; N, 11.18; S, 

12.86.  
1H NMR (δ/ppm, CDCl3): 7.29-7.20 (4H, m, arom.), 5.46 (1H, d, H(5a), 2J=17.5), 4.58 (1H, d, H(5b), 
2J=17.5), 4.15 (1H, dd, H(11), 3J=4.6, 3J=12.6), 3.28 (1H, dd, H(10a), 2J=15.4, 3J=4.6), 2.87 (1H, dd, 

H(10b), 2J=15.4, 3J=12.6), 3.94 (1H, dq, (NCHa), 2J=13.3, 3J=7.2), 3.90 (1H, dq, (NCHb), 2J=13.3, 
3J=7.2), 1.26 (3H, t, CH3, 3J=7.2). 13C NMR (δ/ppm, CDCl3): 180.77 (CS), 172.84 (CO), 130.94, 130.35 

(2xCq, arom.), 129.18, 127.48, 127.26, 126.66 (4xCH, arom.), 57.36 (CHCO), 45.83 (ArCH2N), 36.44 

(NCH2), 30.63 (ArCH2C), 13.02 (CH3). 

(10a±)-2-Ethyl-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinoline-1-one (22b): Prepared 

from ester (2a) and ethyl isothiocyanate in the same way as compound (8a) by Procedure 2. Yield 88% 

mp 122-124°C (EtOH), (ref.18: mp 125-126°C, EtOH).  The 1H and 13C NMR spectra (CDCl3) were 

identical with those of compound (22a). 

(10aS)-2-Allyl-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinoline-1-one (23a): Prepared 

from ester (2a) and allyl isothiocyanate in the same way as compound (20a).  Yield of the yellow solid 

83%, mp 110-113°C (cyclohexane-hexane), [ ]20
Dα –273.5° (c = 1, CHCl3). Anal. Calcd for C14H14N2OS: 

C, 65.09; H, 5.46; N, 10.85; S, 12.41. Found: C, 65.18; H, 5.60; N, 10.70; S, 12.47.  
1H NMR (δ/ppm, CDCl3): 7.30-7.21 (4H, m, arom.),  5.86 (1H, m, CH2CH=, 3J =5.8, 3Jcis =10.3, 3Jtrans 

=17.1), 5.25 (1H, m, =CH, 2J=1.2, 3Jtrans =17.1), 5.19 (1H, m, =CH, 2J=1.2, 3Jcis =10.3), 4.47 (1H, m, 

NCHa, 2J=1.4, 3J=5.8), 4.46 (1H, m, NCHb, 2J=1.4, 3J=5.8), 5.47 (1H, d,  H(5a), 2J=17.5), 4.61 (1H, d,  

H(5b), 2J=17.5), 4.19 (1H, dd, H(11), 3J=4.6 Hz, 3J=12.6), 3.30 (1H, dd, H(10a), 2J=15.6, 3J=4.6), 2.89 

(1H, dd, H(10b), 2J=15.6, 3J=12.6). 13C NMR (δ/ppm, CDCl3): 180.70 (CS), 172.70 (CO), 130.94, 130.34 

( 2xCq, arom.), 130.82 (CH2CH=CH2), 129.24, 127.58, 127.36, 126.72 (4xCH, arom.), 118.44 (CH=CH2), 

57.45 (CHCO), 46.01 (ArCH2N), 43.38 (NCH2CH), 30.77 (ArCH2C). 

(10a±)-2-Allyl-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5-b]isoquinoline-1-one (23b): Prepared 

from ester (2a) and allyl isothiocyanate in the same way as compound (8a) by Procedure 2. Yield 85%, 

mp 75-77°C (cyclohexane-hexane), (ref.18: mp 86-87°C, EtOH). The 1H and 13C NMR spectra (CDCl3) 

were identical with those of compound (23a). 
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