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Abstract—7-Aryl(hetaryl, cyclohexenyl)-7,10,11,12-tetrahydrobenzo[b][1,7]phenanthrolin-8(9H)-ones were 
synthesized by three-component condensation of aromatic and heteroaromatic aldehydes and cyclohex-3-ene- 
1-carbaldehyde with quinolin-5-amine and cyclohexane-1,3-diones. 

Reactions of amines of the quinoline series with 
carbonyl-containing compounds are widely used in the 
synthesis of phenanthrolines. We previously [1–4] 
showed that quinolin-6-amine reacts with aromatic 
aldehydes and methyl or methylene ketones (as CH 
acids) to give various 4,7-phenanthrolines. Among the 
examined CH acids, the most efficient were cyclic  
1,3-diketones [3, 4]. The resulting partially hydro-
genated oxo derivatives of benzo[b][4,7]phenanthroline 
attract interest from the practical viewpoint as analogs 
of alkaloids, enzyme inhibitors, bactericide agents, and 
antibiotics [5–8].  

In the present work we tried to obtain previously 
unknown fused 1,7-phenanthroline derivatives that are 
isomeric to the above noted benzo[b][4,7]phenanthro-
lines and are potential biologically active substances 
[9, 10]. For this purpose, we studied three-component 
condensation of quinolin-5-amine (I) with cyclohex-
ane-1,3-dione (II) and aromatic and heteroaromatic 
aldehydes IIIa–IIIab and cyclohex-3-ene-1-carbalde-
hyde (IIIac). The reactions were carried out by heating 
equimolar amounts of the reactants in boiling butanol. 
Due to high reactivity of the β-dicarbonyl component 
no addition of catalyst was necessary: the enol form of 
cyclohexane-1,3-dione acted as acid catalyst. As a re-
sult, we isolated in 37–80% yield the corresponding  
7-substituted 7,10,11,12-tetrahydrobenzo[b][1,7]phe-
nanthrolin-8(9H)-ones IVa–IVac (Scheme 1). 

By analogy with our previous data [11] on the 
three-component condensation of naphthalen-1-amine 
(a carbocyclic analog of quinolin-5-amine) with aro-
matic aldehydes and dimedone (5,5-dimethylcyclo-

hexane-1,3-dione), we believe that the scheme of 
formation of the benzo[b][1,7]phenanthroline system 
includes initial reaction of amine I with aldehyde III to 
give Schiff base A, addition of diketone II at the C=N 
bond of Schiff base A, rearrangement of adduct B thus 
formed in a way similar to the Hofmann–Martius rear-
rangement (migration of N-alkyl substituent in anilines 
to the aromatic ring [12]), and intramolecular ring 
closure of rearrangement product C. 

The transformation of intermediate B could also 
involve its hydramine fission into initial amine I and 
α,β-unsaturated ketone D. The double C=C bond in the 
latter is strongly activated due to conjugation with two 
neighboring carbonyl groups; therefore, it is capable of 
reacting with amine I at the aromatic ring, namely at 
the carbon atom in the α-position with respect to the 
amino group, which possesses the largest electron 
density. The resulting amino diketone C undergoes 
dehydrocyclization to benzo[b][1,7]phenanthrolinone 
IV. Alternatively, diketone II can react first with alde-
hyde III to give 2-arylmethylidenecyclohexane-1,3-
dione D which then attacks amine I at the aromatic 
ring (see above). Another theoretically possible reac-
tion path including cyclization of adduct B (as in the 
condensation of arylmethylideneamines with cyclic 
ketones [1, 13]) is not observed, and benzo[c][1,7]-
phenanthroline derivatives like E were not detected 
even as impurity. 

The yield of products IVa–IVac depends to some 
extent on the nature of the R substituent in aldehyde 
III. Benzaldehydes IIIi–IIIt and IIIv having an ester, 
hydroxy, or alkoxy group (i.e., those exerting –I or –I  
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Scheme 1. 
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R = Ph (a), 2-MeC6H4 (b), 4-MeC6H4 (c), 4-і-PrC6H4 (d), 2-BrC6H4 (e), 4-BrC6H4 (f), 2-IC6H4 (g), 2-CF3C6H4 (h), 3-HOC6H4 (i),  
4-HOC6H4 (j), 3,4-(HO)2C6H3 (k), 2-MeOC6H4 (l), 4-MeOC6H4 (m), 2,4-(MeO)2C6H3 (n), 3,4-(MeO)2C6H3 (o), 3,4,5-(MeO)3- 
C6H2 (p), 2-MeO-5-BrC6H3 (q), 3,4-(OCH2O)C6H3 (r), 4-EtOC6H4 (s), 4-PrOC6H4 (t), 4-MeSC6H4 (u), 4-MeOCOC6H4 (v), 4-Ph- 

C6H4 (w), 4-PhCH2OC6H4 (x), pyridin-3-yl (y), pyridin-4-yl (z), 2-thienyl (aa), 3-methyl-2-thienyl (ab), cyclohex-3-en-1-yl (ac). 

and –M effects) give rise to phenanthrolines IVi–IVt 
and IVv in high yields (60–80%), the maximal yields 
(78–80%) being obtained from 2-methoxy-, 2,4-di-
methoxy-, and 4-bromo-2-methoxybenzaldehydes IIIl, 
IIIn, and IIIq, despite negative steric effect of the 
ortho-substituent. Presumably, the carbonyl group in 
these aldehydes is activated most strongly by the meth-
oxy group (negative inductive effect) located most 
closely to the reaction center. Steric hindrances created 
by the ortho-substituent in halogen derivatives IIIe, 
IIIg, and IIIh affect the reaction more strongly, for the 
negative inductive effect of halogen atoms is weaker 
than that of methoxy group; therefore, phenanthrolines 
IVe, IVg, and IVh were formed in a lower yield (37–
43%). Negative steric effect on the product yield was  

also observed in the reactions with o-methylbenzalde-
hyde (IIIb) and 3-methylthiophene-2-carbaldehyde 
(IIIab); in these cases, additional deactivation of the 
carbonyl group is induced by the donor methyl group 
in the ortho position, and the yields of IVb and IVab 
were 38–46%. The yields of phenanthrolines IVy and 
IVz derived from pyridinecarbaldehydes IIIy and IIIz 
were fairly good (63–67%) due to –I effect of the pyri-
dine nitrogen atom. 

The structure of compounds IVa–IVac was deter-
mined on the basis of their IR, NMR, and mass spec-
tra. In the IR spectra of these compounds we observed 
strong absorption bands at 1590 and 1525 cm–1, which 
should be assigned to the vinylogous amide fragment 
(1580, 1520 cm–1 [14]). Strong bands at 3440 and  
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a Correlation peak intensities are denoted as “s” for strong, “m” for medium, and “w” for weak. 

Carbon 
atom 

Proton 

1-H 2-H 3-H 4-H 6-H 7-H 9-H 11-Hax 11-Heq 12-H 2′-H 5′-H 6′-H 2″-H 

C1     m                       

C1a   m   m                     

C1b s       s s       m         

C7         m           m   m   

C7a       s   s       s         

C8           m w               

C8a           s                 

C9               w   s         

C10             w   w           

C11             w     m         

C12a           s   m m           

C1′                       m     

C2′           s             s   

C3′                       s   s 

C4′                     s   s s 

C6′                     s       

Intensities of correlation peaksa in the HMBC spectrum of compound (IVr)   

O

O

R =

1'
2'

3'

4'
5'

6'

2'' .

1620 cm–1 belong, respectively, to stretching and bend-
ing vibrations of the secondary NH group. Stretching 
vibrations of aliphatic C–H bonds appeared in the 
region 2960–2870 cm–1, and aromatic C–H bonds gave 
rise to absorption bands at 3060–3030 cm–1. In addi-
tion, compounds IVk–IVt, IVv, and IVx showed in 
the IR spectra absorption bands at 1240–1230 cm–1 due 
to the C–O–C fragment; the spectrum of IVu contained 
a strong C–S stretching vibration band at 1125 cm–1, 
and the ester carbonyl band in the spectrum of IVv was 
located at 1725–1720 cm–1. 

The electron-impact mass spectra of benzophenan-
throlinones IVa–IVac were characterized by the pres-
ence of molecular ion peaks [M]+ with a relative in-
tensity Irel of 14–48%. The base peak in their mass 
spectra (Irel 100%) was [M – R]+ (m/z 249). The mass 
spectra of all compounds IVa–IVac contained a ion 
peak with m/z 193 (Irel 8–28%), which corresponds  
to elimination of the CH2CH2CO fragment from the  
[M – R]+ ion. 

Signals in the 1H NMR spectra of compounds IVa–
IVac were assigned by analysis of the two-dimensional 
COSY spectra which revealed several closed spin sys-

tems in the resonance region of aromatic and aliphatic 
protons. Chemical shifts and multiplicities of signals 
belonging to each closed spin system were taken into 
account, and NOESY, HSQC, and HMC techniques 
were also used (see table). Likewise, signals in the  
13C NMR spectra (see Experimental) were assigned on 
the basis of joint analysis of two-dimensional NMR 
spectra.  

The positions and multiplicities of signals from 
protons in the C and D rings were very similar for all 
compounds IVa–IVac, indicating that they belong to 
the same structural series. To distinguish between 
possible isomers, we examined the two-dimensional 
HSQC and HMBC spectra of compound IVr (see 
table). The choice of structure IVr rather than D was 
based on the presence of a fairly strong 12-H/C11 cor-
relation peak. Structure D should be characterized by 
correlations between 12-H, on the one hand, and C7 
and C1′ in the aryl substituent, on the other; however, 
no such correlations were observed. Therefore, struc-
ture D can be ruled out. It should be noted that the 7-H 
signal appears as a singlet at δ 5.13–5.78 ppm, i.e., it  
is displaced downfield relative to the corresponding 
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signal of 1,4-dihydropyridines [15] due to anisotropic 
effect of the neighboring aromatic ring.  

We can conclude that the three-component conden-
sation of quinolin-5-amine with cyclohexane-1,3-dione 
and aldehydes provides an effective and selective 
method for the synthesis of new fused heterocycles 
containing benzene and 1,7-phenanthroline fragments 
and pharmacophoric substituents, which attract interest 
as potential biologically active compounds with  
a broad spectrum of action. 

EXPERIMENTAL 

The IR spectra were recorded in KBr on a Nicolet 
Protege-460 spectrometer with Fourier transform. The 
NMR spectra were measured on Bruker AC-500  
(500 MHz) and Tesla BS-567 (100 MHz) instruments 
from solutions in DMSO-d6 using tetramethylsilane as 
internal reference. The mass spectra (electron impact, 
70 eV) were obtained on a Finnigan MAT INCOS-50 
spectrometer and on a Hewlett–Packard HP 5890/ 
HP 5972 GC–MS system (HP-5MS capillary column, 
30 m × 0.25 mm × 0.25 μm, 5% of phenylmethylsili-
cone; injector temperature 250°C). The melting points 
were determined on a Kofler hot stage. 

7-Substituted 7,10,11,12-tetrahydrobenzo[b]-
[1,7]phenanthrolin-8(9H)-ones IVa–IVac (general 
procedure). A solution of 5 mmol of quinolin-5-amine 
(I), 5 mmol of cyclohexane-1,3-dione (II), and 5 mmol 
of aldehyde IIIa–IIIac in 20 ml of butanol was heated 
for 3–4 h under reflux. The precipitate was filtered off 
and washed with diethyl ether. Compounds IVa, IVe–
IVi, IVl–IVn, IVv, and IVy were recrystallized from 
ethanol–benzene (1 : 4). 

7-Phenyl-7,10,11,12-tetrahydrobenzo[b][1,7]-
phenanthrolin-8(9H)-one (IVa). Yield 59%, mp 220–
221°C. 1H NMR spectrum, δ, ppm: 1.98 m (1H,  
10-Hax), 2.04 m (1H, 10-Heq), 2.28 m (2H, 9-H),  
2.70 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.0, J11-ax, 10-eq = 
4.2 Hz), 2.90 d.t (1H, 11-Heq, J11-eq, 10-ax = J11-eq, 10-eq = 
4.5 Hz), 5.55 s (1H, 7-H), 6.80–7.11 m (5H, Ph),  
7.42 d.d (1H, 2-H, J2, 1 = 8.8, J2, 3 = 4.0 Hz), 7.56 d 
(1H, 6-H, J6, 5 = 8.9 Hz), 7.58 d (1H, 5-H, J5, 6 =  
8.9 Hz), 8.72 d (1H, 3-H, J3, 2 = 4.0 Hz), 8.81 d (1H,  
1-H, J1, 2 = 8.8 Hz), 9.20 s (NH). Found, %: C 80.84; 
H 5.37; N 8.30. C22H18N2O. Calculated, %: C 80.98;  
H 5.52; N 8.59. 

7-(2-Methylphenyl)-7,10,11,12-tetrahydrobenzo-
[b][1,7]phenanthrolin-8(9H)-one (IVb). Yield 38%, 
mp 215–216°C. 1H NMR spectrum, δ, ppm: 1.85 m 

(1H, 10-Hax); 1.99 m (1H, 10-Heq); 2.22 m (2H, 9-H); 
2.68 s (Me); 2.72 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.2, 
J11-ax, 10-eq = 4.4 Hz); 2.88 d.t (1H, 11-Heq, J11-eq, 10-ax = 
J11-eq, 10-eq = 4.4 Hz); 5.46 s (1H, 7-H); 6.70 t, 6.88 d, 
7.01 t, and 7.09 t (4H, 3′-H, 4′-H, 5′-H, 6′-H, J3′, 4 ′ = 
8.1, J4′, 5′ = J5′, 6′ = 8.5 Hz); 7.39 d.d (1H, 2-H, J2, 1 = 8.9, 
J2, 3 = 4.1 Hz); 7.45 d (1H, 6-H, J6, 5 = 8.9 Hz); 7.59 d 
(1H, 5-H, J5, 6 = 8.9 Hz); 8.86 d (1H, 3-H, J3, 2 =  
4.0 Hz); 8.94 d (1H, 1-H, J1, 2 = 8.8 Hz); 9.39 s (NH). 
Found, %: C 80.99; H 5.78; N 7.96. C23H20N2O. Cal-
culated, %: C 81.15; H 5.92; N 8.23. 

7-(4-Methylphenyl)-7,10,11,12-tetrahydrobenzo-
[b][1,7]phenanthrolin-8(9H)-one (IVc). Yield 49%, 
mp 218–219°C. 1H NMR spectrum, δ, ppm: 1.88 m 
(1H, 10-Hax), 2.00 m (1H, 10-Heq), 2.24 m (2H, 9-H), 
2.47 s (Me), 2.70 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.0, 
J11-ax, 10-eq = 4.2 Hz), 2.86 d.t (1H, 11-Heq, J11-eq, 10-ax = 
J11-eq, 10-eq = 4.5 Hz), 5.28 s (1H, 7-H), 7.11 d (2H, 2′-H, 
6′-H, J2′, 3′ = J6′, 5′ = 8.4 Hz), 7.28 d (2H, 3′-H, 5′-H,  
J3′, 2′ = J5′, 6′ = 8.4 Hz), 7.35 d (1H, 6-H, J6, 5 = 9.0 Hz), 
7.44 d.d (1H, 2-H, J2, 1 = 8.9, J2, 3 = 4.1 Hz), 7.53 d 
(1H, 5-H, J5, 6 = 9.0 Hz), 8.78 d (1H, 3-H, J3, 2 =  
4.1 Hz), 8.84 d (1H, 1-H, J1, 2 = 8.9 Hz), 9.20 s (NH). 
Found, %: C 80.96; H 5.77; N 8.06. C23H20N2O. Cal-
culated, %: C 81.15; H 5.92; N 8.23. 

7-(4-Isopropylphenyl)-7,10,11,12-tetrahydro-
benzo[b][1,7]phenanthrolin-8(9H)-one (IVd). Yield 
69%, mp 222–223°C. 1H NMR spectrum, δ, ppm:  
1.98 m (1H, 10-Hax), 2.05 m (1H, 10-Heq), 2.28 m (2H, 
9-H), 2.65 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.0,  
J11-ax, 10-eq = 4.3 Hz), 2.72 m (i-Pr), 2.85 d.t (1H, 11-Heq, 
J11-eq, 10-ax = J11-eq, 10-eq = 4.5 Hz), 5.28 s (1H, 7-H),  
7.11 d (2H, 2′-H, 6′-H, J2′, 3′ = J6′, 5′ = 8.4 Hz), 7.28 d 
(2H, 3′-H, 5′-H, J3′, 2′ = J5′, 6′ = 8.4 Hz), 7.35 d (1H, 6-H, 
J6, 5 = 9.0 Hz), 7.44 d.d (1H, 2-H, J2, 1 = 8.9, J2, 3 =  
4.1 Hz), 7.53 d (1H, 5-H, J5, 6 = 9.0 Hz), 8.78 d (1H,  
3-H, J3, 2 = 4.1 Hz), 8.84 d (1H, 1-H, J1, 2 = 8.9 Hz), 
9.20 s (NH). Found, %: C 81.32; H 6.38; N 7.41. 
C25H24N2O. Calculated, %: C 81.49; H 6.57; N 7.60. 

7-(2-Bromophenyl)-7,10,11,12-tetrahydrobenzo-
[b][1,7]phenanthrolin-8(9H)-one (IVe). Yield 43%, 
mp 275–276°C. 1H NMR spectrum, δ, ppm: 1.85 m 
(1H, 10-Hax); 1.99 m (1H, 10-Heq); 2.22 m (2H, 9-H); 
2.70 s (Me); 2.72 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.2, 
J11-ax, 10-eq = 4.4 Hz); 2.88 d.t (1H, 11-Heq, J11-eq, 10-ax = 
J11-eq, 10-eq = 4.4 Hz); 5.78 s (1H, 7-H); 6.95 t, 7.13 t, 
7.26 d (4H, 3′-H, 4′-H, 5′-H, 6′-H, J3′, 4′ = 8.1, J4′, 5′ = 
J5′, 6′ = 8.5 Hz); 7.43 d.d (1H, 2-H, J2, 1 = 8.9, J2, 3 =  
4.1 Hz); 7.48 d (1H, 6-H, J6, 5 = 8.9 Hz); 7.57 d (1H,  
5-H, J5, 6 = 8.9 Hz); 8.78 d (1H, 3-H, J3, 2 = 4.0 Hz); 
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8.84 d (1H, 1-H, J1, 2 = 8.8 Hz); 9.13 s (NH). Found, 
%: C 65.02; H 4.06; Br 19.51; N 6.72. C22H17BrN2O. 
Cal-culated, %: C 65.19; H 4.20; Br 19.75; N 6.91. 

7-(4-Bromophenyl)-7,10,11,12-tetrahydrobenzo-
[b][1,7]phenanthrolin-8(9H)-one (IVf). Yield 62%, 
mp 255–256°C. 1H NMR spectrum, δ, ppm: 1.98 m 
(1H, 10-Hax), 2.05 m (1H, 10-Heq), 2.28 m (2H, 9-H), 
2.65 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.0, J11-ax, 10-eq = 
4.2 Hz), 2.80 d.t (1H, 11-Heq, J11-eq, 10-ax = J11-eq, 10-eq = 
4.5 Hz), 5.28 s (1H, 7-H), 7.11 d (2H, 2′-H, 6′-H,  
J2′, 3′ = J6′, 5′ = 8.4 Hz), 7.28 d (2H, 3′-H, 5′-H, J3′, 2′ = 
J5′, 6′ = 8.4 Hz), 7.35 d (1H, 6-H, J6, 5 = 9.0 Hz), 7.44 d.d 
(1H, 2-H, J2, 1 = 8.9, J2, 3 = 4.1 Hz), 7.53 d (1H, 5-H, 
J5, 6 = 9.0 Hz), 8.78 d (1H, 3-H, J3, 2 = 4.1 Hz), 8.84 d 
(1H, 1-H, J1, 2 = 8.9 Hz), 9.20 s (NH). Found, %:  
C 64.96; H 4.19; Br 19.41; N 6.73. C22H17BrN2O. Cal-
culated, %: C 65.19; H 4.20; Br 19.75; N 6.91. 

7-(2-Iodophenyl)-7,10,11,12-tetrahydrobenzo[b]-
[1,7]phenanthrolin-8(9H)-one (IVg). Yield 39%,  
mp 247–248°C. 1H NMR spectrum, δ, ppm: 1.85 m 
(1H, 10-Hax); 1.99 m (1H, 10-Heq); 2.22 m (2H, 9-H); 
2.70 s (Me); 2.72 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.2, 
J11-ax, 10-eq = 4.4 Hz); 2.88 d.t (1H, 11-Heq, J11-eq, 10-ax = 
J11-eq, 10-eq = 4.4 Hz); 5.78 s (1H, 7-H); 6.95 t, 7.13 t, 
7.26 d (4H, 3′-H, 4′-H, 5′-H, 6′-H, J3′, 4′ = 8.1, J4′, 5′ = 
J5′, 6′ = 8.5 Hz); 7.43 d.d (1H, 2-H, J2, 1 = 8.9, J2, 3 =  
4.1 Hz); 7.48 d (1H, 6-H, J6, 5 = 8.9 Hz); 7.57 d (1H,  
5-H, J5, 6 = 8.9 Hz); 8.78 d (1H, 3-H, J3, 2 = 4.0 Hz); 
8.84 d (1H, 1-H, J1, 2 = 8.8 Hz); 9.21 s (NH). Found, 
%: C 58.25; H 3.63; I 27.81; N 5.87. C22H17IN2O. Cal-
culated, %: C 58.42; H 3.79; I 28.06; N 6.19. 

7-(2-Trifluoromethylphenyl)-7,10,11,12-tetrahy-
drobenzo[b][1,7]phenanthrolin-8(9H)-one (IVh). 
Yield 37%, mp 192–193°C. 1H NMR spectrum, δ, 
ppm: 1.85 m (1H, 10-Hax); 1.99 m (1H, 10-Heq);  
2.22 m (2H, 9-H); 2.70 s (Me); 2.72 d.d.d (1H, 11-Hax, 
J11-ax, 11-eq = 17.2, J11-ax, 10-eq = 4.4 Hz); 2.88 d.t (1H,  
11-Heq, J11-eq, 10-ax = J11-eq, 10-eq = 4.4 Hz); 5.78 s (1H,  
7-H); 6.95 t, 7.13 t, 7.26 d (4H, 3′-H, 4′-H, 5′-H, 6′-H, 
J3′, 4′ = 8.1, J4′, 5′ = J5′, 6′ = 8.5 Hz); 7.43 d.d (1H, 2-H, 
J2, 1 = 8.9, J2, 3 = 4.1 Hz); 7.48 d (1H, 6-H, J6, 5 =  
8.9 Hz), 7.57 d (1H, 5-H, J5, 6 = 8.9 Hz); 8.78 d (1H,  
3-H, J3, 2 = 4.0 Hz); 8.84 d (1H, 1-H, J1, 2 = 8.8 Hz); 
9.18 s (NH). Found, %: N 6.89. C23H17F3N2O. Calcu-
lated, %: N 7.10. 

7-(3-Hydroxyphenyl)-7,10,11,12-tetrahydroben-
zo[b][1,7]phenanthrolin-8(9H)-one (IVi). Yield 61%, 
mp 271–272°C. 1H NMR spectrum, δ, ppm: 1.95 m 
(1H, 10-Hax), 2.05 m (1H, 10-Heq), 2.29 m (2H, 9-H), 
2.73 m (1H, 11-Hax), 2.88 m (1H, 11-Heq), 5.31 s (1H, 

7-H), 7.19 d (2H, 5′-H, 6′-H, J5′, 6′ = J5′, 4′ = 8.8 Hz), 
7.42 d.d (1H, 2-H, J2, 1 = 8.7, J2, 3 = 4.0 Hz), 7.53 d 
(1H, 6-H, J6, 5 = 8.9 Hz), 7.57 d (1H, 5-H, J5, 6 =  
8.9 Hz), 8.20 d (1H, 4′-H, J4′, 5′ = 8.8 Hz), 8.50 s (1H, 
2′-H), 8.64 s (OH), 8.74 d (1H, 3-H, J3, 2 = 4.0 Hz), 
8.81 d (1H, 1-H, J1, 2 = 8.7 Hz), 9.15 s (NH). Found, %: 
C 76.92; H 5.13; N 7.97. C22H18N2O2. Calculated, %: 
C 77.17; H 5.30; N 8.18. 

7-(4-Hydroxyphenyl)-7,10,11,12-tetrahydroben-
zo[b][1,7]phenanthrolin-8(9H)-one (IVj). Yield 61%, 
mp 281–282°C. 1H NMR spectrum, δ, ppm: 1.97 m 
(1H, 10-Hax), 2.04 m (1H, 10-Heq), 2.27 m (2H, 9-H), 
2.81 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.0, J11-ax, 10-eq = 
4.2 Hz), 2.85 d.t (1H, 11-Heq, J11-eq, 10-ax = J11-eq, 10-eq = 
4.5 Hz), 5.13 s (1H, 7-H), 6.50 d (2H, 2′-H, 6′-H,  
J2′, 3′ = J6′, 5′ = 8.4 Hz), 6.44 d (2H, 3′-H, 5′-H, J3′, 2′ = 
J5′, 6′ = 8.4 Hz), 7.37 d (1H, 6-H, J6, 5 = 9.0 Hz), 7.42 d.d 
(1H, 2-H, J2, 1 = 8.9, J2, 3 = 3.9 Hz), 7.50 d (1H, 5-H, 
J5, 6 = 9.0 Hz), 8.62 s (1H, OH), 8.75 d (1H, 3-H, J3, 2 = 
3.9 Hz), 8.83 d (1H, 1-H, J1, 2 = 8.9 Hz), 9.12 s (NH). 
Found, %: C 76.95; H 4.97; N 7.88. C22H18N2O2. Cal-
culated, %: C 77.17; H 5.30; N 8.18. 

7-(3,4-Dihydroxyphenyl)-7,10,11,12-tetrahydro-
benzo[b][1,7]phenanthrolin-8(9H)-one (IVk). Yield 
60%, mp 266–267°C. 1H NMR spectrum, δ, ppm:  
1.92 m (1H, 10-Hax), 2.03 m (1H, 10-Heq), 2.29 m  
(2H, 9-H), 2.73 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.2,  
J11-ax, 10-eq = 4.6 Hz), 2.81 d.t (1H, 11-Heq, J11-eq, 10-ax = 
J11-eq, 10-eq = 4.6 Hz), 5.18 s (1H, 7-H), 6.58 d (1H, 6′-H, 
J6′, 5′ = 8.7 Hz), 6.64 d (1H, 5′-H, J5′, 6′ = 8.7 Hz), 6.71 s 
(1H, 2′-H), 7.48 d.d (1H, 2-H, J2, 1 = 8.9, J2, 3 = 4.1 Hz), 
7.52 d (1H, 6-H, J6, 5 = 8.9 Hz), 7.58 d (1H, 5-H, J5, 6 = 
8.9 Hz), 8.60 s (1H, OH), 8.63 s (1H, OH), 8.83 d (1H, 
3-H, J3, 2 = 4.1 Hz), 8.89 d (1H, 1-H, J1, 2 = 8.9 Hz), 
9.31 s (NH). Found, %: C 73.51; H 4.94; N 7.71. 
C22H18N2O3. Calculated, %: C 73.74; H 5.03; N 7.82. 

7-(2-Methoxyphenyl)-7,10,11,12-tetrahydroben-
zo[b][1,7]phenanthrolin-8(9H)-one (IVl). Yield 79%, 
mp 231–232°C. 1H NMR spectrum, δ, ppm: 1.99 m 
(1H, 10-Hax); 2.06 m (1H, 10-Heq); 2.28 m (2H, 9-H); 
2.71 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.2, J11-ax, 10-eq = 
4.4 Hz); 2.82 d.t (1H, 11-Heq, J11-eq, 10-ax = J11-eq, 10-eq = 
4.4 Hz); 3.89 s (3H, MeO); 5.65 s (1H, 7-H); 6.72 t, 
6.83 d, 7.01 t, 7.09 t (4H, 3′-H, 4′-H, 5′-H, 6′-H, J3′, 4′ = 
8.0, J4′, 5′ = J5′, 6′ = 8.6 Hz); 7.32 d.d (1H, 2-H, J2, 1 = 8.8, 
J2, 3 = 4.1 Hz); 7.50 d (1H, 6-H, J6, 5 = 8.8 Hz); 7.59 d 
(1H, 5-H, J5, 6 = 8.9 Hz); 8.86 d (1H, 3-H, J3, 2 =  
4.1 Hz); 8.95 d (1H, 1-H, J1, 2 = 8.9 Hz); 9.39 s (NH). 
Found, %: C 77.29; H 5.51; N 7.65. C23H20N2O2. Cal-
culated, %: C 77.53; H 5.51; N 7.65. 
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7-(4-Methoxyphenyl)-7,10,11,12-tetrahydroben-
zo[b][1,7]phenanthrolin-8(9H)-one (IVm). Yield 
76%, mp 216–217°C. 1H NMR spectrum, δ, ppm:  
1.90 m (1H, 10-Hax), 2.01 m (1H, 10-Heq), 2.28 m  
(2H, 9-H), 2.72 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.1,  
J11-ax, 10-eq = 4.3 Hz), 2.88 d.t (1H, 11-Heq, J11-eq, 10-ax = 
J11-eq, 10-eq = 4.3 Hz), 3.65 s (3H, MeO), 5.21 s (1H,  
7-H), 6.75 d (2H, 2′-H, 6′-H, J2′, 3′ = J6′, 5′ = 8.5 Hz), 
7.12 d (2H, 3′-H, 5′-H, J3′, 2′ = J5′, 6′ = 8.5 Hz), 7.50 d.d 
(1H, 2-H, J2, 1 = 8.8, J2, 3 = 4.0 Hz), 7.53 d (1H, 6-H, 
J6, 5 = 8.9 Hz), 7.58 d (1H, 5-H, J5, 6 = 8.9 Hz), 8.84 d 
(1H, 3-H, J3, 2 = 4.0 Hz), 8.91 d (1H, 1-H, J1, 2 =  
8.8 Hz), 9.42 s (NH). Found, %: C 77.33; H 5.47;  
N 7.54. C23H20N2O2. Calculated, %: C 77.53; H 5.51; 
N 7.65. 

7-(2,4-Dimethoxyphenyl)-7,10,11,12-tetrahydro-
benzo[b][1,7]phenanthrolin-8(9H)-one (IVn). Yield 
80%, mp 215–216°C. 1H NMR spectrum, δ, ppm:  
1.93 m (1H, 10-Hax), 2.02 m (1H, 10-Heq), 2.29 m  
(2H, 9-H), 2.75 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.4,  
J11-ax, 10-eq = 4.4 Hz), 2.86 d.t (1H, 11-Heq, J11-eq, 10-ax = 
J11-eq, 10-eq = 4.4 Hz), 3.68 s (3H, MeO), 3.73 s (3H, 
MeO), 5.49 s (1H, 7-H), 6.69 d (2H, 5′-H, 6′-H, J5′, 6′ = 
8.8 Hz), 6.80 s (1H, 3′-H), 7.43 d.d (1H, 2-H, J2, 1 = 
8.9, J2, 3 = 4.1 Hz), 7.50 d (1H, 6-H, J6, 5 = 9.0 Hz),  
7.54 d (1H, 5-H, J5, 6 = 9.0 Hz), 8.82 d (1H, 3-H, J3, 2 = 
4.1 Hz), 8.89 d (1H, 1-H, J1, 2 = 8.9 Hz), 9.36 s (NH). 
Found, %: C 74.42; H 5.65; N 7.15. C24H22N2O3. Cal-
culated, %: C 74.61; H 5.70; N 7.25. 

7-(3,4-Dimethoxyphenyl)-7,10,11,12-tetrahydro-
benzo[b][1,7]phenanthrolin-8(9H)-one (IVo). Yield 
72%, mp 248–249°C. 1H NMR spectrum, δ, ppm:  
1.91 m (1H, 10-Hax), 2.03 m (1H, 10-Heq), 2.26 m  
(2H, 9-H), 2.77 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.0,  
J11-ax, 10-eq = 4.5 Hz), 2.83 d.t (1H, 11-Heq, J11-eq, 10-ax = 
J11-eq, 10-eq = 4.6 Hz), 3.70 s (3H, MeO), 3.76 s (3H, 
MeO), 5.44 s (1H, 7-H), 6.68 d (1H, 6′-H, J6′, 5′ =  
8.7 Hz), 6.73 d (1H, 5′-H, J5′, 6′ = 8.7 Hz), 6.81 s (1H, 
2′-H), 7.42 d.d (1H, 2-H, J2, 1 = 8.8, J2, 3 = 4.0 Hz),  
7.51 d (1H, 6-H, J6, 5 = 9.0 Hz), 7.56 d (1H, 5-H, J5, 6 = 
9.0 Hz), 8.80 d (1H, 3-H, J3, 2 = 4.0 Hz), 8.88 d (1H,  
1-H, J1, 2 = 8.8 Hz), 9.37 s (NH). Found, %: C 74.60;  
H 5.61; N 7.18. C24H22N2O3. Calculated, %: C 74.61; 
H 5.70; N 7.25. 

7-(3,4,5-Trimethoxyphenyl)-7,10,11,12-tetrahy-
drobenzo[b][1,7]phenanthrolin-8(9H)-one (IVp). 
Yield 67%, mp 215–216°C. 1H NMR spectrum, δ, 
ppm: 1.93 m (1H, 10-Hax), 2.04 m (1H, 10-Heq),  
2.29 m (2H, 9-H), 2.76 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 
17.2, J11-ax, 10-eq = 4.4 Hz), 2.84 d.t (1H, 11-Heq,  

J11-eq, 10-ax = J11-eq, 10-eq = 4.4 Hz), 3.60 s (6H, MeO),  
3.72 s (3H, MeO), 5.36 s (1H, 7-H), 6.76 s (1H, 2′-H), 
6.90 s (1H, 6′-H), 7.44 d.d (1H, 2-H, J2, 1 = 8.9, J2, 3 = 
4.2 Hz), 7.50 d (1H, 6-H, J6, 5 = 8.9 Hz), 7.56 d (1H,  
5-H, J5, 6 = 8.9 Hz), 8.83 d (1H, 3-H, J3, 2 = 4.2 Hz), 
8.90 d (1H, 1-H, J1, 2 = 8.9 Hz), 9.27 s (NH). Found, %: 
C 71.84; H 5.67; N 6.57. C25H24N2O4. Calculated, %: 
C 72.10; H 5.81; N 6.73. 

7-(5-Bromo-2-methoxyphenyl)-7,10,11,12-tetra-
hydrobenzo[b][1,7]phenanthrolin-8(9H)-one (IVq). 
Yield 78%, mp 229–230°C. 1H NMR spectrum, δ, 
ppm: 1.93 m (1H, 10-Hax), 2.04 m (1H, 10-Heq),  
2.29 m (2H, 9-H), 2.76 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 
17.2, J11-ax, 10-eq = 4.4 Hz), 2.84 d.t (1H, 11-Heq,  
J11-eq, 10-ax = J11-eq, 10-eq = 4.4 Hz), 3.72 s (3H, MeO),  
5.34 s (1H, 7-H), 6.69 d (2H, 3′-H, 4′-H, J3′, 4′ =  
8.8 Hz), 6.90 s (1H, 6′-H), 7.44 d.d (1H, 2-H, J2, 1 = 
8.9, J2, 3 = 4.2 Hz), 7.50 d (1H, 6-H, J6, 5 = 8.9 Hz),  
7.56 d (1H, 5-H, J5, 6 = 8.9 Hz), 8.83 d (1H, 3-H, J3, 2 = 
4.2 Hz), 8.90 d (1H, 1-H, J1, 2 = 8.9 Hz), 9.27 s (NH). 
Found, %: C 63.29; H 4.30; Br 18.22; N 6.28. 
C23H19BrN2O2. Calculated, %: C 63.45; H 4.37;  
Br 18.22; N 6.44.  

7-(1,3-Benzodioxol-5-yl)-7,10,11,12-tetrahydro-
benzo[b][1,7]phenanthrolin-8(9H)-one (IVr). Yield 
70%, mp 266–267°C. 1H NMR spectrum, δ, ppm:  
1.91 m (1H, 10-Hax), 2.00 m (1H, 10-Heq), 2.27 m  
(2H, 9-H), 2.70 d.d.d (1H, 11-Hax, J11-ax, 11-eq = 17.3,  
J11-ax, 10-eq = 4.5 Hz), 2.88 d.t (1H, 11-Heq, J11-eq, 10-ax = 
J11-eq, 10-eq = 4.5 Hz), 5.20 s (1H, 7-H), 5.81 s and 5.88 s 
(2H, OCH2O), 6.66 d (1H, 6′-H, J6′, 5′ = 8.8 Hz), 6.70 d 
(1H, 5′-H, J5′, 6′ = 8.8 Hz), 6.77 s (1H, 2′-H), 7.54 d 
(1H, 6-H, J6, 5 = 8.8 Hz), 7.55 d (1H, 5-H, J5, 6 =  
8.8 Hz), 7.56 d.d (1H, 2-H, J2, 1 = 8.7, J2, 3 = 4.0 Hz), 
8.85 d (1H, 3-H, J3, 2 = 4.0 Hz), 8.92 d (1H, 1-H, J1, 2 = 
8.7 Hz), 9.42 s (NH). 13C NMR spectrum, δC, ppm: 
21.0 (C3), 26.9 (C11), 36.7 (C9), 39.5 (C7), 100.6 (C2″), 
107.7 (C2′), 107.8 (C5′), 108.7 (C8a), 117.3 (C1a), 119.9 
(C6′), 120.5 (C2), 121.2 (C7a), 123.4 (C5), 129.9 (C1), 
130.7 (C1b), 131.3 (C6), 142.5 (C1′), 145.3 (C4′), 146.9 
(C5a), 147.1 (C3′), 149.8 (C3), 153.3 (C12a), 194.0 (C8). 
Found, %: C 74.42; H 4.73; N 7.38. C23H18N2O3. Cal-
culated, %: C 74.58; H 4.90; N 7.56. 

7-(4-Ethoxyphenyl)-7,10,11,12-tetrahydrobenzo-
[b][1,7]phenanthrolin-8(9H)-one (IVs). Yield 79%, 
mp 237–238°C. 1H NMR spectrum, δ, ppm: 1.29 t 
(3H), 3.89 q (2H, OEt), 2.02 m (1H, 10-Hax), 2.22 m 
(1H, 10-Heq), 2.47 m (2H, 9-H), 2.75 d.d.d (1H,  
11-Hax, J11-ax, 11-eq = 17.0, J11-ax, 10-eq = 4.2 Hz), 2.89 d.t 
(1H, 11-Heq, J11-eq, 10-ax = J11-eq, 10-eq = 4.3 Hz), 5.20 s 
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(1H, 7-H), 6.77 d (2H, 2′-H, 6′-H, J2′, 3′ = J6′, 5′ =  
8.5 Hz), 7.14 d (2H, 3′-H, 5′-H, J3′, 2′ = J5′, 6′ = 8.5 Hz), 
7.51 d.d (1H, 2-H, J2, 1 = 8.8, J2, 3 = 4.0 Hz), 7.52 d 
(1H, 6-H, J6, 5 = 8.9 Hz), 7.59 d (1H, 5-H, J5, 6 =  
8.9 Hz), 8.84 d (1H, 3-H, J3, 2 = 4.0 Hz), 8.90 d (1H,  
1-H, J1, 2 = 8.8 Hz), 9.30 s (NH). Found, %: C 77.64; 
H 5.78; N 7.41. C24H22N2O2. Calculated, %: C 77.81; 
H 5.99; N 7.56. 

7-(4-Propoxyphenyl)-7,10,11,12-tetrahydroben-
zo[b][1,7]phenanthrolin-8(9H)-one (IVt). Yield 75%, 
mp 302–303°C. 1H NMR spectrum, δ, ppm: 0.95 t, 
1.63 q, 3.75 t (OPr); 1.91 m (1H, 10-Hax); 2.00 m (1H, 
10-Heq); 2.26 m (2H, 9-H); 2.71 d.d.d (1H, 11-Hax,  
J11-ax, 11-eq = 17.1, J11-ax, 10-eq = 4.3 Hz); 2.87 d.t (1H,  
11-Heq, J11-eq, 10-ax = J11-eq, 10-eq = 4.2 Hz); 5.24 s (1H,  
7-H); 6.76 d (2H, 2′-H, 6′-H, J2′, 3′ = J6′, 5′ = 8.5 Hz); 
7.14 d (2H, 3′-H, 5′-H, J3′, 2′ = J5′, 6′ = 8.4 Hz); 7.51 d.d 
(1H, 2-H, J2, 1 = 8.7, J2, 3 = 4.0 Hz); 7.54 d (1H, 6-H, 
J6, 5 = 8.8 Hz); 7.59 d (1H, 5-H, J5, 6 = 8.9 Hz); 8.83 d 
(1H, 3-H, J3, 2 = 4.0 Hz); 8.91 d (1H, 1-H, J1, 2 =  
8.8 Hz); 9.41 s (NH). Found, %: C 77.93; H 6.12;  
N 7.14. C25H24N2O2. Calculated, %: C 78.10; H 6.29; 
N 7.29. 

7-(4-Methylsulfanylphenyl)-7,10,11,12-tetrahy-
drobenzo[b][1,7]phenanthrolin-8(9H)-one (IVu). 
Yield 50%, mp 223–224°C. 1H NMR spectrum, δ, 
ppm: 1.92 m (1H, 10-Hax), 2.01 m (1H, 10-Heq),  
2.27 m (2H, 9-H), 2.35 s (SMe), 2.71 d.d.d (1H,  
11-Hax, J11-ax, 11-eq = 17.0, J11-ax, 10-eq = 4.4 Hz), 2.88 d.t 
(1H, 11-Heq, J11-eq, 10-ax = J11-eq, 10-eq = 4.2 Hz), 5.28 s 
(1H, 7-H), 6.75 d (2H, 2′-H, 6′-H, J2′, 3′ = J6′, 5′ =  
8.5 Hz), 7.14 d (2H, 3′-H, 5′-H, J3′, 2′ = J5′, 6′ = 8.4 Hz), 
7.52 d.d (1H, 2-H, J2, 1 = 8.8, J2, 3 = 4.1 Hz), 7.54 d 
(1H, 6-H, J6, 5 = 8.8 Hz), 7.59 d (1H, 5-H, J5, 6 =  
8.9 Hz), 8.83 d (1H, 3-H, J3, 2 = 4.0 Hz), 8.91 d (1H,  
1-H, J1, 2 = 8.8 Hz), 9.41 s (NH). Found, %: C 73.94;  
H 5.22; N 6.07; S 7.29. C23H20N2OS. Calculated, %:  
C 74.16; H 5.41; N 6.25; S 7.52. 

Methyl 4-(8-oxo-7,8,9,10,11,12-hexahydrobenzo-
[b][1,7]phenanthrolin-7-yl)benzoate (IVv). Yield 
74%, mp 245–246°C. 1H NMR spectrum, δ, ppm:  
1.97 m (1H, 10-Hax), 2.08 m (1H, 10-Heq), 2.30 m (2H, 
9-H), 2.70 m (1H, 11-Hax), 2.83 m (1H, 11-Heq), 3.80 s 
(3H, MeO), 5.38 s (1H, 7-H), 7.30 d (2H, 2′-H, 6′-H, 
J2′, 3′ = J6′, 5′ = 8.7 Hz), 7.38 d (1H, 6-H, J6, 5 = 8.9 Hz), 
7.46 d.d (1H, 2-H, J2, 1 = 8.8, J2, 3 = 4.0 Hz), 7.54 d 
(1H, 5-H, J5, 6 = 8.9 Hz), 7.79 d (2H, 3′-H, 5′-H, J3′, 2′ = 
J5′, 6′ = 8.7 Hz), 8.80 d (1H, 3-H, J3, 2 = 4.0 Hz), 8.86 d 
(1H, 1-H, J1, 2 = 8.8 Hz), 9.24 s (NH). Found, %:  
C 74.82; H 5.07; N 7.11. C24H20N2O3. Calculated, %: 
C 75.00; H 5.21; N 7.29. 

7-(Biphenyl-4-yl)-7,10,11,12-tetrahydrobenzo[b]-
[1,7]phenanthrolin-8(9H)-one (IVw). Yield 52%, 
mp 330–331°C. 1H NMR spectrum, δ, ppm: 1.98 m 
(1H, 10-Hax), 2.05 m (1H, 10-Heq), 2.29 m (2H, 9-H), 
2.67 m (1H, 11-Hax), 2.89 m (1H, 11-Heq), 5.18 s (1H, 
7-H), 7.19 d (2H, 2′-H, 6′-H, J2′, 3′ = J6′, 5′ = 8.4 Hz), 
7.30 m (4H, Harom), 7.47 d (1H, 6-H, J6, 5 = 8.9 Hz), 
7.49 d.d (1H, 2-H, J2, 1 = 8.7, J2, 3 = 4.0 Hz), 7.53 d 
(1H, 5-H, J5, 6 = 8.9 Hz), 7.60 d (2H, 3′-H, 5′-H, J3′, 2′ = 
J5′, 6′ = 8.4 Hz), 8.85 d (1H, 1-H, J1, 2 = 8.7 Hz), 8.92 d 
(1H, 3-H, J3, 2 = 4.0 Hz), 9.43 s (NH). Found, %:  
C 83.39; H 5.37; N 6.73. C28H22N2O. Calculated, %:  
C 83.56; H 5.51; N 6.96.  

7-(4-Benzyloxyphenyl)-7,10,11,12-tetrahydro-
benzo[b][1,7]phenanthrolin-8(9H)-one (IVx). Yield 
61%, mp 165–166°C. 1H NMR spectrum, δ, ppm:  
1.97 m (1H, 10-Hax), 2.04 m (1H, 10-Heq), 2.29 m (2H, 
9-H), 2.68 m (1H, 11-Hax), 2.88 m (1H, 11-Heq), 5.00 s 
(2H, OCH2), 5.20 s (1H, 7-H), 7.20 d (2H, 2′-H, 6′-H, 
J2′, 3′ = J6′, 5′ = 8.4 Hz), 7.32 m (4H, Harom), 7.47 d (1H, 
6-H, J6, 5 = 8.9 Hz), 7.49 d.d (1H, 2-H, J2, 1 = 8.7, J2, 3 = 
4.0 Hz), 7.53 d (1H, 5-H, J5, 6 = 8.9 Hz), 7.60 d (2H,  
3′-H, 5′-H, J3′, 2′ = J5′, 6′ = 8.4 Hz), 8.85 d (1H, 1-H,  
J1, 2 = 8.7 Hz), 8.92 d (1H, 3-H, J3, 2 = 4.0 Hz), 9.43 s 
(NH). Found, %: C 80.39; H 5.44; N 6.30. C29H24N2O2. 
Calculated, %: C 80.53; H 5.59; N 6.48. 

7-(Pyridin-3-yl)-7,10,11,12-tetrahydrobenzo[b]-
[1,7]phenanthrolin-8(9H)-one (IVy). Yield 67%,  
mp 240–241°C. 1H NMR spectrum, δ, ppm: 1.95 m 
(1H, 10-Hax), 2.05 m (1H, 10-Heq), 2.29 m (2H, 9-H), 
2.73 m (1H, 11-Hax), 2.88 m (1H, 11-Heq), 5.31 s (1H, 
7-H), 7.19 d (2H, 5′-H, 6′-H, J5′, 6′ = J5′, 4′ = 8.8 Hz), 
7.42 d.d (1H, 2-H, J2, 1 = 8.7, J2, 3 = 4.0 Hz), 7.53 d 
(1H, 6-H, J6, 5 = 8.9 Hz), 7.57 d (1H, 5-H, J5, 6 =  
8.9 Hz), 8.20 d (1H, 4′-H, J4′, 5′ = 8.8 Hz), 8.50 s (1H, 
2′-H), 8.75 d (1H, 3-H, J3, 2 = 4.0 Hz), 8.83 d (1H, 1-H, 
J1, 2 = 8.7 Hz), 9.50 s (NH). Found, %: C 76.93;  
H 5.08; N 12.67. C21H17N3O. Calculated, %: C 77.06; 
H 5.20; N 12.84. 

7-(Pyridin-4-yl)-7,10,11,12-tetrahydrobenzo[b]-
[1,7]phenanthrolin-8(9H)-one (IVz). Yield 63%,  
mp 222–223°C. 1H NMR spectrum, δ, ppm: 1.95 m 
(1H, 10-Hax), 2.04 m (1H, 10-Heq), 2.30 m (2H, 9-H), 
2.70 m (1H, 11-Hax), 2.82 m (1H, 11-Heq), 5.30 s (1H, 
7-H), 7.20 d (2H, 2′-H, 6′-H, J2′, 3′ = J6′, 5′ = 8.4 Hz), 
7.47 d (1H, 6-H, J6, 5 = 8.9 Hz), 7.49 d.d (1H, 2-H,  
J2, 1 = 8.7, J2, 3 = 4.0 Hz), 7.53 d (1H, 5-H, J5, 6 =  
8.9 Hz), 8.30 d (2H, 3′-H, 5′-H, J3′, 2′ = J5′, 6′ = 8.4 Hz), 
8.80 d (1H, 1-H, J1, 2 = 8.7 Hz), 8.83 d (1H, 3-H, J3, 2 = 
4.0 Hz), 9.52 s (NH). Found, %: C 76.80; H 4.95;  
N 12.59. C21H17N3O. Calculated, %: C 77.06; H 5.20; 
N 12.84. 



RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  43   No.  9   2007 

KOZLOV  et al. 1378 

7-(2-Thienyl)-7,10,11,12-tetrahydrobenzo[b]-
[1,7]phenanthrolin-8(9H)-one (IVaa). Yield 57%,  
mp 257–258°C. 1H NMR spectrum, δ, ppm: 1.92 m 
(1H, 10-Hax), 2.02 m (1H, 10-Heq), 2.26 m (2H, 9-H), 
2.72 m (1H, 11-Hax), 2.88 m (1H, 11-Heq), 5.60 s (1H, 
7-H), 7.15 m (3H, thienyl), 7.48 d.d (1H, 2-H, J2, 1 = 
8.7, J2, 3 = 4.0 Hz), 7.50 d (1H, 6-H, J6, 5 = 8.9 Hz),  
7.57 d (1H, 5-H, J5, 6 = 8.9 Hz), 8.86 d (1H, 3-H, J3, 2 = 
4.0 Hz), 8.92 d (1H, 1-H, J1, 2 = 8.7 Hz), 9.56 s  
(NH). Found, %: C 72.05; H 4.71; N 8.28; S 9.41. 
C20H16N2OS. Calculated, %: C 72.26; H 4.85; N 8.43; 
S 9.65. 

7-(3-Methylthiophen-2-yl)-7,10,11,12-tetrahy-
drobenzo[b][1,7]phenanthrolin-8(9H)-one (IVab). 
Yield 46%, mp 283–284°C. 1H NMR spectrum, δ, 
ppm: 1.90 m (1H, 10-Hax), 2.03 m (1H, 10-Heq),  
2.28 m (2H, 9-H), 2.73 m (1H, 11-Hax), 2.88 m (1H, 
11-Heq), 5.58 s (1H, 7-H), 6.67 d (1H, 4′-H, J4′, 5′ =  
5.0 Hz), 7.05 d (1H, 5′-H, J5′, 4′ = 5.0 Hz), 7.47 d.d (1H, 
2-H, J2, 1 = 8.7, J2, 3 = 4.0 Hz), 7.51 d (1H, 6-H, J6, 5 = 
8.9 Hz), 7.57 d (1H, 5-H, J5, 6 = 8.9 Hz), 8.87 d (1H,  
3-H, J3, 2 = 4.0 Hz), 8.93 d (1H, 1-H, J1, 2 = 8.7 Hz), 
9.59 s (NH). Found, %: C 72.59; H 5.07; N 7.83;  
S 9.01. C21H18N2OS. Calculated, %: C 72.80; H 5.24; 
N 8.09; S 9.26. 

7-(Cyclohex-3-en-1-yl)-7,10,11,12-tetrahydro-
benzo[b][1,7]phenanthrolin-8(9H)-one (IVac). Yield 
51%, mp 195–196°C. 1H NMR spectrum, δ, ppm: 
0.94–2.05 m (7H, CH2, 10-Hax, 10-Heq), 2.30 m (2H,  
9-H), 2.70 m (1H, 11-Hax), 2.82 m (1H, 11-Heq), 5.32 s 
(1H, 7-H), 7.47 d (1H, 6-H, J6, 5 = 8.9 Hz), 7.49 d.d 
(1H, 2-H, J2, 1 = 8.7, J2, 3 = 4.0 Hz), 7.53 d (1H, 5-H, 
J5, 6 = 8.9 Hz), 8.80 d (1H, 1-H, J1, 2 = 8.7 Hz), 8.83 d 
(1H, 3-H, J3, 2 = 4.0 Hz), 9.50 s (NH). Found, %:  
C 79.82; H 6.61; N 8.33. C22H22N2O. Calculated, %:  
C 79.97; H 6.71; N 8.48. 

REFERENCES 

  1. Tereshko, A.B., Kozlov, N.G., and Gusak, K.N., Russ. J. 
 Gen. Chem., 2003, vol. 73, p. 1619.  
  2. Kozlov, N.G., Sauts, R.D., and Gusak, K.N., Russ. J. 
 Org. Chem., 2000, vol. 36, p. 531. 
  3. Kozlov, N.G., Gusak, K.N., Tereshko, A.B., Fir- 
 gang, S.I., and Shashkov, A.S., Russ. J. Org. Chem., 
 2004, vol. 40, p. 1181. 
  4. Kozlov, N.G., Tereshko, A.B., and Gusak, K.N., Russ. J. 
 Org. Chem., 2006, vol. 42, p. 266. 
  5. Smidrkal, J., Collect. Czech. Chem. Commun., 1988, 
 vol. 47, p. 688. 
  6. Wang, L.K., Johnson, R.K., and Hecht, S.M., Chem. 
 Res. Toxicol., 1993, vol. 6, p. 813. 
  7. Husseini, R. and Stretton, R.J., Microbios, 1981,  
 vol. 30, p. 7. 
  8. Martinez, R., Toscano, R., Lingaza, J.E., and San- 
 ches, H., J. Heterocycl. Chem., 1992, vol. 29, p. 1385. 
  9. Saeki, K., Matsuda, T., Kato, T., Matsui, S., Fukuha- 
 ra, K., and Miyata, N., Biol. Pharm. Bull., 2003, vol. 26, 
 p. 448. 
10. Duszyk, M., MacVinish, L., and Guthbert, A.W., Br. J. 
 Pharmacol., 2001, vol. 134, p. 853. 
11. Cortes, E., Martinez, R., Avila, J.G., and Toscano, R.A., 
 J. Heterocycl. Chem., 1988, vol. 25, p. 895. 
12. Gauptman, Z., Grefe, Yu., and Remane, Kh., Organi-
 cheskaya khimiya (Organic Chemistry), Moscow: 
 Khimiya, 1979, p. 487. 
13. Kozlov, N.S., Gusak, K.N., and Serzhanina, V.A., Dokl. 
 Akad. Nauk SSSR, 1986, vol. 287, p. 1142. 
14. Martinez, R., Cortes, E., and Toscano, R.A., J. Hetero-
 cycl. Chem., 1990, vol. 27, p. 363. 
15. Dyer, J.R., Applications of Absorption Spectroscopy of 
 Organic Compounds, Englewood Cliffs: Prentice–Hall, 
 1965. Translated under the title Prilozheniya absorb-
 tsionnoi spektroskopii organicheskikh soedinenii, 
 Moscow: Khimiya, 1970, p. 44. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


