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Abstract  
Some N-heterocyclic compounds such as pyrazino[2,3-f][1,10]phenanthroline and dipyrido[3,2-
a: 2',3'-c]phenazine can react with dialkyl acetylenedicarboxylate to give new helical 
compounds, which exhibit nonplanarity enforced by the crowding of the pyrrole rings. 
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Introduction 
 
Addition reactions of acetylenic esters to nitrogen-containing heterocycles have been described 
by several research groups1-9 and often lead to various products which may require great 
experimental skills for successful resolution.   
 These polycyclic compounds are very interesting molecules not only from theoretical 
viewpoint (synthesis, reactivity, stereochemistry, etc.) but also for their biological activity. These 
azapolycyclic compounds show a variety of biological activities (antimicrobial, antineoplastic, 
antiviral, etc.)10-13 and can be effective pharmacophore units of drugs which increase 
substantially the value of these compounds. For instance some pyrrolo[1,2-f]phenanthridines 
showed unique properties  and be able not only to reduce the HIV-induced cytopathogenicity,  
but also to stimulate  the growth of the same MT cells at lower concentrations.14 
 An example of these reactions is the reaction between pyridine and dimethyl 
acetylenedicarboxylate in methanol, in which the indolizine 1,2,3-tricarboxylate 1 is isolated.15-20 
1,10-phenanthroline derivatives also can react with acetylenic esters to give dipyrrolo[1,2-a:2',1'-
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k][1,10]phenanthroline 2 and pyrrolo[1,2-a][1,10]phenanthroline  derivatives 3  which exhibit 
nonplanarity enforced by the crowding of the pyrrole rings(Scheme 1).21-26  
 

 
 
Scheme 1 
 
 The compounds 2 and 3 are examples of helical compounds. In helical molecules, helicity is 
inherent in the molecular framework and optical activity ascribed to nonplanarity enforced by the 
crowding of the pyrrole rings. In order to provide further examples of this remarkable polycyclic 
compounds we examined the reaction of  some phenanthroline derivatives such as pyrazino[2,3-
f][1,10]phenanthroline (ppl) 4 and dipyrido[3,2-a:2',3'-c]phenazine (dppz) 6 with acetylenic 
esters giving new helical compounds. 
 
 
Results and Discussion 
 
We have found that compounds 4 and 6  that have structure similar to phenanthroline, can react 
with dialkyl acetylenedicarboxylates via a one-step reaction in a protic solvent such as methanol 
to give hexamethyl dipyrrolo[1,2-a:2',1'-o]pyrazino[2,3-f][1,10]phenanthroline 9,10,11,14,15,16 
hexa carboxylate 5 and hexaalkyl diindolizino[6,5-a:5',6'-c]phenazine-11,12,13,16,17,18-
hexacarboxylate derivatives 7 as new helical compounds in moderate yields (Scheme 2).  
 The mechanism of cycloaddition is shown in the Scheme 3. The initial addition of N-
heterocycle to dialkyl acetylenedicarboxylate and subsequent protonation of the adduct by protic 
solvent led to the vinyl pyridinium cation which undergoes further reaction with DMAD to 
produce indolizine (Scheme 3). 
 Owing to the crowding of the pyrrole rings, it was expected that the skeleton of this 
heterocyclic system might deviate from planarity, conferring helicity on the molecule.21-22 These 
new compounds are so symmetrical that they exhibit a fairly simple spectrum.  
 The essential structure of compounds 5, 7a and 7b were determined by spectral analyses (IR, 
1H NMR, 13C NMR and Mass). In the IR spectrum of these compounds the most important 
signals are those of the ester groups at ν =1698 cm-1. Conjugation with the heterocyclic ring 
appears to be a plausible factor in the reduction of the wave numbers of the carbonyl absorption 
bands.27 
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Scheme 2 
 

 
Scheme 3 
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 The mass spectra of this compound displayed molecular ion peak at appropriate m/z values. 
Any initial fragmentation involves loss of the ester moieties or ring fragmentation. 
 The 1H NMR spectrum of 5 recorded in CDCl3 exhibited three single sharp lines at δ 3.36, 
4.03, and 4.06 readily recognizable as arising from methoxy groups. The 13C NMR spectrum of 5 
displayed three signals for the methoxy groups at δ 50.48, 51.10, 51.77 and ten signals for the 
aromatic system nucleus. The chemical shifts of the ester carbonyl groups appear at δ 156.30, 
162.19 and 164.47. 
 The 1H NMR spectrum of compound 7a for the ester group is analogous to that obtained for 
5 but we can see two doublet–doublet peaks at aromatic region that assigned with aromatic 
system nucleus. In the 1H NMR spectrum of compound 7b the methylenic hydrogens of the ester 
group appeared as three ABX3 patterns multiplets that showed that the product is chiral. This 
behavior can be explained by nonplanarity enforced by the crowding of the pyrrole ring which 
imparts helical chirality to the molecule.28 
 In conclusion we have demonstrated the synthesis of 5  and 7  via a one-step reaction from 
pyrazino[2,3-f][1,10]phenanthroline  and dipyrido[3,2-a:2',3'-c]phenazine. This reaction is a 
convenient way to obtain azapolycyclic compounds as new helical compounds, which are 
otherwise very difficult or even impossible to prepare. 
 
 
Experimental Section 
 
General Procedures. Melting points were measured on electrothermal 9100 apparatus and are 
uncorrected. IR spectra were measured on Shimadzu IR-460 spectrometer. 1H and 13C NMR 
spectra were recorded on Brucker DRX-400 and DRX-300 AVANCE spectrometers at 400.13 
and 100.77 MHz for 5 and 300 and 75 MHz for 7, respectively. Mass spectra were recorded on 
Finnigan-Matt 8430 mass spectrometer operating at an ionization potential of 70 eV. Elemental 
analysis for C, H and N were performed using a Heraeus CHN-O-Rapid analyzer. The 
compounds 1,10-phenanthroline-5,6-dione, pyrazino[2,3-f][1,10]phenanthroline, dipyrido[3,2-
a:2',3'-c]phenazine were synthesized according to the literature methods.29-31 Dialkyl 
acetylenedicarboxylates were obtained from Fluka and were used without further purification. 
 
General preparative procedures  
To a magnetically stirred solution of pyrazino[2,3-f][1,10]phenanthroline (0.11 g, 0.5mmol) in 
methanol (20 mL) was added dropwise a solution of dimethyl acetylenedicarboxylate (0.31 g, 2.2 
mmol) in methanol (2 mL) at room temperature over 5 minutes and the mixture refluxed for 24 
hours. After this time the resulting brown tar was crystallized from methanol. Elution with 
petroleum-ether (8:1) gave 5 as pale brown crystals (0.2 g, yield 62%), mp: 220-222 °C, IR 
(KBr) (νmax, cm-1): 1170 (s, C-O), 1226 (vs, C-O), 1460 (s, C=C), 1515 (m, C=C), 1699 (vs, 
C=O) and 1740 (s, C=O). 1H NMR (400 MHz, CDCl3): δH 3.36, 4.03, 4.06 (18H, 3s, 6 OCH3), 
8.9 (2H, d, J=6.9 Hz, C-2-H and C-7-H), 9.12 (2H, s, C-4-H, C-5-H), 9.45 (2H, d, J=6.9 Hz, C-
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1-H and C-8-H). 13C NMR (100 MHz, CDCl3): δC 50.9 (q, J=123.5 Hz, 2 OCH3), 51.1 (q, 
J=126.3 Hz, 2 OCH3), 51.8 (q, J=124.1 Hz, 2 OCH3), 105.7 (s, 2 C), 117.7 (s, 2 C), 118.0 (d, 
J=163.9 Hz, 2 CH), 121.7 (s, 2 C), 123.4 (s, 2 C), 125.1 (dd, J=210.7 and J=8.3 Hz, 2 CH), 
130.0 (s, 2 C), 137.0 (d, J=9.3 Hz, 2 C), 137.9 (d, J=4.3 Hz, 2 C), 144.0 (dd, J=172.8 and J=10.3 
Hz, 2 CH), 156.3, 162.25, 164.5 (3s, 6 CO). MS (m/z, %): 656 (M+, 3), 625 (2), 597 (3), 553 (7), 
538 (7), 507 (10), 494 (3), 449 (4), 421 (7), 363 (10), 332 (7), 304 (24), 152 (13), 59 (100). Anal. 
Calc for C32H24N4O12 (656.55): C, 58.54; H, 3.68; N, 8.53%; Found: C, 58.67; H, 3.44; N, 
8.39%. 
Hexamethyl diindolizino[6,5-a:5',6'-c]phenazine-11, 12, 13, 16, 17, 18-hexacarboxylate (7a). 
Brown powder, (0.2 g, yield 65%), mp: 234-236 °C, IR (KBr) (νmax, cm-1): 1176 (s, C-O), 1225 
(vs, C-O), 1433 (s, C=C), 1490 (w, C=C), 1703 (vs, C=O) and 1740 (s, C=O). 1H NMR (300 
MHz, CDCl3): δH 3.38, 4.05, 4.08 (18H, 3s, 6 OCH3), 7.96 (2H, dd, J1=6.3, J2=3.2 Hz, C-5-H, C-
6-H), 8.42 (2H, dd, J1=6.3, J2=3.2 Hz, C-4-H, C-7-H), 8.92 (2H, d, J=9.2 Hz, C-2-H, C-9-H), 
9.61 (2H, d, J=9.2 Hz, C-1-H, C-10-H). 13C NMR (75 MHz, CDCl3): δC 51.5 (q, J=125.8 Hz, 2 
OCH3), 52.1 (q, J=123.0 Hz, 2 OCH3), 52.8 (q, J=124.6 Hz, 2 OCH3), 106.5 (s, 2C), 118.4 (s, 
2C), 119.0 (d, J=164.0 Hz, 2 CH), 123.1 (dd, J=162.5 and J=8.0 Hz, 2 CH), 124.7 (s, 2C), 127.3 
(dd, J=203.1 and J=5.8 Hz, 2 CH), 129.6 (s, 2C), 131.0 (dd, J=138.4 and J=8.7 Hz, 2 CH), 131.1 
(d, J=10.5 Hz, 2 C), 138.3 (dd, J=8.0 and J=0.6 Hz, 2 C), 139.1 (s, 2 C), 142.7 (dd, J=12.8 and 
J=0.6 Hz, 2 C), 157.28, 163.20, 165.53 (3s, 6 CO). MS (m/z, %): 706 (M+, 3), 675(2), 647 (8), 
603 (8), 588 (48), 557 (8), 544 (7), 471 (7), 413 (9), 354 (18), 294 (10), 207 (13), 198 (6), 177 
(39), 59 (43). Anal. Calc for C36H26N4O12 (706.61): C, 61.19; H, 3.71; N, 7.93%; Found: C, 
61.23; H, 3.82; N, 7.78%. 
Hexaethyl diindolizino [6,5-a:5',6'-c]phenazine 11, 12, 13, 16, 17, 18 hexacarboxylate (7b). 
Brown powder, (0.25 g, yields 65%), mp: 223-225 °C; IR (KBr) (νmax, cm-1): 1175 (vs, C-O), 
1205 (vs, C-O), 1460 (s, C=C), 1497 (m, C=C), 1700 (vs, C=O) and 1715 (s,C=O). 1H NMR 
(300 MHz, CDCl3): δH 1.20 (6H, t, J=7.2 Hz, 2 CH3), 1.46-1.53 (12H, m, 4 CH3), 3.77 (4H, q, 
J=7.2 Hz, 2 CH2), 4.45-4.55 (8H, m, J=7.2 Hz, 4 CH2), 7.94 (2H, dd, J1=6.4, J2 =3.2 Hz, C-5-H, 
C-6-H), 8.41(2H, dd, J1=6.4, J2 =3.2 Hz, C-4-H, C-7-H), 8.93 (2H, d, J=9.2 Hz, C-2-H, C-9-H), 
9.58 (2H, d, J=9.2 Hz, C-1-H, C-10-H). 13C NMR (75 MHz, CDCl3): δC 13.8 (q, J=82.3 Hz, 2 
OCH2CH3), 14.1 (q, J=95.6 Hz, 2 OCH2CH3), 14.4 (q, J=84.6 Hz, 2 OCH2CH3), 60.8 (br, 2 
OCH2CH3), 60.8 (br, 2 OCH2CH3), 61.7 (br, 2 OCH2CH3), 106.6 (s, 2C), 118.5 (s, 2 C), 119.0 
(d, J=162.9 Hz, 2 CH), 122.9 (s, 2 C), 124.4 (dd, J=124.2 and J=8.2 Hz, 2 CH), 127.5 (dd, J=9.8 
and J=0.8 Hz, 2 C), 129.6 (d, J=151.5 Hz, 2 CH), 130.9 (dd, J=151.7 and J=10.0Hz, 2 CH),   
131.1 (s, 2 C), 138.5 (dd, J=7.0 and J=0.6 Hz, 2 C), 139.3 (d, J=0.6 Hz, 2 C), 142.6 (d, J=0.8 Hz, 
2 C), 157.3, 162.9, 165.0 (3s, 6 CO). MS (m/z, %): 791 (M+, 1), 746 (1), 718 (2), 674 (3), 644 
(24), 599 (34), 497 (7), 444 (19), 409 (17), 381 (22), 355 (37), 354 (70), 353 (40), 341 (4), 249 
(8), 178 (8), 177 (6). Anal. Calc for C42H38N4O12 (790.77): C, 63.79; H, 4.84; N, 7.09%; Found: 
C, 63.86; H, 4.97; N, 6.94%. 
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