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Abstract 
Nucleophilic attack by 1-substituted-2,5-dithiobiureas on C-2, C-3 of 2,3,5,6-tetrachloro-1,4-
benzoquinone and 2,3-dichloro-1,4-naphthoquinone initiates the formation of benzo- and 
naphthoimidazothiadiazolediones. On the other hand, 1-substituted-2,5-dithiobiureas attack 
2,3,5,6-tetrachloro-1,4-benzoquinone and 2,3-dichloro-1,4-naphthoquinone at (C-1, C-2, C-4 and 
C-5) as well as (C-1, C-2, C-3 and C-4), respectively to form benzo- and 
naphthoimidazothiadiazoles.  The reaction of (1,3-dioxo-2,3-dihydro-1(H)-indene-2-ylidene)-
propanedinitrile with 1-substituted-2,5-dithiobiureas forming the derivatives of (oxoindeno-
thiazinylidene)hydrazinecarbothioamide as well as (oxoindenopyrrolylidene)hydrazinecarbo-
thioamides. A rationale for the conversions observed is presented. 
 
Keywords: 1-Substituted-2,5-dithiobiureas, chlorinated benzo- and naphthoquinones, (1,3-
dioxo-2,3-dihydro-1(H)-indene-2-ylidene)propanedinitrile 

 
 
 
Introduction 
 
Substituted dithiobiureas act as a key for the synthesis of many organic heterocyclic ring 
systems. Several authors have investigated under various conditions the heterocyclization of 1-
acylthiobiurea,1 1,6-disubstituted-2,5-dithiobiureas,2 and 1-aryl/alkyl-2-thiobiureas.3 Also, the 
heterocyclization of compounds having an extended urea like chain such as 1,4- and 2,4-
disubstituted thiosemicarbazides have been reported.4,5 2,3,5,6-Tetrachloro-1,4-benzoquinone 
(2a) and 2,3-dichloro-1,4-naphthoquinone (7) undergo nucleophilic substitution of one or two 
chlorine atoms by thioacetamide or thiourea,6-9 thiocarbohydrazide,10 thiocarbazones,10 N-
substituted thioureas,11 disubstituted-2,5-dithiobiureas,12 thiosemicarbazones,13 and substituted 
thiosemicarbazides.14 A large variety of quinones including heterocyclic rings, have been used as 
synthetic intermediates and in the medicinal,15-18 as well as dye chemistry.19-22 Recently, we have 
reported an efficient transformation of 1,6-disubstituted-2,5-dithiobiureas 1a-c with 2a,b into 
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disubstituted-1,3,4-thiadiazoles 3, benzothiadiazinediones 4 and tetrahalothianthrene derivatives 
5 (Chart 1).12 
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Chart 1. Previous work on the reaction of 1,6-disubstituted dithiobiureas with 2a,b. 
 
 This paper is focused on the reactions of 1-substituted-2,5-dithiobiureas 6a-c as a reactive 
donor with acceptors 2,3,5,6-tetrachloro-1,4-benzoquinone (2a), 2,3-dichloro-1,4-naphtho-
quinone (7) and (1,3-dioxo-2,3-dihydro-1(H)-inden-2-ylidene)propanedinitrile (8) Figure 1. 
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Figure 1. 1-Substituted-2,5-dithiobiureas and some π-acceptors. 
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Results and Discussion 
 
Addition of tetrahydrofuran (THF) solutions of 6a-c to solutions of 2a (1:2) in the same solvent 
formed, after standing for 48 hours at room temperature, substituted benzobisimidazo-
thiadiazoles 10a-c as minor (21-24%) and substituted imidazothiadiazolediones 9a-c as major 
products (48-54%) (Scheme 1). 
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Scheme 1. New products formed during the reaction of 1-substituted dithiobiureas 6a-c with 
2,3,5,6-tetrachloro-1,4-benzoquinone (2a). 
 
 The structure assignment of the precipitate 10a-c is based on following data: In their 13C-
NMR spectra, the characteristic absorption signal of the two carbon atoms of 2a at δ = 169.90 
ppm,23 is replaced by signal at δ = 140.78 ppm, which are characteristic for the imidazole-C- 
atoms. In addition, Ph-C-Cl appears at 123.89-124.28 ppm, (C-2 and C-8) at 157.75-157.88 ppm. 
The IR spectra showed two bands at ν = 3320-3295, and 1625-1620 cm-1 for (NH) and (C=N) 
groups, respectively. The 1H-NMR spectrum of 10c showed signals at 4.11, 5.16-5.19 and 5.91-
5.96 ppm, due to (allyl-CH2N), (allyl-CH2=) and (allyl-CH=) group, respectively.  
The filtrate from the reaction between 2a and 6a-c contains benzoimidazothia-diazolediones 9a-
 c. The structural assignment of 9a was supported by the following spectral data. In its 13C-
NMR spectrum, the characteristic resonance signals of carbonyl carbon atoms of 2a appeared at 
δ = 171.34 and 171.87 ppm.9 The 1H-NMR spectrum of 9a showed one broad signal at 9.84 ppm 
due to the (NH) attached to the phenyl ring, in addition to the phenyl protons. The IR spectrum 
of 9a showed sharp bands at 3280 and 1675 cm-1 for (NH) and (CO) groups, respectively. The 
formation of 9a was further confirmed by mass spectrometry. Beside the molecular ions at m/z = 
368/364, the characteristic fragment ion patterns of the substituted dichloro compounds were 
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observed.24 It worthy to note that the mass spectra of compounds 9a-c show the loss of 
substituted isothiocyanates as well as N2 from the molecular ions. Formation of substituted and 
disubstituted benzimidazothiadiazoles 9 and 10 derived from 2a and 6a-c may be rationalized as 
outlined in Scheme 2. 
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Scheme 2. A rationale for the formation of products 9a-c and 10a-c. 
 
 Substituted naphthimidazothiadiazolediones 15a-c and disubstituted naphthobisimidazo-
thiadiazoles 16a-c were obtained from the reaction of 6a-c with 2,3-dichloro-1,4-naphthoquinone 
(7) (Scheme 3).  
 Compounds 15a-c exhibited two IR absorptions at 3320-3290 (secondary amine), and 1665-
1655 cm-1 (CO) group, respectively. The 13C-NMR spectra of 15a-c show absorption signals at 
151.86-152.41 and 157.73-158.12 due to (C-11a) and (C-2), as well as around 179.52 and 179.83 
ppm due to quinonoid carbonyl C-atoms. 
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Compounds 16a-c were obtained as characteristically reddish brown colour crystals. For 
example 16c, its molecular structure is supported by the following findings: The gross formula 
C20H16N8S2 represents product from one molecule of dichloronaphthoquinone (7) and two 
molecules of 6c with loss two molecules of HCl and another two of H2O. The low-field NH- 
attached to allyl group is present with the aromatic protons, in addition to allyl and aryl protons. 
In 13C-NMR spectrum, (C-12a, C-14a) and (C-2, C-11), resonate at δ = 152.56 and 159.63 ppm, 
respectively. The presence of allyl group is also evident from 13C-DEPT-NMR spectrum 
exhibiting positive signal at δ = 135.12 (allyl-CH=) and negative signals at 42.96 and 114.88 due 
to (allyl-CH2N) and (allyl-CH2=), respectively. The EI mass spectrum of 16c is characterized by 
molecular ion of low intensity and the loss of 198 a.m.u (representing two molecules of 
allylisothiocyanate). The resulting fragment ions undergo loss of 30 a.m.u (most likely 
dinitrogen and hydrogen molecules) followed by the appearance of allyl cation as a base peak at 
41. 
 

6a-c +

O

O

Cl

Cl

7
O

O

N

N

S

N

N
H

15a-c

+
N

N

N

SN

N

S

N
N
H

N
H

16a-c

6, 15 and 16: a, R = Phenyl; b, R = Benzyl; c, R = Allyl

R

R R

1

2
4

5

10

211

1

3
4

5

67

8

9
10

6

9

12
12a

14
14a

 
 
Scheme 3. New products formed during the reaction of 1-substituted dithiobiureas 6a-c with 2,3-
dichloronaphthoquinone (7). 
 
 It has been reported earlier that (1,3-dioxo-2,3-dihydro-1(H)-inden-2-ylidene)propane-
dinitrile (8),25 is isomerized to  2,3-dicyano-1,4-naphthoquinone when brought in contact with 
electron donors.26 Compound 8 readily adds N-nucleophiles such as primary and tertiary 
aromatic amines,27,28 tertiary cyclic amines,29,30 1,8-diamino-naphthalene,31 and thiocarbazones,10 
at the dicyanomethylene carbon atom with the release of HCN. Due to insufficient solubility of 8 
in THF, the reaction was carried out in ethyl acetate under reflux, followed by chromatographic 
separation. The reaction mixture afforded the products 17-19 in Scheme 4 and numerous 
coloured byproducts each in small quantities. 
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Scheme 4. New products formed during the reaction of 1-substituted dithiobiureas 6a-c with 
(1,3-dioxo-2,3-dihydro-1(h)-indene-2-ylidene)propanedinitrile (8). 
 
 The structures of 17-19 have assigned on the basis of their IR and NMR spectral data. The 
gross compositions of 17-19 were derived from satisfactory elemental analyses and the 
molecular masses. The IR spectra of all compounds showed sharp band due to cyano group at 
2220-2210 cm-1, NH absorptions at 3340-3240 cm-1. All products 17-19 were also characterized 
in their IR spectra by sharp bands at 1575-1565 due to (NH-deformation and C-N stretching) and 
intense bands in the range of 1360-1345 as well as 990-1010 cm-1 assigned to strongly coupled 
between C=S and C-N vibrations.32-35 The 1H-NMR spectrum of N-phenyl-2-(4,4-dicyano-5-
oxoindeno[1,2-d][1,3]thiazin-2(1H,4H,5H)ylidene)hydrazinecarbothioamide (17a) clearly 
showed three broad signals at 7.96, 9.73 and 9.89 ppm, due to thiazine-NH, hydrazine-NH and 
NH attached to phenyl group, besides the aromatic protons. Signals at 31.72 (C-4), 107.12 (C-
4a), 146.43 (C-9b), 156.32 (C-2), 181.22 (C=S) and 195.52 (CO) in the 13C-NMR spectrum of 
17a lend further supported of the structure assigned to 18a. The EI-mass spectra of 18a-c m/z = 
281 represents the 2-(4,4-dicyano-5-oxoindeno[1,2-d][1,3]thiazin-2(1H,4H,5H)ylidene)-
hydrazine fragment formed by release of the corresponding isothiocyanate from the molecular 
ion. Since fragment ions with the masses of these isothiocyanates are also found. It is concluded 
that the positive charge may remain alternatively either with the ring or the isothiocyanate 
fragment. The structure assigned of N-benzyl-2-(4-dicyano-5-oxoindeno[1,2-d][1,3]thiazin-
2(5H)-ylidene)hydrazinecarbothioamide (18b) is based on the following spectral data: The 1H-
NMR spectrum showed two broad signals centered at δ = 8.90, 9.80 ppm due to benzyl-NH and 
hydrazine-NH, respectively, besides the benzylic-CH2, and aromatic protons. The 13C-NMR 
decoupling showed signals at 52.43 (CH2), 145.94 (C-3a), 157.43 (C-2), 152.74 (C-9b), 181.35 
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(C=S) and 195.12 (CO). The structure of 18b was evidently confirmed by mass 
spectrometrically. Besides the molecular ion at m/z = 403 (22 %), the characteristic fragment ion 
pattern of benzylisothiocyanate at 149 (47), benzoyl group at 105 (81) and benzyl cation at 91 as 
a base peak.  
 A minor product (7-11 %) from the reaction between 6a-c and 8 contains N-substituted 
(oxoindenopyrrolylidene)hydrazinecarbothioamides 19a-c. As an example, the structural 
assignment of 19c was supported by the following spectral data. In its 13C-NMR spectrum, the 
characteristic resonance signal of the carbonyl carbon atom of indandione 8 appeared at δ = 
194.83 ppm.36 Signals at 121.23, 158.31, 145.92 and 152.29 due to (C-3), (C-2), (C-3a) and (C-
8b), respectively. The 1H-NMR in DMSO-d6 of 19c displayed broadened signals at δ = 4.12 
(allyl-CH2N), 7.79 (allyl-NH) and 9.77 (hydrazine-NH) as well as multiplets at    5.14-5.17 
(allyl-CH2=), 5.90-94 (allyl-CH=) and aromatic protons. The presence of allyl group is also 
evident from 13C-DEPT-NMR spectrum which exhibits negative signals at δ = 42.83 (allyl-
CH2N) and 118.41 (allyl-CH2=) as well as positive signal at 135.16 ppm due to (allyl-CH=). The 
elemental analysis supported the gross composition C16H11N5OS and the mass spectrum revealed 
the expected molecular ion. The formation of structure products 17-19 may be rationalized as in 
Scheme 6. Two routes can be suggested for the formation of cyanomethyleneindanedione 20. 
The first, is abstraction of a proton from 6a-c by the carbanione 8-H˙¯ to give (1,3-
dihydroxyindan-2-ylidene)propanedinitrile 21 which loss a molecules of HCN to form 20. In 
second route, cyanide ion released from the anion 8-H˙¯.30 Combination of 6a-c and 20 with the 
elimination of H2S and H2O afforded the substituted (oxoindenopyrrolylidene)hydrazine-
carbothioamide 19. Also, compound 19 may be formed via the formation of 22 as an 
intermediate. Several alternative structures based on the same elemental composition could be 
eliminated according to previous 1H-NMR and 13C-NMR spectral data. 
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Scheme 5. A rationale for the formation of products 17-19. 
 
 On the other hand, the reaction of 6a-c with 2,3-dicyano-1,4-naphthoquinone in ethyl acetate 
(under our reaction conditions reported with compound 8) afforded the thiadiazoles 12a-c and 
dihydrodicyanonaphthoquinone.  
 
 
Experimental Section 
 
General Procedures. Mps have been determined using open glass capillaries on a Gallenkamp 
melting point apparatus and are uncorrected. The IR spectra were recorded with a Shimadzu 408 
instrument using potassium bromide pellets. The 1H-NMR (400.134 MHz) and 13C-NMR (100.6 
MHz) spectra were measured in DMSO-d6 using a Bruker AM 400 with TMS as an internal 
standard. Assignments of carbon resonances have been supported by DEPT experiments. Mass 
spectra have been obtained with a Varian MAT 311 instrument using electron impact ionization 
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(70 eV). Elemental analyses have been determined by the Microanalytical Center, Cairo 
University, Egypt. Preparative layer chromatography (plc): Glass plates (48 cm x 20 cm) were 
coated with silica gel Merck Pf254 (applied as aqueous slurry and air-dried affording a 1mm 
layer). Zones were detected by indicator fluorescence quenching upon 245 nm illuminations, 
removed from plates and extracted with acetone. 
 
Materials. 2,3,5,6-Tetrachloro-1,4-benzoquinone (2a), and 2,3-dichloro-1,4-naphthoquinone (7) 
(Aldrich) were used as received. 2-(1,3-Dioxo-2,3-dihydro-1(H)-inden-2-ylidene)propane-
dinitrile (dicyanomethyleneindane-1,3-dione) (8) was prepared according to Chatterjee.25 1-
Substituted-2,5-dithiobiureas 6a-c were prepared according to published procedures, as were 1-
phenyl-2,5-dithiobiurea (6a),37 1-benzyl-2,5-dithiobiurea (6b)37,38 and 1-allyl-2,5-dithiobiurea 
(6c).37 
 
Reaction of 2a with 1-substituted-2,5-dithiobiureas 6a-c  
A solution dithiobiureas 6a-c (1.0 mmole) in 15 ml of dry tetrahydrofuran (THF) was added 
dropwise to a solution of 2a (2.0 mmole) in 25 ml of dry THF at room temperature. The reaction 
mixture becomes deeply blue or purple colour. It was left standing for 48 hours, filtered and the 
precipitate was washed several times with THF and identified as disubstituted benzo[2,3-d:6,5-
d']bis(imidazo[2,1-b][1,3,4]-thiadiazoles) 10a-c. The filtrate was concentrated in vacuum and the 
residue separated by plc using toluene/ethyl acetate (10:1) to give only one zone which was 
removed and extracted to give substituted benzo[4,5]imidazo[2,1-b][1,3,4]thiadiazole-5,8-diones 
9a-c. 
2-(Phenylamino)-6,7-dichlorobenzo[4,5]imidazo[2,1-b][1,3,4]thiadiazole-5,8-dione (9a). 
Reddish brown crystals (methanol) (215 mg, 59 %), mp 221-223 oC. IR; νmax (KBr) cm-1 3280 
(NH), 1675 (CO), 1615 (C=N), 1585 (Ar-C=C). 1H-NMR (DMSO-d6); δ 7.18-7.71 (m, 5H, Ar-
H), 9.84 (br, 1H, Phenyl-NH). 13C-NMR (DMSO-d6); δ 127.86, 128.64, 129.74 (Ar-CH), 137.14 
(C-8a), 137.34 (C-4a), 141.11 (Ar-C), 143.23 (C-6, C-7), 152.74 (C-9a), 158.26 (C-2), 171.34, 
171.87 (C-5, C-8). MS; m/z (%) 368/364 (M+, 26), 328 (21), 292 (12), 229 (18), 201 (24), 150 
(31), 135 (52), 91 (64), 77 (100), 65 (52). Anal. Calcd. For C14H6Cl2N4O2S: C, 46.04; H, 1.66; 
Cl, 19.42; N, 15.34; S, 8.78. Found: C, 45.91; H, 1.79; Cl, 19.64; N, 15.19; S, 8.96. 
2-(Benzylamino)-6,7-dichlorobenzo[4,5]imidazo[2,1-b][1,3,4]thiadiazole-5,8-dione (9b). 
Reddish brown crystals (acetonitrile) (205 mg, 54 %), mp 247-249 oC. IR; νmax (KBr) cm-1 3290 
(NH), 1680 (CO), 1620 (C=N), 1580 (Ar-C=C). 1H-NMR (DMSO-d6); δ 4.61 (s, 2H, CH2Ph), 
7.22-7.49 (m, 5H, Ar-H), 8.78 (br, 1H, benzyl-NH). 13C-NMR (DMSO-d6); δ 52.56 (CH2Ph), 
127.76, 127.98, 128.83 (Ar-CH), 137.10 (C-8a), 137.27 (C-4a), 139.92 (Ar-C), 142.96 (C-6,     
C-7), 152.68 (C-9a), 157.33 (C-2), 171.21, 171.79 (C-5, C-8). MS; m/z (%) 378/382 (M+, 29), 
342 (16), 306 (8), 229 (26) 201 (9), 164 (24), 149 (43), 91 (100), 77 (63). Anal. Calcd. For 
C15H8Cl2N4O2S: C, 47.51; H, 2.13; Cl, 18.70; N, 14.77; S, 8.46. Found: C, 47.29; H, 2.26; Cl, 
18.47; N, 14.99; S, 8.67. 
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2-(Allylamino)-6,7-dichlorobenzo[4,5]imidazo[2,1-b][1,3,4]thiadiazole-5,8-dione (9c). 
Reddish brown crystals (ethanol) (158 mg, 48 %), mp 185-187 oC. IR; νmax (KBr) cm-1 3275 
(NH), 2975 (Ali-CH), 1680 (CO), 1610 (C=N). 1H-NMR (DMSO-d6); δ 4.12 (br, 2H, allyl-
CH2N), 5.19-5.22 (m, 2H, allyl-CH2=), 5.87-5.94 (m, 1H, allyl-CH=), 7.61 (br, 1H, allyl-NH). 
13C-NMR (DMSO-d6); δ 43.39 (allyl-CH2N), 115.02 (allyl-CH2=), 134.71 (allyl-CH=), 136.92 
(C-8a), 137.29 (C-4a), 143.28 (C-6, C-7), 152.69 (C-9a), 158.32 (C-2), 171.28, 171.85 (C-5, C-
8). MS; m/z (%) 328/332 (M+, 34), 292 (27), 256 (18), 229 (24), 201 (9), 114 (27), 99 (61), 41 
(100). Anal. Calcd. For C11H6Cl2N4O2S: C, 40.14; H, 1.84; Cl, 21.54, N, 17.02; S, 9.74. Found: 
C, 39.93; H, 2.04; Cl, 21.76; N, 16.88; S, 9.52. 
5,11-Dichloro-2,8-diphenylaminobenzo[2,3-d:6,5-d']bis(imidazo[2,1-b][1,3,4]thiadiazole) 
(10a). Blue crystals (acetonitrile) (126 mg, 24 %), mp 289-291 oC. IR; νmax (KBr) cm-1 3310 
(NH), 1625 (C=N), 1595 (Ar-C=C). 1H-NMR (DMSO-d6); δ 7.17-7.71 (m, 10H, Ar-H), 9.88 (br, 
2H, phenyl-NH). 13C-NMR (DMSO-d6); δ 124.18 (C-5, C-11), 127.82, 128.69, 129.57 (Ar-CH), 
140.83 (Ar-C), 140.86 (C-4a, C-5a, C-10a, C-11a), 151.92 (C-9a, C-12a), 157.88 (C-2, C-8). 
MS; m/z (%) 522/526 (M+, 26), 486 (34), 450 (25), 252 (33), 222 (26), 150 (72), 135 (100), 124 
(18), 77 (41). Anal. Calcd. For C22H12Cl2N8S2: C, 50.48; H, 2.31; Cl, 13.55; N; 21.41; S, 12.25. 
Found: C, 50.71; H, 2.17; Cl, 13.32; N, 21.64; S, 12.47. 
5,11-Dichloro-2,8-dibenzylaminobenzo[2,3-d:6,5-d']bis(imidazo[2,1-b][1,3,4]thiadiazole) 
(10b). Blue crystals (acetonitrile) (116 mg, 21 %), mp 326-328 oC. IR; νmax (KBr) cm-1 3295 
(NH), 1620 (C=N), 1590 (Ar-C=C). 1H-NMR (DMSO-d6); δ 4.58 (s, 4H, CH2Ph), 7.28-7.57 (m, 
10H, Ar-H), 8.92 (br, 2H, benzyl-NH). 13C-NMR (DMSO-d6); δ 52.56 (CH2Ph), 123.89 (C-5, C-
11), 127.78, 127.98, 128.52 (Ar-CH), 140.74 (Ar-C), 140.78 (C-4a, C-5a, C-10a, C-11a), 152.06    
(C-9a, C-12a), 157.75 (C-2, C-8). MS; m/z (%) 550/554 (M+, 22), 478 (26), 252 (19), 222 (11), 
164 (29), 149 (81), 91 (100), 77 (56). Anal, calcd. For C24H16Cl2N8S2: C, 52.27; H, 2.92; Cl, 
12.86; N; 20.32; S, 11.63. Found: C, 52.49; H, 3.09; Cl, 12.63; N, 20.07; S, 11.81. 
5,11-Dichloro-2,8-diallylaminobenzo[2,3-d:6,5-d']bis(imidazo[2,1-b][1,3,4]thiadiazole) (10c). 
Blue crystals (methanol) (104 mg, 23 %), mp 264-266 oC. IR; νmax (KBr) cm-1 3320 (NH), 2965 
(Ali-H), 1625 (C=N), 1595 (Ar-C=C). 1H-NMR (DMSO-d6); δ 4.11 (br, 4H, allyl-CH2N), 5.16-
5.19 (m, 4H. allyl-CH2=), 5.91-5.96 (m, 2H, allyl-CH=), 7.78 (br, 2H, allyl-NH). 13C-NMR 
(DMSO-d6); δ 43.29 (allyl-CH2N), 114.89 (allyl-CH2=), 123.96 (C-5, C-11), 134.76 (allyl-CH=), 
140.79 (C-4a, C-5a, C-10a, C-11a), 152.08 (C-9a, C-12a), 157.83 (C-2, C-8). MS; m/z (%) 
450/454 (M+, 22), 378 (18), 252 (11), 222 (6), 114 (36), 99 (53), 41 (100). Anal, calcd. For 
C16H12Cl2N8S2: C, 42.58; H, 2.68; Cl, 15.71; N; 24.83; S, 14.21. Found: C, 42.33; H, 2.91; Cl, 
15.93; N, 24.59; S, 14.44. 
 
Reaction of 2,3-dichloro-1,4-naphthoquinone (7) with 1-substituted-2,5-dithiobiureas 6a-c 
A solution of 6a-c (1.0 mmole) in 15 ml of dry THF was added to a solution of 2,3-dichloro-1,4-
naphthoquinone (7) (1.0 mmole). The mixture heated under reflux for 3-5 hours, for 3 h in the 
reaction of 6a with 7, 3.5 h in the reaction of 6b with 7 and 5 h in the reaction of 6c with 7 
during which time it turned from faint red into deep red or orange. The precipitate disubstituted 
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aminonaphtho[1,2-d:4,3-d']bis(imidazo[2,1-b][1,3,4]thiadiazoles) 16a-c was filtered off which 
was recrystallized from the proper solvent. The filtrate was concentrated and the residue 
subjected to plc using toluene/ethyl acetate (1:2) as developing solvent to give numerous zones, 
the main and intense zone in every case contained substituted aminonaphtho[4,5]imidazo[2,1-
b][1,3,4]thiadiazole-5,10-diones 15a-c. The zone was extracted with acetone and recrystallized. 
2-Phenylaminonaphtho[4,5]imidazo[2,1-b][1,3,4]thiadiazole-5,10-diones (15a). Reddish 
brown crystals (methanol) (135 mg, 39 %), mp 266-268 oC. IR; νmax (KBr) cm-1 3320 (NH), 
1660 (CO), 1615 (C=N), 1595 (Ar-C=C). 1H-NMR (DMSO-d6); δ 7.22-8.16 (m, 9H, Ar-H), 9.91 
(br, 1H, phenyl-NH). 13C-NMR (DMSO-d6); δ 126.96, 127.54, 127.93, 129.53, 132.71 (Ar-CH), 
134.66, 141.12 (Ar-C), 136.88, 137.12 (C-10a, C-4a), 151.86 (C-11a), 157.73 (C-2), 179.83    
(C-5, C-10). MS; m/z (%) 346 (M+, 24), 211 (21), 196 (12), 150 (48), 135 (51), 105 (63), 77 
(100), 65 (46). Anal. Calcd. For C18H10N4O2S: C, 62.42; H, 2.91; N, 16.18; S, 9.26. Found: C, 
62.26; H, 3.11; N, 16.41; S, 9.06. 
2-Benzylaminonaphtho[4,5]imidazo[2,1-b][1,3,4]thiadiazole-5,10-diones (15b). Reddish 
orange crystals (acetonitrile) (130 mg, 36 %), mp 291-293 oC. IR; νmax (KBr) cm-1 3290 (NH), 
1665 (CO), 1610 (C=N), 1585 (Ar-C=C). 1H-NMR (DMSO-d6); δ 4.58 (s, 2H, CH2Ph), 7.23-
8.05 (m, 9H, Ar-H), 8.96 (br, 1H, benzyl-NH). 13C-NMR (DMSO-d6); δ 52.64 (CH2Ph), 126.96, 
127.71, 127.98, 128.72, 132.61 (Ar-CH), 134.65, 139.96 (Ar-C), 136.89, 137.39 (C-10a, C-4a), 
152.41 (C-11a), 158.11 (C-2), 179.72 (C-5, C-10). MS; m/z (%) 360 (M+, 21), 211 (12), 196 (7), 
164 (33), 149 (46), 105 (81), 91 (100), 77 (56), 65 (42). Anal. Calcd. For C19H12N4O2S: C, 
63.32; H, 3.36; N, 15.55; S, 8.90. Found: C, 63.56; H, 3.44; N, 15.31; S, 9.11. 
2-Allylaminonaphtho[4,5]imidazo[2,1-b][1,3,4]thiadiazole-5,10-diones (15c). Reddish orange 
crystals (acetonitrile) (118 mg, 38 %), mp 227-229 oC. IR; νmax (KBr) cm-1 3310 (NH), 2980 
(Ali-H), 1665 (CO), 1620 (C=N). 1H-NMR (DMSO-d6); δ 4.16 (br, 2H, allyl-CH2N), 5.12-5.17 
(m, 2H, allyl-CH2=), 5.88-5.92 (m, 1H, allyl-CH=), 7.56 (br, 1H, allyl-NH). 13C-NMR (DMSO-
d6); δ 43.23 (allyl-CH2N), 115.06 (allyl-CH2=), 126.92, 132.76 (Ar-CH), 134.44 (Ar-C), 134.83 
(allyl-CH=), 136.87, 137.26 (C-10a, C-4a), 152.29 (C-11a), 158.12 (C-2), 179.59 (C-5, C-10). 
MS; m/z (%) 310 (M+, 26), 211 (18), 196 (17), 105 (62), 99 (76), 41 (100). Anal. Calcd. For 
C15H10N4O2S: C, 58.05; H, 3.25; N, 18.05; S, 10.33. Found: C, 57.79; H, 3.37; N, 17.81; S, 
10.11. 
2,11-Diphenylaminonaphtho[1,2-d:4,3-d']bis(imidazo[2,1-b][1,3,4]thiadiazole) (16a). 
Reddish brown crystals (methanol) (222 mg, 44 %), mp 306-308 oC. IR; νmax (KBr) cm-1 3330 
(NH), 1620 (C=N), 1585 (Ar-C=C). 1H-NMR (DMSO-d6); δ 7.16-8.19 (m, 14H, Ar-H), 9.92 (br, 
2H, phenyl-NH). 13C-NMR (DMSO-d6); δ 126.83, 127.12, 127.96, 128.57, 129.42 (Ar-CH), 
129.93, 131.84, 141.53 (Ar-C), 151.57 (C-12a, C-14a), 157.93 (C-2, C-11). MS; m/z (%) 504 
(M+, 18), 369 (6), 234 (14), 204 (16), 176 (23), 135 (76), 77 (100), 65 (36). Anal. Calcd. For 
C26H16N8S2: C, 61.89; H, 3.20; N, 22.21; S, 12.71. Found: C, 62.12; H, 3.06; N, 22.44; S, 12.95.  
2,11-Dibenzylaminonaphtho[1,2-d:4,3-d']bis(imidazo[2,1-b][1,3,4]thiadiazole) (16b). 
Reddish brown crystals (methanol) (218 mg, 41 %), mp 334-336 oC. IR; νmax (KBr) cm-1 3315 
(NH), 1625 (C=N), 1590 (Ar-C=C). 1H-NMR (DMSO-d6); δ 4.63 (S, 2H, CH2Ph), 7.23-8.16 (m, 
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14H, Ar-H), 8.94 (br, 2H, benzyl-NH). 13C-NMR (DMSO-d6); δ 52.39 (CH2Ph), 126.78, 126.97, 
127.26, 127.88, 128.53 (Ar-CH), 129.89, 130.85, 139.96 (Ar-C), 152.31 (C-12a, C-14a), 159.61 
(C-2, C-11). MS; m/z (%) 532 (M+, 12), 384 (16), 204 (9), 164 (26), 149 (63), 91 (100), 71 (56), 
65 (37). Anal. Calcd. For C28H20N8S2: C, 63.14; H, 3.78; N, 21.04; S, 12.04. Found: C, 62.93; H, 
3.86; N, 20.85; S, 11.81. 
2,11-Diallylaminonaphtho[1,2-d:4,3-d']bis(imidazo[2,1-b][1,3,4]thiadiazole) (16c). Reddish 
brown crystals (acetonitrile) (199 mg, 46 %), mp 275-277 oC. IR; νmax (KBr) cm-1 3290 (NH), 
2970 (Ali-H), 1620 (C=N). 1H-NMR (DMSO-d6); δ 4.12 (br, 4H, allyl-CH2N), 5.16-5.20 (m, 4H, 
allyl-CH2=), 5.90-5.93 (m, 2H, allyl-CH=), 7.34-8.19 (m, 6H, Ar-H and allyl-NH). 13C-NMR 
(DMSO-d6); δ 42.96 (allyl-CH2N ), 114.88 (allyl-CH2=), 135.12 (allyl-CH=), 127.43, 127.96 
(Ar-CH), 129.76, 130.87 (Ar-C), 152.56(C-12a, C-14a), 159.63 (C-2, C-11). MS; m/z (%) 432 
(M+, 12), 234 (16), 204 (11), 128 (16), 99 (69), 74 (33), 41 (100). Anal. Calcd. For C20H16N8S2: 
C, 55.54; H, 3.73; N, 25.91; S, 14.83. Found: C, 55.76; H, 3.57; N, 26.14; S, 15.09. 
 
Reaction of 1-substituted-2,5-dithiobiureas 6a-c with (1,3-dioxo-2,3-dihydro-1(H)-inden-2-
ylidene)propanedinitrile (8)  
To a solution of 1.0 mmole of 6a-c in 20 ml dry ethyl acetate, 416 mg (2.0 mmole) of 8 were 
added. Within two minutes, the initially yellow solution first turned to reddish brown and then 
brown, the mixture was stirred for 3 hours at 20 oC. The mixture was left standing for 48 hours at 
room temperature, concentrated and subjected to plc using cyclohexane/ethyl acetate (3:1) to 
give numerous coloured zones. The three intense of which were removed and extracted. The 
fastest migrating one contained N-substituted (oxoindeno-
pyrrolylidene)hydrazinecarbothioamides 19a-c, the second zone (which is always characterized 
by orange colour) contained (4-cyano-5-oxoindenothiazinylidene)N-substituted hydrazine-
carbothioamide 18a-c. The slowest migrating zone contained 2-(4,4-dicyano-5-oxoindeno-
thiazinylidene)N-substituted carbothioamides 17a-c. Extractions of zones with acetone and 
recrystallized. 
N-Phenyl-2-(4,4-dicyano-5-oxoindeno[1,2-d][1,3]thiazin-2-(1H,4H,5H)-ylidene)hydrazine-
carbothioamide (17a). Reddish brown crystals (acetonitrile) (204 mg, 49 %), mp 301-303 oC. 
IR; νmax (KBr) cm-1 3340, 3310, 3280 (NH), 2210 (CN), 1730 (CO), 1635 (C=N), 1570 (NH def. 
and C-N str.), 1345, 1010 (C=S, C-N), 1H-NMR (DMSO-d6); δ 7.21-7.72 (m, 9H, Ar-H), 7.96 
(br, 1H, thiazine-NH), 9.73 (br, 1H, hydrazine-NH), 9.89 (br, 1H, phenyl-NH). 13C-NMR 
(DMSO-d6); δ 31.27 (C-4), 107.12 (C-4a), 117.96 (CN), 126.34, 126.67, 127.51, 128.46, 128.92, 
129.26, 129.83 (Ar-CH), 135.76, 136.66, 138.57 (Ar-C), 146.43 (C-9b), 156.32 (C-2), 181.22 
(C=S), 195.52 (CO). MS; m/z (%) 416 (M+, 26), 281 (31), 266 (24), 253 (11), 150 (26), 135 (49), 
105 (83), 77 (100). Anal. Clacd. For C20H12N6OS2: C, 57.68; H, 2.90; N, 20.18; S, 15.40. Found: 
C, 57.87; H, 3.09; N, 20.41; S, 15.63. 
N-Benzyl-2-(4,4-dicyano-5-oxoindeno[1,2-d][1,3]thiazin-2-(1H,4H,5H)-ylidene)hydrazine-
carbothioamide (17b). Reddish brown crystals (ethyl acetate) (194 mg, 45 %), mp 329-331 oC. 
IR; νmax (KBr) cm-1 3325, 3300, 3280 (NH), 2220 (CN), 1720 (CO), 1630 (C=N), 1575 (NH def. 
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and C-N str.), 1355, 990 (C=S, C-N), 1H-NMR (DMSO-d6); δ 4.65 (s, 2H, CH2Ph), 7.23-7.57 
(m, 9H, Ar-H), 7.92 (br, 1H, thiazine-NH), 8.91 (br, 1H, hydrazine-NH), 9.75 (br, 1H, benzyl-
NH). 13C-NMR (DMSO-d6); δ 31.67 (C-4), 106.89 (C-4a), 118.12 (CN), 126.42, 126.79, 126.99, 
127.74, 128.56, 129.66 (Ar-CH), 135.62, 136.44, 138.34 (Ar-C), 147.11 (C-9b), 156.88 (C-2), 
181.06 (C=S), 195.36 (CO). MS; m/z (%) 430 (M+, 34), 281 (28), 266 (9), 238 (21), 164 (35), 
149 (66), 105 (58), 91 (100), 77 (63), 65 (44). Anal. Clacd. For C21H14N6OS2: C, 58.59; H, 3.28; 
N, 19.52; S, 14.90. Found: C, 58.36; H, 3.11; N, 19.74; S, 15.16. 
N-Allyl-2-(4,4-dicyano-5-oxoindeno[1,2-d][1,3]thiazin-2-(1H,4H,5H)-ylidene)hydrazine-
carbothioamide (17c). Reddish brown crystals (ethanol) (167 mg, 44 %), mp 272-274 oC. IR; 
νmax (KBr) cm-1 3335, 3310, 3290 (NH), 2215 (CN), 1725 (CO), 1580 (C=N), 1570 (NH def. and 
C-N str.), 1350, 1010 (C=S, C-N), 1H-NMR (DMSO-d6); δ 4.12 (br, 2H, allyl-CH2N), 5.11-5.14 
(m, 2H, allyl-CH2=), 5.90-5.93 (m, 1H, allyl-CH=), 7.36-7.67 (m, 5H, Ar-H and allyl-NH), 7.95 
(br, 1H, thiazine-NH), 9.79 (br, 1H, hydrazine-NH). 13C-NMR (DMSO-d6); δ 31.52 (C-4), 44.12 
(allyl-CH2N), 107.14 (C-4a), 117.93 (CN), 118.13 (allyl-CH2=), 126.89, 126.37, 128.49, 129.38 
(Ar-CH), 134.82 (allyl-CH=), 135.86, 136.88 (Ar-C), 146.96 (C-9b), 157.29 (C-2), 181.66 
(C=S), 195.66 (CO). MS; m/z (%) 380 (M+, 42), 281 (23), 266 (16), 238 (23), 105 (100), 77 (83), 
41 (93). Anal. Clacd. For C17H12N6OS2: C, 53.67; H, 3.18; N, 22.09; S, 16.86. Found: C, 53.45; 
H, 3.33; N, 21.82; S, 16.64. 
 
N-Phenyl-2(4-cyano-5-oxoindeno[1,2-d][1,3]thiazin-2(5H)-ylidene)hydrazinecarbothio-
amide  (18a). Orange crystals (ethanol) (121 mg, 31 %), mp 278-280 oC. IR; νmax (KBr) cm-1 
3330, 3260 (NH), 2220 (CN), 1720 (CO), 1635 (C=N), 1570 (NH def. and C-N str.), 1360, 1000 
(C=S, C-N). 1H-NMR (DMSO-d6); δ 7.24-8.05 (m, 9H, Ar-H), 9.78 (br, 1H, hydrazine-NH), 
9.88 (br, 1H, phenyl-NH). 13C-NMR (DMSO-d6); δ 117.94 (CN), 126.69, 126.83, 126.97, 
127.44, 128.56, 129.79, 129.93 (Ar-CH), 137.12, 138.14, 139.36 (Ar-C), 146.32 (C-4a), 152.88 
(C-9b), 157.56 (C-2), 181.29 (C=S), 194.86 (CO). MS; m/z (%) 389 (M+, 16), 254 (27), 239 
(31), 150 (42), 135 (66), 105 (100), 77 (83). Anal. Clacd. For C19H11N5OS2: C, 58.60; H, 2.85; 
N, 17.98; S, 16.47. Found: C, 58.83; H, 3.04; N, 18.17; S, 16.24. 
N-Benzyl-2(4-cyano-5-oxoindeno[1,2-d][1,3]thiazin-2(5H)-ylidene)hydrazinecarbothio-
amide (18b). Orange crystals (methanol) (117 mg, 29 %), mp 305-307 oC. IR; νmax (KBr) cm-1 
3315, 3270 (NH), 2210 (CN), 1730 (CO), 1630 (C=N), 1565 (NH def. and C-N str.), 1355, 995 
(C=S, C-N). 1H-NMR (DMSO-d6); δ 4.62 (s, 2H, CH2Ph), 7.26-8.00 (m, 9H, Ar-H), 8.90 (br, 
1H, benzyl-NH), 9.80 (br, 1H, hydrazine-NH). 13C-NMR (DMSO-d6); δ 52.43 (CH2Ph), 118.29 
(CN), 126.76, 126.93, 127.45, 127.71, 128.66, 129.54, 129.86 (Ar-CH), 135.66, 136.71, 137.92 
(Ar-C), 145.94 (C-4a), 152.74 (C-9b), 157.43 (C-2), 181.35 (C=S), 195.12 (CO). MS; m/z (%) 
403 (M+, 22), 254 (19), 239 (6), 211 (29), 164 (32), 149 (47), 105 (81), 91 (100), 76 (63). Anal. 
Clacd. For C20H13N5OS2: C, 59.54; H, 3.25; N, 17.36; S, 15.89. Found: C, 59.76; H, 3.07; N, 
17.59; S, 16.14. 
N-Allyl-2(4-cyano-5-oxoindeno[1,2-d][1,3]thiazin-2(5H)-ylidene)hydrazinecarbothioamide 
(18c). Orange crystals (acetonitrile) (102 mg, 29 %), mp 249-251 oC. IR; νmax (KBr) cm-1 3320, 
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3265 (NH), 2215 (CN), 1725 (CO), 1620 (C=N), 1575 (NH def. and C-N str.), 1360, 995 (C=S, 
C-N). 1H-NMR (DMSO-d6); δ 4.08 (br, 2H, allyl-CH2N), 5.16-5.19 (m, 2H, allyl-CH2), 5.88-
5.92 (m, 1H, allyl-CH=), 7.59-8.05 (m, 5H, Ar-H and allyl-NH), 9.78 (br, 1H, hydrazine-NH). 
13C-NMR (DMSO-d6); δ 43.29 (allyl-CH2N), 117.66 (allyl-CH2=), 117.93 (CN), 127.73, 128.64 
(Ar-CH), 129.73, 130.11 (Ar-C), 134.79 (allyl-CH=), 146.24 (C-4a), 153.11 (C-9b), 158.12 (C-
2), 178.93 (C=S), 194.77 (CO). MS; m/z (%) 353 (M+, 25), 254 (18), 239 (24), 114 (41), 105 
(73), 99 (84), 77 (62), 41 (100). Anal. Clacd. For C16H11N5OS2 : C, 54.37; H, 3.14; N, 19.82; S, 
18.15. Found: C, 54.52; H, 2.96; N, 20.09; S, 18.38. 
N-Phenyl-2(3-cyano-4-oxoindeno[1,2-b]pyrrol-2(4H)-ylidene)hydrazinecarbothioamide 
(19a). Pale red crystals (methanol) (39 mg, 11 %), mp 250-252 oC. IR; νmax (KBr) cm-1 3335, 
3240 (NH), 2220 (CN), 1730 (CO), 1635 (C=N), 1600 (Ar-C=C), 1565 (NH def. and C-N str.), 
1360, 1005 (C=S, C-N). 1H-NMR (DMSO-d6); δ 7.18-7.95 (m, 9H, Ar-H), 9.78 (br, 1H, 
hydrazine-NH), 9.91 (br, 1H, phenyl-NH). 13C-NMR (DMSO-d6); δ 117.86 (CN), 121.11 (C-3), 
126.75, 126.93, 127.14, 128.48, 129.15, 129.78, 129.98 (Ar-CH), 135.81, 136.46, 139.22 (Ar-C), 
147.12 (C-3a), 153.12 (C-8b), 158.36 (C-2), 181.53 (C=S), 194.69 (CO). MS; m/z (%) 357 (M+, 
43), 222 (29), 167 (23), 150 (36), 135 (57), 105 (74), 76 (100). Anal. Calcd. For C19H11N5OS: C, 
63.85; H, 3.10; N, 19.60; S, 8.97. Found: C, 64.08; H, 2.94; N, 19.79; S, 9.13. 
N-Benzyl-2(3-cyano-4-oxoindeno[1,2-b]pyrrol-2(4H)-ylidene)hydrazinecarbothioamide 
(19b). Orange crystals (acetonitrile) (26 mg, 7 %), mp 275-277 oC. IR; νmax (KBr) cm-1 3320, 
3260 (NH), 2210 (CN), 1725 (CO), 1635 (C=N), 1600 (Ar-C=C), 1570 (NH def. and C-N str.), 
1355, 995 (C=S, C-N). 1H-NMR (DMSO-d6); δ 4.61 (s, 2H, CH2Ph), 7.23-8.00 (m, 9H, Ar-H), 
8.88 (br, 1H, benzyl-NH), 9.76 (br, 1H, hydrazine-NH). 13C-NMR (DMSO-d6); δ 118.19 (CN), 
120.96 (C-3), 126.79, 126.92, 127.22, 127.74, 128.56, 129.26, 129.89 (Ar-CH), 135.78, 136.39, 
139.29 (Ar-C), 146.14 (C-3a), 152.66 (C-8b), 157.53 (C-2), 181.52 (C=S), 194.94 (CO). MS; 
m/z (%) 371 (M+, 36), 222 (28), 167 (24), 164 (18), 149 (54), 105 (86), 91 (100), 76 (62), 65 
(47). Anal. Calcd. For C20H13N5OS: C, 64.68; H, 3.53; N, 18.86; S, 8.63. Found: C, 64.44; H, 
3.76; N, 19.11; S, 8.39. 
N-Allyl-2(3-cyano-4-oxoindeno[1,2-b]pyrrol-2(4H)-ylidene)hydrazinecarbothioamide (19c). 
Red crystals (methanol) (32 mg, 10 %), mp 226-228 oC. IR; νmax (KBr) cm-1 3330, 3270 (NH), 
2215 (CN), 1720 (CO), 1630 (C=N), 1575 (NH def. and C-N str.), 1350, 1010 (C=S, C-N). 1H-
NMR (DMSO-d6); δ 4.12 (br, 2H, allyl-CH2N), 5.14-5.17 (m, 2H, allyl-CH2=), 5.90-5.94 (m, 
1H, allyl-CH=), 7.52-7.95 (m, 5H, Ar-H and allyl-NH), 9.77 (br, 1H, hydrazine-NH). 13C-NMR 
(DMSO-d6); δ 42.83 (allyl-CH2N), 117.95 (CN), 118.41 (allyl-CH2=), 121.23 (C-3), 126.76, 
126.95, 129.58, 129.97 (Ar-CH), 135.16 (allyl-CH=), 135.74, 136.55 (Ar-C), 145.92 (C-3a), 
152.29    (C-8b), 158.31 (C-2), 179.22 (C=S), 194.83 (CO). MS; m/z (%) 321 (M+, 38), 222 (27), 
167 (19), 105 (91), 99 (64), 41 (100). Anal. Calcd. For C16H11N5OS: C, 59.80; H, 3.45; N, 21.79; 
S, 9.98. Found: C, 59.57; H, 3.64; N, 22.05; S, 10.14. 
 



General Papers                                                                                                             ARKIVOC 2007 (xiv) 229-244 

ISSN 1551-7012                                                       Page 243                                                       ©ARKAT USA, Inc. 

Acknowledgements 
 
A. A. Hassan is indebted to the A. V. Humboldt-Foundation for the donation of the Shimadzu 
408 IR spectrophotometer. 
 
 
References 
 
1. Okawara, T.; Tateyama, Y.; Yamasaki, T.; Furukawa, M. J. Heterocyclic Chem. 1988, 25, 

1071. 
2. Tao, E. V. P.; Rolski, S. Org. Prep. Proced. Int. 1986, 18, 272. 
3. Suni, M. M.; Nair, V. A.; Joshua, C. P. Tetrahedron 2001, 57, 2003. 
4. Dobost, M.; Pachuta-Stec., A. Acta Pol. Pharm. 1996, 53, 123. 
5. Korzycka, L.; Glowka, M.; Jawicka, J. Pol. J. Chem. 1998, 72, 73. 
6. Katritzky, A. R.; Fan, W. Q. J. Heterocyclic Chem. 1988, 25, 901. 
7. Matsuoka, M.; Iwamoto, A.; Furukawa, N.; Kitao, T. J. Heterocyclic Chem. 1992, 29, 439. 
8. Matsuoka, M.; Iwamoto, A.; Ouchi, T.; Yoshioka, H.; Nakatsu, K. J. Heterocyclic Chem. 

1993, 30, 173. 
9. Katritzky, A. R.; Fan, W. Q. J. Heterocyclic Chem. 1993, 30, 1679. 
10. Hassan, A. A.; Mohamed, N. K.; Aly, A. A.; Mourad, A. E. Monatsh. Chem. 1997, 128, 61. 
11. Aly, A. A.; Ahmed, E. K.; El-Mokadem, K. M. J. Sulfur Chem. 2006, 27, 419. 
12. Hassan, A. A.; Mourad, A. E., El-Shaieb, K. M.; Abou-Zied, A. H. J. Heterocyclic Chem. 

2006, 43, 471. 
13. Hassan, A. A.; Ibrahim, Y. R.; Semida, A. A.; Mourad, A. E. Liebigs Ann. Chem. 1994, 989. 
14. Hassan, A. A.; Ibrahim, Y. R.; Shawky, A. M. J. Sulfur Chem. 2007, 28, 211. 
15. Lee, H.-J.; Park, S.-Y.; Kim, J. S.; Song, H. M.; Suh, M.-E.; Lee, C.-O. Bioorg. Med. Chem. 

2003, 11, 4791. 
16. Gomez-Monterrey, I; Campiglia, P.; Grieco, P.; Diurno, M. V.; Bolognese, A.; La Colla, P.; 

Novellino, E. Bioorg. Med. Chem. 2003, 11, 3769. 
17. Lee, H.-J.; Suh, M. E.; Lee, C. O. Bioorg. Med. Chem. 2003, 11, 1511. 
18. Vanelle, P.; Donini, S.; Maldonado, J.; Crozet, M. P.; Delmas, F.; Gasquet, M.; Timon-

David, P. Eur. J. Med. Chem. 1997, 32, 523. 
19. Ballesteros, P.; Claramunt, R. M.; Escolastico, C.; Santa Maria, M. D.; Elguero, J. J. Org. 

Chem. 1992, 57, 1873. 
20. Fabris, F.; De Lucchi, O.; Valle, G.; Cossu, S. Heterocycles 1995, 41, 665. 
21. Henrion, J. C.; Jacquet, B.; Hocquaux, M.; Barre, G.; Lion, C. Bull. Soc. Chim. Belg-103 

1994, 103, 31, 163. 
22. Patai, S.; Rappoport Z. In The Chemistry of Quinonoid Compounds, Vol. 2, Part 1; John 

Wiley and Sons: New York, 1988. 



General Papers                                                                                                             ARKIVOC 2007 (xiv) 229-244 

ISSN 1551-7012                                                       Page 244                                                       ©ARKAT USA, Inc. 

23. Kalinowski, H. O.; Berger, S.; Braun, S. In 13C NMR Spectroscopy, Georg Thieme Verlag: 
Stuttgart, 1984. 

24. Silverstein. R. M. In Spectroscopic Identification of Organic Compounds, John Wiley and 
Sons. Inc.: New York, 1974. 

25. Chatterjee, S. J. Chem. Soc. 1969, (B), 725. 
26. Ashwell, G. J.; Bryce, M. R.; Davies, S. R.; Hasan, M. J. Org. Chem. 1988, 53, 4585. 
27. Boila-Göckel, A.; Fabian, W. M. F.; Junek, H. Liebigs Ann. Chem. 1996, 397. 
28. Junek, H.; Klade, M.; Bisa, P.; Geringer, M.; Sterk, H. Liebigs Ann. Chem. 1990, 741. 
29. Döpp, D.; Jüschke, S.; Henkel, G. Z. Naturforsch. 2002, 57b, 460. 
30. Döpp, D.; Hassan, A. A.; Nour El-Din, A. M.; Mourad, A. E.; Lehmann, C. W.; Rust, J. 

Tetrahedron 2006, 62, 11618. 
31. Aly, A. A.; El-Shieb, K. M. Tetrahedron 2004, 60, 3797. 
32. Nakanishi, K.; Solomon, P. H. In Infrared Absorption Spectroscopy, 2nd Edn.; Holden-Day: 

San Francisco, 1977; p 50. 
33. Socrates, G. In Infrared Characteristic Group Frequencies, Wiley: Chichester, 1980; pp 116-

117. 
34. Simons, W. In The Sadtler Handbook of IR Spectra, Sadtler Research Labs: Philadelphia,  

1978. 
35. Schrader, B. In Raman Infrared Atlas of Organic Compounds, 2nd Edn.; VCH: Weinheim, 

1989. 
36. Döpp, D.; Gomaa, M. A.; Henkel, H.; Nour El-Din, A. M. J. Chem. Soc. Perkin Trans. II 

1996, 573. 
37. Indukumari, P. V.; Joshua, C. P.; Rajan, V. P. Indian J. of Chem. 1981, 20B, 384. 
38. Altland, W. H.; Graham, A. P. J. Heterocycl. Chem. 1978, 15, 377. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


