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The reaction of compound 1 with triethyl orthoformate afforded 2, which in turn reacted with 
CS2 and active methlyene compounds or malononitrile to give dithiolane and 4-malononitrile 
methylene derivatives 3,4, respectively. Treatment of compound 4 with active methylene 
compounds afforded spiro cyclopentene derivatives Sa-c. Compound 1 was reacted with bro- 
momalononitrile or C S p d  halocompounds to afford furo-. thieno- and dithiolano-pyrazole 
derivatives 6-11, respectively. The reaction of compound 12 with phenacyl bromide or ben- 
zylidenemalononitrile furnished oxathiol-2-ylidene and pyridinethione derivatives 13,14, 
respectively. The dibromo derivative 16 was reacted with CS2 and active methylenes or 
malononitrile to obtain spiro dithietanes 17a-e and 4-dicyano-methlyene derivative 22, 
respectively. Compounds 17 underwent a cycloaddition reaction with thioglycolic acid, 
N-phenylbenzohydrazindoyl bromide, 2.5-dimethylfuran and I -  phenyl-3,5-pyrazolidinedi- 
one to give cycloadducts 18-21, respectively. Treatment of o-aminothiophenol or o-phe- 
nylenediamine with the dicyano compound 22 leads to the formation of spiro thiazepine or 
spiro diazine derivatives 23+ The arylidene derivatives 24 was reacted with S,S-acetals, 
N,S-acetals or ammonium dithiocarbamate to afford dithiane, oxazine or pyrazolodithiocar- 
bamate derivatives 25-29, respectively. Chemoselective cyclization of compound 29 with 
H2S04, NaOH or Me1 gave compounds 30-32, respectively. Benzopyrano derivatives 3436 
were obtained through the reaction of compound 1 with a mixture of thiourea, triethyl ortho- 
formate and ethyl cyanoacetate or with cyanoketene S,S diacetals, respectively. 

Keywords: Dithiolanes; Pyridinethione; Dithiane; Thiazepine and PTC 

The 3,5-pyrazolinediones have become of increasing importance in recent 
years owing to the medical use of 4-butyl- 1,2-diphenyl-3,5-pyrazolinedi- 
one (butazalidin) in the treatment of rheumatoid arthritis.’-3 In connection 
with our previous workM on the application of phase-transfer catalysis in 
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160 A. KHODAIRY 

heterocyclic synthesis, we report the synthesis of fused and spiro heterocy- 
clic compounds containing a pyrazole moiety. 

The reaction of 1 -phenyl-3,5-pyrazolinedione' (1) with triethyl orthofor- 
mate afforded the corresponding 4-ethoxymethylene derivative 2, which in 
turn reacted with CS2 and active methlyenes (e.g, malononitrile or ethyl 
cyanoacetate) under solid-liquid, phase-transfer catalysis conditions [diox- 
ane/K2C03/tetrabutylammonium bromide (TBAB)] to give the spiro dithi- 
olane derivatives 3a,b, respectively. Also, compound 2 was allowed to 
react with malononitrile to obtain the corresponding 4-malononitrilemeth- 
ylene derivative 4 in moderate yield. The latter was an excellent precursor 
for the synthesis of spiro cyclopentene derivatives 5a-c when reacted with 
acetylacetone, ethyl acetoacetate or diethylmalonate, respectively. IR and 
'H NMR spectra of compounds 2-5 were consistent with the proposed 
structures (cf. Table I, Scheme 1). 

3a, X = CN 
hX=rnOB 

Ph 
4 

SCHEME 1 

1. - 

i'h 

5, R=d= CDCW, 
b,R=q,d=COOEt 
e.R=l&COOEt 

Treatment of compound 1 with bromomalononitrile under PTC condi- 
tions led to the corresponding 5-amino-4-cyano- 1 -phenylfuro(2,3-~)pyra- 
zolin-3-one (6) and 4-amino-5-cyano-2-hydroxy-3 furancarboxylic acid 
(7). The mechanism of formation of compound 6 was assumed to involve 
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PY RAZOLIDINEDIONE 161 

HBr elimination followed by a nucleophilic attack of the OH group at the 
cyano group with cyclization. The formation of 7 was due to the hetero- 
lytic cleavage of unreacted 3,5-pyrazolinedione into malonic acid and phe- 
nylhydrazine. The acid was attacked in situby unreacted 
bromomalononitrile to give 7.8 

7 

On reacting compound 1 with CS2 and bromomalononitrile (1 : 1: 1 molar 
ratio) under PTC conditions,8 the corresponding 6.6-dicyano- 1 -phe- 
nyl-4H-thieno(3,4-c)pyrazolin-3-one (8) and l-phenyl-4[4-amino-5- 
cyano- 1,3-dithiolane-2-ylidene]pyrazolin-3,5-dione (9), respectively, were 
obtained (cf. Table I, Scheme 2).8 

Ph 
1 

Ph 

9 

SCHEME 2 

Compound 1 was treated with CS2 and an active halocompound (e.g, 
chloroacetonitrile or ethyl chloroacetate) in 1: 1: 1 molar ratio under PTC 
conditions8 to give the corresponding 6-cyano(carbethoxy)-4,6-dihy- 
dro- 1 -phenylthieno(3,4-c)pyrazolino-4-thioxo-3-one ( loa,$ and 1 -phe- 

respectively. The reaction pathway was assumed to involve the addition of 
the active CH, group of compound 1 to CS, to give the intermediate prod- 
uct which underwent intramolecular cyclization via nucleophilic attack of 

nyl-4[5-oxo- 1,3-dithiolane-2-ylidene]pyrazolin-3,5-dione (11). 
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162 A. KHODAIRY 

RCH-: atom onto tautomeric C-OH with elimination of a H20 molecule to 
give compounds lo,,.,, or, via nucleophilic addition of SH group onto the 
carbonyl ester with elimination of ethanol molecule, to give compound 11 
(cf. Table I, Scheme 3).* 

l-Phenyl-4-phenylthiocarbonyl-3,5-pyrazolinedione9 (12) was treated 
with phenacyl bromide to get the 1,3-0xathiol-2-ylidene derivative 13. The 
reaction mechanism is explained in Scheme 4.'' 

12 

N U  
Ph 

13 

SCHEME 4 

Treatment of 12 with benzylidenemalononitrile, furnished the corre- 
sponding spiro pyridine" derivative 14. IR analysis showed absorption 
bands corresponding to NH2 at 3330,3240 cm-' and CN at 2220 cm-', 
respectively. 
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TABLE I Analytical and Spectral Data of the Ncw Compounds 
~ ~ 

Analvtical Datab 
M.P ("C)' Yield Mole. Cal./Fo;nd IR (Cm-I)' 

'H-NMr IR (cm-')' 
Comp Crystallization 

No.  Solvent (8) (Mol .  wt.) 

C H N S  

' H-NMr a(ppm)d 

2 

3. 

3b 

4 

!is 

5b 

SC 

220 Ethanol 

301 Ethanol 

300 Benzene 

291 Ethanol 

219 Benzene 

330 Dioxane 

299 Acetic acid 

C12H12N203 
(232.24) 

90 C13H8N402S2 
(316.36) 

34 C16H13N304S2 
(375.42) 

29 C2812N402 
(252.23) 

40 C18H16N404 
(328.33) 

60 c1$18N405 
(372.30) 

69 c 2 8 2 d 4 0 6  
(412.4) 

62.06 5.20 12.06 3 175(NH), 2980(CH,Iiph), 
62.40 5.33 12.42 1720,1690 (CO). 

49.35 2.54 17.71 20.27 3143(NH), 2210(CN), 
49.09 2.21 17.60 20.37 1720,1690 (CO). 

51.18 3.49 11.12 17.08 3221(NH). 174O(COester), 
51.43 3.70 11.39 17.31 1719, 162O(CO). 

61.90 3.19 22.12 3328(NH), 2220(CN), 
61.61 3.48 22.60 1711,1687 (CO). 

65.84 4.91 17.16 3340,3249,3310 

1720-1669 (CO). 
65.61 4.72 17.36 (NH,NH2), 2220 (CN), 

61.24 4.87 15.04 3300,321 1,3140(NH,NH2), 
61.00 4.50 15.39 21 8WCN) 1740(C0,,w1). 

171 1,168O(CO). 

58.24 4.88 13.58 3310.3218.3 1 IO(NH,NH2), 
58.59 4.63 13.81 21 IO(CN) 1735(CO,ster), 

1690-1670 (CO). 

8.1 (s, 1H,=CH),7.&7.2(m,6H, 
arom.'NH), 3.8 - 3.6(q, 2H, Chz), 

7.67.l(m,6H,arom. + NH),3.2(s,2H, 

1.3-1.0 (t. 3H, CH3). 

SCH2). 

7.8-7.2(m,6H,arom.+NH),4.4 4.l(q, N 

E 2H, CH2,,te1), 3.5 (s, 2H. SCH,), 1.3- 
1 .O (t,3H, CH3) i g 8.7(s, IH,=CH), 8.0- 
7.8(m,6H,arom.+NH), 4.0(s,lH, CH). 

7.8-7.3(m,6H,arom.+NH).6.1- m 
5.7(br,2H,NH-J 3.3 (s,2H, CH,), 

8.7-8.0(m,6H, arom. +NH), 6.1- 
5.7(br,2H,NH*), 4.1- 
3.8(q,2H,CH2,,,,,), 3.5(~,2H,CH2), 

2.3(~,6H,2CH3). 

2.3(~,3H, CH3). 1.3- 1.0 (t. 3H, CH3). 

8.7-8.l(m,6H, arom. +NH), 6.0- 
5.8(br,2H,NH2), 4.2- 3.9(q,4H,2CH2), 
3.6(s,2H.CH2), 1.3-1.0 (t. 6H. 2CH3). 
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Analytical Datab 5 
M'p(oc)" field Mole. Form, 

(%) (Mol. wt.) Crysrallization 
Solvent 

Comp 
No. 

lop 

l o b  

11 

13 

280 Ethanol 8o C12H8N406 
(240.22) 

2% Ethanol 70 C13H@40S2 
(298.39) 

200 Benzene 93 I 3H8N402S2 
(3 16.36) 

189 Acetic acid 30 C12H~N20S2 
(241.27) 

169 DMF 75 C14H12N203SZ 
(320.39) 

150 benzene 36 C12H8N203S2 
(292.34) 

156Dioxane . 90 C I ~ H ~ ~ N ~ O ~ S  
(336.37) 

CalJFound IR (Cm-')' 
'H-NMr IR (Cm-')' ' H-NMr a(ppm)d 

C H N S  

60.00 3.35 23.22 3370,3271,315O(NH,NH2), 7.67.0 (m,6H,arom. +NH), 5.4-5.1 
60.30 3.70 23.50 221qCN) 1689(CO). (br, 2H, NH,). 

42.60 2.59 16.88 22 lO(CN) 6.4(br,2H,NH2),2.2(s, 1 H, OH). 

52.33 2.02 18.77 21.49 3220(NH), 2210(CN), 7.5-6.9 (m,6H,arom. +NH). 
52.11 2.31 18.91 21.65 1699(CO). 

49.35 2.54 17.71 20.27 3332,3211,3100(NH,NH2). 8.7-8.l(m,6H, mom. +NH),6.1- 
49.59 2.70 17.98 20.49 2210(CN), 5.9(br,2H,NH2). 

I720,167O(CO). 

59.38 2.92 11.61 26.56 3120(NH),221O(CN),1680 8.4-7.7(m,6H, arom.+NH),4.0(s, 
59.51 2.63 11.39 26.75 (CO), 114O(CS). IH,CH). 

52.48 3.77 8.74 20.01 3150(NH), 174O(CO,,,,,), 8.7-8.l(m,6H, arom. +NH), 

42.86 2.90 16.66 3440,3320,3220(0H,NH2), 8.O(s,lH,COOH), 6 . 6  

52.51 3.51 8.44 20.27 1685(CO). S.O(s,lH,CH), 4.44.l(q, 2H,2CH2), 
1.4-1.1 (t. 3H. 2CH3). 

49.30 2.75 9.58 21.93 3210(NH), 8.4-7.9(m,6H,arom + NH), 

64.24 3.59 8.32 9.53 3170(NH), 1710,1690(CO).8.~7.2(m,11Hi,arom.+NH),5.9(s, 
64.59 3.75 8.50 9.69 lH,=CH). 

49.00 2.54 9.70 21.86 l712,1678(CO). 4.2(~,2H,CH3). 
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Analvrical Datab 
M.P ("C)" Yield Cal./Found IR (Cm-')' 

IR (Cm-')' 
Comp 

No.  Crystallization (%) (Mol .  wt.)  ' H - N M r  
Solvent 

C H N S  

' H - N M r  a(ppm)d 

14 180 Benzene 35 C26H1@502S 
(435.53) 

15' 210Ethanol 58 C,,HI,N,OS 
(324.40) 

15b 161-3 Ethanol 55 C19H2$J40S 
(352.46) 

17' > 350 Benzene 60 ClSHl2N20$2 
(348.40) 

17b 298Ethanol 30 C17H16N206S2 
(408.45) 

17' 330 Chloroform 41 C I ~ H I ~ N ~ O ~ S ~  
(378.43) 

17d 310DMF 56 I 3H6N402S2 
(284.34) 

71.70 4.39 16.08 7.36 3310,3210,3110 
71.98 4.51 16.29 7.01 (NH,NH2), 2210(CN), 

1719, 1690 (CO), 
1028(CS). 

62.94 4.97 17.27 9.88 3315,3211(2NH), 
62.70 4.70 17.49 9.57 2210(CN), 1690(CO), 

I065 (CS). 

64.74 5.71 15.89 9.09 3210,3121 (NH). 2210 
64.50 5.59 15.70 9.30 (CN), 1681(CO) 114O(CS). 

51.71 3.47 8.04 18.40 3130(NH), 1710-1680 
51.52 3.45 8.49 18.70 (CO). 

49.99 3.94 5.03 11.51 3150 (NH), 1740(COeSler), 
49.71 3.74 5.30 11.39 1709,1679 (CO). 

50.78 3.72 7.40 16.94 3160(NH), 
50.60 3.95 7.19 16.60 1730(C0e,,e,),1711,1669 

(CO). 

54.91 2.12 19.70 22.55 3170(NH), 2210(CN), 
54.71 2.35 19.99 22.77 1710.168O(CO). 

8.0-7.2(m, lIH,arom. + NH), 6.5- 
6.3(br,lH,CH) 5.0-4.7 (br, 2H. NH2). 

8.68.1 (m,7H, arom. + 2NH), 3.1-2.7 
-a 
;4 

(m, 4H, 2CH2), 1.8-1.5(m,4H,2CH2). 4 

& 
(m, 4H, 2CH2), 2.0-1.7 (m. 8H. E 
4CH2). B 

3 
6H, 2CH3) 8 

3 

8.7-8.1 (m,7H, arom. + 2NH). 3.1-2.7 

7.9-7.2 (m. 6H, arom. + NH), 2.5(s, 

7.9-7.4 (m, 6H. arom. + NH), 4.4- 

2CH3). 

8.0-7.4 (m, 6H, arom. + NH), 4.2- 

4.l(q,4H,2CH2),1.3- 1.1 (t.6H. 

4.0(q,2H, CH,), 2.3(~,3H,CH3), 1.3- 
1 . I  (t, 3H, CH3) 

8.k8.0 (m, 6H. arom. + NH). 
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L 

Analytical Datd  % 
CaL/Found IR (Cm-I)' 

' H - N M ~  IR (Cm-')' ' H - N M ~  a(ppmjd M.p  yield Mole. Form. 
(%) (Mol. wt.) Crystallization 

Solvent No. 
C H N S  

17 183 Dioxane 70 C15HllN304S2 49.85 3.06 11.62 17.74 3138 (NH), 2181 (CN), 8.0-7.2 (m, 6H, mom. + NH), 4.24.0 
(361.4) 49.63 3.30 11.44 17.59 1730(COeSter), (4. 2H, CH,), 1.3-l.O(t,3H,CH3). 

l710,1669(CO). 

18 195Dioxane 56 C17H13N305S 50.61 3.24 10.41 
(403.44) 50.33 3.10 10.63 

19 172Chl01~f01m 40 C2p,H,,N,O4S2 60.52 3.80 12.60 
(555.63) 60.79 3.99 12.84 

20 172DMF 40 Cl$I14N40$2 55.59 3.43 13.64 
(41 0.47) 55.79 3.63 13.50 

21' 156Ethanol 90 C24Hlp,N40& 56.90 3.58 11.06 
(506.56) 56.69 3.75 11.40 

15.89 3200(NH), 
15.72 21 89(CN),1740(COeswr), 

1720- 1671 (CO). 

11.54 3 1 2 m ) .  
11.70 2180(CN),1730(COe,,,), 

1710,1689 (CO). 

15.62 3120(NH), 2890 (CHaiph), 
15.80 2216(CN), 1710,1689 

(CO). 

12.65 3270,3119 (2NH), 2890 
12.69 (CHaiw), 1710-1685 

(CO). 

8.1-7.1(m,6H,arom.+NH),4.0-3.7 
(q.2H. CH2 eswr). 3.4(s72H,SCH2), 
1.3-1.0(t,3H,CH3). 

? 8.6-7.9 (m 16H. arom. + NH), 4.1- 

E 
8 
2 

3.9 (q, 2H, CH2). 1.4-1.I(t,3H,CH3). 

2: 8.0-7.3 (m. 6H, arom. + NH), 5.6-5.3 
(br, 2H, CH). 2.4 (s, 6H, 2 CH3). 

8.0-7.6(m, 12H, arom. + 2NH), 
2.9(~,3H,CH3), 2.3(s,3H,COCH,). 

21b 195-7 Chloroform 95 C24HI8N407S2 53.50 3.36 10.39 11.90 3422(0H), 3230, 8.1 -7.5(m, 12H, arom. +2NH),4.2- 
(538.79) 53.30 3.49 10.48 11.77 3190(2NH), 1739 3.9(q,2H, CHz), 2.6(s,lH,OH), 1.3- 

(COeskr), 17 10-1 675 
(CO). 

1.0 (t. 3H, CH3). 

21' 180 Ethanol 35 C@1&0& 54.32 3.71 11.01 12.61 3421(0H), 8.0-7.6 (m, 7H.arom. + 2NH). 
(508.53) 54.58 3.61 11.49 12.81 3210,3211(2NH), 1712- 2.3(~,3H,CH3), 2.0(s,lH, OH). 

1680(CO). 
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Analytical Datab 
M . p  ("cy yield Mole. Cal./Found IR (Cm-')' 

No. Crystallization 'H-NMr IR (Cm-')l' 'H-NMr a(ppm)d 
Comp 

(%) (Mol.  wt.) Solvent 
C H N S  

2Id 210 Acetic acid 58 C22H14N60& 53.86 2.87 17.13 13.07 3454(0H),3215,3125 8.0-7.4 (m, 7H,arom. + 2NH). 
(490.52) 53.70 2.60 17.49 13.27 (2NH). 2150 (CN), 2.4(s, IH,OH). 

17 1 l,1698(CO). 

21 161-3DMF 55 C22H13N505S2 53.76 3.12 14.24 13.08 3310-31 IO(NH,NH2), 8.2-7.7 (m, 7H.arom. + 2NH),6.2-5.9 
(491 S O )  53.60 3.40 14.50 13.23 2154(CN), 1709- (br,2H, NH2). z 

P 

I68 l(C0). 

E 
E 

22 >350Dioxane 60 C 1 2 ~ N 4 0 2  60.50 2.53 23.52 3219(NH), 2219(CN), 7.7-7.2 (m,bH,arom. + NH). 

23' 298 Benzene 30 C18H13N502S 64.84 3.93 21.00 9.61 3350-3130(NH,NH2), 7.9-7.2 (m, 11H. arom. +2NH), 5.5- 

(238.20) 60.33 2.33 23.67 1721,1687 (CO). 

(3 33.40) 64.61 3.64 21.30 9.39 2117(CN), 1710, 5.2(br,2H, 2NH2). 
rn 
E! 
0 

1680(CO). 

5 2Jb 330 Benzene 41 C,,H14N& 62.42 4.07 24.26 3360-3150 (NH,NH2), 7.9-7.4 (m, 12H, arom. + 3NH). 4.9 
(346.35) 62.20 4.35 24.00 2161(CN), 1721 1679 (s. 2H,NH2) 

KO). 

25' 3 I0 Dioxane 56 C ~ O H ~ ~ C U ' J ~ O S ~  56.80 2.62 13.24 15.16 3211(NH), 2181(CN), 8.4-7.9 (m, IOH, mom. +NH), 

2Sb 195 Benzene 56 C22H16ClN30$2 56.21 3.43 8.93 13.64 3216 (NH), 2161 (CN), 8.1-7.8 (m, IOH, arom. +NH), 
(422.91) 56.61 2.35 13.59 15.37 1683(CO). 6.l(s,lH, CH). 

(470.05) 56.33 3.10 8.63 13.42 1743(COe,pr). 1687(CO). 6.2(s,lH,CH), 4.0-3.8 (q, 2H, CH2), 
1.3-l.l(t,3H,CH3). 

26' 183-5 Benzene 70 C2$llN50$2 55.41 2.55 16.15 14.79 3210 (NH), 2141 (CN), 8.0-7.4 (m, 10H. mom. +NH), 
(433.47) 55.63 2.70 16.40 14.99 1669(CO). 6.3(s.lH, CH). 
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- 
Analytical D a d  

M.P ("C)" 

Solvenr 
c o m ~  Crystu1~izution No. 

Xb 172Ethanol 

27' 156 DMF 

27b 195-7 Benzene 

2 7  180 Dioxane 

28' 2 10 Dioxane 

Sb 161 -3 Benzene 

28e >350Ethanol 

29 298Ethanol 

- 
40 

90 

95 

35 

58 

55 

60 

30 

C H N S  

C22H,6N405S2 54.99 3.35 11.65 13.34 3210 (NH), 2141 (CN), 8.3-7.9 (m, IOH, arom. +NH), 
(480.52) 54.79 3.53 11.50 13.50 1739(COeSe,). 1689 (CO) 6.0(s,lH,CH),4.1- 3.9 (9. 2H, CH2), 

1.3-l.l(t,3H,CH,). 

C26H1,&IN502 67.01 3.46 15.02 3170(NH),2113(CN),1685 8.1-7.8(m, 15H,arom.+NH).6.0(~. 
(465.98) 67.39 3.75 15.30 (CO). 1H. CH).8.1-7.8 (m, 15H, arom. 

+NH). 6.0(s. 1H. CH). 

C ~ ~ H ~ I C I N ~ O ~  65.55 4.12 10.92 3312(NH), 2100(CN), 8.37.9 (m, 15H, arom. +NH),6.2(s, ? 
E 

(500.04) 67.58 4.61 8.69 (CO), 6.l(s,lH,CH), 2.4 (s,6H, 2COCH3). ja 

(513.03) 65.30 4.49 10.78 1740(C0e,,er), 1675(CO) 1H,CH),4.3- 4.0 (q, 2H, CH2). 13- 
1 .I(t,3H,CH3) 

C28H22CW304 67.25 4.43 8.40 3310 (NH), 1689-1670 8.Cb7.5 (m, 15H.arom. + NH), B 
< 

C26H16N604 65.54 3.87 17.63 3190(NH),2133(CN),1695 8.Cb7.4 (m, 10H. arom. +NH), 
(476.45) 65.70 3.60 17.49 (CO). 6.3(s,lH, CH). 

C28H21N50,j 64.24 4.04 13.37 3312(NH), 2110(CN), 8.3-7.9 (m, IOH, arom. 
(523.51) 64.00 4.30 13.50 1740(COeSter), 1695(CO) +NH),6.5(s,lH,CH),4.2- 3.9 (q,2H, 

CH,), 14-1.2(t,3H,CH3). 

C28H2,N4O6 65.87 4.34 10.97 3130 (NH), 1680-1666 7.9-7.3 (m, 15H.arom. + NH), 

C23Hi8ClN302S2 59.01 3.87 8.97 13.70 3250,3143 8.3(s,lH,NHPh), 7.9-7.4 (rn, 16H, 
(468.08) 59.31 3.64 8.70 13.59 (2NH),1710,1679 (CO). mom. + 2NH). 6.1 (s, IH, CH-Ar), 

(510.51) 65.72 4.55 10.73 GO). 6.4(s,lH.CH), 2.2 (s,6H; ZCOCH3). 

1154(CS). 6.5(d,lH,CH). 
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Analvtical Datab 
Cal./Found IR ( Cm-' J' 

'H-NMr IR (Cm-' Jc 
Comp M . p  ("cJ" Yield Mole. Form. 

(%J (Mol. wt.) No. Crystallization 
Solvent 

' H - N M r  a(ppmJd 

C H N S  

30 330Ethanol 41 C ~ ~ H I ~ C I N ~ O S ~  65.76 3.83 10.00 15.26 3219(NH), 1669 (CO). 8.Cb7.4 (m, 15H, arom. + NH), 6.8 (s. 

31 

32 

33 

34 

35 

36 

" _  (4TO.G) 
3 10 Benzene 56 C ~ ~ H I ~ C I N ~ O S ~  

(450.06) 

183-5 Dioxane 70 C23H I ,CIN~O~S 
(434.00) 

195 Methanol 56 CllHIfl402S 
(262.29) 

172 Chloroform 40 C1sH12N205 
(300.27) 

122 Benzene 43 C14H1f1402S 
(268.32) 

200 Dioxane 4o C14H@303S 
(299.3 I )  

65.50 3.65 10.30 15.40 IH, CH). 

61.38 3.58 9.33 14.42 3312(NH), 1699(CO). 8.4-8.0 (m, 15H, arom.), 6.7 (s, 1H. 
61.61 3.35 9.59 14.67 CH). 

63.65 3.71 9.68 7.38 3200(NH), 1679(CO). 8.Ck7.2 (m, 15H. arom. +NH). 6.2 (s. 
63.43 3.90 9.50 7.69 1H. CH). 

50.37 3.84 21.36 12.22 3340-3100(NH,NH2), lO.I(s.IH,NH), 9.3 (s, IH,=CH),8.1- & 
50.63 3.60 21.53 12.42 1710,1681 (CO) 1070(CS). 7.8 (m, 6H. arom. +NHpyrazol), 6.8- E 
60.00 4.02 9.32 3120(NH), 1741(CO,,,,,), 9.0(s,lH,=CH), 8.Ck7.9 (m, 6H. 3 

8 
s 6.6(br, 2H, NH2). 

60.29 4.29 9.50 1722 (co,,,,,,,). arom. + NH). 4.24.0 (q.2H, CH,), 

62.66 3.75 20.88 11.94 3312(NH), IO.O(s,lH,=NH), 8.Ck7.7 (m. 6H, 
62.41 3.56 20.67 11.76 2170(CN),1695(CO) arom. + NHpyraz01), 2.2 (s, 3H, SCH+ 

56.18 3.03 14.03 10.71 3210(NH), 2132(CN), 7.8-7.3 (m, 6H, arom. +NH), 2.6 (s, 

3 1687(CO). 1.3-1 .O (I. 3H, CH3). 

56.41 3.34 14.43 10.46 1713(COesle,), 1677(CO) 3H, SCH3) 

a. Uncorrected. 
b. 
c. 
d. 

Satisfactory microanalysis obtained C; + 0.35, H; + 0.4, N; + 0.2, S; + 0.32 
Measured by Nicolet FT-IR 710 spectrophotometer. 
Measured by a varian EM 360 L spectrometer at 60 MHz using TMS as internal standard and DMSO db as a solvent. 
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PYRAZOLIDINEDIONE 171 

Ph Ph 

16 B , R = $= COCHJ 
b,  R = ff= COO 
c,R=C\OCY, #=Coon 
d , R = R = C N  
C,R=CN,I?=COOEI 

Elooc 

k 

1 ’d 2 0  

SCHEME 5 

groups, and the ’H NMR were in agreement with the proposed structures 
(cf. Table I) . 
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172 

b 

A. KHODAIRY 

k 

On refluxing compound 16 with malononitrile in ethanol furnished the 
derivative 22. IR analysis showed an absorption band corresponding to CN 
groups at 2210 cm-l. Treatment of o-aminophenol or o-phenylenediamine 
with the dicyano compound 22 led to the formation of spiro thiazepine or 
spiro diazine derivatives Wa,b, respectively, instead of 4-benzothiazole or 
benzimidazole derivatives.14 IR spectra of compounds showed an absorp- 
tion bands corresponding to NH2 and CN groups at (3327,3213 cm-') and 
2210 cm-', respectively (cf. Table I, Scheme 6). 

16 22 234 X=S 
4X=NH 

SCHEME 6 

4-Arylidene- l-pheny1-3,5-pyrazolinedione~~~ (24&) were reacted with 
S,S-acetals l6 or N,S-acetals16 to give pyrazolino( 1,3)dithiane 25,,b, 26,,b 
and pyrazolino( 1,3)oxazine 27,.,, B,., derivatives, respectively. The 
reaction pathway was assumed to proceed via the addition of the SH group 
or the imino group to the ethylenic bond followed by elimination of H20 
or MeSH molecules (cf. Table I, Scheme 7). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



PY RAZOLIDINEDIONE 173 

SCHEME 7 

Compound 24, was reacted with ammonium 
N-phenyldithiocarbamate” to give [ 1 -phenyl- 3,5-dioxo-2H-pyrazol-4- 
yl]-p-chlorophenylmethyl-N-phenyldithiocarbamate (29), which in turn 
underwent intramolecular chemoselective heterocyclization with conc. 
H2S04, NaOH or CH31 to afford pyrazolino( 1,3)dithiane 30, pyra- 
zolino( 1,3)thiazine 31 or pyrazolino( 1,3)oxathiine 32, respectively (cf. 
Table I, Scheme 8). 

Reacting compound 1 with a mixture of thiourea and triethyl orthofor- 
mate gave the corresponding 4-ureidomethylene derivative 33, which in 
turn reacted with ethyl cyanoacetate in the presence sodium t-butoxidell 
to furnish 3-carbethoxypyrano[2,3-c]ryrazolin-6-one (34). Reacting com- 
pound 1 with cyanoketene S,S diacetals,16afforded 3-cyano-4-thiome- 
thyl-6-iminopyranopyrazoline derivative 35. This product was treated with 
dil HCl to give pyrano[2,3-c]pyrazolin-7-one 36 (cf. Table I, Scheme 9). 
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174 A. KHODAIRY 

29 

I 
MI con yso, NnOH 

h h h  Ph 
30 31 32 

SCHEME 8 

n 

Ph 
33 

EXPERIMENTAL 

Synthesis of compound 2 

To a solution of compound 1 (0.01 mol) in acetic anhydride (10 ml) was 
added triethyl orthoformate (0.01 mol). The reaction mixture was refluxed 
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PY RAZOLIDINEDIONE 175 

for 5 h and then was evaporated in vacuo, and the residual solid was 
washed with water and crystallized from ethanol (cf. Table I). 

Synthesis of compounds 3, 17a+, 25a,b and 26,,b 

A mixture of a proper active methylene (0.02 mol), CS, (0.02 rnol), anhy- 
drous potassium carbonate (3 gm), a catalytic amount of TBAB, and diox- 
ane (20 ml) was stirred for 40 minutes at 60°C. To the dianionic ambident 
was added compound 2, 16 or (0.02 rnol). The reaction mixture was 
stirred for 6 hr at 40 "C, filtered off, and the organic layer was washed with 
water, dried over anhydrous sodium sulphate and evaporated in vacuo. The 
residual separated solid was collected by filtration and crystallized from 
the suitable solvent (cf. Table I, Scheme I ,  7). 

Synthesis of compounds 4 

A mixture of compound 2 (0.01 mol) and malononitrile (0.01 mol) in diox- 
ane (20 ml) was refluxed for 3 h. The solvent was concentrated and the 
precipitated product was filtered off and crystallized from ethanol 
(cf. Table I). 

Synthesis of compounds 5. (general procedure) 

To a stirred solution of compound 4 (0.01 mol) and triethylamine 
(0.01 mol) in dioxane (30 ml) was added acetylacetone, ethyl acetoacetate 
andor diethylmalonate (0.01 rnol). The reaction mixture was refluxed for 
2 h and then was evaporated in vucuo, and the remaining product was trit- 
urated with water. The residual solid was crystallized from the suitable sol- 
vent (cf. Table I, Scheme 1). 

Synthesis of compounds 6,7 

A mixture of compound 1 (0.01 rnol), anhydrous potassium carbonate 
(3 g), a catalytic amount of TBAB, and dioxane (20 ml) was stirred for 
50 minutes at 45 "C. The formed dianionic ambident was treated with bro- 
momalononitrile (0.01 mol). The reaction mixture was stirred for 9 hr at 
65°C. At the end of the reaction (TLC), the reaction mixture was filtered 
off, and the organic layer was washed with water, dried over anhydrous 
sodium sulphate, and evaporated in vacuo. The residual solid was crystal- 
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176 A. KHODAIRY 

lized from benzene to give compound 6 (Table I). Compound 7 was 
obtained by dissolving the carbonate in water (60 ml) and acidification 
with HCI. 

Synthesis of compounds 8-11 

A mixture of compound 1 (0.01 mol), CS2 (0.015 mol), anhydrous potas- 
sium carbonate (3 g), a catalytic amount of TBAB, and dioxane (20 ml) 
was stirred for 20 minutes at 40 "C. To the reaction mixture was added 
bromomalononitrile, chloroacetonitrile or ethyl chloroacetate (0.0 1 mol). 
The reaction mixture was stirred for 6 hr at 65°C. At the end of the reac- 
tion (TLC), the organic layer was washed with water, dried over anhdrouse 
sodium sulphate, and evaporated in vacuo. The residual solid was crystal- 
lized from the suitable solvent to give compounds 8,lO respectively 
(Scheme 2,3). Compounds 9,11 precipitated during the course of the reac- 
tion. They were separated by dissolving tht; carbonate layer in water 
(60 ml) and crystallized from benzene (cf. Table I, Scheme 2,3). 

Synthesis of compound 13 

An equimolar amount (0.02 mol) of compound 11, soditlm ethoxide and 
phenacyl bromide in ethanol (20 ml) was stirred for 6 h at room tempera- 
ture. The reaction mixture was concentrated, the precipitate was filtered 
off, washed with water and crystallized from dioxane (cf. Table I, 
Scheme 4). 

Synthesis of compound 14 

To a solution of compound 11 (0.01 mol) in dioxane (20 ml) was added 
benzylidine-malononitrile (0.01 mol) and a catalytic amount of pyridine. 
The reaction mixture was refluxed for 5 h, the solvent was evaporated in 
vacuo, and the remaining product was triturated with water. The residual 
solid was crystallized from benzene (cf. Table I). 

Synthesis of compounds 15a,b. (general procedure) 

To a solution of compound 1 (0.01 mol) in dioxane (20 ml) was added 
cycloalkylidenecyanothioacetamide (0.01 mol). The reaction mixture was 
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PYRAZOLIDINEDIONE 177 

treated with few drops of triethylamine, refluxed for 5 h and evaporated in 
vucuo. The residual solid was crystallized from ethanol (cf. Table I). 

Synthesis of compound 18 

To a stirred solution of compound 17d (0.01 mol) in pyridine (30 ml) was 
added thioglycolic acid (0.014 mol). The reaction mixture was refluxed for 
12 h and evaporated in vucuo. The remaining product was triturated with 
water, and the residual solid was crystallized from dioxane (cf. Table I, 
Scheme 5). 

Synthesis of compound 19 

To a solution of compound 17,, (0.01 mol) in dioxane (20 ml) was added 
- N-phenylbenzohydrazidoyl bromide (0.01 mol) and triethylamine 
(0.01 rnol). The reaction mixture was refluxed for 5 h and evaporated in 
vucuo. The residual solid washed with water, and crystallized from chloro- 
form (cf. Table I, Scheme 5 ) .  

Synthesis of compound 20 

A mixture of compound 17, (0.005 mol), 2,5-dimethylfuran (0.005 mol) 
and hydroquinone (0.002 g) in ethanol (30 ml) was refluxed for 13 h and 
evaporated in vucuo. The separated solid was washed with water and crys- 
tallized from DMF (cf. Table I, Scheme 5 ) .  

Synthesis of compounds 21a-e. (general procedure) 

To a solution of compound 17a-e (0.01 mol) in dioxane (20 ml) was added 
1 -phenyl-3,5-pyrazolinedione (0.01 rnol). The reaction mixture was treated 
with few drops of piperidine, refluxed for 5 h and evaporated in vucuo. The 
residual solid was crystallized from suitable solvent (cf. Table I). 

Synthesis of compound 22 

To a solution of compound 16 (0.01 mol) in ethanol (20 ml) was added 
malononitrile (0.01 mol). The reaction mixture was treated with catalytic 
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178 A. KHODAIRY 

amount of triethylamine, refluxed for 0.5 h and evaporated in vucuo. The 
residual solid was washed with water and crystallized from dioxane 
(cf. Table I). 

Synthesis of compounds 23,,b (general procedure) 

To a stirred solution of compound 22 (0.01 mol) in dioxane (30 ml) was 
added o-aminothiophenol (0.01 mol) or o-phenylenediamine (0.0 1 mol). 
The reaction mixture was refluxed for 4 h and evaporated in vucuo. The 
remaining product was triturated with petroleum ether (60-8OoC), and the 
residual solid was crystallized from benzene (cf. Table I, Scheme 6). 

Synthesis of compounds 27,-, and 28,, (general procedure) 

A mixture of compound 24,,b (0.005 mol) and N,S-acetals (0.005 mol) in 
dioxane (30 ml) was refluxed until the evolution of MeSH ceased (-20 h) 
and then was evaporated in vucuo. The separated solid was washed with 
water and crystallized from the suitable solvent (cf. Table I, Scheme 7). 

Synthesis of compound 29 

To a stirred solution of compound 24, (0.01 mol) in dioxane (30 ml) were 
added ammonium N-phenyldithiocarbamate (0.0 1 mol) and acetic acid 
(10 ml). The reaction mixture was refluxed for 5 h and evaporated in 
vucuo. The remaining product was triturated with water, and the residual 
solid was crystallized from ethanol (cf. Table I, Scheme 8). 

Synthesis of compound 30 

The compound 29 (0.01 mol) was separately treated dropwise with conc. 
H2S04 (10 ml). The reaction mixture was poured into ice-water mixture 
(300 ml) and neutralized with ammonia. The precipitate was collected by 
filtration and crystallized from ethanol (cf. Table I, Scheme 8). 

Synthesis of compound 31 

To a stirred solution of compound 29 (0.01 mol) in ethanol (30 ml) was 
added sodium hydroxide solution (7 ml, 4%). The reaction mixture was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



PY RAZOLIDINEDIONE 179 

refluxed for 3h, cooled, poured into water, and brought to pH 5 with 5 N 
HCl. The precipitate was filtered and crystallized from benzene (cf. 
Table I, Scheme 8). 

Synthesis of compounds 32 

An equimolar mixture of compound 29 (0.005 mol) and methyl iodide 
(0.005 mol) in methanol (30 ml) was refluxed until the evolution of MeSH 
ceased (-20 h). The reaction mixture was treated with 5% aq NaOH 
(10 ml), and the precipitate was collected by filtration, washed with water 
and crystallized from dioxane (cf. Table I, Scheme 8). 

Synthesis of compound 33 

A mixture of compound 1 (0.005 mol), thiourea (0.005 mol), and triethyl 
orthoformate (0.005 mol) in gl acetic acid (10 ml) was refluxed for 3 h. 
The reaction mixture was cooled, and poured into ice-water mixture 
(200 ml). The residual solid was collected by filtration and crystallized 
from methanol (cf. Table I, Scheme 9). 

Synthesis of compound 34 

To a stirred solution of compound 33 (0.01 mol) in dry DMF (10 ml) were 
added ethyl cyanoacetate (0.01 mol) and sodium t-butoxide (0.01 mol in 
5 ml t-butanol). The reaction mixture was stirred for 16 h and treated with 
50% aq ethanol (10 ml). The solution was acidified with HCl to pH 2-3 
with cooling. The residual solid was filtered and crystallized from chloro- 
form (cf. Table I, Scheme 9). 

Synthesis of compounds 35 

An equimolar mixture (0.005 mol) of compound 29 and cyanoketene 
S,S-diacetals in n-butanol (30 ml) was refluxed until the evolution of 
MeSH ceased (-38 h). The reaction mixture was concentrated, and the 
precipitate solid was collected by filtration, washed with pet ether 
40/60 O C ,  and crystallized from benzene (cf. Table I, Scheme 9). 
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180 A. KHODAIRY 

Synthesis of compound 36 

A solution of compound 35 (0.001 mol) in ethanol (20 ml) was treated 
with HCl (10 ml, 5%). The reaction mixture was refluxed for 2 h and then 
was poured into ice-water mixture (80 ml). The precipitate was collected 
by filtration and crystallized from dioxane (cf. Table I, Scheme 9). 
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