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SYNTHETIC COMMUNICATIONS, 26(22), 4289-4297 (1 996) 

A NOVEL SYNTHESIS OF HETEROCYCLIC COMPOUNDS DERIVED FROM 

(r-KEToKFpENE S , S-ACETAL 

H. Abdel-Ghany, A. M. M. El-Saghier and A .  M. El-Sayed 

Chemistry Department, Faculty of Science, Sohag, EGYPT. 

Novel heterocyclic compounds were prepared by the reaction of 
2-acetyl-2-oxopropylidene S,S-acetal with different amino compounds 
namely, hydrazine hydrate, phenylhydrazine, guanidine hydrochloride, 
thiosemicarbazide, o-phenylenediamine, o-aminophenol or o-amino- 
thiophenol in different molar ratios. 

1-5) The synthesis of ketoketene S,S-acetals has attracted a 

considerable attention as versatile starting materials for the 

synthesis of a wide variety of fused heterocycles. 

6-81 In an extension of our recent studies in the application of 

ketoketene S,S-acetal in heterocyclic synthesis, we report here, the 

reaction of 2-acetyl-2-oxopropylidene S,S-acetal 1 with different 

bidentates to give the described compounds. The reaction of compound 

1 which prepared by using PTC technique9) with hydrazine hydrate in 

acetonitrile in 1:Z.S molar ratio affords different compounds 

according to the reaction conditions. Stirring of compound 1 with 

hydrazine hydrate in acetonitrile for 30 minutes at room temperature 

gave the corresponding mono hydrazone 2 but on continuous stirring 

4289 
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4290 ABDEL-GHANY, EL-SAGHIER. AND EL-SAYED 

for 48 hours, the corresponding pyrazole derivative 3 was obtained. 

When the reaction was carried out under refluxinq condition we 

ohtained pyraz~lo[3,4-c]pyzazole derivative 4 in 50% yield and 

methylthio-1H-pyrazole derivative 5 in 30% yield. 

2 1 

3 4 5 

3 - M e t h y l - 5 - m o t h y l t h i o - l - y h e n y l D y r a z n l e  6 was separated when 

compound 1 was reacted wjth phenylhydra7ine in 1:l or 1:2 molar 

ratios in refluxing acetonitrile. 

6 

Treatment of compound 1 with guanirline hydrochloride and 

triethylamine in 1:l:l or 1:2:7 molar ratios in acetonitrile afforded 

t h e  s t a r t i n q  materials. But when compourid 1 was allowed to react 
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a-KETOKETENE S,S-ACETAL 4291 

with guanidine hydrochloride and sodium butoxide in 1:l:l or 1:2:2 

molar ratios in refluxing butanol, 2 - a m j n o - 4 - m e t h y l t h i o - l y - i m i d a z o l e  

7 or imidazolo[4,5-dlirnidazole derivative 0 were separated. 

H,CS SCH) 

8 

I n  case of react in o compoun 1 with thinsemicarbazide i n  1:l 

or 1:2 molar ratios in reflnxinq acetonitrile, triazehene derivative 

9 or triazebeno[5,6-~ltria~ebpne dprivative 10 were obtained, 

respectively. 
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4292 ABDEL-GHANY, EL-SAGHIER, AND EL-SAYED 

Reaction of compound 1 with o-phenylenediaminp, o-arninophenol, or 

o-amj  nothiophenol jn ref lrixinq ethanol was reported”) to give 

benzunidazole, benzoxazole or benzthiazole derivatives respectively. 

We report here, when compound 1 treated with +he same reaqents in 

1:1 or 1:2 molar ratios in refll~xjng acetonitrile gave 

benzdiazehene, benzoxazehene, benzthiazehme derivatives lla-c, as 

well as benzdiazehenn[5,6-el-ben7diazebene, benzoxazeben0[5,6-e]- 

benzoxazehene and benzthiazebeno[5,6-elbenzthiazebene derivatives 

12a-c respectively. 

1 t 

a :  X = NH: b: X = 0 :  c: X = S 

EXPERIMENTAL 

Synthesis of compounds 2 and 3 - - _ _ _  _ _ _  

TO a solution of compound 1 (0.005 m o l )  i n  acetonitrile (50 mL) 

hyrlrazine hydrate (0.0125 mol) was added. The reaction mixture was 

stirred a t  20°C for 30 minutes or 4 8  hours. The reartion mixture was 

evaporated in vacuo. The residue was washed with water, triturated 
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a-KETOKETENE S,S-ACETAL 4293 

with pet. ether 40-60°C and recrystallized from the proper solvent to 

afford compounds 2 or 3 respectively (cf Table I). 

Synthesis of pyrazolo[3,4-c]pyrazole 4 and methylthio-la-pyrazole 

derivative 5 

- -. - . - - -  - _ _ -  - --.- 

A mixture of compound 1 (0.01 mol), hydrazine hydrate ( 0 . 0 2 5  mol) 

and acetonitrile ( 5 0  mL) was refluxed for 27 hours. The reaction 

mixture was cooled and shaked with 100 m1. of water. The precipitated 

solid was collected by filteration and recrystallized to afford 

compound 5 An additional 50 mL of water was added to the mother 

liquor and ].eft overnight. The precipitant was filtered off and 

recrystallized to give compound 4 (cf Table I). 

Synthesis of 3-methyl-5-methylthio-1-phenylpyazole ~ 6 

An equimolar amounts (0.005 mol) of compound 1 and phenyl- 

hydrazine was refluxed in acetonitrile ( 5 0  mL) for 29 hours. The 

reaction mixture was evaporated in vacuo. The residue was washed 

with water, trit.urat.ed with pet. ether 40-60°C and racrystall.ized 

(cf Tohle I). 

.- 

Synthesis of 2-Amin0-4-methylthio-lH-imidazole 7 - _ .  . - - - . - - _ _  

A mixtiira of equimolar amounts (0.005 m o l )  of compound 1, 

guanjiiina hydrochloride, sodium butoxide and 30 mL butanol was 

refluxed for 7 hours. The reaction mixture was evaporated in vacuo. 

The solid residue was washed with water, triturated with pet. ether 

40-60°C and recrystallized (cf Tahle I). 

- 

Synthesis of imidazolo[4,5-dlimidazole derivative 8 - ._ - _.  - ~ - 

A mixture of compound 1 (0.005 m o l ) ,  sodium butoxide (0.01 
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Table 1: Analytiral and Spectral data of the prepared compounds 

9 

10 

lla 

l l b  

llc 

12a 

12h 

12c 

0.5/20 

stirring 

48/20 

9t irr ing 

77/ref lux 

27/r~f 1 ux 

29/ref lux 

7/ref lux  

3/ref lux 

I 7/r~f 1 I I X  

R/ref 1 ux 

27/r~f 1 ux 

38/ref l u x  

26/r~€l IIX 

38/ref l u x  

33/r.-f lux 

47/re€liix 

55 

(acetonitrile) 

108-111 

(acetonitrile) 

136 

(acetonitrile) 

120 

(acetonitrile) 

144-145 

( acet on i tr i 1 e ) 

>320 

( e t ha no1 ) 

720 

(aq. ethanol ) 

325-317 

( d i o x a n e )  

281-783 

(acetonitrilp) 

119 

(pet.ether-b~n7.ene) 

177-179 

(benzene) 

204 

(benzene) 

140 

(benzene) 

148 

(n-hexane) 

114 

(n-hexan-) 

93 

91 

89 

85  

5 6  

50 

32 

30 

61 

60 

73 

71 

75 

73 

78 

75 

67 

66 

65 

6 3 

68 

66 

59 

56 

57 

53 

49 

48 

47 

45 

C H N 0s 44.01 6.46 12.83 
8 1 4 2  2 
(218.34) 44.18 6.31 12.94 

C 7 H 1 0 N 2 0 S  
49.39 5.92 16.45 

(170.23) 49.14 5.87 16.28 

C H N  52.93 5.92 41.15 

(136.16) 53.10 5.70 40.91 

C H N S 46.85 6.29 21.85 

(128.20) 47.08 6.13 21.63 

C H N S  64.67 5.89 13.71 

(204.30) 64.81 6.03 13.90 

C4H,N3S 
37.19 5.46 32.53 

(129.18) 37.32 5.61 32.38 

C H N  34.78 4.38 63.01 

(138.13) 34.62 4.56 63.27 

C H N O S  41.90 4.84 18.32 
8 1 1  3 2 
(229.32) 41.76 4.69 1 8 . 1 8  

C H N S 37.78 3.96 33.04 

(254.34) 37.95 3.82 33.21 

C H N OS 63.39 5.73 11.37 
1 3  1 6  2 
(164.33) 63.27 5.91 11.56 

C l a H l 6 N 4  
74.98 5.60 19.43 

(288.36) 74.R3 5.74 19.61 

C H NO S 63.13 5.30 5.66 
1 3  1 3  2 
( 2 4 7 . 3 3 )  63.47 5.47 5.81 

C1 8 H 1  & N 2 0 2  74.47 4.86 11.02 

(290.32) 74.65 4.71 11.1R 

C H NOS 59.29 4.98 5.32 
1 3  1 3  2 
(263.38) 59.41 4.82 5.48 

C1 8 H l  / ,N2S7 67.05 4.38 8.69 

(372.15) 67.19 4.19 8.52 

5 8 2  

1 1  1 2  2 

4 6 6  

8 10  6 2 

b a) TrncorrPnerd ) With respect to reaction molarity. 
c 

) ?atisfactory microanalysis ohtain-d C: 70.35 9; H: 50.70 R, PI: 50.70 w 
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d 
Product IR ( K T r )  
No. v(Cm ) 

H-NMR ( DMSO-d ) 
6 

fi(ppm) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

lla 

13 b 

1lC 

12a 

12b 

1.2c 

3297, 338R(NH2); 1702(C=O): 

1445(C-SCH3). 

3149(NH): 1705(C=O): 1435 

(C-SCH ) . 
3224, 3189(2NH). 

3167(NH): 1437(C-SCH ) .  

3 

3 

3375, 3280, 3701(NIi,NH ) :  
2 

1447(C-8CH3). 

3312, 3292, 3210, 3199, 

3179, 3125(2NH,2NH ) .  

3236, 3724(2NH): 1701(C=O): 
2 

1440(C-.SCH ) . 
3737, 3209, 3197, 3105(4NH) 

3 

3198(NH): 1702(C=O): 1438 

(C-SCII ) . 
3 

3264, 3189(2NH): 1.439 

(C-SCH ) >  

1702(C=O): 1443(C-SCH ) .  

3 

3 

1705 ( C=O) 

7.14 ( s ,  211,NH 

3.10(s,6H,ZSCH ) .  

10.35(s,lH,NH); 2.65(s,3H.CH3): 

2.20(s,6H,CH +SCH ) .  

10.56(br,ZH.2NH): 2.60(s,6H,2CH ) 

10.75(s,lH,NH): 2.80(s,3H,CH ) :  

: 3.45 (sr6H, 2CH3) : 

3 

2 

3 3  

3 

3 
2.60(s,3H,SCH ) .  

7.55(s,5H.arom.): 6.50(s,lH,CH): 

2.85 ( s ,3H, CH3 ) : 2.70 ( s ,3H, SCH3 ) . 
10.62(s,lH,NH): 6.65(s,lH,CH): 4.45 

(br,2H,NH2): 2.RO(s,3H,CH ) .  

7.14(s,2H,NH ) :  3.45(s,6H,2CH ) :  

3.10(s,6H.2SCH ) .  

11.3S(s.lFI,NH): 10.95(s,1H,NH): 2.95 

(s,6H,2CH +COCH ) :  2.75(s,3H.SCH ) .  

11.45(br,2H,2NH): 11.25(br,2H,ZNH): 

?.90(s,6H,2CH ) .  

10.25(s,lH,NH): 7.70,7.10(m,4H, 

arom.): 2.85(s,6H,CH3+COCH3): 2.75 

(s,3H,SCH ) .  

10.35(hr,2H.2NH): 7.75-6.95(m,RH, 

arom. ) :  2.60(s,6H,2CH3). 

7.80-7.10(m,4H,ar m ) :  2.45(br,6H, 

CH +COCH3): 7.25(S,3H,SCH ) .  
3 3 

8.10-7.20(m,RH,arom.): 2.55(s,6H, 

2CH ) .  

7.65-7.05(m,4H,arom.): 2.95(br,6H, 

CH +COCH3 ) : 2.20 (S ,3H, SCH ) . 
3 3 

8 15-7.15(m,RH,arom.): 2.85(br,6H, 

2CH7 ) . 

3 

3 

2 3 

3 

3 3 3 

3 

3 

? -  

3 

________________________________________--------------.-----.--------------------------------------- 

) Measured on Nicol.et 710 FT-IR spertrophotometer d 

e ,  Measured with a varjan EM 360 1. i l s j n g  TMS as internal standard 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
ga

ry
] 

at
 0

9:
15

 2
3 

Fe
br

ua
ry

 2
01

3 



4296 ABDEL-GHANY, EL-SAGHIER, AND EL-SAYED 

mol) .guanidine hydrorhloride (0.01 mol) and biitannl ( 4 0  mL) waq 

refliixcd for 7 h o u r s .  The reaction mixture w a s  evapnrated in vac-Jo. 

The separated solid was washed with water, triturated with pet. 

ethpr 4O-fiO'C and rerrystallized (rf TahlP I). 

Synthesis of triazebene and triazebeno[5,6-eltriazebene derivatives 

9 and 10 

- - -. - - - - - . - . - 

- - 

To a solution of compound 1 (0.005 m o l )  in acetonitrile (50 mL), 

thiosemicatbazide (0.005 mol) or (0.01 m n l )  was added. The reaction 

mixture was refluxed for 17 or 8 hours.The reaction mixture was 

evaporated in vacuo and the residue was washed with water, 

triturated with pet. ether 40-60'C and recrystalliz~d to give 

compounds 9 or 10 respectively (cf Table I). 

- 

Synthesis of benzdiazebene, benzoxazebene, benzthiazebene derivatives 

lla-c 

~ - - _ _ _  - ~~ 

A mixture of an equimolar amounts ( 0 . 0 0 5  m o 1 )  of compound 1 and 

o-phenylenediamine, o-aminophenol. or o-aminothiophenol. was dissolved 

in acetonitrile (50 m L ) .  The reaction mixture was refluxed for a period 

of ,time 26-38 hours. The reaction mjxture was evaporated in vacuo _ _  .- 

and the residue was washed with water, triturated with pet. ether 

40-60'C and recrystall i zed (cf Tab1 e I ) . 

Synthesis of benzdiazebene[5,6-el-benzdiazebene, benzoxazebeno- 

[5,6-elbenzoxazebene and benzthiazebeno[5,6-elbenzthiazebene 

derivatives 12a-c 

- ~ - _- - _ _  - -_ -. -_ - -- - - . - 

- ~~ _ _  - 

_. - _ _ -  

To a solution of compound 1 (0.005 m o l )  in acetonitrile (50 mL) 

o-phenylenediamine. o-aminophenol or o-aminothiophenol ( 0 . 0 1  mol) 
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a-KETOKETENE S,S-ACETAL 4297 

was added. The reaction mixture was refluxed for a period of time 

33-48 hours. The reaction mixture was evaporated in vacuo. The 

residue was washed with water, trituratpd with pet. ether 4O-6O0C 

and recrystallized (cf Table I). 
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