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LXI I . *  REACTION OF 2-MERCAPTONAPHTH[1,2-d]IMIDAZOLE 

WITH o~-HALOALDEHYDES AND THEIR ACETALS 

E .  G.  K n y s h ,  A.  N. K r a s o v s k i [ ,  UDC 547.785.5'789 
a n d  P .  M.  K o c h e r g i n  

The react ion  of 2-mercaptonaphth[1 ,2-d]  im idazole with chloroacetMdehyde,  b r o m o a c e t a l d e -  
hyde, and ~ -b romoprop iona ldehyde  die thylaceta ls  leads to the fo rmat ion  of (naphth[1,2-d]-2-  
mereap to imidazo ly l )ace ta ldehyde  and a - (naph th [1 ,2 -d ] -2 -mereap to imidaz  olyl)propionaldehyde 
which in the solid s tate  ex is t  as t au tomer ic  f o r m s  - 3-hydroxy der iva t ives  of naphth[1,2-dl-  
imidazo[3,2-d]thtazol tne.  The co r respond ing  naphth[1,2-d] imidazo[3,2-b] thiazoles  we re  ob- 
tained by dehydra t ion  of the l a t t e r .  The s t ruc tu re  of the fou r - r i ng  compounds was p roved  by 
reduct ive  desul fur iza t ion  to 3-alkylnaphth[1,2-dlimidazoles and a l te rna t ive  synthes is  f rom 
2-eh lor  o-3-acylmethylnaphth  [1,2-d] im idazoles.  

We recent ly  p roposed  a method for  the p repa ra t ion  of the prev ious ly  unknown naphth[1 ,2-d] imidazo-  
[3,2-b]thiazole (VIII) he t e roa roma t i c  s y s t e m  and its de r iva t ives  [2]. This  pape r  is devoted to a m o r e  
detailed d i scuss ion  of the reac t ion  of 2 -mercap tonaphth[1 ,2-d] imtdazole  (I) with ~-ha loa ldehydes  and the i r  
ace ta ls ,  to a study of the conditions for  the cycl izat ion of the in te rmedia tes  to de r iva t ives  of VIII, and also 
to a proof  of the s t ruc tu re  of the fou r - r ing  compounds.  

(2-Mercaptonaphthimidazolyl)aceta ldehyde diethylacetal  (lid was obtained by the reac t ion  of 2 - m e r -  
captonaphth[I ,2-d] imidazole  (I) with b romoace ta ldehyde  diethylaeetal  in ethanol in the p r e sence  of sodium 
ethoxide. As in the case  of the ace ta ls  of 2 - imidazo ly l -  and 2 -mercap tobenz imidazo ly lace ta ldehydes  [3, 4], 
heating of III with POCI.~ leads to split t ing out of only one molecule  of alcohol to fo rm 3-ethoxynaphth[1,2-  
d] imidazo[3,2-b]thiazol ine (IV). The p ic ra te  of IV was also isolated by heating the p ic ra te  of IlI above its 

mel t ing  point. 

The same  c rys ta l l ine  substance ,  which, according  to the r e su l t s  of e lementa l  ana lys is ,  is (2-naph- 
th imidazoly lmercap to)ace ta ldehyde  (Va), was obtained by the hydro lys i s  of Ill and IV in hydrochlor ic  acid 
and also by the react ion  of I with the hydrate  of chloroaceta ldehyde d h n e r  in d ime thy l fo rmamide  or  with 

b romoace ta ldehyde  diethylacetal  in water .  

A study of the IR s pec t r a  of Va as well as the product  of the reac t ion  of I in aqueous ethanol with 
~-bromoprop iona ldehyde  die thylaceta l  (VIIa) showed the absence  of absorpt ion  bands of a C = O group in 
them. These  aldehydes,  l ike the cor responding  aldehydes in the imidazole  [3, 5, 6] and benzkm[dazole 
[4, 7, 8] s e r i e s ,  apparent ly  exis t  as cyclic t au tomer tc  f o r m s  - 3-hydroxy de r iva t ives  of naphth[1,2-d] imid-  
azo[3,2-b]thiazoline (Vb and VIIb). Compounds Vb and VIlb can r eac t  as the open aldehyde fo rms  Va and 
VIIa, as a t tes ted  to by the format ion ,  for  example ,  of the 2 ,4-dtni t rophenylhydrazone (VI) of (2-naphthimid-  

az olylme rc apto) ac et aldehyde. 

See [1] for  c0mmunicatLon LXI. 
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Compounds Vb and VIIb do not change when they are  heated in concentrated hydrochlor ic  acid, are  
converted to 3-ethoxy derivatives of naphth[1,2-d]imidazo[3,2-b]thiazoline by the action of alcoholic HC1 
(IV was obtained in this way), and readily split out a molecule of water  to form VIII and IX on t rea tment  
with dehydrating agents (POC13 and concentrated H2SO4). Compound VIII was also obtained by t rea tment  of 
III and V with concentrated H2SO 4. 
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It is known that naphth[1,2-d]imidazole is a tautomeric  sys tem that contains two nonequivalent nitrogen 
atoms. Consequently, as a resul t  of in t ramolecular  cycl izat ion of (2-naphthimidazolylmercapto)-subst i tuted 
aldehydes and their  acetals ,  like the alk'ylation of naphth[1,2-d]imidazoles [9-11] and its 2-substi tuted de-  
rivatives [12], the reaction could proceed at the 3 position as well as at the 1 position of the naphthimid- 
azole ring ult imately leading to the formation of derivatives of VIII, derivat ives of the previously uncle- 
scr ibed naphth[1,2-d]imidazo[2,1-b]thiazole,  or a mixture of i somers .  

We obtained one substance in all cases .  The purity of VIII was confirmed by chromatography,  and 
its s t ructure  was confirmed by reductive desulfurization under the influence of a Raney nickel ca ta lys t  
[13, 14]; the known 3-ethylnaphth[1,2-d]imidazole (X) was isolated [9]. 
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The s t ruc ture  of IX was proved by alternative synthesis  f rom 2-chloro-3-acetonylnaphth[1 ,2-d] imid-  
azole [15] by its convers ion to the cor responding  thione (II) and subsequent cycl izat ion of II under the in- 
fluence of POCI3. 

E X P E R I M E N T A L  

3-Acetonylnaphth[1,2-d]imidazole-2-thione (II). A solution of 0.9 g (0.0035 mole) of 2 - ch lo ro -3 -  
acetonylnaphth[1,2-d]imidazole [15] and 0.5 g (0.007 mole) of thiourea in 20 ml of ethanol was refluxed for  
2 h, cooled, and poured into water.  The mixture was neutralized with ammonium hydroxide, and the p r e -  
cipitate was removed by fil tration and washed with water  to give 0.8 g (90%) of a product with mp 266-268 ~ 
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(dee., f rom ethanol). IR spect rum,  era-l: 1730 (CO), 3110 (NH). Found: C 66.0; H 4.4; N 10.61 S 12.7%. 
C14HI2N2OS. Calculated: C 65.6; H 4.7; N 10.9; S 12.5%. 

(2-Naphth[~,2-d]imidazolylmercapto)acetaldehyde Diethylacetal (III). A total of 6 g (0.03 mole) of [ 
[16] and 6.5 g (0.032 mole) of f reshly distil led bromoacetaldehyde diethylacetal  were  added to a solution 
of sodium ethoxide prepared  from 0.69 g (0.03 g-atom) of sodium and 50 ml of anhydrous ethanol. The mix-  
ture  was refluxed for 11 h, cooled, and poured into water .  The mixture was extracted with CHC13, and the 
extract  was washed with water,  dried over MgSO4, and fil tered. T h e  solvent was removed completely by 
vacuum distil lation to give 8 g (84%) of a l ight-yellow, syrupy liquid that was soluble in most  organic sol -  
vents and insoluble in water .  The prepara t ion  was suitable for most  of the syntheses without additional 
purification. The picrate [pur[fiedby precipi tat ion by the addition of water  to a solution in e thano l -ace tone  
(1: 1) in the cold] melted at 122-123 ~ (on insert ion into an apparatus heated to 115-118~ at 125-128 ~ the 
melt  solidified and melted again at 195-196 ~ (conversion to the p icra te  of IV), while at 200-202 ~ the melt  
again solidified and then melted at 217-218 ~ (conversion to the picrate  of VIII). Found: C 50.7; H 4.1; N 
12.6; S 6.0%. CI?H20N2OS-C~H3N30 ~. Calculated: C 50.6; H 4.2; N 12.8; S 5.9%. 

3_=Ethoxynaphth[1,2-d]imidazo[3,2-b]thiazoline (IV). A) A solution of 3.16g of II[ in 15 ml of POC13 
was refluxed for  1 h and 20 rain, and the solvent was removed by vacuum distillation. The residue was 
decomposed with water ,  neutral ized with sodium carbonate,  and extracted with CHC13. The ext rac t  was 
worked up as descr ibed for the prepara t ion  of III to give 2,3 g (93%) of IV as a syrupy liquid that was s01- 
uble in organic solvents and insoluble in water .  The picrate  melted at 198-200 ~ (from anhydrous ethanol); 
at 200-202 ~ the melt  solidified and then remel ted  at 220-221 ~ (conversion to the picrate  of VIII). Found: 
C 50.7; H 3.4; N 13.9; S 6.5%. C15Ht4N2OS.C6H3N307. Calculated: C50.5;H 3.4; N 14.0; S 6.4%. 

B) About 0.1 g of picrate  of III was heated in a capi l lary tube to 122-123 ~ and the fused and reso l id -  
ified mel t  of p icra te  of IV was cooled and crys ta l l ized f rom ethanol to give a product  with mp 198-200 ~ 

C) A solution of 1 g of Vb in 30 ml of alcoholic HC1 was refluxed for  1 h, neutral ized with sodium 
acetate, and poured into water .  The mixture was worked up as in the isolation of III to give 0.95 g (86%) 
of IV. The picra te  melted at 198-200 ~ Mixtures of p ic ra tes  of IV prepared  by methods A-C did not show 
any melting point depression.  

3.-Hy.droxynaphth[1,2-d]imidazo[3,2-b]thiazoline {Vb). A) A 3.7 g (0.04 mole) sample of the hydrate  
of chloroacetaldehyde d imer  was added to a solution of 8 g (0.04 mole) of I in 30 ml of dimethylformamide,  
and the mixture was heated at 60-65 ~ for 1 h. It was then cooled and poured into water .  The mixture was 
neutral ized with sodium carbonate,  and the precipi ta te  was removed by fi l tration to give 8.9 g (92%) of a 
product with mp 210-213 ~ (dec., f rom propanol). IR spectrum: 3100 cm -1 (OH). Found: C 64.6; H 4.2; N 
11.5; S 13.0%. C13H10N2OS. Calculated: C 64.4; H 4.2; N 11.6; S 13.2%. 

B) A mixture of 4 g (0.02 mole) of I and 4 g (0.02 mole) of bromoacetaldehyde diethylacetal  in 30 ml 
of water  was refluxed for 3 h and worked up as in experiment  A to give 3.7 g {77%) of product .  

C) A solution of 2.2 g of II in 20 ml of concentrated hydrochloric  acid was refluxed for 1.5 h, cooled, 
and worked up as in exper iment  A to give 1.7 g (80%) of product.  

D) A solution of 1 g of IV in 10 ml ofconcentra ted hydrochlor ic  acid was refluxed for 1 h and worked 
up as in exper iment  A to give 0.7 g (74%) of product,  Mixtures of samples of Vb obtained by methods A-D 

did not show any melt ing point depression.  

(2-Naphth[1,2-d]imidazolylmercapto)acetaldehyde 2,4-Dinitrophenylhydrazone (VI). A solution of 2.5 
g (0.0125 mole) of Vb and 2.5 g (0.0125 mole) of 2,4-dinitrophenylhydrazine in 75 ml of glacial acetic acid 
was refluxed for 30 min and cooled. The precipi tate  was removed by f~ltration and washed with e ther  to 
give 3 g (62%) of red-brown needles w, ith mp 214-216 ~ (dec,, f rom glacial acetic acid). Found: C 54.5~ H 
3.4; N 19.9; S 7.6%. CIgH14N604S. Calculated: C 54.0; H 3.3; N 19.9; S 7.6%. 

2_Methyl_3_hydroxYnaphth[1,2-d]imidazo[3,2-b]thiazoline (VIIb). A mixture of 10 g (0.05 mole) of [ 
and 11~.6 g {0.055 mole) of a-bromopropionaldehyde diethylacetal in 200 ml of 50% ethanol was refluxed for 
3 h, after  which the solution was worked up as descr ibed  for Vb (experiment A) to give 11.7 g (96%) of a 
product  with mp 208-209 ~ (dec., from ethanol). IR spectrum: 3070 cm-1 (OH). Found: C 65.4; H 4.8; N 
10.6; S 12.6%. C14H]2N2OS. Calculated: C 65.6; H 4.7;.N 10.9; S 12.5%. 
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Naphth[1,2-d]imidazo[a,2-b]thiazole (VIII). A) A solution of 3.6 g of Vb in 50 ml of POCla was r e -  
fluxed for 2 h, the POC13 was removed by vacuum distillation, and the residue was decomposed with water  
and neutralized with sodium carbonate.  The precipitate was removed by fil tration to give 2.9 g (87%) of a 
product with mp 195-196 ~ (dec., f rom ethanol), Paper  chromatography (Filtrak No. 11) gave one spot with 
Rid0.89 [in n-C4HgOH- CHaCOOH-H20 system (4 : 1 : 2)], 0.88 [in a ChHhN- n-C4HgOH- H20 sys tem (6 : 4 : 3)], 

0.80 (in 80% methanol or  50% acetic acid). Found: C 69.5; H 3.7; N 12.4; S 14.0%. CI3HsN2S. Calcu-  
lated: C 69.6; H 3.6; N 12.5; S 14.3%. The hydrochlor ide melted at 235-237 ~ (dec., f rom ethanol). Found: 
C1 13.0%. C13HsN2S. HC1-H20. Calculated: C1 12.7%. The picrate  melted at 233-234 ~ (dee., f rom glacial  
acetic acid). Found: N 15.2%. Ct3HsN2S'C6H3N307. Calculated: N 15.4%. 

B) A solution of 3.6 g of Yb and 20 ml of concentrated H2SO 4 was held at 18-20 ~ for 24 h, poured 
into water ,  and neutralized with ammonium hydroxide. The precipitate was removed by fi l trat ion to give 
2.2 g (66%) of product.  

C) A solution of 1.66 g of III in 10 ml of concentrated H2SO 4 was allowed to stand at 18-20 ~ for  24 h, 
af ter  which it was worked up as in experiment  B to give 0.5 g (64%) of product.  

D) A solution of 1.3 g of IV in 10 ml of concentrated H2SO 4 was t reated and worked up as in exper i -  
ment B to give 1 g (91%) of product.  Mixtures of samples  of VIII obtained by methods A-D did not show 
any melting point depression.  

2-Methylnaphth[1,2-d]imidazo[3,2-b]thiazole (IX). A) A solution of 2.6 g of VII in 10 ml of concen-  
trated H2SO 4 was allowed to stand at 18-20 ~ for  4 h, af ter  which it was worked up as descr ibed in the p r e -  
paration of VIII (method B) to give 2.4 g (96%) of a product with mp 184-185 ~ (dec., f rom ethanol) (mp 184- 
l S 5  ~ [17]). 

B) A solution of 0.26 g of II in 10 ml of 1)OCI3 was refluxed for I h, the POC13 was removed in vacuo, 
and the residue was decomposed with water  and neutral ized with ammonium hydroxide. The precipitate 
was removed by fil tration and washed with water  to give 0.23 g (95%) of a product  with mp 184-185 ~ (from 
ethanol). This product did not depress  the melt ing point of IX obtained by method A. 

3-Ethylnaphth[1,2-d]imidazole (X). A) A mixture of 2.2 g of VIII and 35 g of a Raney nickel paste  in 
50 ml of ethanol was refluxed for 15 h. The catalyst  was removed by filtration, and the sOvent  was removed 
by vacuum distillation. The residue was dissolved in CHCI3, and the solution was washed with water  and 
dried over CaC12. The solvent was removed by distil lation to give 1.8 g (92%) of a product  with mp 119- 
121 ~ Color less  p r i sms  with mp 124-125 ~ were obtained f rom aqueous dioxane. According to ~9], base X 
is an oil. Found: C 79.7; H 6.0; N 14.3%. C13Hi2N2. Calculated: C 79.6; H 6.2; N 14.3%. The hydrochlo-  
ride melted at 237-238 ~ (dec., f rom ethanol) (mp 226 ~ [9]). Found: C1 15.3%. Cl~Ht2N 2.HC1. Calculated: 
C1 15.2%. The picrate  melted at 250-251 ~ (dec., from ethanol). Found: N 16.2%. CI~HI2N2"C~HsN307. Cal-  
culated: N 16.5%. 

B) A 1.7 g (0.01 mole) sample of naphth[1,2-d]imidazole [18] and 3.1 g (0.02 mole) of ethyl iodide 
were added to a solution of 1.1 g (0.02 mole) of KOH in 20 ml of ethanol. The mixture was refluxed for 1 h, 
cooled, and poured into water.  The mixture was extracted with ether,  and the extract  was washed with 20% 
KOH solution and water  and worked up as in A to give 1.5 g (77%) of a product with mp 124-125 ~ (from 
aqueous dioxane). The picrate  melted at 250-251 ~ (dec., f rom ethanol). 

C) A solution of 10 g o f  1-amino-2-ethylaminonaphthalene[19] in 30 ml of 85% formic acid was r e -  
fluxed 2 h, cooled, and neutralized with ammonium hydroxide. The mixture was extracted with e ther  to 
give 8 g (81%) of a product with mp 124-125 ~ (from aqueous dioxane). The picrate  melted at 250-251 ~ Mix- 
tures of samples X and its picrate  with samples obtained by methods A-C did not show any melt ing point 
depression.  
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