
I N V E S T I G A T I O N S  IN T H E  I M I D A Z O L E  S E R I E S  

L IX.* REACTIONS OF 2-CHLORONAPHTH[1,2-d] IMIDAZOLE 

WITH c~-HALOKETONES, ]3-HALOALCOHOLS, OLEFIN OXIDES, 

1,2-DIHALOALKANES, AND HALOACETIC ACID ESTERS 

M. V. P o v s t y a n o i  a n d  P .  M .  K o c h e r g i n  UDC 547.785.5 

2-Chlor  o -3-acy la lky l  (~ -hydroxy alkyl - ,  3 -hal oa lkyl - ,  c a rbe thoxymethyl - ,  c a rboxyme thy l ) -  
naphth[1,2-d]imidazoles  we re  synthes ized.by the reac t ion  of 2-chloronaphth[1 ,2-d] imidazole  
with ~-ha loke tones ,  f i -haloalcohols ,  olefin oxides,  1 ,2-dihaloalkanes ,  and haloacet ic  acid 
e s t e r s .  The s t r u c t u r e s  of the indicated compounds were  es tab l i shed  by conver s ion  to the 
cor responding  3-alkylnaphth [1,2-d] imidazo l -2 -ones .  

in a continuation of our s tudies [2, 3], we have invest igated the reac t ion  of 2-chloronaphth[1 ,2-d]-  
imidazole  (I) [4] with (~-haloketones, f i -haloalcohols ,  olefin oxides,  1 ,2-dihaloalkanes ,  and haloacet ie  acid 
e s t e r s .  The reac t ion  p roceeds  readi ly  in alcohol, aqueous alcohol,  o r  aqueous d ime thy l fo rmamide  in the 
p r e sence  of sodium alkoxides or  alkali hydroxides  and leads to the fo rmat ion  of the co r respond ing  3 - su b -  
sti tuted compounds I (II, IV-XIV, XVI, XVII, XIX). 

A s i m i l a r  cou r s e  for the react ion,  which leads  to the predominant  fo rmat ion  of 2 - c h l o r o - 3 - a l k y l -  
naphth[1,2-d]imidazoles ,  was prev ious ly  observed  in the alkylat ion of I with alkyl hal ides and d iazomethanes  
[4] and also,  as we observed,  by the react ion  of I with halogen iodide in alcoholic sodium ethoxide, as a 
resul t  of which XXI and XXII were  obtained. 1 ,2 -Bis (2-ch loro-3-naphth imidazoly l )e thane  (XV), whose 
s t ruc tu re  was proved  by a l te rna t ive  synthes is  f rom I and XVI, was isolated instead of XVI on heat ing I with 
1 ,2-dibromoethane in alcohol in the p re sence  of sodium ethoxide. 

The pur i ty  of the compounds obtained was conf i rmed  by t h i n - l a y e r - c h r o m a t o g r a p h i c  data, and the i r  
s t r uc tu r e s  were  proved by the IR s pec t r a  (by the p r e s e n c e  of the absorp t ion  bands of CO or  OH groups),  
by the PMR spec t r a  (XII and XIII), and by a number  of convers ions  to 3-alkyl(hydroxyalkyl)naphth[1,2-d]-  
imidazo l -2 -ones  (XXXV-XXXVIII) of known s t ruc tu re  or by a l te rna t ive  syntheses .  Thus the alkaline hy-  
dro lys is  of XXI, XI, XVI, and XXII gave XXXV [4] and the prev ious ly  unknown XXXVI-XXXVIII, which 
proved to be identical  to the co r respond ing  compounds synthes ized  f rom 1 -amino-2 -a lky l  (hydroxyalkyl ) -  
aminonaphthalenes (XXX-XXXH) and u rea  via the method in [4]. Heating of XXXVII and XXXVIII with 
POC13 yielded 2-ehloro-3-(f~-chloroethyl)naphth[1,2-d] imidazole  (XVI), which was identical  to the product  
of the react ion of I with 1 ,2-diehloroethane and X[ with SOC12 or  POC13. T r e a t m e n t  of XI with PBr3yie lded 
2-ehloro-3- ( f i -bromoethyl )naphth[1 ,2-d] imidazole  (XVII), whieh was identical to the product  of the react ion  
of I with 1 ,2-dibromoethane.  

The s t ruc tu re s  of II and IV-X were  proved in the ease  of 2 -ch loro-3-ace tonylnaphth[1 ,2-d] imidazole  
(I1). Simultaneous hydro lys i s  of the chlor ine a tom to fo rm XXXVI occu r r ed  on c leavage  of its hydrazone 
(III) via  the W o l f f - K i s h n e r  reduction.  

*See [1] for communication LVIII. 
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The s t ruc tu re  of 2 -eh loro-3-carbe thoxymethy lnaphth[1 ,2 -d] imidazo le  (XIX) was es tab l i shed  by r e -  
duction of it with LiA1H4 to 2-ehloro-3-( t3-hydroxyethyl )naphth[1 ,2-dl tmtdazole  (XI) and also by hydro lys i s  
to 3-earboxymethylnaphth[1 ,2-d}imidazol -2-one  (XXXIV) and subsequent  decarboxyla t ion  of XXXIV to 3- 
methylnaphth[1 ,2-d] tmidazol -2-one  (XXXV) (Table 1). 

~J Cff2cOcI% N u .~. .~.  ~,/CH~CCff: NaO. ~ N / C 3  H7 KOI f"~-"~',~N/C3~Ir 

~"r  ~ "51 " ~ \ c l  17 " f f  "N" ~o i'l "[ "N- cl 
t t t ]  II . I  U t J  u U . - J  

II " " ~  II1 " - . ~  XXXVI ~ ~ XXII 

C3H7 ~ 
I / / : ~ -  N /  2 ; POCI 3 ~ : " - -  N / - -  X ~  �9 0 --:"--'z" ~ % 

&v,,, x% \ 
/ . c , ~ J , %  " ' , ~  1 .  /NIIR 

t . ~ c ~ o  ~ .  / B h  ~ ' ~  X X X - X X X H  
u-~ c ~ O l i  ~r /CH2 CH20H ~ /C'A2CH20H 

~ . . . S t ' ? / ~ I .  I I  _" " I .  I I  " 

~N/~\/ 
CH2cOOC2115 ~ /CH2COOH ~ --CH3Na H ~ / CH3 

N NaOH //,~'-,-~N , A .  ~ h - - - - - N /  ' O c " - / L N  

Cl o \El  

XX I 

XVl x=c l ;  XVll X= Br; XXX R ~ %H;; XXXI R=CH2CII2OH; XXXII R=CH=CH 2 

EXPERIMENTAL 

2-Chloro-3-acylalkylnaphth[l,2-d][m[dazoles (If, IV-X). A 0.05-mole sample of I and 0.06 mole of 

~-haloketone were added successively to a solution of 0.05 mole of sodium ethoxide in 50-100 ml of ab- 

soluf~ ethanol. (Both chloroacetone and bromoaeetone were used to obtain If; in all of the other eases, the 

corresponding bromo ketones were used.) The m~ture was refluxed for 3-5 h (until a neutral or slightly 

acidic medium formed) and cooled. The precipitate was removed by filtration and washed with aqueous 

alcohol. The mother liquor were evaporated in vaeuo to a small volume to isolate an additional amount of 

substance. Compounds V-IX were also obtained by heating I with bromo ketone in 50% ethanol or 70-80% 

aqueous dimethylformamide in the presence of an equivalent amount of NaOH or KOH. 

2-Chloro-3-acetonylnaphth[l,2-d]im[dazole Hydrazone (ill). A total of 0.I mole of 85% hydrazine 

hydrate was added to a solution of 0.01 mole of II in i0 ml of ethanol, and the mixture was allowed to stand 
at 20-25 ~ for 48 h. The precipitate was removed by filtration and washed with aqueous ethanol. 

2-Chloro-3-(~-hydroxyalkyl)naphth[l,2-d]imidazoles (XI-XIV). A) A 0.05-mole sample of I and 0.06 

mole of ethylenechloro(bromo)hydrin, styrene chlorohydrin, or p-nitrostyrene ehlorohydrin were added 

successively to a solution of 0.05-mole of sodium ethoxide in 80-100 ml of absolute ethanol. Themixturewas 

re[lu• for 8-12 h (until a weakly acidic medium formed) and was worked up as described in the prepa- 

ratipn of If. The yield of XI, XIII, and XIV were 85-92, 80, and 84%, respectively. 

B) A total of 0.02-0.03 g of NaOH or KOH and 0.02 mole of styrene oxide, p-nitrostyrene oxide, or 

0.03 mole of propylene oxide were added to a solution of 0.01 mole of I in 30-40 ml of ethanol. The mixture 

was ref~uxed for 3-5 h and cooled. The precipitate of XIII or XIV was removed by filtration and washed 

with water. Compound XII was isolated by evaporation of the solvent in vacuo to a small volume. The 

yields of XII, XIII, and XIV and XIV were 68, 62, and 71%, respectively. Compound XI was similarly ob- 

tained in 89% yield with the difference that the reaction of I with ethylene oxide (0.8 mole) was earried out 

in 15 ml of 1 N NaOH at 20-25 ~ for 5 h. 

C) A suspension of 0.005 mole of XIX in i00 ml of absolute ether was added gradually to a solution 

of 0,02 mole of LiAIH4 in 200 ml of absolute ether. The mixture was refluxed for 20 h and allowed to stand 
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at room t e m p e r a t u r e  for 48 h. The excess  LiA1H4 was decomposed  with m o i s t  e t h e r - e t h y l  ace ta te  (1: 2) 
and f i l t e red .  The r e s idue  that r ema ined  a f t e r  r emova l  of the so lvent  by d i s t i l l a t ion  was c r y s t a l l i z e d  f rom 
aqueous ethanol to give 22% of XII. 

The addit ion of s amples  of XI, XIH, and XrV to the c o r r e s pond i ng  compounds obtained by method A 
did not d e p r e s s  the i r  mel t ing  points .  

1 ,2 -Bi s (2 -ch lo ronaph th [1 ,2 -d ] [midazo l -3 -y l )e thane  (XV). At A 0 .02-mole  sample  of [ and 0.02 mole  
of 1 ,2 -d ibromoethane  were  added s u c c e s s i v e l y  to a solut ion of 0.02 mole  of sodium ethoxide in 30 ml of ab-  
solute ethanol. The mix tu re  was ref luxed for  3 h, and the p r e c i p i t a t e  was removed  by f i l t ra t ion  a~d washed 
with wa te r  and methanol  to give 25% of XV. 

B) A solut ion of  0.001 mole  of ~, 0.001 mole  of XVI, and 1 ml of 1 N NaOH in 10 ml of ethanol was 
ref luxed ,for 5 h and cooled.  The p r ec ip i t a t e  was r emoved  by f i l t r a t ion  and washed with w a t e r  to give 30% 
of XV. This product  did not d e p r e s s  the mel t ing  point of a sample  of XV obtained by method A. 

2 -Chloro-3- ( f i -ha loa lky l )naph th[1 ,2 -d] im[dazo les  {XVI-XVII1). A) A 0 .02-mole  sample  of I and 0.04 
mole  of 1 ,2-d[chloroethane  or  1 ,2 -d ibromoethane  were  added s u c c e s s i v e l y  to a mix tu re  of 0.02 mole  of 
NaOH~ 10 ml of water ,  and 20 ml of dimethylformamid.e .  The solut ion was ref luxed fo r  2-3 h (until a 
weakly ac idic  medium formed) ,  cooled,  and poured into 2 N NaOH. The p r ec ip i t a t e  was r emoved  by f i l -  
t ra t ion  and washed with wa te r  to give 35 and 40% of XVI and XVII, r e spec t ive ly .  

B) A mix tu re  of 0.01 mole  of XI o r  X]~II in 25-30 m l o f  SOC12 was ref luxed for  3 h and cooled.  The 
excess  SOC12 was r emoved  by vacuum dis t i l l a t ion ,  and the r e s idue  was decomposed  with wa te r .  The m i x -  
ture  was neu t ra l i zed  with NH 3 or  Na2CO3, and the p r e c i p i t a t e  was removed  by f i l t r a t i on  to give 75 and 60% 
of XVI and XVIH, r e spec t i ve ly .  Compound XV[ was a lso  obtained in 63% y ie ld  by heat ing 0.01 mole  of XI 
with 50 ml of POC13 for  5 h. 

C) A 0.02-mole  sample  of PBr3 was added gradua l ly  in the cou r se  of 5 h to a solut ion of 0.01 mole  
of XI in 30 ml of absolute  d ime thy l fo rmamide ,  and the mix tu re  was al lowed to stand for  8 h at  room t e m -  
p e r a t u r e .  It was then decomposed  with cold wa te r  and neu t ra l i zed  with Na2CO3. The p r e c i p i t a t e  was 
removed by f i l t ra t ion  and washed with wa te r  to give 53% of XVII. This  product  did not d e p r e s s  the mel t ing  
point of that obtained by method A. 

D) A 0.01-mole s a m p l e  of XXXVII or  XXXVIlI and two to th ree  drops  of ' concentra ted  ttC1 were  added 
succe s s ive ly  to 15-25 ml  of POC13. The mix tu re  was heated at 160 ~ for 5-6 h and cooled.  The excess  
POCI~ was decomposed  with water ,  and the mix tu re  was neu t ra l i zed  with NH~ or  Na2CO 3. The p r e c i p i t a t e  
was removed  by f i l t ra t ion  and washed with w a t e r  to give 50-55% of XVL This  product  did not d e p r e s s  the 
me l t ing  point of XVI obtained by methods A and B. 

2 -Ch lo ro -3 -ca rbe thoxymethy lnaph th [1 ,2 -d ] imidazo le  {XIX). A 0 .1-mole  sample  of I and 0.12 mole  
of ethyl ch lo roaee t a t e  or  b romoace t a t e  were  added s u c c e s s i v e l y  to a solut ion of 0.1 mole  of sodium ethoxide 
in 100 ml of absolute  ethanol~ The mix tu re  was ref luxed for  5-6 h and cooled.  The p r e c i p i t a t e  was r e -  
moved by f i l t r a t ion  and washed with aqueous ethanol.  The mothe r  l iquors  were  evapora t ed  in vaeuo to a 
smal l  volume to i so la te  an addit ional  quantity of X[X. 

2 -Ch lo ro -3 -ca rboxymethy lnaph th [1 ,2 -d ] imidazo le  (XX). A mix tu re  of 0.01 mole  of XIX and 0.01 
mole  of KOH in 20 ml of 80% ethanol was ref luxed for  30 rain, cooled,  and poured into water .  The mix tu re  
was neu t ra l i zed  with HC1 until it gave a neutra l  reac t ion ,  and the p r e c i p i t a t e  was removed  by f i l t ra t ion  and 
washed with water .  

2 -Ch lo ro -3 -a lky lnaph th [1 ,2 -d ] imidazo le s  (XX]:-XXHI). A) A 0.01-mole  sample  of r and 0.15 mole  of 
alkyl iodide were  added s u c c e s s i v e l y  to a solut ion of 0.1 mole  of sodium ethoxide in 10-20 ml of absolute  
ethanol.  The mix tu re  was ref luxed for  10-12 h, the solvent  was r emoved  by d i s t i l l a t ion ,  and 50 ml of e the r  
was added. The p r ec ip i t a t e  of XXI or  XXH was f i l t e red  and washed with water .  

B) A mix tu re  of 0.01 mole  of XVr and 0.01 mole  of KOH in 25 ml of absolute  ethanol was ref luxed for  
5 h and poured into water .  The p r e c i p i t a t e  of XXIH was removed  by f i l t ra t ion  and washed with water .  

2-Alkyl~hydroxyalkyl)aminonaphthalenes  (XXIV-XXV1). Substance XXIV was obtained in the s ame  
way as 2-e thylaminonaphthalene  [6] by hea t ing  B-naphthylamine with propyl  iodide in ethanol.  At the end 
of the p r o c e s s ,  2 N H2SO 4 w a s  added to the reac t ion  m a s s ,  and the p r e c i p i t a t e  of f i -naphthylamine sulfa te  
was removed  by f i l t ra t ion .  The mothe r  l iquor  was neu t ra l i zed  with NH 3 and ex t r ac t ed  with ch lo ro fo rm.  
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Compound XXV was synthesized from /3-naphthol and monoethanolamine as descr ibed for the synthesis  
of other/3-alkylaminonaphthatenes [6]. Compound XXVI was obtained under  the conditions used to syn-  
thesize XXV with the difference that the react ion was ca r r i ed  out at 160-170 ~ for 8 h. Base XXVr is an 
oily yellow liquid. The hydrohalides of bases  XXIV-XXV were obtained by the usual method. 

1-Phenylazo-2-alkylaminonaphthalenes  (XXVIII-XXIX). These were obtained like 1 -pheny l -2 -amino-  
naphthylenes [7] by azo coupling of XXIV-XXVI with benzenediazonium chloride.  

1-Amino-2-alkylaminonaphthalenes and Dihydroehlorides (XXX-XXXH). These were  obtained like 
1,2-naphthalenediamine [7] by the reduction of XXV-XXI:X with zinc in dilute acetic acid. 

3-Alkyl-(acylmethyl ,carboxymethyl)naphth[1,2-d] imidazol-2-ones  XXXIII-XXXVIII. A) A solution 
of 0.01 mole of XIX in 50 ml of concentrated HC1 was refluxed for 30 m[n and eooled. The precipitate of 
XXXIV was removed by fi l trat ion and washed with water  and acetone. 

B) A 0.05-mole sample of XXXFV was decarboxylated at 270-280 ~ in a s t ream of CO 2 for 30 rain. 
The melt  was cooled and washed with water  and alcohol to give 41% of XXXV. 

C) A mixture of 0.01 mole of II[, 20 ml of ethanol, and 20 ml of 20% NaOH was heated at 180 ~ for 10 
h (in an autoclave), cooled, and poured into water .  The mixture  was acidified to pH 8 with HC1 and extracted 
with chloroform to give 23% of XXXVI. 

D) A Mixture of 0.01 mole of 2-chloro-3-alkylnaphth[1,2-d] im[dazole  (XI, XXI, XXII) and 0.04 mole 
of KOH was heated at 150-165 ~ for  20-30 rain and cooled. The melt was dissolved in water ,  and the solution 
was fi l tered and neutral ized with HC1. The precipi ta te  was removed by fil tration and washed with water  
to give 60, 70, and 57% yields of XXXV-XXXVII, respect ively.  Compound XXXIH was s imi lar ly  obtained 
with the difference that a mixture of 0.005 mole of V, 30 ml of ethanol, and 30 ml of 25% NaOH was refluxed 

for 2 h. 

E) A mixture of 0.02 mole of XXX-XXXII and 0.04 mole of urea  was heated at 150-170 ~ for 30 rain. 
The melt  was cooled and washed with water  and methanol. The yields ot XXXV-XXXV[[ were 62, 68, and 
70%, respect ively .  Samples of these products did not depress  the melting points of the corresponding s a m -  
ples obtained by methods B-D. 

Compounds II-XXXVIIIwere co lor less ,  pale-yellow (III, X[V-XXVI, XXXKI-XXXVIII), b r igh t - r ed  
(XXVII-XXIX), or l ight-brown (dihydrochlorides of XXX-XXXII), c rys ta l l ine  substances.  The compounds 
were purified for analysis  by crysta l l iza t ion f rom aqueous ethanol (II, IV, VI, XII, XIII, XVI-XVIK, XXI- 
XXIII, XXXV-XXXVIII), benzene (III), ethanol (V, VIr, XI, XIX, XX, XXVII-XXIX), aqueous d[oxane (VIII, IX, 
XIV), aqueous dimethylformamide (XV), or  water  (XXIV-XXVI, XXX-XXXII). The IR spec t ra  of mineral  
oil suspensions of the compounds were recorded with a UR-10 spec t rometer .  The PMR spect ra  of CDC13 
(XII) o r  dimethylformamide (X[I[) solutions were  recorded  with a JNM-4H-100 spec t romete r  with t e t r a -  
methylsilane as the internal standard.  The compounds were chromatographed on plates with a fixed l aye r  
of s i l ica gel in a pet roleum e the r -d i e thy l  e t h e r - a c e t i c  acid sys tem (14 :6 :  1). The spots were developed 
in UV light by mear/s of the Dragendorf  reagent  or by iodine vapors ,  as descr ibed in [9]. 
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