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NUCLEOPHILIC SUBSTITUTION REACTIONS ON SULFUR BY n-BUTYLLITHIUM 2' 

* 
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-- The react ion o f  some 2-phenylimidaz0[2.1-blbenzothiazoles (1) 
wi th  organometal reagents in-BuLi, n-Bu2CuLi, i-Pr2NLi and EtMgBr) has been 

investigated. Two reagents (n-BuLi and n-Bu2CuL1) induced the nucleophi l ic 

subst i tu t ion react ion on su l fu r  o f  1 and t o  give the C-S bond cleaved 

compounds. 

Previously we reported the react ions o f  2-(p-methoxyphenyl~-6-methylimidazoC2,1-b3benzothfarole 

( l a )  - with  n-butyl l i t h i u m  (n-BuLi), followed by quenching w i th  some e lect rophi les (C02. H20 and 

p-tolualdehyde) gave the carbon-sulfur bond cleaved compounds (3.3 and s) exclusively. 1' 

The appl icat ion o f  t h i s  react ion t o  the der ivat ives of 9 gave some d i f f e r e n t  results.  I n  t h i s  

Paper, we describe the react ion o f  2-ip-methylphenyl)-6-methylimidazo~2,1-blbenzothiazole (E )  2 

3 and 2-Phenyl-6-methylimidazo[2,l-blbenzothiazole w i t h  n-BuLi and the react ion of 5 w i t h  

other organometal reagents. 

Compound was allowed t o  react w i th  1 equiv of n-BuLi i n  tetrahydrofuran (THF) f o r  30 min a t  

-70-C under argon. The react ion mixture was quenched w i t h  carbon dioxide (Cop) a t  -60.C t o  give 

three products d i f fered from the r e s u l t  o f  the react ion o f  5 and n-BuLi, which gave only C-S 

bond cleaved product I n  addi t ion to the major product (E, 32%). the C-S bond cleaved 



compounds. 3-carboxy-2-~p-methylphenyl)-6-methylimidazo[2.1-blbenzothlarole (g,  16%) and 

5-n-butylthio-l,3-di-~p-methylphenyl)-2-carboxyimidazole (&, 18%) were obtained. The react ion 

of w i th  n-BuLi and C02 a lso afforded g (50%). & (23%) and (21%) and these resu l t s  were 

summarized i n  Fig.1. 

Fig 1  
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A plaus ib le  mechanism fo r  the react ion o f  L and n-BuLi may be described as shown i n  the F i g  2. 

Compound i would be l i t h i a t e d  a t  two pos i t ions ( route I and 11). I n  the case o f  route 1, 1 
would be d i r e c t l y  l i t h i a t e d  a t  3-pos i t ion to y i e l d  l i t h i a t e d  intermediate L, which would be 

quenched wi th  C02 t o  give carboxylated canpound 5. I n  route 11, intermediate 8, i n  which the 

C-S bond i s  cleaved and benzene r i n g  i s  l i t h i a t e d ,  on quenching w i th  C02 could a f fo rd  2. On the 

other hand, gradual l i t h i a t i o n  o f  imidazole r i n g  (9) from phenyl r i n g  (8) followed by quenching 

w i th  C02 would y i e l d  6. 
Among these reactions, only 2 gave one product& i n  high y ie ld .  Th is  r e s u l t  seemed t o  be 

induced by e lect ron donating e f f e c t  o f  methoxy group. 
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Fig 2 
route I 

t 5 - 

Next, we t r i e d  the react ion of w i t h  other organometal reagents as shown i n  Fig. 3. The 

treatment of w i th  1 equiv of l i t h i u m  dibutylcuprate (n-8u2CuLil i n  THF a t  -70'C f o r  30 min 

under argon, followed by quenching w i th  H20 gave the C-S bond cleaved compound (&, 80%) 

s i m i l a r l y  t o  the react ion of la wi th  n - 0 u ~ i . l  The react ion o f  la wi th  1 equiv o f  l i t h i u m  

di isopropyl amide ILDA) i n  THF a t  -50'C under argon, followed by quenching w i t h  C02 gave 3 
(38%). Ethyl magnesium bromide could not  reac t  w i th  la under usual react ion conditions. 

Fig 3 1) wBu2CuLi 
3 a  

no reaction 



EXPERIMENTAL 

Me l t i ng  po in t s  were taken on a Yanaco MP-3 me l t i ng  p o i n t  apparatus and are uncorrected. l ~ - ~ m r  

spectra were obtained on a JEOL JNM-FX 90 (90 MHz) and JEOL GX-500 (500 MHz) spectrometer w i t h  

TMS as an i n t e r n a l  standard. Ir spectra were obtained on a H i t a c h i  270-30 In f ra red  spectrometer. 

E I  mass spectra were obtained on a H i t ach l  M-80 spectrometer and FAB mass spectra were obtained 

on a JEOL JMS-DX300 spectrometer. Elemental analyses f o r  C,H, and N were perfomed on a 

Yanagimoto CHN Corder MI-3 and those f o r  S were performed on a Metrohm 660 conductometer by the  

Measurement D i v i s i o n  i n  t h i s  Laborator ies.  I n  general, organic e x t r a c t  was d r i e d  over MgS04 and 

so lvent  was evaprated under reduced pressure. 

Reaction o f  2-(p-Methylphenyl)-6-methylimidazo~2,1-blbenzothiazole ( l b )  w i t h  n -Bu ty l l i t h i um and 

3. 
To a so lu t l on  o f  g (1.39 g. 5.0 m o l )  i n  THF (50 m1) was added n-BuLi (5.0 m o l l  a t  -70'C under 

argon and the reac t i on  mix ture  was s t i r r e d  a t  the  same temperature f o r  30 min. The resu l t ed  

ye l l ow  s o l u t i o n  was saturated w i t h  C02 a t  -60.C and the mix ture  was s t i r r e d  a t  t h a t  temperature 

f o r  30 min and then allowed t o  warm up t o  room temperature. The reac t i on  m ix tu re  was 

concentrated and water (50 m l l  was added t o  the  residue. The mix ture  was exs t rac ted w i t h  AcOEt 

(50 ml x3). The organic l a y e r  was re ta ined  f o r  f u r t h e r  examination. The aqueous l aye r  was 

a c i d i f l e d  w i t h  IN-HCl (5.2 ml )  and ex t rac ted  w i t h  AcOEt (50 mlx3). The e x t r a c t  was washed w i t h  

sat .  NaCl aq. solut ion,  d r i e d  and evaporated t o  g i v e  a h a l f  so l id ,  which was s t i r r e d  w i t h  

to luene (5  ml) .  The c r y s t a l s  were c o l l e c t e d  by  f i l t r a t i o n  and washed w i t h  to luene (2 ml)  t o  

g i ve  (250 mg, 16%). The f i l t r a t e  was combined w i t h  t h e  organic l a y e r  obta ined above and t h e  

combine was concentrated. The residue, was column chromatographed on s i l i c a - g e l .  I n l t i a l l y ,  

(340 mg, 18%) 'was e lu ted  w i t h  a m ix tu re  of to luene-ether (9: l )  and then (600 mg, 32%) was 

e lu ted  w i t h  ether.  
KBr 2-n-Butylthio-l-(2-carboxy-4-methylphenyl)-4-(p-methylphenyl)imidazole (2b): An o i l .  Ir vmax 

1 1715cm-I (C.0); H nmr (90 MHz, CDC13, TMS): 6 0.74 (3H, t, CH3), 1.0-1.64 (4H, m, CH2CH2), 2.28 

(3H, s, CH3), 2.44 (3H, s, CH3), 2.92 (2H, t, CH21, 7.07 and 7.57 (4H, ABq, JAB=lOHz, aromat ic 

protons o f  p-methylphenyl group), 7.16 (lH, s, a pro ton o f  imidazole r l a g ) ,  7.1711H. d, J=lOHzl. 

7.41 (lH, dd, J=lOHz,2Hr), 7.97 (lH, d, J=2Hz); ms(EI1: m/z 380(~1+; Anal. Calcd. f o r  

CZ2Hz4N2O2S; C, 69.45; H, 6.36; N, 7.36; S, 8.43. Found: C, 69.37; H, 6.27; N, 7.34; S, 8.34. 
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KBr 3-Carboxy-2-(p-methylphenyl I-6-methylimidazoC2.1-blbenzothiazole (5b): mp 172-173.C. Ir vmax 
1 3460cm-' (OH), 1690m-' (C=Ol; H nmr (90 MHz, DMSO-d6. TMS): 6 2.35 (3H, s. CH3). 2.42 (3H, s. 

CH31, 7.24 and 7.64 (4H, ABq, JAB=lOHz, ammatic protons o f  p-methylphenyl group), 7;35 i lH,  dd, 

J-lOHz, 2Hd, 7.84 (1H. d. J=2Hz). 8.63 (1H. d, J=lOHz); IAsIFAB): m/z 3 2 2 ( ~ + ~ ) + .  

2-n-Butylthio-1,4-di-(p-methylphenyllimidazole-5-carboxy11c Acid (6b): mp 158-160'C (decamp.). 
1 Ir: vKBr 3456m-l  (OH), 1676cm-I (c=o): H nmr (500M HZ. DMSO-d6): 6 0.86 i3H, t. C H ~ ) ,  1.33 max 

(2H, m, CH 1, 1.62 (2H, m, CH2), 2.34 (3H, 5, CH3), 2.38 (3H, s, CH3), 3.15 (2H, t, CH2), 7.21 
2, 

(4H, m, aromatic protons neighboring on two methyl groups), 7.30 (2H, m, aromatic protons o f  
+ 

4-phenylringl, 7.69 (2H, m, aromatic protons of 1-phenyl r i n g ) ;  ms(FAB1: m l r  381(M+H) ; Anal 

Calcd. f o r  C22H24N202S; C, 69.45; H, 6.36; N. 7.36. Found: C, 69.72; H, 6.34; N, 7.52. 

Reaction of 2-Phenyl-6-methylimidazo[2,1-blbenzothiazole ( l c )  w i t h  n-BuLi and CO,. 

Treatment o f  & (1.32 g, 5.0 mnol) w i t h  n-BuLi (5.0 m o l )  and C02 i n  the  same manner as the  

above react ion afforded & (907 mg, 50%). & (350 mg, 23%) and & (366 mg, 21%). 

2-n-Butyl thio-1-(2-carboxy-&methyl phenyl I -Cphenyl imldazole (2c) : An o i l  . 'H Nmr (90 MHz, 

CDC13, TMS): 6 0.76 (3H, t, CH3), 1.0-1.6 (4H, m, CH2CHZ), 2.45 (3H, s, CH31, 2.95 (2H, t, CH2), 

7.16 (lH, s, a proton o f  imidazole r i ng ) ,  7.0-7.6 i5H, m l ,  7.6-7.8 (ZH, a). 7.96 (1H. d, 2HzI; 

ms(E1): m/z 366(~ )+ .  

3-Ca~oxy-6-methyl-2-phenylimidazoC2,1-blbenzothiazole ( 5 ~ ) :  mp 194-195'C (decomp.1. Ir v i ; :  
3464 cm-' (OH), 1702cm-' (C=O); 'H nmr (90 MHz, DMSO-d6): 6 2.40 (3H, s, CH3), 7.36 (lH, dd, 

J%?HZ, 10HZ). 7.20-7.60 (3H, m), 7.60-7.88 (2H.m). 7.84 (lH, d, J=2Hz), 8.64 LlH, d, J4OHz); 

mslFAB): n l z  3 0 9 ( ~ + ~ ) * .  

2-n-Butylthio-l-(p-methylphenyl)-4-phenylimidazole-5-carboxylic Acid ( 6 ~ 1 :  mp 162-163'C 

1 (decomp.) ( f rom toluene). Ir 3480cm-' (OH). 1676cm-' (C=O); H nmr (500 MHz, DMSO-d6, 

TMSI: 6 0.86 (3H, t, CH3), 1.35 (2H, m, CH2), 1.62 (2H, m, CH2), 2.39 (3H, s, CH31, 3.16 (2H, t, 

CH2), 7.23 and 7.31 (4H, m, aromatic protons o f  t o l y l  group), 7.35, 7.41 and 7.79 (5H, m, 

aromatic protons of 4-phenyl group). Ms(FA6): mlz 367(M+~)*; Anal. Calcd. f o r  C21H22N202S; C. 

68.83; H, 6.05; N, 7.64; 5, 8.75. Found: C, 68.83; H, 5.83; N, 7.55; S, 8.81. 

Reaction of l a  w i t h  ( n - B U ) , ~ . "  

TO a so lu t i on  of C U I  (0.9 g, 4.7 m o l )  and THF (50 ml ) ,  n-BuLi (9.4 mmol) was added dropwise a t  

-70'C under argon and the mix ture was s t i r r e d  a t  t h a t  temperature f o r  30 min. To the mixture, 

l a  (1.38 g. 4.7 m o l l  was added and then the mix ture was s t i r r e d  a t  t he  same temperature f o r  1 - 

h. To the  reac t ion  mixture, 33% AcOH (3 ml), to luene (100 ml) and water (100 ml) were 



successively added. The organic p a r t  was separated, washed w i t h  water, d r i e d  and concentrated 

t o  g ive an o i l ,  which was p u r i f i e d  by s i l i ca -ge l  column chromatography (benzene) t o  a f fo rd  2-n- 

butylthio-4-(p-methoxyphenyl)-l-(p-methylphenyl)imidazole ( 3 3  1.33 g, 80.6%). The spectral  

propert ies of t h i s  compound were iden t i ca l  i n  a l l  respects w i t h  those o f  authent ic sample;' 

Reaction o f  l a  w i t h  L i th ium Di isopropyl  h i d e  (LDA) and CO,. 

To a mlxture o f  diisopropylamine (0.5 g, 4.9 mnol) i n  THF 110 ml),  n-BuLi (4.7 mnol) was added 

a t  -78.C and then (1.38 g, 4.7 mnol) and THF (40 ml) were added. The mixture was s t i r r e d  f o r  

1.5 h a t  -50'C and saturated w i t h  C 0 2  The so lu t i on  was allowed t o  w a n  up t o  room temperature 

and t o  stand overnight. The mixture was concentrated and t o  the residue water (100 ml) and 

AcOEt (50 m1) were added. The mixture was s t i r r e d  f o r  1 h and the inso lub le  mater ial  was 

removed by f i l t r a t i o n .  The aqueous so lu t i on  was separated , washed w i t h  AcOEt (50 ml),  

a c i d i f i e d  w i t h d i l .  HCl and ext racted w i t h  AcOEt. The e x t r a c t  was washed w i t h  sat. NaCl aq. 

solut ion, d r i e d  and concentrated t o  g ive crys ta ls ,  which were washed w i t h  e ther  and d r i e d  t o  

a f f o r d  3-carboxy-2-(p-methoxyphenyl)-6-methylimidazo[2,1-blbenzothiazole (,a, 610 mg. 38%), mp 

162-165.C (decbmp.). Ir vk;: 3460cm-I (OH), 1674cm-' lC=O); 'H nmr (500 MHz, DMSO-d6, TMS):6 

2.42 (3H, s. CH3), 3.82 (3H, s. 0CH3), 7.00 (2H, m). 7.34 IlH, d, J-8.5Hz). 7.71 (2H, m), 7.83 

(lH, s), 8.61 (lH, d, J-8.5Hz); mslFAB): m/z 3 3 8 ( ~ + ~ ) + ;  Anal. Calcd. f o r  Cl8Hl4N2O3S3: C. 63.89; 

H, 4.17; N, 8.28. Found: C, 63.73; H, 4.27; N, 8.16. 
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