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The hydroxymethylat ion,  aminomethylat ion,  and some other  t rans format ions  of 4- imidazol in-2-one  
der ivat ives  were  invest igated in [1-5] in connection with a study of paths fo r  the synthesis  of vi tamin H and 
its b i o p r e c u r s o r s .  As a continuation of this r e s e a r c h  we examined in the p resen t  paper  the alkylation and 
hydrolyt ic  cleavage of the tosylat ion products  of 4(5)-methyl imidazol in-2-one (I), 4, 5-dimethyl imidazol in-  
2-one (II), and 4, 5-d imethyl lmidazol ine-2- th ione  (In).  
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When t rea ted  with TsC1 in pyrldine (PN), (D and (ID are  conver ted  to the N-tosyl  der ivat ives  (IV) and 
(V), the s t ruc tu re  of which was conf i rmed by the IR and NMR spec t ra  (see "Exper imenta l  Method"), 
and also by the t rans format ions  descr ibed  below. 

The K sal ts  of der ivat ives  (IV) and (V) a re  alkylated with bromoacetone  (BA) and CH3I at  the ni trogen 
atom to r e spec t ive ly  give 1 - tosy l -3 -ace tony l -4 -me thy l lmidazo l tn -2 -one  (VI) and 1 - to sy l -3 ,4 ,  5 - t r ime thy l -  
imidazol in-2-one  (VII), which have s t rong  bands of the CO groups in the 1715-30 cm -1 region.  The reduc-  
tion of (VD with NaBH 4 conver ts  it  to 1 - tosy l -3 - (2 ' -hydroxypropy l ) -4 -methy l imidazo l in -2 -one  (VIII), while 
when heated with (CH3CO)20 it c leaves the acetonyl  moiety  and is conver ted  to 1 - t o s y l - 3 - a c e t y l - 4 - m e t h y l -  
imidazol in-2-one  (IX), which is identical  with the acetylat ion product  of (IV). The long standing of (IV) 
and (V) with a q u e o u s - a l c o h o l  caustic solution causes  r ing opening with the respec t ive  format ion of 
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N-tosylaminoacetone (X) and N- tosy l -3 -amino-2-bu tanone  (XI), probably via the intermediate  step of 
enamines (XII) and (XIID by the scheme:  

HOOC 
Z 

(IV) or (V) ~~ NH--.(X) or (XI) 

R CH3 
it = H (XtI); CH3 (XIII) 

The s t ruc ture  of (X) and (XI) was proved by counter  synthesis  f rom TsC1 and the appropr ia te  c~-aminoketone 
hydrochlor ides  (XIV) and (XV). Compound (IID is tosylated at the sulfur  atom and gives 2 - to symercap to -4 ,  
5-dimethyl imidazole  (XVI), the S . s t r uc tu r e  of which follows f rom the IR spec t ra l  data (absence of the band 
of the C = S group at 1520 cm -1) and the inability of (XVI) to give TsNH 2 when oxidized with KMnO4 as  de- 
scr ibed  in [6] (absence of the N--S bond in (XVI)). 
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Attempts to obtain (XI) by treating N-tosyl-~-alanine (XVH) with (CH3CO)20 and PN under the condi- 
tions of the DaMn--West reaction proved unsuccessful due to the cleavage of (XVII) at the N--S bond and the 
formation of the S-p-tolyl ester of p-toluenethiosulfonic acid (XVIII). The latter was also isolated by the 
thermolysis of (VI) or by the hydrolytic cleavage of (XVI). 
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In harmony with the data ~iven in [7] on the proper t ies  of arylsulf inic  acids,  the convers ion of (V1), 
(XVI) or  (XVII) to (XVIII) can be depicted as a two-step p rocess ,  which proceeds via the in termediate  step 
of forming p-toluenesulfinic acid (XIX) and its subsequent disproport ionat ion by the scheme:  

(VI), (XVI) or (XVII)--~ p-CHaC6H4SO2H--~ TsSC6[-I~CH3- p ~ Ts0II 
(XlX) (XVlII) 

E X P E R I M E N T A L  M E T H O D  

The IR spec t ra  were taken on a UR-10 ins t rument .  The UV spec t ra  were taken in alcohol solut ionon 
a UF-4A instrument .  The NMR spect ra  were measu red  on an RS-60 s p e c t r o m e t e r  in CDCI 3 solution (60 
MHz), us ing HMDS as the internal  s t andard . .  

1 -Tosy l -4 -methy l imidazo l in -2 -one  (IV). A mixture of i g of 4(5)-methyl imidazol in-2-one (I) [8] and 
2.2 gof  TsC1 in 10 ml of PN was s t i r r ed  at 20~ for  5 h, a f te r  which it was diluted with 150 ml of water ,  let 
stand at 20 ~ for  12 h, and the obtained precipi tate  was f i l tered and washed in success ion  with water  and 
e ther .  We obtained 1.6 g (62%) of (IV), mp 160-162 ~ (from alcohol), Rf 0.40 (here and subsequently TLC: 
Silufot UV254, 3 : 2 ethyl aceta te--benzene,  development in the UV spect rum).  Inf rared  spec t rum (CHC13, 
v, cm-l ) :  3300-2800 (NH and CH), 1716 (C = O), 1660 (C = C), 1600, 1500 [aromat ic  r ing (AR)], 1340 (SO2), 
1180. Ultraviolet  spec t rum:  kma x 226 nm. NMR spec t rum (5, ppm): 1.87 s (CGH4CH3-P), 2.30 s(CH3C 
= C), 6.26 s (HC =), 7o10-7.90 m (C6H4), 9.73 s (NH). Found: C 52.42; H 4.87; N 10.93; S 13.25%. 
CllH12N203S. Calculated: C 52.38; H 4.79; N 11.11; S 13.08%. 

1 -Tosy l -4 ,5 -d ime thy l imidazo l in -2 -one  (V). The same as descr ibed above, f rom 4(5) -d imethyl imid '  
azol in-2-one  (E) [8] we obtained iV) in 66% yield, mp 181-182 ~ (from alcohol), Rf 0 .34 .  Inf ra red  spec t rum 
(CHC13 , v, cm-1): 3500-2800 (NH and CH), 1715 (C = O), 1685 (C = C), 1600, 1500 (AR),1320 (SO2), 1180 
(SO2). Ultraviolet  spec t rum:  kmax 227 rim. NMR spec t rum (6, p p m ) : l . 8 2  s (C6H4CH3-P), 2.13 s (CtI3C 
= C), 2.33 s (CH3C = C), 7 .10-7 .90  m (C6H4), 9.28 s (NH). Found: C 53.95; tI 5.26; S 12.41%. 
C12H14N203S. Calculated: C 54.14, H 5.30; S 12.02%. 

1 -Tosy l -3 -ace tony l -4 -me thy l imidazo l in -2 -one  (VI). To a solution of 0 .7  g of KOH in 10 ml  of CH3OH 
was added 3.6 g of (IV), the mixture was s t i r r ed  for  15 min, then 1.1 ml of BA was added, the mixture  
was s t i r r ed  for  1 h, let stand at 20 ~ for  12 h, diluted with 30 ml of water ,  and kept a t  20 ~ fo r  12 h. The 
obtained precipi tate  was fi l tered,  washed f i r s t  with a solution of 0 .7 g of KOH in 25 ml of water ,  then 
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with wa te r ,  and dr ied  in the a i r .  We obtained 2.1 g (50~) of (VI), mp  95-97 ~ ( f rom alcohol),  Rf 0 .42 
( ! : 1 a c e t o n e - - b e n z e n e ) .  I n f r a r ed  s p e c t r u m  (KBr,  v, cm-i ) :  2930 (CH), 1730 (C = O), 1651 (C = C), 1600, 
1500 (ARt, 1380, 1180 (SO2). Found: C 54.60; H 5.10; N 9.32; S 10.11%. CI4H16N204S. Calculated: C 
54.54;  H 5 . 1 9 ;  N 9 . 0 9 ;  S10 .39%.  

1 - T o s y l - 3 , 4 ,  5 - t r i m e t hy l i m i dazo l i n -2 -one  (VII). To a solution of 0.11 g of KOH in 10 ml  of alcohol 
were  added in success ion  0.5 g of(V) and 0 .4  ml  of CH3I, the mix tu re  was s t i r r e d  at  20 ~ fo r  3 h, let  s tand 
at  20 ~ fo r  12 h, diluted with 75 ml  of wate r ,  and the obtained prec ip i ta te  was f i l t e red  and washed wi thwa te r .  
We obtained 0 .34 g (65%) of (VII), mp 172-173 ~ {from alcohol),  Rf 0.69 (A1203, II  ac t iv i ty) .  I n f r a r ed  spec -  
t r u m  (CHCI 3, v, cm- t ) :  1715 (C = O), 1675 (C = C), 1600, 1500 (ARt, 1380 (SO2t , 1180 (SO2). NMR spec -  
t r u m  (5, ppm): 1.83 s (C6H4CH3-pt, 2 . 16s  (CH3C = C), 2 .32 s (CH3C = C), 2.90 s (CH3N), 7 .10 -7 .90  m 
(C6H4). Found: C 55.47;  H 5.65;  N 9.65; S 11.41%. C13H16N203S. Calculated:  C 55.70; H 5.71; N 
10.00; S 11.43%. 

! - T o s y l - 3 - ( 2 ' - h y d r o x y p r o p y l ) - 4 - m e t h y l i m i d a z o l i n - 2 - o n e  (VIII). A mix tu re  of 0.25 g of (VI) and 
0.02 g of NaBH 4 in 10 m l  of a lcohol  was s t i r r e d  a t  20 ~ fo r  4 h, 0 .2  m l  of CH3COOH was added, the~ mix tu re  
was evapora ted  in vacuo, the res idue  was t r ea t ed  with 50% alcohol,  and the obtained prec ip i ta te  was 
f i l t e red .  We obtained 0.19 g (75~) of (VIII), m p  91-94 ~ ( f rom a benzene- -cyc lohexane  mixture) ,  Rf 0.42 
(1 :1  ace tone- -benzene) .  I n f r a r ed  s p e c t r u m  (KBr, v, cm- t ) :  3440-3430 (OH), 2950-2930 (CH), 1705 (C 
=O, 1642 (C=Ct ,1600 ,1500 (AR ) ,1377 (S O2 t ,  l179(SO2).Found:  C 53.98; H 5 . 7 3 ;  N 9.37; S 10.34%. 
C14HisN204S. Calculated:  C 54.14; H 5.80; N 9.03; S 10.32%. 

1 - T o s y l - 3 - a c e t y l - 4 - m e t h y l i m i d a z o l i n - 2 - o n e  (IX). A solution of 1 g of (VI) in 30 ml  of (CH3CO)20 
was ref luxed fo r  7 h, a f t e r  which it was evapora t ed  in vacuo,  the res idue  was t r ea t ed  with alcohol,  and the 
obtained p rec ip i t a t e  was f i l t e red .  We obtained 0.3 g (31%) of (IX), mp  88-90 ~ ( f rom alcohol),  Rf  0.67 (1 :1  
ace tone- -benzene) .  I n f r a r ed  s p e c t r u m  (KBr,  v, cm- t ) :  3430 (OH), 2940 (CH), 1760, 1720 (C = O7, 1660 
(C = C), 1600, 1500 (AR), 1380-1370 (SO2), 1180 (SO2). Ul t rav io le t  spec t rum:  kmax 230 rim. Found: 
C 5 1 . 5 6 ;  H 4 . 7 3 ;  N 8 . 8 8 ;  S10 .20%.  Ci3Ht4N2OtS-I/2H2 O. Calculated:  C 5 1 . 4 7 ;  H 4 . 9 4 ;  N 9 . 2 4 ;  
S 10.56%. Compound (IX) was a lso  obtained by the act ion of (CH3CO)20 on (IV) (ref luxing fo r  3 h) in 85% 

yield.  

N-Tosy laminoace tone  (X). To a solution of 0.5 g of KOH in 20 ml  of aqueous alcohol (1 : 1) was added 
1 g of (IV), the mix tu re  was kept  at  20 o for  24 h, a f t e r  which it  was  evapora ted  in vacuo, the res idue  was 
t r ea t ed  with 1 : 1 HC1 solution, and the oil was ex t r ac t ed  with benzene,  which c rys t a l l i zed  when n-heptane 
was added. We obtained 0 .6  g (67%) of (X), mp 86-87 ~ ( f rom n-heptane) ,  Rf  0 .56.  I n f r a r ed  s p e c t r u m  
(CHCI3, ~, cm- l ) :  1735 (C = or ,  1600, 1500 CARt, 1350 (SO2t, 1170 (SO2). Ul t rav io le t  spec t rum:  }`max 
231 rim. NMR s p e c t r u m  (5, ppmt:  2.03 s (C6H4CH3-Pt, 2 .32 s (CH3COt, 3.75 d (CH2t, 5 .56 m (NHt, 7 .10-  
7.90 m (C6H4). Found: C 52.74;  H 5.68;  N 6.24;  S 14.23%. C10H13NO3S. Calculated:  C 52.83; H 5.76; 

N6.17; S 14.10%. 

A mixture of 1.25 g of aminoacetone hydrochloride (XIV) [8] and 4.38 g of TsCl in 10 ml of PN was 
kept at 20 ~ for 12 h, after which it was evaporated in vacuo, and the residue was treated with water and 
then ex t r ac t ed  with benzene .  Af t e r  r e m o v a l  of the solvent  we obtained 0.11 g (4~) of (X), mp  85-88 ~ 

N - T o s y l - 3 - a m i n o - 2 - b u t a n o n e  (XI). In the s a m e  m a n n e r  as  desc r ibed  above,  we obtained (XI) f r o m  
(V) [8] in 57% yield,  m p  73-74 ~ ( f rom n-heptane) ,  Rf  0 .63 .  I n f r a r ed  s p e c t r u m  (CHCI 3, v, cm- l ) :  1725 
(C = O7, 1600, 1500 (ARt, 1345 (SO2), 1170 (SO2). Ul t rav io le t  spec t rum:  },max 228 nm.  N1VfR s p e c t r u m  
(5, ppm): 1.21 d (CH3CH), 2.02 s (C6HtCH3-pt, 2.32 s (CH3CO), 3.85 m (CH), 5.77 d (NH), 7.10-7.90 m 
(C6H4). Found: C 54.81; H5.99; N5.99; S 12.91%. CIIHIsNO3S. Calculated: C 54.74; H 6.25; N 5.80; 

S 13.28%. 

The same as described above, the action of TsCl on 3-amino-2-butanone hydrochloride (XV) gave 

(XD in 7% yie ld .  

2 - T o s y l m e r c a p t o - 4 ,  5 -d imethy l imidazo le  (XVI). A mix tu re  of 6.7 g of aminoacetone  hydrochlor ide  
and 5 .8  g of KCNS in 60 ml  of g lac ia l  CH3COOH was heated a t  100 ~ fo r  2 h, a f t e r  which it was let  s tand at 
20 ~ fo r  24 h, and the p rec ip i t a t e  was f i l t e red  and washed  with wa te r .  We obtained 2.7 g of 4, 5 -d ime thy l -  
imidazo l ine -2- th ione  (III). Evapora t ion  of the aqueous m o t h e r  l iquor in vacuo gave an addit ional  1 .2  g of 
(IIIt ,  the total  yield of which was 3 .9  g (57%), mp 268-270 ~ [9]. A mix tu re  of 2.5 g of (III) and 4 .3  g of 
TsC1 in 20 ml  of PN was s t i r r e d  at  20 ~ fo r  5 h, a f t e r  which it was  evapora ted  in vacuo, the res idue  was 
t r ea t ed  with w a t e r  and e ther ,  and the p rec ip i ta te  was f i l t e red .  We obtained 3 .5  g (63~() of (XVI), mp  162- 
163 ~ ( f rom alcohol) ,  Rf  0 .44 (3 : 2 benzene- -e thy l  ace ta te ) .  I n f r a r ed  s p e c t r u m  (CHC13, v, cm- l t :  3200-2800 
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(NH and CII), 1600, 1500 (AR), 1335 (SO2), 1140 (SO2). Ultraviolet spectrum: kma x 239 and 305 nm. 
Found: C 51.42; H5.00; N 9.91; S 22.33~. Ci2HI4N202S2 . Calculated: C 51.05; I14.97; N 9.97; S 
22.60%. 

S-p-Tolyl ester of p-toluenethiosulfonic Acid (XVIII). A mixture of 1.6 g of N-tosyl-DL-(~-alanine 
(xvn5 [10], 4 ml of (CH3CO)20 , and 4 ml of I)N was heated at 90-100 ~ for 1 h, after which it was evaporated 
in vacuo, and the residue was treated with water and then extracted with benzene. The benzene extract 
was washed in succession with aqueous NaHCO 3 solution and water. After removal of the solvent the re- 
action product was recrystallized from n-heptane. We obtained 0.4 g of (XVIII), mp 66-68 ~ Rf 0.75 (5:1 
benzene--ethyl acetate), IR spectrum (CHCI3, v, cm-l): 1600, 1500 (AR), 1330 (SO2), 1142 (SO2). The 
obtained (XVIII) failed to depress the mixed melting point with an authentic specimen (mp 65-67 ~ [7]. 

A mixture of 0.28 g of (XVI) and 10 ml of 1 : 1 HCI solution was refluxed for 5 h, after which it was 
evaporated in vacuo, and the residue was treated with water and then extracted with ethyl acetate. After 
removal of the solvent we obtained 0.09 g of (X%rIII), mp 67-68 ~ Thioester (XVIID was also isolated by 
heating (VI) (~200 ~ 20 min). 

CONCLUSIONS 

1. 4-1midazolin-2-one derivatives when treated with p-toluenesulfonyl chloride in pyridine are 
tosylated at the nitrogen atom, while 4, 5-dimethylimidazoline-2-thione is tosylated at the sulfur atom. 

2. The hydrolytic cleavage of the N-tosyl 4-imidazolin-2-one derivatives in alkaline medium gives 
N-Ts -(~ -aminoketones. 

3. The K salts of the N-tosylimidazolin-2-ones react with alkyl halides in alcohol medium to give 
the N'-alkyl derivatives. 

4. The heating of N-tosyl-~-alanine with acetic anhydride and pyridine, the acid hydrolysis of 2- 
tosylmercapto-4,5-dimethylimidazole, or the thermolysis of 1-tosyl-3-acetonyl-4-methylimidazolin-2- 
one all lead to the formation of the S-p-tolyl ester of p-toluenethiosulfonic acid. 
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