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SUMMARY 

Eight methyl N-(lH-benzimidazol-2-yl)carbamates with 
1 3  various 5-substituents were synthesized, each C-enriched 

at carbon 2, and the carbonyl and methoxy carbons. Five 
were prepared by cyclization involving the appropriate 
4-substituted 1,2-diaminobenzene (CgHgcO-, CH3CH2CH20-, 
CH~CHZCH~S-, CgHgS- and CH3CH2CH2CH2-), and methyl- C 
N-[imino(methylthio)methyl- Clcarbamate- C or methyl 
N,N'-bis(methoxy- C-carbonyl- C)carbamimidothionate- C. 
The latter were prepared from commercially available 

and thiourea. The remaining three (5-substituents: 
C6H5CH(OH)-, CgHgSO- and CH3CH2CH2SO-) were prepared by 
side-chain reduction or oxidation. The H- and C-NMR, and 
the methane CI mass spectral data of the products and 
intermediates are presented. 

1 3  

1 3  1 3  

1 3  1 3  1 3  

1 3  C-enriched (91-92 atom % )  carbon tetrachloride, methanol, 

1 1 3  

1 3  Key words: anthelmintic, microtubules, C-enriched, methyl 
c hloro for mate , S-met hyl-i sot h iourea , C-NMR . 

INTRODUCTION 

O f  importance in cellular processes is the assembly of 

a- and 8-subunits of the protein tubulin into tube-like 
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polymers called microtubules which perform a variety of 

vital functions in the cell. Certain compounds such as 

colchicine and the anticancer drugs vincristine and 

vinblastine bind to tubulin, causing inhibition of tubulin 

assembly, thus disrupting the viability of microtubules, 

with resultant cell death.l 

benzimidazole carbamate group of anthelmintic drugs used 

widely to control nematode parasites in sheep, correlation 

exists between anthelmintic potency and ability to bind 

tubulin. 2, Furthermore, developed drug resistance has been 

shown to be associated with an alteration in the molecular 

structure of tubulin, resulting in reduction of binding.4r5 

In the special case of the 

Recent years have witnessed elegant uses of 
13 1 3  C-enriched molecules as sensitive probes in C-NMR 

studies of enzyme - small molecule interactions.6 
undertaken an NMR study of the interaction between pure 

tubulin from resistant and susceptible nematodes5 and 

benzimidazole carbamates, and report here the syntheses of 

eight 5-substituted methyl N-(lH-benzimidazo1-2-y1)- 

carbamates (la) - (lh) each with 13C-enrichment at carbon 2, 
and the carbonyl and methoxy carbons (Figure 1). The three 

labelled positions have been chosen as they are known to be 

at or near the site involved in binding to t ~ b u l i n . ~  

choice of 5-substituents was based on the wide range of 

tubulin binding activity and resistance ratios exhibited by 

methyl N-(lH-benzimidazol-Z-yl)carbamates with these 

subs t i tuents. 2, 8 

We have 

The 

RESULTS AND DISCUSSION 

5-Substituted alkyl N-(lH-benzimidazol-2-y1)- 

carbamates are conveniently prepared either by reaction 

of a 5-substituted 2-aminobenzimidazole with an alkyl 
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haloformate7 (cf. Figure 1, dotted arrows), or of a 4- 

substituted 1,2-diaminobenzene with an alkyl N-[imino- 

( methylthio)methyl]carbamate8 (full arrows). We prefer 

the latter route whereby one single intermediate with 

the required array of three C-enriched carbons, +. 
methyl- C N-Iimino(methy1thio)methyl- Clcarbamate- C 

(61, serves to yield various 5-substituted methyl 

N-(lH-benzimidazol-2-yl)carbamates with the appropriate 

1 3  

1 3  1 3  1 3  

1 3  C-labels. In practice, this intermediate formed 
1 3  1 3  from S-methyl(isothiourea- C) (3) and methyl- C 

chloroformate- C ( 4 )  under basic conditions was 

usually accompanied by methyl N,N'-bis(methoxy- C- 

carbonyl- C)carbamimidothionate- C (7). In model 

experiments using unlabelled reactants in aqueous 

solution at pH 8, the ratio of the di- and mono- 

carbomethoxy intermediates [cf. (7) E. ( 6 ) l  as 

determined by lH-NMR was 1:2 when the two reactants were 

in equimolar amounts, and rose to 5:l when methyl 

chloroformate was 50% in excess.* In syntheses using C- 

enriched reactants, the former conditions were adopted to 

minimize the formation of the dicarbomethoxy intermediate 

( 7 ) ,  which was expected to form the required 5-substituted 

methyl N-( 1H-benzimidazol-2-y1)carbamate ( 5)9 with loss of 

one carbomethoxy group, and hence half of its enriched 

carbons. Intermediates ( 6 )  and (7) generated in situ [or in 

one case, isolated intermediate ( 6 1 1 ,  and buffered with 

acetic acid - sodium acetate were then treated with 
4-benzoyl-, 4-propoxy-, 4-propylthio-, 4-phenylthio- and 

4-n-butyl-l,2-diaminobenzene (2a) - ( 2e) to yield the 

corresponding 5-substituted methyl- C N-(lH-benzimidazol- 

1 3  

1 3  

1 3  1 3  

1 3  

1 3  

*Impurities were present when S-methylisothiourea was 50% in 
excess. Replacement of aqueous hydroxide by pyridine in 
toluene increased the amount of the dicarbomethoxy product. 
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2- C-2-y1)carbamate- C (la) - (le) (Figure 1). The 

diamines were prepared according to published literature 

methods as cited in Table 1. 

1 3  1 3  

883 

I J  The remaining C-labelled 5-substituted methyl 

N-(lH-benzimidazol-2-yl)carbamates (If) - (lh) (see Table 1) 
were prepared by modification of the 5-side-chain. Sodium 

borohydride reduction of the benzoyl 'group of C-labelled 

mebendazole (la) gave the analog (If) having a hydroxybenzyl 

side-chain, and corresponding to a major metabolic product 

of mebendazole in vitro.10 

propylthio group of C-labelled fenbendazole (la) and 

albendazole (lc) respectively, using hydrogen peroxide in 

acetic acid, yielded the respective sulfoxide analogs 

(lg)(oxfendazole) and (lh), which also correspond to 

metabolites in animals. l1, l2 

1 3  

Oxidation of the phenylthio and 
1 3  

1 3  Intermediates S-methyl(isothiourea- C) sulfate (3) 
1 3  1 3  and methyl- C chloroformate- C were respectively prepared 

by methylation of thiourea- C with dimethyl sulfate,13 and 

by reaction of methanol- C with phosgene- C, the latter 

generated from carbon- 

1 3  

1 3  1 3  

1 3  C tetrachloride. l4 
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1 3  All experiments with C-enriched reactants were 

preceded by those involving unlabelled materials, often 

carried out repeatedly. Yields of unlabelled products are 

given & if higher than in the syntheses of the 
corresponding C-labelled products. The spectral data of 

each synthesized 5-substituted methyl- C N-(lH-benzimidazol- 

2-  C-2-yljcarbamate- C are given in Table 3, and those of 

intermediates in Table 2. Evaporation of solvents took 

place under reduced pressure at the lowest possible 

temperature. Melting points were obtained using a Kofler 

hot-stage apparatus and were uncorrected. C-Enriched 

starting materials (91-92 atom % )  were purchased from 

Amersham, U.K. (carbon- C tetrachloride and methanol- C) 

and from MSD Isotopes, U.S.A. (thiourea- C). lH- and 

1 3  

1 3  

1 3  1 3  

1 3  

1 3  1 3  

1 3  

1 3  C-NMR data were collected using a J E O L  FX-90Q spectrometer 

operating in the Fourier-transform mode at 89.6 MHz and 22.5 

MHz respectively. Acquisition time, pulse delay and pulse 

width were, for IH: 4.6 s, 0.1 s, and 43 11s; for 13C: 0.73 

s ,  0.1 s and 7 U S  respectively. Chemical ionization mass 

spectra were obtained using a Finnigan 3200E GC - mass 
spectrometer and associated Finnigan 6110 data system. 

1 3  1 3  Methyl- C chloroformate- C ( 4 )  

100% Sulfuric acid (formed by addition of fuming 

sulfuric acid to 98% sulfuric acid until yellow) (0.66 g, 

6.7 mmol, or 55% excess) and freshly ignited celite (15 mg) 

were placed in a flask fitted with a dropping funnel and a 

delivery tube above a short reflux condenser. Carbon- C 1 3  

tetrachloride (1.0 g, 6.5 mmol) was added and the mixture 

was heated to 135-140OC. Phosgene- C formed was collected 

in dry toluene (2.3 g) in an ice-salt bath while hydrogen 

1 3  
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chloride was allowed to exit via a calcium chloride drying 

tube. The increase in weight of the toluene solution 

after 2 h was 0.60-0.65 g. To the ice-cold solution of 

phosgene- C in toluene in a sealed vessel was injected 

methanol- C (167 mg, 5.1 mmol). The mixture was gently 

shaken and allowed to rise to room temperature after 30 min. 

After 2 h, lH-NMR analysis showed the presence of 3.6 mmol 

of methyl- C chloroformate (NMR data: Table 3), and 0.2 
1 3  1 3  1 mmol of dimethyl- C carbonate- C, 6 (CDC13) 3.76 dd ( JCH 

1 3  

1 3  

1 3  

150, 3JCOCH 4.1 HZ). 

1 3  S-Methyl(isothi0urea- C) sulfate (3 )  

1 3  To a stirred suspension of thiourea- C (0.50 g, 6.5 

mmol) in water (0.4 ml) was added dimethyl sulfate (0.45 g, 

3.6 mmol, 10% excess)(purified by being washed with 1 vol. 

ice-cold water followed by 1/3 vol. cold saturated aqueous 

sodium bicarbonate). The reaction was allowed to progress 

spontaneously under reflux and with mild cooling for 10 min. 

It was then refluxed for 1 h. To the cooled mixture 95% 

ethanol (2 ml) was added with stirring. The crystals formed 

were filtered, washed with cold ethanol (3 x 1 ml), and 

dried at room temperature under reduced pressure, yielding 

S-methyl(isothiourea- C) sulfate ( 3 )  (0.56 g, 62%) (yield 

of unlabelled analog 75%), m.p. 233-236OC (lit. m.p. of 

unlabelled analog, 235OC). 

1 3  

1 3  

1 3  1 3  1 3  Methyl- C N-[imino(methylthio)methyl- Clcarbamate- C (62_ 

and methyl N,N'-bis(methoxy- C-carbonyl- C)carbamimido- 

thionate- C ( 7 )  

1 3  1 3  

1 3  

1 3  
A stirred mixture of S-methyl(isothi0urea- C) sulfate 

1 3  (3) (78 mg, 0.56 mmol) in water (0.4 ml) and of methyl- C 

chloroformate- C (4) (54 mg, 0.56 mmol) in toluene ( 0 . 4 4  g) 1 3  
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maintained at 5OC was brought to pH 8 by the addition of 4M 

aqueous sodium hydroxide (0.15 ml). The mixture was stirred 

vigorously at 5OC for 30 min and then allowed to warm to 

room temperature during 30 min, while the pH was maintained 

by the addition of sodium hydroxide. 

of a mixture of the title compounds (6) (major) and (7) was 

used in situ for the next experiment. In one experiment at 

half scale the product was found to consist mainly of 

product (6); extraction into dichloromethane followed by 

evaporation of the solvent yielded methyl-' 3C 

N-[imino(methylthio)methyl- Clcarbamate- C (6) (23 mg, 

5 4 % ) ,  m.p. 69-70°C. 

The product consisting 

1 3  1 3  

1 3  
Syntheses of 5(6)-substituted methyl- C N-(lH-benzimidazol- 

2- C-2-y1)carbamates- C (la)-(le) from 4-substituted 

l12-diaminobenzenes (2a)-( 2e) 

1 3  1 3  

The following general procedure was employed yielding 
13 the first four of the C-labelled 5-substituted methyl 

N-(1H-benzimidazol-2-yl)carbamates shown in Table 1. The 

reaction mixture obtained by reacting equimolar quantities 

of S-methyl(isothi0urea- C) sulfate ( 3 )  (0.56 m m o l ) ,  and 

methyl- 

previous paragraph was adjusted to pH 4-5 with 100% acetic' 

13 

1 3  C chlor~formate-~~C (4) at pH 8 as described in the 

acid. After successive addition of sodium acetate (23 mg, 

0.28 mmol) and the appropriate 4-substituted 1,2-diamino- 

benzene (2a)-(2d) (0.28 mmol) as the free base or the 

hydrochloride salt, the mixture was stirred vigorously at 

100°C for 90 min. The product precipitated from the cooled 

mixture was collected, triturated with cold methanol, 

filtered again, washed several times with cold methanol, and 

finally dried under vacuum. Yields were 94-96% based on the 

4-substituted lI2-diaminoBenzene (2a)-( 2d) , and 47-48% based 
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on S-methyl(isothiourea- C) sulphate ( 3 )  and methyl- C 

chloroformate (4). 

1 3  1 3  

891 

The fifth product shown in Table 1 was prepared in a 
1 3  similar manner, but starting from isolated methyl- C 

N-[imino(methylthio)methyl- Clcarbamate- C (6) (22 mg, 

0.145 mmol), and employing excess of the diamine (2e) (0.18 

mmol); the yield was 30%. 

1 3  1 3  

1 3  Syntheses of 5(6)-substituted methyl- C N-(1H-benzimidazol- 

2- C-2-y1)carbamates- C (lf)-(Jh) by side-chain 

modification 

1 3  1 3  

1 3  To a stirred suspension of C-labelled methyl 

N-[5(6)-benzoyl-1H-benzimidazol-2-yl]carbamate (mebendazole) 

(la) (20 mg, 0.067 mmol) in N,N-dimethylformamide (1.5 ml) 

and methanol (1.5 ml) was added sodium borohydride (21 mg, 

0.55 mmol). After 45 min at room temperature when the 

reaction was completed as shown by TLC, traces of 

undissolved material was removed, and water ( 8  ml) was added 

to the filtrate. The precipitate formed on evaporation of 

the methanol was collected, washed with water ( 4  x 1 ml), 

and dried to give the S-(hydroxybenzyl) product (If) (12 mg, 

60%) (yield of unlabelled analog, 80%). 

1 3  To a stirred suspension of C-labelled methyl 

N-[5(6)-phenylthio-lH-benzimidazol-2-yl]carbamate 

(fenbendazole) (la) ( 3 0  mg, 0.10 mmol) in 100% acetic acid 

(1.5 ml) at 45OC, 28% w/w hydrogen peroxide (26 mg, 0.20 

mmol) was added. After 45 min at the same temperature when 

the reaction was completed (TLC), acetic acid was removed 

under reduced pressure at room temperature. The residue was 

stirred with methanol ( 1 . 5  ml), filtered, washed with 

diethyl ether, and dried to give the 5-phenylsulfinyl 
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product (19) (27 mg in two Crops, 84%). 

H .  T. Cheung, D.  D.  Chau and E.  Lacey 

1 3  Similar oxidation of C-labelled methyl N-[5(6)- 

propylthio-1H-benzimidazol-2-yl]carbamate (albendazole) (lc) 

(27 mg, 0.10 mmol) yielded the 5-propylsulfinyl product (lh) 

(18 mg, 62%). 
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