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Absbwct: Novel and facile synthesis of imidazopyridine derivatives 1 from highly stable ureas 5 is described. 

There has been significant interest in derivatives of imidazopyridine due to their varied biological activity 

toward several diseases.1 More mcendy the heterocycle has become a prominent feature in the class of nonpeptide 

AJI xeceptor antagonists,2 as exen@fied by the potential anti-hypertensives MK9963a, L-158,8093b and EMD 

60218.4 Generally, syntheses of the imidazopyridine heterocycle have relied upon the preparation of a 2.3- 

diaminopyridine pncursor using classical chemistry 5a.b followed by condensation of the diamine with the 

appropriate carboxylic acid to form the imidazole.* These approaches are often inefficient and lack rcgic~~~tm~. 

Gur strategy focused on the preparation of an appropriate pyridinoimidazolone intermediate 5: condensation of a 

1.3-dicarbonyl derivative with malonamamidine and subsequent Hofmann rearrangement provided the desired 

urea derivative of 2&%ninopyridine. Conversion of the ureas 5 to the desired imidazoles 1, however, posed a 

significant challenge due to the stability and unreuctivi~ of the carbonyl group.6 To the best of our 

knowled@ no method currtntly exists for the direct conversion of a uza to a &Icy1 or aryl substituted-imidazole. 

Disclosed herein is an efficient Protocol for the preparation of imidazopyridines via a magnesium-catalyzed 

activation of the urea carbonyl towanl solvolysis and condensation with carboxylic acids to provide Zsubstituted- 

imidazoles (Scheme 1). 

MK-9% L-158,809 EMD60218 

The imidazolutidine lb is a key component of the AII antagonist L-158.809. In our study, a highly 

efficient, two-step synthesis of the urea precursor 5b (Scheme 1) was developed: Malonamamidine 

hydrochloride (2) was condensed with 2.4~pentanedione (3b) in the presence of 1.1 equivalents of KOH in 

MeOH at room temperature to afford 2-amino-4,6-dimethylnicotinamide (4b) in 92% yield.6b The product 

crystallized dimctly from the reaction mixhue. The reaction generally muired >20 h to nzach completion; higher 

temperatures shortened the reaction time, but did not yield as pure a product. Recently, Moriarty7 reported the 

Hofmann rearrangement of nicorinamide to f-aminopyridine with iodobcnzene diacetate. Treatment of 4b with 

1.0 equivalent of iodobenzene diacetate in the presence of 2.5 equivalents of KOH in MeOH at -5 OC gave 

rearrangement to the isocyanate. which was trapped intramolecularly to form the urea derivative Sb of 2,3- 
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diaminolutidine in > 95% yie1&8 no detectable formation of the methyl ca&ama& via quenching of the isocyanate 

with the solvent was observed. The condensation and Hofmann rearrangement can also be conducted as a single- 

vessel procedure: Malonamamidine hydrochloride was first condensed with 1.0 equivalent of2&enrane&ne9 

in KOH/MeOH. once the react@ was complete, iodobenzene diacetate was simply added to affect the Hofmann 

rearrangement. Product Sh crys@ized from the reaction mixture and was isolated dkectly by filtration in 80% 

ovemll yield_ 

Scheme 1 

2 

KOH I MeOH 

Our initial approach for conversion of the urea of Sb to the imidazole ring was to hydrolyze the urea to the 

oornsponding diaminopyridine then condense the diamine with propionic acid.* The urea, however, proved to 

be extremely inert to hydrolysis under both acidic and basic conditions, transamination with ethylenedismine or 

analogues in conjunction with titanium isopropoxide, or addition of EtMgBr. Activation of the urea by acylation 

of one or both of the nitrogens witlrpmpionic anhydride facilitated the cleavage of the uma By heating the mea in 

neat propionic anhydride at 180 ‘C in a sealed tube for 18 h a mixture of 7,s and 9 was obtained. None of the 

desired lb was produced until pmpionic acid was included in the reaction mixture: heating the urea in a 1: 1 

mixture of propionic acid/propionic anhydride at 160 OC in a sealed tube for 18 h yielded 32% of the desired 

imidazolutidine lb, 10% of the starting nrea, and four by-products. Interestingly. when only propionic acid was 

used, no reaction occurred. Evidently, the combination is needed to convert the urea directly to the 

imidazolutidine. After mfluxing the urea in a 1: 1 mixtum of propionic acid/pmpionic anhydride at 149 “C for more 

than 5 days, 15% of lb and 75% of N-propionyl imidazolutidine 6 were obtained (Scheme 2); upon treatment 

with aqueous NH4OH, water or MeOH at 60 ‘C the labile propionyl group of 6 was cleaved to provide the 

desired imidamlutidine lb. 

In order to achieve a more efficient conversion of 5 to 1 activation of the urea carbonyl was explored. 

Interestingly, the rate of the reaction increased tremendously with the addition of a Mg salt; Mg2+ is very 

effective at chelating oxygen. When one equivalent of MgC12 was added to the reaction nkure. the reaction time 

decreased >I 7-fold from >5 days to 7 hours. MgC12 permitted rapid conversion of the urea to the 

imidazohukiine in propionic anhydr&/propionic acid with quantitative conversion by HPLC. 
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Scheme 2 

Reaction Pathway for the For+ion of Imidazolutidine 

8 

lb 

f 

f 

The proposed reaction pathway for the activation of the urea Carbony of i+emwUeS 7.8, or 9 with 

MgCl2 is through chelation of the carbonyls, thereby facilitating the nuclcophilic attack of pqionic acid. These 

intetmediates were individually subjected to MgCl2 in propionic acid to provide a mixnule of compounds sb, lb 

and 6. Tt~e evolution of the CO2 was detected with a Dmger Polymcter. The propionic anhydxide plays the dual 

role of an acylating and dehydrating agent. Although scknatically only 1-O equivalent ofanhydride is necessary, 

an excess is requit@ for example, 1.0 and 2.0 equivalents of propionic anhydride gave only 33% and 62% 

con~crsion, respectively. Four equivalents of propionic anhydride resulted in a quantitative conversion io 
* . . * 
e . TheMgCl2actsasacatalyst: decreasingthenumberofaguivalentsofMgC12~3tolga~a 

quantitative eonversion to imidazolutidine, without affecting the reaction time. Further iowering the charge to 0.25 

or 0.5 apivatents gave complete conversion of the urea to the desired imidazoluti~e, with a 3-fold decrease in 

therate. 

Due to the success and simplicity of the synthesis of imidazolutidine lb, the gcnerglity of the method was 

investigated (see Table 1). In all cases, the conversion of the urea to the imidazole was ~95% by HPLX with 

isolated yields varying somewhat. The effect of the reaction tempera- on the rate was evidenced with acetic 

anhydride,keetic acid (entry c); the lower reflux tempemmre extended the reaction time to 48 h. This was 

confim& when a conad experiment of wea Sb heated at 116 “C req.&d two days to complete versus seven 

hours. 



The use of a magnesium salt for promoting urea cleavage clearly offers a practical method in the chemistry 

of 1,24iamino systems. Besides the one-step conversion of a urea to an imidaxole several other interesting 

oppommities are presented. For example, the highly stable urea derivative can be utilized either as a protecting 

gmup for diamines or as precursors for C-C bond f&on processes at the una carbonyl carbon center. Further 
work in this tuwt is cuxrently in progress. 
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