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Three-Component Cyclocondensations. A Convenient Access 
to Fused Imidazolium and Dihydropyrimidinium Salts 

via the Reaction of Methyl Chlorothioimidates 
with Azines and Isocyanides. 

Evelyne Marchand and Georges Morel* 

Laboratoire de Physicochimie Structurale associ~ au CNRS, Campus de Beaulieu, 35042 Rennes, 
France. 

Abstrnct . A mixture of methyl cklorothioiraidale, isocyanide and pyridine react in a sequence 
of N-imidoylpyridialwln formation then cycloe__~_':ion step, to give I qunino~:_dn_.~ [l.5-a] 
pyr/d/n/am and eventually pyr/d/no [ I~2-c] dihydropyrimieh~isun salts. Similarly, the use of 
pyri,~,i~e, pyrin6dine and pyrazine allows the preparmion of corresponding fused I -amino-J- 
(methylthio ) i~:_,l,,yol~'n chlorides. 

I n t o  chlorosulfi~s are readily obtained from isocyanides and aryl or alkylsulfenyl chlorides and 
these attractive products have recently been used in various ways in the field of heterocycfic c h c n ~  15. In 
pa~ti'¢ular, we have reported that action of methyl chlorothioimidates 1, on benzaldimdnes affords N- 
imidoylbenzylideniminhnn species as unstable intenmdiates which are trapped by ~ocyanides to give 4-Rmino- 
2"- ttne~l~'h~j" ~ d h m  sm~ ~ / ~  u~e same way, me~yi" a ~  I ~ Y , "  ~ h b r ~ ' h ~  ~ amerCe- 
with thio-DMF to furnish transient N.(thiocarbonyl) forwamidinium chlorides. [1 + 4] cycloaddition to 
isocyanides in sire yields a large number of useful 4,5-diaminothiazolium salts 4. The efficiency of these three- 
¢ o n ! v o n e m . v r ~ e ~ e s  prompts ~s W exam~e ~ e  ~>e~a~om" o~ o~er ac~ve com~enbs  nnb~ ~m~ar 

C'J ~7~k.~ '~ ~ ' ~ y m f i ~ k ~  ~. ~ ~y "~t"~'~_ _~f~ ,  ~ -wt~/~i ~ ~,~i~,.my'rl)yr ~ i i n m ~  £ ~ r ~ - h ~ a . ~  -~ 
is expected (scheme l). 

We have found that representative imidoyl chlorides 1 and pyridines undergo slow 

at 2 ~  |r~) for several ~lays. Thus, wc~navc ob~nc~ a mixture ot cyc~oe~ta~s • an& $ or 6~h~er v~)c of ~hese 
sa~s s~Tng)y pr~po~m'am, ~¢p~n~ng upon ~e  na~,v oF ~¢ va~ous e~c~s, as hea~beh )n ~w ~ab)¢. The 
ra~o ol~ .~ sharg"t,v "tacreascs w'aen ster~mg compounds 1 and 2 are N-substimtcdt by ~¢  "tsopmpyl group {~or 

The first step of the reaction proceeds most probably asa quaternization at the nitrogen ring. The 
resulting cationic species 3, in small equilibrium concenlradon 6, are trapped by nucleophilic isocyanides via 
two competitive process. One way is the [1 + 4] cycl~_d_d_ition mute and subsequent tautomerism to produce 1- 
amino-3-(methylthio) imidazo [1,5-a] pyridinium chlorides 4. Another way leads to 1-amino-2-imlno~- 
(methylthio) pyridino [1,2-c] dihydropyrimidinium chlorides 5, according to a [1 + 1 + 4] mechanism 7. 

A third product can also be obtained in noticeable quantities, especially with the ethyl group as RI 
and R 4 substituents (entries 1-4), and identified as the 6-chloro-4,5-diimino-6-(methylthio)-l,6-dihydro-2- 
pyrimidinethione 6. 
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Scheme 1 

The undesirable fotmation of 6 is rationaked assuming the self-additioo of 1, the inewrsible 
[l + 1 + 41 cyclization of the in situ generated iminium salt and the fast demthylation of the resulting 
~~~~~drloride(scheme2).This~~iscornpaitivetatheusualnnrtegining~~ 
$alts 3, tllal4 and 5 and stmngly dominates with some substituted pylidks (entries 3.4) 7. we have vcrifkd 
that the N-ethyl compotmds 1 and 2 produce 6 and &Cl in a quasiquantitative yield by using si&ilar 
conditions without pyridine (rt, 4 days, isolated 70 %). 6 is sluggishly aansfolmed into the S-&S- 
(methylthio)-4-pyknidone 7 on smuding at rt unikr atmospheric moisture. This hydrolysis p#lumrbly takes 
plrmviachbrinesubsdMigcyclicelimination~13migrationofthidaaeion(scheme2). 

Bchomr 2 

The mildness of the mcthcdology allows also the preparation of l-amino-3-(methylthio) imidazo 
[1,5-x] diazinium chlorides 8,9,10 in the prcaam of nucleophilic diazines such as pyridaak. pyknidine 
nndpynzine.~thtcontrary,theadditionofOiazinedonotpromoasnyrerrction(antry13).Anin#2#tine 
feaaPeirdre~~ofthecyclizatiarstepw~3-branopyridineandpyrimidineueussdrosearting 
ptWlcts (entries 7, 11, 15). 
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When Rt = R4, the cxpuimatal procedure is a simple addition first of Mcscl(10 mmol) then of 
azine (10 mmol) to a 4-fold amount of isocyanidc 2, in anhydrous CHC13 (4 mL). ll~esc mixtures BTC 
maintakd at rt for the times indicated in the Table. Crude salts ate purified with sonx difficulty by a&ous 
dissolution, etheral washing and CHHZQZ extraction as pmcakntly described in related caxs 3. Most salts ate 
isolated as brownish solids and rccrystallkd from CH$I!lfit20 to give sati&my elemtml analysis. AU 
compoundselOareidentifledbytheirtHandt3CNMR~da~andmess~8. 
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In conclusion, methyl chlorwhioimidates 1 easily nsct with pyridim or diazbsin the presmcc of 
i.socyanid& This tbree+omp&!nt method is a simple and useful route to a variety of bed imidaz&um.and 
dihwum salts tihich are thus prepared for the first time. Extension of the scope of such approach 
to the one-pot synthesis of other heterocycles is under investigation. 
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4c : yellow crystals, mp 2xIoc (decomp). 13~ NMR 8 109.9 (m. C-3), 115.5 (ddd. 1~ = 176, 2J and 3J = 3.2 and 6.6, 
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c&d fa C13Hl7ClN4S : C, 52.61 : H. 5.73 : Cl, 11.97 ; N, 18.88 ; S, 10.79. Found : C, 52.71 ; H, 5.80 ; Cl. 12.25 : 
N. 18.60 ; S, 10.70. 

5d : Yellowish powder, mp lso”c (dccomp). l3C NMR 8 118.5 (m, C-9’), 119.0 (dt, *J = 190, 2J = 5 = 6, C-6). 
120.6 (ddd, lJ = 169.5 and 311 1.8 and9. C-7). 120.9 (dd, 1J = 171,3J = 7, C-8). 121.4 (dd, lJ = 172.3J = 7. C-9). 
1219 (d, 3J = 9, C-l), 1321 (s, C-Z), 148.9 (m. C-4). MS cakd for C18H28N4S. m/x 332.2035 (Ha elim.). fonnd 
332.204. 

6 : crude oil. 13C NMR 8 80.0 (m, CX)). 138.0 (t. 3J = 10.5, C-S), 148.6 (m. C-4), 181.0 (m. C-2). MS cakd fcx 
C13H2335ciN4S2. m/Z 334.1053. fwnd 334.105. 

7 : mp 86°C (Et2O/petrohtm ether). l3C NMFt 8 77.6 (q, 33 = 4.1, C-5), 149.6 (m, C-6). 163.7 (td, 3J = 3.6, Cd), 
180.6 (tn. C-2). MS cakd for Cl3f&N4GS2, m/z 316.1391, fotmd 316.1383. 

8a : orange crystals, mp 15ooC (decomp). 13C NMB 8 109.8 (m. C-3), 110.6 (ddd, 1~ = 177.3, 2J and 3J = 1 and 6.2, 
C-7). 122.8 (m. C-8’). 130.6 (d& 1~ = 172.3J = 5.7, C-8). 135.5 (t, 3J = 3.5, C-l), 151.3 (ddd. lJ = 184.9. 2J aad 
3J = 4.1 and 7.6, C-6). Anal. cakd for CllH17ClN4S : C, 48.44 ; Cl, 13.02 ; N, 20.55 ; S. 11.74. Found : C, 48.87 ; 
Cl, 12.95 ; N, 20.28 ; S. 11.70. 

9B.: darkish crude oil. lk NMR 8 109.6 (m, C-3). 112.5 (dd, *J = 176, 2J = 8.7, C-6), 134.3 (s, C-l). 136.0 (dt. 
1~ = 197,2J = 3J = 5, C-5), 137.5 (m, C-8’). 155.4 (ddd, 1~ = 190. 2J and 3J 3: 2.5 and 6, C-7). MS cakd for 
C12HlsNqS. m/z 250.1252 @k-Cl elim). found 250.124. 
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C-l). MS calcd for C1lHl6NqS. m/z 236.1096 @XC1 elim), found 236.1100. 
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~l-ethoxycarbonylmehyliiidsmlium bromides : El-Bayouki. Kairy A.M. ;~?Iamnd M. : Osmatt, S.A. ; 
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