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A novel straightforward synthesis of 2-imino-4-thiazolmes has been performed by reaction of 

cy-bromoketimines with potassium thiocyanate in acetonitrile. Comrary to other syntheses of these 

heterocycles, no side reactions were observed. The sbuctuml assignment of these relatively rare 

2-imino-2,3-dihy&thiaxoles was executed by spectroscopic means, by the synthesis of model 

compounds by an alternative route and by X-ray crystallographic analysis of an N-ace@ deriva- 

tive, excluding any other isomer+ possibility. 

The Hantxsch thiaxole synthesis using the condensation of a-haloketones with thiourea was established 

‘a century ago.’ The problem of isomerism of the heterocycles emerged soon when it was observed that the 

free base of the salt formed upon methylation of 2-amino4methyhhiaxole (obtamed from chloroacetone and 

thiourea)’ was isomeric with the free base resulting from the condensation of chl oroa&one with N-methyl- 

thiourea.* It was shown and later generally accepted that the former methylation product was 2-imino-3,4- 

dimethyl-4-thiaxoline 2 and the latter 4-methyl-2-(metbylamii)thiaxooo)thiazole 1. 

The condensation of ar-haloketones with N-monosubstituted thiomeas in the usual organic solvents has 

been studied extensively and led to 2-(N-substituted amino)thiiles.‘~’ However, the same condensation 
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under acidic conditions gave rise to the isomeric 2-imino-4-thiaxolines,*~6 in addition to variable amounts of 

the aminothiaxoles.6 

While 2-(N-substituted amino)thiaxoles are readily accessible ~der the neutral conditions discussed 

above, the isomeric 2-imino4thiaxolines are not. The best entry to the latter heteroqcles 5 involves the 

condensation of ohaloketones 1 with thiourea, followed by alkylation of the resulting 2-aminothiaxole 4.‘~+’ 

0 
NH 

R2 
1) Mel 

R’ 
- X 2) base 

9 X = Cl, Br h 

An alternative synthesis of 2-imino-4-thiaxolines 5 consists of the condensation of or-haloketones with N-ben- 

xoyl N-substituted thioureas.9 Less general approaches involve the reaction of ketones with N-alkyl rhodan- 

amines” or bis-benxyl f ormamidine disulfide,” or the reaction of or-chloroketones with thiosemicatbaxide in 

acid medium,‘214 but the latter reaction was previously erroneously reported as giving rise to 2-amino-1,3,4- 
~adia&es_lJJ6 Some 2-imino4thiaxolines are useful as schistosomicides’~” and cardiotonics, while some 

derivatives are active against trichomonides” or can be used as UV light stabilixers for polyolefins.’ Recent 

patents claimed the use of 2-imino4thiaxolines as acaricides and insecticides,” and plant growth regt~lators.~ 

In this paper a new straightforward synthesis of 2-imino4thiaxolines 2 will be disclosed, starting from rea- 

dily accessible ar-bromoketim&s 6. 

The reaction of ar-bromoketimines 6, easily prepamd from the correspondmg cr-bromoketones with 

primary amines in the presence of titanium(IV) chloride,” with potassium thiocyanate in acetonitrile under 

reflux afforded 3-alkyl-2-imino4aryl4thiaxolines 2 as dark oils (85-1001 yield except for compound Zf 

which was pqared in 57% yield). High vacuum distillation Qartial decomposition) gives the 2-imino-4- 

thiaxolines Z as yellow oils, but darkening occurs rapidly. These heterocycles can be converted into stable 

hydrochlorides 8 by reaction with gaseous hydrogen chloride in ether. An alternative pro&m-e consists of 

the treatment of compounds 2 with aqueous hydrogen bromide and evaporation to drynessn The synthesis 

of the 2-imino-4~thiaxolines Z and the corresponding hydrochlorides 8 is compiled in Table I. 

&cause of the fact that thiocyanate is an ambident mrcleophile, care should be taken with regard to the 

fil structure of the heterocycles. Spectrometric analysis (‘H NMR, “C NMR, IR and MS) revealed a net 

structure in which the bromine had been replaced by the nucleophile and in which an additional ring closure 

had taken place. Two structures match with these features, namely 2-imino+thiaxolines 2 or 4-imidaxoline- 

2-thiones lQ. It is not evident from spectroscopic data which compound is actually formed. Therefore, some 

efforts have been performed to assure the structural assignment. 

A salient feature of the known 2-imino4thiaxolines is that they occur as oils (many times they are 

referred to as “dark oils”).6J*‘6 Comparison with a known related 2-imino4thiaxoline structure was perfor- 
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med in the following way. 2-?3romopropiophenone 11 was condeasedwiththioureaitt~htteethanollnader 

refhrx for two hours to afford 81% 2-amino-Gnethyl4phenylthiaaole hydrobromide U.‘.“’ The latter 

I 
R = i-Pr 

A@ R’ = H, CH, 
R” = CH, 

RNN’NH 
- 

@r 

R” 

R’ IQ 
& R’=H 70% 
& R’= CH3 66% 

product was also obtained from the reaction of N-(2-bromo-1-phenyl-1-propylidene)@propylamine 6a (R=i- 

Pr; R’ = H; R” =Me) with thiourea in methanol under reflux for 1.5 h. The condensation of cy-bromoketi- 

mine fja with thiourea is comparable with the condensation of g-cNoro_B-(ethoxycarbonyl)enaminesn Or 

a-chlorooxime? with thiourea, affording 2-amino-5-(ethoxycarbonyl)thiar.oles or2-amhtothiaxoles, E+cti- 

vely. The reaction of a-bromoketimines fj with thiourea has no advantage over the use of ar-bromoketones 

because the N-alkylamino moiety in the former is lost during the reaction. The same statement is applicable 

to the reaction of cr-bromoketimines 6 with N-alkylthioureas. As exemplified for the condensation of a-bra 

moketintitte @ with N-ethylthiourea in acetonitrile under reflux, the N-alkylamitto portion of the cr-bromoke- 

timine is lost while the N-alkylamino moiety of the thiourea derivative is retained in the final molecule as 

an alkylaminosubstituent atthe 2-position, resulting in the formation of 2-(N-ethylamino)-Snethyl4phenyl- 

thiaxole fi. 

The nitrogen atom at the 3-position of 2-amino5-methyl4phenylthiaxole L$ was methylated with 

methyl iodide in absolute ethanol u&r reflux affording the hydroiodide of 2-imino-3,5-dimethyl-4-phfznyl-4 

thiaxoline in 60% yield. Treatmen twithaqueousalkaliprovidedaccesstothefreebaseZf. Boththehydro- 

iodide 14 and the free base If exhibited ‘H NMR and “C NMR spectml chamcmristics which were in close 

agreement with the data of analogous 3-alkyl heterocycles 2. RqeciaRy the ‘C NMR data of the authentic 

3-methyl derivatives 14 and zf were indicative of a similar struuum for the 3-alkyl derivatives 2. 

Attempts to crystallize the salts of 2-imino4thiaxoli in a suitable form for X-ray crystallographic 
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analysis failed. Therefore, efforts were conducted towards the pqaration of a crystalline derivative. Acety- 

lation of 2-aminothiazole derivatives is often problematic and can lead to different N-acetyl derivatives, the 

1 .5h 
2) aq. NaOH 

95% aq. NaOH 

I 

MeNNtys - cr \- zf 

regiocbemistry of which being determined by the acetylation conditions (traces of mineral acids direct the 

acetylation in a different course than in the case of the presence of basic substances, e.g. sodium a~~tate).“~ 

This problem is prohibited in the title he&ocycles of this article because the 3-position is blocked by N-alky- 

lation, leaving the 2-imino functionality as the sole site for acetylation. Acetylation of compounds ?!a and 

zb was either performed with excess acetic auhydride under reflux without any solvent or with excess acetic 

anhydride in toluene at room temperature overnight (Table I). 4.6.8.21 The spectml charac&stics of these two 

N-acetylimino derivatives 3 and B pointed again to a 2-imino4thiazoline sbucture, proving that no rear- 

rangement had taken piece. 

The structure of the heteroqcles nsulting from the reaction of ar-bromoketimines 4 with potassium 

thiocyanate was muunbigously proven by the X-ray crystallographic analysis of the N-ace@ compound !?a, 

indicating the compound to be 2-(N-acetylimino)-3-isopropyl-5-methyl4phenyl4thiazoline. The X-ray 
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structure of compound _& is given in figure 1 while the detailed X-ray 

forthcoming report. 

Figure 1 : X-ray structure of 2-(N-acetylimino)&hiaxoline a. 

3415 

data will be published in a 

As far as the examples show, the synthesis of 2-imino+hiazolines z is applicable to substrates having 

an alkyd substituent at the 3-position and the 5-position, and an aromatic substituent at the 4-position. One 

exception was noticed with the N-t-butyl ketimine derived from 2-bromopropiophenone. After the usual reac- 

tion time under reflux (1 hour, KSCN, CH,CN) most of the starting material was still present but after 

4 hours of reflux a very complex reaction mixture was formed from which no reaction products could be 

identified. It might be that this deviating reactivity finds its origin in the fact that the more sterically 

hindered a-bromoketimine f& occurs in equilibrium with the less reactive enamine 16. Aliphatic ar-cbloro- 

ketimines, e.g. N-(3-chloro-2-butylidene)isopropylamine, did not react with potassium thiocyanate to afford 

the title 2-imino+thiazoKnes but instead a complex reaction mixture was formed. Also ar-bromoaldi- 

mines, e.g. N-(2-bromo-Zmethyl-l-propylidene)t-butylamine, although structurally not capable of giving rise 

N 
NH 

to a 2-imino4thiaz,oline, on reaction with potassium thiocyanate in acetonitrile afforded a complex reaction 

mixture. 

It was found that compounds 2 are preferably pqared by reaction of cr-bromoke$imines 6 with 

potassium thiocyanate in acetonitrile. When methanol was used as the solvent, the reactions were slower and 

methanol had the tendency to be incorporated in tbe organic substrates, leading to impure reaction products. 
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From the mechanistic point of view, the formation of 2-imiuo4thiaxolines 2 from ar-bromoketimines 

6 can be interpreted as arising from nucleophilic substitution of the bromide by the sulplmr atom of thiocya- 

-RNH;, mR,$Rw <dR,, 

a 22 
R’ 

nate followed by intramolecular addition of the enamino nitrogen (see structure _@) across the carbownitrogm 

triple bond. In similar way, thiourea substitutes the bromide in ar-bromoketimine &I but, by the subsequent 

intramolecular nucleophilic addition, the ketimino Iunction is attacked, leading to expulsion of the aliphatic 

amine. Finally, tautomerism of 2L produces the 2-aminothiaz.ole 22. 

Infrared spectra were recorded with a Perkin Elmer model 1310 spectrophotometer. ‘H NMR spectra were 
measured with a Varian T-60 NMR spectrometer while ‘C NMR spectra were recorded with a Varian ET-80 

NMR spectrometer. Mass spectra were obtained with a Varian-MAT 1 I2 mass qectrometer using the direct 

inlet system (70 eV). Melting points were recorded with a Kofler hotstage and are uncorrected. All 

ru-bromoketimines 4 were synthesixed according to our previously published method.m The spectrome$ric 

data of two representative new cr-bromoketimines is given below. 
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. . _ _ b 66 LR=i_pr. R’=H. R”=* 

Yield : 87% (> 98% pure by GLC); bp 60-63’C/O.O5 mmHg. 

IR (NaCI) : vcd 1635 cm-‘. ‘H NMR (CDCl,) : 6 1.03 (3H,t,J =6Hz); 1.03 and 1.07 (6H,2d,J =6Hz,Mez); 

1.6-2.4(2H,m,CH,);3.38(1H,septet,J=6Hz,NCH);4.63(1H,dxd,J=6.5Hz,J=8Hz,C~Br);7.1-7.5(5H,m, 

GH,). “C NMR (CDCI,) : 6 23.29 and 23.47 (each q,Mq); 12.51 (q,Me); 28.94 (t,CH,); 60.23 (d,NCH); 

52.46 (d); 128.59 (d,cH&; 127.56 and 128.10 (each d,C& and CH_); 135.59 (s,C,,); 166.14 

(s,C=N). Mass spectrum m/z (46) : 267/9 (M’; 1); 266/8(l); 252/4(l); 239/41(4); 188(B); 187(5); 162(2); 

150(2); 146(14); 131(2); 130(2); 115(4); 104(100); 90(5); 77(9); 50(4); 43(9); 41(10). 

According to the procedure described in our previous pape~,~ 8.52 g (0.04 mol) 2-bromopropiophenone 11, 

11.68 g (0.16 mol) t-butylamine and 5.13 g (0.027 mol) titanium(IV) chloride in 80 ml benzene were 

refluxed for two hours. Workup with aqueous sodium hydroxide afforded N-t-butyl a-bromoketimine f& 

in 84% yield after distillation, bp. 56-60°C/0.01 mmHg. Shortly after distillation : ratio fi : 16 about I : 1 

(Ccl,; ‘H NMR); after equilibration : ratio @I : 14 7:3. ‘H NMR (Ccl,), cll-bromoketimine @I : 6 1.03 

(9H,s,t-Bu); 1.75 (3H,d,J=6.5Hz,Me); 4.70 (lH,q,J=6.5Hz,CHBr); 7.2-7.5 (SH,m,C&). &Bromoen- 

amine 16 : 6 0.96 (9H,s, t-Bu); 2.15 (3H,s,Me); 3.9 (lH,s,broad,NH); 7.2-7.5 (SH,m,Cd-l,). IR (NaCI) : 

3340 cm-’ (w. vNH); 1620 and 1640-1655 cm-’ (v+,, and vcXc). Mass spectrum, m/z (R) : 267169 (M’; 18); 

252/54(10); 211/13(36); 160(49); 132(42); 115(29); 105(46); 1@4(100); 91(B); 77(29); 57(93); 51(13); 

41(29). 

Svnthesis of 3.5-Dialkyl4aryl2 
. . . . _ - m 7 

A solution of 0.01 mol of ar-bromoketimine 6 in 25 ml of acetonitrile was treated with 0.015 mol of potas- 

sium thiocyanate. The heterogeneous mixture was stirred under reflux for the time indicated in Table I 

during which potassium thiocyanate gradually dissolved and potassium bromide precipitated from the colored 

solution. The reaction mixture was cooled and poured into 150 ml of 1 N sodium hydroxide. Extraction with 

dichloromethane gave an essentially colorless aqueous phase and a dark colored organic phase. A second 

extraction with a small portion of dichloromethane was executed and the combined organic phases were dried 

(MgSO,). Evaporation under vacua atiorded a dark syrup which was treated with dry ether (in order to 

remove some potassium thiocyanate), filtered, evaporated under vacua to leave a dark oil, which consisted 

of pure 2-imino+tbiazoline 2 as evidenced by ‘H NMR analysis. These compounds are preferably converted 

into their stable hydrochlorides (vide infra), as they decompose to tarry materials on standing. 

Synthais of Hydrochlorides of 3.5-Dialkyl-4-aryl-2-imino-4-thiazolines (compounds 8) 

A stirred solution of 0.01 mol of 3,5-dialkyl&uyl-2-imino4thiiizolines 1 in 40 ml of dry ether was treated 

dropwise with a solution of dry hydrogen chloride in ether until no further precipitation occurred. After Stan- 

ding overnight, the precipitated hydrochloride was isolated by filtration, washed five times with dry ether 

and dried under vacuum. The hydrochlorides 8 thus obtained as free flowing yellow to orange powders are 

stable when kept in a closed vessel. Detailed information on salts 8 is given in Tables I and IV. 
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Elemental analvses of hydrocl&r&s 8 

Compound Za : 58.09% C calcd., 57.19% C found; 6.37% H calcd., 6.57% H found; 13.19% Cl calcd., 

13.13% Cl found; 10.42% N calcd.. 10.29% N found. Compound Ih : 9.90% N calcd., 10.14% N found; 

12.53% Clcalcd., 12.39% Cl found. CompoundzQ : 9.90% N calcd., 10.19% Nfound; 12.53% Clcalcd., 

12.69% Cl found. Compound 2e : 60.69% C calcd., 60.74% C found; 7.13% H calcd., 7.33% H found; 

11.94% Cl calcd., 11.70% Cl found; 9.44% N calcd., 9.25% N found. Compound Zg : 9.07% N calcd., 

9.29% N found; 11.48% Cl calcd., 11.31% Cl found. 

An alternative synthesis of a stable salt of 2-imino-4-thiazolines 1 consisted of treatment of the free base with 

an excess of concentrated hydrobromic acid followed by evaporation of water in vacua. Final drying 

occurred in high vacua and in the dessicator (see Tables I and Iv for the hydrobromide sll). 

Regeneration of 2-Imino4thiazolines 2 from the Cot-r- Hvdrochl~ 8 

A solution of 0.01 mol of salt 8 in 60 ml of dichloromethane was treated with 30 ml 1N sodium hydroxide 

in a separatory funnel. After vigorous shaking the dark organic phase was isolated and washed with 30 ml 

of water. The organic phase was dried (MgSO,) and evaporated in vacua to afford the free bases 1 as dark 

colored syrups in yields exceeding 90%. 

A solution of 1.27 g (0.005 mol) ar-bromoketimine f& (R=i-Pr; R’=H; R” =Me) and 0,42 g (0.0055 mol) 

of thiourea in 15 ml of dry methanol was refluxed for 1.5 h. The reaction mixture was poured into excess 

1N sodium hydroxide, extracted with dichloromethane, dried (MgSO,) and evaporated to give 0,68 g (72%) 

of pure 2-amino-4-phenyl-5-methylthiazole U. Recrystallization was performed in chloroform. Mp. 118 OC 

(Lit.’ mp. 118-l 19OC). This compound was identical in all aspects with a sample prepamd from 2-bromo- 

propiophenone U and thiourea in ethanol under reflux for two hours, according to the procedure of Dickey. *’ 

From 0.01 mol of 2-bromopropiophenone 11 there was obtained 2.2 g (81%) 2-amino4phenyl-5-methyl- 

thiazole hydrobromide 2, mp. 175’ (EtOH) (Lit.*’ mp. 172-175-C). The hydrobromide U was converted 

into thiazole 1l upon treatment with aqueous alkali and extraction with dichloromethane (92% yield). 

. . 
Condeusation of &rouu&&uu~ h with N-Ethylthiourea 

A solution of 0.76 g (0.003 mol) of cr-bromoketimine 6a and 0.47 g (0.0945 mot) of N-ethylthiourea in 

10 ml of acetonitrile was refluxed for 1.5 hours. The reaction mixture was poured into water, extracted with 

dichloromethane, dried (MgSO,) and evaporated to leave 0.50 g (76%) of crystalline 2-(N-ethylamino)-J- 

methyl4phenylthiazole ti, mp. 99’C (ether). ‘H NMR (CDCl,) : 1.04 (3H,t,J=7.5Hz,Me); 3.10 (2H.q. 

J=7.5Hz); 2.33 (3H,s,Me); 6.5 (lH,s,broad,NH); 7.2-7.7 (5H,m,C&). IR (KBr) : 3220 cm“ (v,,,,); 1600 

cm’ (v,.). 13C NMR (CDCl,) : 12.27 (q,Me); 14.50 (q.Me); 40.77 (t,CH& 128.10 and 128.53 (each d,CH 

ortho and meta); 127.03 (d,CH para); 135.78 (s,C&,,); 146.41 (s, C-4); 114.70 (SC-~); 166.85 (SC-2). 

MS m/z (96) : 218 (M’; 100); 203(57); 190(30); 176(21); 147(33); 104(21); 44(33); 40(21). 

1s of 3.5 _ . Dunefbvl2 rmyl0-e __- . nhenyl4th&oline Hygcaiodide 14 

A solution of 0.36 g (0.002 mol) of 2-amino-5-methyl+phenylthiazole 1l in 5 ml of absolute ethanol was 

treated with 0.57 g (0.004 mol) of methyl iodide. After reflux overnight, the reaction mixture was 
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evaporated in VBCUO and the residue was triturated with dry ether to afford 0.40 g (60%) of 3,5dimethyl-2- 

imino4phenyl4thiazoline hydroiodide 14 as a light yellow powder (Table I). The free base zf was obtai- 

ned by tritmation of the hydroiodide 14 with aqueous 1N sodium hydroxide and extraction with dichloro- 

methane. After drying (MgSO,), evaporation of the solvent afkded the free base as a dark oil in 95 % yield. 

‘H NMR and “C NMR are compiled in Table# II and III. Mass spectrum (direct inlet) : m/z (96) 204 (M’; 

100); 203(63); 160(21); 147(10); 146(17); 117(35); 114(13); 102(10); 77(26). 

. . . . 
of 2_(N--15 -14s _ _ _ _ ea 

As described above, 0.27 g (1 mmol) of the hydmchlorlde of 2-imino4thiazoline la (R=i-Pr; R’=H; 

R”=Me) was conve&d into the free base by m with aqueous alkali. After drying (MgSO,) and 

evaporation of the dichloromethane, the residual oil, consisting of the pure free base a, was triturated with 

3 ml of acetic anhydride. After 3.5 hours of reflux, the excess acetic anhydride was evapmated under vacua 

and the residue was treated with dry ether/pentaue (I : 1). Crystallisation at -20°C afforded 0.19 g (70%) of 

pure 9 as well-formed colorless crystals, mp. 177OC. ‘H NMR, “C NMR and IR data are compiled in 

Tables I, II and III. Mass spectrum : m/z (%) 274 (M’; 30 ); 273(13); 232(20); 217(27); 190000); 

189(9); 148(14); 147(18); 115(13); 104(14); 43(38); 41(14). 

Elemental analysis : 10.21% N calcd., 10.02% N found. 

. . 
preDaration of 2_(N_ac~ino)_3_i~~~l4~~~~ !a2 
Essentially as described in the previous experiment, 0.28 g (0.001 mol) of the hydrochloride of 2-imin0-Q 

thiazoline B (R=i-Pr; R” =Me; R’ =Me) was converted with aqueous alkali into the free base B, which 

was treated with 1.02 g (0.01 mol) of acetic anhydride in 10 ml of dry toluene. The homogeneous reaction 

mixture was left at room temperature for 23 h after which it was pomed into aqueous potassium carbonate 

and extracted with ether. The combined ether extracts were dried (MgSO,) and evaporated to leave 0.19 g 

(66%) of pure crystalline 2-(N-acetylimino)4thi~line B. RecrystaIlization from pentane : ether (1: 1) 

afforded well-formed crystals, mp. 189’C. ‘H NMR, ‘% NMR and IR data are compiled in Tables I, II and 

III. Mass spectrum, m/z (%) : 288 (M’; 56); 287(18); 246(21); 230(50); 204(100); 162(12); 161(12); 

118(9); 91(12); 43(37). 

Elemental analysis : 9.71% N calcd., 9.59% N found. 

* De Kimpe, N. : Research Director of the Belgian “National Fund for Scientific Research” 
* M. Boelens : Research Assistant of the I.W.O.N.L. 
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