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&sm~I - Extensions of the reaction of 2-chloroethyl isothiocyanate with aliphatic 
and aromatic amines have been accomplished, and 2-arylamino-2-thiazoline 
hydrochlorides (5) are easily obtained. Structures attributed initially to the products 
of condensation of 5 with phenyl isocyanate and phenyl isothiocyanate have been 
corrected and assigned unequivocally by X-ray analysis. By heating,these 
molecules do not undergo an endo-N+exo-N' reanangement 

The reaction of haloalkyl isothiocyanates with amines constitutes a facile and expeditious access to a large number 

of thiazoline or thiazine derivatives.' It is well-known that compounds containing these structural fragments often 

exhibit relevant biological properties as potential herbicides and antifungal agents2 Interestingly, some of them 

display also medicinal properties, and thus N-phenyl-N'-2-thiazolylthiourea (I) is an inhibitor of dopamine p 
hydroxylase.3 The influence of dopamine and dopaminergic neurons in various physiological conditions of the 

central nervous system has stimulated the current search for dopaminergic agonists and an tago~s t s .~  Despite 

these promising characteristics, the generality of the synthetic process with respect to the amine has not been 
systematically investigated and the study has been restricted to arylamines. Finally, the reaction of the resulting 
aminothiazolines with isocyanates or isothiocyanates yielding attractive dimeric smctures, is still an obscure point 
of this research. 

In a recent paper, Outcalt reportedS that the coupling of amines with 2-chloroethyl isothiocyanate is largely 

dependent on the electronic nature of the substituents on the amine as well as the solvent and other reaction 
conditions. The reaction of aromatic amines with 2-chloroethyl isothiocyanate in toluene at reflux provides a 
mixture of 2-arylamino-2-thiazolines (2) and N-thiazolinyl-2-iminothiazoLidines (3). Electron-releasing p u p s  on 
the aromatic ring result in the preferential formation of 2 ,  while electron-withdrawing substituents favor 
compounds (3). He also described one experiment in the presence of niethylamine as a proton acceptor, and a 

dimeric product (4) was then obtained. These results are different from those reported previously by our group,6 

in which 2-arylamino-2-thiazolines (2) are exclusively formed as hydrochlorides in ether. The structure of 
reaction products could therefore be controlled by simple choice of the appropriate solvent system. To gain insight 
into this approach. we have re-examined the condensation of arylamines with 2-chloroethyl isothiocyanate in 
ether and have extended this procedure to some aliphatic amines. 

$This paper is dedicated with admiration to Prof. Edward C. Taylor on the occasion of his 70th birthday. 
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The substituents on the aromatic ring were varied in the usual range according to a-values to provide a wide study 
in electron demand (Table 1). To avoid the uncontrolled exothermic process associated with these reactions, both 
reagenu were mixed slowly at 0 OC and then left at room temperam. Hydmchlorides (5) can be easily separated 
from the reaction mixture as crystalline compounds, with the exception of 5 d ,  S k ,  and 51 which were 
amorphous powders or hygroscopic oils. 

Table 1. 2-ALkyl(aryl)iminothia2oIidine hydrochlorides (5) 

Compound R aa Yield ($1 

- 

.Hammen value (om 2~) were taken horn 1. March Advanced Orgmic 
Chmmisrry, 4 th ed..W'~ley. New York, 1992. bThese mmpounds were m- 
eluded for campsrative purposes from reference 6. 

Importantly, yields of monoadducts (5) were vastly superior to those reported by Outcal~,~ and in contrast with 
his results tlc analysis did not detect any significant formation of bis-adducts in these reactions with the sole 
exception of 2-aminopyridine. In this case, the only product isolated by crystallization was 2-(2-pyridyI)imino-N- 
(2-thiazolin-2-y1)thi~zolidine (6) as evidenced by spectroscopic and analytical data (Tables 2 and 3). The yield 
(27%). however, seems to indicate that half of aminopyridine neutralizes the hydrochloric acid generated owing 
to its basicity. This explains the formation of bis-adduct (6) instead of 5,  by reaction of the free intermediate with 
more 2chloroethyl isothiocyanate. It should be pointed out that reaction with 4-nitroaniline was unsuccessful and 
no product (Si) could be isolated, which can be amibuted to the strong electron-withdrawing effect of the 4-nitro 
substituent on the aromatic ring. The desired hydrochloride (59, however, was prepared by the inverse strategy 
based on the reaction of 4-nitrophenyl isothiocyanate and 2chloroethylamine in ether. 
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Table 2. ' ~ - ~ m r d a l a o f  compounds(5, 6, and 15-16). 

Corn@ S-CHI N€H2 NH 4 1  Alkyl 

5a' 3.571 (J 7.6) 3.941 (17.6) 11.23bs 7.29d(J8.9) 3.78s 
7.LMd (J 8.9) 

Sd' 3.561 (J7.6) 3.941 (J7.6) 10.75bs 7.51-7.20111 
Sea 3.591 (17.6) 3.961 (J7.6) 11.50bs 7.43-6.91111 3.78s 

%a 3.631 (J 7.6) 4.001 (J7.6) 7.77-7.40111 
5h. 3.621 (57.6) 4.001 (J7.6) 8.30-7.72111 

5i' 3.661 (J7.7) 4.061 (J7.7) 8.32d (J 9.0) 
7.71d (J9.0) 

6' 3.221 (J7.0) 4.171 (57.0) 8.40-7.05m 
3.161 (~7 .0 )  3.911 (~7.0) 

15bb 3.151 (J7.0) 4.881 (17.0) 10.91bs 7.58-6.85111 3.81s 
16ab 3.131 (57.1) 4.361 (17.1) 12.00s 7.54-6.99m 
16bb 3.231 (J7.1) 4.421 (57.1) 11.53s 8.24-7.3 Im 
16cb 3.141 (J7.0) 4.351(J7.0) 12.07s 7.53-6.88m 3.81s 

InDMSO+. in CDCI,. 

Table 3. 13~-~mr&laofwmpounds(5. 6.  and 15-16). 

Compd S-CH2 NCHZ C=O C=N C=S Alkyl AF/l 
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The reactions of 2-amino-2-thiazolines with isocyanates and isothiocyanates have been the subject of an almost 

detective s to~y with continuous clarifications. As early as 1928, Fromm and Kapeller-Adler reported7 the reaction 
of 2-amino-2-thiazoline with phenyl isothiocyanate below 50 'C to afford primarily the imino derivative (7) 

which rearranges by heating to 9.  Klayman e r ~ l . ~  were unable to reproduce these results and they only obtained 

the compound (7). In a correction, however, Klayman reassignedg smcture (9) for this product which was 

confirmed by X-ray analysis.1° Similar reaction with phenyl isocyanate resulted in the formation of the 

corresponding urea derivative ( lo) ,  by attack of the isocyanate at the exocyclic amino group of the 2-amino-2- 
thiazol'ie. 

Also, Cherbuliez et al. reported1' that the reaction of 2-minoethanol esters with alkyl and aryl isothiocyanates 

gave N,N'-dialkyl(ary1)-N-(2-thiawlin-2-yl)thoureas (11). Yamamoto and cow~rkers '~  corrected these results 

and concluded that the compounds isolated in such reactions employing alkyl isothiocyanates had N-alkylimino 
structures (13). Thus, reactions of 2-alkylmino-2-thiazolines with methyl or ethyl isothiocyanates yielded 
compounds having sttucture (13; R = R' = Me or Et). The same authors reported that reaction between 2-amino- 
2-thiazoline and alkyl isothiocyanates below 50 " C  gave mainly compounds (13; R = H, R' = alkyl), which 

isomenzed to 11 (R = H, R' = alkyl) under thermal t r e a t ~ n e n t . ~ ~ . ' ~  Reactions of 2-amino-2-thiazoline with 

methyl isocyanate also gave a mixture of 12 and 1 4  (R = H, R' = Me). In the reaction of 2-methylamino-2- 

thiazoline with methyl isocyanate compound (14; R = R' = Me) was exclusively obtained.14 It should be noted 
that Gabriel isolated, by the end of the last century, a by-product in the reaction of 2-bromoethylamine with 

methyl isothiocyanate and described later as N,N'-dimethyl-N-(2-thiazolin-2-y1)thiour (11; R = R' = Me).15 
In an attempt to clarify this puzzling situation, Rasmussen and his associates reinvestigated in detail the reaction 

of 2-amino-2-thiazoline with phenyl isothiocyanate.16 They obtained exclusively compound (7) at low 
temperature which is only relatively stable in low temperature (below -5 C). Compound (7) dissociates to 
release s w i n g  materials, so phenyl isothiocyanate or its reaction products are unavoidable by-products. Even at 
-30 'C nansformation into 9 was observed after 1 month, and by heating 7 rearranges completely to 9. 
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Similarly. reaction with phenyl isocyanate gave 8 with a minor amount of 10.  At ambient temperature 8 
rearranges to 1 0  and this compound is quantitatively obtained by heating. Structures of 7 and 8 were elucidated 
by X-ray crystallography. The authors concluded that addition of isocyanates and isothiocyanates must occur at 
endocyclic nitrogen, and the resulting substances might undergo rearrangement providing more stable compounds 
(9) and (10). 
In view of these assumptions, we proposed structures of thioureas and ureas (11, 12 )  for the products of 
condensation at mom temperature of 2-arylamino-2-thiazolines with isocyanates and isothiocyanates, ruling out 

structures (13) and (14).6 Nevertheless, these isomeric structures could not be discriminated on the basis of 

spectroscopic data. Some aryl and glycosyl i s ~ t h i o c y a n a t e s ~ ~ " - ~ ~  were reacted with 2-chloroethylamine in 

pyridine at room temperature to give products for which structures (11) were previously a ~ s i g n e d . ~  The 

compound derived from the reaction with phenyl isothiocyanate was studied by X-ray crystallography. The data 
were consistent with a structure of 2-imino-N,N'-bis@henyl)-N-thiawlidine~bothioamide (13, R = R' = Ph), 
obtained by regioselective attack at the endocyclic nitrogen, opposite to o w  previous statements. Also, this 
substance was inde f~ te ly  stable in the solid state. A perspective view of the molecule showing bond connections 

and the atomic numbering scheme, is given in figure 1.20 

Figure 1 
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Some suking points, however, remain unsolved. It is not clear whether the reaction at the endo nimgen is due to 

its higher reactivity compared to that of an exo nimgen, or because only one tautomer exists at ambient 
temperature. On the other hand, the influence of substituents on this thermal rearrangement has not been 
discussed in detail, and thus aromatic p u p s  on the exo-N have not been studied. 

Table 4. Preparation ofcompounds (15-16). 

Compound R R' X Yield (90) 

R e f 6 . b R e f  I l a  

Additionally, several 2-alkyl- and 2-arylamino-2-thiazoline hydrochlorides reacted with both phenyl 
isothiocyanate and phenyl isocyanate in pyridine to afford analogous mixed thioureas or ureas, respectively (Table 
4). All compounds were then subjected to thermal rearrangement conditions (Scheme 1). Compound (15a: R = 
phenyl) was heated, neat or in solution, in order to cause conversion to 17a.  After prolonged reaction time (-16 

h) and even until melting of the solid, no rearrangement was detected. The product isolated showed 1H-, 13C- 

nmr, and ir spectra and tlc behavior identical with 15a. Similarly, other N-thiazolidinecarbothioamides or 
cartoxamides (15 and 1 6 )  having aryl substituents on the exocyclic 2-imino p u p  were unaffected by thermic 

treatment. These results contrast clearly with those of Rasmussen et a1.16 who postulated an intramolecular 

rearrangement andlor dissociation to starting materials and further recombination at the exo-nitrogen with 
unsuhstituted (R =H) derivatives. An evidence for this surmise arises from the presence of phenyl isothiocyanate 
and a dimeric adduct derived from it, during thedecomposition of compound 7. 

Scheme 1 

We have also found some evidences supporting a dissociation pathway. Thermal treatment of carboxamide (16a) 
(Rf 0.82) in benzene for 16 h gave no evidence of rearranged products, hut a significant amount (-9 %) of 
ctystalline N,N'-diphenylurea O(f0.36) was obtained directly from the reaction mixture. Its formation occurred 
presumably by reaction of phenyl isocyanate with traces of water or ambient moisture. Additional water was 
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added (1 drop), then refluxed for 24 h to trap the isocyanate released, and more N,N'-diphenylurea was observed 
by tlc analysis. Furthermore, carboxamide (16a) was suspended in ethanol and the reaction mixture was refluxed 
(-16 h). Nmr analysis of the crude product showed the almost complete disappearance of the starting material and 
the formation of ethyl phenylcarbamate and 2-phenylamino-2-thnzoline (ratio -1:l). In view of these results, it is 
plausible to conclude that a reversible fragmentation to aryl isocyanate or aryl isothiocyanate and 2-iuylamino2- 
thiazoline and further recombination take place. This process might occur by a pericyclic mechanism via a cyclic 
six elecmn transition state (Scheme 2). In the case of 15c. in which recombination is not favored, the prolonged 
heating gives rise to a mixhue of phenyl isothiocyanate and 4-nimphenylamino-2-thiazoline. Reactions of 2- 
arylamino-2-thiazolines (or their iminothiazolidine tautomers) with aryl isocyanates or aryl isothiocyanates occur 
therefore regiospecifically at the endocyclic nitrogen to afford the kinetically controlled products (15 or 16). 
Since dissociation and furher recombination at the endocyclic nitrogen give the same compounds, these should 
also be the thermodynamically controlled products. This may be attributed to the stability increased by 

conjugation of the aromatic ring with the exocyclic double bond. As pointed out in our previous 

thiazolidine-carbothioamides or carboxamides display a chelated structure evidenced by a strong inImmolecular 
hydrogen bond. 

Scheme 2 

Conclusions. 
Some salient conclusions emerge from these experimental results. a) In general, reactions of arylamines with 2- 
chlomethyl isothiocyanate produce aryliminothiazolidine hydrochlorides in good to high yield, with the exception 
of smng elecmn-withdrawing substituents. b) Bis-adducts originated by condensation of these hydrochlorides 
with aryl isocyanates or aryl isothiocyanates have N-arylimino structures, as demonstrated by X-ray analysis. c) 
These molecules remain unaffected by thermal treatment. The only exception occurs with an hydrogen as 
substituent at the exocyclic nitrogen, and compounds with this structural feature always rearrange to the more 

stable m a s  or thio~reas.'~,14J6 Therefore, the structures assigned previously in the l i te~ature~."- '~ should be 

corrected. 

EXPERIMENTAL 
Melting points were determined on an Electrothermal digital apparatus and are uncorrected. Ir specha O(Br discs, 
unless otherwise specified) were recorded on a Perkin-Elmer 399 spectrophotometer. and nmr s p e w  (CDC13 or 

DMSOd,) on a Bruker AC 200-E spectrometer operating at 200 MHz (for 'H) or 50.3 MHz (for 13C) using 

TMS as internal reference. Chemical shifts are quoted in ppm and coupling constants in Hz. Assignmenu were 
confirmed by homo- and heteronuclear double-resonance, and DEFT experiments. Spectroscopic data are 
collected in Tables 2 and 3. Elemental analyses were performed on a Perkin-Elmer 240C analyzer. X-Ray 
crystallographic analysis was canied out using a CAD4 Enraf-Nonius automatic diffractometer. All reactions were 
monitored by tlc on silica gel 60 F254 (Merck) using benzene-methanol (9:1, vlv) or chloroform as eluents. 
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2-Chloroethyl isothiocyaoate was synthesized from 2-chloroethylamine hydrochloride and thiophosgene 

according to the literature procedure.21 AU other reagents of this study were commercially available (Aldrich or 
Merck) and used as received. 

2-Alkyl(aryl)iminothiazolidine hydrochlorides (5) .  These compounds were prepared as earlier described: from 

2-chlomthyl isothiocyanate and the corresponding alkyl(aryl)amine, with a slight modification. 2-Chloroethyl 

isothiocyanate (0.96 ml, 10.0 mmol) in ether (10 ml) was added dropwise to a cold solution (0 C) of 
alkyl(aryl)amine (10.0 mmol) in ether (10 ml). The reaction mixture was allowed to warm up to room 
temperature, and then the solid was filtered, washed with cold ether, and recrystallized from ethanol. 
2-(4-Methoxyphenyl)iminothiazolidir1e hydrochloride (5a). From 4-methoxyaniline, yield: 92%; mp 188-190 "C 

(from ethanol); ir (v,,, cml )  3200-2400 (NHt), 1640 (C=N), 1530 (NH), 1595, 1510, 840 (aromatic), 1235 
(C-QC). Anal. Calcdfor CloH13N20CIS: C, 49.08; H, 5.35; N, 11.45. Found: C, 48.90; H, 5.36; N, 11.42. 

2-Phenyliminothiazolidine hydrochloride (5d). From aniline, yield: 89% (amorphous powder); ir (v,,, cm-1) 

3600-2200 (NH'), 1630 (C=N), 1575 (NH), 1490, 770, 690 (aromatic). Satisfactory analysis could not be 

obtainedfor this compound. It was also characterized as the derivative (16a). 
2-(3-Methoxyphenyl)iminothiazolidine hydrochloride (5e). From 3-methoxyaniline, yield: 61%: mp 124-126 "C 

(from ethanol); ir (v,, m l )  3200-2400 (NHt), 1630 (C=N), 1555 (NH), 1590, 1490, 795. 675 (aromatic), 
1230 (C-0-C). Anal. Calcd for CIOHl3N20CIS: C, 49.08; H, 5.35; N, 11.45. Found: C, 49.20; H, 5.56; N, 
11.39. 
2-(3A-Dichloropher?v[)imimfhiazolidine hydrochloride (5g). From 3,4-dichloroaniline, yield: 75%. mp 209-211 

OC (from ethanol); ir (v,,, cm-I) 3200-2500 (NHt), 1640 (C=N), 1550 (NH), 1590, 1480, 860, 830 
(aromatic). Anal. CalcdforC9H,N2CI,S: C, 38.12; H, 3.20; N, 9.88. Found: C, 38.27; H, 3.30; N, 9.85. 
2-(3-Ninophenyl)iminofhiazolidine hydrochloride (5h). From 3-nitromiline, yield: 66%; mp 174-176 " C  (from 

ethanol); ir (v,,, m l )  3100-2300 (NHt), 1640 (C=N), 1525 (NH), 1560, 1350 (NOZ), 1610, 1600, 1450, 
740,670 (aromatic). Anal. Calcd for C9HloN,qCIS: C, 42.11; H, 3.88; N, 16.18. Found: C, 41.76; H, 4.13; 
N, 16.28. 
2-(4-Nitrophenyl)imirtofhiazolidine hydrochloride (5) .  Reaction from Cnitroaniline failed (0% yield). To a 
solution of Zchlomthylamine hydrochloride (1.7 g, 15 mmol) in water (10 ml) were added ether (30 ml) and N 
sodium hydroxide (30 ml) with stirring. The organic layer was separated and the aqueous phase was extracted 
with more ether (3x30 rnl). The organic exuacts were combined, dried (MgS04), and evaporated to -30 ml. 
Then, 4-nitrophenyl isothiocyanate (1.12 g, 5.9 mmol) was added with vigorous stining. The resulting yellow 
solid was filtered and washed with cold ether (1.0 g, 66%). Recrystallized from ethanol had mp 208-210 'C; ir 

(v,,, m l )  3100-2500 (NHt), 1630 (C=N), 1510 (NH), 1590,1440,850 (aromatic), 1335 (NO2) Anal. Calcd 
for C9H10N3qCIS: C, 42.1 1; H, 3.88; N, 16.18. Found: C, 42.2% H, 4.02; N, 16.44. 
2-(22-Dimethoxyethyl)iminothiazolidir~e hydrochloride (5.j). From (2,2-dimethoxyethyl)amine, yield: 76%; mp 

118-119 " C  (from ethanol); ir (v,,, m-') 3600-2600 (NHt). 1655 (C=N), 1565 (NH), 1140, 1080 (C-0-C). 
Anal. CalcdforC7H15N,4CIS: C, 37.08; H, 6.67; N, 12.36. Found: C, 37.10; H, 6.86; N, 12.32. 
2-(I-Propyl)iminothiazolidine hydrochloride (5k). From I-propylamine, yield: 60% (hygroscopic solid); ir (v,, 

cm-l) 3600-2500 (NHt), 1650 (C=N), 1555 (NH). 

2-Diethylimimthiazolidine hydrochloride (51). From diethylamine, yield: 78% (hygroscopic oil); ir (v,,, cm-', 

neat) 3600-2600 (NHt, water), 1640 (C=N). Satisfactoly analysis was not obtained. 'H- and I3C-nmr data are 
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given inTables 2 and 3. 
2-(2-Pyridyl)imino-N-(2-thiazolin-2-yl)f e (6). From 2-aminopyridine, yield: 27%. mp 105-107 'C 
(from ethanol); ir (v,,, cm-I) 3065-2850 (CH), 1600, 1595 (C=N), 1580, 1550, 1465, 780 (pyridine ring). 
Anal. CalcdforCI1Hl2N4S2: C, 49.98; H, 4.58; N, 21.19. Found: C, 49.93; H, 4.65; N, 21.50. 
2-lmino-N-aryl(allryI)-N'-phenyl-N-fhiazolidinecarboxamide or carbolhioamide (15 or 16). Getreral procedure. 
To a solution of 2-alkyl(;uyl)iminothiazolidine hydrochloride (5, 1.0 mmol) in pyridine (2 ml) was added phenyl 
isocyanate (0.11 ml, 1.0 mmol) or phenyl isothiocyanate (0.12 ml. 1.0 mmol), and the mixture was left at mom 
temperature for 24 h, then poured into ice-water. The white solid was filtered and recrystallized from ethanol. 
2-lmino-N-(4-merhoxyphenyl)-N'-phenyl-N-hiazolidinecarbohioamide (15b). Yield: 49%; mp 117-118 O C 

(from ethanol); ir (v,,, cm-I) 3100-2850 (NH, CHI, 1600 (C=N), 1550 (NH), 1600, 1510, 830 (aromatic), 
1245, 1230 ( C - 0 - 0  Anal. Calcd for Cl7HI7N30S2: C, 59.45: H, 4.91; N, 12.23. Found: C, 59.20; H, 5.17; 
N, 12.22. 

2-lmino-NN-bis(phet~yl)-N-thiazoliditrecarboxamide (16a). Yield: 67%; mp 141-142 C (from ethanol); ir 
(v,, cm-') 3100-2850 (NH, CHI, 1700 (amide). 1630 (C=N), 1570 (NH), 1600, 1490, 760, 710 (aromatic). 

Anal. C a l ~ d f o r C ~ ~ H ~ ~ N ~ 0 S :  C, 64.62; H, 5.08; N, 14.13. Found: C, 64.20; H, 5.08; N, 14.03. 
2-lmino-N-(4-nilrophetryl)-N'-phetryl-N-rhiaolidinecarboxamide (16b). Yield: 74% ; mp 171-173 O C (from 

ethanol); u (v,,, cm-I) 3200-2950 (NH, CH), 1700 (amide), 1630 (C=N), 1560 (NH, NO2), 1350 (NO2), 

1590, 1510,855,750,695 (aromatic). Anal. Calcd for C,6H14N40$: C, 56.13; H, 4.10; N, 16.36. Found: C, 
55.97; H, 4.15; N, 16.36. 
2-Imino-N-(4-methoxyphenyl)-W-phet1yl-N-rhiazolidinecarboxami& ( 1 6 ~ ) .  Yield: 79%; mp 135-136 OC (from 

erhanol): ir (v,,, cm-I) 3100-2900 (NH, CH), 1700 (amide), 1620 (C=N), 1565 (NH), 1600. 1510, 835,750, 
695 (aromatic), 1235 (C-0-C). Anal. Calcd for Cl,Hl,N302S: C. 62.37; H, 5.23; N, 12.83. Found: C, 61.93; 
H, 5.28; N, 12.75. 
Attempts of Rearrangement to N-allyl(aryl)-N'-phet1yl-N-(2-1hiarolin-2-yl)thiourea (17) or urea (18). a) In 
solution: compounds 1 5  or 1 6  (3.0 mmol) were dissolved in benzene (16 ml) and refluxed for 16 h. After 

cooling, the solvent was evaporated and the crude mixture analyzed by 1H- and 1%-nmr. b) In solid state: 
compounds 1 5  or 16 (0.06 mmol) were melted. After cooling to mom temperature the resulting solid was 
analyzed by nmr spectroscopy. 
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