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spectra for 6c, Bd, 7c, 7d, 14a, 17,18a, 18b, 22, and the phosphine 
oxide of 25 (18 peges). This material is contained in -Y  brar rim 
on microfiche, immediately follows this article in the microfii 
version of the journal, and can be ordered from the ACS; see any 
current masthead page for ordering information. 
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The reaction of 5-(arylamino)-l,2,3,4thiatriazol8s 1 with isocyanates initially gives 1,2,3,4thiatriazol-5-ylureae 
3 which can be isolated when the aryl group has b-dkyl substituents. Compounds 3 rearrange to 21 in the presence 
of triethylamine and then react with the second equivalent of isocyanate to give (4-aryl-2-alky1-3-oxo-1,2,4- 
thiadiazolidin-5-ylidene)urw 12 rather than the (3-oxo-A4-1,2,4thiadiezolin-5yl)ureas 7 which had been propoeed 
previously.' The latter compounds, prepared from S and isocyanates, also rearrenge to 12. Mechanisme incorporating 
these observations are proposed (Schemes IV and VI). The structure of 12 was confiied by single-crystal X-ray 
analysis of [4-(2,6-dimethylphenyl)-2-methyl-3-oxo-1,2,4-thiadiazolidin-5-ylidene]methylurea l2baa. 

Introduction 
Several years ago we reported the reaction of &(aryl- 

amino)-1,2,3,4-thiatriazoles 1 with isocyanates.' At that 
time the products were postulated to be (3-oxo-A4-1,2,4- 
thiadiazolin-5-y1)ureas 7 based on 'H and 13C NMR and 
IR spectra, elemental analyses, and an alternate synthetic 
route to the same products. The proposed reaction se- 
quences were as shown in Scheme I. 

Recently the reactions of 1 with alkyl isothiocyanates 
were postulated to give g2 and the 5-(benzylidine- 
hydrazino)-1,2,3,4-thiatriazole 10 with isocyanates to give 
113 by analogy with our earlier work. 
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Subsequent work in our laboratory has revealed that the 
original' structure assignment as 7 was not correct due to 
a common pitfall in multiheteroatom cyclic systems: the 
unexpected and unrecognized rearrangements which oc- 
curred both during the reaction of 1 with isocyanates and 
also during the last step of the alternate synthesis, namely 
the reaction of 8 with the isocyanate. The latter reaction 
did not stop at 7, but continued on to 12. A recent review 
of rearrangements pertinent to this heterocyclic system haa 
been published: The present work not only establishes 
the correct structure as 12, but also reveals some of the 
details of the reaction sequence. For compounds 9,7,8, 
and 12 the letters following the number of a structure refer 
to R1, R2, and R3 in that order. 
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Results and Discussion 
1. Reaction with Ethoxycarbonyl Isothiocyanate. 

The initial indication with the originally proposed struc- 

Scheme I - $-J 
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Scheme I1 

ture required a revision came from the reaction of la with 
ethoxycarbonyl isothiocyanate (lS), which we expected to 
give 9 (R, = Ph, = CO2CH2CHJ. Instead, we obtained 
two products (Scheme II), whose structures were eventually 
determined to be 14 and 15. The structure of 14 was 
proven by its synthesis from la and ethyl chloroformate 
and by the 13C NMR (C=O at 6 152.1 and C-5 at  6 170.7 
as would be expected for carbamatess and acylated thia- 
triazoles6). 
Since we had previously found that an NH was neces- 

sary in the 5-positioh for reactions with isocyanates,' we 
knew that 14 was not an intermediate because it was not 
capable of further reaction. The formation of 15 then had 
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Table 1. Reactions of 1 with Diazomethane 100 r 
substrate 18/19 (as 20) ratio 

la 1:1.06a 
lb 1:1.32* 
Id 1:1.90 
le 1:2.42 

Osee ref 8. b A  ratio of 1:l.G was obtained with ethyl isocyanate 
(2b). 

Scheme 111 
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to be from the alternative course: initial addition to the 
isothiocyanate. Elemental analysis of 15 showed that it 
was missing HNCS from the product expected from the 
addition of 2 equiv of 13. We also observed that a full 
equivalent of base (usually triethylamine) was required for 
this reaction to go to completion and that the rate of gas 
evolution was closely coupled to the rate of triethylamine 
addition. Therefore 15 had to be formed by loss of HNCS 
during the reaction with the second equivalent of the 
isothiocyanate. Therefore we propose that the reaction 
initially gives 16, which rearranges to 17 with loss of ni- 
trogen. The intermediate 17, which contains the ring 
system of the product, then reacts with 13 by nucleophilic 
displacement of NCS. The end product from this sequence 
was identified as 15 by comparison of spectral data, es- 
pecially the 13C NMR, with similar model compounds.' 
This conclusion set the stage for a reexamination of our 
earlier' work. 

2. Isolation of Intermediates. One of the originally 
postulated intermediates (3) derives from the reaction of 
isocyanate on the &amino group, the other (4) from re- 
action on the 4-nitrogen. We had briefly investigated the 
reactions of 1 with diazomethane and had found that the 
selectivity of alkylation was influenced by steric hindrance: 
bulky alkyl groups in the 2- and 6-positions of the phenyl 
ring increased N-4 alkylation and decreased 5-amino al- 
kylation. The results are summarized in Table I. In 
earlier work L'Abbe et al.* found that la gave a 1:l.M ratio 
of 18a:lga. In our work the 5-methylamino compounds 
(18) were isolated as such, but the 4-methyl (19) was re- 
acted in situ with methyl isocyanate as described by L'- 
Abbe et al.9Jo to give 20 (Scheme 111). The latter reaction, 
as judged by TLC analysis, appeared to be essentially 
quantitative as had been found for the reaction of la with 
n-butyl is~cyanate.~ 

Since the alkylation reaction of 1 was obviously affected 
by steric factors, we reasoned that the reaction with iso- 
cyanates would also be affected. This was indeed the case, 
although the result was somewhat surprising. We had 
expected that steric hindrance would produce an effect 

(7) L'abW, G.; Tmerman,  A.; Martens, C.; Toppet, S. J. Org. Chem. 
1978,43,4951 (compounds bc and 7c). L'abbii, G.; Vandenrieaache, A. 
J. Heterocycl. Chem. 1990,27, 1629 (compound 7 4 .  

(8) L'abW, G.; Verhelst, G.; Toppet, S. J. Org. Chem. 1977,42,1159. 
(9) L'abbe, G.; Verhelat, G. Angew. Chem., Znt. Ed. Engl. 1976,15,489. 
(10) L'abW, G.; Weyne, N.; Sannen, I.; Delbeke, P.; Toppet, S. J. 

The ratio is of 18a:lSa. 

Heterocycl. Chem. 1991,28,405. 
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Figure 1. Reaction of lb  (0.5 M) with an equimolar amount of 
2a in CDC13 Relative concentrations of lb  (e), 3ba (B), and l2baa 
(A). 
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Figure 2. Reaction of l b  (0.5 M) with an equimolar amount of 
2a in CDCl,. Relative concentrations of 3ba (a) and l2baa (0). 
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Figure 3. Reaction of lb  (0.5 M) with an equimolar amount of 
tert-butyl isocyanate in CDCl,. Relative concentrations of lb  (e), 
3bd (m), and 12bdd (A). 

analogous to that observed with the methylation reaction: 
partial reaction on N-4. TLC analysis showed that in 
several cases (lb,c,e) two products were formed, but that 
the product with the higher R disappeared as the reaction 
proceeded to form 12. Careiul monitoring of the course 
of the reaction by TLC allowed us to quench the reaction 
so as to maximize the amount of the intermediate, which 
was isolated in two cases. The two isolated compounds 
turned out to be intermediates 3ca and 308, which were 
characterized by elemental analysis and 'H and 13C NMR 
spectral data. The l3C data unequivocally identify 3 as the 
structure of the intermediate and rule out 4 on the basis 
of the aryl shifts, particularly the ipso carbon, which in 
4 would be shifted downfield to about 6 150.'J1 Inter- 



Reactions of 5-Amino-l72,3,4-thiatriazo1es 

,cT %"- 

&3 

J. Org. Chem., Vol. 57, No. 6, 1992 1673 

P 3 p = 3  12 

same compound as from IC or le and 2a. Compound 3ea 
reacted with ethyl isocyanate to give a product with a 
singlet for the NCH3 and a pentuplet for NHCH2CH3 in 
the 'H NMR spectrum. This confirmed the revised 
structure as 12, rather than 7, since the isocyanate that 
reacts with the 5-amino in the first step is the one that is 
incorporated into the ring. 

(b) The intermediate 3ea in the presence of Et3N re- 
arranged to another intermediate which could not be iso- 
lated pure due to appreciable decomposition during silica 
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Figure 5. Rearrangement of 3ea to 21ea in CDC13 with EhN 
catalysis. Relative concentrations of 3ea (m) and 21ea (0). 
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Figure 6. Reaction of 3ea with methyl isocyanate in CDCl, with 
EhN catalysis. Relative concentrations of 3ea (m) and lLaa (0). 

gel chromatography. However, it could be characterized 
as 21ea on the basis of 'H and 13C NMR spectra in a 
mixture of 3ea and 21ea. Thus the NCH, was found at  
6 3.20 (singlet) and at  6 31.75, respectively, both of which 
are characteribtic of the ring NCH3. 
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-3 N U  6 02 N- %Q-,t! 

U l c f n  k U 3 C ~  d' cn, 
0.5 

As shown in Figures 5 and 6, the rearrangement with 
Et3N and the reaction with methyl isocyanate under the 
identical conditions proceed a t  the same rate. Therefore 
the rate-determining step for this intermediate sequence 
is the rearrangement of 3 to 21. These reactions were 
followed by integration of the 6 2.92 NCH3 doublet of 3ea, 
the 6 3.20 NCH, singlet of 21ea, and the 6 3.17 singlet 
NCH3 of 12eaa. 

4. Rearrangement of Thiadiazole 8 upon Reaction 
with Isocyanates and Isothiocyanates. In our earlier 
work' 8aa and 8ga were synthesized by an alternate route 
and then were reacted with 2a to give the same products, 
respectively, as from la and lg with 2 equiv of 2a. 

(11) L'abM, G.; Verhelst, G.; Huybrechts, L.; Toppet, S. J.  Heterocycl. 
Chem. 1977,14,615. 
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However, reaction of 8ga with a different isocyanate 2b 
showed that the 2-N-alkyl of 8 was now in the side chain, 
but that the second isocyanate was incorporated into the 
ring. This sequence of events could be deduced from the 
'H NMR. Thus the NCH3 became a doublet and the 
methylene group from the ethyl isocyanate in l2gab was 
a sharp quartet. In contrast, reaction of la and le with 
2b gave compounds l2abb and l2ebb whose 'H NMR 
clearly showed pentuplets for the methylene groups from 
the ethyl isocyanate. The described sequence of events 
was also demonstrated by the reaction of 8ga with 2c to 
give l2gac in which the NCH3 was a doublet. In addition, 
8ga reacted readily with methyl isothiocyanate to give 22, 

whose 13C NMR spectrum showed the thiourea at  6 172.6, 
but lacked the ring C=O at ca. 6 154. Thus it became 
obvious that our original alternate synthesis had led us 
astray, because 7 is only an intermediate which undergoes 
a rearrangement according to the Boulton-Katritzky 
scheme12 or, more generally, according to the "three 
side-chain atom" rearrangement: a variant of which is via 
a thiapentalene type intermediate 23.4J3 These possi- 
bilities are shown in Scheme IV. 

5. Alternate Synthesis of 12faa. Compound ltfaa, 
which was described in our earlier publication as 7faa,' 
was also prepared by the route shown in Scheme V. The 
reaction of l,&dimethylurea (25) with phenoxycarbonyl 
isothiocyanate (24) gave 26. This compound cyclized to 
27 upon recrystallization or even standing a t  ambient 
temperature for several days, and therefore it was used 
immediately to oxidatively cyclize14 to 28, which reacted 
readily with methylamine to give l2faa. This was identical 
to the compound obtained by the reaction of If and 2a. 

6. Crystal Structure. Confirmation of the structure 
of 12 was obtained by a single-crystal X-ray analysis of 
12baa (see the supplementary material). The notable 
features of l2baa are the short S-0 distance (2.30 A) and 
the long N-S (1.73 A) and C=O (1.25 A) bonds which 

(12) Boulton, A. J.; Katritzkv, A. R.; Hamid, A. M. J .  Chem. SOC. C 
1967, 2005. 

Belg. 1987, 96, 827 and references cited therein. 
(13) L'abbb, G.; Beenaerta, L.; Godta, F.; Toppet, S. Bull. SOC. Chim. 

(14) Kurzer, F.; Taylor, S. A. J.  Chem. SOC. 1968, 379. 

indicate an appreciable bonding interaction between the 
0 and S. These features are quite similar to those found 
in 5-imino-A3- 1,2,4- thiadiazolines. l5 

Conclusion 
The identification of the intermediates 3 and 21 defines 

the sequence shown in Scheme VI. When R1 or R2 is 
bulky, the rearrangement of 3 to 21 is slowed sufficiently 
to allow isolation of 3 since the rearrangement requires 
coplanarity of the thiatriazole ring and the sidechain urea. 

Since the reaction of 8 with isocyanates leads to 12 as 
well, the reasonable sequence appears to be the one shown 
in Scheme IV: reaction on the NH followed by a rear- 
rangement which could be of the same type as for 3 to 21. 

Experimental Section 
Compounds la, If, and lg were prepared as reported.' 
5-Amino-l,2,3,4-thiatriazoles (1) were prepared by the pre- 

viously described procedure' from the thiosemicarbazides, which 
were prepared from the thioureas. Since the compounds 
tend to decompose appreciably at elevated temperatures, they 
were purified at fairly low temperaturea as described for each one. 
N-(2,6-Dimethylphenyl)-1,2,3,4-thiatriazol-5-amine (lb): 

purified by dissolving in boiling ether, filtering, then cooling to 
-15 OC; mp 107.5 OC; 'H NMR 6 2.32 (a, 6 H), 7.14 (s,3 H), 10.33 
(bs, 1 H); IR 3180,1600,1540 cm-'. Anal. Calcd for CgH1fi4S: 
C, 52.41; H, 4.89; N, 27.16; S, 15.54. Found C, 52.11; H, 4.99; 
N, 27.57; S, 15.51. 
N- (2,4,6-Trimet hylpheny1)- 1,2,3,4-thiatriazol-5-dne (IC): 

purified by dissolving in EtOAc at 45 OC, filtering, then cooling 
to -10 OC; mp 113.9 "C; 'H NMR 6 2.30 (bs, 9 H), 7.01 (bs, 2 H), 
10.33 (bs, 1 H); 13C NMR 6 179.4, 136.6, 133.9, 132.8, 127.8, 18.8, 
15.6; IR 3160,3120,1610,1545 cm-'. Anal. Calcd for Cl&N4& 
C, 54.52; H, 5.49; N, 25.43; S, 14.55. Found: C, 54.24; H, 5.61; 
N, 25.31; S, 14.60. 
N-(2,6-Diethylphenyl)-l,2,3,4-thiatriazol-5-amine (ld): 

purified the same as IC; mp 99.5-101.5 "C; '% NMR 6 180.0,139.3, 
135.3, 127.4, 125.7, 22.5, 12.8; IR 3160, 1550 cm-'. Anal. Calcd 
for Cl1Hl4NIS C, 56.38; H, 6.02; N, 23.91; S, 13.69. Found: C, 
56.19; H, 5.99; N, 24.43; S, 13.67. 
N-[ 2,6-Bis( 1-met hylet hyl) p henyll- 1,2,3,4-t hiatriazol-5- 

amine (le): mp 116.1 OC; 'H NMR 6 1.20 (d, 12 H), 3.20 (p, 2 
H), 7.3 (m, 3 H); 'w NMR 6 182.7,146.2,135.8, 130.1,124.9,28.7, 
24.8, 23.0; IR 3160, 1555 cm-'. Anal. Calcd for C13H18N4S: C, 
59.51; H, 6.91; N, 21.36; S, 12.22. Found: C, 59.46; H, 6.84; N, 
21.54; S, 12.22. 
N'-Methyl-N- 1,2,3,4-thiatriazol-5-yl-N-(2,4,6-trimethyl- 

pheny1)urea (3ca) and [4-(2,4,6-Trimethylphenyl)-2- 
met hyl-3-0.0- 1,2,4-thiadiazolidin-5-ylidene]met hylurea 
(ltcaa). A solution of la (4.41 g, 20.0 mmol), 2a (3.00 mL, 50.9 
mmol), and Et3N (10 drops) in 40 mL of THF was stirred at 
ambient temperature for 19 h. The reaction was followed by TLC 
in 1:l and 2:l hexanes/EtOAc. The solvent was removed, and 
the residue was triturated with 75 mL of EtOAc. The solids were 
filtered to give ltcaa (4.30 g, 70%). The filtrate was evaporated 
to give 3ca (1.89 g, 34%) slightly contaminated by ltcaa (TLC 

(15) L'abb6, G.; Vermeulen, G.; Toppet, S.; King, G. S. D.; Aerta, J.; 
Sergier, L. J. Heterocycl. Chem. 1981,18,1309. The S-.O distance in 13 
is 2.29 A, the N-S is 1.74 A, and C=O is 1.26 A. 

15 

(16) Eisenberg, J. Ber. 1882, 15, 1011. 
(17) Walter, W.; Randau, G. Ann. Chem. 1969, 722, 80. 
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in 2:l and 1:l hexane/EtOAc). The analytical sample of 12088, 
mp 234.9 "C, was obtained by recrystallization from EtOAc: 'H 
NMR 6 2.07 (e, 6 H), 2.28 (8, 3 H), 2.73 (d, 3 H), 3.15 (8, 3 H), 
5.6 (b, 1 H), 6.95 (bs, 2 H); IR 3320,1700,1605 cm-'. Anal. Calcd 
for C1,Hl8N4OZS: C, 54.88; H, 5.92; N, 18.27; S, 10.47. Found: 
C, 54.85, H, 5.75; N, 18.03; S, 10.34. The analytical sample of 3ca, 
mp 137-8 "C dec, was obtained by dissolving in EtOAc, adding 
hexane until cloudy, filtering, evaporating the filtrate, and trit- 
urating the residue with ether: 'H NMR 6 2.03 (s,6 H), 2.35 (9, 
3 H), 2.92 (d, 3 H), 5.5 (b, 1 H), 7.07 (bs, 2 H); 13C NMR 6 165.6, 
152.0,139.4,135.8,130.8,129.3,30.4,27.2,21.2,17.6; IR 3340,1690, 
1610 cm-'. Anal. Calcd for C12H15N50S: C, 51.97; H, 5.45; N, 
25.25; S, 11.56. Found C, 52.34; H, 5.67; N, 24.00; S, 11.67. A 
solution of 3ca (69 mg, 0.25 "01) in 0.50 mL of THF was treated 
with 2a (0.10 mL, 1.7 mmol) and Et3N (3 drops) and held at 
ambient temperature for 16 h. TLC in hexane/EtOAc systems 
shows only 12caa. 
N-[ 2,6-Bis( 1 -met hylethyl) phenyl]-"-met hyl-N- 1,2,3,4- 

thiatriazolyl-5-ylurea (3ea). A solution of le (1.31 g, 5.00 "01) 
in 10 mL of CDC13 containing 0.5% TMS was treated with 2a 
(0.45 mL, 7.5 mmol) and three drops of EhN. The reaction was 
followed by 'H NMR to detect the amount of monoadduct. After 
3 h at ambient temperature the solvent was removed on a rotary 
evaporator, and the residue was dissolved in 5 mL of 9 1  tolu- 
ene/EtOAc and 1 mL of CHC13 and chromatographed on a size 
C Merck prepacked silica gel column with 9 1  toluene/EtOAc to 
yield Sea (0.39 g, 24%): mp 120.2 "C dec; 'H NMR 6 1.06 (d, 6 
H), 1.17 (d, 6 H), 2.61 (p, 2 H), 2.92 (d, 3 H), 5.09 (q, 1 H), 7.38 
(d, 2 H), 7.56 (t, 1 H); 13C NMR 6 170.8, 154.7,146.8, 131.5,131.0, 
125.7,28.7,27.9, 24.0,23.9; IR 3360, 1685 cm-'. Anal. Calcd for 
Cl&PINSOS C, 56.40, H, 6.63; N, 21.92; S, 10.04. Found C, 56.68; 
H, 6.74; N, 21.97; S, 10.03. 
Ethyl(2-ethyl-3-oxo-4-phenyl-1,2,4-thiadiazolidin-5-ylid- 

ene)urea (12abb). A solution of la (8.91 g, 50.0 mmol), 2b (10.0 
mL, 0.126 mol), and EhN (0.5 mL) in 100 mL of THF was stirred 
at ambient temperature for 70 h and poured onto ice, and the 
solids were washed with water, dried, and then recrystallized from 
a mixture of cyclohexane and EtOH to yield 12abb (11.83 g, 81%): 
mp 143.8 "C; 'H NMR 6 1.09 (t, 3 H), 1.30 (t, 3 H), 3.22 (p, 2 H), 

6 165.8,164.1,151.5,135.5,129.1,128.8,128.5,38.4,34.8,14.6,13.9; 
IR 3320,1710,1612 cm-'. Anal. Calcd for C13H1&02& c, 53.41; 
H, 5.52; N, 19.16; S, 10.97. Found: C, 53.36; H, 5.56; N, 19.51; 
S, 10.86. 

[ 4-(2,6-Dimethylphenyl)-2-met hyl-3-oxo-1,2,4-thiadi- 
azolidin-5-ylidenelmethylurea (Itbaa). The procedure de- 
scribed for l2abb was used with lb (10 mmol) and 2a (25 mmol). 
The product was recrystallized from hexanes/EtOAc to yield 
l2baa (0.92 g, 31%): mp 192.6 "C; 'H NMR 6 2.10 (s,6 H), 2.75 
(d, 3 H), 3.15 (8,  3 H), 5.47 (b, 1 H), 7.0-7.3 (m, 3 H); NMR 
6 165.5, 151.9, 136.2, 133.4,129.6, 128.5, 30.3, 27.2, 17.7; IR 3350, 
1710,1610 cm-'. Anal. Calcd for Cl3Hl6N4o2& c, 53.41; H, 5.52; 
N, 19.16; S, 10.97. Found: C, 53.52; H, 5.52; N, 19.44; S, 11.24. 

[ 44 2,6-Bis (1-methylet hyl) phenyl]-2-met hyl-3-oxo- 1,2,4- 
thiadiazolidin-5-ylidenelmethylurea (12eaa). The procedure 
described for l2abb was used on a 10-mmol scale of le and 27 
mmol of 2a. Characterization of 12eaa: mp 247.5 'C; 'H NMR 
6 1.15 (d) and 1.19 (d) (12 H), 2.62 (p, 2 H), 2.78 (d, 3 H), 3.17 
(s,3 H), 5.56 (q, 1 H), 7.27 (d, 2 H), 7.45 (t, 1 H); '% NMR 6 166.4, 
165.5, 152.6, 146.5, 130.7, 130.3, 124.1, 30.4, 29.0, 27.2, 23.9, 23.9; 
IR 3305,1705,1620 cm-'. Anal. Calcd for C17HuN40zS C, 58.60; 
H, 6.94; N, 16.08; S, 9.20. Found C, 58.77; H, 6.97; N, 16.01; S, 
9.34. 

[ 4-[ 2,6-Bis( 1-methylet hyl)phenyl]-2-methyl-3-0~0- 1,2,4- 
thiadiazolidin-S-ylideneIethylurea (lbba). A solution of 3ea 
(192 mg, 0.60 mmol), 2b (70 pL, 0.88 mmol), and Et3N (1 drop) 
in 2 mL of THF was allowed to stand at ambient temperature 
for 4 d. The solvent was evaporated, and the residue was re- 
crystallized from EtOH (6 mL) to yield l2eba (154 mg, 71%): 
mp 231.7 "C; 'H NMR 6 0.98-1.24 (2 d and t, 15 H), 2.64 (p, 2 
H), 3.15 (8,  3 H), 3.22 (q, 2 H), 5.40 (bt, 1 H), 7.1-7.5 (m, 3 H); 
IR 3280,1705,1625 (sh), 1610 cm-'. Anal. Calcd for Cl$I,N40&3: 
C, 59.64; H, 7.23; N, 15.46; S, 8.85. Found: C, 59.33; H, 7.30 N, 
15.35; S, 8.83. 
[4-[2,6-Bis( l-methylethyl)phenyl]-2-ethyl-3-oxo-1,2,4- 

thiadiazolidin-5-ylidene]ethylurea ( laebb). The procedure 

3.63 (q,2 H), 5.53 (t, 1 H), 7.2-7.6 (m, 5 H); 13C NMR (DMSO-de) 
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deacribed for l2abb was used with le (15 "01) and 2b (40 mmol). 
The product was recrystallized from cyclohexane to yield l2ebb 
(3.71 g, 66%): mp 197.3 "C; 'H NMR 6 1.07 (t), 1.10 (d), 1.20 (d), 
and 1.30 (t) (18 H), 2.67 (p, 2 H), 3.25 (p, 2 H), 3.67 (q, 2 H), 5.40 
(t, 1 H), 7.1-7.5 (m, 3 H); IR 3280,1705,1625 (sh), 1610 cm-'. Anal. 
Calcd for C1&.&J408: C, 60.61; H, 7.50; N, 14.88; S, 8.52. Found 
C, 60.44; H, 7.48; N, 14.85; S, 8.68. 
[4-(4-Chloro-2-methylphenyl)-2-ethyl-3-oxo-lf,4-thiadia- 

zolidin-5-ylidene]methylurea ( Itgab). A suspension of 8ga' 
(5.11 g, 20.0 "01) and 2b (2.50 mL, 31.6 "01) in 50 mL of THF 
was stirred at ambient temperature overnight (a solution was 
obtained in 15 min) and then worked up as described for l2baa. 
Recrystallization from MeOH gave 12gab (4.53 g, 69%): mp 154.5 
"C; 'H NMR 6 1.30 (t, 3 H), 2.12 (8,  3 H), 2.74 (d, 3 H), 3.60 (q, 
2 H), 5.54 (q, 1 H), 7.0-7.35 (m, 3 H); 13C NMR 6 165.9, 165.2, 
151.4, 138.2, 135.3, 132.7,131.1,129.8,127.2,39.2, 27.2,17.6, 14.1; 
IR 3320,1705,1615 cm-'. Anal. Calcd for Cl3Hl5C1N4OZS: C, 
47.48; H, 4.63; C1, 10.85; N, 17.14; S, 9.81. Found: C, 47.62; H, 
4.61; C1, 10.96; N, 17.23; S, 10.03. 
[4-(4-Chloro-2-methylphenyl)-3-oxo-2-phenyl- 1,2,4-thia- 

diazolidin-5-ylidene]methylurea (12gac). The procedure 
described for 12gab was used with 10 mmol of 8ga and 13.4 mmol 
of 2c. Chromatography on silica gel with 3 1  hexanes/EtOAc gave 
12gac (3.33 g, 89%). Recrystallization from MeOH gave the 
analytical sample: mp 165.0 "C; 'H NMR 6 2.17 (8 ,  3 H), 2.75 
(d, 3 H), 5.60 (a, 1 H), 7.0-7.7 (m, 8 H); 13C NMR 6 165.8,165.5, 
150.6, 138.2, 136.5, 135.5, 132.5, 131.2, 129.8, 129.4, 127.3, 126.4, 
122.8, 27.3, 17.7; IR 3410, 1702, 1615 cm-'. Anal. Calcd for 

Found: C, 54.32; H, 4.07; C1, 9.55; N, 14.97; S, 8.47. 
N-Phenyl-1,2,3,4-thiatriazole-5-carbamic Acid Ethyl Ester 

(14). The thiatriazole la (5.35 g, 30.0 mmol) in 50 mL of THF 
was treated with Et3N (5.0 mL, 36 mmol) and then with ethyl 
chloroformate (3.25 g, 30.0 mmol) at 17-30 OC. The resulting 
mixture was stirred for 30 min and poured into water, and the 
precipitate was collected, washed with water, and dried to yield 
6.90 g of material, which was recrystallized from cyclohexane/ 
benzene to yield 14 (5.62 g, 75%): mp 114.0 "C; 'H NMR 6 1.23 
(t, 3 H), 4.37 (q,2 H), 7.15-7.65 (m, 5 H); '% NMR 6 170.7, 152.1, 
135.0, 127.6, 127.3, 125.6, 63.4, 11.9; IR 1715, 1590 cm-'. Anal. 
Calcd for C10H10N402S C, 47.99; H, 4.03; N, 22.39. Found C, 
48.36; H, 3.96; N, 22.42. 
5-[ (Ethoxycarbonyl)imino]-4-phenyl-3-thioxo-lf,4-thia- 

diazolidene-2-carboxylic Acid Ethyl Ester (15). The thia- 
triazole la (7.13 g, 40.0 "01) in 100 mL of THF was treated with 
13 (10.50 g, 80.0 "01) and then with EhN (6.00 mL, 43.2 "01) 
dropwise at 18-24 "C. The temperature was maintained with an 
ice bath. The reaction mixture was stirred at rt for 67 h, and the 
solid 15 (3.83 g, 27%) were filtered. The filtrate was evaporated 
to dryness, and the residue was chromatographed on four size C 
Merck prepacked silica gel columns with 1.5 L of 25% EtOAc in 
hexanes, then with 28% EtOAc in hexanes to yield 14 (0.49 g, 
5%) whose IR spectrum and TLC behavior was identical to the 
material prepared above, and then a mixture of 14 and la (1.40 
g), pure la (1.07 g, 15%), and 15 (5.17 g, 37%). The analytical 
sample of 15, mp 172.1 "C, was obtained by recrystallization from 
EtOAc; lH NMR 6 1.20 and 1.27 (2 t, 6 H), 4.22 and 4.33 (2 q, 
4 H), 7.1-7.6 (m, 5 H); 13C NMR 6 184.7 (s), 179.0 (s), 165.6 (t, 
J = 3.0), 154.7 (t, J = 3.4), 138.6, 129.5, 129.2, 127.7, 65.1,62.3, 
14.3, 14.0; IR 1710, 1645 cm-'. Anal. Cdcd for Cl4Hl5N3O4S2: 
C, 47.58; H, 4.28; N, 11.89; S, 18.14. Found C, 47.66; H, 4.30; 
N, 12.11; S, 18.13. 
N-(2,6-Dimethylphenyl)-N-methyl-l,2,3,4-t hiatriazol-5- 

amine (18b) and 5-[(2,6-Din?ethylphenyl)imino]-2,4-di- 
methyl-1,2,4-thiadiazolidin-3-one (20ba). A suspemion of Ib 
(2.06 g, 10.0 mmol) in 50 mL of ether wee treated with a diazo- 
methane solution generated from 50 mmol of Diazald. After 3 
h the solution was purged with Nz, dried over Mg;S04, and tre3ted 
with 2a (0.59 mL, 10.0 "01). The solution WIW stirred overnight 
at ambient temperature and evaporated to dryness, E d  the 
residue was chromatographed on two size C Mer& prepacked 
silica gel columns with 5:l hexane/EtOAc to yield 18b (0.93 g, 
42%) and 20ba (1.39 g, 56%). The analytical samp!e of 18b, mp 
89.3 "C, was obtained by recrystallization from hemes: 'H NMR 

Anal. Calcd for ClJ&N4S: C, 54.53; H, 5.49; N, 25.43; S, 14.56. 

C17H15ClN402S: C, 54.47; H, 4.03; C1, 9.46; N, 14.95; S, 8.55. 

6 2.16 (8, 6 H), 3.50 (8, 3 H), 7.1-7.25 (m, 3 H); Et 1590,1540 cm-'. 
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Found C, 55.51; H, 5.54; N, 25.68; S, 14.82. 
The analytical sample of 20ba, mp 84.8 "C, was obtained by 

recrystallization from pentanes: 'H NMR 6 2.00 (s,6 H), 2.84 
(s,3 H), 3.26 (8, 3 H), 6.7-7.0 (m, 3 H); 13C NMR 6 153.1,148.8, 
143.8,126.7,126.3,122.4,29.5,27.8,15.3; IR 1720,1650 cm-'. AnaL 
Calcd for C1&I&OS C, 57.80; H, 6.06; N, 16.85; S, 12.86. Found 
C, 57.91; H, 6.04; N, 16.91; 8, 12.72. 
N-(2,6-Diethylphenyl)-N-met hyl-1,2,3,4-thiatriazol-5- 

amine (18d) and 54 (2,6-Diethylphenyl)imino ]-2,4-di- 
methyl-1,2,4-thiadiazolidin-3-one (20da). The procedure de- 
scribed for 18b and 20ba was used on 10-mmol scale of Id. 
Chromatography did not separate the two products completely, 
but gave 18d (0.41 g, 16%) as an oil, a mixture of 18d and 20da 
(1.38 g) which was calculated from the integration of the NCH3 
peaks in the 'H NMR spectrum to consist of 18d (1.54 mmol,15%) 
and 20da (3.60 mmol,36%), and pure 20da (0.68 g, 24%) as an 
oil. Characterization of 18d: 'H NMR 6 1.18 (t, 6 H), 2.50 (9, 
4 H), 3.55 (8, 3 H), 7.1-7.45 (m, 3 H); 13C NMR 6 178.2, 138.4, 
127.5, 125.5, 38.6,21.0,12.1; IR 1690,1635 cm-'. Anal. Calcd for 

H, 6.75; N, 21.86; S, 13.41. Characterization of 20da: 'H NMR 
6 1.19 (t, 6 H), 2.50 (9, 4 H), 3.02 (s,3 HI, 3.40 (8,  3 H), 7.01 (8, 
3 H); IR 1725,1640 cm-'. Anal. Calcd for C14Hl&O& C, 60.62; 
H, 6.90, N, 15.15; S, 11.56. Found C, 60.39; H, 7.04; N, 15.08; 
S, 12.42. 
N-[2,6-Bis( l-methylethyl)phenyl]-N-methyl-1,2,3,4-tha- 

triazol-5-amine (180) and 5-[[2,6-Bis(l-methylethyl)- 
phenyl]imino]-2,4dimethyl-l,2,4-thiadiaz (2Oea). 
The procedure described for 18b and 20ba was used on a 2hu"ml 
scale for le. An aliquot of the reaction mixture was examined 
by 'H NMR and found to contain a 1:2.42 ratio of 18a20ea. 
Chromatography on silica gel with 5 1  hexanes/EtOAc gave 18e 
(1.70 g, 31%) and 20ea (3.00 g, 49%). Characterization of 18e: 
mp 100.4 "C; IR 1690,1640 cm-'. Anal. Calcd for C14H&& 
C, 60.83; H, 7.29; N, 20.27. Found: C, 60.80; H, 7.20; N, 20.95. 
Characterization of 20ea: mp 114.4 "C; 13C NMR 6 153.2,148.6, 
141.4,137.2,123.1,121.5,29.6,27.9,25.9,21.3; IR 1725,1650,1590 
cm-'. Anal. Calcd for ClsHzsN30S: C, 62.91; H, 7.59; N, 13.76. 
Found C, 62.99; H, 7.28; N, 13.99. 

N-( 2,6-Dimet hylpheny1)-N-met hyl- 1,2,3,4-t hiatriazol-5- 
amine (18b) and 54 (2,6-Dimethylphenyl)imino]-2-ethyl-4- 
methyl-l,2,4-thiadiazolidin-3-one (20bb). The procedure de- 
scribed for 18b and 20ba was used on a 20.0-mmol scale. 
Chromatography with 9 1  toluene/EtOAc gave 18b (1.65 g, 38%) 
and 20bb (2.93 g, 55.0%) as an oil. Characterization of 20bb 'H 
NMR 6 1.10 (t, 3 H), 2.12 (8, 6 H), 3.38 (8, 3 H), 3.60 (9, 2 H), 
6.8-7.2 (m, 3 H). Anal. Calcd for C13H1,N30S C, 59.29; H, 6.51; 
N, 15.96; S, 12.17. Found C, 59.30; H, 6.50; N, 16.10; S, 12.65. 

[ 44 4-Chloro-2-methylphenyl)-2-methyl-3-thioxo-l,2,4- 
thiadazolidin-6-ylidenelmethylurea (22). A solution of 8ga 
(2.56 g, 10.0 mmol), methyl isothiocyanate (0.80 g, 11 mmol), and 
Et3N (10 drops) in 40 mL of THF was stirred at  ambient tem- 
perature for 68 h. The solids (Sea, 1.03 g, 40%) were filtered and 
washed with THF. The fiitrate was evaporated to dryness, and 
the residue was chromatographed on a size C Merck prepacked 
silica gel column with 1:l hexanes/EtOAc (sample applied in 10 

C1ZH1@4S: C, 58.03; H, 6.49; N, 22.56; S, 12.91. Found: C, 58.75; 
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mL of CHCl,) to yield 22 (2.00 g, 61%). The analytical sample, 
mp 179.2 "C, was obtained by recrystallization from MeOH 'H 
NMR 6 2.11 (e, 3 H), 2.80 (d, 3 H), 3.50 (8,  3 H), 5.62 (9, 1 H), 
7.0-7.4 (m, 3 H); '3c NMR (DMSO-ds) 6 172.6,166.1,164.6,138.4, 
136.3,134.0,131.0,130.6,127.2,34.8,27.0,17.0; IR 3430,1630 an-'. 
Anal. Calcd for Cl2Hl3C1N4OS6 C, 43.83; H, 3.98; C1; 10.78; N, 
17.04; S, 19.50. Found C, 43.65; H, 3.97; C1,10.93; N, 17.24; S, 
19.39. 
(2,4-Dimethyl-t-oxo- 1,2,4-thiadiazolidin-5-ylidene)carb- 

amic Acid Phenyl Ester (28). Phenyl chloroformate (21.9 g, 
0.140 mol) was added dropwise to a solution of KNCS (14.6 g, 
0.150 mol) in 150 mL of acetone. The suspension was refluxed 
for 10 min and cooled to room temperature, 25 (12.34 g, 0.140 mol) 
was added, and the mixture was stirred for 3 h. It was poured 
into ice water, the precipitate was collected, partly dried on the 
filter, and then stirred with 400 mL of CH2C12. The solids were 
filtered to give almost pure 26 (3.60 g, lo%, TLC with 3 1  hex- 
anee/EtOAc). The fitrate was dried over Na&404 and evaporated 
to dryness, and the residue was recrystallized from EtOAc (150 
mL) to give 27 (4.83 g, 20%), mp 209.7 "C. Further concentration 
gave 8.0 g of a mixture of 26 and 27, which cyclized to essentially 
pure 27 during 3 weeks at  ambient temperature. 

Compound 26 (2.67 g, 10.0 mmol), partly dissolved in absolute 
EtOH (75 mL), was treated with Brz (1.60 g, 10.0 "01). After 
10 min the solids were filtered and dried to yield 28 (2.06 g, 78%), 
mp 137.7 "C. The analytical sample, mp 138.8 "C, was obtained 
by recrystallization from hexanes with a trace of EtOAc: 'H NMR 
6 3.12 (s,3 H), 3.48 (8, 3 H), 7.0-7.5 (m, 5 H); IR 1725, 1625 cm-l. 
Anal. Calcd for CllHllN303S C, 49.80; H, 4.18; N, 15.W; S, 12.09. 
Found C, 49.75; H, 4.11; N, 15.95; S, 12.01. 
(2,4-Dimethyl-3-oxo-l,2,4-thiadiazolidin-5-ylidene)- 

methylurea (12faa). A solution of 28 (1.33 g, 5.00 "01) in 10 
mL of THF was treated with 40% aqueous CH3NH2. After 10 
min the precipitate was filtered, washed with water, and dried 
to yield l2faa (0.76 g, 75%), mp 188.3 "C.18 The IR spectrum 
was identical to that for the material prepared from la and 2a. 
Kinetics. A solution of 1 (0.5 M), 1 equiv of 2, and a catalytic 

amount of Et3N in CDCl, containing 0.5-1.0% TMS was placed 
in an NMR tube, and the solution was analyzed by 'H NMR 
spectroecopy (90 MHz). The concentrations of the products were 
followed by integration of the peaks which were separated the 
best in 1, 3, and 12. 
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(18) The reported (ref 1) mp is 188.0 'C. 


