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anate (37 mmol )  was ref luxed for 1 hr, cooled, and  poured i n t o  
HzO. T h e  produc t  was collected by f i l t ra t ion and  recrystall ized to  
give 19a or  19b (Table VI). 

Registry No.-4a, 51568-05-9; 4b, 40229-20-7; 4c, 37423-15-7; 
4d, 51592-87-1; 413, 51592-88-2; 4f, 51592-89-3; 4g, 51592-90-6; 4h, 
51592-91-7; 4i, 51592-92-8; 4j, 51592-93-9; 4k, 51568-06-0; 41, 
51592-94-0; 4m, 51592-95-1; 4n, 51592-96-2; 40, 51592-97-3; 4% 
51592-98-4; 5 (R = Me) ,  30013-32-2; 5 [Rz = (CH&], 51592-99-5; 
13a, 29220-04-0; 13b, 36884-35-2; 18, 31354-33-3; CH3NCS, 556- 
61-6; CaHaNCS, 103-72-0; CaHaS02NCS, ,1424-53-9; 
(CH3)2NCONCS, 16011-79-3; C ~ H S O ~ C N C S ,  16182-04-0; 
C H ~ O Z C C = C C O ~ C H ~ ,  762-42-5; CS2,75-15-0.75-15-0. 
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5-(Dialkylamino)-3-(substituted imino)-1,2,4-dithiazoles decompose thermal ly  uia pathways t h a t  di f fer  de- 
pending o n  the subst i tuent on  the i m i n o  nitrogen. The  a lky l imino compounds appear t o  decompose via a d imer-  
i c  cycloadduct, whereas the phenyl iminodi th iazole decomposes by attack o n  a ring sul fur  by the benzene r ing.  

We have studied a variety of amino-substituted 1,2,4- 
dithiazole derivatives as insect sterilants1 including a 
number of 5 4  dialkylamino) -3-( substituted imino) - 1,2,4- 
dithiazoles la-c. The latter compounds are prepared as 
mineral acid salts, and as such are thermally stable, high- 
melting solids. Conversion to the free bases can be ef- 
fected with Na2C03 (but not always NaHC03); the free 
bases can react with alkyl halides2 and with a variety of 
1,3-dipolarophile~.~ While attempting some alkylations of 
5-(dimethylamino)-3-(methylimino)-1,2,4-dithiazole (la), 
we observed that it did not react with relatively unreac- 
tive alkyl halides, but instead gave a decomposition prod- 
uct C I O H ~ ~ N ~ S ~  (4a), corresponding to the combination of 
two molecules of la with the loss of one atom of sulfur; 
elemental sulfur was indeed isolable from the reaction 
mixture. The same, decomposition product was conve- 
niently prepared simply by heating la for 1 hr at loo", 
and the analog 4b was obtained similarly from lb. 

In an accompanying paper3 we pointed out that three 
characteristics of iminodithiazoles are (1) nucleophilic 
imino nitrogens; (2) e l e c t r o p h i l i c  ring su l fu rs ;  (3) electro- 
philic ring  carbon^.^ The first and second of these charac- 
teristics provide the basis for the reactivity of 1 in 1,3-di- 
polar  addition^.^ The first and third could also serve to 
make 1 act as dipolarophiles, and the report4 of additions 
across the exocyclic C=S bond of closely related 1,2,4-di- 
thiazole-3-thiones is consistent with this suggestion. Thus 
a self-condensation with one molecule of la acting as a 
1,3-dipole and another molecule acting as a dipolarophile 

was considered. The spiro structure 2 would result from 
this kind of addition. Intermediates of this nature, con- 
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Figure 1. A stereodrawing of molecule 4a. The sulfur atoms are 
solids and the nitrogen atoms are vertically lined. 

taining tetravalent sulfur, normally undergo bond reor- 
ganizations, apparently simultaneously with the dipolar 
a d d i t i ~ n ; ~  thus structure 3 would presumably better rep- 
resent the initial adduct. Structure 3, in the sense that 
C-3 of the dithiazole ring- is tetrahedral, resembles the 
postulated initial adducts from dithiazoles and dithiazo- 
lium salts with various nucleophiles.6 These adducts typi- 
cally extrude the adjacent ring sulfur as elemental sulfur, 
again with the appropriate bond reorganization. Loss of 
sulfur from 3 would give 4. Although this series of events 
is consistent with the formation of 4, their actual chronol- 
ogy must remain speculative. 

Dipolar addition of la across the C=S bond of dimeth- 
ylthiocarbamoyl isothiocyanate ( 5 )  provides the bis(thio- 
carbamoy1imino)dithiazole 6.3 3' The latter compound is of 
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interest because of the nonbonded interactions between 
the ring and thione sulfurs, as was demonstrated by an 
X-ray crystallographic determination of its 
The resemblance of 4a and 6 is striking; 4a corresponds to 
replacement of a ring sulfur of 6 by NCH3, and the simi- 
larity of the nmr and mass spectra of 4a to those of 6 sup- 
ported our structural assignment. To further examine 
nonbonded interactions between heteroatoms in com- 
pounds related to 6, and to confirm the structure of 4a, an 
X-ray crystal determination was performed on 4a. 

The molecule 4a crystallizes in the monoclinic space 
group P&/c with a = 9.922 (8), b = 12.052 (ll), c = 
13.359 (12) A, and B = 104.9 (1)'. There are four mole- 
cules per unit cell corresponding to a calculated crystal 
density of 1.37 g/cm3. The structure was solved by the 
symbolic addition procedure for centrosymmetric crystals9 
and the results are displayed in Figure 1. Full-matrix 
least-squares of the atomic coordinates and thermal pa- 
rameters is in progress. Molecule 6, with four colinear sul- 
fur atoms, exhibits strong intramolecular S e e  * S attrac- 
tions which stabilize the planar Substitution 
of the NCH3 moiety for a central sulfur atom in 6 has dis- 
rupted the intramolecular attractions between the sulfur 
atoms and molecule 4a is nonplanar. 

5 - (  Dimethylamino) -3- (phenylimino)-l,2,4-dithiazole 
(IC) also decomposed when heated above its melting point 
(88"), but in contrast to la and Ib, no elemental sulfur 
was observed from IC. When IC was heated at  115" for 1 
hr, two products, 7 and 8, were formed that could be sep- 
arated by fractional crystallization. Heating IC for longer 
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periods or at  higher temperatures gave predominantly 8. 
Each of the products analyzed correctly for C I ~ H I ~ N ~ S ~  
(isomeric with IC), but the nmr spectrum of 7 contained 
two different dimethylamino signals, indicating that 7 was 
in fact CzoHzzN&. Refluxing IC for several hours in tolu- 
ene converted it cleanly to 8, and under the same condi- 
tions 7 was also converted cleanly to 8. The mass spec- 
trum of 7 corresponded to the sum of the mass spectra of 
IC and 8, and indeed, 7 (a bright yellow solid) could be 
produced by simply combining equal portions of IC (very 
pale yellow) and 8 (white) and recrystallizing from 
MeOH. 

The nmr spectrum of 8 consisted of a dimethylamino 
singlet at  6 3.35, four aryl hydrogens, and an exchangeable 
hydrogen a t  6 12.7 ppm, indicating that cyclization onto 
the ring had occurred. The benzothiazole structure shown 
seemed mechanistically probable and was consistent with 
the nmr and mass spectra ( m / e  108.0029, 1770, CsH&+). 
A search of the literature revealed a recent patentlo in 
which 8 had been described as having been prepared from 
2-aminobenzothiazole (9) and dimethylthiocarbamoyl 
chloride in pyridine. However, the reported melting point, 
241-242", did not agree with our melting point of 198.5- 
199.5' for 8. We attempted to repeat the preparation and 
did isolate a product whose melting point was 228-231"; 
however, its nmr spectrum contained two dimethylamino 
signals, indicating that 2 mol of the thiocarbamoyl chlo- 
ride had reacted with 9 to give, presumably, 10. Confir- 
mation of the benzothiazole structure for 8 was finally 
realized by condensing the thiocarbamoyl isothiocyanate 5 
with 2-aminobenzenethiol (11). The product from this 
reaction had mp 198.5-200" and was'identical with 8 in all 
respects. 
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The acidic hydrogen in the nmr spectrum of 8 and the 
discovery that 8 was soluble in aqueous NaOH prompted 
the assignment of the salt structure to 7. We mentioned 
earlier that the iminodithiazoles formed salts with acids, 
and apparently 8 is acidic enough to protonate IC. The 
ability of sulfur to stabilize both positive and negative 
charges is reflected in this facile rearrangement of a 
strongly basic molecule into an acidic isomer. The struc- 
ture of 7 has also been studied by X-ray crystallography. 
Details of this study and that on molecule 4a will be pub- 
lished elsewhere. 

Experimental Section11%12 
Iminodithiazoles la-c were prepared and stored as hydro- 

bromides as described previous1y.l The bases la-c were obtained 
by partitioning the appropriate HBr salt between aqueous 
NazC03 and CH2C12, drying the CHzClz solutions (MgSOd, and 
stripping the solvents a t  room temperature. 

Self-Consensation of 5-(Dimethylamino)-3-(methylimino)- 
1,2,4-dithiazole (la). A flask containing 1.12 g of la was heated 
under N2 on a steam bath for 1 hr. The original solid melted, 
then the resulting oil slowly solidified. MeOH (45 ml) was added 
and the mix was boiled for a few minutes and then filtered while 
hot. Upon cooling to room temperature the solution deposited 0.79 
g (78%) of crude l a ,  mp 170-181". Recrystallization from EtOAc 
and then from 2-butanone gave 0.50 g of 4a, m p  183-184". The 
analytical sample had mp 185-186" (EtOAc). 

Anal Calcd for C1&18N&: C, 37.71; H,  5.70; K, 26.39; S, 
30.20. Found: C, 37.81; H,  5.66; N, 26.29; S, 30.12. 

The nmr spectrum (pyridine) consisted of singlets a t  6 3.48 and 
3.32 (CH3N), a pair of singlets a t  6 3.15 and 3.17 [(CHs)zN], and 
a broad singlet a t  6 3.39 [(CH&N]. 

3-(Cyclohexylimino)-5-(dimethylamino)-l,2,~-dithiazole ( l b )  
similarly gave 4b in ca. 60% yield, mp 195-197" (EtOAc). 

Anal Calcd for C Z ~ H ~ ~ X & :  C, 52.82; H, 7.54; N, 18.48. 
Found: C, 52.86; H,  7.63; N, 18.45. 

Thermal  Decomposition of 5-(Dimethylamino)-3-(phenylim- 
ino)-1,2,4-dithiazole (IC) to 7 and 8. A sample of IC (1.77 g) was 
heated under Nz for 1 hr a t  115". The resulting material was ex- 
tracted with boiling 95% EtOH; the EtOH solution was filtered 
and evaporated and the residue was recrystallized from EtOAc to 
give 1.33 g of a mixture of yellow and white solids. Recrystalliza- 
tion from MeOH gave 0.90 g (51%) of 7, mp 152-154. Evaporation 
of the filtrate and recrystallization of the residue from C & 5  gave 
0.19 g (11%) of 8, m p  186-188". 

An analytical sample of 8 was recrystallized from 2-butanone, 
mp 198.5-200" (whether 8 melts a t  198-200" or 186-188" appears 
to depend on the recrystallization solvent). 

Anal. Calcd for C10HllN3Sz: C, 50.60; H,  4.67; N, 17.70. 

An analytical sample of 7 was recrystallized from EtOAc, mp 

Anal. Calcd for CzoHzzNeS4: C, 50.60; H,  4.67; N. 17.70. 
Found: C, 50.68; H, 4.59; N. 17.74. 

Conversion of IC to 8 in Refluxing Toluene. A solution of IC 
(0.53 g) in toluene (5 ml) was refluxed for 4 hr. Chilling the solu- 
tion resulted in the separation of 0.39 g (74%) of 8, mp 184-186". 

Conversion of 7 to  8 in Refluxing Toluene. A solution of 7 
(329 mg) in toluene (4 ml) was refluxed for 3 hr. The solution was 
chilled and 8 (237 mg, 72%) was collected, m p  187". 

Synthesis of 8 from 2-Aminobenzenethiol (11). A cold solution 
of 0.02 mol of dimethylthiocarbamoyl isothiocyanate (5) in 25 ml 
of MeCNla was treated dropwise with 2.5 ml of 11. After the ad- 
dition the solution was refluxed for 1 hr (HzS evolution) and then 
was chilled, whereupon 2.08 g (44%) of crude 8 separated as a 
white solid, mp 186-188" (plus a little high-melting solid). Recrys- 
tallization from 2-butanone gave pure 8, mp 198.5-200". 

Found: C, 50.53; H, 4.58; N, 17.76. 

152-154". 

Acknowledgment. We are indebted to Dr. John Ruth 
for the mass spectra. 

Registry No.-la, 51568-05-9; lb,  51568-06-0; IC, 40229-20-7; 
4a, 51593-18-1; 4b, 51593-19-2; 5, 30013-32-2; 7, 46458-54-2; 8, 
6423-79-6; 11,137-07-5. 
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1,2,4-Dithiazoles containing strong no-bond resonance interactions react with alkylating agents at  a ring sul- 
fur, resulting in cleavage of the S-S bond. In cases where the no-bond interactions are weak, however, alkyla- 
tion of the imino nitrogen may occur. 

5-(Dialkylamino)-3-(substituted imino)-1,2,4-dithiazoles 
(1) undergo 1,3-dipolar additions with a variety of sub- 
strates, including various isothiocyanates and carbon di- 
sulfide (Scheme I).2 The products, e . g . ,  3-5, contain three 
or more sulfur atoms capable of interacting in the "no- 
bond resonance" sense, and X-ray structure determina- 
tions of 3a and 3b established that indeed all four sulfurs 
in these molecules are colinear with S-S distances of ca.  

2.2 and 2.8 A between the inner, and inner and outer, sul- 
furs, r e ~ p e c t i v e l y . ~ , ~  The former distance is slightly longer 
than normal for a S-S single bond; the latter is considera- 
bly less than twice the sulfur van der Waals radius (ca. 
3.5 A) ,  but is too long to be considered a bona f ide single 
bond. Thus an interaction between the inner and outer 
sulfurs is apparent, but the magnitude of the interaction 
appears to be less than that in the true thi~thiophthenes.~ 


