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gave 16 (10.2 mg, 75%): mp 158-159" (CHCl3-petroleum ether); 
mass spect rum m / e  379.757 (calcd for CsH6'9BrzB1BrS0~, 
379.754); ir (KBr) 1600, 1465, 1422, 1380, 1333, 1240, 1205, 1175, 
1100, 1015,895,850, 790,735, a n d  722 c m - l ;  nmr, see discussion. 

D e h y d r o b r o m i n a t i o n  of 16. Compound 16 (14.2 mg)  was dis- 
solved in CC14 (0.3 ml ) ,  DBN (1 drop) was added, a n d  the  solu- 
t i o n  was shaken a t  room temperature for 30 min. P t l c  o n  si l ica 
e lu t ing w i t h  CHC13 gave 15 (7.5 mg, 70%) ident ica l  in a l l  ob- 
served respects w i t h  the  previous sample. 

R e g i s t r y  No.-8, 33689-28-0; 9, 51593-74-9; 10, 38828-44-3; 11, 
38828-45-4; 12, 51593-75-0; 13, 38916-88-0; 14, 51593-76-1; 15, 
51593-77-2; 16,51593-78-3. 
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A series o f  5-(dialkylamino)-3-(substituted imino)-1,2,4-dithiazoles were a lky la ted w i t h  a l ky l  halides t o  give 
the 3,5-bis(dialkylamino)-1,2,4-dithiazolium halides 3a-h. T h e  scope and  l im i ta t i ons  of the reaction are dis- 
cussed. 

A number of 3,5-bis(substituted amino)-1,2,4-dithiazo- 
lium salts (3) are housefly (Musca domestica L.)  steri- 
lants.l.2 The most active compounds have been those in 
which both of the exocyclic nitrogens were fully substitut- 
ed, and we have employed two methods (paths a and b, 
Scheme I) for preparing these materials.1%3,4 In each case 
the substituent NRIRZ was derived from the correspond- 
ing secondary amine; thus the accessibility of a given di- 
thiazolium salt depended on the availability of the secon- 
dary amine. An obvious alternative synthesis would be the 
alkylation of iminodithiazoles 2 (path c, Scheme I) .  Alkyl- 
ation on the imino nitrogen, as opposed to ring alkylation, 

would be expected, since an aromatic dithiazolium salt 
would result from the former process. 

We have found that 5-(dimethylamino)-3-(alkyl- or ar- 
ylimino)-1,2,4-dithiazoles (2) are smoothly alkylated by 
reactive alkyl halides t o  give the dithiazolium salts 3a-h 
shown in Table I. Yields were good to excellent with 
methyl iodide, benzyl chloride, allyl bromide, and ethyl 
bromoacetate. That  alkylation occurred on the imino ni- 
trogen as expected was confirmed in two cases by compar- 
ing the products with dithiazolium salts previously pre- 
pared by the standard methods: 3a had been synthesized 
earlier by oxidation of 1,1,5,6-tetramethyl-2,4-dithiobiuret 
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with iodine,2 and 3b, when treated with 1 equiv of per- 
chloric acid, yielded the corresponding perchlorate which 
had been prepared earlier by the reaction of 3-(dimethyl- 
amino)-5-(ethylthio)-1,2,4-dithiazolium perchlorate with 
N-met hylaniline .3 
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Iwataki5 recently described the alkylation of 3-(acetyl- 
imino)-5-(dimethylamino)-l,2,4-dithiazole (2d) with meth- 
yl iodide, and assigned the 4-methyldithiazolium struc- 
ture 4 (Scheme 11) to the product. He degraded his dithia- 
zolium iodide with H2S-NH3 to a trimethyldithiobiuret 
which he described as the 1,1,3 isomer 5.  Since this result 
was contrary to ours, we repeated his procedure; our di- 
thiazolium iodide appeared to be identical with Iwataki's, 
but upon treatment of this salt with H2S-NH3 we ob- 
tained a quantitative yield of 1,1,5-trimethyl-2,4-dithiobi- 
uret (6, identical with an authentic samples) instead of 
the 1,1,3 isomer 5 .  We therefore concluded that alkylation 
had in fact occurred on the imino n i t r ~ g e n . ~  

There are definite limitations to the alkylation reaction, 
perhaps the most serious one being the lability of the imi- 
nodithiazoles. Thus, with relatively unreactive alkyl ha- 
lides such as bromocyclohexane, decomposition of the im- 
inodithiazoles occurred, and the desired dithiazolium salts 
were not obtained. The thermal decompositions of select- 
ed iminodithiazoles were studied in some detail and are 
described in an accompanying communications8 

Another limitation is the ability of certain functional- 
ized dithiazolium salts to undergo subsequent reactions. 
For example, 2a reacted with allyl bromide to give the di- 
thiazolium bromide 3f; however, when 3f was warmed in 
ethanol, decomposition occurred, and the thiazoline deriv- 
ative 7 was isolated along with a trace of the bis(thiocar- 
bamoy1imino)dithiazole 8. A probable pathway for the 
formation of 7 is shown in Scheme I11 and is related to the 
base-catalyzed decomposition of the acylimino dithiazole 
to a thiazolidinone described by Iwataki and Ueda.g Di- 
thiazole 8 is a cycloadduct of 2a and 1,lo but how these 
two species arose from 3f remains uncertain. 
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A similar decomposition appeared to occur when 2a was 
treated with ethyl bromoacetate; in this case, however, 
the HBr salt of 2a rapidly precipitated from solution in 
42% yield. The other products have not been character- 
ized, but presumably the carbonyl oxygen of the initially 
formed dithiazolium salt interacted with the charged ring 
to facilitate elimination of the HBr. In contrast, 2b' react- 
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ed smoothly with ethyl bromoacetate to give the dithiazo- 
lium bromide 3b, which was purified without difficulty. 

Still another side reaction was observed when certain 
alkylations of the methylimino- and phenyliminodithia- 
zoles (2a and 2b) were attempted in acetonitrile. In these 
cases 1,3-dipolar additions between the iminodithiazole 
and the nitrile occurred, and the 1,2,4-thiadiazole deriva- 
tives 10a and lob were isolated. The methylimino dithia- 
zole 2a also reacted with benzonitrile to give 1Oc (Scheme 
IV) , Dipolar additions of iminodithiazoles with isothiocy- 
anates11J2 and with acetylenes13 have been observed, and 
we have described some additional examples in an accom- 
panying paper,14 but additions of these compounds to ni- 
triles appear not to have been recorded in the literature. 
The previously mentioned decomposition of the iminodi- 
thiazoles competes with these dipolar additions, and the 
adducts were usually contaminated with decomposition 
products. Although a moderate yield of 10a was obtained 
by heating 2a with a large excess of acetonitrile (250 ml 
for 3.3 g of 2a), this reaction appears to be of little syn- 
thetic value for less readily available nitriles. 

Experimental Section15 
Alkylation of Iminodithiazoles to Give Dithiazolium Salts 

3a-h. The dithiazoles 2a-c were prepared and stored as HBr 
sa1ts.l Typically, 0.01 mol of a given hydrobromide was shaken 
with aqueous N a ~ C 0 3  and CH2C12, and the CHZC12 solution was 
separated and dried. The CHzClz was stripped a t  room tempera- 
ture and replaced with MezCO (25 ml) and the resulting solution 
was refluxed for 1-2 hr with 0.01 mol of the alkyl halide. The 
mixture was chilled, and the product was collected by filtration. 
In the case of 3g the MezCO was evaporated and 3g was crystal- 
lized by triturating the residue with warm EtzO. The yield of 3e 
was low when 2a was treated with benzyl chloride in MeZCO, but 
improved substantially when benzyl chloride was employed as the 
solvent: 1.75 g of 2a and 10 ml of benzyl chloride were heated at 
50" for 15 min, during which time 3e began to precipitate from so- 
lution. Et20 (10 ml) was added, the mixture was chilled, and 
crude 3e (1.78 g, mp 204-210" dec) was collected by filtration. 

Conversion of 3d to 1,1,5-Trimethyl-2,4-dithiobiuret (6 ) .  The 
procedure was that described by I ~ a t a k i : ~  1.25 g of 3d was dis- 
solved in a solution of 28% NH3 ( 7 . 2  ml) and absolute EtOH (3.6 
ml), then HzS was bubbled through the solution. An exothermic 
reaction occurred, a yellow color developed, and a white solid sep- 
arated. The temperature was maintained a t  30-35" while H2S ad- 
dition was continued for 50 min. The solid was removed by filtra- 
tion, giving 0.43 g (67%) of 1,1,5-trimethyl-2,4-dithiobiuret (6j, 
mp 125-127", whose ir and nmr spectra were identical with those 
of a sample prepared previously from 1 and MeXHz, mp 123- 
124°.6 When the filtrate was acidified with HCl a tan solid (0.08 
g, mp 108-113") separated; extraction of the acidic filtrate with 
CHC13 yielded 0.13 g of solid, mp 108-117". The ir spectra of each 
of these two solids were identical with that of pure 6.  Thus the 
total yield of 6 from 3d was quantitative. We did not observe the 
acetyldithiobiuret (mp 161-162") described by Iwataki as a minor 
product from this reaction. 

l,l-Dimethyl-3-(3,4-dimeth~l-4H-1,2,4-dithiazolin-5-ylidene)- 
2-thiourea (loa). A solution of 3.2 g of 2a in MeCN (250 ml) was 
refluxed overnight under iY2. Evaporation of the solvent and re- 
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crystallization of the residue from 95% EtOH gave 1.88 g (46%) of 
crude loa, mp 178.5-182". Two more recrystallizations from 95% 
EtOH gave an analytical sample, mp 186-187". The nmr spec- 
trum (CDC13) had a sharp singlet at 6 3.66 (3 H,  NCH3), a 
broadened singlet a t  6 3.42 [6 H, (CH3)2N], and a sharp singlet a t  
6 2.47 ppm (3 H, CH3). 

Anal Calcd for C~HI&&: C, 38.86; H ,  5.59; N, 25.90. Found: 
C, 39.09; H, 5.65; N, 25.83. 

l,l-Dimethyl-3-(3-methyl-4-phenyl-4H-1,2,4-dithiazolin-5- 
y1idene)-2-thiourea (lob). A solution of 2b (2.08 g) in MeCN (20 
ml) was refluxed under NZ for 7 hr. The solvent was evaporated 
and the residue was triturated with Et20 to give 1.42 g of a yel- 
low solid, mp 151-153". This material consisted mainly of self- 
condensation products of 2b. 

A second crop of solid (0.20 g, mp 149-156") was obtained from 
the Et20 filtrate and was recrystallized from absolute EtOH to 
give 103 mg of pure 10b as a white solid, mp 163-164". The nmr 
spectrum (CDC13) had a multiplet a t  6 7.16-7.66 (5 H, aromatic 
H), a doublet at 62.92 and 3.29 [6 H, (CHs)zN], and a singlet a t  
62.22 ppm (3 H, CH3). 

Anal. Calcd for C I ~ H ~ ~ N ~ S Z :  C, 51.77; H, 5.07; N, 20.13. 
Found: C, 51.69; H, 5.10; N, 20.17. 

1,1 -Dimethyl-3-(4-methyI-3-phenyl-4H-1,2,4-dithiazolin-5- 
ylidene)-%-thiourea ( 1 0 ~ ) .  A solution of 2a (2.51 g) and benzoni- 
trile (4 ml) in MezCO (10 ml) was refluxed for 2 hr, then the sol- 
vent was stripped. Addition of Et20 to the residue gave 1.93 g of 
a solid, mp 153-1'72". Recrystallization from 95% EtOH, then 
from EtOAc gave a material whose nmr spectrum indicated a 2:l 
mixture of a self-condensation product of 2a and the cycloadduct 
1Oc. Recrystallization from MeCN and then from CsHs-hexane 
gave several crops of the self-condensation product. Finally a 
solid was obtained from the combined mother liquors that was re- 
crystallized from 95% EtOH to give pure lOc, mp 194.5-195.5". 
The nmr spectrum (CDC13) consisted of three singlets a t  6 7.49 (5 
H, aromatic H) ,  3.47 (3 H, NCHs), and 3.41 ppm [slightly broad- 
ened, 6 H, (CH&N]. 

Anal. Calcd for C I Z H ~ ~ N ~ S ~ :  C, 51.77; H, 5.07; N, 20.13. 
Found: C, 52.01; H,  5.16; N, 19.98. 
3-[5-(Bromomethyl)-3-methylthiazolidin-2-ylidene]-l,l-di- 

methyl-2-thiourea (7). A mixture of 3f (2.0 g) and absolute 
EtOH (10 ml) was heated on a steam bath for 10 min and then 
cooled to room temperature. Filtration provided 8 mg of 8, mp 
243" dec. Cooling the filtrate to -20" precipitated 173 mg of 7. 
The filtrate was concentrated and the residue was extracted suc- 
cessively with EtzO, EtOAc, and MezCO. Evaporation of these 
extracts gave an additional 827 mg of 7 (50% total yield). An ana- 
lytical sample was recrystallized from aqueous Me2C0, mp 

Anal Calcd for C8H14BrN&: C, 32.43: H, 4.76; Br, 26.97; N, 
14.18; S, 21.65. Found: C, 32.49; H, 4.71; Br, 26.88; N, 14.32; S, 
21.58. 

The nmr spectrum of 7 did not unambiguously confirm its 
structure because all the methylene signals fell in the area of the 
methylamino and dimethylamino absorptions; thus we also had 
to consider the isomeric 5-bromotetrahydro-l,3-thiazine deriva- 
tive that would have resulted from reaction of the dithiazole sul- 
fur with the terminal end of the olefin in 3f (Scheme 111). That 

110.5-111.5". 

the five-membered ring had in fact been formed was confirmed by 
dehydrohalogenating 7 to 9 (Scheme 111) with KO-t-Bu in reflux- 
ing t-BuOH. The nmr spectrum of 9 contained a well-defined pat- 

tern characteristic of a methylallyl fragment, CH$!!=&H. Presum- 
ably the exocyclic double bond was formed initially but  migrated 
into the ring under the basic conditions. 
Dehydrohalogenation of 7 to 3-(3,5-Dimethylthiazol-Z-yli- 

dene)-Z,2-dimethyl-Z-thiourea (9). A solution of 7 (0.444 g) in t- 
BuOH (15 ml) containing KO-t-Bu (from 59 mg of K) was refluxed 
for 1.25 hr, then allowed to stand a t  room temperature overnight. 
The solvent was stripped, the residue was extracted with CHC13, 
and the CHC13 solution was washed with brine, dried, and stripped 
to give 0.257 g of 9 as a white solid, mp 209-215". Recrystallization 
from EtOH and then from MeCIV provided an analytical sample, 
mp 213-216". 

Anal. Calcd for C8H&3S2: C, 44.62; H, 6.08; N, 19.51. Found: 
C, 45.10; H, 6.24; N, 19.56. 

The nmr'spectrum of 9 (CDC13) contained, in addition to a 
CH3N singlet a t  6 3.55 and a broadened (CH3)zN singlet a t  6 
3.38, doublets ( J  = 1.5 Hz) a t  6 2.21 (3 H) and 6.56 ppm (I H )  
corresponding to the methyl and vinyl hydrogens on the thiazo- 
line ring. 

Registry No.-Za, 51568-05-9; 2b, 40229-20-7; Zc, 51568-06-0; 
2d, 40034-37-5; 6, 33885-76-6; 7, 51568-07-1; 9, 51705-85-2; loa, 
51568-08-2; lob, 51568-09-3; lOc, 51568-10-6; methyl iodide, 74- 
88-4; benzyl chloride, 100-44-7; allyl bromide, 106-95-6; ethyl bro- 
moacetate, 105-36-2. 
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The sulfur atoms of imino-1,2,4-dithiazoles tend to donate electrons into the system, resulting in nucleophilic 
imino nitrogens and electrophilic ring sulfurs, This combination allows the iminodithiazoles to undergo 1,3-di- 
polar additions with such species as activated acetylenes, isothiocyanates, and carbon disulfide. 

M u c h  of t h e  chemistry of 1,2,4-dithiazole derivatives 
appears t o  result  directly f rom t h e  ability of t h e  ring sul-  
furs  to donate  p electrons in to  t h e  ring to provide the  6- 
T electron di thiazol ium system I .  Thus t h e  zwitterionic 
form 2b presumably contr ibutes  significantly to  t h e  struc- 

tures  of 1,2,4-dithiazole-3-thiones (2a, X = S) a n d  3- 
imino-1,2,4-dithiazoles (2a, X = NR). A consequence of 
t he  electron densi ty  on  t h e  exocyclic heteroatom is t h e  
nucleophilicity of t h a t  a tom,  as has been demonst ra ted  by 
alkylation of b o t h  t h e  iminodithiazolesl and di thiazo-  


