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methane is obtained. It has been reported that the 
product was a mixture of the di- and tribromo com- 
pounds.' This conclusion came solely from the 
fact that the elemental analysis of the crude reac- 
tion product was between the values for di- and tri- 
bromonitromethane, and could easily be mis- 
leading. 

An intermediate may be isolated if the reaction 
mixture is cooled and acidified after ten minutes' 
heating. This intermediate, whose empirical for- 
mula is CzH2Br2NzO3, was thought to be a,a- 
dibromo-a-nitroacetamide.' The infrared spectrum 
of this compound has intense absorption a t  2.93, 
3.17, 5.90, and 6.35 microns which is characteristic 
of secondary amides.2 Therefore, it is most likely 
N, a-dibromonitroacetamide. When this compound 
is refluxed in water, dibromonitromethane is ob- 
tained and the aqueous solution is acidic and con- 
tains ammonia and bromide ion. 

The reaction occurs in tn-o steps: 

0 
I' 

OzN-CH2-C--;h;H2 + 20Br- + 
0 
I /  

02NCHBr-C-NHBr + 20H - (I) 
0 

OzNCHBr- -NHBr + H20 + 
Ozh'CHBrz + COz + NH3 (IT) 

e 
Step I1 is a further example of the rearrangement 
observed when a-haloamides are treated with hypo- 
bromite.S Since the reaction will occur in water 
initially free of bromide ion i t  is an indication that 
the rearrangement of the N-bromoamide is intra- 
molecular as postulated by Ha~zeldine.~ 

The reaction was tried in acidic, neutral, and 
basic solution, both a t  room temperature and 100" 
but under none of these conditions could nitro- 
acetamide be converted to  nitromethylamine. 

EXPERIMENTAL 

Ethyl nitroacetate. This compound was prepared by the 
method of Rodionov and its physical constants agreed with 
those reported.6 

Ammonium ethyl acinitroacetate. Into 6 g. of ethyl nitro- 
acetate in 50 ml. of anhydrous ether, cooled in Dry Ice, was 
bubbled anhydrous ammonia. A pasty precipitate formed 
immediately. It was recrystallized from 95% ethanol to  
give 3.2 g. (57%) of ammonium ethyl acinitroacetate with 
m.p. 86-88" with decomposition. 

Anal. Calcd. for CaHloN2Od: C, 32.00; HI 6.67; N, 18.68. 
Found: C, 31.76; H, 6.51; N, 18.61. 
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An aqueous solution of the compound gives a red color 
with ferric chloride solution, but no precipitate with silver 
nitrate solution, as had been reported.' 

Ammonium acinitroacetamide. A solution of 3 g. of am- 
monium ethyl acinitroacetate in 45 ml. of absolute ethanol 
saturated with ammonia was heated in a sealed tube at  100' 
for 1.25 hr. The solid initially present quickly dissolved, and 
soon after glistening plates began to precipitate from the 
solution. The tube was cooled and the crystals collected to 
yield 1.5 g. (70%) of ammonium acinitroacetamide with 
m.p. 117-119' with decomposition. 

Anal. Calcd. for C2H7N303: C, 19.81; H, 5.79; N, 34.75. 
Found: C, 19.87; H, 5.63; N, 34.58. 

The compound gives a red color with ferric chloride solu- 
tion and no precipitate with silver nitrate solution. Although 
the properties, are different from those previously reported;@ 
m.p. 152", precipitate with silver nitrate solution; the pres- 
ent assignment is probably correct since nitroacetamide, 
m.p. 99-looo, is obtained upon acidification and extraction 
n-ith ether.' 
N,a-dibromonitroacetamide. To an aqueous solution of 

2.42 g. (0.02 mole) of ammonium acinitroacetamide was 
added 0.80 g. (0.02 mole) of sodium hydroxide and the 
solution warmed to expel ammonia. After addition of 0.04 
mole of hypobromite solution the mixture was warmed for 
10 min., cooled, acidified, filtered, and the precipitate re- 
crystallized from chloroform to give 2.9 g. (55%) of N,a-  
dibromonitroacetamide with m.p. 113-114'. 

Anal. Calcd. for C2HzBrzN203: C, 9.17; H, 0.77; N, 10.70; 
Br, 61.03. Found: C, 9.42; H, 0.87; N, 10.82; Br, 61.00. 

Dibromonitromethane. 5.2 g. of N,a-dibromonitroacet- 
amide was refluxed in 30 ml. of water for 2 hr. The organic 
layer was separated, dried over calcium chloride, and 
vacuum distilled to give 2.6 g. (61%) of dibromonitrometh- 
ane, b.p. 44-45' (0.7 mm.) and n'," 1.5757. 

Anal. Calcd. for CHBrzNO2: C, 5.49; H, 0.46; N, 6.40; 
Br. 73.06. Found: C ,  5.46; HI 0.50; N, 6.15; Br, 73.27. 
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(6) W. Steinkopf, Ber., 37, 4623 (1904). 
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In  the past few years several have ap- 
peared on the use of thioureas as effective chema- 
therapeutic agents for the treatment of tubercular 
infections in experimental animals. Our recent 

on cycloalkeno [ d ]  thiazolin-2-ones suggest.ed 
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the use of related 2-aminothiazoles for the prepara- 
tion of unsymmetrical ureas and thioureas. The 
diverse methods of preparation of these com- 
pounds have been outlined in a comprehensive re- 
view by Schroeder.6 The procedure incorporated 
herein is simply the condensation of a 2-amino- 
4,5-substituted thiazole (2-amino-5,6-dihydro-4H 
cyclopentathiazole and 2-aniino-4,5,6,T-tetrahydro- 
benz~thiazole~) with alkyl and aryl isocyanates and 
isothiocyanates. The general reaction is formulated 
as follows: 

RNCX -A 
N / I  I1 

7L = 1,2 x = 0,s 
R = aryl or alkyl 

N X 

The analytical data for the corresponding products 
are outlined in Table I. 

During the course of our studies on anti-tubercu- 
lar agents, Dr. Mizzoni6 of our Chemical Research 
Laboratories postulated that the incorporation of 
the thiourea moiety into a heterocyclic system may 
lead to effective chemotherapeutics for the treat- 
ment of tuberculosis. Such a heterocycle mould be 
the 2-iminothiazolines. The accompanying struc- 
ture, in which the broken line delineates the pseudo- 
form of a thiourea, illustrates this principle. Sev- 

H R  
\ /  R-C-h--R R-C=O 
N----+ I / I  I I ,  

R-C, ,C=N-R 
1 s  

I + I  
R-CHCI 

/ \\ 
C 

HS 
R 

era1 of Mizzoni's compounds, in fact, showed good 
activity against tuberculosis in experimental ani- 
mals. We have applied this concept in our studies 
on thiazoles fused to alicyclic systems. a-Chloro- 
cyclopentanone and a-chlorocyclohexanone were 
condensed with the thioureas. In  the course of 
our study it was found that 2-bromotetralone was 
a very reactive intermediate and lended itself very 
readily for this type of condensation. Consequently, 
several 8,S-dihydro-P-naphthothiazolines were pre- 
pared also for testing. The analytical data for the 
resulting heterocyclic compounds are presented in 
Table I1 and Table I11 

The results of the biological testing of these com- 
pounds will be presented elsewhere. 

(6)  D. C. Schroeder, Chem. Revs., 5 5 ,  181 (1955). 
(7 )  H. Erlenmeyer and W. Schoenauer, Helv. Chim. Acta, 

(8) R. H. Mizzoni, E. Wrobel, and P. Eisman, unpub- 
24, 172E (1941). 

lished results. 
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TABLE I1 

~~~~~ ~ 

Analysis, % 
M.P., Yield, Empirical Calculated Found 

I1 n, "C. % Formula N S N S 

CZH, 1 157 32 C,oHi&,S.HCl 12.57 14.38 12.82 14.37 
CIHs 2 145-137 70 CiiHuXzSHCl 11.35 13.00 11.1s 13.26 

Cyclohexyl 2 184-186 75 C?aHaoNnS.HCl 7.65 8.73 7.44 8.56 
p-C3H&-CsH4 2 104-106 15 C ~ ~ H ~ O S ~ O ~ S  6.63 7.58 6.64 7.80 
p-iCiHiiO-CsH, 2 124-125 30 C2gH33NzO&HCl 5.44 6.23 5.80 6.00 

Cyclohexyl 1 188-190 46 CigHz8N?S.HC1 7.98 9.18 8.02 9.00 

T I B L E  111 

&, N- R 
S-C'N-R 

Analysis, % 
M P , Yield, Empirical Calculated Found 

R "C % Formula s S s s 
Cyclohexvl 108-109 35 C?,H2J?S 7 65 8 76 7 50 8 99 
P - C ~ H ~ O C ~ H ~  220 -223 30 C?$H3OILr202S.HBr 5 09 5 83 5 04 5 79 
p-iCjH1iOCsHa 234-235 45 C33H&20&HBr 4 62 5 28 4 i 0  5 07 
p - G H r G H 4  223-225 44 Cql H 1452S. HBr 5 12 5 87 5 03 5 88 

EXPERI.\IENTAL' 

Preparation of intermediates. cu-Chlorocyclopentanone and 
a-chlorocyclohexanone were prepared according to the pro- 
cedure outlined by Kotz,lo and 2-bromotet,ralone was pre- 
pared according to \t7ilds.11 The substituted arylisocyanates 
and isothiocyanates n-ere prepared by well known meth- 
ods.6 

Condensation of 2-amimo-$,6-cyclic substituted thiazoles with 
arylisocyanates and arylisothiocyanates. General procedure. An 
equivalent amount of arylisocyanate or isothiocyanate ivas 
added to the 2-aminothiazole dissolved in 10 times its volume 
of dry benzene. -4 vigorous reaction usually occurred leading 
to copious precipitation of the product. The reaction mis- 
ture, after refluxing for a period of time, was filtered, washed 
with benzene, and recrystallized from ethanol. In  preparing 
the ureas, it was found that only 1 to 2 hr. reflux was neces- 
aary, whereas the condensation between the 2-amino- 
thiazoles and the arylisothiocyanates proceeded a t  a much 
slower rate, requiring from 12 to 24 hr. of reflux. 

Condensation of" a-haloketones with symmetrical thioureas. 
General procedure. The products of this condensation are 
presented in Tables TI and 111. For the sake of clarity, the 
details for the preparation of 3-p-butylphenyl-2-p-butyl- 
phenylimino-8,0-dihydro-p-naphthothiazoline hydrobromide 
will be described. The other compounds in these tables are 
prepared in similar fashion. 

A mixture of 17.0 g. (0.05 mole) of 1,4-bis(p-but)-l- 
phenyl)-2-thiourea, 11.3 g, (0.05 mole) of 2-bromotet.ralone, 
and 200 ml. of absolntp ethyl alcohol was refluxed for 6 hr. 
The clear solution was evaporated to one-tenth its volume 
and then 300 nil. of dry ether was added with vigorous 
st.irring. After chilling overnight, the fine white powder was 
collected on a Biichner funnel and washed well with ether. 
=\nnlytically pure material was obtained by dissolving the 
- 

(9) All melting points are uncorrected. 
(10) A. Kotz, Ann., 400, 53 (1940). 
(11) A. I,. Wilds, J .  Am. Chem. Boc., 67, 1751 (1945). 

powder in a minimum amount of absolute ethyl alcohol and 
precipitating the product through the addition of 
ether. 
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-1 large variety of methods has been applied to 
the preparation of the now commercially useful 
organotin esters. The oldest, most frequently used 
and most widely applicable procedure involves the 
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