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A new procedure was developed for the synthesis of 3.7-disubstitvted bisiso- 
thiazolo[4.5-b:4'.5"-elpyrazines from 3-substituted 4-dibrotl]oanfino-5-haloisothiazoles un- 
der UV irradiation. N,N'-Bis(5-haloisot a azol-4-yl)diazenes ~cre obtained as by-products. 
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Previously, t we have reported the unexpected forma- 
tion of 3,7-dichlorobisisothiazolol4,5-b:4",5"-e}pyrazine 
(la),  which is the first representative of a new heterocy- 
clic system, in the reaction of 3,5-dichloro-4-(dibromo- 
amiqo)isothiazole (2a) with a copper--collidine system. 
Taking into account the ability of Cu atoms to initiate 
the homolytic cleavage of N--Hal  bonds, z it can be 
suggested that the process is radical in character and, 
conseqt, ently, can proceed under the action of other 
initiators of radical reactions, in particular, under irra- 
diation with UV light. 

We used 3,5-dichloro-4-(dibromoamino)isothiazolc 
(2a) and 5-bromo-4-dibromoamino-3-methylisothiazole 
(2b) m our experiments. Compound 2b was prepared 
mlalogously to 2a I by the reaction of 4-amino-5-bromo- 
3-methylisothioazole (3b) 3 with dibromoisocyanuric acid 
(.DBI). 4 A solution of dibromoamine 2b in CC14 re- 
mained unchanged in the dark at +5 ~ for one day. 
However, compound 2b gradually decomposed at room 
temperature. The structure of 2b was confirmed by tH 
and I3C NMR spectroscopy. 

It was found that when irradiated with the t,se of a 
Hg lamp, compound 2 entered into the reaction, which 
was accompanied by the cleavage of the N--Br bond. 
The final result of this reaction was governed by the 
nature of the solvent used. Thus, when exposed in 
CH2CI 2 for 10 min, N,N-dibromoamine 2a was virtu- 
ally completely converted into 4-amino-3,5-dichloro- 
isothiazole (3a). At the same time, irradiation of solu- 
tions of 2a,b in CCI~ afforded 3,7-disubstituted bisiso- 
thiazolo[4,5-b:4",5'-elPyrazincs la and lb, respectively, 
as the major products. Under the above-mentioned con- 
ditions, the yields of la  and Ib were 76% and 58%, 
respectively (Scheme I). 

N,N'-Bis(isothiazol-4-yl)diazenes 4 a  and 4b were 
isolated as by-products of the photochenfical reactioqs 
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of 2a,b in CCI 4 ill 13% and 37% yields, respectively. 
Taking into account that compounds la,b and 4a,b are 
very poorly soluble in organic solvents, which made the 
application of TLC difficult, individual products la  and 
4a were isolated by fractional cry. stallization (from DM F) 
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and c o m p o u n d s  Ib and  4b were isolated by sub l imat ion .  
It shou ld  be e m p h a s i z e d  that  the  yield of  3 ,7 -d ich lo ro -  
b is isothiazolo[4 ,5-b:4  ",5 "-elpyrazine ( l a ) a c h i e v e d  (76%) 
was h igher  t h a n  the  yield of  the  a b o v e - m e n t i o n e d  c o m -  
pot, nd in the  reac t ion  with the par t ic ipa t ion  of  the  
Cu0- -co l l i d ine  system i (67%). Because of  this as well as 
owing to the  fact tha t  quar tz  vessels are not  neces saw 
here ( the  reac t ions  p roceeded  readily in glass flasks), 
this  p rocedure  proves to be preparat ively  valuable.  

Appare~ttly, the  react ions of  eompott~lds 2a,b unde r  
study proceeded through the format ion of  radicals 5a,b 
init iated with light, subsequent  conversions being gov- 
erned by the  nature  of  the  solvent used. hi CH2Cl 2, 
radical 5a was apparent ly  stabilized through a sequence o f  
reactions of  d e t a c h m e n t  of  hydrogen a toms from the 
solvent  and d e h a l o g e n a t i o n  to form 4 - a m i n o - 3 , 5 - d i -  
ch loro iso th iazole  (3a). In G e l  4, an alternative scheme  o f  
react ions was apparent ly  realized, which involved the 
rep lacement  o f  the ha logen a tom at the C(5) a tom in 
d i b r o m o a m i n e  2 by radical 5, deha logenat ion  of adduct  6 
formed,  and its cycl izat ion to 3,7-disubst i tuted bisiso- 
thiazolo[4,5-b:4",5'-e]pyrazme 1. In this case, the nature 
of  the  ha logen  a tom at posit ion 5 of  the isothiazole ri~g 
has, evidently,  no  not iceable  effect on the course of  the 
reaction.  Wi th in  the f ramework of  the proposed scheme,  
the  format ion  o f d i a z e n e s  4a ,b  is explained by recombina-  
t ion of  radicals 5a,b  and  deha logena t ion  of the N,N ' -d i -  
bromohydraz ine  lbrmed.  The  format ion of  ni trenes in the 
course of  the react ion,  lbr  example ,  as a result of  the 
d e t a c h m e n t  of  the Br radical from internlediates 5a,b, 
seems to be highly i tnprobable  because products of  inser- 
t ion of  n i t renes  into C - - H  and (or) C- -CI  bonds of  the 
solvent were absent  a rnong the compounds  isolated. 

Experimental 

The IH and ~3C NMR spectra ~sere obtained in DMSO-d 6 
and in a mixture of CCI 4 and CDCI 3 on a Bruker AM-300 
spectrometer operating at 300.13 ( |H)  and 62.9 (13C) MHz. 
The t11 and 13C chemical shifts were measured relative to 
DMSO-d 6 (6 2.50 and 39.5) and CDCI 3 (8 7.27 and 76.9). 
TLC was carried out on Silpearl UV-250 silica get using 
benzene as the eluent. 4-Amino-5-bromo-3-methylisothiazote 
(3b) was prepared according to a procedure reported previ- 
ously. 3 Dibromoisocyanuric acid was prepared according to a 
known procedure. 4 A mercury-quartz OKN- I 1 emitter equipped 
with a DRT-220 mercury' lamp t850 W) without a filter was 
used as the radiation source. 

5-Bromo-4-dibromoamino-3-methylisothiazole (2b). DB1 
(0.60 g, 2.09 retool) was added to a solution of 4-amino- 
5-bromo-3-methylisothiazole (3b) (0.27 g, 1.39 mmol) in an- 
hydrous CCI4 (5 mL). The reaction mixture was stirred at 
15 ~ for I h. The precipitate was filtered off:rod washed with 
CCIa (I mL). The "ILC analysis of the mother liquor showed 
The presence of only one product (2b), R r 08.  IH NMR 
{CCI~--CDCI3), 8 :2 .19  (s, 3 tt, Ctl3). 13C NMR (CC1.~-- 
C1)Ct3), 8 : 3 0 . 6  {CH31, 1093 (C--Br), 139.4 (C--NBr2), 
156.7 (CICI-13). 

Reactions or 4-dibromoaminoisothiazoles 2a and 2b in 
CH2CI 2 and CCI4 under irradiation with UV light. ,4. A 

solution of 3,5-dichloro-4-(dibromoamino)isothiazole (2a) ! 
(0.20 g, 0.61 retool) in anhydrous CH2CI 2 (5 mL) was placcd 
into a glass flask and irradiated with UV light at 20 ~ for 
10 rain. The solvent was removed and the residue was crystal- 
lized from hexane. 4-Amino-3,5-dichloroisothiazole (3a) was 
obtained in a yield of 0.09 g (87%), m.p. 78--79 ~ (el  Ref 
5: nap. 79 ~ 

B, A solution of 4-dibromoaminoisothiazole (2a or 2b) in 
CCI 4 (prepared from the corresponding 4-aminoisothiazole 3a 
or 3b (1.39 mmol) as described above) was irradiated with UV 
light at 30--35 ~ for 5--6 h. Shortly after the beginning of 
irradiation, the solution turned brown. After completion of 
exposure, tile reaction mixture contained products la,b and 
4a,b, while the initial compounds 2a and 2b were virntalty 
abseat (according to the TLC data). The solvent and the 
halogens that liberated m tile reaction were removed in vacuo 
and then hexane (5 mL) was added to the residue. The 
plecipitate was filtered off, washed with hexane (1 mL), and 
dried under an air stream. The resulting mixture of la and 4a 
was dissolved in hot DMF (1 ink). The precipitate that formed 
upon cooling was filtered offand dried. N,N'-Bis{3,5-dichloro- 
isothiazol-4-yl)diazene (4a) was obtained in a yield of 0.03 g 
(13%7, m.p. 218--220 ~  Ref. 1: m.p. 219--220 ~ 
mother liquor was diluted with water (1 mL). The precipitate 
that formed was filtered off and dried. 3,7-Dichlorobisiso- 
thiazoto[4,5-b:4",5 '-e]pyrazme ( la)  was obtained in a yield of 
0.14 g (76%), m.p. 208--209 ~ (eft Ref. 1: m.p. 207-- 
208 ~ According to the TLC data, compounds la and 4a 
ate identical to the products prepared according to a procedure 
reported previously, t 

A mixture of products lb and 4b was subjected to st,blima- 
lion at 90 ~ (2 Tort). 3,7-Dimcthylbisisothiazolo[4,5-b:4",5 "- 
elpyrazine ( lb)  was obtained as yellow crystals in a yield of 
0.09 g(58%}, m.p. 179--181 ~ Rf0.45. tFl N M R ( D M S O -  
d6). 6.: 2.88 is, 3 I-'I, Cl-13). t3C NMR (IDMSO-d6), 6:17.1 
(CH3), 141.6 (C(4)), 162.2 (C--C1-13) , 163.0 (C--S). MS, rn/z 
(1 (%)): 222 IM} ~ (100t, t,~l [M - CH3CN] + (16), 140 
[M - 2 CH3CN]* (23), 73 [CH3C=N=S]  § (147. Found (%): 
C, 44.08; It, 2.75; N, 25.31; S, 28.95. C8tl6N4S > C:,lculatcd 
(%7: C, 43.24; H, 2.70; N, 25.23: S, 28.83. 

According to the data of TLC, the residue remaining after 
sublimation was virtually pure N,N'-bis(5-bromo-3-methyl-  
isothiazol-4-yl)diazene (411) obtained as yellow-orange crystals 
in a yield of 0.10 g (37%), m.p. 187--189 ~ (AcOH), Rf 0.60. 
11--I NMR (DMSO-d6), 6 : 2 . 6 5  is, 3 H, CH3). t3C NMR 
(DMSO-d6), 8:20.3 (CH3L 136.6 (C--Br) ,  146.6 (C- -N=N) ,  
161.9 (C-CH3). Found (%): C, 26.08; H, 169; Br, 72.07; 
N, 1501; S, 16.93. C.~I-IoBr2N~S 2. Calculated (%): C, 25.13; 
H, 1.57; Br, 41.88; N, 14.66; S, 16.75. 
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