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4.3.10. Reaction of (Z)-2-bromo-2-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)acetonitrile (21) with HCl in Et2O; Table 1, entry 7. 

Products: mixture of 3,4-dichloroisothiazole-5-carbonitrile (8a), 3,4-dibromoisothiazole-5-carbonitrile (8b), 3-bromo-4-chloroisothiazole-5-
carbonitrile (27b) and an unknown compound (8a:uknown:27b:8b = 9:5:4:1 by 13C NMR). 

 

m/z (ESI-APCI+) 302.8 [8b, (M+H+MeOH+4)+, 6%], 300.8 [8b, (M+H+MeOH+2)+, 8%], 299.1 [8b, (M+H+MeOH)+, 5%], 258.8 [27b, 
(M+H+MeOH+4)+, 13%], 256.8 [27b, (M+H+MeOH+2)+, 55%], 254.8 [27b, (MH+MeOH)+, 46%], 214.9 [8a, (M+H+MeOH+4)+, 25%], 212.9 
[8a, (M+H+MeOH+2)+, 76], 210.9 [8a, (M+H+MeOH)+, 100%] 
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4.3.11. Reaction of (Z)-2-bromo-2-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)acetonitrile (21) with HCl in THF; Table 1, entry 8. 

Products: mixture of 3,4-dichloroisothiazole-5-carbonitrile (8a), 3,4-dibromoisothiazole-5-carbonitrile (8b), 3-bromo-4-chloroisothiazole-5-
carbonitrile (27b) and an unknown compound (8a:uknown:27b:8b = 9.3:3.9:3.6:1 by 13C NMR). 

 

m/z (ESI-APCI+) 302.8 [8b, (M+H+MeOH+4)+, 6%], 300.8 [8b, (M+H+MeOH+2)+, 8%], 299.1 [8b, (M+H+MeOH)+, 5%], 258.9 [27b, 
(M+H+MeOH+4)+, 27%], 256.8 [27b, (M+H+MeOH+2)+, 65%], 254.9 [27b, (MH+MeOH)+, 51%], 214.9 [8a, (M+H+MeOH+4)+, 18%], 212.9 
[8a, (M+H+MeOH+2)+, 47], 210.9 [8a, (M+H+MeOH)+, 65%] 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2014

koutentis
Typewritten Text
Ｓ３５



�������������	�
�������������������������	��
�������
�������

�
�	
�

�
��
�

	
�
�	
�

	
	�
�
�
�
�
�
��

	
	�
�
�
�
�
�
��

�
�


��
�

�
�


�

�

�
�
�
�	
�

�
�
�
��
�

�
�
�
��



�
�
�
��
�

�
�
�
��



�
�
�
�	
�

���������	
�����������������������������������������
���������	�	�
�	������	������������������� !�"
#�	����	�����$� %&��	���'
�
�(
�
)	�	�*

+,-������,���	
*�.
��/��&��������������

�0(+ ��������������������������������

(� %+ �������������������������������

1����,�2&*����(
�
)	�	�*

'
�	3�����������4��4��4��������������

")	���������������$�4���������������

5+6"�7-�����������*8	����������������

(� ��'�����))�(,�� ������������������

(79(� :������������;)����������������

"'����������������<���<��������������

6 9=�+"�����������%'%����������������

+6������������������444��������������

'6�����������������������������������

6>�������������$?<��$4���������������

15'��6���������4���������������������

,@���������������4�44�A�*	�����������

�:������������������4�4��������������

'>����������������<�A44�&*	����������

'������������������<��4�&*	����������

"������������������$?�4�.������������

%+6"������������4444444��������������

%+6"������������4444444��������������

'������������<�44444444�*	�����������

'�4����������4�44<A$<���*	�����������

"'4����������������������������������

BBBBBBBB�%�,++�9����BBBBBBBB

61 �������������?��$?A��-������������

+7%�������������������%��������������

(������������������A�?4�&*	����������

(������������������?��4�&*	����������

(9>����������A�44444444�>������������

BBBBBBBB�%�,++�9����BBBBBBBB

61 ����������44�4��4�A4�-������������

+7%����������������������������������

%('(�:C����������
����<��������������

(%('��������������A4�44�&*	����������

(9>��������������<$$$A��>������������

(9>����������4�����A444�>������������

1����(���	**�/�8
�
)	�	�*

65������������������?<A��������������

61��������������?�������-������������

>'>�������������������-��������������

66�������4��������������

9��������������������44��������������

:��������4��������������

(%��������������������4��������������

8b 27b

�
�
�
��



27b

�
�
�
��
�

�
�


��
�

�
�
�
��
�

�
�


�

�

�
�
�
�	
�

�
�
�
��



�
�
�
�	
�

8b

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2014

koutentis
Typewritten Text
Ｓ３６



4.3.12. Reaction of 2-chloro-2-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)acetonitrile (22) with HBr in Et2O; Table 1, entry 9. 

Products: mixture of 3-bromo-4-chloroisothiazole-5-carbonitrile (27b) and 3,4-dibromoisothiazole-5-carbonitrile (8b) (27b:8b = 3:1 by 13C 
NMR). 

Both ESI-APCI+ and GC-MS were run on this sample. For GC-MS data see supporting information part C. 

 

ESI results: m/z (ESI-APCI+) 302.8 [8b, (M+H+MeOH+4)+, 9%], 300.8 [8b, (M+H+MeOH+2)+, 12%], 298.8 [8b, (M+H+MeOH)+, 10%], 
258.8 [27b, (M+H+MeOH+4)+, 33%], 256.8 [27b, (M+H+MeOH+2)+, 100%], 254.8 [27b, (MH+MeOH)+, 72%]. 
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4.3.13. Reaction of 2-chloro-2-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)acetonitrile (22) with HBr in THF; Table 1, entry 10. 

Products: isothiazole 24b isolated by chromatography and mixture of 3-bromo-4-chloroisothiazole-5-carbonitrile (27b) and 3,4-
dibromoisothiazole-5-carbonitrile (8b) (27b:8b = 9:1 by 13C NMR). 

 

m/z (ESI-APCI+) 302.8 [8b, (M+H+MeOH+4)+, 9%], 300.8 [8b, (M+H+MeOH+2)+, 12%], 298.8 [8b, (M+H+MeOH)+, 10%], 258.8 [27b, 
(M+H+MeOH+4)+, 33%], 256.8 [27b, (M+H+MeOH+2)+, 100%], 254.8 [27b, (MH+MeOH)+, 72%]. 
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4.5.1. Reaction of (Z)-2-bromo-2-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)acetonitrile (21) with benzyltriethylammonium chloride; Table 2, 

entry 2. 

Products: mixture of tentatively 3-bromo-4-chloroisothiazole-5-carbonitrile (27b) and 3,4-dichloroisothiazole-5-carbonitrile (8a) (27b:8a = 3:1 
by 13C NMR). 

 

m/z (ESI-APCI+) 258.8 [27b, (M+H+MeOH+4)+, 31%], 256.8 [27b, (M+H+MeOH+2)+, 100%], 254.8 [27b, (MH+MeOH)+, 75], 210.9 [8a, 
(M+H+MeOH+2)+, 50%], 212.9 [8a, (M+H+MeOH)+, 45] 
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Structure elucidation of 3-bromo-4-chloroisothiazole-5-carbonitrile (27b) 

Reaction of 2-chloro-2-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)acetonitrile (22) with HBr in Et2O, 

(Table 1, entry 9) gave an inseparable mixture of 3,4-dibromoisothiazole-5-carbonitrile (8b) and 

3-bromo-4-chloroisothiazole-5-carbonitrile (27b) (88% overall yield, 8b:27b = 1:3 by 
13

C NMR). 

Since 8b is a known compound, the peaks corresponding to 27b in the 
13

C NMR can be easily 

detected. The compound shows four quaternary carbon resonances at 139.3, 134.0, 130.4 and 

108.0 ppm. The peak at 108.0 ppm is typical of a nitrile group, while the other three are similar 

to the isothiazole resonances of similar systems. 

Analysis of pure 8b be GC-MS showed a molecular ion peak at m/z 266 (C4Br2N2S) with an 

isotope pattern corresponding to the presence of two bromine atoms. Three more fragments were 

identified at m/z 187, 161 and 137, all of them showing an isotope pattern corresponding to the 

presence of one bromine atom (Scheme S1). The fragment at m/z 187 presumably corresponds to 

the loss of one bromide from the isothiazole 8b. The fragment at m/z 161 corresponds to 

C3BrNS, therefore a tentative loss of cyanogen bromide, while the one at m/z 137 corresponds to 

CBrNS, by a tentative loss of 3-bromopropiolonitrile. 

Analysis of the mixture of 8b and 27b obtained from the above reaction by GC-MS showed the 

separation of the two compounds by this technique (retention times 7.20 and 6.53 min, 

respectively). The major signal corresponded, as expected, to 27b with a molecular ion peak at 

m/z 222 (C4BrClN2S) and an isotope pattern corresponding to the presence of one bromine and 

one chlorine atom. The compound showed a similar fragmentation pattern to 8b giving three 

more fragments at m/z 143, 137 and 117. The fragment at m/z 137 showed an isotope pattern 

corresponding to one bromine atom and is tentatively the same fragment seen before in 8b 

corresponding to CBrNS, by loss of 3-bromopropiolonitrile. The fragment at m/z 117 showed an 

isotope pattern of one chlorine atom and presumably corresponds to C3ClNS (Scheme S1) by 

loss of cyanogen bromide. Finally the fragment at m/z 143 showed an isotope pattern of one 

chlorine atom and presumable corresponds to the loss of one bromide from the isothiazole 27b. 

These information supports the presence of a C-3 bromo and a C-4 chloro substituent and 

confirms the proposed structure for 27b. 
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GC-MS of 8b 

 

GC-MS of 27b 

 

 

Scheme S1. Tentative fragment analysis of mass spectra of compounds 8b and 27b. 

 

C4Br2N2S
+ 

C4BrN2S
+ 

C3BrNS
+ 

CBrNS
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C4BrClN2S
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C4ClN2S
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C3ClNS
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CBrNS
+ 
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Identity of unknown compound  

The reactions of (Z)-2-bromo-2-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)acetonitrile (21) with 

HCl, both in Et2O and in THF gave a mixture of four compounds (Table 1, entry 7 and 8), 3,4-

dichloroisothiazole-5-carbonitrile (8a), 3,4-dibromoisothiazole-5-carbonitrile (8b), 3-bromo-4-

chloroisothiazole-5-carbonitrile (27b) and an unknown compound. 

Since the rest are previously observed compounds, the peaks corresponding to the unknown in 

the 
13

C NMR can be easily detected. The compound shows four quaternary carbon resonances at 

151.9, 133.8, 118.2, 109.0 ppm. The peak at 109.0 ppm is typical of a nitrile group, while the 

other three are similar to the isothiazole resonances of similar systems. By comparison with the 

13
C NMR data of the known dihaloisothiazole-5-carbonitriles 8a, 8b and 27b we very tentatively 

suspect that the unknown is 4-bromo-3-chloroisothiazole-5-carbonitrile (27a), however, in the 

absence sufficient data this asignment must remain highly speculative (Scheme S2). The 

formation of this product, however, is in agreement with our proposed mechanism (Scheme 10). 

 

 

Scheme S2. Highly tentative structure assignment of unknown compound based on a comparison 

of 
13

C NMR data of known 3,4-dihaloisothiazole-5-carbonitriles. 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2014


	S4-S30_Section A.pdf
	part A-single compounds 11
	part A-single compounds 12
	part A-single compounds 9
	part A-single compounds
	Document 1
	Document 2
	Document 3
	Document 4
	Document 5
	Document 6
	Document 7
	Document 8
	Document 10
	Document 11
	Document 16
	Document 17
	Document 18
	Document 19
	Document 20
	Document 21
	Document 22
	Document 23


	S32-S41_Section B.pdf
	Document 1f
	Document 2f
	Document 3f
	Document 4f
	Document 5f
	mass spec to pdf




