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Review

PREPARATION OF SYMMETRICAL SUBSTITUTED
DIPHENYL DISELENIDES

MICHAEL ANKERSEN*.+ and STEVEN R. WILSON
Department of Chemistry, New York University, New York, 10003 NY, USA

(Received July 25, 1994; in final form September 22, 1994)

The preparations of 254 known title compounds are fully documented and the 27 different synthetic
methods for their preparation are discussed in detail.

INTRODUCTION

Substituted diphenyl diselenides have received much attention recently. Not only
as important reagents and intermediates in organic synthesis'-* or promising donor
molecules for conductive and photoconductive organic materials,* but also as mim-
ics for important biological systems.>

This review covers all title compounds reported up to mid-1993 concerning their
preparation, and an examination of all the synthetic methods which are available
today will be given.

The paper contains a section that reviews 27 different methods to prepare sub-
stituted diphenyl diselenides of the general structure and five tables divided into

R, R,

‘ |
R 3. e R 1 R 1= S~ — R 3

P e ‘ N ]
R, - Se—se 7 TR,
R 5 R 5

derivatives of aniline, phenol, benzamide, toluene, halogen benzene, respectively,
and a table for miscellaneous compounds that did not fit into any of the above.

The number given in the third column of the tables represents each method
examined in Section 1. In the same way a cross reference is available since each
compound is mentioned by a number (in parentheses) in Section 1..

tPresent address: Novo Nordisk A/S, Novo Nordisk Park, DK-2760 Milgv, Denmark.
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TABLE [
Preparation of diselenides derived from aniline

No. R;,R;,R;,R.,Rs Method Temp Tiilme Yield Ref.
Cce %

1 NCH(2-OH-3, 5- (OMe) ,-Ph) ,H,H,H,H 22 rf 60
2 NCH(2-OH-Ph) ,H,H,H,H 22 rf 60
3 NMe,,H,H,H,H 72
4 NHMe,H,H,H,H 17  rf 2 54
5 NH,,H,H, CH(OH) Ph, H 17 rf 2 50 54
6 NH,,H,H, CH,Ph,H 17  rf 2 70 54
7 NH,,H,H,CO(4-C1l-Ph) ,H 17 rf 2 60 54
8 NHCONMe,, H, H, COPh, H 17 rf 17 S0 54
9 NH,,H,H, COCH,,H 17 rf 2 40 54
10 NHCH, ,H, H, COPh, H 17 rf 2 60 54
11 NH,,H,H,COPh,H 17 rf 2 80 54
12 NHCONMe,,H,H,H,H 17 rf 14 50 54
13 4-NO,-Ph,H,H,NO,, H 4 50 73
14 4-NO,-Ph,H,NO,,H,H 4 60 73
15 H,H,Ph,NO,,H 4 39 74
16 NO,,H,NO,, CH,,H 4 rf 75
17 H,H,H,NMe,, H ("Se) 1 35-40 1/2 40 76
18 H,H,H,NMe,, H 1 35-40 1/2 54 76
19 NO,,H,Br,H,H 5 rt 1/2 25 37
6 rt 24 20 37
20 NO,,H,CH,,H,H 5 50 3 2 37
6 60 24 60 37
21 H,H,NO,,CN,H 25 69
22 H,H,NO,, H, COOH 4 0 3/4 87 20
23 H,H,NH,,H, CN 4 77
24 NH(3,6-Cl,-pyrazin) ,H,Cl,H,H 23 61
25 NO,,H,H,H,NO, 4 -20 1/2 66 17
26 H,H,H,NO,, H 78
27 NH,, H,H,H,H 60,79

28 H,H,NO,,H, CF, 4 rf 4 67 80
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TABLE I (Continued)

247

No. R,,R;,R;,R,,Rs Method Temp Time Yield Ref.
ce h %
29 H,NH,,CH,,H,H 81
30 H,H,NMe, H,H 4 89 22,82
25 69
31 NH (Et) COCH,,H,H,H,H 83
32 NH(Me)COCH,,H,H,H,H 83
33 NO,,H,H,Cl,H 4 rt 1 50 25
34 NH,,H,H,CH,,H 4 rf 7/2 91 25
35 H,H,NO,,H,H 5 20 24 83 36
4 84
36 H,H,NH, H,H mo 85
37  NO,,H,CH,,CH;,H pu 86
38 NO,,H,H,H,H 5 rt 3 16 37
) 20 20 86 36
6 rt 5 60 37
24 92 87,63
39  NH,,H,Cl,H,H 88
40 NO,,H,CF,,H,H 5 rt 1/2 40 37
41 NO,,H,NO, , H,H 5 5 1/2 97 36

pu=patent unavailable, mosmentioned only, rf=reflux, rt=room temperature

TABLE II

Preparation of diselenides derived from phenol

No. R;,R;,Ry,R.,Rg Method Temp Time Yield Ref.
ce h %
42 OCH;,H,H,H,OCH, 2 rt 15 60 89
43 OCH;,H,H,H, CONH-t-Bu 2 -78 4 65 90
44 OCH,,H,H, R, CONHCH, 2 -78 4 2 90
45 OCH,;,H,0CH;,H,H 1 91
46 H,OCH;,H,H, CONEt, 2 rt ov 92
47 OCH,,H,H,H, CONEtL, 2 rt ov 92
48 OCH,, OCH,, H, H, CONHPh 2 -78 4 41 92
16 rt 1/4 585 52
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TABLE II (Continued)

No. R;,R;,R;,R,,Rg Method Temp Time Yield Ref.
ce h ¥
49 OCH,, H, H, H, CONHPh 16 rt 1/4 32 52
50 H,H,0CH,, H, CONHPh 16 rt 1/4 60 52
51 H,t-Bu,OH,t-Bu,H 4 93
52  H,O0CH,,H,CH,(CH,), H 13 rf 8 63 48
53 H,OCH,;,H, Se-n-Bu,H 13 rf 8 52 48
54 H,H,0-n-Bu,H,H 13 rf 8 72 48
55 H,OCH,,H,H, H 13 rf 8 65 48
4 94
56  H,OCH,,OCH,,H, COCH, 95
57 OPh,H,H,H,H 8 95 40
58 OCH,,H,H,H,H 13 rf 8 47 48
1 96,97
59  H,OCH,,H,H,NH, 98
60 OH,H,H,H,H 98
61 H,H,CEt,H,H 13 rf 8 67 48
1 99
62 H,H,0CH,,H,NH, 100
63 H,OCH,,0CH,, H,NO, 10 rf 1 88 42
64  H,OCH,,OCH,, H,H 4 6 41 101
65 F,F,OCH,, F,F 102
66 H,H,OCH,,H,H 13 rf 8 58 98
1 103
4 104
25 69
67 H,H,OCH,, SO,H, H 4 105
68  H,H,OCH,,H,NO, 6 60 24 63 37,95
69 H, H, OCH;, H, NHCOOH 106

rfsreflux, rt=room temperature
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TABLE 111
Preparation of diselenides derived from benzamide

No. R;,R;,R;,R,Rg Method Temp Time Yield Ref.
ce h ¥
70 CONHCH,CH (OCH,),,H,H,H, H 15 rt 2 86 50
71 CONH (2-pyrimidinyl) ,H,H,H,H 15 107
72 H,H,CONH(CH,),,CH,,K,K 5 107
73 H,H, CONH{CH,),,CH;,H,H 5 107
74 H,H,CONH,, H,H -] 107
75  CONH(CH,),.CH, H,H,H,H 5 120 26 52 107
76  CONH(CH,),,CH, H,H,H,H 5 120 25 45 107
77 CON (Bt),,H,H,H,H 2 rt ov 31 91
78 CON(Et) -p-F-Ph,H,H,H,H 108
79 CONH (5-Me-3-isoxazolyl) H,H,H,H 16 rt 1/2 35 52
80 CONH (2-thiazolyl) ,K,H,H,H 16 rt 1/2 27 52
81 CONH (3-pyridinyl) ,H,H,H,H 16 re 1/2 36 52
15 107
82 CONH (2-thienylmethyl) ,H,H,H,H 16 re 1/2 50 52
83 CONH{2-pyridinylmethyl} H,H,H,H 16 rt 1/2 60 52
84 CONH (2-pyridinyl) H,H,H,H 16 re 1/2 50 25
15 107
8s CONH (2- furanylmethyl) ,H,H,H,H 16 rt 1/2 75 52
86 CONH (2-CH,0C0-Ph) ,H,H,H,H 16 rt 1/4 33 53
87 CONH (4-CF,-Ph) ,H,H,H,H 16 rc 1/4 44 53
88 CONHPh,H,H,H,CH, 16 rt 1/4 75 53
89 CONH (2-COOH-Ph) ,H,H,H,H 16 re 1/4 31 53
90 CONH (2-CH,0~-Ph) ,H,H,H,H 16 re 1/4 47 53
91 CONH (3, 4- (CH,0) ,-Ph) ,H,H,H,H 16 re 1/4 25 53
92 CONHPh,H,H,H,H 15 rt 2 85 53
2 0 1 79 109
16 re 1_/4 90 53
93 CONH-t-Bu,H,H,H,H 16 rt 1/4 71 53
94 CONH (CH,)} (CH, ,H,H,H,H 16 re 1/4 78 53
95 CONH-p-F-Ph,H,H,H,H 16 rt 1/4 87 53
96 CONH-c-Hexyl ,H,H,H,H 16 rt 1/4 50 53
97 CONH-c-Pentyl ,H,H,H,H 16 rte 1/4 66 53
98 CONH-p-CN-Ph,H,H,H, H 16 rt 1/4 25 53
9% CONH-0-Cl1-Ph,H,H,H,H 16 re 1/4 64 53

249
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TABLE III (Continued)

No. R,,R;,R;,R{,Ry Method Tgr:p Time Yield Ref.
100 CONH-o0-NO,-Ph,H,H,H,H 16 rt 1/4 90 53
101 CONH-m,m-C1,Cl-Ph,H,H,H,H 16 rt 1/4 84 53
102 CONH(CH,),-Ph,H,H,H,H 16 rt 1/4 90 53
103 CONH-p-Cl1-Ph,H,H,H,H 16 rt 1/4 72 53
104 CONH-p-OCH,-Ph,H,H,H,H 16 rt 1/4 63 53
105 CONHCH,Ph,H,H,H, K 16 re 1/4 68 53
106 CONH-p-CH;-Ph,H,H,H,H 16 rt 1/4 72 53
107 CONH-p-NMe,-Ph,H,H,H,H 7 16 rt 1/4 S0 53
108 CONH(1,3-benzodioxol-5-y1) ,H,H,H,H 16 rt 1/4 85 53
109 CONH(2,l-phenylenecarbonylimino)
bis{(a-methyl-,methylester) ,H,H,H,H 16 rt 1/4 14 53
110 CONH-o-CF,-Ph,H,H,H,H 16 re 1/4 51 S3
111 CONHCH,-C-Hexyl,H,H,H.H 16 rt 1/4 86 53
112 CONH-0-OH-Ph,H,H,H,H i6 rt 1/4 8 53
113 CONH-p-~OH-Ph,H,H,H,H 16 re 1/4 46 53
114 CONH-m-OH-Ph,H,H,H,H 16 rt 1/4 12 53
115 CONH-p-NO,-Ph,H,H,H,H 16 rt 1[4 65 53
116 H,H,CONH-t-Bu,H,H 20 rt 1/4 44 58
117 H,H,CONH-p-F-Ph,H,H 20 rc 1/4 57 58
118 H,H,CONHPh,H,H 20 re 1/4 57 58
119 H,CONH-p-OH-Ph,H,H,H 20 rt 1/4 35 58
120 H,CONHCH,,H,H,H 20 rt 1/4 55 58
121 H,CONHPh,H,H,H 20 rt 1i/4 68 58
122 H,H,CON(CH,),,H,H 20 rt 1/4 77 58
123 H,CON(CH,),,H,H,H 20 rt 1/4 49 58
124 CON (CH,)Ph,H,H,H,H 20 rt 1/4 72 58
125 CON(CH,;) CH,Ph,H,H,H,H 20 rt 1/4 52 58
126 CO-Piperidine,H,H,H,H 20 rt 1/4 78 58
127 CON(CH{CH,),),,H,H,H,H 20 rt 1/4 93 58
128 CON(CH,),,H,H,H,H 20 rt 1/4 75 58
5 120 24 47 51
129 CONH,,H,H,H,H 5 120 19 70 51
12 rf 2 92 47
15 107

rt=room temperature, rf=reflux
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TABLE IV

Preparation of diselenides derived from toluene

251

No. R,,R;,R;,R,,R; Method Temp Time Yield Ref.
ce h %
130 CH,N(2-(2-pyridinyl)ethyl ,H,H,H,H 21 rf 37 59
131 CH(CH,),CONHPh,H,H,H,H 12 60 46
132 CH(CH,),CONHCH,Ph,H,H,H,H 12 90 46
133 CH(CH,) ,CONHCH,,H, H,H,H 12 85 46
134 CH(CH,) ,CONH, H,H H, K 12 85 46
135 CH,Cl,,H,H,H,H 4 0 1 69 59
136 CH,0H,H,H,H,H 4 ¥] 1 87 59
137 CH,N(CH,) c-Hexyl,H,H,H,H 4 0 1 30 59
138 Et,H,Et,H,Et 110
139 CH,,CH,,H,CH,, CH, 110
140 H,H,6-Me-Pyridinyl H,H 5 36
141 H,H,3-quinolinyl,H,H S 36
142 H,H,2-quinolinyl,H,H 5 36
143 H,H,3-pyridinyl,H,H 5 36
144 H,H,2-pyridinyl,H,H 5 36
145 CF,,H,H,H,H 1 101
146 CF,,H,CF,,H,CF, 2 rt 9 48 111
147 CH(CH,),,H,CH(CH,),,H,CH(CH;), 110
148 H,H,COPh,H,H 24 33
149 D,D,D,D,D 1 112
150 CONHCOCH,,H,H,H,H 15 107
12 50 93 47
151 CONHCOOEt,H,H,H,H 12 rf 3/2 73 47
152 COO(CH,) ,CH,,H,H,H,H s 36
153  COO(CH,) ,CH, H,H,H,H 5 36
154 CH,(1-pyrrolidinyl},H,H,H,H 1 -78  ov 45 5
155 CH,N(CH,),,H,H,H H 2 -78 2 21 5
156 p-NO,-Ph,H,H,H,H 4 62,73
157 H,p-NO,-Ph,H, H,H 4 62,73
158 H,H,p-NO,-Ph,H,H 4 62,73
159 H,CN,H,H,H 24 51 62
24 70 62
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TABLE 1V (Continued)

No. R;,R,,R;,R.,Rg Method Temp Time Yield Ref.
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ce h %
160 CN,H,H,H,H 24 42 62
24 59 62
5 120 6 38 62
161 COCOOCH,,H,H,H,H 25 65
162 Ph,H,H,H,H 1 113
4 114
163 H,Ph,H,H,H 2 115
4 116
1564 H,COOCH,,H,H,H 4 117
165 COPh,H,H,H,H 4 0-5 52 118
166 COOCH,,H,H,H,H 4 0 46 119
167 Ph,H,Ph,H,Ph 1 120
168 COOH,H,H,H,H Se 5 0 30 121
169 H,H,SO,NH, H,H 4 0 29 122
170 H,H,COCl,H,H 19 co 57
171 H,COCl,H,H,H 19 co 57
172 COCl,H,H,H,H 19 40 120 120 56
173 H,H,COOCH(CH,),,H,H 20 rt 1/2 63 57
174 H,COOCH,Ph,H,H,H 20 rt 1/2 24 57
175 H,COOEt,H,H,H,H 20 re 1/2 74 57
176 COO(CH,),0Et,H,H,H,H 20 re 1/2 24 57
177 COOEt,H,H,H,H 20 rt 1/2 63 57
178 COO-n-Bu,H,H,H,H 20 rt 1/2 53 57
179 COO-p-CF,-Ph,H,H,H,H 20 rt 1/2 14 57
180 COO-t-Bu,H,H,H,H 20 rt 1/2 37 57
181 COO(CH,) CH,,H,H,H,H 20 re 1/2 32 57
182 COOCH(CH,),,H,H,H,H 20 rt 1/2 53 57
183 Et,Et,Et,Et,EBEt 1
184 Me,Me,Me,Me,Me 1
185 CH(Ph),,H,Cl,H,H 11 95 1/2 4 44
186 CH(Ph)Ph-d,,H,H,H,H 11 95 1/2 7 44
187 CH(Ph),,H,H,H,H 11 95 1/2 11 44
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TABLE IV (Continued)

No. R,,R;,R;,R,, R Method Temp Time Yield Ref.
ce h %
188 COCH;,H,H,H,H 5 27 36
13 rf 8 68 48
189 H,H,CN,H,H 24 75 62,123,124
24 63
190 Et,H,H,H,H 1 43 125
191 CH,Ph,H,H,H,H 25 66
192 CH,SCH, H,H,H,H 26 2 70
193 H,H,t-Bu,H,H 1 rf 126
194 CH(CH,), H,CH(CH,),, H,CH(CH,), 1 -60 51 127
195 Me,H,Me, H, Me 1 rf 2 47 128
8 95 40
196 H,Me,H,H,H 8 100 40
1 16
197 Me,H,H,H,H 1 40 5/2 47 129
198 (2-CH,0CO-Ph-CO) ,H,CH,;,H,H 25 20 20 15 67
199 COPh,H,Me,H,H 25 33 68
200 CH,COOEt,H,H,H,H 12 rf 50 45
201 CH,CONHPh,H,H,H,H 12 rf 6_0 45
202 CH,CONH,,H,H,H,H 12 rf 73 45
203 H,H,CF;,H,H 1 rt 1/2 45 130,131
204 COCH(COOEt),,H,H,H,H 27 rf 25 ni 71
205 H,CF,,H,H,H 1 re 1/2 88 130
206 F,F,CF,,F,F 1 42
207 H,H,SO;H,H,H 4 104,16
208 H,H,COOH,H,H 5 114
[ 132
209 H,COOH,H,H,H [ 132
4 5/2 85 133,134
210 H,H,SeCN,H,H 4 10-15 3/2 45 135
211 CHO,H,H,H,H 2 13 136
5 20 18 37 36
212 CHCHCHO,H,H,H,CH, 18 60 4 50 585
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TABLE 1V (Continued)

No. R,,R;,R;, R, Ry Method Temp Time Yield Ref.
ce h %
213 CH,CHC(CH,)CHO,H,H,H,H 18 60 4 50 55
214 CH,CHCHCHO,H,H,H,H 18 60 4 50 58
215 CH,COOH,H,H,H,H 12 rf 92 45
216 H,H,CH,,H,H 25 20 20 47 67
13 rf 8 83 48
1 61 137
217 H,H,CO(CH,;),CH;,H,H 14 rt 5-8 80-85 49
218 H,H,COCH,,H,H 14 rt 5-8 80-85 49
5 107
219 t-Bu,H,t-Bu,H,t-Bu 2 -78 5/2 64 138
9 -78 1/2 18 41
116
220 COOH,H,H,H,H 4 5/2 85 36
S <5 2 90 139,140, 36
[ 38
221 COOH,H,Br,H,H 141
222 CONHCH,,H,H,H,H 5 120 23 58 36
16 rt 1/4 64 52
2z3 H,H,CONHCH,,H,H 4 142
224 2,3-CH,COO0),-4-CH,C00-furan,H,H,H,H 25 66
225 4 100 12 92 19
226 4 S0 12 84 19

rt=room temperature, rf=reflux, ni=not isolated, cosclaimed only, ovsovernight
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TABLE V
Preparation of diselenides derived from halogen benzene

255

No. R;,R),R;,R,,Rg Method Temp Time Yield Ref.
ce h %
227 H,H,F,H,H 1 36 137,143
228 H,H,Cl,H,H
229 H,H,Br,H,H 1 48 137
13 71 48
8 -78 5§/2 80 40
230 H,H,I,H, 144
231 F,F,C1,F,F 5 145
232 F,F,H,F,F 146
233 F,F,F,F,F 147
234 H,Br,H,H,H 148
235 H,Cl,H,H,H 148
236 H,F,H,H,H 1 30 137
237 Br,H,H,HH 149
238 Cl,H,H,H,H 148
239 1I,H,H,H,H 4 9 132
TABLE VI
Preparation of diselenides derived from miscellaneous compounds
No. R,,R;,R;,R,Ry Method Temp Time Yield Ref.
Ce h %
240 24 64
241 24 64
242 4 0 40 150
243 7 -60 >1 61 39
244 7 12 39
245 10 rf 2 56 42
246 1 rt 2 65 151
247 (+} (-} 3 -78 1 81 14
248 (+) 3 -78 1 14
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TABLE VI (Continued)

No. R,,R;,R;, R, Ry Method Temp Time Yield Ref.
Ce h ¥
249 2 -78 20 84 14
250 (-) 2 -78 1 14
251 4 0 20 16 24
252 4 152
253 4 152
5 152
254 5 52 153

rt=room temperature, rf=reflux

[o] o]
gascdilian oo
/ll{ Se-), )N Se-),

240 241

@

242

243 244

O
O Se-), O Se-),
246 (+) (=) 247 (+) 248
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2

251
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TABLE VI (Continued)

1L
Se-)

252 253

2

254

SYNTHESIS OF SYMMETRICAL DIPHENYL DISELENIDES

This section will deal with the various synthetic approaches for the preparation of
diphenyl diselenides.

The section is divided into six categories, where only chapters 1 and 5 actually
describe the introduction of selenium into the molecule. Chapters 2, 3, 4 and 6 are
all methods to make diselenides from other selenium containing compounds.

1. Introduction of Selenium onto the Aromatic Core

1.1 With grignard reagents and elemental selenium (method 1). The reaction of
elemental selenium with aromatic grignard reagents, first discovered in 1903 by
Taboury® and by Wuyts and Cosyns,’ is a popular way to introduce selenium onto
the aromatic core (Equation 1). So far several different compounds (entries 17,
18, 45, 58, 61, 66, 145, 149, 163, 167, 190, 193-197, 203, 205, 206, 216, 227, 229,
236, 246) have been made via this route.

1. Se
RMgBr —_ —» RSe-)2 (1)

2. 0Oy

In the case where it failed to form the grignard reagent from the arylbromide
an alternate route was introduced by Wilson et al.® Here, the grignard reagent is
formed by adding magnesium bromide to an ethereal solution of the corresponding
aryl lithium (entry 154).

1.2 With aryl lithium and elemental selenium (method 2). When the grignard
reaction fails a method that has been reported to work, is the reaction of an aryl
lithium with elemental selenium, followed by oxidation (Equation 2).%

RLi

o RSe-)2 @)

The hydrogen/metal or the halogen/metal exchange has been carried out with
different solvent/base systems like THF/nBuL.i (entries 43, 44, 48, 92, 249, 250),
Ether-Hexanes/nBuLi (entries 146, 155, 163, 211, 219), THF-TMEDA/sBuLi (en-
tries 46, 47, 77), THF-TMEDA-LiCl/nBuLi (entry 42).
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The exposure of the intermediate lithium selenide or the bromomagnesium sel-
enide (method 1) to atmospheric oxygen® is usually sufficient for oxidation but also
other oxidizing reagents are known, such as hydrogen peroxide,' ferric chloride,"
chloramine!! and ferric cyanide.!?

The formation of the diselenide is often accompanied by the corresponding
selenide and triselenide and even the detection of tetraselenides have been re-
ported.?

1.3 With aryl lithium and diselenides (method 3). In one case it has been re-
ported that the generally reliable method 2 did not work well; instead dibenzyl
diselenide was used as a more reactive selenium source (Equation 3).

‘!ﬁ 1. nBuLl, THF 1. Br2 ‘D
“on t
Br 2 (P CH2Se) 2 ‘ 1 (3)

2. NaHSO,

3. NyH,

After cleavage of the benzyl selenide with bromine, the resulting selenenyl bro-
mide was reduced and chromatographed to the diselenide.!*

Only stereoisomers of the above drawn compound have been reported to be
made by this method (entries 247, 248).

1.4 With selenocyanate (method 4). One of the most important means by which
selenium may be introduced onto the aromatic core is by diazotizing anilinic com-
pounds followed by reaction with selenocyanide anion (Equation 4a).

SeCN”™, H,O Decyanation
41" 2 _ > 4
RN,*C1 —— " » RSeCN RSe-), (4a)

The diazotation and the concomitant selenocyanation are usually carried out in
ice water.'® The decyanation on the other hand has been done in a variety of ways.
The most common way is by alkaline hydrolysis of the selenocyanate’® (entries 13,
14, 15, 16, 23, 35, 55, 64, 66, 156, 157, 158, 162, 163, 164, 165, 169, 207, 209, 210,
220, 223, 239, 253). Other ways include ammonia'’ (entries 25, 67), acidic hydrolysis
with HCI-H;PO,™® (entry 242) or HCI-H,O-EtOH!® (entries 225, 226), reduction
with (Na/EtOH/DMF)® (entry 22), LiAIH,*! (entries 135, 136, 137), NaBH,*
(entry 30), Zn/H,SO,* (entry 166), Zn/HCI?* (entries 51, 251) or N,H,/H,O/EtOH?
(entries 33, 34). No certain mechanism for the hydrolysis of the selenocyanate has
been established but several suggestions have been made. One implicates selenols
as the initial product of the hydrolysis followed by air oxidation.?® Another proposed
mechanism views the reaction as proceeding via a selenenic acid intermediate.
Agenas reported finding cyanide but no cyanate ion in the alkaline hydrolysis of
aryl selenocyanates which mostly points to the mechanism outlined in Equation
4b.'

O _
OH + RSeCN R RSe + HOCN (4b)
RSe” + RSeCN — (RSe-), + CN~
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There has been reported one case where the diazonium ion as leaving group has
been substituted by halogen; namely where the aromatic cation is activated by
electron-withdrawing substituents (entry 28).>” Copper(I) iodide catalyses the re-
action of non-activated aryl iodide with potassium selenocyanate and the reaction
was used in the preparation of polyalkylated aromatic selenocyanates.?

1.5 With selenium dianion (method 5). Displacement of halogen or diazonium
chloride from an aryl halide or diazonium chloride by an alkali diselenide constitutes
a direct method for the synthesis of diselenides (Equation 5).

2RX + Se,2~ ——» (RSe-), + 2X° 5)

The diselenium dianion (Se3~) can be prepared by either dissolving elemental
selenium in an aqueous solution of the alkali-metal selenide' or by reduction of
elemental selenium. The reduction may be carried out with sodium or lithium in
liquid ammonia,?®-* by Rongalite C (sodium formaldehyde sulfoxylate) in aqueous
hydroxide,*' by magnesium in methanol,*? electrochemically,*® or the most con-
venient manner by reduction with sodium borohydride* or lithium triethylboro-
hydride.’ While the reduction of elemental selenium with sodium borohydride
requires ethanol or water as the solvent the lithium triethylborohydride reduction
has the advantage of being carried out in THF. Although the latter method seems
very convenient and efficient no aryl diselenides have ever been reported prepared
by this method. Recently an improved synthesis of lithium diselenide was reported.
The reduction of selenium with lithium in THF in the presence of diphenylacetylene
as a catalyst afforded lithium diselenide which reacted with aryl halide to give aryl
diselenides in good yield.*®

Four different solvent systems have been reported: THF (entries 19, 20, 35, 38,
40, 41, 208), HMPT (entries 75, 76, 78, 129, 220, 222), THF/HMPT (entries 38,
188) and H,O (entries 168, 220).

Occasionally no particularsolvent system has been reported (entries 72, 73, 74,
140, 141, 142, 143, 144, 149, 151, 152, 153, 211, 218, 231, 253, 254).

1.6 With elemental selenium and activated aryl halide (method 6). The use of
elemental selenium in the presence of sodium hydroxide in DMSO at room tem-
perature has been reported to be an efficient nucleophile for substitution of un-
substituted o-chloronitrobenzene (entry 38) (Equation 6).

R0 se, NaOH or NayS,05 R\ N0
| ‘ > \}\)\ 6)
A SNe] DMSO el

For substituted o-chloronitrobenzenes the yields were even lower or the reaction
led to a complex mixture. The use of sodium thiosulphate, instead of sodium
hydroxide, in the same solvent represented an improvement of the synthesis when
the substituents were Me (entry 20) or OMe (entry 68).

When the substituents were CF; (entry 40) or NO, (entry 41) (and partly Br
(entry 19)) the product was the corresponding disulphide.’

In a similar way was diselenobis benzoic acid prepared (entry 208, 209, 220

).38
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1.7 With selenocyanogen (method 7). By reacting bromine with potassium se-
lenocyanate in methanol at low temperature selenocyanogen is formed. The rection

of selenocyanogen and indoline results in cyanoselenation at the 5 position (Equa-
tion 7) in fairly good yield.

NH NH_
- P>
SeCN Se-)

1. TCQ
lz. OH~ (7)

NH
Se-),

By alkaline hydrolysis the corresponding diselenide was quantitatively formed
(entry 244). The 5,5'-diindolyl diselenide (entry 243) was formed by oxidation of
the selenocyanatoindoline with tetrachlorobenzoquinone followed by hydrolysis.*

1.8 Viaselenothiocarbamate (method 8). When diselenides are formed by either
arylmagnesiumbromide (method 1) or aryllithium (method 2) and elemental se-
lenium one of the major problems was the contamination with monoselenides and
triselenides. To overcome that problem Jen and Cava® converted the arylsele-
nolithium to a selenothiocarbamate, which was then hydrolysed and oxidized to
the diselenide (entries 57, 195, 196, 229) in very high yield (Equation 8).

1. Se

ArLi » ArSeNa - —» ArSe-)2 8
2. MeyNCSCl (8)
3. OH™

1.9 Via selenoformate (method 9). When 2.4,6-tributylphenyllithium was al-
lowed to react with butylselenoformate the corresponding diselenide (entry 219)
was formed in very low yield (Equation 9).

. HC(Se)OR
ArLi _—

9)

Ar = 2,4,6-tributylphenyl

Reaction conditions have been greatly varied, but no higher than 18% of the
diselenide was ever obtained.*!

1.10 By substitution of nitrogroup (method 10). Without further documentation
the reactions of 4,5-dinitroveratrole and 4,5-dinitro-1,3-benzodioxole with potas-
sium diselenide have been claimed to form the 4,5-dimethoxy-2-nitrophenyl disel-
enide (entry 245) and the 2-nitro-4,5-benzodioxole diselenide (entry 63), respec-
tively in good yield (Equation 10).#
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0. NO, 0 NO
S I

‘ 2 (10)
O/\\y\\No (o] ’V/\ Se- ) 2

; 2 |

A possible mechanism may be an electron-transfer substitution reaction similar
to the conversion of nitro compounds to thiols by sodium disulphide.*?

1.11 Rearrangement of selenide (method 11). In the reaction of 9-phenyise-
lenoxanthene starting from 2-chlorobenzaldehyde or 2,5-dichlorobenzophenone via
the phenylseleno intermediate, an interesting side product was formed. When the
aldehyde or the benzophenone was converted into the alcohol and attempted cy-
clized with sulphuric acid, a diselenide (entries 185, 186, 187) was obtained as
minor side product (Equation 11).*

R' ,
/\V\\CH\ PhSeNa \dL R sy & a0v n,50,
Z el SePh SePh
(11)

2. Diselenides via Se-Demethylation

2.1 By bromination and reduction (method 12). Bromination of 2-methylsele-
nophenylacetic acid (X = H, H; R = COOH) followed by reduction of the resulting
selenenyl bromide with phosphinic acid yields the corresponding selenol. The phos-
phinic acid also prevents oxidation of the resulting selenol and facilitates its cy-
clohydration forming the selenolactone. The selenolactone can also be obtained
similarly from 2-methylselenobenzylnitril. Under the action of bases (NaOH, NH;,
PhNH,, EtONa, RNH,, PhNHLIi) the selenolactone easily undergoes ringopening
through conventional nuclephilic substitution leading to the diselenide**-*¢ (entries
131, 132, 133, 134, 200, 201, 202, 215) (Equation 12).

X X X
x R Br,, P R R=NHAc or NH,,X=0 X R
‘\/k — - |
/ =
SeMe y.po, SeH 0Oy Se-),
R=COOH or CN (12)

X=(X,X) or (CH3 ,H)

X R'H, R'Na,
\ o ———*

N TSe R'NH, or R'NHLi Se(-))
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When the starting compound is 2-methylselenobenzamide no rearrangement oc-
curs but the selenol has been oxidized directly to the diselenide by this approach
(entry 129).47

2.2 With sodium ethanethiolate and iodine (method 13). The Se-demethylation
has been performed on several methylaryl selenides with sodium ethanethiolate
and oxidised in situ by iodine to the ary! diselenide (entries 52-55, 58, 61, 66, 188,
216) (Equation 13).%8

/\\\ //‘\\
1. EtSNa =
R-/%‘vl > R (13)
SeMe I

2. I, ~  'se-),

This method has proven to be efficient for treatment of inactivated arylchlorides
with NaSeMe to give aromatic methyl selenides which can then be cleaved to the
diselenide by this method (entry 229).

2.3 By bromination and hydrolysis (method 14). As in method 12 where the
selenobromide was reduced with phosphinic acid, there has been reported two
compounds made by hydrolysis of the selenobromide intermediate. The reaction
of 4-methylselenophenylalkylketones and bromine in the presence of pyridine forms
the selenobromide intermediate which has been hydrolysed to the diselenides (en-
tries 217, 218) in good yield (Equation 14).

[o]

o o]
RJ\@\ Br,, Pyridine R)KQ\ Hy0 R l x (14)
|
SeMe Pz

SeBr se-)

The overall reaction equation for the hydrolysis of the selenobromide requires
three equimolar selenobromide to form one molar diselenide and one molar se-
leninic acid.*

3. Diselenides by Ringopening

Many examples of diselenide formation from selenocontaining ringsystems by ring-
opening are described in the literature. Most of them are formed by ringopening
of N-substituted benzoisoselenazolones, but also ringopening of substituted ben-
zoselenazolinone is known.

3.1 Ringopening of benzoisoselenazolone by hydrazine (method 15). N-Sub-
stituted bis(2-carbamoyl)phenyl diselenides (entries 70, 71, 81, 84, 92, 129, 150)
were obtained in high yields by the reductive ring cleavage of 1,2-benzisoselenazol-
3(2H)-ones with hydrazine (Equation 15).%

[¢) o]

NH,NH,, EtOH, Reflux
Crp S
7/ »
Se
Se

_)2
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The benzoisoselenazolones were prepared by the reaction of 2-(chlorose-
leno)benzoyl chloride with various amines."'

3.2 Ringopening of benzoisoselenazolone by thiols (method 16). 1In a similar
way as method 15 were several diselenides obtained by nucleophilic ringopening
of 1,2-benzoisoselenazol-3(2H)-ones by dithioerythrit (entry 79) or ethylmercaptan
(entries 48-50, 80-115, 222) followed by sulphur-selenium cleavage with aqueous
methylamine (Equation 16).72-

o o

/0 /\/U\
f oS y_p RSH, MeoH [ oS NHR  RrNH, ' = NHR
= ~ge - " == - L\JfL\

?e Se-),
SR

(16)

3.3 Ringopenings of benzoselenazolinone with base (method 17). A total num-
ber of nine benzosubstituted anilino diselenides have been made via the ringopening
of substituted benzoselenazolinones (Equation 17) with either dimethylamine and
formaldehyde in ethanol (entries 8, 12) or aqueous solution of sodium bicarbonate
4-7,9-11).>

R ' R ]
N HN
e — O,
R Se R Se- ) 2
3.4 By oxidation of selenochromene (method 18). When selenochromene was
oxidized with selenium oxide a hydroxyl group was introduced at the 2- or the 4-

position. Depending on the solvent, the equilibrium may favour either the alcohol
or the aldehyde (Equation 18).

R' .
AN R R'
Y, L LT
o = N R (18)
Se se "OH SeH © Se-)
‘ Se0, e-},
R R R R

When the reaction is run in pyridine the major product is the cinnamaldehyde
diselenide (entries 212-214).%

4. Diselenides from Diselenides

4.1 Acid chloride from acid (method 19). A facile approach to obtain diselenide
of benzoesters or benzamides is by nucleophilic substitution at the corresponding
acid chloride with alcohols or amines, respectively. The starting diselenobis benzoyl
chloride has been made by zinc chloride and dichloromethyl alkylether (Equation
19).

0

[0}
~ OH - |
@)‘\ Cl,CH,0-alkyl, ZnCli l X “c1 (19)

se-1, Se-),
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Only the synthesis of 2-diselenobis benzoyl chloride (entry 172) has been reported
but 3- and 4-diselenobis benzoyl chloride (entries 170, 171) have been claimed
without documentation.’-**

4.2 Esters or amides from acid chloride (method 20). A number of benzoyl
esters’” and amides®® have been synthesized by the reaction of diselenobis benzoyl
chloride with the respective alcohol or amine in various solvents. The solvent
systems have been pyridine (entries 116-119, 121, 124-127), diisopropylether (en-
tries 120, 122—123, 128), n-Butanol-pyridine (entries 173-178), +-Butanol-pyridine
(entries 179-180), and isopropanol (entries 181-182) (Equation 20).

!

""c1 g 2

| | R-H, Solvent E\ R (20)
Se-)

2

4.3 Amine from chloride (method 21). Even though the reaction between di-
selenobis benzyl chloride and amine seems like a straight forward method to make
benzyl amine diselenides only one synthesis by this method has been reported.™®
Namely the coupling reaction between 2,2’-diselenobis(benzyl chloride) and bis|2-
(2-pyridyl)ethyljJamine in benzene in the presence of triethylamine (entry 130)
(Equation 21).

cl R,NH, Triethylamine NR
Ccre F L e
Se-} Se

2 Benzene -) 5

4.4 Imine from amine (method 22). Two examples (entries 1, 2) are given in
the literature on formation of imino diselenides by dehydration of bis(2-amino-
phenyl)diselenide and substituted salicylaldehydes (Equation 22).%¢

- ¢ - ﬁ o

se-), CHC1,

4.5 Arylation on bis(2-aminophenyl) diselenide (method 23). When the Zn salt
of 2-aminoselenophenol was reacting with 2,3-dichloropyrazine in ethanol 1,4-
diazaphenoselenazine was obtained. Treatment of 1.4-diazaphenoselenazine with
excess of chlorine in acetonitrile gave bis(2-[N-(3,6-dichloropyrazine)-5-chloro-an-

iline) diselenide (entry 24) (Equation 23).%!
c1
=
c1 23)

L. CE““I“J ey

cl Se-),
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5. Diselenides by Photo/Electro Chemistry

5.1 By reductive transfer of Se (method 24). An alternate clean route to the
synthesis of aromatic diselenides is the electrochemical strategy outlined in Equa-
tion 24. The overall process corresponds to a reductive transfer of Se units from
a readily available aliphatic or aromatic diselenide (Equation 24).%

RSeSeR + 2ArX + 4e” —» ArSeSeAr + 2R™ + 2X (24)

Different electrodes and solvents have been used under various conditions: Pt/
DMF/ - (entry 160), C/CH,CN/Bu,NSO,H (entry 160), Hg/DMF/— (entry 159),
Hg/DMF/PhOH (entry 159), PtYDMF /Fluorene (entry 189), Pt/DMF/PhOH (entry
189), Se/DMF/NaClO, (entries 189, 38)%* and Se/CH,CN/Bu,NPF,, Et,NF-2H,0
(entries 240, 241).%4

5.2 Photolysis on selenium containing compounds (method 25). When 2-dia-
zobenzo[b]selenophen-3(2H)-one was exposed to photolysis in methanol the major
product formed was 2-methoxybenzo(b]selenophen-3-(2H)-one which on air oxi-
dation gave mainly the diselenide (entry 161) (Equation 25a).

o] o] [¢]

| ocH,
Ol — Oy — (74 @
Se Se se-)

2

A possible mechanism for the formation of the diselenide is an oxidation of the
selenophenone to the selenoxide followed by a seleno-Pummerer rearrangement
to the selenol which is readily oxidized to the diselenide.®®

The photorearrangement of benzyl phenyl selenide, phenyl ribosyl selenide and
benzoyl phenyl selenide derivatives afford 2-benzyl phenyl diselenide (entry 191),
2-ribosyl phenyl diselenide (entry 224)% and 2-benzoyl phenyl diselenides (entries
198, 199),57-68 respectively (Equation 25b).

/\.‘ - _L RN /\
s . g + g1 T ‘
R'T__ — R L R'T (25b)
7 geRr N Se-), V\Se—)z

Also, it has been established that diary! diselenides (entry 21, 30, 66) can be
obtained by photochemical substitution of halogen by selenoureafollowed by ther-
mal transformation of the Se-arylisoselenoureas in an alkaline medium into diaryl
diselenides (Equation 25¢).%°

NH THa NH,
: se o | o
//L§Y/C“ Py o 1oomT
—_—

| ]« #.NT Twm, 2% _ (25¢)

‘ HN Se Z. %

c1 Se-),

NE,C1

6. Miscellaneous

6.1 Rearrangement of seleno-sulfonium (method 26). Reaction between (phen-
ylseleno)trimethylsilane and DMSO gave besides the expected dimethyl sulfide.
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diphenyl diselenide and hexamethyldisiloxane a fourth product in 2% yield. The
product was assigned as bis[2-[(methylthio)methyl]phenyl] diselenide (entry 192)
and was presumably formed by rearrangement analogues to the classical Som-
merlet-Hauser Rearrangement or the Gassman Azasulfonium Salt Rearrangement
(Equation 26).7

CL, — 0 —
Se Se Se-) (26)

e
£ :
PN

6.2 From substituted benzoselenophene and HyPO, (method 27). When
Di(ethoxycarbonyl)-2,2-0x0-3-dihydro-2,3-benzo[1]selenophene was treated with
an aqueous solution of hypophosphoric acid a diselenide was reported, assigned
as bis(o-selenobenzoyl diethylmalonate) (entry 204), as an intermediate on the
route to hydroxy-4-methyl-3-seleno-1-coumarine (Equation 27).7!

0 0 OH
COOEt
COOEt
-
Se Se-) Se o

2
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