Gmelin Handbook
of Inorganic Chemistry

8th Edition

Sb
‘Organoantimony
Compounds

Part1

Compounds of Trivalent Antimony
with Three Sb-C Bonds

AUTHOR Markus Wieber, Anorganisches [nstitut, Universitdt Wiirzburg
FORMULA INDEX Ursula Hettwer, Gmelin-institut, Frankfurt am Main
EDITOR Hubert Bitterer, Gmelin-Institut, Frankfurt am Main

Springer-Verlag
Berlin - Heidelberg - New York 1981



Table of Contents

Organoantimony Compounds

General Literature
1 Organoantimony Compounds with Trivalent Antimony .

1.1 Organoantimony Compounds with Three Sb-C Bonds

1.1.1  Mononuclear Compounds
Compounds of the SbR; Type
Trialkylstibines SbR,

Trimethylstibine Sb(CH3);
Triethylstibine Sb(C,Hs)5.
Tripropylstibine Sb(C3H;); .
Triisopropylstibine Sb(i-C5H),
Tributylstibine Sb (C4Hg);
Triisobutylstibine Sb(i-C4Hg)3 .
Tri-tert-butylstibine Sb(t-C,Hg)5 .
Tripentylstibines SbR; .
Trihexylstibines SbR5
Other Trialkylstibines SbR; .

Tricycloalkylstibines SbR;
Substituted Trialkylstibines SbR; .

Trialkenyl-, Tricycloalkadienyl-, and Substituted Trlalkenylst|bmes SbR;.

Trialkynyl- and Substituted Trialkynylstibines SbR,
Triphenylstibine Sb(CgHs)3 .
Preparation .
Structure. The Molecule Spectra
Structure .
The Molecule
Spectra . . .
Other Physical Propertles
Chemical Reactions .
Irradiation . . .
Reactions with Elements . .
Reactions with Inorganic Compounds
Complexing Reactions with Transition Metal Compounds
Reactions with Organic Compounds
Radiochemistry .
Biological Activity
Uses .

Substituted Triphenylstibines SbR; .

Tritolyl-, Trixylyl-, Trimesitylstibines, and Substituted Compounds SbR;.

Tris (alkenylphenyl)stibines SbR5

Page

106



Other Triarylstibines SbR;
Triorganylstibines SbRs with Heterocyclic Radicals

Compounds of the R,SbR’ Type .
Dimethylorganylstibines (CH3),SbR
Diethylorganyistibines (C,Hs),SbR
Dipropylorganylstibines (C3H),SbR .
Dibutylorganyistibines (C;Hs),SbR.

Other Dialkylorganylstibines R,SbR’ .
Dialkenyl- and Dialkynylorganylstibines R,SbR’ .
Diphenylorganylstibines (CgHs),SbR .
Other Diarylorganylstibines R,SbR" .
Compounds of the RSbR'R” Type .
Cyclic Compounds of the RSbZ R’ Type

Tricyclic Compounds .

1.1.2 Binuclear Compounds .
Compounds of the {R,Sb],(CH,), Type
Compounds of the [RR'Sb],(CH3), Type .
Compounds of the [R,Sb]},CN, Type
Compounds of the R,SbCH=-CHSbR) Type
Compounds of the R,SHC:=CSbR, Type .
Compounds of the R,ShC:=CC:=CSbR, Type
Compounds of the 1,2-[R,Sb],CsH, Type
Compounds of the 1,4-[R,Sb],CsH4 Type
Compounds of the [R,Sb],R’ Type

Cyclic Compounds .

1.1.3 Tetra- and Polynuclear Compounds

1.1.4 Unspecified Stibines from the Patent Literature .

Formula Index .

Table of Conversion Factors .

Page
107
108

109
109
118
121
122
128
129
130
142

144
147
165

166
166
176
176
177
177
179
179
180
181

181

183

183

187

216



Gmelin Handbook
of Inorganic Chemistry

8th Edition

Sb
Organoantimony
Compounds

Part 2

Compounds of Trivalent Antimony
with Two and One Sb-C Bonds. Stibabenzene. Stibacarboranes

With 3 illustrations

AUTHOR Markus Wieber, Anorganisches Institut, Universitit Wiirzburg
FORMULA INDEX Ursula Hettwer, Gmelin-Institut, Frankfurt am Main
EDITOR Hubert Bitterer, Gmelin-Institut, Frankfurt am Main

Springer-Verlag
.Berlin - Heidelberg - New York 1981



Table of Contents

Organoantimony Compounds
1.2 Organoantimony Compounds with Two Sb-C Bonds .

1.2.1 Mononuclear Compounds
Compounds of the R,SbX Type .

Diorganoantimony Hydrides R,SbH.
Diorganoantimony Fluorides R,SbF.

Diorganoantimony Chlorides R,SbCl .
Dialkylantimony Chlorides R,SbCl
Dialkenylantimony Chlorides R,SbCl
Diarylantimony Chlorides R,SbCl

Diphenylantimony Perchlorate (CgHs),SbCIO,

Diorganoantimony Bromides R,SbBr . .
Dialkyl- and Dialkenylantimony Bromides stbBr .
Diarylantimony Bromides R,SbBr.

Diorganoantimony lodides R,Sbl
Diorganoantimony Pseudohalides R;SbX
Diorganoantimony Hydroxides R;SbOH .

Diorganoantimony Compounds R,SbX with X=OR’
Compounds with OR’ = Alkoxy.
Compounds with OR’ = Substituted Alkoxy
Compounds with OR’ = Alkenyloxy .
Compounds with OR’ = Alkynyloxy .
Compounds with OR’ = 8-Quinolinolate .
Compounds with OR’ = Aminooxy and Silyloxy

Diorganoantimony Compounds R,SbX with X=0,CR’ .
Compounds with O,CR’ = Alkanoate .
Compounds with O,CR’ = Substituted Alkanoate
Compounds with O,CR" = Alkenoate

Compounds with O,CR’ = Benzoate and Substnuted Benzoates .

Compounds with O,CR’ = Carbamate .

Diorganoantimony Compounds R,SbX with X=NR'R” .
Compounds with R"=R" =Alkyl .

Compounds with R"= Alkyl or Aryl and R = C(O)N(CH3)2 or C(S)N(CH3)2
Compounds with R’, R” =H, Alkyl, Aryl, or Radicals Containing N, Si, P, or As .

Diorganoantimony Compounds R,SbX with X =S8R’
Compounds with R’ =Alkyl .
Compounds with R" = Substituted Alkyl
Compounds with R" = Aryl
Compounds with R’ = Heterocycle
Diorganoantimony Compounds R,SbX with X= SchR2

Diorganoantimony Compounds R,SbX with X = BR, .



Page

Diorganoantimony Compounds R,SbX with X=SiR . . . . . . . . . . . . . . 55
Diorganoantimony Compounds R,SbX with X=P(R'R”)=NR™" . . . . . . . . . . 57
Diorganoantimony Compounds R,SbX with X=Alkali Metat . . . . . . . . . . . 57
Diorganoantimony Compounds R,SbX with X=GeRj3, SnRy, and PbR;. . . . . . . 59
Diorganoantimony Compounds R,SbX with X=M(CO),(CsHs) . . . . . . . . . 61
Diorganoantimony Compounds R,SbX with HX =Cobaloxime . . . . . . . . . . 64
Compound of the RR'SbX Type . . . . . . . . . . . . . . . . . . . . ... 65

" Cyclic Compounds of the RCSbX Type. . . . . . . . . . . . . . . . . . .. 68
1.2.2 Binuclear Compounds. . . . . . . . . . . . . ... 74
Compounds of the (R,Sb), Type . . . e e e e e e e e 74
Binuclear Compounds (R,Sb), with R= AIkyI e e e e e e e e 74
Binuclear Compounds (R,Sb), with R=Aryl . . . . . . . . . . . . . . . .. 78
Compound of the (RR'Sb), Type . . . . . . . . . . . . . . . . . . . ... 79
Cyclic Compounds of the (RTSb), Type . . . . . . . . . . . . . . . . . .. 79
Compounds of the (R,Sb),O Type. . . . . . . . . . . . . . . . . . . ... 80
Cyclic Compounds of the (RTSb),0OType . . . . . . . . . . . . . . . . .. 86
Compounds of the (R,Sb),S and (R;SbS,CNHCH,), Types. . . . . . . . . . . . 87
Compounds of the (R;Sb).XType . . . . . . . . . . . . . . . . . . . ... 88
1.2.3 Trinuclear and Polynuclear Compounds . . . . . . . . . . . . . . . . .. 89
1.3 Organoantimony Compounds with One Sb-CBond. . . . . . . . . . . . 90
1.3.1 Mononuclear Compounds . . . . . . . . . . . . . ..o 90
Compounds of the RSbX, Type . . . . . . . . . . . . . . . . . . . . ... 90
Organoantimony Dihydrides RSbH,. . . . . . . . . . . . . . . . . . . .. 90
Organoantimony Dichlorides RSbCl, . . . . . . . . . . . . . . . . . . .. 92
Alkylantimony Dichlorides RSbCl, . . . . . . . . . . . . . . . . . ... 92
Alkenylantimony Dichlorides RSbCl, . . . . . . . . . . . . . . . . . .. 94
Arylantimony Dichlorides RSbCl,. . . . . . . . . . . . . . . . . . ... 95
Phenylantimony Dichloride CgHsSbCl,. . . . . e e e e 95
Amino-substituted Phenylantimony Dichlorides RSbCIz e e e e e 100

Other Arylantimony Dichlorides RSbCIl, . . . . . . . . . . . . . . . .. 103
Thiazolylantimony Dichloride CzH,NSSbCI,-HCY . . . . . . . . . . . . .. 112
Organoantimony Dibromides RSbBr, . . . . . . . . . . . . . . . . . . .. 112
Organoantimony Diiodides RSbl, . . . . . . . . . . . . . . . . . . . .. 114
Alkylantimony Diiodides RSbl,. . . . . . . . . . . . . . . . . . . ... 114
Arylantimony Diiodides RSbl, . . . . . . . . . . . . . . . . .. . . .. 115
Organoantimony Oxides RSbO . . . . . . . . . . . . . . . . . . . . .. 119
Alkylantimony Oxides RSbO. . . . . . . . . . . . . . . . .. .. ... 119
Arylantimony Oxides RSbO . . . . . . . . . . . . . . . .. .. ... 119

Thiazolylantimony Oxide C3H,NSSbO . . . . . . . . . . . . . . . . . .. 125



Organoantimony Compounds RSbX, with X=0R’ .
Organoantimony Compounds RSbX, with X=0,CR’ .
Organoantimony Compounds RSbX, with X=NR} .
Organoantimony Compounds RSbX, with X, =S or SO,

Organoantimony Compounds RSbX, with X=SR" .
Compounds with R" = Alkyl .
Compounds with R’ = Aryl
Compounds with R’ = Pyridyl

Organoantimony Compounds RSbX, with X=S,CNR, .
Organoantimony Compounds RSbX, with X,=AsR’ .
Organoantimony Compounds RSbX, with X =Alkali Metal .

Organoantimony Compounds RSbX, with X=GeRj or SnRj .

Organoantimony Compounds RSbX, with X=[M(CO),CsHs]
Compounds of the RSbXY Type .
Cyclic Compounds of the RSb<X>R' Type .
Y
Compounds with X=Y=0 .
Compounds with X=0 and Y=8§
Compounds with X=Y=S§ .

1.3.2 Polynuclear Compounds .
Compounds of the (RSb), Type.
Compounds of the (X,Sb),R Type .
Cyclic Compounds .

1.4 Stibabenzene SbCsH;

1.5 Stibacarborane

1.6 Unspecified Compounds from the Patent Literature .

Formula Index .

Table of Conversion Factors.

1

Page
126
129
130
131

132
132
133
135

1356
137
138
138
138
139

141

141
144
145

150
150
152
164

154
156
157
159

181



Gmelin Handbook
of Inorganic Chemistry

8th Edition

Sb
Organoantimony
Compounds

Part 3

Compounds of Pentavalent Antimony
with Six, Five, and Four Sb-C Bonds

With 12 illustrations

AUTHOR Markus Wieber, Anorganisches Institut,
Universitat Wiirzburg

FORMULA INDEX Ursula Hettwer, Gmelin-Institut, Frankfurt am Main

EDITOR Hubert Bitterer, Gmelin-Institut, Frankfurt am Main

Springer Verlag
Berlin-Heidelberg- New York 1982



Table of Contents

Organoantimony Compounds
2 Organoantimony Compounds with Pentavalent Antimony

2.1 Organoantimony Compounds with Six Sb-C Bonds
2.2 Organoantimony Compounds with Five Sb-C Bonds
2.2.1 Mononuclear Compounds . .
Organoantimony Compounds of the SbR Type
Pentaalkylantimony SbR; ..
Pentacycloalkylantimony SbRg
Substituted Pentaalkylantimony SbR,
Pentaalkenylantimony SbR
Pentaphenylantimony Sb(CgHs)s
Substituted Pentaphenylantimony SbRy . .
Organoantimony Compounds of the R,SbR’ Type .
Tetraalkylorganylantimony R,SbR’ .
Substituted Tetraalkylorganylantlmony R4SbR’
Tetraphenylorganylantimony (CgHs),SbR
Organoantimony Compounds of the R;SbR;, Type
Trialkyldiorganylantimony R,SbR; .o
Tnalkenyldlorganylantlmony R3SbR5,
Substituted Triphenyldiorganylantimony R Ssz
Organoantimony Compounds of the R;SbR'R” Type

Cyclic Organoantimony Compounds of the R;Sb_R’ and R, R’Sb R" Types .

Organoantimony Compounds of the RzRZSbR Type

Spirocyclic Organoantimony Compounds of the R Sb _R Type

R
Spirocyclic Organoantimony Compounds of the RVSIbVR’ Type
N Rn
2.2.2 Binuclear Compounds

2.3 Organoantimony Compounds with Four Sb-C Bonds .
2.3.1 Mononuclear Compounds .
Organoantimony Ylides of the R;Sb=CR’ R” Type A .
Stibonium lons of the R,Sb* R,R'Sb*, and R2R28b+ Types
Tetraalkylstibonium lons . .. .
Tetraarylstibonium lons
Organoantimony Compounds of the R4SbX Type
Tetraorganoantimony Fluorides R,SbF
Tetraorganoantimony Chlorides R,SbCl .
Compounds with R=Alkyl and Alkenyl
Compounds with R=Aryl .
Tetraorganoantimony Bromides R,SbBr .
Compounds with R=Alkyl and Alkenyl
Compounds with R=Aryl . .
Tetraorganoantimony Tribromides R‘;SbBr3
Tetraorganoantimony lodides R,Sbl
Compounds with R=Alkyl and Alkenyl
Compounds with R=Aryl .

Page

OO O = adcd ma

NNONNNNNNONN2 D2
OO OO h=2=0OOOWMOD

w
N

33

35
35
35
37
37
39
39
39
43
43
46
51
51
53
58
59
59
63



Tetraorganoantimony Triiodides R,Sbl,
Tetraorganoantimony Pseudohalides R,SbhX

Tetraorganoantimony Compounds R,SbX with HX_Inorganlc Oxoacnd

Perchlorates

Nitrates .

Hydrogensulfates and Sulfates

Nitrosodisulfate

Selenate

Hydrogencarbonates and Carbonates

Phosphinate and Phosphates

Chromate. Molybdate. Permanganate. Perrhenate . .
Tetraorganoantimony Compounds R,SbX with X = Organyltellurates .
Tetraorganoantimony Compounds R,SbX with X =Borates
Tetraorganoantimony Compounds R,SbX with X = ChIoroantlmonate
Tetraorganoantimony Compounds R,SbX with X =Halobismuthates
Tetraorganoantimony Compounds R,4SbX with X =Halomercurates
Tetraorganoantimony Compounds R,SbX with X =Aluminates
Tetraorganoantimony Compounds R4SbX with X =Gallates
Tetraorganoantimony Compounds R,SbX with X =Indates
Tetraorganoantimony Compounds R,SbX with X =Thallates
Tetraorganoantimony Compounds R,SbX with X =Titanates
Tetraorganoantimony Compounds R,SbX with X =Stannates

Tetraorganoantimony Compounds R,SbX with X =Other Complex Anlons Con-

taining Transition Metals . .
Tetraorganoantimony Hydroxides R4Sb0H
Tetraorganoantimony Organyloxy Compounds R4SbOR’

Alkoxy Compounds . e

Substituted Alkoxy Compounds . .

Phenoxy and Substituted Phenoxy Compounds

Quinolinolato Compounds . .
Tetraorganoantimony Peroxides R4SbOOR'

Tetraorganoantimony Compounds R,SbX with X= Ammooxy, Imlnooxy, Sl!oxy,

. 114
. 114
. 1156
. 118
. 119
. 119
. 126
. 127
. 128
. 129
. 130
. 132
. 132

and Germyloxy
Aminooxy Compounds
Iminooxy Compounds .
Siloxy and Germyloxy Compounds
Tetraorganoantimony Carboxylates R,SbO,CR’
Alkanoates e e
Substituted Alkanoates
Alkenoates
Benzoate and Subsntuted Benzoates
Toluates, Naphthoate, and Furoate
Other Carboxylates
Tetraorganoantimony Sulfmates and Sulfonates R4Sb0 SR’
Alkane-, Benzene-, and Arenesulfinates
Alkane-, Benzene-, and Arenesulfonates

Tetraorganoantimony Alkyl- and Arylphosphinates R4SbOP(X)R’ and phospho-
. . . . . . . .136
. 139

nates R,SbOPO(OH)R’
Tetraorganoantimony Hydrogensulﬂde R4SbSH

Page

64
65
69
69
70
71
74
74
75
75
78
80
80
82
83
83
84
89
91
93
94
94

95
97

. 100
. 100
. 106
. 109
. 110

. 112

135



Page

Tetraorganoantimony Organylthio Compounds R,SbSR” . . . . . . . . .139
Alkylthio Compounds . . . . . . . . . . . . . . . . . . . . 139
Arylthio Compounds . . . e 4]
Other Organylthio Compounds .. e e e e e 144

Organoantimony Compounds of the R, R’SbX Type e 23]

Tetraorganoantimony Fluorides R,R’ SbF T 1Y

Tetraorganoantimony Chlorides RSR’SbCl I 1

Tetraorganoantimony Bromides R,R'SbBr . . . . . . . . . . . . . . .147

Tetraorganoantimony lodides R,R'Sbl . . . . 147

Tetraorganoantimony Tetracyanoqmnodlmethanldes R R'Sb(NC)zcc HaC(CN)2 151

Tetraorganoantimony Compounds R,R’SbX with HX =Inorganic Oxoacid . . 162

Tetraorganoantimony Compounds R;R’SbX with X=Borates . . . . . . . 153

Tetraorganoantimony Compounds R;R'SbX with X=Gallates . . . . 157

Tetraorganoantimony Compounds R,R’SbX with X=Halomercurates and Hexa-
chloroplatinate . . . O 1

Tetraorganoantimony Hydrox1des R R’SbOH e . ... 159

Tetraorganoantimony Organyloxy and Aminooxy Compounds R, RSbOR” . . 160

Tetraorganoantimony Carboxylates R,R'SbO,CR” . . . . . . . . . . . . 161

Tetraorganoantimony Phosphinates RSR’SbSbOP(O)R’z’ B ¥4

Tetraorganoantimony Hydrogensulfide R;R'SbSH . . . . . . . . . . . . 163

Tetraorganoantimony Compounds of the R,R3SbX Type . . . . . . . . . . 163
Tetraorganoantimony Compounds of the R,R'R"SbX Type . . . . . . . . . 164
Tetraorganoantimony Compounds of the RR'R"R” SbX Type . . . . . . . . 165
Cyclic Compounds of the R, XSb R’ and RR’XSb_R" Types . . . . . . . .166
2.3.2 Binuclear Compounds e e P 157
Compounds of the [R,Sb],0 Type . . . e Y
Compounds of the [R,SbC=CSbR,]X and [Rast H Ssz}X Types A 1Y)
Compounds of the [(R;Sb),R’1X, Type Coe . e ... o167
Compounds of the [(R,R'Sb),(CH,)JX, Types . . . . . . . . . . . . .169
Compounds of the [R,R’SbC=CSbR'R,]X,; Type . . . . . . . . . . . . .170
2.4 R,SbX Compounds Described by General Formulas . . . . e e 171
Formulalndex . . . . . . . . . . . . . . . . ... . ... .173

Table of Conversion Factors . . . . . . . . . « « v « v « v v v . . . .203



Gmelin Handbook
of Inorganic Chemistry

8th Edition

Sh
Organoantimony
Compounds

Part 4

Compounds of Pentavalent Antimony
with Three Sb-C Bonds

With 19 illustrations

AUTHOR Markus Wieber, Anorganisches Institut,
Universitat Wirzburg

FORMULA INDEX Edgar Rudolph, Gmelin-Institut, Frankfurt am Main
EDITOR Marlies Mirbach, Gmelin-Institut, Frankfurt am Main
CHIEF EDITOR Ulrich Krierke, Gmelin-Institut, Frankfurt am Main

Springer-Verlag Berlin - Heidelberg - New York - Tokyo 1986



Xl

Table of Contents

2 Organoantimony Compounds with Pentavalent Antimony . . . . . . . . . . . . 1

2.5 Organoantimony Compounds with Three Sb-CBonds . . . . . . . . . . . . 1
251 Mononuclear Compounds . . . . . . ... 0L Lo e e 1
Compounds of the R;SbX, Type . . . . . . . . . . . . ... .. ... ... 1
Triorganoantimony Difluorides . . . . . . . . . . . . . . ... .. .. .. 1
R;SbF, Compounds with R=Alkyland Alkenyl . . . . . . . . . . . . ... 1

RySbF, Compounds withR=Aryl . . . . . . . . . . ... ... ..... 6
Triorganoantimony Dichlorides . . . . . . . . . . . . . . . .. ... .. 11
R;SbCl, Compounds with R=Alkyl and Altkenyl . . . . . . . . . . . . .. 11
Trimethylantimony Dichloride (CH,),SbCL, . . . . . . . . . . . . . ... 11
Other Trialkylantimony Dichlorides . . . . . . . . . . . . . ... ... 20
Trialkenylantimony Dichlorides . . . . . . . . . . . . . ... .... 26
R3SbCl, Compounds with R=Aryl, Furyl, and Thienyl . . . . . . . . . . .. 31
Triphenylantimony Dichloride (CgHs),SbCL, . . . . . . . . . . . . . .. 31
Other Triarylantimony Dichlorides, Trifuryl-, and
Trithienylantimony Dichlorides . . . . . . . . . . . . . . ... ... 51
Triorganoantimony Dibromides . . . . . . . . . . . . .. .. ... ... 60
R,;SbBr, Compounds with R=Alkyl and Alkenyl . . . . . . . . . . .. .. 60
Trimethylantimony Dibromide (CHg);SbBr, . . . . . . . . . . . . . ... 60
Other Trialkylantimony Dibromides . . . . . . . . . . . . . .. . ... 70
Trialkenylantimony Dibromides . . . . . . . . . . . . .. ... ... 75
R3;SbBr, Compounds with R=Aryland Thienyt . . . . . . . . . . . .. .. 78
Triphenylantimony Dibromide (CgHs)sSbBr, . . . . . . . . . . . . . .. 78
Other Triarylantimony Dibromides and Tris(2-thienyl)antimony Dibromide 87
Triorganoantimony Diiodides . . . . . . . . . . . . . . . ... .. 93
R,;Sbl, Compounds with R=Alkyland Alkenyl . . . . . . . . . .. .. .. 93
R,;Sbl, Compounds withR=Aryl . . . . . . . . .. ... ... .. ... 98

Triorganoantimony Bis(pseudohalides) R3;Sb(N;),, R;Sb(NCO),, and R;Sb(NCS), 102
Triorganoantimony Compounds R;SbX, with X or X,=Anions of Inorganic Acids 106

Triorganoantimony Oxides and Dihydroxides . . . . . . . . . . . . . . .. 113
R;SbO and R;Sb(OH), Compounds with R=Alkyt . . . . . . .. . . .. .. 113
R3;SbO and R,;Sb(OH), Compounds with R=Aryl and 2-Thienyl . . . . . ... 120

Triphenylantimony Oxide and Dihydroxide . . . . . . . . . . . . . . .. 120
Other Triarylantimony Oxides and Dihydroxides, and
Tris(2-thienyl)antimony Oxide . . . . . . . . . . . . . . .. . ... 127

Triorganoantimony Peroxides R;SbO, and Bis(hydroperoxides) RgSb(OOH), . . . 130

Triorganoantimony Diolates . . . . . . . . . . .. . . . .. . ... 131
R;Sb(OR’), Compounds withR"=Atkyl . . . . . . . . . ... ... ... 131
R;Sb(OR’), Compounds withR'=Aryl . . . . . . . . . . ... ... ... 136
R;Sb(OR’), Compounds with R"=HeterocyclicGroup . . . . . . . . . . .. 142
R;Sb(-OR’0-) Compounds . . . . . . . . . . . . .. e 142

Triorganoantimony Bis(organylperoxides) R;Sb(OOR"), . . . . . . . . . . .. 154

Triorganoantimony Dioximates, Dinitroxides, and Disilanolates . . . . . . . . 158
R;Sb(ON=CR’R”), Compounds . . . . . . . . . . . .« v v v v o . 158
R;Sb(ONR5), Compounds . . . . . . . . . . . .00 161

R;Sb(0SiR3), Compounds . . . . . . . . ..o 162



Xl

Page
Triorganoantimony Dicarboxylates . . . . . . . . . . . . . . ... .... 163
R;Sb(0,CR’), Compounds with R’=Unsubstituted Alkyl . . . . . . . . . .. 163
R;Sb(0,CR’), Compounds with R’=Substituted Atkyl . . . . . . . . . . .. 171
R,;Sb(0,CR’), Compounds with R"=Alkenyl . . . . . . . . . .. ... .. 176
RsSb(0O,CR’), Compounds with R'=Aryl . . . . . . . . . . . ... .... 178
(-R3SbO,CR’'CO,-), Compounds . . . . . . . . . . . . ... 186
Triorganoantimony Bis(organylphosphinates) R;Sb(OP(O)(H)R?), . . . . . . . . 189
Triorganoantimony Diamides and Imides . . . . . . . . . . . . . . . ... 189
R3Sb(NRj), and R3Sb(N=P(C¢H;)3), Compounds . . . . . . . . . . . . ... 189
(-R3SbNR’-R”-NR"’-) Compounds . . . . . . . . . . . ... .. ... 193
RySb=NR’ Compounds . . . . . . . . . . ... L0000 195
Triorganoantimony SulfidesR;SbS . . . . . . . . . . ... 0L L. L. 199
Triorganoantimony Dithiolates, Bis(carbothioates), Bis(carbonodithioates), and
Bis(carbamodithioates) . . . . . . . . . . ... ... 204
R;Sb(SR’), Compounds with R"=Alkyland Aryl . . . . . . . . . . . . .. 204
R3Sb(SR’), Compounds with R’=C(O)R"”, C(S)OR”, C(S)NR}’, and C(S)N(-R"’-) 206
R3Sb(-SR’S-) Compounds . . . . . . . . . . . ... 208
Triorganoantimony Bis(diorganylphosphinodithioates) R;Sb(SP(S)Ry), . . . . . 209
Triorganoantimony Selenides R;SbSe, (n=1,2) . . . . . . . . . ... ... 209
Triorganoantimonio-bis(organylsilanes) R;Sb(SiR3), . . . . . . . . . .. .. 210
Empirical FormulaIndex . . . . . . . . . . . . . .. ... ... ... 211
Ligand Formulalndex . . . . . . . . . . . . . . .. .. .. .o 226

Table of ConversionFactors . . . . . . . . . . . . . . .. . ... ... ... 249



Gmelin Handbook
of Inorganic Chemistry

8th Edition

Sh
Organoantimony
Compounds

Part 5

Compounds of Pentavalent Antimony
with Three, Two, and One Sb-C Bonds

With 43 illustrations

AUTHORS Marlis Mirbach, Gmelin-Institut, Frankfurt am Main
Markus Wieber, Anorganisches Institut,
Universitat Wiirzburg

FORMULA INDEX Edgar Rudolph
EDITOR Marlis Mirbach
CHIEF EDITORS Ulrich Krierke

Marlis Mirbach

Springer-Verlag Berlin - Heidelberg - New York - Tokyo 1990



XI

Table of Contents

Page
2 Organoantimony Compounds with Pentavalent Antimony . . . . . 1
2.5 Organoantimony Compounds with Three Sb-CBonds . . . . . . . . . . . . 1
2.5.1 Mononuclear Compounds . . . . . . . . ... L. 1
Compounds of the R;Sb(X)Y Type e e e e e e e e e e 1
Triorganoantimony Compounds R,Sb(F)Y . . . . . . . e e e e e e 1
Triorganoantimony Compounds R,Sb(Cl)Y . . . . . . . . . . . .. .... 2
R3Sb(Cl)Y with Y=Halogen, NO,, SbCl,, Sb(CIgN; . . . . . . . . . . . .. 2
RsSb(CHOH . . . . . . .... 5
R,;Sb(Cl)Y with Y=0- or S Bonded Substltuents (except OH) e e e e e 7
R;Sb(Cl)Y with Y=N-Bonded Substituents . . . . . . . . . . . . . ... . 15
Triorganoantimony Compounds R,Sb(Br)Y e e e e e e 18
RsSb(Br)Y withY=landCN . . . . . . . . . . . .. ... .. ..... 18
RsSb(Br)OH . . . . . L e e 19
R,;Sb(Br)Y with Y =0- or S-Bonded Substituents (exceptOH) ..... ... 20
R;Sb(Br)Y with Y=N-Bonded Substituents . . . . . . . . . . . ... .. 29
RsSb(Br)Y with Y=M(CO);CHs . . . . . . . . . . .. e e e e e 30
Triorganoantimony Compounds R;Sb(h)y . . . . . . . . . .. .. < 3 |
Triorganoantimony Compounds R;Sb(X)Y with X=N; or SCN ......... 36
Triorganoantimony Compounds R;Sb(NO,)Y . . . . . . . . . . . . .. .. . 36
Triorganoantimony Compounds R;Sb(OH)Y . . . . . . . . . . . . .. ... 38
Triorganoantimony Compounds R;Sb(X)Y with X and Y=0-Bonded Substituents
(exceptOH) . . . . . . . . .. ... oL e e e e e e 44
Triorganoantimony Compounds [F§38bFe(CO)205 sIY oo ... . 50
Cyclic Compounds of the R;Sb(-OR’Y-) Type with Y=NorS . . . . . . . . .. 50
Compounds of the R,R’'SbX, Type . . . . . . . . . . . . oo ... b4
Triorganoantimony Difluorides R,R’SbF, . . . . . . . . . . . . ... ... 54
Triorganoantimony Dichlorides R,R'SbCl, . . . . . . . . . . . . . .. ... 54
Triorganoantimony Dibromides R,R'SbBr, . . . . . . . . . . . . . .. ... 61
Triorganoantimony Diiodides R,R'Sbl, . . . . . . . . . .. . .. .. 68
Triorganoantimony Compounds R,R’SbX, with X=0- or S-Bonded Substltuents 71
Compounds of the R,R’Sb(X)Y Type . . . . . . . . . .. e e e e e e 72
Compounds of the RR'R”SbX, Type . . . . . . . . . . . . . .. ... R 24
Cyclic Compounds of the (-R-)(R)SbX, Type . . . .« . . . . . . . . .. .. 74
Triorganoantimony Compounds (-R-}(R")SbX, with X=ForCl . . . . . . ... 74
Triorganoantimony Compounds (-R-)(R’)SbX, with X=Brorl . . . . . . . . .79
Triorganoantimony Compounds (-R-)(R")SbX, with X=0- or N-Bonded
Substituents . . . . . . ... oL 0L o o O - 72
Compounds of the (-R-)(R )Sb(X)Y Type . . . . . ..o . 87
2.5.2 Binuclear Compounds . . . . . . . . . .00 000w e e B - 14
Compounds of the (R;SbX),0O Type . . . . . . . .. . . . . ... . ... 87
(R;SbX),0 Compounds with X=Halogen or Pseudohatogen . . . . . . . . . . 88
(R3SbX),0 Compounds with X=ClO, or NO; and [R3SbOSbR; - nD][CLO,],
Compounds . . . . . L L Lo e e e e e e e e e e e e e e e e 98
(R3SbX),0 Compounds with X=0- or N-Bonded Substituents . . . . . . . . . 105

Compounds of the (R;SbX),0, Type . . . . . . . . . .. e e e e R A V4



Xl

Compounds of the (R;SbX),OR'OType . . . . . . . . . . . .. ... ..
Compounds of the (R3SbX),Y Type with Y=S§,80,,8¢0, . . . . . . .. . ..
Compounds of the (R;SbCL),NH and (R3;SbCl),NHCONH Type . . . . . . . . ..
Compounds of the (R,R’'SbX),O Type . . . . . . . . . . . .. ... ...
Compounds of the (R,SbX;),R" Type . . . . . . . . . . . ... ..

Compounds of the (RR’SbX,),R” Type . . . . . . . . . . . . . . ...
Cyclic Compounds of the (-R’-)(R,SbX),0 Type . . . . . . . . . . . .. ..
Compounds of the (R3Sb),(X)O Type . . . . . . . . . . . . . . . .. ...

2,53 Trinuclear Compounds . . . . . . . . . . . ..o oo e e e e

2.6 Organoantimony Compounds with TwoSb-CBonds . . . . . . . . . . ..

2.6.1
Compounds of the R,SbX, Type . . . . . . . . . .o oo oo oo

Mononuclear Compounds . . . . . . . . . .. oo 00w e e

Diorganoantimony Trifluorides . . . . . . . . . . .. e e e e e e
Diorganoantimony Trichlorides . . . . . . . . . . . . . . . o000
R,SbCl; with R=Alkyland Alkenyl . . . . . . . . . . . . ... .. ..
RSbClL withR=Aryl . . . . . . . . . . . . . o000
(CeHg)oSPCly . . . v v v oo
R,SbCl; with R=Substituted Phenyl . . . . . . . . . . . . . . . ..

Cyclic Compounds of the (-R-)SbCly Type . . . . . . . . . . . . .. .o

Diorganoantimony Tribromides . . . . . . . . . . . . . oo

RoSBBry With R=AIKYL . . . v v v v v e e e e e e

(CeHs)oSbBrg . . o o v o oo s e e
Diorganoantimony Triiodides . . . . . . . . . . . .. .00 0000
Diorganoantimony Tris(pseudohalides) . . . . . . . . . . . . . . . . ..
Diorganoantimony Triolates . . . . . . . . . . . . . .o o000 o
Diorganoantimony Tricarboxylates . . . . . . . . . . . . . o o0
Diphenylantimony Nitride . . . . . . . . . . . . . o000 00

Compounds of the R,Sb(X,)Y Type . . . . . . . . . .« . oo

Diorganoantimony Compounds R,Sb(F,)Y . . . . . . . . . . . . . . ...
Diorganoantimony Compounds R,Sb(ClL,)Y . . . . . . . . . . . . . .. ..
Diorganoantimony Compounds R,Sb(Br,))Y . . . . . . . . . . . .. ...
Diorganoantimony Compounds R,Sb(NCS),Y . . . . . . . . . . . . . . ..
Diorganoantimony Compounds R,Sb(O)Y . . . . . . . . . . .. . .. ..
R,Sb(O)Y Compounds with Y =Halogen or Pseudohalogen . . . . . . . .
Stibinic Acids R,Sb(O)OH . . . . . . . . . . L0000
R,Sb(O)OH withR=Alkyl . . . . . . . . . . .. .. ... ..
R,Sb(O)OH withR=Aryl . . . . . . . . . . . . . . ...
Cyclic Compounds of the (-R-)Sb(O)OH Type . . . . . . . . . . . ..
R,Sb(0)Y Compounds with Y=0CgH;and O,CCH; . . . . . . . . . . ..
Diorganoantimony Compounds R,Sb(OR"),Y . . . . . . . . . . . . . . ..
Diorganoantimony Compounds R,Sb(-OR’O-)Y . . . . . . . . . . . . ..
Diorganoantimony Compounds R,Sb(M(CO), CsHs),Y (M =Transition Metal)

Compounds of the RR’SbX3 and RR’Sb(X,)Y Type . . . . . . . . . . . . ..

Diorganoantimony Compounds RR’SbCl; and RR’Sb(O)OH . . . . . . . ..
Diorganoantimony Compounds RR’Sb(Cl,)Y and RR’Sb(M{CO),CsH;),Y
(M=TransitionMetal) . . . . . . . . . . . . .. 000000

2.6.2 Binuclear Compounds . . . . . . . . . L 0000w e e e

Compounds of the (R,SbX,),Y and (R,Sb(X)X),Y Type . . . . . . . . . . . .

Page
118
119
119
121
121
129
130
131

132

134

134
134
134
138
138
146
146
162
168
172
172
173
176
176

. 178

180
182
182
182
183
197
202
202
202
204
204
206
213
213
214
215

. 218

220
220

229

. 230



Xl

Page

[N(CiHg-n)ylol(CeHs),Sb(O)MOO, L, . . . o o . o o o o 234
Compounds of the (RR'SbCL,),0OType . . . . . . . . . . . . . . . . . ... . 234
2.6.3 Tetranuclear Compounds . . . . . . . . . ... ... ... 235
2.7 Organoantimony Compounds withOne Sb-CBond . . . . . . . . . . . . .. 237
2.7.1 Mononuclear Compounds . . . . . . . . .. L. 237
Compounds of the RSbX, Type . . . . . . . . . . . . . .. . . . . . ... 237
Organoantimony Tetrafluorides . . . . . . . . . . .. .. ... . ... 237
Organoantimony Tetrachlorides . . . . . . . . . . . . . . . . . .. ... 239
RSbCl, Compounds with R=Alkyl . . . . . . . .. .. .. ... ..., 239
RSbCl, Compounds withR=Aryl . . . . . . . . .. .. . ... .. ... 242
CeHsSbCl, . . . . L o 242

RSbCl, Compounds with R=Substituted Phenyl . . . . . . . . . . ... 248

RSbCl, Compounds with R=HeterocyclicRing . . . . . . . . . . . ... 261
Organoantimony Tetrabromides RSbBr, . . . . . . . . . . . .. . ... .. 262
Organoantimony Tetraolates RSb(OR’), . . . . . . . . . . . ... .. ... 263
Organoantimony Bis(diolates) RSb(-OR’O-), . . . . . . . . . ... . ... 263
Organoantimony Tetracarboxylates RSb(O,CR), . . . . . . . . . ... . . . . 266
Compounds of the RSb(X3)Y Type . . . . . . . . . . . . . . v o . 267
Organoantimony Compounds RSb(ClL,)Y . . . . . . . . .. e e e e 267
Organoantimony Compounds RSb(X;)Y with X=0Organometallic Fragment . . . . 272
Compounds of the RSb(X,)Y, Type . . . . . . . . . . . . . . ... ... 272
Organoantimony Compounds RSb(X,)Y, with X=Halogen . . . . . . . . . .. 272
Organoantimony Compounds RSb(X,)Y, with X and Y=0-Bonded Substituents 276
Stibonic Acids RSb(O)(OH), . . . . . . . . . . . ..o 276
Composition and Structure of RSb(0)(OH), Compounds . . . . . . . . . . 276
RSb(O)(OH), with R=Alkyl . . . . . . . . . .. .. ... ... ... 278
RSb(O)(OH), with R=Aryl . . . . . . . ... . . . .. ... ... 278
CeHsSBb(O)(OH), . . . . . . o o 278
RSb(O)(OH), with R=Substituted Phenyl . . . . . . . . . . . . . .. 283
RSb(0)(OH), with R=HeterocyclicGroup . . . . . . . . . . . .. ... 306

Patents on Stibonic ACidS . . . . . . . . . v v e e e e 308
RSb(O)(-OR’O-) Compounds . . . . . . . « v v v v v v e e e e 311
RSb(OR’),(-OR’0O-) and RSb(-OR’O-)(-OR””O-) Compounds . . . . . . . . 312

2.7.2 Binuclear Compounds (HO),(0)Sb-R-Sb(O}{(OH), . . . . . . . e e 313
273 Trinuclear Compounds . . . . . v . v e v e e e e e e e e e e 316
Empirical FormulaIndex . . . . . . . . . . . . . . .o 0w el 318
Ligand FormulaIndex . . . . . . . . . .« . oo n e e 357

Physical Constants and ConversionFactors . . . . . . . . . . . . . . . . . .. 405



