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Abstract-Freshly generated solutions of iodine azide (INS) and iodine isocyanate (INCO) in 
acetonitrile or carbon tetrachloride add oxidatively to tertiaryaryl derivatives of group YB 
elements, Ar,M (Ar = Ph, p-tolyl, p-Cl&H, or p-FCsHr, and M = As, Sb or Bi) and 
diaryltellurium(II), Ar,Te (Ar = Ph or p-CH,OC,H,) at - 10°C to - 5°C to give stable 
covalent monomeric products, Ar,MIX and Ar,TeIX, respectively (where X = N3 or NCO). 
The mode of bonding of the pseudohalide group to M has been established by solid-state IR 
spectra. Ar,MI(N,) failed to react with C!S2 but reaction with PhNCY (Y = 0 or S)gave cyclic 
tetrazole derivatives. Contrasting behaviour was also observed in the metathetic reaction of 
Ar,MIX and Ar,TeIX with silver pseudohalides [Agx’ (X’ = NC0 or NCS)]. The 
tetraorgano compounds, R,M. (M = Sn or Pb, and R = Ph or p-tolyl), and Bu,SnPh 
failed to react with IN, and Bu,SnPhINCO but IN, cleaved one tin-aryl bond from Ar,Sn 
in the presence of AlCl,. Addition of IN, and INCO across the olefinic bond of 
Ph,SnCH,-CH=CH, is preferred to tin-ally1 bond cleavage. Reactions of hexaaryldil~ds 
with IN, and INCO under appropriate conditions proceeded with the cleavage of a Pb-Pb 
bond. Parallel reactions of cyanogen halides (CNI and CNBr) resulted in the formation of 
corresponding triaryllead halides and pseudohalide derivatives. 

Compared to the considerable volume of work done 
on inter-pseudohalogens viz. iodine azide (IN,),rm3 
iodine isocyanate (INC0),4 iodine nitrate’ and 
cyanogen azide etc. concerning their use for regio- 
and stereospecific addition to ole8ns and other 
system in synthetic organic chemistry, the reactivity 
of these electrophiles towards M-C- and M-M- 
bonded (M = metal) compounds have been neglec- 
ted. Except for a single reference, describing the 
reaction of IN, and INCO with pentafluorophenyl 
antimony6 compounds, no other study has appeared 
so far. In sharp contrast to this, reactions ofcyanogen 
halides [CNX (X = Cl, Br or I)] with organometallic 
compounds are well documented and their synthetic 
utility has been established.7q8 However, reactions of 
CNX, IN, and INCO with M-M-bonded com- 
pounds are yet to be reported. 

As a part of our research programme on main- 
group elements we now report : 

* Author to whom correspondenceshould be addressed. 

(i) the oxidative reactions of IN, and INCO witb 
tertiaryarylarsenic(III), tertiaryarylantimony(III), 
tertiaryarylbismuth(II1) and diaryltellurium(I1) 
compounds. Solid-state IR spectra and some 
solution-phase studies have been conducted to 
ascertain the mode of bonding of the pseudoh~o 
group and the constitution of Ar,MIX and Ar,TeIX 
derivatives ; 

(ii) metathetic reactions of Ar,MIX and Ar,TeIX 
with silver pseudohalides [AgX’ (X’ = CN, NC0 or 
~SII; 

(iii) reactions of Ar,MIX (X = N, or NCO) with 
CS, and PhNCY (Y = 0 or S) ; 

(iv) electrophilic cleavage reactions of the M-C 
bond from tetraorganotin and lead compounds 
using IN, and INCO ; 

(v) addition of IN, and INCO to the ole8nic 
double bond of t~phenyla~yltin; and 

(vi) cleavage of the Pb-Pb bond in hexaaryl- 
dilead employing IN3, INCO, CNI or CNBr. 

Apart from the synthetic interest the main 
objective of the present work was to compare and 
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study the action of INS and INCO on M-C- and 
M-M-bonded compounds (M = Sn, Pb, As, Sb, 
Bi or Te). 

EXPERIMENTAL 

Triphenylarsenic and tri-p-tolylarsenic,g*lo and 
antimony1 ‘*12 were obtained by the Wuretz 
reaction. Tris(p-chlorophenyl)antimony,‘3 tris(p- 
fluorophenyl)antimony’3 and triphenylbismuth14 
were prepared by the Grignard reaction. 
Diaryltellurium(I1) compounds were obtained by 
the reported procedures.15*‘6 Sodium azide and 
potassium cyanide (BDH, AR grade) were used as 
such. Iodine (Rhodia) was sublimed before use. 

IN, and INCO were freshly generated at 
-10°C in a&o&rile or carbon tetrachloride in 
approximately known concentrations by standard 
methods and were used immediately.2*4V’7 

The IR spectra were recorded in the region 400s 
4@l cm-’ in KBr discs and in some cases in the range 
4000-200 cm- ’ in CsI using Perkin-Elmer 
spectrophotometer model 577. lH NMR spectra of 
the representative compounds were determined in 
CDCl, on Ovarian EM 360 L spectrometer using 
TMS as the internal standard. 

The molar conductance values of lo- 3 M 
solutions were determined at 25°C with a Phillips 
conductivity assembly PR-9500. Molecular weights 
were determined cryoscopically in benzene using a 
Beckmann thermometer (accuracy +O.Ol°C). 

Stringetit precautions were taken to avoid 
moisture. Solvents were distilled and dried before 
use. A few representative experim&ts are described 
below. Relevant IR assignments, analytical data and 
molar conductance values are listed in Tables l-3. 

Reaction of triphenylantimony with IN, and INCO 

A freshly generated solution of IN3 (0.338 g, 2 
mmol) in carbon tetrachloride (50 cm’) at - 10°C 
was added to a precooled (- 1O’C) stirring solution 
of triphenylantimony (0.706 g, 2 mmol) in the same 
solvent (50 cm3) for 15 min under nitrogen 
atmosphere. The reactants were stirred for 1 h at 
initial temperature and then allowed to reach room 
temperature. The solution was filtered, evaporated 
under reduced pressure and cooled overnight after 
adding petroleum ether (b.p. 40-6O”C) (10 cm3). A 
crystalline solid was obtained characterized as 
triphenylantimony iodine azide, m.p. 205°C. 

Other compounds were also prepared by 
similar reaction using appropriate reactants. In the 

Table 1. Reactions of Ar,M(III) and Ar,Te(II) with iodine azide and iodine isocyanate 

Reactants 

Ar,M+IX 
Product Yield M.p. 

Compound Ar M X Ar,MIX (“/o) (“C) Colour 

I 
II 
III 
Iv 
V 
VI 
VII 
VIII 
Ix 
X 
XI 
XII 
XIII 

Ph 
Ph 
p-Tolyl 
Ph 
Ph 
p-Tolyl 
pToly1 

P-CGH, 
p-Cl&H4 

P-F&H, 
P-FG3-b 
Ph 
Ph 

As N, 
AS NC0 
As N, 
Sb N, 
Sb NC0 
Sb N3 
Sb NC0 
Sb N, 
Sb NC0 
Sb N3 
Sb NC0 
Bi N, 
Bi NC0 

Ph&W,) 
Ph,AsI(NCO) 
(p-Tolyl),AsI(N,) 

Ph,SbI(N,) 
Ph,SbI(NCO) 
(p-Tolyl),SbI(N,) 
(p-Tolyl),SbI(NCO) 

WlC,H,),SbI(N,) 
(p-ClC,H,)SbI(NCO) 

k-FC,H&SbI&) 
(p-FCsH,),SbI(NCO) 
Ph,BiI(N,) 
Ph,BiI(NCO) 

80 83 
85 80 
82 138 
70 205 
72 198 
75 178 
70 235 
65 80 
68 106 
67 142 
62 150 
70 250” 
65 190d 

Ar,Te(II) + IX 

Ar X 

Ph Te N3 

~H,OC,H, 
Te NC0 
Te NC0 

Ph2TeW3) 
Ph,TeI(NCO) 
(p-CH30C6H&TeI(NCO) 

55 76 
60 85 
65 138 

Brown 
Brown 
Brown 
Dark yellow 
Yellow 
Dark yellow 
Yellow 
Yellow 
Yellow 
Light yellow 
Yellow 
Light yellow 
Yellow 

Yellow 
Yellow 
Yellow 

4 Decomposition. 
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Table 2. Elemental analysis and molar conductance data 
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Compound 
Empirical 
formula 

Analysis [found (talc.) (%)I 
Molar conductance 

C H N (W l cm2 mol- ‘) 

I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
XIV 
xv 
XVI 

Gd-WKAs 44.8 (45.5) 2.9 (3.1) 
C,,H,,INOAs 47.7 (48.0) 3.0 (3.1) 

C,,H,,IN& 48.5 (48.7) 2.8 (2.9) 

C,,HJN,Sb 40.7 (41.4) 2.3 (2.9) 
C,,H,,INOSb 42.9 (43.7) 2.4 (2.9) 

Cz,H,,IN,Sb 44.3 (44.7) 3.6 (3.7) 
C22HzJNOSb 46.2 
C,,H,,IN&JI,Sb 

(46.8) 3.6 (3.7) 
38.7 (39.0) 2.0 (2.2) 

C19H,,INOC13Sb 41.0 (41.1) 1.9 (2.2) 

C,,HJN,P,Sb 37.2 (37.6) 2.0 (2.1) 
C19H,,INOFaSb 38.9 (39.6) 1.7 (2.1) 
C&H,,IN,Bi 36.3 (35.8) 3.9 (2.5) 
C19H,,INOBi 39.3 (37.5) 2.9 (2.5) 

CzzH1JN3Te 31.6 (31.9) 2.1 (2.2) 
C,3H,01NOTe 34.2 (34.6) 2.2 (2.2) 
C,,H,,IN03Te 35.2 (35.3) 2.8 (2.7) 

8.4 (8.8) 
2.6 (2.9) 
7.8 (8.1) 
7.6 (8.0) 
2.4 (2.7) 
7.2 (7.4) 
2.2 (2.5) 
7.2 (7.6) 
2.3 (2.5) 
6.9 (7.3) 
2.1 (2.4) 

- 
- 

8.7 (9.3) 
2.9 (3.1) 
2.6 (2.7) 

9.34 
11.27 
12.62 
8.56 
9.25 

10.52 
9.65 

11.24 
8.96 
7.25 
9.34 

11.92 
12.06 
25.6 
28.5 

- 

case of triphenylbismuth and INS, the reaction was Reaction of tetraphenyllead with IN, in the absence of 
conducted in a closed system to avoid any moisture. AlCl, 

Diaryltellurium iodine azide and INCO (Ar = Ph 
or p-CH,OC,HJ were also prepared by the same A freshly generated solution of IN, (0.338 g, 2 
method. Details of the reactions are given in Tables mmol) in carbon tetrac~o~de (50 cm3) at - 10°C 
l-3. was added while stirring to a precooled suspension 

Table 3. Selected IR spectroscopic data* 

IR absorption (cm-‘) 

Compound UWNCO) v&/CO) G(N,/NCO) VW-C) 

I 
II 
III 
Iv 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 

XIII 
xrv 
xv 
XVI 

2080s 
2105s 
2070s 
2050s 
2125ms 
206Oms 
2120m 
20POb 
2125ms 
2oPOms 
2120m 
204Oms 
2100w 
211On.l 
2105~s 
2170s 
2178m 

1255~ 
1230w 
1270mw 
127Omw 
1375w 
1250 
1380w 
1280 
1375w 
1245 
1280w 
1255 

1265 
1322m 
137th 
136Om 

600 
67th~ 
622vw 
647vw 
650~ 
662 
640 
670 
a 
668 
640 
64&/w 

630w 
627~ 

482m 
47th 
465m 
460s 
455s 
458m 
462m 
470s 
460s 
456s 
458s 
442s 

448s 
260w 
a- 
a 

” Abbreviations:v,very;s,strong;m,medium; w, weak;a,absent; b, broad. 
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of tetraphenyllead (1.032 g, 2 mmol), in the same 
solvent (100 cm3). The reaction mixture was stirred 
for 1 h at - 10°C and then allowed to attain room 
temperature. Carbon tetrachloride was distilled off 
and the residual yellowish solid was refluxed with 
CHC13 to recover tetraphenyllead quantitatively. 

Reaction of tetraphenyltin with IN, in the presence of 
AlCl, 

(1.33 g, 0.0034 mol) in the same solvent (50 cm3) over 
a period of 15 min at - 10°C. The orange colour of 
IN3 disappeared after each addition. The reactants 
were stirred for half an hour more and then allowed 
to attain room temperature. Concentration followed 
by cooling of the solution afforded Ph,SnCH,- 
CH(IN,)CH,, m.p. 148°C (dec.). Found : C, 44.1; H, 
3.2; N, 7.0. Calc. for C2,H,,IN3Sn: C, 45.0; H, 3.6; 
N, 7.5%. 

IN, (0.678 g, 4 mmol) was carefully added with 
stirring and exclusion of moisture to a solution of 
tetraphenyltin (1.708 g, 4 mmol) and finely powdered 
anhydrous Al& in carbon tetrachloride at - 10°C. 
The reactants were stirred for 1 h at - 10°C and 
subsequently allowed to attain room temperature 
and then poured over crushed ice. The organic layer 
was separated and dried over sodium sulphate and 
fractionally distilled to give phenyl iodide, b.p. 184°C 
(lit.18 184186°C). 

Reaction of hexaphenyldilead with CNI 

Parallel reactions of tetra-p-tolyltin and Bu,SnPh 
yielded p-tolyl iodide, b.p. 208°C (lit.18 21 l-212°C) 
and phenyl iodide, b.p. 184°C (lit.18 184186”C), 
respectively. 

To s stirred suspension of hexaphenyldilead (2.19 
g, 0.0025 mol) in carbon tetrachloride (100 cm3), CNI 
(0.43 g, 0.0028 mol) in the same solvent (30 cm3) was 
added dropwise during 30 min at room temperature. 
The reaction mixture was refluxed for half an hour 
more. A white solid separated, the solution was 
filtered and washed with solvent (ether) to remove 
any unreacted CNI and was then recrystallized from 
absolute alcohol and characterized as triphenyllead 
cyanide, m.p. 245°C (lit. I g 25O’C) (dec.). 
v,&==N) 2090 cm - * . 

The filtrate on concentration and cooling afforded 
triphenyllead iodide, m.p. 135-139°C (lit.lg 139°C). 

Reaction of tri-p-tolylantimony iodine azide with 
phenyl isocyanate 

Details of further reactions are listed in Table 4. 

Reaction of hexaphenyldilead with IN, 
A mixture containing equimolar amounts of tri- 

p-tolylantimony iodine azide (0.563 g, 1 mmol) and 
phenyl isocyanate (0.119 g, 1 mmol) were gently 
heated at 110°C for 4 h in the absence of solvent. The 
resulting brown viscous liquid was treated with dried 
benzene to afford brown crystals of 1-phenyl+i-p- 
tolylantimony iodide)tetrazolinone, m.p. 175°C. 

I Found: C, 48.1, H, 3.3; N, 7.6. Calc. for 
C,,H,,IN,OSb: C, 49.3; H, 3.8; N, 8.2%. 

Reaction of triphenylantimony iodine azide with 
PhNCS under identical conditions gave l-phenyl- 
4(triphenylantimony iodide)-tetrazole-5-thione as a 
viscous oily mass. Found : C, 45.9 ; H, 3.1; N, 7.6. 
Calc. for C,,H,,IN,OSb: C, 46.9; H, 3.1; N, 8.7%. 

To a stirring solution of IN, (0.668 g, 4 mmol) in 
carbon tetrachloride, hexaphenyldilead (3.50 g, 4 
mmol) in the same solvent was added over a period of 
15 min at - 10°C and stirred at the same temperature 
(for an hour) and then allowed to attain room 
temperature. Unreacted hexaphenyldilead was 
filtered off and fractional crystallization on cooling 
the filtrate yielded Ph,PbI, m.p. 138°C (lit.19 140- 
141°C) and Ph,PbN,, m.p. 180°C (lit.r9 184°C). 
v..N3 = 2040 cm-‘. 

A similar reaction of INCO with hexaphenyl- 
dilead yielded Ph,PbI and Ph,PbNCO. Details are 
given in Table 4. 

Reaction of triphenylantimony iodine azide with CS2 Reaction of Ph,TeIX with silver thiocyanate 

Triphenylantimony iodine azide (1 mmol) was 
refluxed with an excess of CS, (lOmmo1) for 8 h under 
dry nitrogen. After distilling off the volatile 
triphenylantimony iodine azide, m.p. 205°C was 
recovered quantitatively. 

Reaction of IN, with triphenylallyltin 

Freshly generated solution of INa in carbon 
tetrachloride (50 cm3) (0.575 g, 0.0034 mol) was 
added dropwise to a solution of triphenylallyltin 

A mixture of diphenyltellurium iodine isocyanate 
(0.901 g, 2 mmol) and silver thiocyanate (0.33 g, 2 
mmol) in chloroform (50 cm3) was stirred for 3 h at 
room temperature. The silver iodide was filtered off 
and then the filtrate was concentrated to give 
diphenyltellurium (cyanate thiocyanate), m.p. 
173°C. Found: C, 43.1; H, 2.4; N, 5.8. Calc. for 
C14H10NZOSTe:C,44.0;H,2.6;N,7.3.1R:2120m, 
2075m, 642m, 470m. 

Similarly, Ph2TeN3NCS was prepared from 
Ph,TeIN, and silver thiocyanate, m.p. 140°C. 
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Table 4. Reactions of iodine azide (IN,), iodine isocyanate (INCO) and cyanogen halides (CNI or 
CNBr) with hexaaryldilead compounds 

681 

Reactants 

Reaction* 
conditions 

(h) Product 
Yieldb 

(%) M.p. (“C) (lit.19) 

1. Ph,Pb, + CNI 

2. (p-Tolyl),Pb, + CNI 

3. PhsPbl + CNBr 

4. Ph,Pb, + IN, 

5. Ph,Pb, + INCO 

1 Ph,PbI 45 134-136 (138-139) 
PhJPbCN 54 245 dec. (250 dec.) 

1 (p-Tolyl),PbI 45 110-112 (115) 
(p-Tolyl),PbCN 56 > 250 

2 Ph,PbBr 42 161-162 (166) 
Ph,PbCN 52 244 dec. (250 dec.) 

1.5 (- 1OC) Ph,PbI 48 135 (138-139) 
Ph,PbN, 38 180 dec. (185 dec.) 

1.5 (- 10°C) Ph,PbI 54 136 (138-139) 
Ph,PbNCOd 34 z-200 

D Reactions with CNI and CNBr at reflux temperature of Ccl, and with IN, and INCO at - 10°C. 
b Based on hexaaryldilead compounds. 
‘Found: C, 50.1;H,4.0;N,2.5. Calc.forC,,H,,NPb: C, 52.1; H,4.1;N,2.8%. 
dFound: C, 45.4; H, 10.9; N, 2.3. Calc. for Ci9H,,NOPb: C, 47.4; H, 10.6; N, 2.9%. 

Found: C, 39.4; H, 2.4; N, 13.5. Calc. for 
C,,H,,N,STe: C, 40.9; H, 2.6; N, 14.7%. IR: 
208Om, 202Om, 133Ow, 662w, 468m. 

RESULTS AND DISCUSSION 

Freshly prepared solutions of INS and INCO 
werefound to add oxidatively to symmetrical triaryl- 
arsenic, triarylantimony and triarylbismuth at 
-10°C in acetonitrile to give good yields of the 
corresponding triarylarsenic(V), triarylantimony(V) 
and triarylbismuth(V) compounds : 

Ar,M +1X + Ar,M 
\ 

(1) 

X 
(X=N,orNCO;M=As,SborBi;Ar=C,H,, 

pCH3CsH4, p-CICsH, or p-F&H,). 

No traces of aryl halides or Ar,MX, the products 
normally expected from the possibility of M-aryl 
bond cleavage, were obtained in any of these 
reactions. 

The formation of triarylbismuth iodine azide, 
Ar,BiI(N,) and triarylbismuth iodine cyanate, 
Ar,BiI(NCO) is rather unusual aand interest, since 
the reaction of triarylbismuth(III) compounds with 
parallel electrophiles with CNI, CNBr’** and 
(SCN)z20 is reported to proceed with the exclusive 
cleavage of bismuth-aryl bonds under the cor- 
responding conditions. However, chlorination or 
bromination of triarylbismuth compounds at low 
temperature has been shown to give the correspond- 

ing dihalides. 21 In sharp contrast to the existence 
and stability of triarylbismuth diiodide22 (specu- 
lated in the vapour state only), triarylbismuth iodide 
pseudohalides are stable at room temperature. 
However, unlike the arsenic and antimony 
analogues, Ar,BiIX derivatives are yellow in colour 
and decompose without melting. 

Freshly formed solutions of IN3 and INCO 
in carbon tetrachloride also react with 
diaryltellurium(I1) compounds at - 10°C to give the 
corresponding diaryltellurium(IV) iodide pseudo- 
halide. The fact that aryltellurium(I1) pseudohalides, 
and aryl iodides are not formed under these 
conditions, indicates that oxidative addition to 
Te(I1) is preferred to the tellurium-aryl bond 
cleavage reaction : 

/I 
R,Te + IX + R,Te 

‘X 

(2) 

(R = Ph or p-CH,O&H,). 

An interesting reaction was observed in the 
metathetical reaction of Ar,MIX and Ar,TeIX with 
silver pseudohalides. Ar,MIX invariably failed to 
react with freshly prepared anhydrous silver 
thiocyanate and isocyanate, while identically placed 
iodide in Ar2TeIX can be replaced by other 
pseudohalide group to produce diaryltellurium 
mixed pseudohalides, Ar2TeXX’ : 

Ar,TeIX + AgX’ + Ar2TeXX 

o(’ = NC0 or NCS). 

(3) 
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The triarylarsenic(V), triarylantimony(V), triaryl- 
bismuth(V) and diarultellurium(IV) iodide pseudo- 
halides reported herein are coloured crystalline 
solids, with sharp melting points, except for the 
bismuth compounds. They are generally soluble in 
common organic solvents and the cyanate de- 
rivatives are slowly decomposed even at room 
temperature. The molar conductance values of 10e3 
M solutions in acetonitrile are in the range 130 R- ’ 
cm* mol- ’ which shows the absence of ionic species 
in solution.23 The molecular weight measurements 
in freezing benzene suggest the monomeric 
constitution of all the halo-pseudohalo derivatives. 

The above compounds have further been 
characterized on the basis of their IR spectra. 
Absorption frequencies due to aryl groups do 
not change significantly as compared to 
triarylarsenic(V), triarylantimony(V), triaryl- 
bismuth(V)24 and diaryltellurium(IV) dihalides25 
and hence are not mentioned here. IR ab- 
sorption bands of diagnostic value are listed in 
Table 3. The cyanate group is capable of bonding to 
M either through N or 0, giving rise to three 
fundamental modes of vibration due to 
v,,(N-C-O), v&N-C-O) and S(NC0). All the 
cyanate derivatives reported herein display a strong 
peak in the region 2100-2200 cm-’ assignable to 
v,,(N-CO). The v,,,,,(pIJ-C-O) mode of vibration 
which has been successfully used for distinguishing 
between the iso and the normal form appears as a 
weak band in the region 1350-1380 cm-‘. The 
absorption associated with 6(NCO) bending mode 
appears consistently at 650 rt 20 cm- ’ as a band of 
medium to weak intensity. All the cyanate 
derivatives thus appear to have M-N bonding 
(M = As, Sb, Bi or Te).26 Characteristic absorption 
of azide stretchings and bending modes show the 
presence of the covalently bonded linear N=N=N 
group.27 

Diaryltellurium(I1) mixed pseudohalides were 
also identified through their characteristic IR 
absorption (see Experimental). Mixed pseudo- 
halides are coloured crystalline solids with sharp 
melting points and are soluble in common organic 
solvents. The molar conductance values of a 10m3 M 
solution in acetonitrile are in the range of 25-30 R- ’ 
mol-’ cm*, indicating their covalent nature. 
Molecular weight measurements in freezing benzene 
suggest that they are monomeric. 

As for mass-sensitive frequencies, a medium 
strong band appearing in the region 450-470 cm-’ 
in all group V compounds can be assigned to M-C 
(M = As, Sb or Bi) stretching frequencies corre- 
sponding to the Y-mode. 24 Absorption frequencies 
corresponding to the t-mode appear in the region 
250-225 cm-‘. The values are in good agreement 

with the reported frequencies of the M-C bond in 
Ar,MX, derivatives (X = halide or pseudohalide). 
Absorption associated with the Te-C band appears 
as a weak band in the region 260-275 cm-1.2s 

The ‘H NMR spectra of tri-p-tolylantimony 
iodide azide, (p-CH,C,H,),SbIN,, exhibit two 
doublets centered at 6 7.98 and 6 7.27 ppm (due to 
aromatic protons, 12H) and a singlet at 6 2.37 ppm 
(due to methyl protons, 9H). which excludes the 
presence of non-equivalent aryl groups. The spectra 
thus conform to the requirement of a trigonal 
bipyramidal structure for the antimony compounds 
in which the aryl groups occupy the equatorial 
positions. The arsenic and bismuth analogues are 
also expected to have a similar structure. Similarly, 
R,TeIX derivatives may also assign a trigonal 
bipyramidal structure with the lone electron pair and 
two aryl groups occupying the equatorial position as 
has been reported for several diorganotellurium 
dihalides from spectroscopic and X-ray data.25 

Related reactions 

In sharp contrast to the reaction of tetra- 
arylstibonium and tetraarylarsonium azides, CS2 
failed to react with triarylantimony iodine azide even 
after prolonged refluxing.28 However, reaction 
with strong dipoles, viz. PhNCX, in the absence of 
solvent gave a cyclic product : 

(p-CH3CsH,J3SbIN3 + PhNCY 

-+ Ph-N -C=Y I 

rlr I&--Sb 
/ 

\\N/ \ 
WH&H4)3 

(Y = S or 0). 

Evidence in favour of a cyclic structure has been 
mainly derived from spectroscopic data and by 
comparison with earlier reports on similar 
compounds.28*2g The absence of v,,N3 in the region 
2000-2200 cm-’ is an indication that the products 
are free from this structural entity.27 The cyclic 
derivative exhibits a band in the region 1320-1260 
cm- 1 which, in the absence of vsyN3, can be assigned 
to the cyclic N=N=N linkage.28 The absence of 
v,(N=C=S) and v,,(N=C=O) absorption around 
2080 and 2275 cm-‘, respectively, and the 
appearance of a new band due to exocyclic C=S at 
1395-1310cm-‘30*31 andduetoC=Oaround 1700 
cm-1,32 further lends support to the proposed 
structure. A medium-intensity band between 1100 
and 1000 cm-’ may be assigned to the skeletal 
vibration of the tetrazole ring as has been proposed 
earlier.33 The W absorption spectra of the cyclic 
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derivatives in methanol exhibit characteristic maxima 
in the region 260-290 cn-’ similar to that exhibited 
by an authentic sample of 1-phenyl tetrazole-5 
thionez9 and this supports the formation of 
tetrazole derivatives. 

Reactions with group ZVB organometallics 

Unlike tertiaryarylarsenic, tertiaryarylantimony 
and tertiaryarylbismuth, and diorganotellurium(I1) 
compounds, group IVB compounds were expected 
to undergo electrophilic cleavage of the M-C bond 
with IN, and INCO parallel to the reactions 
of iodine halides34 (ICl or IBr), CNX,35 
thiocyanogen3’j etc. 

However, both IN, and INCO failed to react with 
symmetrical tetraaryltin and tetraaryllead com- 
pounds and Bu,SnPh even after prolonged stirring 
at - 10°C in carbon tetrachloride. The warming of 
the reactants to room temperature favoured rapid 
polymerization or decomposition of IN, or INCO, 
precluding the cleavage and most of the tetraaryltin 
and tetraaryllead compounds were recovered 
unchanged. 

Reactions of tetraphenyltin with IN3 andINC0 in 
dichloromethane at - 10°C was also conducted in 
the presence of AlCl,. Both IN3 and INCO were 
found to yield isomerically pure phenyl iodide 
(confirmed by GLC) which shows in each case the 
presence of a single constituent. No traces of phenyl 
azide3’ or phenyl isocyanate were detected in any of 
these reactions as evidenced by the absence of 
absorption in the triple-bond region.37 Since the 
phenyl iodide was obtained after the hydrolysis of 
the reaction products, no attempt was made to 
isolate the organometallic species as they were not 
expected to survive during hydrolysis. 

As tetraorganolead compounds undergo 
vigorous reaction with AlCl,, yielding a mixture 
of organolead chloride, 1g*38 the reaction of IN, 
and INCO with tetraphenyllead in the presence of 
AlCl, was not carried out. 

The cleavage of ary-MRs bonds (demetallations) 
by electrophilic reagents are closely analogous to 
familiar aromatic substitution3’ in the latter, the 
ary-H bond is broken in the direction C--H+, and 
in demetallation the aryl-MR, bond is broken in the 
direction C--MR$. The ease of electrophilic 
cleavage of such bonds increases with the increase in 
the polarity of the bond. 

The mechanism of such reaction may possibly 
involve a four-centered transition state (Scheme 1) 
shown below, in which nucleophilic attack on the M 
(facilitated by the availability of vacant d-orbitals) by 
the incipient azide or isocyanate ion is synchronous 
with electrophilic attack by the incipient iodonium 

,*--. 

-43 
Z (Y 

2 
8 +: 

R3M 
,’ -. 

+ IX---R&lC ,,>I+ 
g- 

--) R3MX 
+ 

Z o- I 
Z=HorpCH3,X=NBorNC0 

Scheme 1. 

ion on the C of the aromatic ring. An argument in 
favour of such a transition state has been based on 
the observation that a similar reagent iodine 
monochloride reacts with phenyltrimethylsilane (to 
give iodobenzene) about 8 times as fast as does 
chlorine.4o The presence of AlCl, in the above 
reactions induces some degree of polarization in.X, 
I+(AlC13X)- (X = N3 or NCO), thereby increasing 
their electrophilic character towards the C--M+ 
bond(s). 

In view of the greater reactivity of the M-ally1 
bond as compared to the M-aryl bond, IN, was 
subjected to reaction with triphenylallyltin at 
- 10°C in carbon tetrachloride. IN, was found to 
add to the olefinic double bond and no traces of ally1 
iodide or ally1 azide were detected : 

Ph,SnCH,-CH=CH, + IN, 

+ Ph,SnCH,-CH(IN,)CH,. 

The formation of the addition product was 
confirmed by its melting point, elemental analysis 
and IR spectra [v,,(N=N=N) 2110 cm- ’ ms]. The 
fact that addition to the olefinic bond is preferred 
rather than cleavage of the olefinic group from the M 
is in conformity with the reported addition reaction 
of the interhalo-pseudohalogens with olefinic 
systems.‘*2 Such reactions are currently being 
studied in detail and the position of the azide 
function is yet to be ascertained. 

Reactions of IN,, INCO, CNBr and ICN with 
hexaaryldileads 

In view of the greater reactivity of Pb-Pb bonds 
as compared to Pb-C bonds’9*36 it was considered 
worthwhile to examine the reaction of IN, and 
INCO with hexaphenyldilead. Parallel reactions of 
CNX with the Pb-Pb bond have also been included 
for the sake of comparison. It may be noted that the 
reactions of CNX have not been reported with any 
M-M-bonded system till recently. 

Thus, freshly generated solution ofIN, and INCO 
were found to cleave the Pb-Pb bond in carbon 
tetrachloride at - 10°C to produce triaryllead iodide 
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