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Abstract 

Cycloaddition reactions of coordinated azide in 
the palladium(H) complexes [PdL(NJ)] (L = L’-L3; 
HL’ = methyl 2-(2-aminoethyl)amino)cyclopent-l- 
enedithiocarboxylate, HL2 = methyl 2x(2-dimethyl- 
amino)ethyl)amino)cyclopent-1 enedithiocarboxylate, 
HL3 = methyl 2x(2-diethylamino)ethyl)amino)cyclo- 
pent-l enedithiocarboxylate)) with nitriles, alkynes, 
alkenes, PhNCS and CS2 have been investigated. In all 
the cases the products obtained are of the type [PdL- 
(heterocycle)-1. The tetrazolates obtained by 
reacting [PdL(Ns)] with nitriles give rise to syn-N( l)-, 
anti-N(l)- and N(2)-bound isomers, whose relative 
abundances have been determined from ‘H NMR 
spectra. The relative abundance of the N(2)-bound 
species increases with electron-withdrawing sub- 
stituents on the tetrazolates. The triazolato and 
triazolinato complexes obtained from alkynes and 
alkenes, repectively exist only as the N(2) isomer. 
The rate constants for the reaction of [PdL(N,)] with 
aromatic nitriles show a strong dependence on or, 
(Hammett parameters) of the substituent. The reac- 
tion rate also depends upon the steric influences of 
the substituents attached to the terminal nitrogen 
atom of L and decreases in the order: IPdL’(N1)l > 

Introduction 

1,3-Dipolar cycloadditions of multiple bonded 
molecules to coordinated azide in metal complexes 
have emerged as a simple but powerful method for 
generating various (many of which are otherwise inac- 
cessible) metal bound heterocycles [l-9]. The 
stereochemical aspects of these cycloaddition 
products are of considerable interest because the poly- 
nitrogen heterocycles thus produced are ambidentate 
ligands that may bind to the metal center via 
different donor atoms. Moreover, peripheral sub- 
stituents in a complex molecule may restrict rotation 
of the heterocyclic ring and lead to occurrence of 
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[PdL(N,)] (L = L’-L3, la-lc). To a MeCN solu- 
tion (30 cm3) of [Pd 

Y 
MeCN)](C104) (5 mmol) an 

aqueous solution (5 cm ) of NaN3 (0.33 g, 5 mmol) 
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conformational equilibria. Electronic and steric 
factors, therefore, are expected to play dominant 
roles in determining the relative abundances of 
linkage isomers and conformers, as well as on the 
kinetics of the cycloaddition reactions. The present 
study which deals with the reactions of nitriles, 
alkynes, alkenes, PhNCS and CS2 with coordinated 
azide in palladium(H) chelates of the type [PdL(N3)] 
(la-lc) aims to investigate all these aspects. 

Me6 

la: (PdL’(Ns)], R = H 
lb: [PdL’(Ns)], R = Me 

Experimental 

Materials 
All chemicals were reagent grade and were used 

without further purification. The ligands [lo] 
methyl 2((2-aminoethyl)amino)cyclopent-lenedi- 
thiocarboxylate (HL’), methyl 2-((2-(dimethylamino) 
ethyl)amino)cyclopent-l-enedithiocarboxylate (HL2) 
and methyl 2-((2-diethylamino)ethyl)amino)cyclo- 
pent-1-enedithiocarboxylate (HL3) and their pal- 
ladium(U) complexes [PdL(NCMe)](C104) [ 1 l] were 
prepared as described earlier. p-N02C6H4CN and p- 
ClC6H4CN were prepared from the corresponding 
aldehydes [ 121 and PhCOCzCCOPh was obtained 
according to a known method [ 131. 

Synthesis of the Complexes 

Azido complexes 
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was slowly added with stirring. After additional 
stirring for 1 h, the yellow product was collected by 
filtration, washed successively with water, MeCN and 
MeOH, and recrystallized from Me2C0. Typical yields 
were >90%. 

Tetrazolate complexes 

[PdL’(N,C-R)J (R = Me (2), Et (3)). [PdL’(N,)] 
(0.5 g) was mixed with MeCN (50 cm3) or EtCN (30 
cm3) and heated under reflux for 12 h. The solution 
was concentrated on a rotary evaporator to c. 10 cm3 
and filtered. The filtrate on standing overnight 
afforded yellow crystals which were recrystallized 
from Me&O (80%). 

(PdL’(N,C-Ph)J (4). A mixture of [PdL’(N,)] 
(0.5 g) and PhCN (25 cm3) was heated on a steam- 
bath for 2 h and then filtered hot. The filtrate was 
again heated for 6 h during which deep yellow crystal 
deposited. The product was collected by filtration, 
washed with MeOH and recrystallized from MeNO 
(70%). 

(PdL’(N,C-p-Cl&H,)] (S), [PdL’(N,C-p-NO& 
Ha)/ (6). [PdL’(N,)] (0.36 g, 1 mmol) was dissolved 
in hot PhNOz (10 cm3) and p-ClC6H4CN or p- 
N02C6H4CN) (4 mmol) was added. On heating the 
solution at c. 100 “C for 4 h yellow-green crystals 
deposited, which were collected by filtration and 
recrystallized from hot (100 “C) N,N-dimethyl- 
formamide (80%). 

[PdL(N,(C-R)] (L = L2: R = Me / 7). Et IS), Ph (9); 
L = L3: R =Me (lo), Et (II), Ph (12)). A solution of 
[PdL(N3)] (1 mmol) in MeCN (30 cm3), EtCN (20 
cm3) or PhCN (10 cm3) was heated on a steam-bath 
for 15 h, following which it was filtered and con- 
centrated (5 cm3) on a rotary evaporator. The 
product which deposited on cooling the solution in 
a refrigerator overnight was collected by filtration, 
washed with MeOH and recrystallized from 1: 1 
CHCl,-Et,0 (70-75%). 

fPdL3(N,C-p-N02C,H,)J (13). To a boiling 
CHzC12 solution (50 cm3) or [PdL3(N3)] (0.42 g, 
1 mmol) p-N02C6H4CN (0.6 g, 4 mmol) was added 
and refluxing was continued for 5 h. The product 
obtained as light yellow crystals was recrystallized 
from CH2C12 (80%). 

Trinzolato complexes 

fPdL(N,C,R,)J (L = L’: R = C02Me (14), COPh 
(15); L=L2:R=C02Me (16), COPh (17); L=L3: 
R =C02Me (IS), COPh (19)). A mixture containing 
[PdL(N3)] (1 mmol), CH2C12 (30 cm3) and MeO*C- 
CX-C02Me (0.5 cm3) or Ph(CO)C-C(CO)Ph (0.5 g) 

was heated under reflux for 2 h. The product was 
isolated by concentrating the solution and recrystal- 
lized either from CHzC12 (14, 15) or from I:1 
CH,Cl,-Et,0 (16-19) (70-75%). 

Triazolinato complexes 

fPdL’ (N3CzH2(C02Me)2}J (20). A PhNO2 (5 
cm3) solution containing [PdL1N3] (0.42 g, 1 mmol) 
and dimethylfumarate (0.58 g, 4 mmol) was heated at 
100 “C for 4 h. The red-brown crystals that de- 
posited from the solution were isolated by filtration 
and recrystallized from Me*CO (50%). 

[PdL’ {N3C2H3(CN)}/ (21). A solution containing 
acrylonitrile (5 cm3) and [PdL’(N,)] (0.5 g) in 
MezCO (30 cm3) was heated at reflux under a N2 
atmosphere for 10 h. The orange-yellow crystals 
obtained by slow evaporation of the solvent were 
recrystallized from Me&O (50%). 

Tetrazolinthionato complexes 

[PdL(NeC(S)Ph)J (L = L’ (221, L2 (23)). To a 
boiling Me2C0 solution (50 cm”) of the azido com- 
plex (0.5 g) PhNCS (4 cm3) was added in small por- 
tions. After 5 h reflux the product was isolated by 
partial removal of the solvent. Complex 22 was re- 
crystallized from CH2Clz and 23 from 1: 1 CH2C12- 
Et,0 (c. 70%). 

Thiothiazolinato complex 

[PdL’(N,C(S)S)J (24). A suspension of [PdL’- 
(N3)] (0.5 g) in CS2 (30 cm3) was stirred for 16 h 
at 20 “C, during which the original yellow color 
became brown. The product was collected on a glass 
frit and washed freely with Me2C0 (to remove any 
unreacted azido complex) and CHC13 (to remove 
[PdL’(NCS)] formed). The product (80%) was 
insoluble in a variety of solvents and could not be 
recrystallized due to the lack of a suitable solvent. 

Analytical data for selected compounds are given 
in Table 1. 

Physical Measurements 
‘H NMR spectra were recorded on CDC13 or 

MezSO-de solutions on either a Bruker 270 MHz or 
Varian 100 MHz spectrometers using Me$i (6 = 0 
ppm) as the internal reference. IR spectra were 
carried out as KBr pellets using a Perkin-Elmer Model 
783 infrared spectrophotometer and electronic 
spectra were recorded using a Pye-Unicam SP8-150 
spectrophotometer. C, H, and N analyses were 
performed on a Perkin-Elmer Model 240C elemental 
analyzer. Palladium was estimated gravimetrically as 
the dimethylglyoximate. 
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TABLE 1. Analytical data for some palladium(I1) complexes 

Compound Found (%) Calculated (%) 

C H N Pd C H N Pd 

la 30.02 4.28 18.98 29.09 29.14 4.13 19.26 29.28 
2 32.48 4.56 20.65 26.23 32.64 4.45 20.74 26.31 
3 34.24 4.61 20.27 25.56 34.42 4.78 20.08 25.43 
4 41.0 4.19 18.24 23.01 41.17 4.29 18.01 22.81 
5 38.51 3.68 16.61 21.35 38.33 3.79 16.74 21.24 
6 37.21 3.65 18.98 20.72 37.54 3.11 19.16 20.80 
7 36.25 5.21 19.62 24.65 36.08 5.09 19.43 24.61 
8 37 .I4 5.55 18.71 24.03 37.63 5.38 18.82 23.83 

10 38.78 5.12 18.05 23.01 39.10 5.65 18.24 23.11 
12 46.19 5.45 16.30 20.24 45.94 5.36 16.08 20.31 
13 42.52 4.87 17.45 18.63 42.30 4.16 17.27 18.75 
14 35.93 4.26 14.03 21.0 35.61 4.15 13.85 21.05 
I5 50.35 4.27 11.81 17.92 50.21 4.18 11.72 17.81 
17 51.60 4.51 11.12 16.88 51.81 4.64 11.13 17.01 
20 35.25 4.56 13.86 20.84 35.40 4.12 13.77 20.93 
22 38.21 3.85 16.57 21.49 38.52 4.01 16.85 21.35 
24 27.02 3.25 15.66 24.36 27.31 3.41 15.93 24.21 

Kinetic Measurements 
The reaction kinetics were followed spectropho- 

tometrically in an IR spectrophotometer between 60 
and 80 “C (kO.2 “c). All reactions were investigated 
under pseudo-first-order conditions with 5 X 10-j 
mol dm- 3 of each azido complex and 0.5 mol dmp3 
nitriles in nitrobenzene. Small aliquots of thermally 
equilibriated reaction mixtures were periodically 
quench-cooled and the change in transmittance due 
to vas[N3-] in the range 2100-2000 cm-’ was 
monitored in a NaCl cell against a matched cell 
containing the solvent as blank. Preliminary experi- 
ments established that the transmittance of the azide 
vibration is proportional to the concentration of 
azide. 

Results and Discussion 

Aliphatic and aromatic nitriles readily react with 
the azido complexes la-lc to produce tetrazolate 
complexes 2-13. The formation of tetrazolate com- 
plexes can be followed by observing the disap- 
pearance of vas[N3] (c. 2040 cm-‘) and vs[N3] (c. 
1340 cm-‘) and the appearance of new bands due to 
tetrazole ring vibrations [ 14-171 in the range 1250- 
750 cm-’ (Table 2). 

1,3-Dipolar cycloaddition of nitriles to the azido 
complexes can lead to the formation of either N(l)- 
or N(2)-bound tetrazole. Energetically, these two 
binding modes do not differ significantly [ 18-201; as 
a result, simultaneous formation of both isomers can 
take place. However, molecular models indicate that 
while the N(2)-bound tetrazole is free to rotate, 

similar rotation of the N(1) isomer may be restricted 
due to steric interactions between the peripherial 
substituents of both the principal ligand (L) and 
tetrazole. Accordingly, a dynamic equilibrium may 
be established in solution between syn- and anti- 
conformers of the N( I)-bound tetrazole as illustrated 
in Scheme 1. 

‘H NMR spectra of the cycloaddition products 
(Table 3) turned out to be extremely useful in charac- 
terizing all these isomers. The chemical shift for a 
substituent in the tetrazole moiety of an isomer is 
affected by its proximity to the metal center. The 
group closer to the metal is more deshielded due to 
the paramagnetic influence of the metal ion. A con- 
sideration of the steric disposition of R in tetrazolate 
(Scheme 1) reveals that while in N(2)-bound isomer R 
is furthest from the metal centre, it is closest in anti 
conformation of N(l)-bound tetrazolate. Thus, when 
anti-N(l)-, syn-N( 1) and N(2)-bound species all co- 
exist in solution the decreased order for shielding of 
the substituent R in a tetrazole is: anti-N(l)- > syn- 
N(l)- > N(2)-bound tetrazole. 

The ‘H NMR spectrum of complex 2 (Fig. 1) 
exhibits three singlets at 6 2.3 1, 2.51 and 2.58 due to 
the CH3 group of methyltetrazole and can be 
attributed to N(2)-, syn-N(l)- and anti-N(l)-bound 
tetrazole, respectively. Another singlet observed at 
6 = 2.48 in this compound is due to the SCHa group 
of L’ The two broad signals at 6 5.2 and 5.4 due to 
the NH2 group of L’ arise from a combination of 
the N(2) and syn-N(1) isomers, and the anti-N(l) 
isomer, respectively. The relative abundance of these 
three isomers was determined by measuring the inten- 
sities of all the CH3 singlets as well as the NH2 signals. 
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TABLE 2. Selected IR data (cm-‘) for some palladium(H) complexesa 

la 3250m, 3210m, 3130~ (v(NH)); 2040s (vas[N3]); 1340s (vs[N3]) 
lb 2040s (vas[N3]); 1340s (v,[N3]) 
lc 2040s (vas[N3]); 1340s (vs[N3]) 
2 3210m, 3100m (v(NH)); 1225m, 1160m, 1140m (tetrazole ring) 
3 3230m, 3120m (v(NH)); 1235m, 1155m, 1125m, 1075~ (tetrazole ring) 
4 3310m, 3200m; 3110m (v(NH)); 1175w, 1075m, 1040m, 790m (tetrazole ring) 
6 3310m, 3230m, 3130~ @(NH)); 1175w, llOOm, 1040m, 780m (tetrazole ring) 

10 1225m, 1085m, 1020m (tetrazole ring) 
11 1155m. 1085m, 1030m (tetrazole ring) 
12 1175m, 1070m, 1040m (tetrazole ring) 
13 1175m, lllOm, 1040m (tetrazole ring) 
14 3290m, 3190m, 3100m (v(NH)); 1745s, 1725s (v(C0)); 830m, SOOm, 780m (triazole ring) 
15 3300m, 3230m, 3130m @(NH)); 166Os, 1645s @(CO)); 9OOs, SlOm, 760m (triazole ring) 
18 174Os, 1720s (v(C0)); 830m, SOOm, 775m (triazole ring) 
19 166Os, 1645s (v(C0)); 9OOs, 825m, SlOm, 760m (triazole ring) 
20 3290m, 3200m, 3110m (v(NH)); 1745s, 1725s (r&JO)); 830m. 805m, 780m (triazoline ring) 
21 3240m, 3200m, 3130m @(NH)); 2130m (v(CN)); SlOm, 780m (triazoline ring) 
22 3310m, 3220m, 3110m (v(NH)); 1155m, 1125m, 109Os, 1040m (tetrazolinethionate ring) 
23 1170m, 1125w, 109Os, 1075s (tetrazolinethionate ring) 
24 3270m, 3220m, 3130m (v(NH)); 1140m, 1085s. 103Ow, 1020m (thiothiazolinate ring) 

aKBr pellets. 

+ RCN __* 

,SMe SMe 

N(2) 

Scheme 1. anti-Nl! ) 

Measurements carried out in the temperature range 
20-100 “c indicate that while the relative abundance 

throughout the entire temperature range. The 
equilibrium constant for syn-N(1) > anti-N( 1) species 

of syn and anti conformers varies with temperature, (K = [anti]/[syn]) was found to vary with tempera- 
the ratio between (syn + anti)-N( 1) and N(2)-bound ture in the following way: 0.74 (20 “C), 0.87 (40 “C), 
methyltetrazole remains unchanged (2.4: 1) 1.02 (60 “C), 1.2 (80 “C) and 1.4 (100 “c). Thus, for 
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TABLE 3. ‘H NMR spectral data for the cycloaddition reaction products 

Complex Heterocyclic ring Chemical shifts (6) Comment 

Principal ligand (L) Heterocycle 

2a 

7b 

lob 

3a 

8’ 

4a 

5a 

6a 

14b 

15b 

22a 

L’: 

L2: 

L3: 

L’: 

L2: 

L’: 

L’: 

L’: 

L’: 

L’: 

L’: 

1.86m(4CHa); 2.48s(SCHs); [2.6-2.9m] 

(3,5CH2 + bCH2); 3.66t(aCH2); 

[5.2 br, 5.4 br] (NH2). 

1.98 m(4CHz); 2.54s(SCHs); [2.61s, 

2.67~1 (N(CH3)2); [2.6-2.95m] 

(3,5CHa + bCH2); 3.86t (aCH2). 

2.31s(CH3, N(2)); N(l):N(2) = 2.4:1; 

2.51s(CH3, syn-N(1)); syn-N(l):anri-N(1) = 
2.58s(CHa,anti-N(1)). 4:3 (at 20 “c) 

2.52s(CHs, N(2)); 

2.53s(CHa, syn-N(1)); 

2.58s(CHs,anti-N(1)). 

[1.31t, 1.34t] (N(CH.+H&); 1.98m 

(4CHa); 2.70s(SCH3); [2.5--3.h] 

(3,5CH2 + bCH2 + N(CH2-CH3)2); 

3.82t (aCH2). 

2.52s(CHs, N(2)); 

2.55s(CH3, syn-N(1)); 
2.59s(CHs,anti-N(1)) 

1.88m(4CHz); 2.48s(SCHs); [2.5-3.1m] 1 .22t(N(2)$CH3); N(l):N(2) = 2:l 
(3,5CH2 + bCH2 + N(2)-tlCH2]; 3.68t 1 .32t(N(1)$CH3)N; 

(aCH2); [5.15 br, 5.4 br] (NH2). 2.96q(N(l)aCH2). 

1.98m(4CHa); 2.56s(SCHs); [2.56s, 

2.59~1 (N(CH&); [2.6-3.0m](3,5CHa + 

bCH2 + N(2)aCHz); 3.84m(aCH2). 

1 .37t(N(2);aCH3); 

1 .46t(N(1)$CH3); 

3.1 3q(N(l)iuCH2). 

N(l):N(2) = 3:2 

1.89m(4CH& 2.60s(SCHs); [2.6-2.9m] 

(3,5CHa + bCH2); 3.72t(aCHa); 

[5.15 br, 5.5 br] (NHa). 

1.88m(4CHz); 2.56s(SCHs); [2.6-2.9m] 

(3,5CHz + bCH2); 3.70t(aCH& 

(5.2 br, 5.5 br] (NH2). 

7.5m(N(2)CsHs); 8.lm N(l):N(2) = 2:3 

(syn-N(l)CsHs); 8.5m syn-N(l):anti-N(1) = 
(anti-N(l)C&Is) 8: 1 (at 25 “c). 

7.52d(N(l)-, N(2)-m- N(l):N(2) = 2:9 

phenyl); 8.0d 

(syn-N(l)+phenyl); 

8.48d(N(2)+-phenyl)). 

1.89m(4CHa); 2.61s(SCH3); [2.6-2.9m] 

(3,5CH2 + bCH2); 3.75t(a-CH$; 

5.5 br (NH2). 

1.88m(4CHz); 2.56s(SCHs); [2.6-2.8m] 

(3,5CHa); 3.14m(bCHz); 3.84t(aCH2); 

5 .l br (NH2). 

1.88m(4CH& 2.64s(SCHa); [2.4-2.8m] 

(3,5CHz); 2.96 (bCH2); 3.78t(aCHa); 

5 .O br (NH2). 

1.85m(4CHz); 2.52s(SCHs); [2.5-2.9m] 
(3,5CH2 + bCH2); 3.68t (aCH2); 

5.25 br (NH2). 

8.36m (phenyl) N(2)-isomer 

N(2)-isomer 

7.38m(m-, p-phenyl); 
7.92m(o-phenyl). 

N(2)-isomer 

7.7m (phenyl) N(2)-isomer 

aIn Me2S0d6. bin CDC13. 

an increase of temperature by 80 “c a two-fold 
increase in the concentration of the anti conformer 
takes place over the syn conformer. A good linear fit 
was obtained for In K versus l/T, with gave AH = 1.7 
Kcal mol-r and AS = 5.2 cal mol-’ K-l. 

Similar to 2, three isomeric species were expected 
for complex 3. However, the ‘H NMR spectrum of 
this compound shows the presence of only two triplets 

(6 1.22 and 1.32) due to the CH3 group of ethyl- 
tetrazole. The NH2 group of Lr also appears as two 
broad signals at 6 5.15 and 5.40. The result indicates 
that for complex 3 only syn-N(l)- and N(2)-bound 
tetrazolates are present in solution and the relative 
abundance of N(l)- to N(2)-bound species is 2: 1. 

The ‘H NMR spectrum of complex 7 (Fig. 2) 
exhibits six singlets at 6 2.52, 2.53, 2.54, 2.58, 2.61 
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60” 

N(l)- NH2 
(syn) 

N(Z)-NH2 

a-CH2 

N(lbCH3- 

(syn) 

NC1 I-CH 3 
(anti) 

\ 

3.5-+ 
t b-CH2 

- SCH3 

N(2)-CH3 

4-CH2 

6.0 5.0 4.0 3.0 2.0 6(ppm) “O 

Fig. 1. ‘H NMR spectrum of [PdL’(N&Me)] (2) in Me#Odb. The signal marked (*) isdue to the solvent. 

I I 1 

4.0 3.0 2.0 6(ppm) 1-o 

Fig. 2. ‘H NMR spectrum of [PdL’(N&-Me)] (7) in CDC13. 
The signal marked (*) is due to the solvent. 

and 2.67, of which the one at 2.54 is due to the 
SCH3 group of L2. The two most deshielded singlets 
(6 2.67, 2.61) are attributed to the N(CHJ)2 moiety 
of L2 in the N(1) and N(2) isomers. The remaining 
three singlets at 6 2.52, 2.53 and 2.58 are due to the 
CH3 group of S-methyltetrazole in the N(2)-, syn- 
N(l)- and anti-N(l)-bound species, respectively. 
Because of strong overlapping effects of these 
resonances no estimate could be made of the relative 
abundance of the isomers in 7. 

The ‘H NMR spectrum for complex 10 (Fig. 3) 
again shows the presence of three isomers. Thus, aside 
from the singlet due to the SCH3 group of L3 (6 = 
2.70), the three singlets due to 5-methyltetrazole at 
6 2.52, 2.55 and 2.59 are attributable to the N(2)-, 
syn-N( l)- and anti-N( I)-bound species, respectively. 

A consideration of molecular models for complex 
8 indicated that the terminal N(CH3)2 moiety of L2 
imposes severe steric constraints on the anti-N(l)- 
bound S-ethyltetrazole. The stereochemical aspect of 
this compound indeed is consistent with its ‘H NMR 
spectral features (shown in Fig. 4). The two triplets 
at 6 1.37 and 1.46 are due to the CH3 group of 5- 
ethyltetrazole in the N(1) and N(2) isomers, and the 
two singlets at 6 2.56 and 2.59 are due to the 
N(CH3)2 group of L2 in the two linkage isomers. The 
ratio of these two isomeric species was found to be 
3:2. 
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protons. This is clearly indicative of the formation of 
only N(2)-bound triazolate because for the N(1) 
isomer two such singlets are expected for the aniso- 
chronous COzMe groups. The ‘H NMR spectrum of 
complex 15 also indicates the formation of the N(2) 
isomer as the sole product. 

Alkenes such as dimethyl fumarate and acrylo- 
nitrile react with [PdL’(Ns)] to produce triazolinato 
complexes 20 and 21, respectively. The IR spectrum 
of 20 is quite similar to that of 14 and the ‘H NMR 
spectrum of 20 (Table 3) also shows the formation of 
only N(2)-bound triazoline. It is interesting to note 
that although the addition of an alkyne or alkene to 
coordinated azide is expected to produce the N(l)- 
bound species, the N(2) linkage isomer is actually 
obtained. However, if the electronic and steric 
influences of the dipolarophiIes are taken into con- 
sideration spontaneous conversion of the N(1) to 
N(2) isomer appears quite reasonable. 

The azido complexes la and lc react with PhNCS 
to produce stable tetrazolinthionato complexes 22 
and 23, respectively. These compounds exhibit 
multiple bands in the range 1170-1050 cm-‘, 
characteristic of terazolinthione ring vibrations. The 
‘H NMR spectrum of 22 (Table 3) again shows the 
presence of a single isomer, presumably the N(2)- 
bound species. 

Carbon disulfide undergoes a [3 + 21 cycloaddi- 
tion reaction with the azido complexes at room 
temperature to give thiothiazolinato complexes, 
[PdLNsC(S)S]. However, these are thermally 
unstable and decompose at temperatures above 40 “C 
to produce the corresponding isothiocyanato com- 
plexes , [PdL(NCS)]. 
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