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Summary 

The 1,3-diaryltriazenido-trimethylsilicons and -trimethyltins underwent reac- 
tion with bromopentacarbonylmanganese, chlorotricarbonyl-$-cyclopentadienyl- 
molybdenum, and bis(chlorodicarbonylrhodium) to give rapid, high yield syn- 
theses of the corresponding 1,3-diaryltriazenido derivatives of the transition 
metals. The complexes of molybdenum and manganese were monomeric with 
chelating triazenido groups, but the rhodium complexes were dimeric with 
bridging triazenido groups. 

In the R?N,Mn(CO), complexes, phosphines and arsines replaced carbon mono. 
xide rather than the triazenido groups, at the metal centre. 

Introduction 

A wide range of organonitrogen derivatives of silicon and tin have been shown 
to be excellent reagents for the synthesis of organonitrogen transition metal 
complexes [l]. 

The 1,3-diaryltriazenido-trimethylsilicons [ 21 and -trimethyltins [ 3,4] may be 
prepared in high yields and can be stored indefinitely, and are therefore poten- 
tially useful as off-the-shelf precursors for the synthesis of transition metal com- 
plexes containing the triazenido ligand. 

In addition to the early work of Dwyer [ 51 and that of others [ 6-91 upon 
the metal complexes of the triazenido ion, a number of organometallic and 
metal car-bony1 triazenido complexes have been reported [lO,ll]. _ 

Results and discussion 

The diaryltriazenidotrimethyltins undergo reaction with bromopentacarbonyl- 
manganese according to eq. 1. 



-- These.l,3_diaryltriazeniaot~ac~~onyls. of manganese-are all cknge &r stable 
crystalline-soli~p;rciduced in.-80% yield. On the,ba& of-IR spectra King [ll]. 
+s proposed-for _FF digheiyl complex, T$e_ s-c-e ill@&ted (I). We have ob- 
tained the- same four active Iniodes iti. the .carbon$l st&tching r&on of ih& IR 
Spectrum; though in-the c&e of thep;Cl derivatiire-the-four btids w&&.at 
markedly higher frequencies. We have now deiniin&&&d the moiiomeiik n&ure 
of these comple&s by solution molecular weight measurements and mass spec- 
trometry- 
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In the ‘H NMR spectrum of 1,3-di@-tolyl)triazenidotetracarbonyl there is 
onI$ one-sharp CH, S&I& indicating the equivalence of .environment if the two 
methyl groups; further the ‘H NMR si&al in the aromatic region of thep-tolyl 
And p-chloiophetiyl complexes are only interpretable in terms of a single four 
spin configuration. of C,, symmetry. This exact equivalence of the two aromatic 
rings in these monomers confirms the highly symmetrical structure I. 

The In+zhanism of formation of these complexes probably involves initial dis- 
placem+t of carbon monoxide by the organotin triazine, followed by an intra- 
molecular elknination of bromotrimethylti; as previously proposed for com- 
parable syst+ms .[l]_. 

The d@ryltritienidotrimethylsilicoti gave analcigous reactions to those repre- 
sented& eq. 1, witl+& same m_ild conditions akd high yields- 

The 1,3-diaryltriazenidotetracarbonyl+ ~ of m&geese ad&went reaction with 
phosphine and arsine ligands according to eq. 2. 

@-k,H,)&&Zn(COj, +. L --f fp-X&H, j1N3Mn(CO)JL + CO (2) 

(X = CH, and cl; L = Ph,P, Me,PhP- Gnd Ph,As) 

One carbon91 group was displaced, with no indication of further &co&or&ion 
of phosphme or arsine. An alternative possible reaction would irivolve the phos- 
phine or. &ine displacing a nitrogen of the. triazenido ligand, whence it .Wo>Ad 
hecome a mon~dentate one electron donor in place of a pseudo-+yl_ forn+ly 

-. 
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three electron donor. No trace of this alternative was noted. 
df the two possible structures for these phosphine and amine substituted 

comple& (II E? III), we would favour the fat form (II). The three observed 
CO stretching modes in these complexes are of approximately equal intensity 
which indicates [12] that they are the 2A’ + A" modes of the fat isomer (II), 
rather than the !2A 1 + B1 modes of the mer isomer (III). 

Ar 

(II) (III) 

The interaction of chlorotricarbonyl-~5-cyclopentadienylmolybdenum and 
the diaryltriazenidotrimethyltins produce the 1,3-diaryltriazenidodicarbonyls 
of molybdenum according to eq. 3. 

@-XC,H,),N,SnMe, + (~5-CjHj)Mo(CO),C1 + @-XC6H_,)N3Mo(C0)2(~5-C5Hj) 

+ Me,SnCl + CO (3) 

(X = CH, and Cl) 

For the corresponding phenyl complex the symmetrical monomeric structure 
(IV), (X = H) was proposed [ll$ The monomeric nature of this class of com- 
pounds is confirmed by solution molecular weight determination and by mass 
spectrometry. 

x , 

X 

-. (Iv) 

The symmetrical nature of the bonding of the triazenido ligands and the 
overall G,-symmetry of the molecules is demonstrated from their ‘I-I NMR spec- 



trk by the single .CHi r&onande in the p-tolyl.compound and the two. identical -.. 
el rings in the &tolyl and &chloro compounds. ‘1 

Dicarbonylrh_odiu_m complex&s of ally1 and pseudo-ally?-l&a&s &e.kno&n 
which are _mononucl& with- a chelating ( pseudo--allyl) group .-present [ 131, end 
are. also lrnowk\.[.l4] where the- pseudo-ally1 groups act as -bridges in binuclear 
complexes. Knoth [lo] h as reported the remarkable reactions where the .mono- 
merit cycle-octadiene complex (CBH8)RhN,Phl upon treatment with carbon 
monoxide ha& cycle-octadiene replaced by carbon monoxide, but simultaneously 
dimerizes to produce [ {(CO)J&N,Pht‘) J; yet the complex (Ph,P)lRhN,Ph, 
reacted with carbon monoxide to produce the five coordinate monomer 
(Ph3P)$h(CO)N3Phl. 

We were~especially interested to observe the nature of the product from the 
reaction between bis(chlordicarbonylrhodium) and the diaryltrizenidotrimethyl- 
tins. This occurred according to eq. (4). 

Z@-XC,H,)N,SnMe, + {Rh(CO),C1)l + [ (@-XC,,HJIN,Rh(CO),},] 

+ 2 Me,SnCl (4) 

(X = H and CH,) 

The dimeric nature of the product was deduced from solution molecular 
weight measurements and mass spectra. 

(V) 

In the light of Knoth’s isolation of a five coordinate rhodium triazine com- 
plex [lo], it is possible that reaction (4) proceeds by the coordination of diaryl- 
triazenidotrimethyltin molecules onto the vacant sites in the rhodium atoms of 
bis(chlordicarbonylrhodium) followed by two intramolecular eliminations of 
chlorotrimethyltin. The proposed structure V for the p-tolyl complex is con- 
firmed by the presence of only one sharp singlet for the ‘H NMR resonance of 
the four CH3 groups in the molecule, and the identical environments of the four 
aryl rings. 

Experimental 

All reactions were carried out routinely under an atmosphere of dry nitrogen, 
and solvents-were distilled from potassium benzophcnotie. IR spectra were 
recorded in hexane using calcium fluoride 0.1 mm solution cells on a Perkin- 
Elmer :257:spect;rophotbm_eter; ‘H NMR spectra were recorded on, a Perkin- 
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Elmer Hitachi RMU-6 spectrometer, and molecular weights were determined in 
either benzene or chloroform using a Knauer vapour pressure osmometer_ 

Mn(CO),Br [ 15 J, ($-C,H,)Mo(CO)sCl [ 161, { Rh(CO),Cl)2 [ 171, 
Ar--N= N-N( H)-Ar [ 181 and Me,SnNEt? [lS] were prepared by literature 
methods. 

I-Trimethylsilyl-1,3-diphenyltriazene 
To a stirred solution of 1,3-diphenyltriazine (5 g, 25 mmol) in diethylether 

(10 cc) was added sodium hydride (0.61 g, 25 mmol). After hydrogen libera- ’ 
tion had ceased the solution of sodium 1,3_diphenyltriazenide was heated under 
reflux (1 h). To the warm solution was then added chlorotrimethylsilane (2’75 g, 

25 mmol) in diet.hylether (10 cc). After stirring (8 h) the mixture was heated 
under reflux (1 h). Sodium chloride was allowed to settle and the solution 
decanted into a dry flask. Solvent was removed under reduced pressure (3O”C/lO 
mmHg), and the remaining yellow liquid subjected to molecular distillation to 
give the product (80% yield). 

1-Trimethylsilyl-1,3-di(p-tolyl)triazene and 1-trimethylsilyl-1,3-di@-chloro- 
phenyl)triazene were prepared in - 75% yields in similar manner to the above. 

Interaction of 1-trimethylsilyl-1,3_diphenyltriazene and bromopentacarbonyl- 
manganese 

To a stirred suspension of the carbonyl (0.33 g, 1.2 mmol) in hexane (15 cc) 
at 55°C was added the triazene (0.33 g, 1.2 mmol). Solvent was removed (2O”C/ 
‘15 mmHg) after 2 h, and the resultant yellow solid pumped (20”/0.01 mmHg) 
1 h to remove the last traces of bromotrimethylsilane. The residue was 
crystallized from hexane to give 1,3-diphenyltriazenidotetracarbonylmanganese 
(0.35 g, 80%) as an orange yellow solid (Table 1) (Molecular weight; found, 359; 
calculated, 363). Mass spectrum (10 most intense peaks) m/e 363, [Ph,N,Mn- 
(CO),]+ [Ml’; 307, [M - 2 CO]+; 279, [M - 3 CO]+; 251, [M - 4 CO3’; 196, 
[PhlN,]‘; 168, [Ph,N]‘; 105, [PhNI]‘; 91, [PhN]‘; 77, [Ph]‘; 55, [Mn]‘. 

Interaction of l,&diphenyltriazenidotrimethyltin and bromopentacarbonyl- 
manganese 

The reaction was carried out in a similar manner to that above, to produce the 
1,3-diphenyltriazenidotetracarbonylmanganese (0.37 g, 85%). 

Bromopentacarbonylmanganese reacted similarly with 1,3-di@chlorophenyl)- 
triazene and 1,3-di@-tolyl)triazene to produce respectively, 1,3-di@-chloro- 
phenyl) triazenidotetracarbonylmanganese (75% yield), (Molecular weight; 
found, 422; calculated, 432), and 1,3-di(p-tolyl)triazenidotetracarbonylmanga- 
nese (77% yield), (Molecular weight; found, 395, calculated, 391) (Table 1). 

Interaction of 1,3-di(p-tolyl)triazenidotetracarbonylmanganese‘hnd triphenyl- 
phosphine 

To a stirred solution of 1,3-di@-tolyl)triazenidotetracarbonylmanganese (0.2 
g, 0.5 mmol.) in hexane (15 cc) at 70°C was added triphenylphosphine (0.13 g, 
0.5 mmol). Solvent was removed (2O”C/15 mmHg) after 5 h to leave a yellow 
solid. This was recrystallized from hexane/dichloromethane (40 : 60) to give, 
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1,3-di@-tolyl)trazenidotricarbonyltriphenylphosphinem~g~ese (0.27 g, 85%) 
(Table 1). 

In a similar manner were prepared 1,3-di@-di@-chlorophenyl)triazenidotri- 
carbonyldimethylphenylphosphinemanganese (80% yield) and 1,3-di(p-tolyl)- 
triazenidotricarbonyltriphenylarsinemanganese (80% yield) (Table 1). 

Interaction of chlorotricarbonyl-~5-cyclopentadienylmolybdenum and 1,3-di- 
phenyltriazenidotrimethyltin 

To a stirred suspension of the carbonyl(O.5 g, 1.78 mmol) in hexane (15 cc) 
at 55°C was added the triazene (0.64 g, 1.78 mmol). Solvent was removed 
(ZO”C/O.Ol mmHg/2 h) to remove all chlorotrimethyltin. The residue was 
dissolved in benzene and filtered through kieselguhr before being chromato- 
graphed on basic alumina using a 30 X 2.5 cm column, eluding with benzene_ The 
red band was collected, and solvent removed (5O”C/15 mmHg). The residue was 
crystallized from hexane/dichloromethane (60 : 40) to give 1,3_diphenyltriazeni- 
dodicarbonyl-$-cyclopentadienylmolybdenum (0.14 g, 20%) as a red crystalline 
solid (Molecular weight: found, 415; calculated, 413). Mass spectrum (6 most 
intense peaks) m/e 413, [$-CjHSMo(C0)2N,PhZ]+ [Ml‘; 385, [&I-CO]‘; 357, 
[M - 2 CO]+; 329, [$-C,H,MoNPh,]+; 252, [q-C,HjMoNPh]+; 77, [Ph]‘. 

In a similar manner were prepared 1,3-di(p-chlorophenyl) triazenidodicar- 
bonyl-~5-cyclopentadienylmolybdenum (22%) (Molecular weight; found, 477; 
calculated, 482), and 1,3-di@-tolyl)triazenidodicarbonyl-rl’-cyclopentadienyl- 
molybdenum (25%) (Molecular weight, found, 440; calculated, 441). (Table 1). 

Intercction of bis(chlorodicarbonylrhodium) and 1,3-diphenyltriazenetrimethyl- 
tin 

To a stirred suspension of the carbonyl(O.15 g, 0.38 mmol) in hexane (15 cc) 
at 30°C was added the triazene (0.38 g, 0.77 mmol). Solvent was removed 
(2O”C/15 mmHg) after 15 min, and the resultant dark red solid pumped (2O”C/ 
0.01 mmHg/B h) to remove the last traces of chlorotrimethyltin. The residue 
was crystallised from hexane to produce bis( 1,3-diphenyltriazenidodicarbonyl- 
rhodium) (0.16 g, 60%) as a red crystalline solid. (Molecular weight; found, 706; 
calculated, 710). (Table 1). 

Mass Spectrum (8 most intense peaks) m/e 710, [ {(CO)IRhN,Ph2}2]+; 682; 
[M - CO]+; 626, [M - 2 CO]+; 598, [M - 4 CO]+; 521, [Rh,N,Ph,]+; 105, 
[PhN$; 103, [Rh]‘; 77 [Ph]’ (Table 1). 

In a similar manner b&$1,3&-p-tolyl-triazenidicarbonylrhodium) was pre- 
pared (60% yield). (Molecular weight: found, 745; calculated, 738). (Table 1). 
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