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(L-L)(Pb,E)Mo,CO). (L·L=o·phen or 2,2'-bipy; E=As or Sb) after bromine or 
iodine oxidation yield [(L-L)(Ph 1 E)Mo(C0)1XIX(X=Br, I) derivatives. Under 
similar conditions Ph 1 P is d&splaced &rom (L·L)(Ph 1 P)Mo(CO). to produce dimeric 
(L-L)Mo(CO),X.. Chlorine swept benzene displaces both CO and Ph 1 P from (L·L)­
(Ph1P)Mo(C0)1 and only CO from (L-L)(Ph1 E)Mo,CO). to yield (L-L)MoC1 4 and 
[(L-L)(Ph, E)MoCI.ICI, respectively. Nitrosylation of (L-L)(Ph.E')M(C0)1 (M =Mo, 
W; E'=P. As, Sb) using NOCI gives a mixture of (L-L)M(N0)1 CI 1 and 
[(L-L)M(CO).(NO).CI)CI; while [(L-L)M(C0)1 (N0)J. derivatives are recovered when 
free NO is used. 

Tbe complexes have been characterised by elemental analysis, ir, conductivity and 
magnetic mea111urements. 

SEVERAL ~tudies have been made on the halogen 
oxidation of penta- and tetra-carbonyls of group 
VI metals but relatively little attention 1 dl has 

been paid to tncarbonyls, particularly to those 
containing two different non-carbonyl ligands. A 
few recent investigations on some (L-L)LM(C0) 8 

(L-L=o-pben or 2,2'-bipy; L=amine molecule; 
M = Mo, "'") derivatives exh1bited very striking 
results due to the formation of complexes of 
unusual stoicbtOmetry 8 ' 6 • These products are 
thought to be either seven-coordmate complexer:. 
with btdentate ligands (L- L) acting as mono­
dentate or seven-coordinate l : I adducts with 
(L-L)LM(C0) 8 species acting as Lewis baser:. and 
molecular halogens as Lewis ac1ds. To examine 
the nature of products formed as a result of 
chlorination, bromination and iodination of 
analogous Pb1 P, Ph 8 As and Ph,Sb derivatives, the 
complexes (L- L)(Ph 8 E')Mo(C0) 8 (E'=P, As or 
Sb) have been used in the present investigation. 

To explore the possibihty of formation of 
nitro&yl carbonyl derivatives of group VI metals, 
nitrosylation of these mixed ligand derivatives and 
analogous tungsten complexes has also be~n 
attempted using both nitrosonium cation (NO+) 
and free NO. 

Experimental 

General : All the expenments were performed 
in dry nitrogen. (L-L)M(C0)8 derivatives were 
prepared by the methods given in literature 8 ·9. 

Nitrosyl chlonde was prepared by the method 
described in literature10 and nitric oxide was 
prepared by the action of sodium nitrite on acidi­
fied ferrous sulphate solution and was purified by 
passing through 50% NaOH solution. Halogens 
were estimated gravimetrically by precipitatmg the 
corresponding silver salt. Conductivity measure­
ments were made on a Toshniwal conductivity 
bridge (model 302) using nitrobenzene or acetone 

done wttb 
as r:.olvcnt. Magnetic mear:.urements were 00 SR 
polytronic Electromagnetic Type E~-l e ' witb 
No 113 usmg Keroy magnetic ba ancded on a 
r:.ens1tlvity to-•g. IR spectra were rec3o;7 in J(Br 
Perkin-Elmer r:.pcctrophotometer model 
discs. hine)· 

Reaction u f o· phenan t hroline ( t riphenyl pho~~nzene 
tricarbonylmolybdenum(O) with iodine: dA pwise to 
solution of iodine (0.13 g) was added roos bine)· 
a solution o-phenantbrohne(tripheny~ph tfenzene 
tricarbonylmolybdenum(O) (0.30 g) tn ture with 
(75 ml) under nitrogen at ambient teJ?pera .A greY 
constant stirring of the reaction tmxture. reaction 
precipitate slowly appeared and the to ensure 
mixture was r:.et aside for further 4 hr dtd not 
complete prectpitation. Liberation of CO ectpttate 
take place dunng the reaction. The pr al 10 llll 
was filtered and washed well with sever dine or 
portions of benzene to remove traces of h10 product 
parent carbonyl, tf left unreacted. T t found: 
was dried in vacuo. Yield 55.5%. AnM · N Oel• 
C, 30.2; H, 2.0; N 4.8 ; I, 40.1. CaoHu 3%• ' 
requires C, 29.3; H, 1.3; N, 4.6; I, 41. ' ,d 

. "ty au 
Colour, yield, •·c-o. mol. conducttVt re ared 

analytical data of dtfferent halocomple~es ldierent 
under similar conditions (but by ustng given in 
halogens and appropriate carbonyls) are 
Table 1. h·ne)· 

Reaction of o-phenanthroline(triphenylp';:spd;l"llte 
tricarbonylmolybdenum(O) with NOCI: b droP 
benLene solution of NOCI was added dro~ {pbttle)· 
on solid o~phenanthroline (tnphenylp 0011r0 gen 
tricarbonylmolydenum(O) (0.2 g) un~e~ of tbe 
at room temperature with constant ~tur~~e solid 
reaction mixture. Slow dissolution ~ . tioll of a 
mass took place followed by the .Pr~ctpt~ colollr 
yellow red solid. After l hr of sttrnng t e eell and 
of the supernatant liqutd became paddy ;r bottoiJl 
the solid (product A) settled down at t 1.e uid waS 
of the reaction ves&el. The supernatant tq 
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TABLU 1-0RARACl':2RISTIC, PRVSICAI. AND ANAI.Yl'ICAI. DATA OF HAI.OCOMPI.BXBS 
Complexes Colour Y1eld ~co( em-•) Am ohm-• Analysis(%) Found(Calcd.) 

((o-phen)Mo(CO),Br,j, 
% (KBr diso) em• (aoetonc} C H N X 

brown 48.4 2040wsh, 2030;, 1975s, 85,8 1.9 5.2 28.2 
1950s, 1940s, 1910w, (34.6) (1.5) (5.4) (30.7) 

[(2,2'-bipy)Mo(C0) 1 I,], 
1898s 

grey li6.8 20,0wsh, 201!8s, 1972a, 26.9 1.8 4.3 42.5 
1950s, 1920viV, (26.1) (1.3) (4.7) (43.0) 

((ll,ll'-bipy)'W:o(CO) 1 Br,l, 
1915m, 1892s 

brown 49,'! 2045wsh, 2028s, 1980s, 30.3 1.4 5.2 30.8 
1942s, 1920vw, (81.5) (1.6) (5.6) (39.2) 

[ (o-pbcn)(Ph ,As)'l!o(CO), I j! 
1!Jl0w, 1905s 

grey ll7.3 2030s, 1958q, lOOSe 60.4 42.2 2.1 2.9 2b.1 

((o-pben)(Ph, As)Mo(COl,Br]Br 48 3 2055s, 1978s, 1 'll5s GJ.8 
(43 0) (2.5) (3.0) (27.6) 

yellow 46 1 2.2 3.5 18.8 

((o-pbon)(Ph,Sb)Mo(CO),I]I 
orange 

2040r., 1D78m, 1898v& 
(47.9) (2.7) (3.3) (19.4) 

grey 56.2 61.2 39.8 2.1 2.5 25.2 

((o-phen)( I 'h ,Sb) \Io(CO) ,Ur ]Br 1!J.2 2065s, 1<J75s, 1910vs 65.3 
(40.8) (24) (J.9) (26.8) 

browu 43.9 2.4 2.9 17.5 

[(1!,2' -btpy)(Pb • AH):Ho( OO),I ;I l!l55s, 
(4/i.S) (2.0) (3 2) {18.3) 

groy 56.6 9020ms, HJObs 59.b 38.b 2.2 25 117.2 

[ (J,II'-btpy )(Ph, As)Mo( CO),Ur ]Br 1980•, 1915s 
(!ll.5) (2.5) (3 1) (28.3) 

orauge 16.3 2055va, 6:18 44 8 1.9 3.1 16.3 

((2•2' -btpy)( Ph,Sb)l\Io(CO) 1 I] I 2020s, 1952m•, I !lOOms 56.8 
(16 3) (2 B) (SA) (17 1) 

grey 57.5 37 3 2.1 34 24.1 

[ (ll,ll'-bipy)(Ph ,Sb) Mo(CO), Br )Br 1975s, 1922s 
(99. 3) (2.4) (9.9} (26 9) 

orange 45.3 2050s, 65 6 41.6 2.11 28 17.5 

(o-phen)Mo01 4 
(43,8) (2.7) (3.3) (18.6) 

yellow 742 32 6 1.5 6.2 30,2 

[ (o-pheu)(Ph, !s)MoGJ ,)CI 
(84 4) (1.9) (6.6) (33.9) 

yellow 75.3 C0.4 48.1 25 q,} 18.2 

((ll,ll'·bipy)(Ph,~~)MoCI 1 ]CI 
(47.7) (d. II) (3.8) (l!J 6) 

yellow 73.8 62.\1 521 3.2 48 19.8 

[(o•phen)(Ph,Sb)MoCI,]C! 
(53.2) (3.J) (4.1) (20.3) 

yellow 72.3 60.2 45 5 :u 85 17.6 

[(2·2'-bi!IY )(Ph, Sb) Mo01 1 ]Cl 
(46.7) (2.0) (3.6} (18 1) 

yellow 74 3 Sl.S 46.3 2.3 3.2 18.9 
(49,8) (3.1) (1.7) (19.0) 

TAOI,B 2-CHARAC'l'BRIS'l'IC, PHYSICAl. AND ANAI,~'l'ICAI. DATA 0!< VARIOUS COMPI,BX!IS 

Complex Colour Yield 
% 

l(I'h,As)!llo(CO),(NO),Ol]CI Yollow- 4.0.11 

[(Ph,Sb)Uo(OO),(NO).Cl)Ol 
red 
Yellow- 41.7 

((l:'h,P)W(OO),{NOJ,Cl]CI 
red 
Yellow 38.5 

f ( l'h,As)W{CO), (NO).Ol]CI Yellow JS.Il 

[ (J:>h.Sb) W(CO), {NO).CI]Cl Yellow ~0 0 

[111,2'-bipy)Mo(NO),CJ;] Groen JO.S-42.4 

((o•phen)W(NO),OI; • ] Green 27.0-34 3 

[(2,2'-bipy)W(NO),Cl; • J Grden 3o.4-36.0 

* reported "N-O 1790s, 1695s (Ref. 1l) 
** IR bands in nujol mull (others m KBr). 

decanted out under nitrogen. A pad~y gree!l :.ohd 
~~r~duct B) Wab precipitated from th1s solution by 
:e dmg hexane (60 ml). Product B was washed 
I veral ttmcs w1th hexane and wa& drted zn vacuo. 
t Was shown to be d1chloro (o-phenanthrohne) 

IICS-17 

JPCO(cm-•) •NO Am Analysis { %) 
(KBr disc) (om-•) ohm-• Found(Calcd.) 

om• (In c H N Cl 
acetone) 

2040s, 1785s, 65.5 36.7 2.1 4.5 11.5 
1930s 1660s (40.8) (2.!i) (4.8) (12.0) 
2035s, 1780s, 68.7 Q5.J 2.0 4.0 10.7 
l'l25s 1660s (37.1) (~.3) (4.1) (11.0) 
2030s, 1780s, 8J.2 35.8 11.0 4.0 10 7 
l!l25a 1b60s (18.0) (2.1) (1.4) (11.2) 
11030s, 17S0e, 78.0 33.1 18 <1.2 9.1 
1920& 1665s (85.5) (2,2) (3.1) (10.5) 
2030s, 17711&, 80,5 81.0 1.3 2.9 9.0 
1920s 1652s (33.1) (1.7) (11.9) (9.8) 

1775s, 5.8 28.3 28 13 1 17.5 
1660s, (30.7) (2.1) (14.6) (18.5) 
1625sh 
17458, 7.0 27.3 2.0 10.1 12.8 
164/la, (29.1) (1.6) (11.3) (14.3) 
1635ah 
1745s, 6.2 24.0 2.0 11.0 14.8 
1650s, (115.111 (1.7) (11.9) (15.1) 
164.0s 

dimtrosylmolybdenum(ll). Anal. Found: C, 32.3; 
H, 2.2; N, 12.9; Cl, 17.0. C11H8 N.O.MoCls 
1cqmres C, 35.4; H, 2.0; N, 13.0; Cl, 17.4%. 
vN-o : 1785s, 1688s, l655sh cm-1 , reported bandl>11 

1790s, l68Ss cm-1 • 

239 
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Product A was washed several times with 
benzene to remove parent o-phenanthroline (tri­
phenylphosphine)tricarbonylmolybdenum(O) (pra­
ctically nil) and dichloro(o-phenanthroline)di­
nitrosylmolybdenum(II) and was dried in vacuo. 
It was shown to be chloro(triphenylphosph­
ine)dinitrosyldicarbonytmolybdenum(II) chloride : 
(yield 0.074 g, 42.2%). Anal. Found : C, 
41.2; H, 2.4; N, 5.3; P, 5.2; Cl, 12.5. 
C 110HuO.N 11PMoCI 11 requires C, 44.0; H, 2.8; 
N, 5.1 ; P, 5.7 ; Cl, 13.0%; m.p. 163-55°d in sealed 
capillary, ~'c-o 2035s, 1920s cm-1 , VN-o: 1178s, 
1640s cm-1., L\M =70.2 ohm-1 cm11 (in acetone). It 
dissolved only in polar solvents like acetone, 
methanol, dichloromethane and chloroform and 
was fairly stable. 

Colour, yield, vc-o. VN-o. molecular conductivity 
and analytical data of other derivatives are given 
in Table 2. 

Reaction of o-vhenanthroline( triphenylphosphine)­
tricarbonylmolybdenum(O) with nitric oxide: Nitric 
oxide, free from nitrogen peroxide, was absorbed in 
benzene and the solutJon was added dropwise 
on solid o-phenanthroline( triphenylphosphine )tn­
carbonyl(O) (0.2 g) at room temperature under 
an atmosphere of nitrogen with constant stirring of 
the reaction mtxture. The violet colour of the solid 
mass disappeared slowly with the dissolution of the 
parent carbonyl and precipitation of an yellow solid 
took place. The reaction mixture was set aside for 
2 hr and then the precipitate was filtered, washed 
and dned in vacuo. It could not be recrystallised 
due to its unstable nature in solution. It was shown 
to be bis(o-phenanthroline )dinitrosyltetracarbonyl­
dimolybdenum(I), [(C1..,HsN8 )Mo(CO).(N0)]11 , 

prepared by an alternative methodv. Anal. Found : 
C, 44.1; H, 2.4; N. 11.0. C118H18N 41 0 8 Mo 1 

requires C, 46.4; H, 2.2; N, 11.6%. 
Under similar conditions analogous triphenyl­

arsine and tnphenylstibine derivatives yielded the 
identical compounds. 

Results and Discussion 

Halogen oxidation: Compared to triphenylarsine 
and triphenylstibine contaming complexes, tnph­
enylphosphino derivatives, (L- L) (Ph8 P) Mo(CO) 8 

behaved differently when subjected to halogen 
oxidation. They yielded products of stotchiometry 
(L- L)Mo(C0) 8 X8 (X-Br or I) when treated wtth 
a benzene solution of bromine or iodine at ambient 
temperature in nitrogen atmosphere with constant 
stirnng ofthe reaction mixture. Evolution of CO 
did not take place in any case. The ir spectra of 
the resulting complexes exhtbtted seven b1nds m 
the C-0 regton but the bands of coordmated 
triphenylphosphine molecule were not present. 
The appearance of seven CO bands cannot be 
attributed to any geometry of mononuclear formula­
tion and the possibility of formation of simple 
(L-L)Mo(CO).,X1 derivatives is ruled out. Except 
two extra very weak bands, which might arise due 
to enhanced molecular mteractions in solid state 

(KBr discs), the spectra are almost identical bto.dt::J 
reported by Stiddard 5 for the :iodo· rt 
dinuclear complex : 

/1'-J. 
1(2,2'-bipy)(OC) 8 Mo Mo(C0) 8 (2,2'·blpy)I 

"-rl 

(I) 

prepared ~Y the action of i?dine on (24~·-b~gr~: 
Mo(CO) 4 10 chloroform at 0 ( vco : 20 ' over, 
1976, 1935 and 1888 cm-1 in CHCla)· MoretivitY 
they resembled the complex (I) in the _conductures, 
behaviour. Although, assuming dimer1c struc ionic 
the c~mplexes are expected to exhi_b1t ~on~itro· 
behavtour, they gave conducting solutiOns tn alues 
benzene (20.3-21.74 ohm-1 em•). These ~ for 
are in comparatively lower range than expe't trolY· 
uni-univalent metal halocarbonyls. Such e ~c well 
he behaviour mav be accounted for t eouow· 
established solvent attack 5 according to the ~ 
ing equilibrium : 

/X "..t 
X(L-L)(C0) 8 Mo Mo(C0) 8 (L-L)X + 

"-xl 

solvent¢[(L- L)Mo(C08 -csolvent)X]X 

Under stmdar condttions (L-L)(PhaE)M(C~f~]~ 
(E=As or Sb) gave [(L-L)(Ph8E)Mo . tion· 
X (X= Br or I) after bromine or todine olttda ronS 
The ir spectra of the products exhibited thre: ~ands 
bands m the CO region (Table 1) alongwith t e ce of 
of coordinated Ph 8 As or Pb 8 Sb. The appeara~trast 
these hgand bands clearly indicate that, tn cl cutes 
to the PhRP analogues, Ph 8 As and PhsSb moe after 
remam mtact through the metal atom ~v~n data 
halogen attack. The molecular conducttVttYter of 
(Table 1) together wtth diamagnettc charac tbetr 
these derivatives are in full accordance wttbb v1ng 
hepta-coordinate cattomc structures a 
molybdenum in the II oxtdation state. p 

Chlorine swept benzene displaced both ;~eid 
and CO from (L-L)(Ph8 P)Mo(CO)e ~ frotll 
(L- L)MoCl 6 • The absence of PhaP ban s d an 
the spectra, their non-electrolytic behdVtOU~ ~~-btPY 
/leu of 2.64 B.M. (for both o-phen and ' 1 and 
substituted derivatives) establu.hed the neU;tra com­
hexacoordinate formulation for the resulttng 
plexes. 

I . b oaunatton 
t ts noteworthy that, stmtlar to r llled 

and todtnation, Ph 8 E (E=As, Sb) hgands fero:lort· 
mtact through the metal atom tn case 0 c itJOD 
natton also and products havmg . comso~ases. 
(L-L)(Ph8 E)MoC1 6 were tsolated ID a bad 
Such complexes are of rare occurrence ; theY n of 
not been synthesised hitherto by the actlO bests 
halogens on metal carbonyl species. The .~t\M."' 
of a few resembling complexes8 , ML~L PPhMe , 
Mo, W; L=PPhMe,, PPhEt1 and L = 1 
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:PhhMe), _has been achieved via another route, i.e., l t. e action of L' on ML1 X• derivatives under 
orcmg conditions (protracted refiux). 

't Although _these complexes are fairly stable under 
01 brogen, their slow conversion into unidentified red 
s~ stances has been noted on exposure to air. In 
nttrogen swept acetone they exhibited molecular 
~~nbductivity attributable to uni-univalent electroly-
1c ehaviour (Table I). 

r Nitrosylation : Nitrosylation of the mixed 
t •gand tricarbonyls of both molybdenum and 
fungsten hu been studied using both NOCI and 
ree NO. 

~L-L) (Ph 8 E')M(C0) 8 (M-=Mo, W; E'=~, As, 
~b • L-L=o:phen, 2, 2'-bipy) reacted with a 
enzene solutton of nitrosyl chloride at room tem­

perature under nitrogen to give a mixture of two 
Products [Ph8 E')M(C0) 8 (N0) 1 Cl] Cl and already 
known(!--- L)M(N0) 1 CI 11 (details of separation are 
fiven m the experimental section). [(PhaE')-

(CO),(NO)sCI] CI derivatives are yellow-red 
~~Yhtalhne solids, soluble in polar solvents like 
d !C loror_nethane, acetone and methanol but do not 
1 tssolve tn hydrocarbon solvents and light petro­
eum (40-61"). The nature and number of CO 
~n~ N~ bands m their ir spectra (Table 2), their 
8 ~J-UniValent electrolytic behaviour (L\"'=65.5-
t ;l ohm-J.cm•) and diamagnetic character sugges­
el them to be the hexacoordinate cationic com· 

P exes of metal (II). 

(L- L)M(N0) 1Cl9 were isolated in the form of 
an unseparable mixture of two isomers (II a and b) : 

Cl 

/l:;,j·7,NO 
YM : 

L~--- ---1-~Nb. 
Cl 

II (a) II (b} 

~heir spectra of {L-L)M(N0)11Cl9 exhibited two 
rong and one shoulder bands in the N- 0 

stretching region. On the basis of usual11-bonding 
effect isomer (a) is expected to show higher VN-o 
than the isomer {b). Intensities of these banda 
further suggest that isomer (a) predominate& in 
case of molybdenum while isomer (b) for tung$ten 
complexes. 

N1trosylation of analogous mixed amine· 
molybdenum tncarbonyls, (L-L) (amine) Mo(C0) 8 

(amine=C.H 0 NH1 , C0H11NH1 , C6 Hu.N and 
C,H8 NO) (solid carbonyl), with a benzene solution 
of NOCJ gave only 1someric mixture of (L-L)­
Mo(N0)1Cl11 and compounds of the type [(amine)· 
Mo(C0)1 (N0) 1Cl] Cl could not be isolated. 

On attempting nitrosylation of (L-L)(Ph8 E')· 
M(C0) 8 with a benzene solution of nitric oxide 
yellow crystalline dmuclear products [(L-L)M(CO).­
(NO)Js were isolated. Synthesis of identical 
compounds bas already been reported' by the 
action of nitric oxide on (L-L)M(CO), or carbo­
nyl-bridged molybdenum derivative [(2,2'-bipy)­
Mo(C0)]9. 
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