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Summary 

The reactions of Mo(S,S)(7r-allyl)(CO),(py) [(S,S) = methylxanthate, /\l-ethyldi- 
thiocarbamate and N. N-diethyldithiocarbamate] with various N- and P-donor mono- 
and bi-dentate ligands has given four types of mono- and bi-nuclear complexes: 
Mo(S.S)(7r-allyl)(CO),(L) [(SS) = Mexant. EtHdtc, Et,dtc: L = PPh,]. Mo(S,S)(n- 
allyl)(CO)z(L-L) [(S,S) = Mexant, (L-L) = bipy, phen. DDH. GBCHI: (SS) = 
EtHdtc. (L--L) = bipy, phen. GBCHI; (S.S) = Et,dtc. (L -L) = phen]. [Mo(S.S)(a-al- 
lyl)(CO),],(~-L-L) [(S.S)= Mexant, EtHdtc, Etzdtc; (L-L) = 4.4’-bipy, 4,4’-DTBP. 
dppe], and [ Mo(S.S)( r-allyl)( L-L)],( p-CO)2 [(S.S) = EtHdtc, Et zdtc: L-L = dppe]. 
In some cases the pyridine replacement is accompanied by a change in the coordina- 
tion mode of the l.l-dithiolato ligand. 

Introduction 

Complexes of general formula Mo(S,S)(n-allyl)(CO),(py). (S,S = xanthate. di- 
thiocarbamate) have been prepared by the reaction of MoBr( ~-allyl)(CO)z(py), with 
the corresponding alkali metal salt [2]. An excess of the I.l-dithiolate ligand gives 
the same products. the second pyridine molecule being not displaced. This fact has 
motivated the present study, which deals with the substitution reactions of 
Mo(S,S,)( r-allyl)(CO),(py) complexes [(S.S) = Mexant (methylxanthatc). EtHdtc 

* Par1 1. II and III: wx rcfs. I. 2 and 3. respectively. 
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(,~-cthyldithiocarbamate). Et,dtc ( N. :~-dieth~ldithiocarhamate)j with carbon mono- 

xide and a series of mono- and hi-dentate. N- or P-donor ligands: 2.2’-hipyridinc 

(bipy). 1. IO-phenanthroline (phcn). diacctvldih~dr~~~(~Il~ (DDH ). 4.4’-hipyridine 

(4.4’-bipb). 4.4’-dithiobipyridine (4.4’-DTBP). 1.2-his(diphenvlpli~~sphi~i~)~t~i~~~i~ 

(dppe). triphenylphosphinc (PPh,) and gl~~)x~llhis(cvclt~~~~~~li~ni~~~) (GBCI-11). 

The reactions with 2.2’-bipyridinc could hc expected to gi\c the s;lmc cc~mplcws 

as were obtained from the direct reaction of MoHr( ~-alll.I)((‘(.))~(hip\,) with the 

corresponding alkaline xanthntr or dithiocarhamatc 131. On the other hand the 

reaction of Mo(S.S)(~-allvl)(C’O),(p~) complexcz M ith dppc can he ;I conwnicnt 

method of preparing complexes containing (KS). (‘0. --all>1 and dppc’ lipands. 

which could not be obtained hy the reaction of M~~Br(~-all~l)(C‘O),(tipp~) \\ith the 

alkaline xanthates and dithiwarhamatcs u’t’ used [I]. 

The reaction type and products should also hc influcnccd h> 

bidentate ligands are chelating or non-chelating. 

Results and discussion 

The reactions of the Mo(S.S)( z-allyI)( complc~~s with the 

tioned above give several types of mono- and bi-nuclear compounds. 

Scheme I. 

tvhcthcr the 

ligands nicn- 

according to 

Most of the reactions occur immcdiatcly and the products scparatc from the 

reaction medium either spontancousl\ or aftcr addition of \v;ltt’r. The co~nplcxc\ 

behave as non-elt‘ctrolytes in swcral sol\.cnts and dccompcw before mcltinp or melt 

with decomposition. Thcv are rather stable. cxccpt for sonic of the r~ithic~c~lrhaInat~ 

derivatives (4.4’-bipy: 4.4’-IITBP: GBCHI) which decompose slowly in Ar. All that 

complexes ha\vz IOU solubilities in nrdinarv organic solvents. which makes S!tlK 

studies difficult. 

~~~,(S.S)(a-clll~l)((‘o)2(p).) __j 

> MO(S.S)( x-.iIl~I)(c’o)~l L- 1.) 

I : I (B. (L 1.) - hip. DI)H. GIK‘HI) 

I 
L.- 1. 

;- 4 [~(~S.SHn-;III?IHC‘O):]:(~-L L) 

I I : I (C. (I.-I.)= 4.4’-hip!. 4.4’-IYI’HI’. dppc~ 

2. I 

I.-I. 

I : I 

l [hio(S.S)(mdlyl)(L- I.)]:( p-c‘()), 

(D. (I.--L) Jppc) 



No reaction was observed on bubbling carbon monoxide through a solution of 
Mo(Mexant)( n-allyI)( or Mo( EtHdtc)( ~-allyl)(CO)2(py) in acetone. and the 
recovered solids were spectroscopically (IR) identical with the starting compounds. 
The starting complexes or decomposition products were isolated from the reactions 
of DDH with Mo(S,S)(Wallyl)(CO),(py) [(S,S) = EtHdtc, Etzdtc] or CrBCHl with 
Mo( Et ,dtc)( ~-allyl)(CO)~(py). The new compounds obtained in the remaining reac- 
tions can be regarded as derived from the Mo(S.S)( p-allyl)(CO),(py) complexes by 
replacement of the pyridine ligand. accompanied in some cases by a change in the 
coordination mode of the l.l-dithiolate ligand. as discussed Wow. Table I sum- 

marizes analytical data and some physical properties for the isolated products. 

The reaction of the ;410(S.S)(n-allyl)(CO)z(py) complexes with PPh, in a l/l 
molar ratio yields simple substitution products, Mo(S.S)( n-allyl)(CO),(PPh,) (type 
A). An excess of Pfh, gives the same results. 

In the case of potentially chelating N,N-donor ligands. compounds of type B are 
formed. The 2.2’-bipyridyl derivatives Mo( Mexant)( s-allyl)(CO),(bipy) (I) and 
Mo( EtHdtc)( n-allyl)(CO),(bipy) (IX) so obtained arc identical with those isolated 
from the reaction of MoBr( n-allyl)(CO),(bipy) with KMexant and NaEtHdtc [3]. As 
in earlier studies 13-41 a compound of composition Mo( Et>dtc)( ~-allyl)(CO)~(bipy) 
could not be isolated from the reaction of the ,V. IV-diethyldithiocarbamate deriva- 
tive. 

The reactions with bridging N,N-donor ligands yield binuclear species of type C. 
independent of the molar ratio l/l or 2/l of reactants (molybdenum complex/ 
N.N-donor ligand). However the reaction with the potentially bridging or chelating 
P.P-donor ligand dppe leads to the formation of two types of binuclear compounds. 
which contain the dppe bridging molecule (type C) [(S.S = Mexant, EtHdtc, Et,dtc)] 
or two bridging CO molecules (type D) [(S,S = EtHdtc. Et,dtc]. Thus from the 
reaction in l/l molar ratio the orange solid which immediately precipitates corrc- 
sponds to the dppe bridging species [Mo(S.S)( ~allyl)(CO)J~ (p-dppc). hut the 
solution contains traces of [Mo(S.S)( ~-allyl)(dppe~]~( @?O),. Upon stirring of the 
reaction mixture for a longer time (2 h for the Et,dtc derivative or 2 days for the 
EtHdtc derivative) CO evolution is observed and the precipitate disappears giving a 
red solution. from which only the compound of type D is precipitated upon addition 
of water. The reaction in 2/l (starting complex/dppe) molar ratio is similar. the 
complex [Mo(S,S)( n-allyI)(CO),],( p-dppe) immediately separates out and is con- - _ 
verted slowly upon stirring of the mixture to the D complex. Unidentified decom- 
position products are also formed. The complex C --t complex D conversion takes 
place also upon stirring of the isolated complex (Mo(S,S)( n-allyl)(CO)z] :( p-dppef in 
acetone. This conversion cannot be reversed by bubbling CO for 1 h through a 
solution of [Mo(S.S)( a-allyl)(dppe)],( p-CO),. 

The dppe bridged complexes do not react with carbon monoxide at room 

temperature. but a bridge cleavage of the [MI~(C~))~(dppe)]~( tJ.-dppe) (M = Mo. W) 
compounds occurs upon treatment with CO to givic MI,(CO),(dppe) and 

MI z(CO),(dppe), [51. 
All these results are summarized in Scheme 2. 
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The influence of the suhstituent Y of the dithinlatc ligands )‘C’S, on the 

bchaviour of the compounds (different rc:articrn time. stability. rcaclivitv. etc. for 

dithiolate compounds with Y OK. KRH) ia cvitlcnt [2.2.61. ‘I’his m;ty hC’rCl;ltCd to 

the different electron-releasing abilities of Y 171. 

The complexes of tvpr I) sho\v ;I single I*((‘()) stretching vihratitw in the rcgicrn of 

the hridging carbon>‘1 ligands [IO] , so that these compound. N ;trC f~rrniul;wct 3s 

CO-hridgcd hinuolcar spccics. 

Thr v(C-0 R) and vtC’-=X) stretching frrquencirs of the santhaw and Jithio- 

carhnmatr ligands in the complcxcs 3rc commonly uwd to idcntif! the mono- 01 

hi-dentate coordination of the I.l-dithiolatr ligands 1 I l.l2]_ cs~cpt the C~IS;C’S in 

which the r*(C- .S) value fall in the 1480 90 region. ‘Ihe high v;LIuL’.\ of thrw 

v(C’ 0 R) and v(C’==-S) frcqurncios in the complcsch of t>pc> A and C’ scrm to 

indicats the presenoc of a hidcntatc ligand. which is consistent \vith ;I simple 

replsccment of pyridinc in the Mu(S.S)( n-ail>l)(C’C)),(py) complcses \vithout chwpc 

in the hidcntate coordination mode of the dithiolate ligmd. 

On the other hand in the most of compleses of the type 13. Mo(S.S)( c- 
ullyI)(CO),(L~ 1.). the (S.S) ligands are clwrly monodcntiitc. t f~~r‘v~r, in 

Mo(Et ,dtc)( s-all~l)(~‘O),(phen). v(C=N) appears at I5 I2 cm ‘. frcqucncy \rrluc 

typical of the hidcntatc dithiocarhamatcs. This implie either :m incrcasinp of the 

coordination number kvith rcspcct to the starting carbonyl complex or monodent;ltc 

coordination of the phcnanthn>linc molcculc. Some cx~~~plcs of the monodwtatc 

coordination of phenanthrolinc have heen dcscrihrd [ 131. However NC lath the 
structural and KMR data to decide hctwwn hoth pohsihilities. hCciiusc of the Ikr~ 

solubility of this complex. 

The formrttion of the CO-bridged complexes [ Mo(S.S)( s-allyl)(dppc)),( +X)b~ 

probably involves an increiisr in the coordination numhcr Lvith rcspwt to the 
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TABLE 2 

INFRARED SPECTRAL DATA (cm I) FOR THE C‘OMPLEXES OF TIIE TYPE (A): Mo(S.S)(a-al- 

lyl)(CO),(L), (B); ~~o(S,S)(71-alI~I~CO)z(L-L), (C): [~tr)fS.S)(;7-all~l~CO), J-( ,r-L-L) AND (D): 

[M(~S.S)(n-oll~l)(dppe)],( fl-C’O), 

r(C‘-0.. R) v(C 0) u(C‘.-*N) v(C=S) v(l\;-H) 

I (B) 1942 v.\ IX70 vs 

II (B) 1957 \‘.c 1862 Y!, 

iY36 ~8. 

III (W 1954 Y5 1873 Y5 

1930 vs 1858 L’s 

IV (B) 1930 \‘s 1857 vs 

V (A) 1919 vs 1842 vs 

VII (C) I934 vs 184 I vs 

1923 vs 1833 vs 

VIII (C) 1940 vs IX56 vs 

IX (R) 1925 vs 1839 vs 

X (B) 1931 vs 1x40 YS 

XI (B) 1912 vs IX11 vs 

XII (A) 1024 vs 1854 YS 

XIII (C) 1923 vs 1x33 vs 

XIV (C) 191x vs IX44 \‘S 

XV (D) 179x vs 

XVI (B) 1939 vs 1862 vs 

XVII (A) 1919 vs 1843 vs 

XVIII (C) 1921 vs 1837 w, 

XIX (C) 1925 vs 1X32 vs 

xx (0 iY37 vs 1839 vs 

1917 ah 

XXI (D) 1791 Sll 

17x1 vs 

1204 s I145 “1 1036 vs 

1199 m I 127 m 103Y s 

1198 m 1143 m 

1188 s 

1222 vs 

1218 vs 

1227 vs 

1213 sh 

1214 vs 

1223 vs 

1216 s 

I136 m 

II62 m 

1160 5 

1166 s 

I167 m 

1486 s 

1474 m 

1487 m 

1508 sh 

1498 .\ 

1515 )r 

1516 s 

1509 sh 

1496 s 

I5 12 m 

14x9 b 

1496 s 

1494 s 

1486 s 

102X vs 

1041 s 

1042 m 

IO36 5 

1040 5 

1037 m 

948 h 

Y52 s 

967 s 

982 m 

975 m 

969 m 

9x0 m 

9x5 s 

998 m 

99% “1 

999 m 

3394 m 

337X m 

3350 m 

3360 m 

3150 m 

3190 m 

3375 m 

1484 s 

basically octahedral Mo(S,S)(n-allyI)( complexes. to give 18-electron. 
seven-coordinate species (the bidentate and mon~~dentat~ xanthate and dithio- 
carbamate ligands are considered as three- and one-electron donors respectively) [4]. 
Seven-coordination is very common in molybdenum( II) chemistry [ 14). 

Some TV-ethyldithiocarbamate derivatives show a broader v(Ntl) band than the 
starting complex, shifted towards lower frequencies. In the complex fMo( EtHdtc)- 
( a-allyl)(CO),]2( u-dppe). n acetone there is probably interaction betrveen the NH 
group of EtHdtc and the acetone molecule, which causes a shift of the v(CO) 
stretching vibration of the acetone towards lower frcquencics (1693 cm -I). In the 
other cases. the low values of the v(NH) frequency in the solid state can he 
attributed to interactions between NH groups of different molecules; higher v(NH) 
frequency (3400 cm- ‘) are observed in the solution spectrum. 

The IK spectra of all these complexes clearly shows the characteristic vibration 



r-iylyl 

vallyl 7-ally1 
OC\I ,L-L,I/CO 

o/bs Jr\,, 
s-/ -_s 
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TABLE 3 

‘II NMR CtlEMIC‘AL SIllI-I‘ (8. ppm) AND COUPLING (‘OKSTANT DATA (J. tb) I’OK 
SEVERAL COMPLEXES 

1 (CH,) 4.14 \ 

III ((‘II,) 4.19 s 

v (CH ,) 4.0X s 

VI (01,) 4.09 s 

VII (CH,) 4.09 s 

IX (al,) 1.39 t 

XVIII (CH,) I.15 I 

((‘Hz) 3.77 q 

((‘11,) 
(NIlj) 
(Ph) 
(II”,) 
(Ii,,) 
(H,,,) 
(H,,) 

7.3 (H,,, ) 
7.3 (Ho) 

7.7s 111 

X.28 m 

x.57 111 

I.Y? s 

6.63 .\. (lx) 

7.48 m 

7.Y4 111 

8.85111 

7.50 d 

x.71 d 

7.60 m 

x.07 m 

x.53 In 

x.x2 m 

7.9x d 

8.90 d 

(Ha) 1.40 m 

(H\) 3.19 \. (hr) 

(tt’) 3.17 m 

(Ii,) 1.33 d IO 

(It, t H’)3.44 I” 

(Ha) I.35 11 IO 

(H,) 1.34 J IO 

(tt,) 3.25 s. (hr) 

6 (II,,) 1.32 d 10.3 

6 (H\) 3.23 \. (hr) 

(II,,) 1.39 m 

(tt.) 3.20 d 6.3 

6 (H,) 1.24 d 9.7 

6 (H.) 3.14 d 6 

(II’) 3.Y4 “1 

complexes. The absorption maxima appearing in the 385 550 nm region are due 
probably to d + d transitions, accompanied in some cases of a transfer charge 
M - L transition. Likewise the absorption bands in the range 290 300 nm include 
probably a TC M -+ 7;*(CO) transition. The absorption maximum at 270 nm in the 
phenanthroline complex can be unambiguously assigned to a n + VT* intraligand 
transition [ 151. 

‘I‘ABLE 4 

ELECTRONIC SPECTRAI. I)ATA 

39X ah (92X). 3 I5 (4000). 256 ( 10.320) 

430 sh(336). 307 sh(3266,). 264 (14674) 

505 ah (1864). 432 (220X). 314 (260X0). 290 bh ( 1X240). 270 

(34560) 

450 sh (60). 3X5 (2()(11 ). 33X (6303). 315 (X104). 251 (20610) 

3X0 ah ( 1200). 29X ( 10400). ‘50 (30400) 

550 .\h (60). 2YX \h (15616). 247 (44925) 

300 \h (16X00). 248 (52800) 

470 \h (Y60). 360 (96iJo). 292 (16000). 250 .\h (568(X)) 



Kspcrimental 

The yields of the following reactions were very high or ;~hno~t quantitaCvc. 
.~~~~(S..S)ln-la/~~l)l< ‘O),I I. ‘. L) 1m1pldw /I. (S.S) = :~~evcurr. I. 1. hipj’: II. IS. .Sj 

7.: Mc~sruu. I. 1. = plwi; 1.Y. (.S.S) = I:‘ftldIc. I. “1. L hip\.: .V. (S..SJ I.‘llltlrc: I. I. ‘iA 

phor: ,YI,‘I, /.S..S) == l:‘t,~lrc. I. I. = ~/WI]. ‘I’hc L, I. ligand (phcn or hip!) was ;1ddcd 
in :I 1,/l m&r ratio to ;L solution of Mo(S.S)( ~-;111!l)(C’C)),(py) in the minimum 
amount of acetone. An immrdiatc wrrction took PliKC with forni;ttion of ;I red 
precipitate. After sonw minutes of stirring at room tcmpcr;ourc‘ the scjlid N;IS filtcrcd 

off. \VilSht!d with wctonc. and dried under v;icuuni over i’.Oi. If the filtrate \\;Is 

coloursd. water was add4 to prwipitalc niorc solid. 
:Clol:~lr.~cIllr)(?r-lll~~l)t C’O)~il~1~1i) (Ill). 1 -0 :I solution of MMO( kkwnt)( z-ailyl)- 

(C’O)l( py) in the minimum mnmmt of act’tonc diac~t~lrlih~-tlr~t~c~~~~ W;IS added in 
l/I molar ratio. An itnmcdiatc reaction WIS ohscrwd. After htirrin_r for s~wic 

minutes water was added to yield ;I reddish-oranpc precipitate. which M;IS filtrrcd 
off. \vashcd with water and tlrkd under vxwun~ ovc’r I’,(),. ‘I’hc \icld WIS ;~lm~~st 

quantitatiVc. 

.~~~I~(:~.IC~.~~~~~I)(~;-~III~~I)(~.‘~~}.(~~B~~I~~~ (IF). ‘I’hc rcxtion \~:Is carried out in xcl~m_! 
and under oxygen-/ret nitkgrn by stirring of MotMex:~nt)t r-;ll~~l)(C’O),(py) ;rnJ 

Gl3CI11 in I /‘I lllidilr ratio. .4fter stirring for 30 min water \\:i?i :iddcd t(, ths brown 
solution to give ;I vi&t solid and after centrifupaticw this ~‘a nd~cd u ith 

acrtonc/l i-J) and dried under \‘acuum trver I)(),. 

.~~~i~(.~..SI(~-lll~~~l)l~ .O),( I’l’h t) cY1rt1pliw.s / i : (.S..S) ” .vl’.wlr, .\‘lI. l.S..SI .= I::Ilclll’. 
.Yb’If. (.S,.Sj = Er,&/. ‘I’Iicsc wnipounds wrc prcparcd in ;iccwns mid under S, hy 
stirring of quimolccular amounts of Mo(S.S)( z-3llyI)(C’O),(p> ) and IVh :. After 30 
min the solvc’nl was partially cZVitplWilkd ill rcduccd prcssurc and ;in cwrlngc 
prccipitiik w;lh scparatcd by addition of w2ttr. Somc:tinie an oil (jr c)ily scrlid \X;IS 
formed. mtl this was crystdlizod b\ scr;ltching the \v:~Ils cjf the Schlcnh tuhc clr h! 

vigcvous stirring. l‘lic solid fornicd W’;IS filtcrcd off. u ashcd H ilh \v;lIcr. ;md dried 
under viwiuni over PJ>,_ 

.~~oiI:‘rli~lrc~)i~--tril~~f)(~ ‘OJ .tl;HC’tiJ) (XI). A wlution of I molar cyuivalcnt of 
GBC’HI in C’H,C‘l i \VPS added LO ;t solution of Mj( l-31 Idtr)( c-allyl)(C’O),(py) in 
acclcwc. A dark grrcn s~~lution \vas imnicdiately fornicd. Aflcr 3rirring few I5 min 

under N, the mixture WI?; conwntrated under reduced prcswrc to give ;~n ljily solid. 
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Then water was added. and the oil was crystallized as described above. The green 
solid formed was fittered off, washed with water and dried under vacuum over PzO,. 

(:Mo(S,S)(a-ul!v()(CO~~ j , fp-4.4’- Bipy) comple.w.~ / VI, (S, S) = Me.uctnt; XII I, (S,S) 

= Etffdtc; XVIII, (S.S) = Et,dtc]. The reaction was carried out under nitrogen. 
Mo(S.S)(r-allyl)(CO)Jpy) and 4.4’-Bipy in 2/l molar ratio were stirred in acetone 
for 10 min, then the solvent was partially evaporated under vacuum and water was 
added. An orange, reddish-brown or reddish-orange precipitate was formed. and this 
was filtered off, washed with water. and dried under vacuum over P,O,. If an oil 

appeared. it was crystallized by addition of water. as described above. 
fMo(M~son1)(~-ai!~i~~CUj,f,(11-4,4~-nTBP) (Vlij. A solution of 4.4’-DTBP in 

CH,cI z \vas added to a solution of 2 molar equivalents of Mo(Mexant)(?r- 
allyl)(CO),(py) in acetone. The reaction mixture was stirred for 30 min and 
concentrated almost to dryness. Water was added with vigorous stirring and scrntch- 
ing of the vessel walls. The solid obtained was filtered off. washed with water and 

dried under vacuum over Pz05. 
lMo(Et,dt~)(~-ul~~l)(~O~~J~(~-4,4’-~TBPj (XIX). The reaction was carried out 

under Nz. Mo(Et,dtc)(a-allyl)(CO),(py) and 4.4’-dithiobipyridine in 2/l molar 
ratio were stirred in CH,CI z for 40 min. during which the colour of the solution 
became topaz. n-Hexane was added to precipitate a yellow solid. If the pracipitate 
redissolved. it was recovered by concentration under vacuum. with stirring and 
tooling in an acetone/liquid N, bath. The complex formed was filtered off. washed 

with hexane and dried under reduced pressure. 
~Mo(S.S)(~-UI~)~~)(C‘O)~/ .,(p-dppe) complexes /VIII. (S.Sj = .Mexint; XIV. (S,S) = 

Et/f&c; XX, (S,S) = Et,&/. 1.2-Bis(diphenylphosphine)cthanc was added to a 

solution of 2 molar equivalents of M~S.S)(~-allyl)(CO)~(py) in the minimum 
amount of acetone. An orange solid separated immediately. The mixture was stirred 

for 21 hours (Mexant derivative) or IO min (EtHdtc and Etzdtc derivatives) under 
nitrogen. The product formed was filtered off, washed with small amounts of 
acetone and dried under vacuum. 

[Mo(S,S)(n-cil!v(j(Jppc~)~,(~-CO), compl<~xes [XV, (S,S) = EtHiltc; XXI. (S,S) = 

Et,dtc]. To a solution in acetone of the starting molybdenum complex 1 molar 
proportion of dppe was added. After few minutes an orange solid separated. The 
mixture was stirred under nitrogen until redissolution of precipitate (2 h for Etzdtc 
derivative and 2 days for EtHdtc derivative). After filtration of the mixture and 
addition of water a reddish-orange precipitate was formed, which was filtered off. 

washed with water and dried under vacuum over P,O,. 
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