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Summary 

Cycloheptatrienemolybdenum tricarbonyl reacted with ligands (L) (L = 
phenyl-, o-tolyl-, m-tolyl-, p-tolyl-, ar-naphthyl-, P-naphthyl-, sym-diphenyl;, 
sym-di-o-tolyl-, sym-di-p-tolyl- or sym-dia-naphthyl-thiourea) to give MOM L 
derivatives although the expected products were cis-Mo(CO)sLs . Evidencehas 
been obtained for the formation of frans-M~(CO)~L~ derivatives when L = 
sym-diphenyl- and syn-di-o-tolyl-thiourea. These donors on reaction with 
MO{ CO), B (B = o-phenanthroline or 2,2’-bipyridine) yielded mixed ligand 
derivatives of the type Mo(CO),BL. The appearance of three C-O stretching 
bands is in agreement with the C, symmetry of mixed-ligand molybdenum 
carbonyls. 

Introduction 

Until recently [l] , the displacement of CO by aryl- and diaryl-thioureas in 
metal carbonyls had not been attempted. We first reported [l] the preparation 
of some aryl- and diaryl-thioureamolybdenum pentacarbonyls by straightfor- 
ward thermal reactions. It was noted that the bonding of two-or more ligand 
molecules to a single metal atom was not possible by direct reaction. Aiming to 
achieve higher substitution, we employed cycloheptatrienemolybdenum tri- 
carbonyl in place of molybdenum hexacarbonyl in this work. The former is a 
very good starting material for the preparation of various trisubstituted molyb- 
denum carbonyl derivatives, as it generates three free coordination sites on the 
metal atom, which makes the attachment of three ligand molecules to a single 
metal atom easier. In these reactions also only monosubstituted derivatives, ’ 
Mo(CO)~L (L = phenyl-, o-tolyl-, m-tolyl-, p-tolyl-, ar-naphthyl-, fl-naphthyl-, 
symdiphenyl-, sym-di-o-tolyl-, sym-di-p-tolyl- or sym-di-cw:naphthyl-thiourea) , 
were obtained instead of the expected trisubstituted, MOLLY, derivatives. 
Although IR evidence was obtained for the formation of trans-disubstituted 
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.’ : .‘-- _Pl&$, o+olyiY, m-&yl-,.p-tolyl-, a-naphthyl-, P-naphthyl-, sym-diphenyl-, 
~~_d&-t~Zyl~~ %ym-di-p-t@lyl or sym-di-ar-naphthyl-thi&rea reacted immediate- 

:- .- & with’&zloheptatrienemolybdenum trica.?b+yl in a 1.: I mixture of benzene- 
. . ‘- and.di&lqromethtie at -3 to +3O”C td give Mo(CO)~L derivatiyes. The red 
I __. Cqlo& of the ~ycl&ept+ien~mplybdenum tricar@onyl sol&ion rapidly changed 
-:: e yellowish bioe on inixing the solutions of %he two reactants at -5°C or. 

r&om.temper&ure (3O?C). In the IR spectra of tlte reaction mixtures the C-O 
’ . . 1 bands bf~cytilbhepta~i&emolybdenum tricarbonyl disappeared, an@ new. bands 

around 2060,19@0,1960 &I$ 1900 cm-’ gradually appeared. These new bands 
’ closely.re~embled the. bands of .Mo(CO)s L derivatives reported earlier [l] . On 

isolati@n and purification of the products only MOM L derivatives were 
obtained, alOng w&h a brownish black insoluble substance, instead of the 

-g&&d Mo(CQ),L, derivatives: The IR spect&m of this brownish black 
‘. stibstance.&owed no C-0 bands. It appears that some unstable.carbonyl com- 
pou~@s.are for&d during the reactions, which decompose and generate 
carbon’nionoxide leaving a brdwnish bltick intzactable substance. The carbon 
tionsxid& fdrmed atits 5s a good.source for further carbonylation resulting in 

: the formation of monosubstitution complexes. We propose a mechanism 
(Scheme l), similar to that proposed by King and Korenowski 121, for the 

-formation of mondsubstituted derivatives in these reactions: 

SCHEMEi 



,.., :.. _- ” . . y’. 
. .:_:.__ : - .. ;.:_ .. :- .. ~_ ..:_, : ._ I : I- ;: _ _ : .. 33j~~~~ 

. .. _.~ .;I :‘:, .::. : : I 

: ’ ,: :;.-- :.; ,- ~.: .. ._,...._ 

.formati~n~~~.Mo(C~j;(NH*dS~,), ~y(~~):~~~~o~;~~_~54~~c~~~.~~~repOr~j;,.~_~~.~~~ .‘i-: 

.i@$, 1765:cm:~ .(obsei-ve.d)] &as noted. ~Thi&suggests th,t._,~~~~;f~~tsrs~~~~~i~~~~. 
prevent. the-formation ~&&&&.&d derivatives in the case%& a$-i+l @ryl- I :_ 
thioure& which contain more-bulky groups. ._ .-- :- .I : j : . . . 

%‘hicx&is reacted With Mo(CO)aB in a 1: 1 mixture of .di&lorometha& and _._ 
..i( ‘: 

tolue.ne under nitrogen to give Mo(CO),BL (L =. phenylS, o-tolyl;; m%olyl-,: -. 
&tolyl+, a-nabhthyl-, @-naphthyl-, sym-diphenyl-, ~syrn-di-o-tolyl-;:sym-di-g_toijrl; 
or symdi_ar-naphthyl-thiourea)..They were black crystalline solids~.insoluble in. 
aliphatic or. aromatic hydrodarbons and lightpetroleum (all fractions), but 
dissolvedin methanol, acetone, tihlorofonn; and dichltiroihethane. :&though. 
they-were f&y stable as solids, they decomposed when their solutions were 
-exposed to air..The IR spectra of these compiexes indicated the.attachment 
of aryl- or diaryl-thiotiea molecules to the molybdenum atom via sulphur, as : 
reported earlier [l] . 

Since the molecular geometry of these derivatives is con&tent with Cs. syk- . 
metry, three C-O bands due to 2A’ + A” modes are expected. In fact, three 
strong C-O stretching bands were observed (Table 1) in the IR spectra of these 
complexes. The frequencies of these bands were very low, contrary to expecta- 
tion for the sulphur donor ligands. Such lowering may be attributed to the en- 
hanced basicity of the sulphur atom due to the pzu-tial delocalisation of the 
lone pair of electrons on the nitrogen atoms of aryl- and diaryl-thioureas. The 
splitting of the E mode into A’ and A” modes in these complexes is slightly 
greater than for cis-Mo(C0 j3(C,2H8N2)(NH2)2CS [4] or Mo(CO)~(C~~H~N~)- 
(CH3CSNHz) [4], which indicates a somewhat greater acceptor capability of 
aryl- or diaryl-thiourea molecules compared with NH, CSNH, or CHJ CSNHl . 

Experimental 

General 
Cycloheptatrienemolybdenum tricarbonyl was purchased from Strem Chem- 

icals, Inc., U.S.A. o-Phenanthrolinemolybdenum tetracarbonyl and 2,2’-bipyri- 
dinemolybdenum tetracarbonyl were prepared by. literature methods [ 5,6] . All 
reactions were performed under dry nitrogen. Infrared spectra were measured 
on a Perkin-Elmer spectrophotometei model 13’7. 

The reaction of phenylthiourea with cycloheptatrienemolybdenum tricarbonyl 
A solution of cycloheptatrienemolybdenum tricarbonyl(O.27 g) in benzene 

(25 ml) was mixed with a solution of phenylthiourea (0.50 g) in dichloromethane 
(25 ml) .at -5°C under an atmosphere of nitrogen. The red colour of cycle- 
heptatrienemolybdenuni tricarbonyl’immediately disappeared and the reaction 
mixture turned yellow. After haIf an hour the. solvents were evaporated in vacua. 
Unreactedphenylthiourea w& removed by several washings-with etha&l,‘ The 
grey coloured solid thus obtained was extracted .svith .a&one. A Small quantity 
.of. brownish b1ac.k product which &m@i& undissolved was removed by filtra- 
tion-under nitrqgen.-On__concentrating:.the acetone solutidn; 5 bIachish grey 
:product @as ob_tained;-It Wa$ iden@ied’a$ _Mo(CO)s(CgHsNHCSNH~)‘(0~16~g; -; I. 
-35%),reported:e~~~~-[1]..~.(Founa:1C,:37;0~.~; 2i2; N,.~;.~:.&dr: C;37.1;. :.‘.I-.. _. 
.H,-2.0; N, 7~2%_-).~(CO)~_i~58~~?~~;~9~2,;~397 cm”-:.‘,_- -:,.:---..:-:_.-- :. ..‘- ;‘Y : _.. . . . i_--- ;.. --j.-..i ._ _. -~. 
_. ._ .. ~. ..- -- -. “~.-_:__-~_ : ;_ :. -. .._ . ; _.’ _ .-_- .~.. -. -_._ . . ._.. _. ., ;,:_‘. 

._ ,_ -....:_. -_,-.._._ ..,,. _, . L ... : ..-. 
.~ ; :-I. ~,yy.- ~ 1.:-y i -_ A.‘: ;:;- _.:,-_ __ .:.. _.: .._ ..‘_ :.. _... -. ‘~. . . . . -I:.-. ..-._ 

,_-:. _ .:_ ..__ “-- :.. . . . ,--.-:- -.‘. -....-: -. .L.‘, ._ .<z 12.: _ _-; .__ _; :. ,. . . ..__ :,I_-, -‘: ._,- -;-.-. ~.2 _:.,,.‘ ,-:._ ._.. 
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On-rep&&g the same expe&ent at rodm’temperature similar kes&s]were -- ” ’ : 
-obtained. 

. ..-. 

Similarly o-tdlyl-, &tolyli; p-tolyl-, cr+&hthyl-, p-nabhthyl-, &m-diphenyl-,-~-. -.. 

sym-di-o-tolyl-, sym-di-p-tolyl-; and sym-die-naphthyl-thiourea reacted with cyolo-. 
heptatrienemoiybdenum tricarbonyl under identicai conditions to give the COT- 
responding Mo(CO), L derivatives. 

Preparation of 2,2’-bipyridinephenyithioureamolybdenum tricarbonyl .’ 
2,2’-Bipyridinemolybdenum tetracarbonyl(O.2 g) .and pbenyltliiourea (0.08 g) 

were refluxecl in a 1.: 1 mixture of toluene and dichloromethane under nitrogen 
for 2 h. The red mixture turned violet, and finally black crystals appeared tit 
the bottom of the flask. The reaction mixture was cooled and the supernatant 
liquid was decanted. The black product was washed several times with light 
petroleum (40-60” C) to remove unreacted 2,2’-bipyridinemolybdenum tetra- 
carbonyl. It was recrystallised in a mixture of methanol and acetone (1: I_) and 
was dried in vacua. It was identified as Mo(CO),(C,.H,N,)(C,H,NHCSNH,) 
(0.19 g; 70.8%). (Found; C, 59.0; H, 3.2; N, 11.5. Calcd.: C, 49.1; H, 3.2; N, 
11.4%) It was insoluble in hydrocarbons, carbon tetrachloride, light petroleum 
and benzene, but dissolved in acetone and dichloromethane. It showed three 
strong absorptions at X398,1787 and 1745 cm-’ . 

The preparations and IR frequencies of the other products are given in Table 1. 
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