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“Summary

Cycloheptatrienemolybdenum tricarbonyl reacted with ligands (L) (L =
phenyl-, o-tolyl-, m-tolyi-, p-tolyl-, a-naphthyl-, 8-naphthyl-, sym-diphenyl-,
sym-di-o-tolyi-, sym-di-p-tolyl- or sym-di-a-naphthyl-thiourea) to give Mo(CO)s;L
derivatives although the expected products were cis-Mo(CQ); L3 . Evidence has
been obtained for the formation of trans-Mo(CO),1,; derivatives when I, =
sym-diphenyl- and sym-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(CQO);BL. The appearance of three C—O stretching
bands is in agreement with the C, symmetry of mlxed—hgand molybdenum
carbonylis.

Introduction

Until recently [1], the displacement of CO by aryl- and diaryi-thioureas in
metal carbonyls had not been attempted. We first reported [1] 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);sL (L = phenyl-, o-tolyl-, m-tolyl-, p-tolyl-, a-naphthyl-, 8-naphthyl-,
sym-diphenyl-, sym-di-o-tolyl-, sym-di-p-tolyl- or sym-dl-a-naphthyl-thlourea)
were obtained instead of the expected trisubstituted, Mo(CO);Ls, derivatives. -

Although IR ev1dence was obtained for the formatlon of trans-d1subst1tuted



__,e"c nverted mt m ,nosubstltuted ‘compounds:

The eactxons of donor molecules w1th Mo(CO)4B (B o-phenanthrolme
.2 =bir yndme) have also been studled In these reactions mixed trisubstitu
envatlves, Mo(CO)3BL (L= phenyl o-tolyl- m-tolyls; p-tolyl— oz-naphthyl- ST

aphthyl- sym-diphenyl-; sym-dl-o-tolyl- sym-dl-p-tolyl- or sym-dl-a-naphthyl-ﬁ
thlourea), were obtamed ) : . ,

Results and dlSSUSSlon

~ Phenyl- o-tonI~ : —tolyl- p-tolyl-, -naphthyl— B naphthyl- sym-dlphenyl-

3 sym-dl-o-tolyl- sym-dl-p-tolyl or sym-di-a-naphthyl-thiourea reacted 1mmed1ate— '
- 1y with cycloheptatnenemolybdenum tricarbonyl in a 1 : 1 mixture of benzene.

- and’ dichloromethane at —5 to +30°C to give Mo(CO)sL derlvatlves The red

¢ " “golour of the cycloheptatnenemolybdenum tnca.tbonyl solution rapidly changed
T to yellow1sh brown on mixing the solutions of the two reactants at —5°C or "

‘. ‘room’ temperature (30°C). In the IR spectra of the reaction mixtures the C—O
-7 . bands of. cycloheptatnenemolybdenum tricarbonyl disappeared and new. bands-
. around 2060, 1980, 1960 and 1900 cm™' gradually appeared. These new bands
.+ -closely resembled the bands of Mo(CO)s L derivatives reported earlier [1]. On -

. isolation and pur1f1cat10n of the products only Mo(CO); L derivatives were

‘ *'Vobtamed along with a brownish black insoluble substance, instead of the
e expected Mo(CO)3 L; derivatives. The IR spectrum of this bl‘OWIllSh black
f "“substance showed no C—O bands. It appears that some unstable caxbonyl com-
S pounds are formed during the reactions, which decompose and genérate

_ carbon monoxide leavmg a brownish black intractable substance. The carbon
monoxzde formed acts as a good source for further carbonylation resulting in
the formation of monooubsntutmn complexes. We propose a mechanism

- (Scheme 1), similar to that proposed by King and Korenowski [2], for the :

: -formatlon of monosubstltuted derivatives in these reactlons
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_ Infrarcd eﬂdence for the formatlon of trans-dxsubstltuted denvatlves, which
-are intermediates in this proposed mechamsm, has been obtained for thereac- -
) ;tlons of: sym-dlphenylthlourea and sym-d1-o-toly1th1ourea Only one very strong N
C—0 absorptlon (»(CO): 1920 cm™') along with one weaker satellite (»(CO):
4_1960 cm™!)in the higher frequency region appeared. in the IR spectra of the -~ -
: reactlon mlxtures of cycloheptatnenemolybdenum t‘ncarbonyl and. these hgands.
‘However, durmg isolation they were converted into monosubstituted derivatives.
. NH;CSNH, wds reacted with. oycloheptatnenemolybdenum tncarbonyl :-
(already reported by Cotton et al: [3] using identical conditions) and th




jformatlon fo) Mo(CO)_-,(NH;CSNH; )3 [v(CO) 1900 1754 cm’
1898, 1765 cm™" (observed)] was noted. This- suggests- that. stenc;factors 'posmbly;:-
prevent the formation of tnsubstltuted denvatlves in the case of aryl- and,dlaryl- -f'.
,thloureas which contain’ more. bulky groups. . '
Thloureas reacted with Mo(CO)4B inal:1 mlxture of dlchloromethane and

toluene under nitrogen to'give Mo(CO);BL (L = phenyl- -tolyl- : m:tolyl-;: ol
) -tolyl- -naphthyl- B-naphthyl-, sym-dlphenyl- sym-d1-o-tolyl— sym-dJ-p-tolyl—»
‘or sym-dl-a-naphthyl-thlourea) ‘They were black crystalline solids insoluble in =
aliphatic or aromatic hydrocarbons and light petroleum (all fractlons), but -
_d1ssolved in methanol, acetone, chloroform; and dichloromethane. Although
-they were falrly stable as solids, they decomposed when their solutions were j -
‘exposed. to air.. The IR spectra of these complexes mdlcated the attachment

of aryl- or dlaryl-thlourea molecules to the molybdenum atom via sulphur,
reported earlier [1]. : o

Since the molecular geometry of these denvatwes is con51stent w1th C sym

metry, three C—O bands due to 24" + 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 partial 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(CO);(C,;HsN,)(NH;),CS [4] or Mo(CO);(C,,HaN,)-
(CH;CSNH,) [4], which indicates a somewhat greater acceptor capability of
aryl- or diaryl-thiourea molecules compared with NH,CSNH, or CH;CSNH, .

Experimental

: General
Cycloheptatnenemolybdenum tncarbonyl 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 spectrophotometer model 137

The reaction of phenylth;ourea wzth cycloheptatnenemolybdenum tricarbohyl :
A solution of cycloheptatrienemolybdenum tricarbonyl (0.27 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 n1trogen. The red colour of cyclo- -
heptatrienemolybdenum tricarbonyl immediately disappeared and the reaction
mixture turned yellow. After half an hour the solvents were evaporated in vacuo.
Unreacted phenyltmourea was removed by several washmgs ‘with ethanol The
grey coloured solid thus obtained was extracted W1th acetone. A small quantlty
- of brownish black product which remamed undlssolved was removed by: filtra- - -
tion: under mtrogen On concentratmg the acetone solutxon, a blaclush grey . ]
‘product was’ ‘obtained. It was. identified as Mo(CO)s (CsHsNHCSNHz) (0.16 g"l w0
'35%), reported ‘earlier’ [1] (Found.» C, "37 0, H; 2:2; N, 6. 9. cal 'dj: C; 37 1
,H 2.0; N . 2%.) v(CO) -2058;°1981, 1962, 1897 cm:! '
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- On’ repeatmg the same expenment at room temperature s1m1lar results were U
-'obtamed S
Slrmlarly o-tolyl- m-tolyl-, p-tolyl- ' -naphthyl B-naphthyl- sym-dlphenyl- B
sym-d1-o-tolyl- sym-di-p-tolyl-, and. sym-dr-a-naphthyl—thmurea reacted with cyclo-j;
,heptatnenemolybdenum tncarbonyl under 1dentlca1 condltlons to gwe the cor- '
respondmg Mo(CO)sL denvatwes o

Preparatlon of 2 2 bzpyrzdmephenylthzoureamolybdenum trzcarbonyl

2,2"-Bipyridinemolybdenum tetracarbonyl (0.2 g) and phenylthiourea (0.08 g)
were refluxed in a 1 : 1 mixture of toluene and dichloromethane under nitrogen
for 2 h. The red mixture turned violet, and finally black crystals appeared at
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 k
petroleum (40—60° C) to remove unreacted 2,2’ -bipyridinemolybdenum tetra-
carbonyl. It was recrystallised in a mixture of methanol and acetone (1 :1) and
was dried in vacuo. It was identified as Mo(CO)5(C,0HsN, )(CsH; NHCSNH, )
(0.19 g; 70.8%). (Found: C, 59.0; H, 3.2; N, 11.5. Caled.: C,49.1; H, 3.2; N,
11.4%.) Tt was insoluble in hydrocarbons, carbon tetrachloride, light petroleum
and benzene, but dissolved in acetone and dichloromethane. It showed three
strong absorptions at 1898, 1787 and 1745 cm™!.

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