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Abstract 

The synthesis nnd characterization of the novel dimtuguaese tetramethylthiourea compound [Mn,(eO),,Irl’-Se(NMe,),)l are 
described. Mn,(CO),,, undergoes photosubstitution by tetramethylthiourcn to yield ey-[Mn,WCO),,(rl’.SC(NMe2)r)] 4 whereas Me,NO 
induced substitution ut WC gives cc.r-IMa,CCO),,~g’-Se(NMe,),)1 5. Compound 4 contuins an S-coordinated SCCNMe,), ligand at an 
equatorial site while in 5 the ligand is proposed as S-coordinated itt on axial site of one of the metal uloms. The crystal structure of 4 has 
been determined hy un X-my diftknction study. 0 1997 Elsevier Science S.A. 

Kqvnvwds: Mnnpancse; Carbonyl; Thioureu: X-ray ditliaction 

The synthesis and reuclivity of mrrt~o=. di- and poly- 
rucslcetr transition metul complexes of thiourcin and its 
dcrivutiva huvc bcen explorrd nvcr the pns( two dccruics 
und ure M subject af current in&rest [I -22]. In mononu- 

clear mstul co911plexss fhe coordinutian is mdnly 

rhrouph the sulfur atom [6==lQ], owever, 99 Sew cx999n- 
pies of ti?e coordinution of thioutws rdcr both the sulfur 
and nitrog-n atoms have been structurally churucterized 
[ I I - I3,20,2 I ]. The cleavages of the carbon-sulfur, cur- 
bon-nitrogen, nitrogen-hydrogen and carbon-hydrqen 
bonds of the ligands have been observed with polynu- 
clear osmium und ruthenium clusters [ 13-2 I]. 

In comparison to the extensive mono- und poly- 
nuclear transition metul complexes of the thiourea lig 
rinds.. so far very little is known about their dinucleur 
complexes. Alper and co-workers [22] reported that the 
reuction of Is,(CO),, with tetrumethylthiourea gave a 
sulfur donor ligand complex 1, a diiron hexacarbonyl 

* Corresponding author. 

(I) 

2 3 

In continuation of our previous studies on the reactiv- 
ity of thioureas with triosmium clusters [21], we have 
investiguted the reactions of Mn,(CO),,, with tctrameth- 
ylthiouren by both photochcmical and thermal methods 
which led to the synthesis of [Mn,(CO),(q’- 
SC(NMe2),)] it1 two isomeric forms. The results of 
these studies are described herein. One of these species. 
claimed to be the axial isotner, was previously reported 
briefly by Carriedo et al. [7]. During the progress of this 
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work Adams et al. reported some di- and tri-nuclear 
rhenium compounds of IV, N-diethyl-p-tolylthiourea 1231. 

2. Results and discussion 

The photochemical reaction between Mn&CO),,, and 
tetramethylthiourea proceeds without the cleavage of 
Mn-Mn bond and leads to the formation of an orange 
colaured complex 4 in 25% yieid. shown by elemental 
analysis, IR, ‘H NMR and a single-crystal X-ray 
diffrirction study 18 be e~[Mn,(CO),(q’-SC(NMe,)2}]. 
The 112 spectrum of 4 exhibits the terminal CO groups 
stretching vibration bands at 2083m. 2010s. 1985~ 
1982sh. 1949s and 1912s cm-‘. As expected the vCN 
bdnd for 4 ( 1552 cm- ’ ) occurs at higher frequency than 
in the free l&and (1510 cm-‘). 

4 

The ‘H NMR spectrum contains a singlet at 8 3.23 
roups of the teir~m~thyi 
The exact coordination 

of the compound wus ennfirmsd by B shrglr 

molecule of 4 is depicted in Fi 
istaaees und uagles z\re ptzsentc 

molecule contuins two mutuirlly 
atoms with the Mt~==&la distance of 

than that found in Mn,(CO),,, 
The overall stmcture of 4 is similar 

to that of Mn&YDI,,,. in which two s~~~r~-~~ramid~l 

Table 1 
Bond lengths 6) and angles to) involving the non-hydrogen atoms 
for [Mn,KO),(C,H,,N,S~I 4 

MnI 1 )-Mn(2) 2.9X2) Mn( 11-3 I ) X428(‘) 
MntlbC(I) 1.81%7) Mn(lK(2) 
Mn(l)-(33) I .8O!X7) Mnt l&-CH) 
MnW-C( 10) 1.853(T) Mntl)-Ct I I ) 
Mn(2kCX 12) 1.8OOt7) Mnt2bCtl3) 
Mn(2)-C( 14) I ,849w S( 1 Mm 
0(1)-C(I) I. 149(7) 0(2)-C(2) 
0(3)-C(3) I. 15h(7) 0(4)-c(4~ 
ow-c(lo) I. 149(7) o(6)-C( I I ) 
a7b-ct12) 1.165(7) 0(8L6(13) 
0(9)-a 14) l.l46(6) N(Ib-C(S) 
N( I h-C(6) 1.469U) Nf I )-C(7) 
N(2bCW I .378(?1 NC?)-C(9) 
N(,)-C(8) 1.47W) 

CW-MnllbC(I) 
C( I )-Mnt I )-C(2) 
C( I bMn( I b-C@) 
C(3bMnt 1 )-St 1) 
C(2)-Mni I )-SC I) 
C(3)-MntlbMnt2) 

9Oht 21 CLJl-M~\tlb=Cc% 
9 I .(WJ~ C(3)-Mnt I b-C(4) 
93.st31 CD-Mnt I bCil4) 
9S.7(21 C(l)-MntlbStl) 
86.5(2) C(4LMn~l~-S~I~ 

176.1t2) C( I I-Mnt I I-Mnt2) 
Ct?)-MntlbMn(21 84.71[2) 
S(l)-MdlbMnt2) 87.tMII 
Ct IZ~-Mn(2b=C( 14) 9S.4(3) 
C(12bMd2bCt IO) 95.7t3) 
Ct13LMnt2bCtIOb 91.0(3) 
Ct I3bMnt2bCI I I3 X9.X3) 
Ct IObMnW-CI I I3 88.1~31 
(Pf 1 IbMnW-MnI II X7.W) 
Ct10)-MnL%Mntl) SIX!) 

! .85316) 
I .852(7) 
I X53(6) 
I .84X7) 
1.737(6) 
I. l47ro 
l.l69(7) 
l.lliX6) 
1.1499(7~ 
I .328(7) 
I ..mun 
I .469(7) 

92.7I.J) 
US.201 

130.8133 
I73.3t2) 
8&l(2) 
86.St2) 

C(4LMntI bMn(2) X7.6t2) 
a I2b-Mnt2~-Ct 13) 95.8(3) 
Ct I3)-MntZb-Ct 14) 88.913) 
Cc I3bMnW-Ct IO) 168.5(3) 
Ct I2b-Mnl2b-Ct I I ) 96.1(3) 
Ct IJb-Mn(2LCt I I) 168.St3) 
Ct 12bMnt2b-Mnt I) 177.1123 
Ct 14)-MdSbMnt I) 8332) 
CT I I bMnt1bMnt I 1 XS.Ot2) 

MnL, groups are joined ky a Mu-Mn single band with 
the equatorial ligands adopting a staggered arrmgement 
on the two metal atoms. Tetramethylthi~~~~~~ ligand is 
coordinated through the sulfur atom and occupies one of 
the equstarial coordination sites. Similar examples where 
u sulfur atom ixcutks an euuutorir\l n&ion include the 
compounds ’ ’ ’ 

The MO-S bond length in 4 I9.$28(2) A) is only 
slightly longer thun the value Q.41 A) expected on the 
basis 9E the cowlent radii sum of Mn and S ( 1.39 and 
I.01 A) [27]. This value is also compamble with tbt 



[2.405(3) Al observed in the mononuclear cationic com- 
plex cis-[Mn(CO),(SC(NMe, )I? 1’ [7] and suggests that 
the thiourea ligand in the present compound is strongly 
bonded to manganese. The C-S double bond distance 
S( 1 )-C(S) = 1.737(6) A is similar to those observed for 
other t)‘S-coordinated thiourea lig,ands, e.g.. CiS- 
[Mn(CO),{SC(NMe,)},]z { 1.752(8)} [7], [OS~CO), ,(q’- 
SC(NMe, )&I {1.74(2) A) [2 1 I, [Os,(CO&( P-OHM CL- 
MeOC=O)(p’-SCXNMe,),)] { 1.739(13) A) [21] and 
[Re&CO)&‘-SC(NEt z )N(H)( p-tolyl))] { 1.7% 1) A) 
[2x]. Other parameters related to thiourea are FS ex- 
pected. although the C(5)-N(2) bond [1.378(7) A] ap- 
pears to be marginally longer than0 the chemically equiv- 
alent C(5)-N( I) bond [ 1.328(7) A]. Similar asymmetry 
was also observed in the two corresponding C-N bonds 
i~I ei.+[Mn(CO),(SC(NMe, )}-,I+ ( 1.328( 1 I), I .306( IO) 
A) [7]. The C(5). N(1) and N(2) atoms have all planar 
configurations, the S( 1 )-C(5)-N( I) angle becomes 
wider compared with S( 1 )-C(5)-N(2) [123.8(S) vs. 
117.1(5P] due to steric interactions of O(3) with both 
the methyl groups on N,( 1) [O(3). . . C(6) = 3.399(O). 
O(3). . .C(7) = 3.345(8) A]. As expected. the Mn(l)- 
S(l)-C(5) angle 1 IlO.3(2)“1 is close to tetrahedral and 
only slightly smaller than the corresponding value 
( 112.6(3F’) in cis-[Mn(CO),(SC(NMe, )),]+ [7]. 

The Mn-C(CO) bopds vary from 1.800(7) to 
1.853(7). average 1.836 A. with the three shortest tends 
lying cithcr rmrls to S( 1 )[Mn( 1 )-C( I J = 1.8 15(7) 51, or 
a/o,tg the Mn-Mn axis [MOn( I )-C(3) = I .805(7) A and 
Mn(2)-C( 12) = I .800(7) A]. The Mn-Mn-CO(equa- 
torial) angles arc al1 nculc [8 I .6(2bWmti(2Y’j and rhc 
(a~(uxiul)-Mn-CC)(equutorial) angles ilIT 1111 oblusc 
[90.6(3) to 96.1(3)“]. All Mn-C-O systems are close to 
linear [ 175,7(5)~- 17Q.2(6h werqg I77.7’] with (116’ C’--0 
distances lying i,ll the narrow range 1, IM(cIb 1.169(7), 
average I. 153 A. l’hwz kwtres t~rc similar IU thoss 
ohservcd for Mn,(C(a),,, [24] and other related mrIal 
cnrhonyl species. The shortett intermole:cular non-hy- 

en contact is 3.190( 10 A involving fhc Q(7) trnd 
C(6) (at 1 + .r. .\‘. ,-I. This valuu suggests fairly tight 
packing of molcculcs in the unit cell. 

Trimethylamine-N-oxide induced reaction of 
Mn,(CO),,, with tetramethylthiourea at 80°C results in 
the -isolation of an yellow coloured complex 5 in 40% 
yield. The infrared spectrum of 5, in the carbonyl 
stretching region, is virtually identical to that of 4 
indicating that they have very similar structures. The ’ M 
NMR spectrum of 5 displays a singlet at fi 3.07 ppm 
(3.23 ppm for 4). This difference is small but remains 
unchanged when a mixed satnple of 4 and 5 shows Iwo 
distinct methyl singlets in the ‘H NMR spectrum. This 
leads us to believe that cotnpound S is an isomer of 4, 
in which the letramethylthiourea ligand is coordinated 
to a manganese centre rhr the sulfur ~MIII d adopts an 
axial position in the coordination polyhedron. We were 
unable to obtain X-ray quality crystals of 5 and so could 

noi co&m the structure unequivocally by diffi_Jlction 
methods. It may be noted in this context that Carriedo et 
al. obtained. by photolysis, an orange coiourcd isomer 
of [Mn,(CO),(SC(NMe,),)] which they claimed to be 
the mid isomer [7]. The colour (orange) and ‘H NMR 
spectrum (a sharp singlet at 6 3.26 ppm) of tbis com- 
pound are virtually identical with our compound 4, 
suggesting that the compound was most probably the 
eqmorid isomer. It may be further noted that although 
the IR spectra for the two isomers 4 and 5 are expected 
to be different, this is not always the case; in many 
M2(CO),L and Mz(CO),L, (M = Mn, Re) type com- 
plexes the carbonyl absorption bands observed for dif- 
ferent isomeric forms are hardly any different [3,28]. An 
interesting aspect of the present study is the dramatic 
dichotomy between photochemical and thermal reac- 
tion- of Mn?(CO),,, with tetramethylthiourea. 

Previous studies showed that for simple substitution 
products of the type [Mn,(CO),jL], the substituent lig- 
and L can occupy either an axial or an equatorial site. It 
seems that steric factors play an important role since 
axial isomers are obtained when L = PPh,, PMePh?. 
PBu,. or P(OPh), [3.29.30] while the equatorial isomers 
are formed when L = PMe,Ph, Py. cu-Pit, acetonitrile. 
EtCN, PhCN, or PH, [3.29,31]. To our knowledge, 
compounds 4 and 5 appear to be the first example of the 
isolation of a dimanganese compound of the type 
[Mn,iCQ),jL] in two isomeric forms. 

3. F,xpcrimental 

All reactions were performed under an atmosphere of 
dry, oxygen-frer. nitrogen. Solvents wcrc freshly di+ 
tilled under nitrogen from usual drying agents immcdi- 
utely hcforc use. Photochrmicul reactions wcrs per0 
formed ky irradiation with a 125 watt medium pressure 
mercury lamp. Infrared spectra were recorded on a 
Pcrkin-Elmer 1420 sl)Llctrophotomctor, ’ N NMR spectra 
were recorded on a Bruker AC-200 spectromtzrsr, I%- 
tnental annlyscs were performed at the microanalytical 
Laboratory. Ins&tit ftir Anorganischc und Analytischr 
Chemie. l_Jniversit:cit Freiburg. Germany. 

Mn,(CC)),,, (0. I99 p, 0.5 I mmol) and tetramethylth- 
iourca (0.067 g, 0.5 I mmol) were dissolved in benzene 
(50 cmj) and taken in a Carius tube. After &passing the 
tube was sealed and irradiated for 5 h. The co!our 
changed from yellow IO orange. The tube was then 
opened and the solvent removed under reduced pres- 
sure. The residue was chromatographed by TLC on 
silica gel. Elution with hexane/CH,CI, (3: 1. v/v) 
gnve one major band which yielded cy-[Mn,(CO)&v’- 
SC(NMe,),}] 4 as brown orange crystals (0.063g. 2!!‘%) 



fmm hexane/CH,Cl, at -20°C. (Found: C, 34.25; H. 
2.62: N, 5.75. C,JH,2Mn2SN,0, requires: C, 34.02; H. 
2.45; N. 5.67%). lR(vC!O, CH$&): 2083m. 2010~~ 
198&s, 1982sh, 1949s, 1912s cm-‘; vCN(KB~): 1552 

- I cm a ’ H NMR (CDCl,): 3.236) ppm. 

3.2. Synthesis ofax-[Mnz(CO),ir)‘-SC(NMe2 )? 115 

A methanolic solution (10 cm31 of Me,NO - 2H +J 
(0.62 g. 0.56 mmol) was added dropwise to a benzene 
solution (SO cm3) of Mn,(CO)r2 (0.205 g. 0.53 mmol) 
and tetramethylthiourea (0.069 9, 0.52 mmol) over 30 

ion mixture was heated to reflux for 4 h. 
as removed under reduced pressure and 

the residue was chrumatographed by TLC on silica gel. 
EIution with hexane/CH$TI, (3:l. v/v) gave three 
bands The faster moving band gave unreacted 
Mn,(CO),, ( - 0,005 g). The second band gave a trace 
amount of an uncharactcrized product while the slower 
moving band yielded ~-[Mnz(CO),Irl’-Sg’(NMe,),)l 5 
as yellow crystals (0,104 g, 40%). Found: C. 34.38: H, 
2,70; N, 5.65. C,,H,ZMn.$N+&, requires: C, 34.02: H. 
2.45: N, 5.67%;): IR(vCO, CH,C12): 2083m. 201Os, 
1986~s. 1982sh. 19 1911s cm-j; vCN(KB~): 1556 
cm=‘. ‘H NMR (C 3): 3.07(s) ppm. 

J.d. X=tcty ~~~~t~~~~~~~~~~~~~ ,firr !M,,#XH,jrj’- 
SC’tNM+ )., If 4 

Table 2 
Atomic coordinates i x IO’) and ,yuivalent isotropic displacement 
parameters (X IO” t?,?, for (Mnz(C0)9(OsH,,NzS)] 4. U(eql is de- 
fined as one third of the trace of the orthogonalized y, tensor 

s Y ,’ Uieq) 

Mnil) 
Mn(2) 
Sill 
WI) 

::!, 
Ok 
o(5) 
o(6) 
o(7) 
O(R) 
o(9) 
Nil) 
N(2) 
Ml) 
O(2) 
o(3) 
O(4) 
Q(5) 
O(b) 
W7) 
8(S) 
8(9) 
alo) 
o(lll 
CYII!) 
Oo(l.fl 
Uld) 

3617.2(1 I) 2668 2i9) 6522.li9) 21(I) 
256.a I I ) 3245.6i9) 7789.1(9) 21(l) 

3558(2) 
33520) 
326Q(5) 
69W5 ) 

3573(S) 
6745) 

631(S) 
-3148(S) 

395i5) 
49w) 

662li6) 
5436w 
3425(l) 
3376w 
5679w 
3SXcu~ 
5353U~ 
6571W 
82tWh) 
t&%(8) 
428W) 

556U) 
52W) 

“-’ IXlOw 
3H1(7) 
4lHI7) 

8170 
4905i4) 

6999(J) 
2151(4) 
45300) 
61.384) 
3oosw 
3967(4) 

239W 
332W) 

14OU) 
- I607iS1 

4053(7) 
1453(6) 
2327i6) 
38 I3(6) 

- 35%6) 
I34ti6) 

- S%(6) 
-2728(h) 
- MS l1(61 

5OlH(7) 
3085W 
369tM6) 
l385t7) 
33OOW 

8385i2) 
43 15(4) 
5240(4) 
4994(41 
Sl64iS) 
708Y(4) 

\0322(4) 
8973(4) 
8313U) 
SOWJ) 
a-w51 
XO46W 
5 l9(Nh) 
5745(6) 
!%35(6) 
7>31(6) 
8032(S) 
8234(6) 
6954i6) 
85OlW 
7858~6) 
7331161 
934 116) 
x5 I M(6) 
XI 13(6) 
6W!‘(71 

24(l) 
37(l) 
3lil) 
36(l) 
40(l) 
30(l) 
43(l) 
33(l) 
3’6(l) 
41(l) 
26(l) 
26(l) 
30(2) 
22(2) 
26(2) 
242) 
‘I(‘3 
31(2) 
3OU) 
3&E?) 
3Ii2) 
231’) 
26W 
2K!) 
2%2) 
97(Z) 

spetively. for 268 g%alWnaers and 2149 duta ( CJ,,,,,,, 

P”, % -8.M. 0.35 eA=’ ‘: ( d/a Imilk 0.01). The corre- 
spunding rr*R: and W, values for the l(ic13 data with 
4, > 4aQ I;,,, were ~.~)~~ und 0.039 re 
grams were drawn with SNOOP1 [36]. 
were ~rf~~~ned on a Pentium PJ-90 personal computer. 
Sources of seutteping factor dutu are given in ref. 1351. 

ths and angles. and frrartionirl coordinates 
of the n~nhyd~~~en atoms are given in Tables I and 2, 
respectively. The anisotropic displacement parameters 
of the non-hydrogen atoms, hyd~~et~ atom parameters, 
and tables of structure factors have been deposited as 
supplementary materkl. 
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