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Abstract 

Three mononuclear 1,3,5-trimethylbenzene (mesitylene) carbonyl transition metal complexes, mesitylene tricarbonyl chromium, 

(CH,),C,H,Cr(CO), cl), mesitylene tricarbonyl tungsten, (CH,),C,H,W(CO), (2), mesitylene tricarbonyl manganese tetra-fluoro- 

borate, [(CH,),C,H,Mn(CO)IIBF, (3); and three clusters, mesitylene nonacarbonyl tetracobalt, (CH,)sC,H,Co,(CO), (4), 

mesitylene carbido tetradecacarbonyl hexaruthenium, tCH,)sC,H,Ru,C(CO),, (5) and carbido heptadecacarbonyl hexaruthe- 

nium, Ru,C(CO),, (6), have been studied by means of ‘H, ‘aC and natural abundance “0 NMR spectroscopy. Generally, the ‘H 

and ‘sC NMR chemical shifts of the aromatic protons and carbons in the compounds studied show clearly shielded values when 
compared with those of uncomplexed mesitylene. The ‘sC NMR chemical shifts of the carbonyl groups show an inverse relation 

with the corresponding “0 chemical shifts in agreement with the effect of a-backbonding. ‘J(C, H) spin-spin coupling constants 

of aromatic carbons in mesitylene moiety of chromium and tungsten complexes show clearly increased values when compared with 

uncomplexed mesitylene. This can be explained by an increased s-character in the C-H bond induced by the n-effect of the bound 

metal. Of the NMR methods studied, “0 NMR was shown to have very promising properties owing to the exceptionally high 

sensitivity and small line width of NMR signals. 

1. Introduction 

13C NMR data on organometallic carbonyl com- 
pounds have been collated by Mann and Taylor [l], but 
there has been little success with theoretical treat- 
ments of i3C NMR chemical shifts of organometallic 
compounds (ref. 1, p. 91, so additional studies are 
necessary. 

Regarding the ‘H NMR chemical shifts of the tran- 
sition metal rr-complexes, the clear increases in the 
shieldings of aromatic protons have been explained 
qualitatively in terms of influence of asymmetrical 
charge distribution of valence orbitals of the transition 
metal [2]. The resulting magnetic moment deshields 
the metal nucleus itself at the same time [21. 

In spite of the availability of ‘“C NMR data on 
metal carbonyls [l], only a few papers have dealt with 
13C and “0 NMR spectroscopy of arene transition 

Correspondence to: Dr. E. Kolehmainen. 

0022-328X/93/$6.00 

metal carbonyls such as toluene or xylene tricarbonyl 
chromium, tungsten and manganese complexes [3,4]. 
“0 NMR spectroscopy, however, has been shown to 
have great promise for studies of Mn, Fe and Co 
carbonyls owing to favourable NMR linewidths over a 
wide temperature range [5]. 

We describe a multinuclear magnetic resonance 
spectroscopic study of mesitylene carbonyl rr-com- 
plexes of five different metals uiz. mesitylene tricar- 
bony1 chromium, (CH,),C,H,Cr(CO), (I), mesitylene 
tricarbonyl tungsten, (CH,),C,H,W(CO), (21, mesity- 
lene tricarbonyl manganese tetrafluoroborate, [(CH,),- 
C,H,Mn(CO),]BF, (31, and three clusters, mesitylene 
nonacarbonyl tetracobalt, (CH,),C,H,Co,(CO), (41, 
mesitylene carbido tetradecacarbonyl hexaruthenium, 
(CH,lIC,H,Ru,C(CO),, (S), and carbido heptade- 
cacarbonyl hexaruthenium, Ru,C(CO),, (6). This was 
carried out in order to deepen our knowledge of their 
“0 NMR spectroscopic properties and to compare the 
data obtained for these substances by multinuclear 
magnetic resonance methods. 
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Considering this set-its of compounds, the elemcnt~ 
Cr and W are typical rcpresentalives of Ihr: Group 0 

transition metals and Mn is 21 rcprcsentativc of Group 

7. The cationic moiety in mcsitylenc tric,irhonyl man- 

gancsc can he used in estimating the inl‘luencc of the 
charge on the observed NMK paratncters. fiu and (‘0 
are representative transition mctat\ of Groups S and 9. 

respectively. Further, three of the clusters provide op- 
portunitics for clarifying the differencca hctwcbcn momI- 

and polynuclcar transition metal dcrivativc\. 

Multinuclear magnetic resonance spectroscopy is an 
especially attractive method for thew htudicu. bccausc 
‘H, “C and “0 nuclei can probe the trancition metal 

at different distances. 

2. Experimental section 

2.1. Syn thcws 
Compounds 1-6 were synthesized by the followinp 

procedures: 
1 (mesitylene tricarbonyl chromium. (CH i),C:,H ;- 

Cr(CO), [(I]. A mixture of Cr(CO), (0.50 g: 2.3 mmol) 
and 3 ml of mcsitylene in SO ml of digtymc and 10 in1 of 
heptane was refluxed for 6 h (up to the end of Ihc 
process of carbonyl sublimation 1. After wo!ing. 1 Iw 
solvent was evaporated under reduced prcssurc. The 
rcsiduc was chromatographcd on an Al .C), column 

using ben;lenc,/perrolcum ether tnixturc ( i : 1. Y//I.) as 
an elucnt. The yellow hand was collec~ccl gi\,inp the 
product (yield: 60(‘; ). 

2 (mcsitylene tricarbonyl tungsten. ((‘1-i .i ),C’JI.;- 
W(CO), [7]. The procedure was the same IIS Ior I. [.(I p 

(2.8 mmol) of W(CO), gave 2 iyicld: 35% ). 
3 (mesitylene tricarbonyl manganese tc’Iritfluorc)bo- 

rate, I(CH.;)i(‘,,HiMn(CO),lB~,) [ri]. A mixture of 
CIMn(CO), (0.23 g: 1.0 mmol) and 0.5 ml of mcsilylcne 
in 5 ml of CF,COOH has rctluxed for 2 h (until the 
colour became yellows. After cooling. 0.3 ml of 38’; 
aqueous HBF, was added. The solvent w;th aaporatcd 
under reduced pressure. T‘hc residue wax uahhcd with 

ether and reprccipitatcd from a mixture (pi ixthcr :ind 
CH 3N02. The yield was 7:;;‘);. 

4 (mesitylenc nonacarbonyl tctracobalt. (CH 1 ji- 
C,,~-1,Co,(COL,) [4]. A tnixuturc of C0,(Co), (0.33 g; 
1.0 mmol) and 3 ml of mcsitylene in 70 ml of hexanc 
was refluxed for __ 3? h After cooling, the wlution was 
chromatographcd on a silica gel column using a mix- 
ture of benzcne/pctroleum ether (1 :5. I /\I) as m 
clucnt. After separation of the first brown band con- 
taining an excess of ligand and sonic nonwrictcd cob;iit 
carbonyl, a dark-green hand was collected. After evap- 

orating the solvent under reduced prcswrc. thy\ yield 
of 4 was .5SPi 
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TABLE I. ‘H NMR chemical shifts, ppm from TMS for l-5 

Solvent fi(CH,) 8tH aryl) ref. 

1 (CD&CO 2.19 5.18 4 

CD&I, 2.17 4.93 

2 CD&I, 2.42 (2.17 “) 5.18 (4.94 “1 

3 CD&I, 2.50 5.93 

4 (CD,)@ 2.53 6.23 4 

CD&I, not obs ’ not obs ” 

5 (CD&CO 2.38 5.72 

a Weak signal, whose origin is not clear. h Co-cluster 4 gave only 

very poorly resolved ‘II spectrum in CD,CI,. 

transformation (FT) to improve S/N in the frequency 
spectra. All “0 NMR chemical shifts are referenced to 
the signal of an external D,O (6 = 0 ppm) tube in- 
serted coaxially inside the NMR tube. These shifts are 
uncorrected for the *H isotopic shift of -3 ppm [lo]. 

3. Results and discussion 

The ‘H chemical shifts, 13C chemical shifts (‘J(C, H) 

coupling constants), and “0 NMR chemical shifts are 

collected in Tables 1, 2 and 3, respectively. The struc- 
tures of compounds 4-6 are described in Fig. 1. 

A general feature of the ‘H NMR chemical shifts 
(Table 1) of all the compounds studied, is the clear 
shielding of all aromatic protons of mesitylene moiety 

in comparison with uncomplexed mesitylene, 6 = 6.64 
ppm [ll], in agreement with the values observed earlier 
for the related organometallic r-complexes [2,4]. 

The ‘H NMR chemical shifts of the aromatic pro- 
tons of the mesitylene moiety in the chromium and 

tungsten complexes measured show only a difference 
of 0.25 ppm [G(W-complex) 5.18 ppm; 6 (Cr-complex) 

TABLE 2. r3C NMR chemical shifts S, porn from TMS and ‘J(C, H) 
coupling constants, Hz, of compounds 1-6 measured at 30°C for 

saturated solutions in CD,CI, 

?%CH,)/ ‘J 6(C-H)/ ‘J G(C-CH,) 6tCO) ref. 

1 21.0 92.4 111.5 235. I 4 

21.2/129.1 93.0/171.2 112.1 235.1 

2 21.0/129.1 91.4/173.1 a 111.5 h 213.3 

3 21.0 96.4 101.3 202.4 ’ 

4 19.6 93.8 107.3 206.6 4 

20.3 94.5 108.0 not obs 

20.2 d 95.1 d 108.7 d not obs ’ 

5 ‘.’ 23.3 92.3 105.8 198.2 r 
6 c.e _ _ _ 198.2 f 

a 2J(C, H) = 4.9 Hz, h ‘J(C, H) = 4.9 Hz. ’ Required overnight accu- 

mulation (> 8000 scans) for proton noise decoupled “C NMR 

spectrum. d Measured in (CD,),CO, C=O overlaps with the signal of 

(CD,),CO. ’ Measured in (CD,),CO, this compound did not give 

reliable signals in CD,CN and CDCI, owing to low solubility. ’ 
Interstitial carbon not observed. 

TABLE 3. “0 NMR chemical shifts S, ppm, from the signal of the 

external DzO and “0 NMR line widths L, Hz, of compounds 1-6 

measured at 30°C 

6(C”O)/L 

CH ,CN CDCI, (CD&CO 

1 370.5 ‘l/50 371.5/50 _ 
2 347.8/50 348.5/50 _ 
3 386.7/50 not obs _ 
4 350.9 h not ohs _ 

5 not obs not obs 394.2/100 
6 not ohs not obs 394.2/100 

a At 60°C 371.7 ppm. h Very broad signal, L > 500 

4.93 ppm]. Mesitylene tricarbonyl manganese (3) shows 
a ‘H chemical shift value (6 = 5.93 ppm) that is clearly 
less shielded than 1 and 2. The cluster compound 4 
containing cobalt exhibits the most deshielded value 
(6 = 6.23 ppm) differing only slightly from that of the 
uncomplexed mesitylene [l I], while in the ruthenium 
cluster (5) the shift is again more shielded being 5.72 

ppm. 

CH3 

Ru(CO)-~ 

Ru(CO), 

Fig. I. Structures of transition metal carbonyl clusters 4-6. 



In order to explain these I‘indiJJgs the internal aJ-chi- 

tecture of the co~npl~xcs and the anisotn~py (of the 

metal-arene bond should 1~ taken irJto ~tcu~Ljn~_ [4]. In 
addition to the diamagnetic: scrwning cl‘fect~ mcJJ- 
tioncd previously [Z]. the pcrturhutions 01 :hc z--cIcc- 

tron density induced hy cljangc~ in tr-~:lc’~.t IOII densit) 

arc also effective (I-cf. 1, p. I-1). 

The ’ ti NMR shifts of’ the JnethyI grc~_~ps within 

each compound arc similariy cquivalcnr u,ith those 1t1‘ 
the aromatic goL~p\ rcvcaling that the asiai syrnlnetl~ 

of the arcne is maintained during c*clmplcx;:t ion or that 

the signal is ;J time avcragc 01‘ ;i i’asi ;-o!ating arc1 

moictb. The dcviationa tron! itic \aluc ot the mcrhyl 

groups of the L~~xx~n~plexecl mc-sitylcnc (6 .-___1 ’ 77 ppm) 

[ 1 I] arc clearly smullcr hii Ihcw 01’ Lhc ,Ir’cmatic 
signals. Further. thcrc exists if-1 this betics (>I’ corn-- 

pounds 3 clear corrclaticai hctwecii ill,, ‘Ii NMK 

chemical shifts 01’ aryl protons and those @)I methyl 

protoiis suggesting the 5amc ijrigins for Lhc chemical 

shift changes i~r both tl,pe\ of proton> in I!~L. mckitylcne 

moictics. 

In “C NMR chemical shifts there ~OCY not exist 
such ;I clear correlation l~etwc~~~ the arti :ml methyl 
“C NMR chemical shifts as observed in ‘t i NMII 
chemical shift>. 111 cornpound~ I-3 the values 

93.0/‘4 1.4,/%.1 (C ‘.- HI !3. i l.:.l,‘i 1 !.5,‘?01.? iC. 

CH3) merely imply an invcrsc rclatic\n bcta~_~n the 
chemical shifts of these two type of c;.~rbor~~. The ’ ‘C 

NMR chemical shifts of czrrlwnyl c:;!ri~~)ns, I,ciJJg 

35.1/213.3/‘?0?_.3 ppm ((~‘ ’ =(I). 21-c by IICI iw;ins rt‘- 

Iated with those of the methyl or arbi ~~rh~~~~. Ckrncr- 

ally, thcsc findiJlgs suggest difl’crcnt c)riginh loJ- the “C‘ 
NMR chemical shift> of difl’crcnt :ypck 01 c~~riwn~. 

However. as in the case of ‘H NMK c~hemic;tl 4iil’ts. alI 
aromatic “C NMK chemical shift\ show clear1) 
shielded values in cctmparison ~\ith the L~ncornplcxed 

mesitylcne. This cilct might he due IO thr: diamag- 

netic shift induced h\z metal v:ilence clt~ctrons I^‘.] 

and/or 13) (r-effects (ref. I. p 14) :IS iu 111~. c;iw of 

proton chemical 4ifts. One should rcrncnitwr. how- 

ever. that the main contJihution 01’ c&on ilJcmic;il 
shifts is explained by the p;trani;Jgnctic screening 1‘;rotor 

dependent on, for csample. the avcragc cwitation CJI- 

ergy and bond orders [3]. In :~dditiorJ. the, I\L~C~CLII. size 

and net charge ;JIw shoultl bc rahcc intcj :rc‘count /3]. 

Therefore. the clarification of the signit’icancc tri‘ a11 

these factors is ;I wry complicated task. b11t it ik in 
principle possible 17,. conJparib(,Jl of the ^\MK dai;~ 

obtained from various atoms and NMK JJlJcici. 
The interstitial carbon included in tl11‘ y!ructurc 5 

and 6 ia \cry J-arc and i4 thercf’orc Jntwrcsting. At- 
tempts to ohscJ~c the “C’ NMR chi:micA 4Jift of that 
carbon in these clusters wrc’. however. uw.JJ~esstuI. 

The special fcaturcs of the “C’ NMR chcn~ical shifts 



E. Kolrhmainen et al. / Spectroscopy of transition metal carhonyl clusters 277 

The 170 NMR chemical shifts of the present car- 
bony1 complexes are in the range of 340-400 ppm from 
the water signal, which is similar to the other arene 
(such as toluene) carbonyl transition metal complexes 
[3]. 170 NMR chemical shifts of metal carbonyls (refs. 
1 and 13, p. 28) and some acyl derivatives (ref. 13, p. 
27) are also comparable with the present values, which 
are substantially smaller than those of ketones and 
aldehydes (ref. 13, p. 26). 

under consideration to change of solvent indicates that 
the latter do not show any particular tendency to 
coordinate with the carbonyl oxygen of the complexes 
studied. 

4. Conclusions 

The situation in which all the carbonyls give only 
one signal could arise from molecular symmetry, by 
very small differences in chemical shifts, which seems 
improbable owing to the large chemical shift difference 
of the terminal and bridged carbonyl “0 resonances 
(ref. 1, p. 1.5) or by the fast exchange conditions in the 
170 NMR timescale. 

Regarding the relation which holds for common 
organic molecules between the “0 NMR line width 
and molecular size (reorientation time) [13], the I70 
NMR lines of the present complexes are surprisingly 
sharp and thus suggest rapid interconversion of all CO 
ligands [4]. 

The present series of 1,3,5_trimethylbenzene 
(mesitylene) carbonyl transition metal compounds: 
mesitylene tricarbonyl chromium, (CH 3)3ChH ,Cr(CO), 
cl), mesitylene tricarbonyl tungsten, (CH3),C,H3- 
W(CO), (2), mesitylene tricarbonyl manganese te- 
trafluoroborate, [(CH 3)3ChH ,Mn(CO),lBF, (31, and 
clusters, mesitylene nonacarbonyl tetracobalt, (CH 3)3- 
C,H,Co,(CO), (4), mesitylene carbido tetradecacar- 
bony1 hexaruthenium, (CH,),C,H,Ru,C(CO),, (5) and 
carbido heptadecacarbonyl hexaruthenium, Ru,C- 
(CO),, (6) forms an interesting topic for multinuclear 
magnetic resonance spectroscopy, as there are only a 
very few previous studies in this field of arene carbonyl 
transition metal complexes. 

Hickey et al. [3] have studied some related systems 
containing toluene, o-, m- and p-xylene W(CO), com- 
plexes etc., but not mesitylene. Comparison between 
the present study and that mentioned above [3] shows 
that the values of mesitylene/ toluene complexes are 
very similar, being for the Cr-complex 370.5/370.0 and 
for the W-complex 347.8/345.9 ppm, respectively. In 
the present mesitylene series of complexes, the cationic 
manganese compound 3 shows the most markedly 
deshielded chemical shift, 6 = 386.7 ppm. The cluster 4 
shows a singlet line at 350.9 ppm which is clearly 
broader (> 500 Hz) than the other compounds. At- 
tempts to resolve the spectrum into the separate lines 

respectively originating from the different carbonyls 
below the coalescence temperature also failed with this 
cluster. 

The ‘H and 13C NMR chemical shifts of the mesity- 
lene moieties are characterized by increased shieldings, 
which might be caused by diamagnetic screening of the 
metal valence electrons. 

Regarding the carbonyl groups, their 13C NMR 
chemical shifts follow known rules concerning nuclear 
size and charge. The opposing trends in 13C US. 170 

NMR chemical shifts can be explained by the r-back 
donation properties of the metal d-electrons. 

The ‘J(C, H) coupling constants in aromatic C-H 
bonds of mesitylene metal carbonyls are clearly in- 
creased compared with uncoordinated arenes. This in- 
creased s-character in the bond can be explained by a 
transition metal-induced a-effect, which disturbs the 
whole r-system of the arene. 

Both ruthenium clusters 5 and 6 gave exactly the 
same 170 carbonyl chemical shift 6 = 394.2 ppm (their 
13C NMR chemical shifts were similarly the same being 
6 = 198.2 ppm). Thus the mesitylene moiety does not 
seem to affect the chemical shifts of the carbonyls of 5. 
This is probably because in 5 the ruthenium atom 
bound to the mesitylene moiety does bind any car- 
bonyls directly (see Fig. I). 

Three, or even more in favourable cases, different 
NMR nuclei included in the structures of transition 
metal mesitylene carbonyls provide three different 
points of view on their structures and properties. In 
this work all three NMR nuclei utilized gave spectra 

characterized by fast exchange limit giving only one 
line per type of atom. By comparing the results from 
different nuclei, it was possible to draw qualitative 
conclusions concerning the relative importances of dif- 
ferent intramolecular effects. 

The opposing trends in the “O/ 13C NMR chemical The low solubility of organometallic carbonyls is 

shifts of CO resonances in the present compounds often a serious limiting factor and therefore some “0 
have been explained [3] by the backdonation of metal enrichment studies may be necessary. In spite of that, 
d-orbital to the r*-orbital of CO. This tendency, how- the “0 NMR experiments at natural abundance can 
ever, is accompanied by many other effects and cannot also provide useful information owing to the very 

be utilized in more far reaching discussions in the favourable line widths and sensitivity in comparison 
present case. The lack of response of I70 NMR chemi- with common organic compounds of the same molecu- 

cal shifts of the carbonyl groups of the compounds lar size. 
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