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summary 

Irradiation of alkenylarene tricarbonyl-chromium, -molybdenum, and -tungsten 
compounds in which the double bond is separated from the arene moiety by 
a two- or three-atom bridge results in intramolecular cyclization to give stable 
chelate alkenylarenedicarbonylmetal complexes. Chelate complexes containing 
four-atom bridges have low stabilities, and those with monoatomic bridges are 
not formed at all. Irradiation of styrenetricarbonyl-chromium and -molybdenum 
leads to dinuclear tricarbonylmetal-dicarbonylmetal complexes. The chelate 
complexes obtained have been studiedby IR, proton NMR, and 13C NMR spec- 
troscopy. The electron density distributions and the stereochemistqy of the 
complexes are discussed. With nonsymmetric arenes, diastereoisomers are formed; 
the predominant isomers have been isolated in the pure form. According to the 
proton NMR data the double bond in alkenylarenechromium chelates is parallel 
of nearly parallel to the arene ring plane. 

Introduction 

Most of the known complexes of the type arene - M(C0)2 - (monoolefin) 
(M = Cr, MO and W) are chromium derivatives. Among these complexes of 
olefinic r-acids such as acrylonitrile, maleic anhydride, maleic and fumtic acids 
are rather stable [l-4]. Chromium complexes of olefinic n-bases have low stabi- 
lities and the only known compounds of this type contain ethylene [5,6], cyclo- 
pentene and cycloheptene [6]. Propylene and other alkyl-substituted olefins 
do not form such complexes_ The only reported molybdenum derivative of 
t.his type is mesityleneethylenedicarbonylmolybdenum [ 5,7], while no arene - 
W(C0)2(olefin) complex is shown. 

At the same time, metal complexes of monosubstituted olefins are promising 
models for spectral studies. The determination of the stereochemistry of the 
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complexes is an important problem; in particular, the relative orientations of 
the arene and olefinic moieties are of interest. Another point of interest is the 
electron density distribution in chelate molecules as compared with their non- 
chelate analogues and also with complexes of the general type arene 9 M(CO)*L 
(L may be CO, PPh3, etc.). In this work we describe the synthesis and spectra 
of a number of alkenylarenedicarbonyl-chromium, -molybdenum and -tungsten 
complexes * . 

Results and discussion 

Chelate complexes were synthesized in two steps. Firstly, the arene tricar- 
bonylmetal complexes (I) containing a free double bond in the o-position of 
the side chain were prepared. Chromium complexes I were obtained as recom- 
mended [12]. The molybdenum and tungsten derivatives were previously described 
by us [13,14] with the exception of the new compound [(3,5dimethylphenyl)- 
butene-l]tricarbonylmolybdenum. The second step was the UV irradiation 
of complexes I. This resulted in the elimination of CO and formation of intra- 
molecular coordination bonds leading to complexes II. 

XCH=CHz hv 

(I) tn> 
(rd = Cr. MO, W ; J-I = 0,2,3,5; X = 0CH2, CH2CH2. CH20CH2, (CH, lx, (CH,), 1 

Chelates II were only formed if the bridging groups X contained two or three 
atoms. Elongation of the bridges by one more atom has a strong destabilizing 
effect; the fall in stability was most marked with oxygen-containing bridges. The 
yields of chromium chelates were rather high. All products were crystalline 
orange or yellow solids. To prove the monomeric structure of the chelates, 
molecular weights of three chromium complexes II containing ally1 phenyl ether, 
phenylbutene, and phenylpentene as ligands were measured by cryoscopy in 
benzene. The observed values agreed with the calculated ones (given in paren- 
theses): 236 (242), 233 (240), and 244 (254), respectively. 

The conversions of arenetricarbonyl-molybdenum and -tungsten complexes I 
to chelates II were poor. Bubbling an inert gas through the solutions during 
irradiation was essential to shift the equilibria to the side of II by removing CO 
from the reaction zone. Prolonged irradiation gave complete consumption of I 
and was accompanied by considerable decomposition of chelates II. To obtain 
-hhe optimum results, the reaction was monitored by IR absorption in the 
2000 cm-’ region. After the accumulation of sufficient quantities of molybdenum 

* After our first communication [S] on the synthesis of al2;enylarenedicarbonylchromium com- 
plexes. similar compouzxis have been reported by Trahanovsky et al. [9]. These authors have 
also described the synthesis and 13C NMR spectrum oi the related dicarbonylchromium complex 

with benzonorbornadiene [lo] and its reactions with various compounds [ll]. 
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chelates II these were separated from I by crystallization to give the desired 
products in satisfactory yields. With tungsten, reaction mixtures contained 
only very small amounts of II even after prolonged (for several days) irradia- 
tion. For that reason, arenealkenyltricarbonyltungsten complexes were not 
isolated and were only characterized by their IR spectra in the 2000 cm-’ region. 
The observed reduction in the rate of substitution of CO by olefinic on going 
from chromium to molybdenum is in agreement with Strohmeier’s data [153. 
on the photochemical substitution of 14C0 for 12C0. For the tungsten arenetri- 
carbonyl complexes, no substitution was reported in that work. The formation 
of appreciabie amounts of tungsten derivatives II may therefore be attributed 
to the chelate effect. It should be noted that tungsten complexes II reported 
here provide the first example of complexes of the type arene - W(CO&L where 
L is a two-electron ligand. 

With a one-unit bridge between the arene and olefinic moieties as in allylben- 
zene, irradiation of the corresponding tricarbonylchromium derivative resulted 
in its decomposition. In the absence of bridging groups as in styrene-chromium 
[16,17] and -molybdenum [14] derivatives, the reaction yields dinuclear com- 
plexes III under the same conditions. Both products were isolated as very 
unstable cherry-coloured solids and were characterized by elemental analysis and 
IR spectra. The structure of the chromium derivative was substantiated by its 
reaction with PPh, which under reflux in benzene for several minutes gave 

(III, M = Cr, MO) 

completely styrenetricarbonylchromium and styrenedicarbonyltriphenylphos- 
phinechromium in a ca. l/l molar ratio according to the IR spectra. The products 

were isolated in approximately the same ratio by TLC on silica gel. The formation 
of complexes III may be explained by the electron-withdrawing action by the 
substituent at the double bond. 

Qualitative comparison of alkenylarenechromium chelates with their 
nonchelate counterparts shows the former to be far more stable towards 
heat, oxidation, and towards triphenylphosphine. As mentioned, the double 
bond in chromium complex III may easily be replaced by PPh3. Substitution 
of triphenylphosphine for cyclopentene in hexamethylbenzene dicarbonyl 
chromium occurs under the same conditions IS], whereas with phenylbutene- 
dicarbonylchromium, the reaction requires refluxing in benzene for several 
horcrs, and with the corresponding molybdenum and tungsten derivatives, the 
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substitution does not occur. The initial complex remains intact even after reflux- 
ing with PPh3 in benzene for many hours. It is of interest that UV irradiation 

i- PPh, 

reflux in C,H, 
C 

3-5 h 

hv 

Q- CH,CH,CH =CH 2 

cX/cT;,Pfl, 
co 

tm, 

of phosphine derivatives IV leads to recovery of the chelates II with displace- 
ment of PPhB rather than CO. 

We have studied the IR, ‘H and 13C NMR spectra of chelate alkenylarene 
chromium complexes II which are more readily accessible than the molybdenum 
and tungsten derivatives. For comparison purposes, the spectra of tricarbonyl- 
arenechromium complexes I and of the related nonchelate complex, mesitylene- 
ethylenedicarbonylchromium [ 5 3, have also been measured. 

IR spectra. The spectra of LCr(CO)3 (I) and LCr(CO), (II) where L is an 
alkenyl ligand contain two absorption bands in the carbonyl stretching 
region (see Tables l-3). A considerable decrease in the ~(-0) frequency is 
observed on going from I to II (that is on replacing one CO ligand with an ole- 
finic group). This implies that the combined (0 + TIT) effect of the double bond 
generates a higher electron density on the metal compared with that of CO. As 
with arenetricarbonylmetal I, an increase in the number of electron-donor 
substituents on the ring shifts v(C=O) in II to lower frequencies. Similar effects 
have been reported for arenetricarbonylmet complexes [ 18-211 and nonchelate 
alkenarenedicarbonylchromiums [ 4,6]. In all complexes I, the A 1 and E vibra- 
tions are separated by some 70 cm-‘, whereas in II, the frequency difference 
decreases to ca. 50 cm-‘. A similar splitting is observed in the spectrum of mesity- 
leneethylenedicarbonylchromium [ 51 (Y(C=O) 1864, 1917 cm-‘). The variations 
of v(C=O) being dependent on the size of the chelate cycle are characteristic 
for alkenylarenedicarbonylmetal complexes. Thus, Y(C~) gradually shifts to 
lower frequencies as the number of bridging CH, units increases from two to 
four in phenylalkenemetal complexes II. A similar pattern is observed for com- 
plexes with oxygen-containing bridges, 11(2) and II(B), and also for arene com- 
plexes containing methyl substituent in the ring (Table 2,3). The frequency 
shifts may, at least in part, depend on the steric strain in the chelate cycle. This 
interpretation finds support in a small (5-10 cm-‘) increase in v(CEO) going 
from the chromium chelate complexes II to their molybdenum and tungsten 
analogues (the corresponding frequencies in molybdenum and tungsten com- 
plexes are similar). The frequency pattern thus parallels the increase in the metal 
radius: Cr (1.25 A) < MO (1.36 A) = W (1.37 A) [22]. Steric strain in chelate 
cycles increases in the same series 1231. On the other hand, far smaller variations 
of v(C=O) are observed in arenetricarbonylmetals in going from Cr to MO to W 
(within l-3 cm-‘). Unlike arenetricarbonylchromium complexes I( 7)-I( lo), 
compounds 11(7)-E(10) show an insignificant dependence of v(m) on 
the position of methyl substituent in the arene moiety. The frequency shifts 

(continued on p. 329) 
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TABLE 3 

IR SPECTRA OF CHELATE ALKENYLARENEDICARBONYL-MOLYBDENUM AND -TUNGSTEN 

COMPLEXES LM(CO)2 (II) 

L in LM(CO)z M= MO M = w 

C6H5CH2CH$H=CH2 1883.1938 1883.1940 
C6Hg<CH&CH=CH2 1877.1931 1876.1930 
3,5-(CH3)2C6H3CH2CH2CH=CH2 1871.1929 1874,193O 

(Av) of 3 cm-’ in U(7), 11(9) and of 4-5 cm-’ in H(8), 11( 10)) are observed when 
a CH, group is positioned ortho to the bridge. The ortho-methyl substituent 
may interact sterically with the olefinic moiety thus causing small changed in 
the metal-olefin overlap (see below the discussion of the proton NMR spectra)_ 

13C NMR spectra. The 13C NMR method may also be used to gain information 
about the CO carbon atoms in carbonylsmetals [ 24,251. Comparative studies 
of carbonylmetal complexes by 13C NMR and IR spectra has allowed the 
authors [26-311 to correlate S(C0) and iz(C0). A general conclusion has been 
made [24,30] that an increase in the electron density on a metal atom leads to 
deshielding of the carbonyl carbon atoms because of an increase in the electron- 
releasing potential of ligands L [32] or a decrease in their electron-withdrawing 
power [ 301. 

With alkenylarenemetal chelates II, the carbonyl signals show downfield 
shifts from those in arenetricarbonylchromium complexes [30,33-381 (As(C0) 
12 ppm with respect to 6(CO) for mesitylene * Cr(C0)3 in CH,Cl, [33]). Accord- 
ing to literature data, substitution of PPh3 for one of the CO groups in arene 
tricarbonyl compounds results in lesser deshielding of the CO groups (As ca. 
7.2 ppm). This observation contradicts he generally accepted view that PPh3 
generates a larger negative charge on the metal than does CO. Thus, the carbonyi 
ligands in [ C5H,Fe(CO)2L]+PFh- are deshieldnd to a somewhat larger extent 
when L is PPh, than when L = C2H, [31]. With alkenylarene chelates II, 
deshielding of the carbonyl carbon atoms may in part be due to steric strain 
in the chelate cycle. Thus, the carbonyl carbon signal in ($-benzonorbomadiene)- 
dicarbonylchromium [lo] is shifted downfield from that in the dicarbonyl- 
chromium 3,5_dimethylbenzyl ally1 ether complex by 3-4 ppm dependirig 
on the solvent. 

Assignment of the alkenylarene 13C NMR signals was made from comparisons 
with literature data on coordinated arenes [ 37 and ref. cited therein] and olefins 
[40 and ref. cited] and on the basis of proton undecoupled 13C-lH spectra. 

With the 3,5-dimethylphenylbutene-1 complex, substitution of the olefinic 
ligand for one of the mesitylenetricarbonylcl~ronium CO groups shifts the 
arene carbon atom signals to higher field, though not as high as on substitution 
of CO by PPhB [39]. At the same time, the C(3) and C(5) nodal carbon atoms 
in the _3,Bdimethylbenzyl ally1 ether derivative are shielded from the correspond- 
ing PPh3 complex and 13CH atoms of the arene ring are generally deshielded 
from those in mesitylene - Cr(C0)3 [33]. 

The vinyl carbon atoms undergo upfield shifts of ca. 70 ppm on n-coordination 
with the metal, the shifts being somewhat larger in the 3,5-dimethylbenzyl ally1 

(continued on p_ 335) 
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ether complex; this agrees with the higher stability of this compound_ In both 
complexes, the terminal vinyl carbon signals show larger shifts, possibly 
because of the smaller carbon-chromium distances [41]. 

The 13C--lH couplings in coordinated olefins and arenes in II differ only 
slightly from those observed in free olefins [ 38,401 and arenetricarbonylchrom- 
ium complexes [ 37,38,42], respectively. 

‘N NMR spectra. The proton NMR data on arenetricarbonylmetal complexes 
I and alkenylarenedicarbonylmetal II are listed in Tables 5 and 6. Complexes 
I follow established patterns with proton signals showing upfield shifts on 
coordination [ 19-21,42-511, ring proton shieldings decreasing in the order 
Cr > W > MO [44,47] which is in agreement with the complex stability pattern, 
and proton spin-spin coupling constants decreasing on complex formation 
[19-21,42-511. 

On going from I to II, ring proton shielding generally increases. Concerning 
the arene-methyl groups, the effect of coordination varies from weak shielding 
to weak deshielding. It is noteworthy that in mesityleneethylenedicarbonyl- 
chromium [ 51, both ring- and arene-CH3 protons are shielded compared with 
those in mesitylene - Cr(CO)+ This observation and the IR data confirm the 
suggestion that the olefinic group RCH=CH, (R = alkyl) increases the electron 
density on the metal. In the triphenylphosphine complexes arene - Cr(C0)2PPh3, 
the effect is even more marked [ 501. 

Comparison of the ring proton chemical shifts in I and II is based on averaged 
values. Ring proton signal assignments and the assignment of arene CH3 proton 
signals in II except for the 2,5_dimethylphenylalkene complexes II(S) and II( 10) 
were not made. In the latter case, the assignments were based on comparisons 
with the ordering of spin-spin coupling constants in II and I (Jortho > Jmeta > 
J,,,) (Table 6). As in other transition metal complexes [ 52,531, coordination 
of vinyl groups in complexes II leads to large upfield shifts of the correspond- 
ing proton signals. Average vinyl proton signal shifts are on coordination 3.08 
ppm in the benzyl ally1 ether complex, 3.22 ppm in the 3,5_dimethylbenzyl 
ally1 ether complex, 3.54 ppm in Lie 2,4,6-trimethylbenzyl ally1 ether com- 
plex, and 3.75 ppm in the pentamethylbenzyl ally1 ether complex, compared 
to a 3.57 ppm shift for the ethylene proton signals in mesityleneethylenedi- 
carbonylchromium. An increase in the number of electron-donating methyl 
substituents thus causes a gradual upfield shift of the vinyl proton signal this is 
indicative.of an electron density transfer to the olefinic ligand through the metal 
atom. The IR spectra show that a similar transfer to the CO ligands occurs_ 
Vi&al proton chemical shift variations parallel those of Y(C=O) being depen- 
dent not only on the electron donor ability of the arene moiety but also on the 
steric strain in the chelate cycle, as may be easily seen from the data on the 
phenylolefinic complexes 11(2)-II(5). The geminal vinyl proton signals will be 
discussed together with the stereochemistry of complexes II. 

Bridging CH, group protons in benzyl ally1 ether complexes undergo upfield 
shifts of about O-2-0.3 ppm on complex formation. 

The 2,5_dimethylbenzyl ally1 ether complex II has a low solubility in CSZ 
and so its proton NMR spectrum has been measured in (CD&CO solution. The 
spectrum of the 2,Sdimethylphenylbutene complex has been measured in both 
solvents. Comparison of the spectra shows that the arene proton chemical shifts 
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depend strongly on the solvent. This phenomenon has already been observed 
with arenetricarbonylchromium compounds [21,46]. The olefinic proton chem- 
ical shifts depend on the solvent to a far smaller extent. 

Stereochemistry of alkenylarene chelates II 
Coordination of the vinyl group leads to the formation of chiral complexes. 

Xl complexes II containing symmetric arenes (i.e. those having a symmetry plane 
perpendicular to the ring plane) should therefore exist as mixtures of enantiomers 
II’ and II”. 

ocqyL ;_qjco 
cc co 
tn’, tn”) 

The C(2) and C(6), C(3) and C(5) benzene ring atoms are in diastereomeric 
environements and may therefore be anisochronous. The same applies to the 
protons and CH, groups attached to these atoms. The CO carbon atoms and 
bridge CH,, protons should also be diastereotopic. In fact, all nuclei mentioned 
show different proton and 13C chemical shifts (Tables 4, 6) with the only 
exception of CH, carbon nuclei in the 3,klimethylbenzyl ally1 ether and (3,5- 
dimethylphenyl)butene-1 complexes which are isochronous. In the latter com- 
pound, the methyl group protons are also isochronous. 

Lf the arene moiety has no symmetry plane perpendicular to the ring plane as 
in the 2,5_dimethylphenyl butene-l and 2,5dimethylbenzyl ally1 ether deriva- 
tives, the complexes represent racemic mixtures (complexes I(9) and I( 10)). 
Because of metallocene chirality [54], the side chain methylene protons should 
be diastereotopic and may be anisochronous [ 551. In fact, with the 2,5dimethyl- 

benzyl ally1 ether tricarbonylchromium complex, the benzyl protons are aniso- 
chronous (the AB spectrum, A6 0.38 ppm, J 12 Hz). The allyl-methylene 
protons are isochrono-us because they are positioned at large distances from 
the chiral fragment. 

One more chiral fragment appears on going from I(9), I(10) to II(g), II(10). 
This leads to diastereoisomerism. 
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X 

CO 

CH3 

(II b”) 

II (9 1, ( X = CH,-&H,);E(lO),(X = CH20CH,) 

Compounds Ha’ and IIa” and also IIb’ and IIb” represents pairs of enantiomers 
whereas IIa and IIb are related as diastereoisomers. It should be noted that IIa 
and IIb are at the same time geometrical isomers because bridging hinders free 
rotation of the arene and olefinic moieties observed in similar nonbridged 
compounds_ The proton NMR spectra reveal the presence of two types of com- 
plexes IIa and IIb; the enantiomer pair IIa’ + IIa” dominates, the ratio IIa/IIb 
being equal to ca. 5/l. The racemate (IIa’ + IIa”) may easily be isolated in the 
pure form by recrystallization. 

The orientation of olefinic ligands in the complexes containing planar cyclic 
ligands is of considerable interest. Two extreme cases are in principle possible: 

(A) (8) 

A: the olefinic bond is parallel to the cyclic ligand plane; B: the olefinic ligand 
is rotated through 90” from its position in A. 

The barriers to rotation in such cyclic ligands as cyclopentadienyl and arenes 
are known to be very low [ 55-583. Free rotation has been observed for some 
arenechromium [ 561 and cyclopentadienyliron [ 561 complexes even 
in the crystal state. With olefinic ligands, the barriers are higher and 
may often be determined from NMR spectra. In complexes of the type con- 
sidered here, they amount to, e.g. 7.9 kcal/mol in [CSHsl?e(CO)l(C,H,)]’ [60] 
and 8.4 kcal/mol in C,H,Mn(C0)2(C,H,) [61]. 

A higher stability of conformer B has been predicted for the complex [CSH,Fe- 
(CO),(C,H,)]+BF, by MO calculations [62]. The more recent NMR study [60] 
has shown that the predominant conformer is A for C2H4, near A with a ca. 10” 
angle between the double bond and the cyclopentadienyl plane for propylene, 
and B for isobutylene. Conformer A has the higher stability in C5H,Mn(C0)2- 
(olefin) [60]. The X-ray data also show conformers A to dominate [63,64]. 

The problem of relative orientations of the arene and olefinic ligands in arene- 
dicarbonylmetal complexes has not been studied. We have found that the proton 
NMR spectrum of mesitylenedicarbonylethylenechromium contains 3 signals 
with a peak area ratio of 3/4/g. These correspond to arene ring protons, ethylene 
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Fig. 1. Vinyl proton signals in the complexes II (N is the number under which the compler is included in 
Table 2). 

protons, and CH, protons. The fact that ethylene protons appear as a singlet is 
indicative of either fast rotation about the &-ethylene axis or a fast exchange 
on the NMR time scale. By analogy with isostructural cyclopentadienyl com- 
plexes, we suggest rotation of the olefinic ligand to be responsible for the averag- 
ing of the olefinic proton signals. Unfortunately, we failed to freeze out the 
rotation. Some broadening of the ethylene proton signals is observed at -90°C; 
other peaks, however, exhibit a similar behaviour. 

Two orientations of the olefinic group as in A and B are also possible in arene- 
olefinic chelates II. The occurrence of mixtures of such species can be ruled 
out on tine basis of the NMR evidence. The 13C and ‘H NMR spectra reveal the 
presence of one isomer only. This also follows from the temperature indepen- 
dence of the spectra in the range -70 to +3O”C. The presence of bridges in 
complexes II thushindersrotationsofboth arene and olefinic moietiesand 
results in formation of rigid structures_ 

The large differences between vinyl group geminal protons chemical shifts 
is indicative of parallel or near parallel orientations of the double bond with 
respect to the arene cycle plane in complexes II *. 

Similarstructures were suggested for the complexes C,H,Mn(CO)z(olefin) 
1611 and [ CSHsFe(CO),(olefin)]‘BF,- [ 601. The proton NMR spectra provide 
yet another convincing evidence for the parallel orientation. With arenes contain- 
ing no substituent positions ortho to the bridge, the H(1) shielding varies 
only slightly (within ca. 0.4 ppm, compounds II(I)-II(G), Fig. 1). The intro- 
duction of one or two orfho substituents strongly increases the H(1) shielding 
to the extent that the corresponding signal appears at the higher field than that 
of H( 2) (compounds II( 7)-11( 11)). Shielding of H(2) varies only significantly 
in the complexes studied (within 0.35 ppm). 

The ortizo-methyl groups have little effect on H(3) shielding too. The observed 
large upfield shifts of the H(1) signal on the introduction of o-methyl groups 
may therefore only be explained by direct interaction between H(1) and o-CH, 

* This criterion ~vas suggested by Trahanovsky 191 for alkenylarenechromium complexes. 
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and displacement of H(1) with respect to the arenedicarbonylchromium frag- 
ment having a strong anisotropic shielding action. This explanation is consistent 
with parallel or near parallel orientations of the double bond relative to the 
ring plane. Some departure from the parallel orientation may be expected for 
complexes with two-atomic bridges. 

It is of interest that with only one o-CH3 substituent on the ring, the isomers 
Ha are mostly formed with the olefinic CH2 group extending to the ortho-sub- 
stituent rather than to the CH group. Such isomers dominate in 11(7) and II(S) *_ 

Experimental 

Alkenylarene: allylbenzene [ 661, phenylbutene-1 [ 671, phenylpentene-1 
[ 671, phenylhexene-1 [ 681, and their analogues containing methyl substituents 
in the ring were obtained by the action of ally1 chloride on the corresponding 
arylalkylmagnesium halide. Phenylallyl ether was obtained according to Claisen 
[69], benzyl ally1 ethers were prepared from the corresponding benzyl halides 
and- CH,=CHCH,ONa [ 701. Arenetricarbonylchromium complexes were syn- 
thesized as described in [ 121, arenetricarbonylmolybdenum ones as described in 
[ 13,141, and arenetricarbonyltungsten derivatives following the procedure [ 141. 
Synthesis and isolation of the compounds studied were carried out under an 
argon atmosphere. 

The IR spectra were measured in cyclohexane using an IKS-14A instrument 
calibrated against DCl. The frequencies were reproducible to within 1 cm-‘. The 
proton NMR spectra were obtained in CS2 on a Hitachi-Perkin-Elmer R-20 
instrument operated at 60 MHz. The solution concentrations were 0.35-0.40 
1M. The temperature dependences were studied with an RYa-2310 spectrometer 
(60 MHz). The 13C NMR spectra were obtained for solutions in CH,Cl, using 

a Bruker HX-90 instrument operated at 22.635 MHz. 

Chelaie chromium alkenylarenedicarbonyl complexes 

Complex I (0.1 mmol) was dissolved in 100 ml petroleum ether (b-p. 40-7O”C), 
the solution was irradiated wit.h a PRK-7 mercury arc lamp until the initial 

complex disappeared ** (5 to 8 h). The red-orange solution was then filtered and 
the filtrate was evaporated under vacuum until crystallization began. The solu- 
tion was then cooled with solid CO* to give crystalline II. Yields, m.p.‘s, and 
analytical data are listed in Table 2. 

The compound was made from P~,Mo(CO)~ (0.63 g, 1.5 mmolj, (3,5-di- 
methylphenyl)butene-1 (0.25 g, 1.5 mmol), and BF3 * Et20 (0.62 ml, 4.5 
mmol) in 50 ml ether as described in [14]. The yield was 65% (0.34 g), m.p. 
82-84°C (dec.). IR: v(CZO) 1900,1972 cm-‘. (Found: C, 52.95; H, 4.68; MO, 
28.11. C,,H,,O,Mo calcd.: C, 52.95; H, 4.74: MO, 28.20%) 

* The structure of com~1e.u II(8) was proved by the X-ray srudy of the racemate IIa L651. 
** Monitored by IR spectroscopy in the region of 2000 cm-:. 



[(3,5-Dimethylphenyljbutene-l]dicarbonylmolybdenum 
[(3,5-Dimethylphenyl)butene-l]tricarbonylmolybdenum (0.34 g, 1 mmol) was 

irradiated for 20 h in 150 ml petroleum ether through which argon was bubbled. 
The reaction mixture was filtered, evaporated to half its initial volume, and 
maintained at solid CO2 temperature for 2 days. The precipitate was isolated, 
dissolved in heptane and frozen out once more. The product was [(3,5dirnethyl- 
phenyl)butene-l]dicarbonylmolybdenum, decomposition point 85-90°C. (Found: 
C, 53.70; H, 5.08; MO, 30.65. C14H1602M~ calcd.: C, 53.85; H, 5.16; MO, 
30.73%) 

Irradiation of styrenetricarbonylchromium 
A solution of styrenetricarbonylchromium (0.48 g, 2 mmol) in 100 ml 

petroleum ether was irradiated for 6 h. The precipitate was separated by decan- 
tation, washed with petroleum ether (2 X 10 ml), and dissolved in 10 ml CH$&. 
The solution was filtered into 100 ml petroleum ether and maintained at the 
solid CO2 temperature. The precipitate formed was separated, washed with 
petroleum ether and dried under argon to give (styrenedicarbonylchromium)- 
styrenetricarbonylchromium (0.123 g, 27%), decomposition point 80-85°C. 
IR (CH,Cl,): v(C0) 1869,1886,1921,1972 cm-‘. (Found: C, 55.35; H, 3.76; 
Cr, 23.43. C21H1605Cr2 calcd.: C, 55.76; H, 3.57; Cr, 22.99%) 

Irradiation of styrenetricarbonylmoly bdenum 
A solution of styrenetricarbonylmolybdenum (0.28 g, 1 mmol) in 100 ml 

petroleum ether was UV irradiated for 20 h. The precipitate formed was 
separated by filtration and recrystallized from toluene/heptane by freezing-out 
to give the binuclear complex III (0.08 g, 15%), decomposition point 78-83°C. 
IR (heptane): v(C0) 1880,1916, 1937, 1985 cm-‘. (Found: C, 46.45; H, 2.90; 
MO, 35.40. C,,H,,O,Mo, calcd.: C, 46.68; H, 2.99; MO, 35.52%) 

Reaction of st~~renedicarbonylchromiumstyrenetricarbonylchromirrm with 
PPh3 

A solution of complex III (M = Cr) (0.123 g, 0.27 mmol) and PPh3 (0.15 g, 
0.57 mmol) in 10 ml benzene was refluxed for 5 min. During refluxing, the 
colour of the solution changed from cherry to red. The reaction mixture was 
evaporated and the residue was chromatographed on silica gel plates using 
ether/petroleum ether (l/4) as eluent to give styrenetricarbonylchromium (0.05 
g, 77%), m-p. 78-79°C from hexane (lit. [16,17] SO--Sl”C), IR (heptane): 
v(C0) 1915,198O cm-‘, and styrenedicarbonyltriphenylphosphinechromium 
(0.10 g, 78%), m.p. 149-151°C from hexane, IR (heptane): v(C0) 1861,1909 
cm-‘, proton NMR (CDClx): 3(&H,) 4.56-4.87 (5H, m), 6(H(2)) 5.22 (lH, 
d, J23 10.0 Hz), S(H(1)) 5.49 (lH, d, J13 17.0 Hz), s(H(3)) 6.29 (IH, dd), 
G(Ph3P) 7.23-7.92 (15H, m). (Found: C, 70.98; H, 5.07; P, 6.50; Cr, 10.89. 
GsHZ301_PCr calcd.: C, 70.88; H, 4.88; P, 6.53; Cr, 10.96%) 

Reaction of phenylbutenedicarbonylchromium with PPh3 
A solution of phenylbutenedicarbonylchromium (0.24 g, 1 mmol) and tri- 

phenylphosphine (0.52 g, 2 mmol) in 30 ml benzene was refluxed for 5 h. The 
solution was then cooled and evaporated under vacuum. The residue was recrys- 
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talked from toluene/heptane to give phenylbutenedicarbonyltriphenylphos- 
phinechromium (0.3 g, SO%), m.p. 101-103°C. IR: v(C0) 1852,1904 cm-‘. 
(Found: C, 71.66; H, 5.34; P, 6.19; Cr, 10.39. C,,H,,O,PCr calcd.: C, 71.70; 
H, 5.42; P, 6.16; Cr, 10.34%.) 
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