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The compounds Ph(CH,),B(OH), I, [Ph(CH,),BO], 11. Ph(CH,),B( 1 ,2-0,C6H,) 111, Ph(CH,),BC,H,, IV 
(BC,H 15 = 9-borabicyclo[3.3.l]nonan-9-yl), [Cr (q-Ph(CH,),B( 1 ,2-0,C6H,))(CO),] 1, [Cr(q- 
Ph(CH,)~BC,H,,)(CO),] 2, [CrIq-Ph(CH,),BBr,*SMe,)(CO),I 3, [Cr(q-Ph(CH,)4BC,H14}(CO)31 4, [ W q -  
Ph(CH,),BC,H 14)(C0)2(PPh3)] 5, [Cr{q-PhCH,CH=CH,)(CO)J 6, [Cr(q-Ph(CH,),CH=CH,)(CO),] 7, 
[Cr jq-Ph(CH,),q-CH=CH,; (CO),] 8, [Cr(q-Ph(CH,),CH=CH2}(CO),(PPh3)] 9, [Li(Et,O),][Cr{q- 
PhCH ,CH=CH, f (CO),(C(O)Ph)] 10, [Li(Et,O),] [Cr(q-Ph(CH,),CH=CH,)(CO), (C(O)Ph)] 11,  [Mo [q- 
Ph(CH,) \BC8H1,) ,] 12 and [Cr(q-Ph(CH2),BOC,Hl4i(CO),] 13, have been prepared and characterised. 
Compounds 1-5, 12 and 13 have .n-donor q-arene ligands which also bear a Lewis-acid o-acceptor boron 
group. There was no evidence that these boron groups formed ground-state intra- or inter-molecular 
interactions with the Lewis base functions of the carbonyl oxygen atoms. 

We were interested to develop the transition-metal co- 
ordination chemistry of molecules containing both donor and 
acceptor functionalities. Formal representations of compounds 
in which the donor or acceptor function may be described as 
either o or n type are shown in Fig. 1 .  In this work we describe 
a study o f  synthetic strategies towards transition-metal com- 
pounds containing a ligand which combines both an q-arene 
.n-donor group and a boron o-acceptor (Lewis acid) group. It 
was hoped that the presence of the Lewis-acid group would 
lead to intramolecular donor-acceptor bonding, for example 
with carbon monoxide ligands in metal carbonyl derivatives, 
and thereby increase the electrophilicity of the carbonyl carbon 
atom and inducing interesting reactivity within the system. 

Results and Discussion 
The first strategy adopted was to prepare potential ligand 
molecules in which the n-donor function was an q-arene 
group and the o-acceptor function was a BR, grouping, and 
then to bond the arene ring to a transition-metal centre. 
The compounds Ph(CH,),B(OH), I,  [Ph(CH,),BO], 11, 
Ph(CH,),B( I ,2-02C6H,) 111 and Ph(CH,),BC,H,, IV 
(BC,H = 9-borabicyclo[3.3.l]nonane-9-yl) were prepared 
as potential ligands or ligand precursors by the 
shown in Scheme 1. The available characterising data for these 
compounds, and for all the other new compounds described, 
are given in Table 1 .  These data will not be further discussed 
unless interpretation is not straightforward. The reaction 
between 111 and [Cr(CO),] gave yellow crystals of [Cr(q- 
Ph(CH,),B( 1 ,2-0,C6H,))(CO),] 1. The data show that the 
Cr(CO), unit is exclusively at the phenyl ring and not at the 
catechol moiety, as shown in Scheme 2. However, in general the 
synthetic strategy used for 1 was not found to be successful. 
For example, treatment of [Cr(CO),] with IV did not give the 
q-arene derivative [Cr(q-Ph(CH,),BC,Hl,)o,l 2 in an 
acceptable yield. 

The second strategy, chosen for compounds 2-5, was to co- 
ordinate to the metal centre a phenyl group which bears an 
olefinic side-chain [Ph(CH,),CH=CH,, x = I or 21. Subse- 
quently, the Lewis-acid boron moiety is attached to the 
resulting q-arene ligand system by employing hydroboration of 

* Non-SI  uriit cniplo-ved: Torr 2 133 Pa. 

(b) 

Ligand functions 

Sigma-----Sigma 
Donor Acceptor 

R2N----BR2 

R2  N-----C F=C F2 

Sigma-----Pi 
Acceptor D o n o r  

RpB-----Ph 

Fig. I Schematic representations of molecules which contain both a 
donor and an acceptor function: ( a )  showing o-donor and -acceptor 
functions; ( b )  showing o-donor and x-acceptor functions and (c) 
showing o-acceptor and n-donor functions 

the olefinic groups with HBR,.2-4 Thus treatment of the com- 
pound [Cr(q-PhCH,CH=CH,)(CO),] 6 with HBC,H 143 gives 
2, and with HBBr2.SMel4 the complex [Cr(q-Ph(CH,),BBr,- 
SMe,)(CO),] 3 is formed. Similarly, the q-4-phenylbut-l -ene 
derivative [Cr(q-Ph(CH,),CH=CH,)(CO),] 7 reacts with 
HBC,H,, to give [Cr(q-Ph(CH,),BC8H,,)031 4 (Scheme 
3). An attempt to prepare the catechol borane derivative 1 by 
this method gave a reaction mixture which contained several 
products from which 1 could not be separated completely. Thus 
the hydroboration reaction with HB( 1 ,2-0,C6H,), which is less 
reactive than HBBr,-SMe,4 and HBC,H 14. requires more 
drastic conditions (neat mixture of both components and a 
prolonged reaction time or elevated temperatures). ' Therefore, 
it is preferable to prepare 1 as described earlier. Since Cr(CO), 
in 1 is bonded to the most electron-rich aromatic ring, it may be 
inferred that the n-acceptor strength of the boron centre in 1 is 
sufficiently high to reduce the electron density of the catechol 
ring below the level of that of the C,H, ring. 
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Scheme 1 (i) In E t 2 0  at 35 "C, then 1 mol dm-3 H2S0,; (ii) in toluene, 
benzene- 1,2-diol, reflux in Dean-Stark apparatus; (iii) warming under 
reduced pressure; (iv) 1 mol dm-, H2S04; ( u )  at 100 "C (for 3), at room 
temperature (r.t.) (for 4) 
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Scheme 2 (i) 1 equivalent Me3N0 in tetrahydrofuran (thf) at r.t. for 
24 h; (ii) HBC,H,, in thf at r.t., then distillation; (iii) HB(l,2-02C,H,) 
at 100 "C, volatiles removal; (iu) HBBr2.SMe2 in CH,C12 at 0 "C; ( u )  
LiPh in E t 2 0  at - 78 OC, warming to r.t. 

We set out to replace one of the three carbonyl substituents 
of compound 7 by a PPh, ligand since this would increase the 
electron density on the chromium centre and the consequential 

- A 

11 

( i i )  

7 
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Scheme 3 ( i )  HBC8H,, in thf at r.t.; (ii) LiPh in Et,O at -78"C, 
warming to r.t.; (iii) 4-phenylbut-1 -ene in diglyme (2,5,8-trioxanonane)- 
thf at 130 "C at r.t.; (iu) photolysis in light petroleum (b.p. 40-60 "C) 
below 50 "C, medium-pressure mercury lamp; ( u )  PPh, in benzene, 
reflux for 12 h; (ui) HBC,H1, in thf at r.t. for 12 h 

greater Cr-to-CO back donation would augment the Lewis 
basicity of the remaining carbonyl oxygen atoms. Photolysis of 
7 with a medium-pressure mercury lamp resulted in evolution of 
carbon monoxide and formation of the ansa-compound [Cr(q- 
Ph(CH,),-q-CH=CH2}(C0),] 8 which, in turn, reacts with 
triphen ylphosphine to give [Cr ( q -Ph(CH ,),CH=CH , } - 
(CO),(PPh,)] 9. Compounds 6 9  have been described 
previously 6 * 7  but less characterising data were given. 
Treatment of 9 with HBC,H,, yields the desired [Cr{q- 
Ph(CH,),BC,H,,)(CO),(PPh,)] 5. No abstraction of the PPh, 
ligand from the chromium centre and subsequent formation of 
a Ph3P*HBC8Hl, adduct was observed. 

The "B NMR resonances of compounds 1, 2, 4 and 5 are 
found in the usually observed range for trivalent boron nuclei.8 
Moreover, the signals in the carbonyl region of the infrared 
spectra [two absorptions (,4,, E)] do not change upon 
hydroboration, i.e. upon going from 6 and 7 to 1 , 2  and 4. This 
is evidence for the absence of any significant CO-to-boron 
bonding in the borylated complexes, which would inevitably 
lead both to a better shielding of the boron nuclei and to a 
perturbation of the local symmetry of the Cr(CO), fragment. 
A similar argument holds for 5.  

Compounds 6 and 7 were reacted with phenyllithium in order 
to generate the lithiated Fischer-carbene complexes 10 and 11,  
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which can be expected to possess oxygen atoms of higher Lewis 
basicity than that even of 9, and also to be better located 
towards potential oxygen-boron bonding as shown, for 
example, in related cyclopentadienylrhenium comple~es .~  

Attempts to introduce boron substituents in the side-chains 
of compounds 10 and 11 by reaction with HBCsH14 did not 
give isolable reaction products. However, 'H NMR spectra of 
the crude reaction mixtures indicated the absence of olefinic 
protons. We believe that 0-B adducts may be formed after the 
successful hydroboration of 10 and 11, but the resulting 
compounds decompose possibly by carbon-oxygen bond 
cleavage. A similar reaction pathway is well known for the 
generation of Fischer carbynes." 

We were also interested in the possibility of formation of 
intermolecular donor-acceptor bonds between d-electron lone 
pairs on the transition-metal centres and the boron 
functionalities in the ligand sphere. Therefore, we prepared 
the bis(q-arene) compound [Mo{q-Ph(CH2),BC8H,,),1 12 
by treatment of the previously described compound bis(q- 
ally1benzene)molybdenum 1 * 1  with HBC8H14 (Scheme 4). 
There was the possibility that one of the boron centres of 12 
would bind to the molybdenum centre. Direct metal-to- 
boron interactions have recently been shown to exist in 
(dibromobory1)ferrocene. l 4  Spectroscopic studies of 12 
showed no evidence for intra- or inter-molecular Mo-B inter- 
act ions. 

The react ion between [ Cr (17 -Ph( CH,), BC, H ,} (CO) ,] 2 
and trimethylamine oxide (1 equivalent)) was investigated to 
explore whether carbon dioxide was formed or if reaction 
occurred at the boron centre.16 It was found that the latter 
reaction occurred giving the oxygen-insertion product [Cr(q- 
Ph(CH,),BOC8H,,)(CO),1 13. When 13 is treated with more 
trimethylamine oxide, or if an excess of this agent is present at 
the outset, the chromium complex is degraded with liberation of 
Ph(CH,),BOC,H,,. This suggests that the Lewis acidity of the 
carbonyl carbon atoms in 2 is higher than that of an R2BOR 
(R = alkyl) group, but lower than that of a BR, moiety in the 
same molecule. 

In conclusion, several pathways to the synthesis of low- 
valent (q-arene)transition-metal compounds also containing 
boron centres with varying degrees of Lewis acidity have been 
demonstrated. In these compounds there are no strong ground- 
state interactions between the Lewis-acid boron centre and 
'lone pairs' on other systems in the molecule. This may reflect 
a low basicity, for example, of the metal-based 'lone pairs', 
poor acidity of the boron centres, or an insufficiently long 
hydrocarbon chain between the complexed phenyl ring and the 
boron centres. 

M O  

f 

A M O  

12 
\ 

Scheme 4 ( i )  HBC,H,, in thf at r.t. for 12 h 

Experimental 
All preparations and manipulations were carried out under an 
inert atmosphere of dinitrogen using either standard Schlenk 
techniques or an inert-atmosphere box, unless otherwise stated. 
All solvents were thoroughly deoxygenated before use either by 
repeated evacuation followed by admission of dinitrogen, or by 
bubbling dinitrogen through the solvent for approximately 15 
min. Solvents were predried over activated 4 A molecular sieves 
and then distilled over sodium (toluene), sodium-potassium 
alloy and benzophenone (benzene), sodium and benzophenone 
(diethyl ether, thf, diglyme), or calcium hydride [pentane, light 
petroleum (b.p. 40-60 "C), dichloromethane] under a slow 
continuous stream of dinitrogen. Perdeuteriated solvents for 
NMR spectroscopy were deoxygenated and then dried over 
calcium hydride (dichloromethane) or potassium (benzene and 
toluene). Activated, neutral, Brockmann I, standard grade, 
z 150 mesh alumina (Al,O,) was used for chromatography and 
deoxygenated before use by repeated evacuation followed by 
admission of dinitrogen. Celite 545 filtration aid (Koch-Light) 
was predried at 140 "C and similarly deoxygenated before use. 

Proton, 13C and 31P NMR spectra were recorded using a 
Bruker AM 300 spectrometer ('H, 300; I3C, 75.5; ,'P, 121.6 
MHz). Spectra were referenced internally using residual protio 
solvent resonances ('H and "C) relative to tetramethyisilane 
(6 0) or externally using trimethyl phosphate in D 2 0  (,'P). 
Electron-impact mass spectra were recorded on an AEI MS 
302 mass spectrometer updated by a data-handling system 
supplied by Mass Spectrometry Services Ltd. Infrared spectra 
were recorded on a Perkin-Elmer 1510 FT interferometer. 
Elemental analyses were performed by the Oxford Analytical 
Laboratory. 

Syntheses 

Ph(CHJ3B(1,2-O,C6H,) 111. Method A .  Magnesium turnings 
(4.00 g, 165 mmol) in dry diethy ether (20 cm3) were treated 
with a solution of 1-bromo-3-phenylpropane (20.60 g, 103 
mmol) in diethyl ether (80 cm3) in a dropwise manner with 
stirring at a rate sufficient to keep the ether solution at reflux. 
When the addition was complete the reaction mixture was 
heated under reflux for 15 min. The resulting clear yellow 
solution was filtered from excess of magnesium. Standard 
titrations showed the solution contained 70 mmol of 
Ph(CH,),MgBr. 

The compound B(OMe), (6.70 g, 64.5 mmol) in diethyl ether 
(20 cm3) was cooled to -78 "C in a propan-2-01-solid CO, 
bath. The solution of the Grignard Ph(CH,),MgBr was added 
dropwise with stirring over a period of 2 h. After addition was 
complete the reaction mixture was stirred for 2 h at -78 "C. 
During the course of the reaction a white powder precipitated. 
The mixture was allowed to reach room temperature. Then 1 
mol dm-, H,S04 (42 cm3) was added whereupon the precipitate 
gradually dissolved. The ether phase was separated and the 
water phase then extracted once with diethyl ether (40 cm3). 
The solvent was removed from the combined ether extracts to 
yield a white, semi-solid product. Recrystallisation from CHCl, 
at 55 "C gave white colourless platelets of Ph(CH,),B(OH), 
I. Yield ca. 40%. The NMR spectra showed varying extents of 
water. Attempts to remove this crystal water resulted in the 
formation of the boroxine [Ph(CH,),BO], 11. Therefore, no 
yield and no elemental analysis of I could be obtained. Addition 
of water and a few drops of sulfuric acid to the boroxine and 
then extraction with diethyl ether recovered I .  In CDCl, I is 
oligomeric via hydrogen bridges whereas in Me,SO it is a 
monomer. 

A mixture of platelets of compound I (6.12 g, 37 mmol) and 
catechol(4.00 g, 37 mmol) was refluxed in toluene (100 cm3) in a 
Dean-Stark apparatus to remove water. After 6 h no further 
water was formed and the reaction mixture was cooled to room 
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Table I 

Compound and analysis (%) 

1 
Tends to liberate water (see text) 

Analytical and spectroscopic data 

d -qHh - 
OH 

11 
C, 75.5 (74.0); H, 7.75 (7.6) 

IT1 

IV 

i F 
1 
C, 57.7 (57.8); H, 4.2 (4.0) 

2 
C, 64.0 (63.8); H, 6.8 (6.7) 

3 
C, 34.4 (34.4); H, 3.5 (3.5) 

c b  

4 
C, 64.4 (64.7); H, 6.8 (6.9) 

5 

c b  

Spectroscopic data I' 
'H:b 0.61 [t, J(HH) = 7.8, 2 H, Hg], 1.61 (q, 2 H, Hf). 2.51 [t, J(HH) = 7.1, 2 H, He], 7.12 7.28 (m, 5 
H, Hbd); (CDCI,) 0.85,0.95 [t, t,  1 H, 1 H, J(HH) = 7.8, 7.5, Hg], 1.80 (m, 2 H, Hf), 2.66 [t, J(HH) = 
7.5, 2 H, He], 5.23 (br, 2 H, Hh), 7.21-7.34 (m, 5 H, Hb-d) 
13C:' 15.1 (br, CB), 26.3 (C'), 38.1 (C'), 125.4 (C"), 128.1 (Cb), 128.3 (C'), 142.6 (C") 
llB:' 31.9 

'H! 0.89 [t, J(HH) = 7.7,6 H, Hg], 1 .SO (q,  6 H,  H'), 2.55 [t, J ( H H )  = 7.4, 6 H, He], 7.07-7.17 (m, 15 
H, Hb-") 
13C:d 15.4 (br, Cg), 25.7 (Ce), 38.6 (C'), 128.1 (Cd), 128.7 (Cb), 129.0 (C'), 142.6 (C") 
''B! 31 .O 

'Hid 1.07 [t, J(HH) = 7.8, 2 H, Hg], 1.61 (q, 2 H, H'), 2.50 [t, J (HH)  = 7.6, 2 H, H'], 6.80 [dd, 
J(HH) = 3.4, 5.8. 2 H, H'], 7.03 [dd, J(HH) = 3.4, 5.8, 2 H, HJ], 7.18-7.30 (m, 5 H, Hbd)  
'3C:d 11.2 (br, Cg), 25.8 (Ce), 38.4 (Cf), 112.4 (Cl), 122.7 (CJ), 126.0 (C"), 128.5 (Cb) .  128.6 (C'), 142.2 
(C"), 148.7 ( C h )  
' lB:d 34.7 
Mass: 111 1238 ( M + )  

lH:d 1.37 [t, J (HH)  = 7.7, 2 H, Hg], 1.10-1.95 (m, 16 H. H',h I), 2.58 [t, J(HH) 7.6, 2 H, H'], 7.09-7.20 
(m, 5 H, Hb d, 

13C:d 23.5 (C'), 26.9 (C'). 28.1 (br, Cs), 31.3 (br. Ch), 33.4 (C'). 39.5 (C'), 126.0 (Cd), 128.6 (Cb), 128.8 
(C'), 143.0 (Cd) 

Mass: m/z  241 ( M ' )  
' B:d 86.0 

'H:d 0.89 [t, J (HH)  = 7.7, 2 H, H'], 1.43 [q, J (HH)  = 7.7, 2 H, H'], 1.92 [t, J(HH) = 7.7, 2 H,  He], 
4.25 [t, J(HH) 6.3, 1 H, Hd], 4.32 [d, J(HH) = 6.3, 2 H, Hb], 4.49 [t, J (HH)  = 6.3, 2 H, H'], 6.81 [dd, 
J(HH) = 3.3, 5.5, 2 H, Hi], 7.03 [dd, J (HH)  = 3.3, 5 .5 ,  2 H,  H'] 
'3C:d25.3(C'), 37.1 (C'),89.9(Cd),92.3,93.5(Ch.C), 112.5 (Ciorj) ,  113.5(C"), 122.9(Ciorj), 148.6(Ch), 
233.6 (Ck) 
l'B:d 36.0 
Mass: mi: 374 (M'  ) 
IR(Nujo1): O(C0) 1966, 1875 cm-' 

'H:d 1.1-1.9 (m, 14 H, Hh '). 1.19 [t, J (HH)  = 8.0, 2 H, Hg], 1.46 [q, J (HH)  = 8.0, 2 H, H'], 2.02 [t, 

6.0, 2 H, H'] 
13C:d 23.5 (Cl), 26.6 (Ce), 27.6 (br, Cg), 31.4 (br, Ch), 33.4 (C'), 38.2 (C'). 90.1 (Cd), 92.5 (Cb Or '), 93.6 
(Ch Or '), 113.7 (C"), 233.7 (Ck) 
l l B : d  88.1, 64.9 ( thf)  
Mass: mi: 376 ( M ' )  
IR(Nujo1): 3(CO), 1975, 1906 cm ' 

J(HH) = 8.0, He], 4.31 [t, J(HH) = 6.0, 1 H, H"], 4.45 [d, J (HH)  = 6.0, 2 H, Hb], 4.55 [t, J(HH) = 

'H:d1.06[t,J(HH) = 7.5,2H,HB], 1.42(s,6H,Hh),  1,80[q,J(HH) = 7.5,2H,Hr].2.lO[t,J(HH) = 
7.5, 2 H, He], 4.25 [t, J(HH) = 5.9, 1 H, Hd], 4.41 [d, J(HH) = 5.9, 2 H,  Hb], 4.49 [t, J(HH) = 5.9, 
2 H, H'] 
13C:d 22.5 (C'). 29.0 (Ch), 38.5 (C'). 90.0 (Cd), 92.7 (Cb Or '), 94.0 (Ch O r  '), 114.0 (C"), 232.9 (Cl) 
l 1  B:d 3.0 
IR(Nujo1): O(C0) 1975, I876 cm 

'H:d 1.3, 1.7, 1.8,2.0(m, m, m, m, 22 H, H' '), 4.31 [t ,J(HH) = 6, 1 H, H"], 4.43 [d.J(HH) = 6, 2 H, 
Hb], 4.55 [t, J (HH)  = 6, 2 H,  H'] 
13C:d 23.5 (Ck), 24.2 (Ce), 28.0 (br, Ch), 31.4 (br, C'), 33.4 (CJ), 34.4 (C' Or g), 35.1 (C' Or g), 90.1 (Cd), 92.4 
(Cb Or '), 93.6 (Cb Or '), 11  3.8 (C'), 233.7 (C') 
' ' R:d 88.0 
Mass: mi: 390 ( M ' )  
IR(Nujo1): O(C0) 1976, 1929 cm ' 

'H:d 1.0-2.0, 2.36 (m, 22 H, He-k), 4.20 (t ,  1 H, Hd), 4.27 (d, 2 H, Hh), 4.46 (m, 2 H, H')), 7.05 (m, 9 H,  
Hnqp), 7.68 (t, 6 H, Ho) 
13C! 23.5 (Ck), 24.5 (C'), 28.1 (br, Ch), 31.4 (br, Cl), 33.4 (CJ), 35.0 (C' Or g) ,  35.7 (C' Or "), 88.3 (Ch Or '), 
88.9 (Cd), 91.6 (Cb Or '), 108.3 (C"), 128.1 (C"), 129.0 (Cp), 133.3 [J(PC) = 10, Cn], 140.5 ['J(PC) = 33, 
C'], 240.9 [J(PC) = 20, C'] 
l'B:d 88.0 
3 1  P:d 89.4 
IR(Nujo1): G(C0) 1903, 1852 cm 
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Table 1 (continued) 

Compound and analysis (%) 

6 
C, 57.0 (56.7); H, 3.9 (3.9) 

d<=&% 

I 

7 
C. 57.7 (58.2); H, 4.3 (4.5) 

c b  

9 
C. 72.7 (7 1.7); H, 5.3 (5.4) 

I k I  

o c  
0 Ph;! 

c b  
10 

f 

m 

11 

n 

12 
C, 70.6 (70.8); H, 8.6 (8.7) 

13 
C, 61.2 (61.2); H, 6.6 (6.4) 

Spectroscopic dataa 

(t, 2 H, H'), 4.80 [dd, J(HH) = 1.2, 17.0, 1 H, Hg'], 4.91 [dd, J(HH) = not resolved, 10.0, 1 H, HR], 

13C:d 38.6 (Ce), 90.5 (Cd), 92.7, 93.8 (Cbqc), 1 1  1.3 (Ca), 117.9 (Cg), 134.9 (C'), 233.6 (Ch) 
IR(Nujo1): P(C0) 1977, 1907 cm-' 

'H:d 2.63 [d, J(HH) = 6.6, 2 H, He], 4.37 [t, J(HH) = 6.2, 1 H, Hd], 4.42 [d, J(HH) 6.2,2 H, Hb], 4.56 

5.57 [ddt, J(HH) == 6.6, 10.0, 17.0, 1 H, H'] 

'H:d 1.86 [t, J(HH) = 6.6, 2 H, He], 1.92 (m, 2 H, H'), 4.30 (m, 3 H, Hb-d), 4.52 [t, J(HH) = 6.5, 2 H, 
H'], 4.86 (m, 2 H, HhSh'), 5.49 [ddt, J(HH) = 6.6, 10.0, 17.0, 1 H, H'] 
13C:d 34.4, 35.1 (Ce3'), 90.3 (Cd), 92.7, 93.8 (CbSc), 112.9 (Ca), 116.0 (Ch), 136.7 (Cg), 233.7 (C') 
IR(Nujo1): P(CO), 1977, 1908 cm-' 

'H:d 2.06 (dt, 2 H, H'), 2.33 (t, 2 H, He), 4.16 [d, J(HH) = 5.7, 2 H, Hb], 4.41 (m, 3 H, Hcsd), 4.92 (m, 
2 H, HhSh'), 5.61 [ddt, J(HH) = 6.6, 10, 17, 1 H, Hg], 7.0, 7.7 (m, 15 H, Hk-"') 
13C:d 35.3 (C" Or '), 36.0 (C' Or '), 88.3 (Cb Or '), 89.0 (Cd), 91.5 (Cb Or "), 107.0 (Ca), 115.5 (Ch), 128.1 (C'), 
129.0 (C"'), 133.3 [J(PC) = 1 1 ,  Ck], 137.5 (Cg), 140.5 [J(PC) = 34, CJ], 241.0 [J(PC) = 21, Ci] 
31P:d 89.2 
IR(Nujo1): P(C0) 1904, 1853 cm-' 

'H:g 3.00 [d, J(HH) = 7.0,2 H, He], 4.40 (m, 3 H, Hh,d), 4.61 [t, J(HH) = 6.0, 2 H, H'], 4.93 (m, 2 H, 
Hg*g'), 5.95 (m, 1 H, H') 7.00 [t, J(HH) = 7.1, 1 H, H"], 7.15 [t, J(HH) = 7.1, 2 H, HI], 7.52 [d, 
J(HH) = 7.1, 2 H. Hk] 
'3C:g 40.0 (Ce), 87.9 (Cd), 88.4 (Ch Or '), 91.5 (Cb Or '), 105.3 (Ca), 115.6 (Cg), 123.6 (Ck Or I ) ,  126.4 (Cm), 
126.6 (Ck Or I ) ,  138.0 (C'), 158.8 (Cj), 242.6 (Ch), 341.0 (C') 
TR(KBr): P(C0) 1866, 1750 cm-' 

'Hz'2.20 [dt, J(HH) = 6.8, 2 H, H'], 2.31 [t, J(HH) = 6.8, 2 H, He], 4.38 [d, J(HH) = 6.0,2 H, Hb], 
4.40 [t, J(HH) = 6.0, 1 H, Hd], 4.61 [t, J(HH) = 6.0,2 H, H'], 4.88 (m, 2 H, Hhvh'), 5.73 (m, 1 H, Hg), 
7.00 [t, J(HH) = 7.0, 1 H, H"], 7.14 [t, J(HH) = 7.0, 2 H, H"], 7.49 [d, J(HH) = 7.0, 2 H, H'] 
13C:g 35.6,36.1 (C""), 87.7 (Cd), 88.4,91.4 (C".'), 107.3 (Ca), 114.6 (Ch), 123.6 (Clor "'), 126.3 (C"), 126.7 
(C' Or "), 138.4 (Cg), 158.7 (Ck), 242.7 (Ci), 340.0 (Cj) 
IR(KBr): P(C0) 1870, 1747 cm-' 

'H:d 1.16-1.95 (m, 32 H, Hfqh-j), 1.48 [t, J(HH) = 7.7, 4 H, Hg], 2.24 [t, J(HH) = 7.0, 4 H, He], 4.70 
(br, 10 H, Hbd] 
'3C:d 23.6 (Cj), 28.0 (Ce), 28.3 (br, Cg), 31.5 (br, Ch), 33.5 (Ci), 40.0 (br, C'), 75.2 (br, Cb.c), 76.3 (br, Cd), 
78.3 (br, Cb,c), 95.6 (br, Ca) 
' ' B:d 88.0 
Mass: mjz 576 ( M  ') 

lH:d 0.85 [t, J(HH) = 7.7, 2 H, Hg], 1.2-1.7 (m, 16 H, Hf3h-1), 2.07 [t, J(HH) = 7.7, 2 H, He], 4.26 
[t, J(HH) = 6.0, Hd], 4.45 [d, J(HH) = 6.0, 2 H, Hb], 4.53 [t, J(HH) = 6.0, 2 H, H'] 
13C:d 22.6 (Cj), 22.8 (br, Ck), 26.1 (Ce), 26.2 (C'), 32.0 (Ci), 38.0 (C'), 73.4 (Ch), 90.0 (Cd), 92.7 (Cb Or '), 
93.8 (Cb Or '), 114.4 (Ca), 233.9 (C") 
' ' B:d 54.0 
Mass: mjz 392 ( M - )  
IR(Nujo1): P(C0) 1975, 1905 cm-' 

'' Given as: chemical shift (6) (multiplicity, JHz ,  relative intensity, assignment), etc. In (CD,),SO. ' In CDCl,. In C,D,. Analysis unsatisfactory, 
too air sensitive. No satisfactory elemental analysis obtained due to loss of diethyl ether. In ['HJthf. 
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temperature. The solvent was removed in vacuo to yield a 
slightly yellow oil. Traces of this oil when exposed to air become 
green-blue. The NMR spectra of the oil showed it to contain 111 
(ca. 85%) and free catechol (ca. 15%). Attempts to achieve 
further purification by distillation failed. Yield ca. 40%. 

Method B. A mixture of freshly distilled and degassed 
allylbenzene (3.30 g, 27.9 mmol) and HB(1,2-O2C,H4) (3.34 g, 
27.9 mmol) was kept at 100 "C with stirring for 2 h. Distillation 
of the resulting dark yellow oil at 110-130 "C (10 ' Torr) 
gave pure compound 111, as shown by NMR and mass 
spectra (yield 65%). Satisfactory elemental analysis could not 
be obtained due to the air sensitivity of the product. A 
derivative of 111, namely the metal complex I, gave a 
satisfactory analysis (Table 1). 

Ph(CH,),BC,H,, IV. The compound HBC8H14 (3.21 g, 27.1 
mmol) in tetrahydrofuran (40 cm3) was added to allylbenzene 
(3.31 g, 27.1 mmol) with stirring at room temperature. The 
mixture was kept at r.t. for 12 h; then the thf was removed under 
reduced pressure. Distillation of the residual yellow liquid gave 
pure IV (135-140 "C, lo-' Torr; yield 83%). An elemental 
analysis could not be obtained due to the air sensitivity of the 
product. A derivative of IV, namely the metal complex 2, gave a 
satisfactory analysis (Table 1). 

[Cr{q-Ph(CH,),B(1,2-02C6H4)}(CO)3] 1. Method A .  Freshly 
sublimed [Cr(CO),] (0.64 g, 2.9 mmol) in diglyme (70 cm3) and 
thf (10 cm3) was treated with compound I11 (0.70 g, 2.9 mmol) 
and the mixture stirred at  125 "C until evolution of CO ceased 
(overall reaction time 22 h). A green cloudy reaction mixture 
was obtained. After filtration through two layers of glass filter- 
paper the resulting yellow-green filtrate was evaporated under 
reduced pressure to yield a green powder. This was washed with 
light petroleum (b.p. 40-60 "C, 3 x 50 cm3). The residue was 
extracted into toluene (50 cm3) and the yellow solution filtered 
from small amounts of green residue. The filtrate was concen- 
trated under reduced pressure and then cooled to -25 "C 
for 5 h and then to -80 "C for 24 h to give large yellow 
crystals of pure complex 1 (yield 58%). 

Method B. A neat mixture of (0.64 g, 2.5 mmol) of complex 6 
and HB(1,2-0,C6H,) (0.34 g, 2.8 mmol) was kept stirring at 
100 "C for 2 h. The course of the reaction was monitored by 
'H NMR spectroscopy. Upon heating the mixture darkened 
continuously and became increasingly viscous to yield an 
almost black waxy solid. Toluene was added and the resulting 
orange solution was filtered from a black residue. The toluene 
filtrate was concentrated under reduced pressure giving an 
orange oil. Further volatiles were removed over a period of 3 h 
at 50°C (10' Torr). The 'H NMR spectrum showed the 
residual oil to contain ca. 80% of complex 1 together with 
some unknown impurity. All attempts to achieve further 
purification by recrystallising the crude product from toluene, 
ether and mixtures of those with light petroleum (b.p. 40- 
60 "C) failed. The reaction was also carried out at r.t. for 16 h 
but there was no significant improvement in the purity of the 
product. 

[ Cr{q-Ph(CH,),BC,H,,)(CO),] 2. The compound HBC8H 
(0.38 g, 3.15 mmol) in tetrahydrofuran (20 cm3) was added 
dropwise with stirring at r.t. to a solution of complex 6 (0.80 g, 
3.15 mmol) in thf (20 cm3). After stirring for 12 h at r.t. the 
reaction mixture was still the initial orange. The solvent was 
removed under reduced pressure to yield an orange oil. The oil 
was extracted with light petroleum (b.p. 40-60°C) to give a 
clear, orange solution and small amounts of a white insoluble 
residue. After filtration the solvent was removed under reduced 
pressure to give a green-yellow powder. The crude product was 
recrystallised from light petroleum as amber-coloured crystals 
of pure complex 2. These crystals appeared to be too soft to be 
suitable for r.t. X-ray analysis (yield 90%). 

[Cr{q-Ph(CH,),BBr,~SMe,}(CO),] 3. Compound 6 (0.38 g, 
1.5 mmol) in CH2C12 (30 cm3) was treated dropwise with a 1 
mol dm-3 solution (1.5 cm3) of HBBr,.SMe, in CH,Cl, with 
stirring at 0 "C. The mixture was allowed to warm up slowly, 
stirred at r.t. overnight and then refluxed for 2 h to yield a bright 
yellow solution. After evaporation of the CH,CI, a dark orange 
oil was left which fumed in air. This oil was extracted with 
toluene to give a yellow solution and a small amount of 
insoluble material. After filtration the residue was investigated 
by IR spectroscopy; no CO bands were found. The toluene 
solution was concentrated under reduced pressure. The solution 
was then transferred into a long and narrow Schlenk tube, 
layered with a little neat toluene and then a covering layer of 
light petroleum (b.p. 40-60 "C). This gave yellow crystals of 
pure complex 3 after 24 h (yield 43%). 

[Cr{q-Ph(CH,),BC,H,,)(CO)3] 4. Compound 7 (0.94 g, 3.5 
mmol) in thf (30 cm3) was treated dropwise with a solution 
of HBC,H,, (0.50 g, 4.1 mmol) in thf (15 cm3) with stirring 
at r.t. No immediate colour change was observed. The reaction 
mixture was stirred at r.t. overnight. The solvent was removed 
under reduced pressure to give an orange oil which was kept at 
60 "C (lo-' Torr) to sublime off the excess of HBC8Hl,. During 
this sublimation the oil gradually turned into an orange solid. 
This was dissolved in light petroleum (b.p. 40-60 "C) and the 
saturated solution kept at -25 "C to give orange platelets of 
pure complex 4 (yield 8 1 %). 

[ Cr(q-Ph(CH2),BCSH,,}(CO),(PPh3)] 5. A solution of 
compound 9 (0.60 g, 1.2 mmol) in thf (30 cm3) was added to 
a solution of HBC8H14 (0.18 g, 1.45 mmol) in thf (15 cm3) 
with stirring at room temperature. After stirring overnight the 
solvent was removed from the clear orange reaction mixture 
under reduced pressure. The residual orange oil was kept for 
5 h at 50 "C (lo-' Torr) to remove the excess of HBC8HI4. The 
waxy residue was dissolved in light petroleum (b.p. 40-60 O C ,  

100 cm3) and kept at -80 "C for 24 h to give yellow micro- 
crystalline complex 5 (yield 64%). 

[Cr(q-PhCH,CH=CH,)(CO),] 6.'*' The compound 
[Cr(CO),] (2.20 g, 10.0 mmol) and allylbenzene (1.20 g, 10.0 
mmol) in a mixture of diglyme (1 50 cm3) and thf (20 cm3) were 
stirred at 140 "C. The carbon monoxide evolved was trapped in 
a gas burette. After approximately 20 h the liberation of CO 
ceased. The IR spectrum of the green-brown reaction mixture 
showed no remaining [Cr(CO),]. The crude reaction mixture 
was filtered through Celite to give a clear orange solution from 
which the solvents were removed at 60°C under reduced 
pressure. The residual orange oil was soluble in hexane and 
cooling this solution to - 80 "C gave yellow-orange platelets of 
complex 6. The crystals were collected at - 80 "C and then dried 
in vucuo at - 20 "C. They melt at r.t. (yield 78%). 

[Cr{q-Ph(CH,),CH=CH,}(CO),] 7.6,7 The compound 
[Cr(CO),] (3.00 g, 13.6 mmol) and 4-phenylbut-1-ene (1.90 g, 
14.4 mmol) in a stirred mixture of diglyme (1 50 cm3) and thf (20 
cm3) were kept at 130 "C. The carbon monoxide evolved was 
trapped in a gas burette. After approximately 24 h the liberation 
of CO ceased. The IR spectrum of the green-brown reaction 
mixture showed no remaining [Cr(CO),]. The crude mixture 
was filtered through Celite to give a clear orange solution from 
which the solvents were removed at 60°C under reduced 
pressure. This yielded an orange oil which was recrystallised 
from hexane at -80 "C to give yellow-orange needles of pure 
complex 7. The supernatant was cannulated off at - 80 "C and 
the crystals were dried in vucuu at - 20 "C. The melting point is 
below r.t. (yield 67%). 

[Cr{q-Ph(CH,),-q-CH=CH,)(CO),] S.6,7 Compound 7 ( 1 .OO 
g, 3.7 mmol) in light petroleum (b.p. 40-60 "C) in a quartz glass 
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vessel was irradiated with a medium-pressure UV lamp and 
the temperature strictly maintained below 50 "C to avoid 
decomposition. Evolution of CO was observed immediately 
after the photolysis started and the solution changed gradually 
from orange to deep red. After 24 h half of the starting material 
had reacted to give complex 8. Owing to its lower solubility, 
some of the product precipitated as a red powder. After 3d the 
reaction was complete. The IR spectrum showed most of the 
starting material was cleanly transformed into 8. The reaction 
mixture was filtered from a small amount of green precipitate 
and the red filtrate cooled to -80 "C giving 8 as a red micro- 
crystalline powder (yield 9 1 %). 

[Cr{q-Ph(CH,),CH=CH,)(CO),(PPh3)] 9.6*7 A mixture of 
complex 8 (0.35 g, 1.47 mmol) and PPh, (0.39 g, 1.47 mmol) in 
benzene (70 cm3) was kept under reflux for 12 h. The reaction 
was monitored by IR spectroscopy. The benzene was removed 
under reduced pressure and the residue dissolved in light 
petroleum (b.p. 40-60 "C). After filtration from a small amount 
of insoluble material the filtrate was kept at - 80 "C overnight 
to give a yellow precipitate of pure complex 9 (yield 83%). 

[ Li(Et,O),] [Cr{q-PhCH,CH=CH,}(CO),(C(O)Ph)] 10. To 
a solution of complex 6 (1.15 g, 4.5 mmol) in ether (50 cm3) was 
added with stirring at -78 "C a solution of LiPh (4.5 rnmol in 
10 cm3 diethyl ether). No colour change was observed at that 
temperature. The mixture was allowed very slowly to warm 
to r.t. giving a red solution and a yellowish precipitate. The 
mixture was stirred at r.t. overnight and the precipitate was 
filtered off. The residue was a sandy powder of unknown 
composition. The red ether filtrate was stored at r.t. for several 
days to give a few crystals of pure complex 10. This compound 
is stable a t  r.t. in the solid state as well as in thf solution, but 
it is essential to carry out the reaction at low temperature. 

[ Li(Et,O),] [ Cr{q-Ph(CH,)2CH=CH,}(CO)2{C(0)Ph}] 11. 
To compound 7 ( 1 .O g, 3.7 mmol) in diethyl ether (50 cm3) was 
added a solution of phenyllithium (3.8 mmol) in diethyl ether 
(20 cm3) dropwise with stirring, at -78 "C. No colour change 
was observed at this temperature. The yellow reaction mixture 
was very slowly warmed to room temperature. At -50 "C it 
had become orange, at -25 "C it was cherry red and at 0 "C 
very deeply red, almost black. After stirring at r.t. for 3 h the 
clear reaction mixture was cooled to - 18 "C overnight to give 
red needles of pure complex 11 (yield, 38%). The compound is 
stable at r . t .  in  the solid state as well as in thf solution, but it is 
essential to carry out the reaction at low temperature. 

[ Mo{~-P~(CH,),BC,H,,}~] 12. Bis(q-al1ylbenzene)niolyb- 
(0.14 g, 0.4 mmol) in thf (20 cm3) was treated with denum 

HBC,H,, (0.12 g, 1.0 mmol) in thf (20 cm3) at r.t. and the 
mixture was stirred overnight. No change of the initial green 
colour was observed. The solvent was evaporated under 
reduced pressure to give a green powder from which most of the 
excess of HBC,H,, was then removed by sublimation (at 60 "C, 
lo-' Torr). Addition of light petroleum (b.p. 40-60 "C) gave a 
clear green solution and some white residue. After filtration 
pure complex 12 crystallised at -25 "C from the filtrate (yield 
55%). 

[Cr{q-Ph(CHJ3BOC,H,,}(CO),] 13. The compound 
Me,NO (0.03 g, 0.4 mmol) in thf (30 cm3) was added with 
stirring at r.t. to a solution of 2 (0.16 g, 0.43 mmol) in thf (20 
cm3). After stirring at r.t. for 24 h the solvent was removed 
under reduced pressure to give a yellow-green semi-solid 
material. This was dissolved in light petroleum (b.p. 40-60 "C) 
and a yellow solution was filtered from a little white residue. 
The filtrate was kept at - 25 "C for 5 h to give amber-coloured 
needles of pure complex 13 (yield 79%). 
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