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Regioselective Nucleophilic Additions to Tricarbonyl(q6-arene)chrornium(o) 
complexes: Electronic versus Chelation Control 

Julian Blagg, Stephen G. Davies," Craig L. Goodfellow, and Kevin H. Sutton 
The Dyson Perrins Laboratory, South Parks Road, Oxford 0x1 3QY, U.K. 

Regioselective addition of t- butyl-lithium to tricarbonyl($-benzyl alcohol)chromium(o) proceeds to 
give tricarbonyl ( q6- 5- met hylene-6 -exo- t - butylcyclohexa - 1,3-diene) c hromium ( 0 )  , which can be 
isomerised to tricarbonyl(qs-o-t- butyltoluene)chromium(o). Repetition of the reaction on 
tricarbonyl( q6- 1 - phenethano1)chromium ( 0 )  gives regio- and stereo-selectively the corresponding 
5 -ethyl idene complex. 

The regioselective lithiation of arenes possessing a heteroatom 
substituent either directly attached to the arene ring' or in a 
benzylic position2 has been widely studied. The successful 
application of this methodology to the synthesis of substituted 
arene systems has stimulated interest in the behaviour of the 
corresponding tricarbonyl(q6-arene)chromium(o) complexes. 
The electron-withdrawing metal moiety renders the aromatic 
protons more acidic via stabilisation of the carbanion formed on 
d e p r ~ t o n a t i o n ~ * ~  and increases the susceptibility of the ring 
towards nucleophilic attack. For example, additions of 
carbanions to tricarbonyl(q6-benzene)chromium(o) (1) gener- 
ates an intermediate tricarbonyl(q 5-6-exo-alkylcyclohexa- 
dienyl)chromium(o) anion which on oxidation or protonation 
generates the corresponding uncomplexed substituted arenes 
or cyclohexadienes respecti~ely.~?~ Thus, tricarbonyl(q 6-  

benzene)chromium(o) (1) reacts with the dithiane anion (2) to 
give, following iodine oxidation, (3) in excellent yield Scheme 

Our interest focussed on the possibility of chelation- 
controlled nucleophilic addition of carbanions to tricarbonyl- 
($-arene)chromium(o) complexes possessing a benzylic 
heteroatom function. Part of this work has been previously 
comm~nicated.~ 

1).8 

Results and Discussion 
Thermolysis of benzyl alcohol and hexacarbonylchromium(0) 
in a 10: 1 mixture of dibutyl ether and THF gave tricarbonyl(q6- 
benzyl alcohol)chromium(o) (4) in 81% yield. Treatment of a 
THF solution of complex (4) at -78 O C  with at least 2 
equivalents of t-butyl-lithium resulted in an immediate colour 
change from yellow to orange. Allowing the orange solution to 
warm to room temperature before quenching generated, after 
chromatography, a red compound in moderate yield. The novel 
red compound was identified as tricarbonyl(q6-5-methylene-6- 
exo-t-butylcyclohexa-1,3-diene)chromiurn(o) (5). The ' H NMR 
spectrum of complex (5) contained a multiplet splitting pattern 
characteristic of the four contiguous protons of a co-ordinated 
cyclohexa-1,3-diene system together with singlets 6 4.13 (1 H), 
3.73 (1 H), and 0.74 (9 H) indicative of em-methylene and t- 
butyl groups respectively. Selected decoupling experiments 
allowed the spectrum to be fully assigned. Decoupling of the 
doublet of doublets 6 1.57 resulted in the collapse of the doublet 
of triplets 6 2.94 to a doublet; decoupling of the doublet of 
triplets 6 2.94 resulted in collapse of the doublet of doublets 6 
1.57 to a singlet and simplification of the multiplet 6 5.28-5.25. 
Lastly, decoupling of the doublet 6 4.49 resulted in collapse of 
the multiplet 6 5.61-5.59 to a doublet. These experiments 
established that the two downfield multiplets 6 5.61-5.59 and 6 

Table 1. Atomic co-ordinates for complex (5) with estimated standard 
deviations in parentheses. 

0.219 54(5) 0.115 64(6) 0.607 87(6) 
0.195 6(3) 0.218 3(4) 0.453 9(4) 
0.131 2(3) 0.186 8(4) 0.510 O(4) 
0.116 3(3) 0.076 l(4) 0.517 7(5) 
0.104 8(3) 0.034 6(5) 0.618 l(5) 
0.112 7(3) 0.100 8(5) 0.707 5(4) 
0.119 6(3) 0.207 l(5) 0.694 5(4) 
0.095 8(3) 0.257 8(4) 0.592 8(4) 
0.007 3(3) 0.287 3(5) 0.580 8(4) 

-0.012 O(4) 0.367 O(5) 0.666 4(5) 
0.196 3(6) 0.592 3(6) 

-0.003 2(4) 0.335 5(5)  0.471 2(5) 
0.283 9(3) 0.045 7(4) 0.515 O(5) 
0.269 4(4) 0.030 9(5) 0.706 O(5) 
0.288 O(4) 0.221 8(5) 0.648 4(5) 

-0.048 l(4) 

0.323 6(3) -0.003 8(4) 0.461 8(4) 
0.304 9(3) -0.021 5(4) 0.761 2(4) 
0.328 O(3) 0.287 4(4) 0.673 3(5) 
0.208 O(3) 0.293 2(4) 0.446 6(4) 
0.230 2(3) 0.165 7(4) 0.419 8(4) 

Table 2. Selected torsional angles (") for complex (5). 

128.1 
- 3.7 

9.9 
18.1 

- 44.7 
-79.1 

64.6 
- 57.8 
- 49.4 

55.4 
0.2 

5.28-5.25 were assignable to the central protons, 3-H and 2-H 
respectively, of the cyclohexadiene system, whilst the doublet of 
triplets 6 2.94 and the doublet 4.49 were assignable to the 
terminal protons, 1-H and 4-H respectively, of the cyclo- 
hexadiene system. The doublet of doublets 6 1.57 was assigned 
to 6-H. IR absorptions (1 980, 1 900, and 1 880 cm-l) and a 
molecular ion [m/z 284 ( M + ) ]  in the mass spectrum indicated 
that the tricarbonylchromium(o) unit was still present. The 
assignment of complex (5) was confirmed by elemental 
microanalysis and subsequently by an X-ray crystal structure 
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complex, an authentic sample of which had been prepared, 
could be detected by 'H NMR spectroscopy. 

Formation of the triene (5) is consistent with initial formation 
of the alkoxide (6) followed by regioselective chelation- 
controlled ortho addition of the carbanion from the ex0 face 
giving the dianion (7). Protonation of (7) on addition of 
methanol followed by loss of the benzylic oxygen substituent via 
neighbouring group participation from the chromium atom 
would generate the observed triene (5) (Scheme 2). 

This regioselective ortho addition contrasts with the reDorted 
But 

Figure 1. (a) X-Ray crystal structure of tricarbonyl(q6-5-methylene-6- 
exo-t-butylcyclohexa-173-diene)chromium(o) (5); (b) systematic num- 
bering scheme. 

analysis performed on a single crystal of compound (5) grown 
from a saturated pentane solution (Figure 1). 

Atomic co-ordinates and selected torsional angles for the 
structure are presented in Tables 1 and 2 above.* The most 
important feature arising from Figure 1 is the q6-co-ordination 
of the ligand to the metal atom; co-ordination of the exo- 
methylene group to the chromium results in puckered geometry 
of the cyclohexa-173-diene moiety. The 6-t-butyl group is 
approximately perpendicular to the plane of the cyclohexa- 1,3- 
diene system. 

Repetition of the reaction but with addition of methyl iodide 
prior to quenching with methanol, warming to room temper- 
ature, and evaporation gave a red oil. 

Chromatography afforded starting material and a less polar 
red compound which was crystallised to give red needles of 
complex (5). None of the ortho alkylated benzyl alcohol 

* Thermal parameters and other bond lengths and angles are available 
on request from the Cambridge Crystallographic Data Centre. See 
Instructions for Authors (1990), J. Chem. SOC., Perkin Trans. I, 1990, 
Issue 1. 

nucleoph&c additions to tricarbonyl(q6-anisole)chrdmium- 
(0)" and tricarbonyl(q6-a,a,a-trifluorotoluene)chromium(o)" 
which occur predominantly in the meta and para positions 
respectively. The absence of the expected ortho alkylated benzyl 
alcohol complexes in the reaction of tricarbonyl(q6-benyl 
alcohol)chromium(o) (4) with t-butyl-lithium at - 78 or 20 *C 
in the presence of methyl iodide contrasts with the regioselective 
ortho lithiation of free benzyl alcohol reported by Seebach12 
and illustrates the increased susceptibility of tricarbonyl(q 6- 
arene)chromium(o) complexes towards nucleophilic attack. 

The triene complexes were found to undergo rearrangement 
when heated in protic solvents. On warming a red methanolic 
solution of the triene (9, a yellow solution was obtained. Work- 
up gave tricarbonyl(q6-o-t-butyltoluene)chromium(o) (8) as a 
yellow powder (Scheme 3). 

This isomerisation could also be achieved using acidic 
methanol but prolonged warming with methanol containing a 
catalytic amount of methoxide resulted in extensive decompo- 
sition and none of the desired complex (8). The use of 
deuteriomethanol gave the a-monodeuteriated complex (9). 
These results are consistent with initial protonation/deuteriation 
of the triene (5) followed by deprotonation at C-6 (Scheme 4). 

The treatment of tricarbonyl(q6-benzyl alcohol)chromium(o) 
(4) with at least 2 equiv. of methyl-lithium-TMEDA, butyl- 
lithium, or phenyl-lithium gave the corresponding red triene 
complexes (lo), (ll),  and (12) respectively (Scheme 5). 
Complexes (10) and (11) were unstable however and 
chromatography resulted in isomerisation to the fully aromatic 
complexes (13) and (14) respectively. Complex (13) was 
identical in all respects with an authentic sample synthesised 
from thermolysis of hexacarbonylchromium(0) and o-xylene 
(16). The stable triene (12) afforded red crystals from pentane. 
The 'H NMR spectrum of complex (12) exhibited similar 
features to that of triene (5). Singlets at 6 4.36 and 3.79 were 
assigned to the exo-methylene group whilst the proton at the 
phenyl substituted carbon C-6 appeared as a doublet 6 2.47. 
Methanol treatment of triene (12) gave the fully aromatic 
complex (15) in 33% overall yield. 

Decomposition of (13) and (15) by exposure of diethyl ether 
solutions to the air and sunlight gave o-xylene (16) and o- 
methylbiphenyl (17) identical in all respects with authentic 
samples. 
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scbeme 2. Reagents: i, 2 Bu'Li; ii, H'. 

addition of carbanions to tricarbonyl(q6-benzyl alcohol)- 
chromium(0) (4) and to elucidate further aspects of the 
mechanism, the tricarbonylchromium(o) complexes of racemic 
l-phenethanol and diphenylmethanol were prepared. Therm- 
olysis of hexacarbonylchromium(0) with each of the arenes, 
gave the corresponding complexes (21) and (22). In the case of 
diphenylmethanol, a small quantity of the bistricarbonyl- 
chromium(0) complex (23) was isolated (Scheme 8). 

The presence of a chiral centre in the side-chain of complexes 
(21) and (22) renders the two ortho positions diastereotopic. 

* 

ibtbH 6 i 

P Me 
Cr 
(COh (8) 30% Cr T/ 

(C0)3 (5) 

Scheme 3. Reagents: i, H'. 

But r But 1 

C; 
'c.0'3 (9) 33% 

L 
Scheme 4 Reagents: i, CD,OD. 

Semmelhack has shown that intermediates resulting from 
nucleophilic addition to tricarbonyl(q6-arene)chromium(o) 
complexes may be oxidatively trapped with iodine to give the 
ring substituted arene For example, treatment of 
tricarbonyl(q6-benzene)chromium(o) (1) with t-butyl-lithium 
followed by iodine oxidation of the resulting intermediate, gives 
t-butylbenzene (18) in 97% yield (Scheme 6). 

To confirm that dianions of the type (7) (Scheme 2) are 
intermediates on the reaction pathway, tricarbonyl(q6-benzyl 
alcohol)chromium(o) (4) in THF at -78 "C was treated with 
phenyl-lithium and allowed to warm to room temperature 
whereupon a characteristic red solution was observed. The 
solution was cooled to -78 O C  and iodine was added; the 
mixture was then warmed to room temperature and stirred for 
12 h to give, after work-up, o-biphenylmethanol(l9). A minor 
product was also isolated; 'H NMR and IR spectroscopic data 
were consistent with the corresponding aldehyde (20) which is 
presumably formed by iodine-mediated oxidation of the 
alcohol (19) (Scheme 7). 

In order to examine the generality of the regioselective ortho 

Previous work has shown that treatment of tricarbonyl[q6-(S)- 
a-methylbenzyldimethylamine]chromium(o) (24) with t-butyl- 
lithium and methyl iodide gave a single diastereoisomer 
of tricarbonyl[q6-(S)-2-a-dimethylbenzyldimethylamine]chro- 
mium(o) (25). This is consistent with a chelation-controlled 
metallation via transition states such as (26) in which the 
benzylic methyl group is positioned away from the bulky 
tricarbonylchromium(o) moiety (Scheme 9).13 

Jaouen has also demonstrated that chiral tricarbonyl(G6-l- 
phenethanol)chromium(o) (21) undergoes the Ritter reaction 
with retention of configuration v ia  the stabilised carbonium ion 
(27) (Scheme 10).14 

It would, therefore, be expected that chelation controlled 
ortho attack by an alkyl-lithium onto complexes (21) or (22), via 
the least hindered transition states such as (28) (Scheme 11*) 
coupled with loss of the benzylic substituent from the ex0 face 
via neighbouring group participation from the chromium, 

* Only one enantiomer is shown for clarity. 
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would generate predominantly one isomer of the triene (29) 
with the exo-methylene substituent trans with respect to the C-6 
substituent. 

Treatment of complexes (21) or (22) with at least 2 
equivalents of alkyl-lithium following the procedure outlined 
previously gave, in each case, a stable triene product as a 
mixture of isomers. The major isomer in each case was assumed 
to have the exo-methylene substituent in the sterically least 
demanding trans geometry (Scheme 12). 

These results are consistent with both chelation-controlled 
regioselective nucleophilic addition oia the least-hindered 
transition states such as (28) in which the bulky benzylic 
substituent is exo with respect to the tricarbonylchromium(0) 
moiety and subsequent loss of the benzylic substituent from the 

e m  face via a neighbouring group participation from the 
chromium. 

The major trans isomers (32) and (34) were purified by 
fractional crystallisation. Treatment of the mixture of trienes 
(30) and (31) with methanol gave tricarbonyl(q6-o-ethylbutyl- 
benzene)chromium(o) (36). 

The triene (5) was also observed as a side-product in the t- 
butyl-lithium mediated metallation and subsequent alkylation 
of tricarbonyl(q6-benzyldimethylamine)chromium(o) (37) in 
THF at - 78 "C (Scheme 13). 

A similar mechanism involving regioselective chelation- 
controlled addition of the carbanion to an ortho position to give 
the anion (39) followed by loss of the benzylic amino function, 
would account for the formation of (5) (Scheme 14). 



J. CHEM. SOC. PERKIN TRANS. 1 1990 1137 

OH OH OH 

(cb,, (22) 57% ( W 3  (23) 11% 

Scheme 8. Reagents: i, Cr(CO),. 

(C013 

2 

1 (26) 

Scheme 9. Reagents: i, Bu'Li; ii, MeI. 

(ge 
P Cr - *  

i - 
NHCOMe 

Ci 
(CO)3 86% 

Scheme 10. Reagenfs: i, H'; ii, MeCN, H20. 

Formation of the ortho alkylated product (38) can be 
explained by chelation-controlled ortho deprotonation by t- 
butyl-lithium to give the stabilised organolithium (40) (Scheme 
15). 

Nitrogen-directed lithiation of complex (38) with t-butyl- 
lithium in THF at -78 "C followed by addition of methyl 
iodide and quenching with methanol gave a red solution. 
Chromatography gave a yellow oil and a red solid (41). The oil 
was characterised as a mixture of tricarbonyl(q6-o,o-dimethyl- 
benzyldimethylamine)chromium(o) (42) and tricarbonyl(q6-o- 
ethylbenzyldimethylamine)chromium(o) (43) in a ratio of 5 : 1. 
Fractional recrystallisation gave (42) as yellow crystals. The 'H 
NMR spectrum of complex (41) was similiar to that of (5) but 
with the replacement of the doublet of doublets of 6 1.57 by 
a singlet at 6 1.74. Complex (41) was identified as tricarbonyl- 
(q 6-4-methyl-5-methylene-6-exo-t-butylcyclohexa- 1,3-diene) 
chromium(o) formed in 28% yield by a similar mechanism to the 
formation of (5) and (37) (Scheme 16). 

Chelation control is not the only means of regioselective 
control in nucleophilic addition reactions. Treatment of a 
THF solution of (SR)-tricarbonyl(q6-o-trimethylsilyl-oc-methyl- 
benzyldimethylamine)chromium(o) (44) (prepared from tricar- 

bonyl[q6-(R)-oc-methylbenzyldimethylamine]chromium(~)~ 
with 2 equivalents of t-butyl-lithium at -40 "C, stirring for 2 h 
followed by stirring for 2 h at 0 "C before methanolic work-up 
gave the red triene complex (45). The 'H NMR spectrum of 
(45) contained a lowfield AB quartet due to two adjacent 
olefinic ring protons, a single proton quartet 6 4.45 coupled to a 
methyl proton doublet 6 1.96 characteristic of an ethylidene 
group, and two nine proton singlets at 6 1.05 and 0.17 produced 
by a t-butyl and trimethylsilyl group. Three IR carbonyl 
stretching absorptions confirmed that the tricarbonylchro- 
mium(o) unit was intact and a high resolution mass spectrum 
confirmed the identity of (45) as tricarbonyl[q 6-(E)- 1-t-butyl-4- 
trimethylsilyl-5-ethylidenecyclohexa-1,3-dieneJchromium(o). E 
Stereochemistry was assumed at the exocyclic double bond. The 
formation of the triene (45) is consistent with exclusive exo 
attack of the alkyl-lithium para to the trimethylsilyl group to 
give the stabilised anion (46). Antiperiplanar elimination of the 
dimethylamide anion gives the cross-conjugated product (47), 
presumably with the indicated stereochemistry. On methanolic 
work-up (47) rearranges to the triene (45) (Scheme 17). 

The first step of the triene formation involves nucleophilic 
addition of the alkyl-lithium to the tricarbonyl(q6-arene)- 
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chromium(o) complex. In all the previous cases the organo- 
lithium reagent attacks at the ortho position presumably via 
co-ordination to the benzylic heteroatom substituent. However, 
in the formation of triene (45), t-butyl-lithium attacks at the 
position meta to the alkyl side-chain. This is because either the 
increased steric bulk around nitrogen disfavours co-ordination 

of the base or the trimethylsilyl group is exerting a strong para- 
directing effect. Where a single aryl substituent other than 
trimethylsilyl is present nucleophiles generally attack tricar- 
bonyl(q6-arene)chromium(o) complexes in the meta p~si t ion.~ 
The resultant anion may be oxidised or protonated to generate 
the corresponding uncomplexed substituted arenes or cyclohexa- 
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dienes respectively.6 Two examples of nucleophilic attack on 
trimethylsilylarenes have been rep~rted.~, '  In both cases 
addition para to the trimethylsilyl group was observed, however 
the presence of other substituents meant that a para directing 
effect could not be unambiguously attributed to the tri- 
methylsilyl group. In an attempt to provide conclusive evidence 
for activation of the para position the nucleophilic attack of 
t-butyl-lithium on tricarbonyl(q6-phenyltrimethylsi1ane)chro- 
mium(o) (48) was investigated. 

aLi P 
Cr 
(co)3 (40) 

1139 

i i  - 
P 

Cr 

t-Butyl-lithium in THF at - 78 O C  was treated dropwise with 
a THF solution of half an equivalent of complex (48) and the 
mixture stirred for 1.5 h. Warming to 0 "C for 1 h followed by 
addition of an excess of iodine in THF and stirring at room 
temperature for 3 h gave, after work-up and sublimation, white 
crystals of 4-t-butylphenyltrimethylsilane (49). Formation of 
(49) presumably occurs via the intermediate anion (50) (Scheme 
18). 

Conclusion 
The work presented here provides a new example of the 

enhanced susceptibility of tricarbonyl(q6-arene)chromium(o) 
complexes towards nucleophilic attack. Tricarbonyl(q 6-arene)- 
chromium(0) complexes with benzylic hydroxy or dimethyl- 
amino substituents undergo novel chelation-controlled regio- 
and stereo-selective nucleophilic attack by alkyl-lithiums to 
give, after loss of the heteroatom substituent, trienes such as 
(9, (10)--(12), and (41). These complexes rearrange in methanol 
to give the corresponding ortho alkylated toluene complexes 
(8) and (13H15). The remarkable stability of the trienes (9, 
(12), (30)-(35), (41), and (45) towards aromatisation can be 
attributed to the unfavourable steric interaction which would 
result from bringing two bulky ortho substituents into the plane 
of the newly formed aromatic ring. This interaction is 
particularly unfavourable in the case of 6-t-butyl substituted 
trienes or those bearing a substituent on the 5-exo-methylene 
group. 

NMe2 
I 

B cx 
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Experimental 
All reactions involving the preparation or utilisation of 
tricarbonyl(q6-arene)chromium(o) complexes were performed 
under an atmosphere of nitrogen. All commercial reagents were 
purified according to standard techniques.' THF was distilled 
from sodium benzophenone ketyl under an atmosphere of 

- J 
Scheme 14. Reagents: i, Bu'Li. 

r NMe, 
I NMe, 
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Scheme 15. Reagents: i, Bu'Li; ii, MeI. 

NMe2 Me NMe2 
I I I  

NMe2 
I 

P aE* 
C i  
(COI3 (43) 12% 

But 

(CO)3 (41) 28% 
Scheme 16. Reagents: i, Bu'Li; ii, MeI. 
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nitrogen. Diethyl ether was peroxide free and dibutyl ether was 
dried over sodium and distilled under an atmosphere of 
nitrogen prior to use. Hexacarbonylchromium(0) was steam 
distilled prior to use. Butyl-lithium was used as a 1 . 6 ~  solution 
in hexanes, t-butyl-lithium as a 2 . 3 6 ~  solution in pentane and 
methyl-lithium as a 1 . 5 ~  solution in diethyl ether. M.p.s were 
obtained on a Kofler hot-stage apparatus and are uncorrected. 
IR spectra were obtained in chloroform solution and 'H NMR 
spectra were obtained at 300 MHz unless otherwise stated. 
Mass spectra were obtained using In Beam Electron Impact 
techniques. 

TricarbonyZ(q6-benzyl alcohor)chromium(o) (4).-A deoxy- 
genated mixture of dibutyl ether (90 ml), THF (9 ml), benzyl 
alcohol (3.00 g, 27.8 mmol) and hexacarbonylchromium(o) 
(7.00 g, 31.8 mmol) was heated at reflux (24 h). The cooled 
solution was filtered and the solvents removed. Column 
chromatography (A1203 Grade V; CH,Cl,) gave the title 
compound (4) as yellow flakes (5.50 g, 81%), m.p. 94-95 "C 
(1it.,I6 m.p. 95-96 "C); vmax 3 280 and 3 180br (OH), and 1 980, 
1 950, and 1 910 cm-' (CO); G(CDC1360 MHz), 5.35 (s, 5 H, Ar 
H), 4.45 (s, 2 H, ArCH,OH), and 2.35 (s, br, 1 H, ArCH,OH); 
m/z 244 ( M + ) .  

Tricarbonyl(q 6-5-methylene-6-exo-t-butylcyclohexa- 1,3-di- 
ene)chromium(o) (5): Formation at - 78 "C.-t-Butyl-lithium 
(2.0 ml, 4.72 mmol) was added to a stirred solution of 
tricarbonyl(q6-benzyl alcohol)chromium(o) (4) (400 mg, 1.64 
mmol) in THF (20 ml) at -78 "C. The initial yellow solution 
rapidly turned red. The mixture was stirred (2 h, -78 "C) and 
then methyl iodide (0.5 ml, 8.03 mmol) was added and stirring 
continued (2 h, -78 "C). Methanol was added to the mixture 

which was then warmed to 20 "C and evaporated to give a red 
gum. Column chromatography (A1203, Grade V) of this gave 
two fractions. Fraction one (1 : 10, Et,O-light petroleum) gave 
the title compound (5) as a red gum which upon crystallisation 
(pentane) gave crimson needles (25.0 mg), 5.4%), m.p. 108- 
111 "c (Found: C, 59.4; H, 5.8; CI4Hl6CrO3 requires C, 59.2; H, 
5.7%); vmax 1 980, 1 900, and 1 880 cm-' (CO); G(CDC1,) 5.61- 
5.59 (m, 1 H, 3-H), 5.28-5.25 (m, 1 H, 2-H), 4.49 (d, J5.4 Hz, 1 H, 

(dt, J6.5,1.2, lH, 1-H), 1.57 (dd, J6.5,1.4Hz, 1 H,6-H),and0.74 
[s, 9 H, RC(CH,),]; m/z 284 (M'). Fraction two (CH,Cl,) gave 
starting material (4) as a yellow solid (250 mg, 63%), Fraction 
two (CH2C12) gave tricarbonyl(q 6-benzyl alcohol)chromium(o) 
(4) as a yellow solid (250 mg, 63%) identified by comparison 
with an authentic sample. 

4-H), 4.13 (s, 1 H, RR'C=CH2), 3.73 (s, 1 H, RR1MH2), 2.94 

Tricarbonyl(q6-5-methylene-6-exo-t-butylcyclohexa- 1,3-di- 
ene)chromium(o) (5): Formation at 20 "C.-t-Butyl-lithium 
(2.1 ml, 4.96 mmol) was added to a stirred solution of 
tricarbonyl(q6-benzyl alcohol)chromium(o) (4) (450 mg, 1.84 
mmol) in THF (25 ml) at -78 "C. The initial yellow solution 
rapidly turned red and was allowed to warm to 20OC. After 
being stirred (2 h, 20 "C), the solution was cooled (- 78 "C) and 
treated with methanol (2 ml). The mixture was warmed (20 "C) 
and evaporated to give a red gum. Column chromatography 
(A1203 Grade V; 1 : 10, Et,O-light petroleum) gave the title 
compound (5) as a red gum. Crystallisation (pentane) gave 
crimson needles (250 mg, 50%), identified by comparison with 
an authentic sample. 

X-Ray Crystal Structure Analysis of Tricarbonyl(q6-5- 
methylene-6-exo-t-bu~ylcyclohexa-1,3-die~e)ch~omiu~(0) (9.- 
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Cell parameters and reflection intensities were measured using 
graphite monochromated Cu-K, radiation on an Enraf-Nonius 
CAD-4-diffractometer operating in the 4 2 8  scan mode. The 
scan range (a) was calculated from [ 1.00 + 0.14 tanel", and the 
scan speed varied from 1.0 to 6.7"/min depending upon the 
intensity. Reflections were measured in the range 0 < 8 < 60". 
Three standard reflections measured every hour were used to 
scale the data and correct for crystal decomposition. The 
data were corrected for Lorentz-polarisation and absorption 
effects' ' (relative transmission factors 1.00-2.06) and equivalent 
reflections were merged to give 2 054 unique reflections of which 
1 356 were considered to be observed [I > 30 (I)] and used in 
the structure analysis. Scattering factors were taken from 
International Tables." 

Crystal data. C14H1603Cr, M = 284.28. Orthorhombic, 
space group Pbca (established from systematic absences), 
a = 17.038(3), b = 12.988(2), c = 12.572(2) A, U = 2 782 A3, 
2 = 8, Dcrlc 1.36 Mgm-,, p(Cu-K,) 68.1 cm-'. 

The structure was solved by direct methods and electron 
density Fourier synthesis and refined by full-matrix least- 
squares methods. Parameters in the final cycles of refinement 
included those for positional co-ordinates, anisotropic temper- 
ature factors (non-hydrogen atoms), an overall scale factor, and 
an extinction parameter. Hydrogen atoms were included in 
calculated positions and were allowed to ride on their respective 
carbon atoms. The refinement was terminated when all shifts 
were less than 0.001 cr with R = 0.052 (R,  = 0.066). The weight 
for each reflection was calculated from the Chebyshev series 
w = [418.6t0(X) + 572.8t1(X) + 187.6t2(X)] where X = 
Fo/Fmx.20 Final difference electron-density Fourier synthesis 
revealed no significant features and a detailed analysis failed to 
reveal any systematic errors. All calculations were performed 
using the CRYSTALS package" on the Chemical Cry- 
stallography Laboratory VAX 11/750 computer. 

Tricar&onyl(q6-o-t-butyltoluene)chromium(o) (@.-Metha- 
nol (5  ml) was added to tricarbonyl(q6-5-methylene-6-exo-t- 
butylcyclohexa-1,3-diene)chromiurn(o) (5) (100 mg, 0.35 mmol) 
and the red solution heated at gentle reflux (5  h). The resulting 
yellow solution was cooled and the solvent removed to give a 
green gum. Column chromatography (A1203 Grade V; 1 : 1, 
Et,O-light petroleum) gave the title compound (8) as a yellow 
powder (30 mg, 30%); v,, 1965 and 1870br cm-' (CO); 
G(CDC1,) 5.72 (d, 1 H, ArH), 5.49 (t, 1 H, ArH), 5.03 (t, 1 H, 
ArH), 4.96 (d, 1 H, ArH), 2.43 (s, 3 H, ArCH,), and 1.41 [s, 9 H, 
ArC(CH,),] [Found: m/z 284.0504 (M'). C14H1 6Cr03 
requires m/z 284.05041. 

Tricarbonyl(q 6-o-t-butyl-cr-monodeuteriotoluene)chro- 
mium(o) (9);-Deuteriomethanol (4 ml) was added to 
tricarbonyl(q6-5-methylene-6-exo-t-butylcyclohexa- 1,3-diene)- 
chromium(0) (5) (300 mg, 1.06 mmol) and the red solution 
heated at gentle reflux (4 h). The resulting orange solution was 
cooled and the solvent removed to leave an orange gum. 
Column chromatography (Al,O, Grade V) gave two fractions. 
Fraction one (1: 10, Et,O-light petroleum) gave a red gum (50 
mg, 17%) identical in all respects with an authentic sample of the 
triene (5). Fraction two (1 : 1, Et,O-light petroleum) gave the 
title compound (9) as a yellow powder (100 mg, 3373, vmax 1 965 
and 1 870 cm-' (CO); G(CDC1,) 5.82 (d, 1 H, ArH), 5.49 (t, 1 H, 
ArH), 5.03 (t, 1 H, ArH), 4.96 (d, 1 H, ArH), 2.43-2.41 (m, 2 H, 
ArCH,D), and 1.41 [s, 9 H, ArC(CH,),]; m/z 285 (M'). 

Tricarbonyl(q6-o-xylene)chromium(o) (13).-A deoxygenated 
mixture of dibutyl ether (40 ml), THF (4 ml), o-xylene (1.00 g, 
9.43 mmol), and hexacarbonylchromium(o) (2.50 g, 1 1.36 
mmol) was heated at reflux (27 h). The cooled solution was 
filtered and the solvents removed to give a yellow oil. Column 

chromatography (A1203 Grade V, 1 :1, Et,O-light petroleum) 
of this gave the title compound (13) as a yellow powder (1.51 g, 
6673, m.p. 89-91 "C (1it.,l6 90-91.5 "C); v,,, 1 970, 1 940, and 
1 900br cm-' (CO); G(CDC13) 5.31-5.22 (m, 4 H, ArH) and 2.17 
(s, 6 H, ArCH,); m/z 242 (M'). 

Tr icarbon y l( q -0 -xy 1ene)ch romium( 0) (1 3) from Tr icar- 
bonyl(q6-benzyl alcohol)chromium(o) (4).-A solution of 
tricarbonyl(q6-benzyl alcohol)chromium(o) (4) (400 mg, 1.64 
mmol) in THF (10 ml) at -78 "C was added dropwise to a 
mixture of methyl-lithium (2.73 ml, 4.10 mmol) and TMEDA 
(0.60 ml, 4.00 mmol) in THF (10 ml) at - 78 "C. The mixture 
was allowed to warm to 20 "C and was stirred (3 h). Methanol (2 
ml) was added and the mixture evaporated to give a red gum. 
Column chromatography (A1203 Grade V; 1 : 1, Et,O-light 
petroleum) gave the title compound (13) as a yellow powder 
(159 mg, 40%) which was identical in all respects with an 
authentic sample. 

Tricarbonyl(q6-o-butyltoluene)chromium(o) (14)-Butyl- 
lithium (1.7 ml, 2.72 mmol) was added to a stirred solution of 
tricarbonyl(q6-benzyl alcohol)chromium(o) (4) (300 mg, 1.23 
mmol) in THF (25 ml) at - 78 OC. The mixture was allowed to 
warm to 20 "C and was stirred (4 h). Methanol (2 ml) was added 
and the solution evaporated to a red gum. Column chroma- 
tography (A1,03 Grade V; 1 : 1, Et,O-light petroleum) gave the 
title compound (14) as an orange oil (150 mg, 4379, v,,, 1 970 
and 1870br cm-I (CO); G(CDC1,) 5.32-5.22 (m, 4 H, ArH), 
2.62-2.49 (m, 1 H, ArCH,R), 2.30-2.17 (m, 1 H, ArCH,R), 2.17 
(s, 3 H, ArCH,), 1.58-1.35 (m, 4 H, RCH2CH,CH,), and 0.97 
(t, J 6.7 Hz, 3 H, RCH,CH,) [Found m/z 284.0502 (M'). 
C14H16Cr03 requires m/z 284.05041. 

Tricarbonyl(q6-5-methylene-6-exo-phenylcyclohexa- 1,3-di- 
ene)chromiwn(o) (12).-Phenyl-lithium22 (6.0 ml, 5.70 mmol) 
was added to a solution of tricarbonyl(q6-benzyl alcohol)- 
chromium(0) (4) (500 mg, 2.05 mmol) in THF (20 ml) at - 78 "C. 
The red solution was allowed to warm to 20 "C and was stirred 
(3 h). Methanol (3 ml) was added and the solvents evaporated to 
give a red gum. Column chromatography (A1203 Grade V; 1 : 1, 
Et,O-light petroleum) gave a yellow oil which was crystallised 
to give the title compound (12) as orange needles (pentane) (449 
mg, 72%) (Found: c, 63.1; H, 3.9. C16H12Cr03 requires C, 63.2; 
H, 4.0%); v,,, I 980, 1910, and 1 880br cm-I (CO); G(CDC1,) 
7.28-7.16(m,5H,ArH),6.07(d,J5.1Hz,l-H),5.28(t,J6.0Hz, 
1 H), 4.36,3.79 (2s, 2 H, RR 'MH, ) ,  2.70 (t, J6.7 Hz, 1 H), 2.47 
(d, J 13.1 Hz, 1 H), and 2.19-2.13 (m, 1 H). 

Tricarbonyl(q6-o-methylbiphenyl)chromium(o) (15).-Meth- 
anol(40 ml) and water (10 ml) were added to tricarbonyl(q6-5- 
meth ylene-6-exo-phen ylc yclo hexa- 1,3-diene)chromiurn(o) (1 2) 
(375 mg, 1.23 mmol) and the red solution was heated under 
gentle reflux (8 h). The resulting yellow solution was cooled and 
the solvent removed to give a yellow gum. Column chroma- 
tography (Al,O, Grade V; 1 : 1, Et,O-light petroleum) gave the 
title compound (15) as an orange powder (172 mg, 46%) 
(Found: C, 63.1; H, 3.9 C16H,,Cr0, requires C, 63.2; H, 4.0%); 
v,,, 1 965 and 1 879br cm-' (CO); G(CDC1,) 7.62-7.40 (m, 5 H, 
ArH), 5.57-5.51 (m, 2 H, complexed ArH), 5.22-5.15 (m, 2 H, 
complexed ArH), and 2.14 (s, 3 H, ArCH,); m/z 304 (M'). 

General Procedure for Decomplexation of Complexes (13) and 
(15).-A solution of complex (13) or (15) in Et,O (20 mg, ml-l) 
was exposed to air and sunlight until colourless. Filtration 
(Celite) followed by evaporation gave a clear oil in essentially 
quantitative yield. 
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o-Xylene (16). This product was identical in all respects with 
an authentic sample.23 

o-Methylbiphenyl(l7). B.p. 65-66 "C (0.1 mmHg) (lit.,24 76- 
78 "C, 0.5 mmHg); v,,, 1 600 and 1 480 cm-I (aromatic ring); 
G(CDC13) (sample contained o-methylbiphenyl prepared as 
above and an authentic sampleZ3 in a ratio of 1 : 1) 7.49-7.22 (m, 
9 H, ArH), 2.37 (s, 3 H, ArCH,); '3C-('H}-NMR Gc(CDC13) 
(sample contained o-methylbiphenyl prepared as above and an 
authentic sampleZ3 in a ratio of 1 : 1) 142.0, 135.5, 130.3, 129.8, 
129.2, 128.0, 127.2, 126.7, 125.7, and 20.4; m/z 168 (M'). 

Biphenyl-2-ylmethanol (19) and o-Biphenylformaldehyde 
(20).-Phenyl-lithium (3.4 ml, 4.93 mmol) was added to a 
stirred solution of tricarbonyl(q6-benzy1 alcohol)chromium(o) 
(4) (330 mg, 1.35 mmol) in THF (30 ml) at -78°C. The 
resulting red solution was allowed to warm to 20°C and was 
stirred (3 h). The solution was cooled to -78 "C and treated 
with a solution of iodine (800 mg, 6.30 mmol) in THF (10 ml). 
The red mixture was allowed to warm to 20 "C and was stirred 
(12 h). The solvent was removed and Et20 (50 ml) added. The 
organic layer was washed with saturated aqueous Na2S20, (50 
ml), 1~ HC1 (2 x 25 ml), and saturated brine (25 ml). Drying 
(MgS04) followed by evaporation gave a pale yellow gum. 
Flash chromatography (SiO,; 1 : 3, Et20-light petroleum) gave 
two major fractions. Fraction one gave the title compound (20) 
as a colourless oil (30 mg, 12%); vmax 1 710 cm-' (GO); 
G(CDC13) 10.00 (s, 1 H, ArCHO) and 8.05-7.29 (m, 9 H, ArH). 
Fraction two gave the title compound (19) as a colourless oil 
(145 mg, 58%); v,,, 3 400br cm-' (OH); 6(CDC13) (sample 
contained biphenyl-2-ylmethanol prepared as above and an 
authentic sampleZ3 in a ratio of 1 : 1) 7.58-7.26 (m, 9 H, ArH), 
4.63 (s, 2 H, ArCH,OH), 1.75 (s, br, 1 H, ArCH20H); 13C-(1H}- 
NMR Gc(CDC13) (sample contained biphenyl-2-ylmethanol 
prepared as above and an authentic sampleZ3 in a ratio of 1 : 1) 
141.25, 140.6, 138.0, 130.0, 129.1, 128.3, 128.2, 127.65, 127.60, 
127.2, and 63.0; m/z 184 (M'). 

Tricarbonyl(q 6- 1 -phenethanoZ)chromium(o) (21).-1 -Pheneth- 
anol (3.00 g, 24.6 mmol) and hexacarbonylchromium(o) (5.9 g, 
26.8 mmol) were added to dibutyl ether (90 ml) containing THF 
(9 ml) and the solution was heated under reflux (48 h). The 
cooled mixture was filtered and concentrated to a yellow oil. 
Column chromatography (A1203 Grade V; Et,O) gave, after 
evaporation, the title compound (21) as a yellow oil (5.50 g, 
87%); v,,,(liquid film) 3 590 (OH, non-H-bonded), 3 420br 
(OH, H-bonded), 1959, and 1869br cm-' (CO); G(CDC1,) 
5.56-5.27 (m, 5 H, ArH),4.53 [q, J6.1 Hz, 1 H, ArCH(OH)CH,], 
2.78 (s, br, 1 H, ROH), and 1.44 [d, J 6.3 Hz, 3 H, 
ArCH(OH)CH,]; m/z 258 (M'). 

TricarbonyZ(q6-dipZenylmethano~chromium(~) (22).-A de- 
oxygenated mixture of dibutyl ether (60 ml), THF (6 ml), 
diphenylmethanol (2.00 g, 10.87 mmol) and hexacarbonyl- 
chromium(0) (2.20 g, 10.00 mmol) was heated at reflux (20 h). 
The cooled solution was filtered and the solvents evaporated to 
give a yellow oil. Flash chromatography (SiO,, 1 : 2 Et,O-light 
petroleum) gave two fractions. Fraction one gave the title 
compound (22) as a yellow solid which was recrystallised 
(CH,Cl,-hexane) to give yellow blocks (1.83 g, 57%) (Found C, 
60.1; H, 3.7. C16H12Cr04 requires C, 60.0; H, 3.8%); v,,, 3 590 
(OH) and 1975 and 1890br cm-' (CO); G(CDC1,) 7.47-7.35 
(m, 5 H, uncomplexed ArH), 5.73 (d, J 6.5 Hz, 1 H, complexed 
ArH), 5.49 [d, J 3.3 Hz, 1 H, ArCH(OH)Ar], 5.42-5.25 (m, 4 H, 
complexed ArH), 2.41 [d, J 3.3 Hz, ArCH(OH)Ar, D 2 0  
suppressed]; m/z 320 (M+) .  Fraction two gave bistricar- 
bonyl(q ' 2-diphenylmethanol)bischromium(o) (23) as a yellow 
solid which was recrystallised (CH,Cl,-hexane) to give yellow 
blocks (0.50 g, 11%) (Found: C, 49.8; H, 2.6. ClgH,,Cr207 

requires C, 50.0; H, 2.65%); vmax 3 600 (OH), 1 890br cm-' (CO); 
G(CDC13) 5.63 (d, J6.5 Hz, 2 H, ArH), 5.43-5.28 (m, 8 H, ArH), 
5.12 [d, J3.3 Hz, 1 H, ArCH(OH)Ar], and 2.28 [d, J3.3 Hz, 1 H, 
ArCH(OH)Ar, D 2 0  suppressed]; m/z 456 ( M + ) .  

Treatment of Tricarbonyl(q6- 1-phenethanol)chromium(o) (21) 
with Butyl-lithium.-Butyl-lithium (2.20 ml, 3.52 mmol) was 
added to a stirred solution of tricarbonyl(q6-1-phenethano1)- 
chromium(o) (21) (350 mg, 1.36 mmol) in THF (25 ml) at 
-78 "C. The solution was allowed to warm to 20 "C and was 
stirred (4 h). Methanol (3 ml) was added and the solvent 
evaporated to give a red gum. Column chromatography (A1203 
Grade V; 1 : 1 Et20-light petroleum) gave a red oil (250 mg, 
62%); v,, 1980, 1900, and 1890 cm-' (CO); G(CDC1,) 
[trans-triene (30) selected features] 5.67-5.63 (m, 1 H, 3-H), 
5.20-5.15 (m, 1 H, 2-H), 4.58 [q, J 6.8 Hz, 1 H, R R ' G  
CH(CH3)], 4.28 (d, J 5 Hz, 1 H, 4-H), 3.05-2.99 (m, 1 H, 1-H), 
1.98 [d, J 6.8 Hz, 3 H, RR'C=CH(CH,)], and 0.85 (t, J 6.7 Hz, 
3 H, RCH,CH3); cis- triene (31) (selected features) 6 4.65 (9, 
J 6.8 Hz, 1 H, RR1C=CH(CH3)] and 2.04 [d, J 6.8 Hz, 3 H, 
RR'C=CH(CH,)]. Ratio of complexes (30) and (31) 5: 1. 

Treatment of Tricarbonyl(q6- 1-phenethanol)chrornium(o) (21) 
with t-Butyl-lithium.-t-Butyl-lithium (2.5 ml, 5.90 mmol) was 
added to a stirred solution of tricarbonyl(q6-1-phenethano1)- 
chromium(0) (21) (500 mg, 1.94 mmol) in THF (30 ml) at 
-78 "C. The mixture was allowed to warm to 20 "C and was 
stirred (2 h). The resulting red solution was re-cooled to - 78 "C 
and treated with methanol (5 ml). The mixture was warmed to 
20°C and evaporated to afford a red gum. Column 
chromatography (A1203 Grade V; light petroleum) gave a red 
oil (275 mg, 48%); v,,, 1980br cm-' (CO); G(CDC1,) [trans- 
triene (32)] 5.61-5.57 (m, 1 H, 3-H), 5.32-5.28 (m, 1 H, 2-H), 4.62 
[q,J6.8 Hz, 1 H,RR'C==CH(CH3)],4.31(d,J5.8 Hz, 1 H,4-H), 
3.04-2.99 (m, 1 H, 1-H), 2.16 (dd, J6.7,1.5 Hz, 1 H, 6-H), 2.02 [d, 
J 6.8 Hz, 3 H, RR'C==CH(CH,)], and 0.74 [s, 9H, RC(CH3),]; 
cis-triene (33) (selected features) 1.83 [d, J 6.8 Hz, 3 H, 
RR'C=CH(CH3)] and 0.68 [s, 9 H, RC(CH,),]; ratio of 
complexes (32) and (33) 15:l. The major isomer (32) was 
obtained pure by crystallisation (pentane) (Found C, 60.3; H, 
6.1. ClSHlSCr03 requires C, 60.5; H, 6.1%); m/z 298 ( M + ) .  

Treatment of Tricarbonyl(q6-diphenylmethanol)chromium(o) 
(22) with t-Butyl-lithium.-t-Butyl-lithium (1.3 ml, 3.07 mmol) 
was added to a stirred solution of tricarbonyl(q 6-diphenyl- 
methanol)chromium(o) (22) (400 mg, 1.25 mmol) in THF (30 
ml) at -78 "C. The solution was allowed to warm to 20 "C 
and was stirred (2 h). The resulting red solution was cooled to 
-78 "C and treated with methanol (5 ml). The mixture was 
warmed to room temperature and then evaporated to give a red 
gum. Column chromatography (A1203 Grade V; 1: 1, Et,& 
light petroleum) of this gave a red oil (245 mg, 54%); vmax 1 980 
and 1 890br cm-' (CO); 6(CDC13) [trans-triene (M)] 7.S7.32 
(m, 5 H, ArH), 5.67-5.65 (m, 1 H, 3-H) 5.45 (s, 1 H, 
RR'WHAr), 5.33-5.29 (m, lH, 2-H), 4.36 (d, J 5.8 Hz, 1 H, 
4-H), 3.14-3.09 (m, 1 H, 1-H), 2.73 (dd, J6.8 Hz, J 1.4 Hz, 1 H, 6- 
H), 0.79 [s, 9 H, RC(CH3),]; [cis-triene (35) selected features] 
4.80 (d, J5.8 Hz, 1 H, 4-H), 3.36-3.30 (m, 1 H, 1-H), 0.97 [s, 9 H, 
RC(CH3),]; ratio of complexes (34) and (35) 10: 1. Crystallisa- 
tion of the mixture of isomer (34) and (35) gave the pure triene 
(34). (Found C, 66.5; H, 5.6. C20H20Cr03 requires C,. 66.65; H, 
5.6%); m/z 360 (M'). 

Tricarbonyl(q6-o-butyZethylbenzene)chromium(o) (36).- 
Methanol (5 ml) was added to the mixture of trienes (30) and (31) 
(240 mg, 0.84 mmol) and the resulting red solution heated at 
gentle reflux (5 h). Removal of the solvent followed by column 
chromatography (Al,03 Grade V; 1 : 1, Et,O-light petroleum) 
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gave the title compound (36) as a yellow oil (120 mg, 48%); vmax 
1970 and 1 865br cm-' (CO); G(CDC1,) 5.30-5.23 (m, 4 H, 
ArH), 2.67-2.22 (m, 4 H, ArCH,R), 1.58-1.38 (m, 4 H, 
RCH,CH,CH,), 1.23 (t, J 6.7 Hz, 3 H, RCH,CH3), and 0.97 (t, 
J 6.7 Hz, 3 H, RCH,H,) [Found m/z 298.0663 (M').  
C, 5H18Cr03 requires m/z 298.06611. 

Tricarbonyl(q6-benzyldimethylamine)chromium(o) (37).-A 
deoxygenated mixture of dibutyl ether (140 ml), THF (14 ml), 
and benzyldimethylamine (4.00 g, 29.6 mmol) was heated at 
reflux (40 h). The cooled solution was filtered and the solvents 
removed. Column chromatography (A1203 Grade V; Et,O) 
gave the title compound (37) as a yellow solid (5.52 g, 69%), m.p. 
48-50 "C; v,,, 2 790 "(CH,),] and 1 970 and 1 900br cm-I 
(CO); G(CDC1,) 5.41-5.25 (m, 5 H, ArH), 3.16 (s, 2 H, 
ArCH,NR2), and 2.30 [s, 6 H, RN(CH,),]; m/z 271 (A#+). 

Tricarbonyl(q6-o-methylbenzyldimethylamine)chromium(o) 
(38) and Tricarbonyl(q6-5-methylene-6-exo-t-butylcyclohexa- 
1,3-diene)chromium(o) (5).-t-Butyl-lithium (0.7 ml, 1.65 mmol) 
was added to a stirred solution of tricarbonyl(q6-benzyl- 
dimethylamine)chromium(o) (37) (400 mg, 1.48 mmol) in THF 
(20 ml) at -78 "C. The initial yellow solution rapidly turned 
red. The mixture was stirred (2 h, -78 "C) and then methyl 
iodide (0.3 ml, 4.82 mmol) was added and stirring continued (2 
h, -78 "C). Methanol (1 ml) was added, the solution warmed 
(20 "C), and then evaporated. Column chromatography (A1203 
Grade V) gave two fractions. Fraction one (1: 10, Et,O-light 
petroleum) gave the title compound (5) as a red gum (105 mg, 
25%) identified by comparison with an authentic sample. 
Fraction two (5: 1, Et,O-light petroleum) gave the title 
compound (38) as a yellow solid (285 mg, 68%), m.p. 52-54 "C 
(Found: C, 54.85; H, 5.3; N, 4.85. C,3H,5CrN03 requires C, 
54.7; H, 5.3; N, 4.9%); v,,, 2 770 [N(CH,),] and 1 970 and 1 890 
cm-' (CO); G(CDC1,) 5.47-5.21 (m, 4 H ArH), 3.47, 2.88 (AB 
system, JAB 13.0 Hz, 2 H, ArCH,NR,), 2.29 [s, 6 H, RN(CH3),], 
and 2.24 (s, 3 H, ArCH,); m/z 285 (M'). 

Methylation of Tricarbonyl(q6-o-methylbenzyldimethyl- 
amine)chromium(o) (38).-t-Butyl-lithium (2.36~ solution in 
pentane; 0.97 ml) was added to a stirred solution of tricar- 
bonyl(q6-2-methylbenzyldimethylarnine)chromium(o) (38) 
(653 mg, 2.29 mmol) in THF (15 ml) at - 78 "C. The orange 
solution was stirred (- 78 "C, 2 h) and methyl iodide added 
(0.36 ml, 5.73 mmol). After 2 h methanol (2 ml) was added and 
the mixture evaporated to afford a red oil. Column chroma- 
tography (A1203 Grade V) gave two fractions. Fraction one 
(1 : 10, Et,O-light petroleum) was evaporated to give, after re- 
crystallisation (pentane), tricarbonyl(q6-4-ethyl-5-methylene- 
6-exo- t- bu t y lcyclo hexa- 1,3 -diene)chromium(o) (41) as red 
granular crystals (191 mg, 28%), m.p. 109-1 1 1  "C (Found: C, 
60.3; H, 6.1. ClSH1&r03 requires C, 60.4; H, 6.1%); v,,, 1 982, 
1 908, and 1 882 cm-' (CO); G(CDC1,) 5.40 (d, J4.8 Hz, 1 H, 3- 
H), 5.21-5.17 (m, 1 H, 2-H), 4.13, 3.98 (2 s, 2H, RR'WH,) ,  
2.89-2.84 (m, 1 H, 1-H), 1.74 (s, 3 H, RCH,), 1.55 (d, J6.4 Hz, 1 
H, 6-H), 0.71 [s, 9H, RC(CH,),]; m/z 298 (M'). Fraction two 
(Et20) was evaporated to give a mixture of tricarbonyl(q6- 
0.0-dimethylbenzyldimethylamine)chromium(o) (42) (413 mg, 
60%) and tricarbonyl(q 6-o-e thy1 benzyldimet hy1amine)chro- 
mium(o) (43) (82 mg, 12%) as a yellow solid; G(CDC1,) 5.43- 
5.38 [m, 1 H,p-ArH, (42)], 5.10-5.08 [m, 2 H, m-ArH, (42)], 3.23 
[s, 2 H, ArCH,NR,, (42)], 2.30, 2.26 [2s, 12 H, RN(CH,),, 
ArCH,, (42)], 5.54-5.38 [m, 4 H, ArH, (43)], 3.55, 2.28 CAB 
system, JAB 15.0 Hz, 2 H, ArCHNR,, (43)], 2.28 [s, 6 H, 
RN(CH,),, (43)], 2.19-2.16 [m, 2 H, ArCH2CH,, (43)], 1.25 (t, 
J 6.0 Hz, ArCH,CH,, (43)]. Recrystallisation from CH2Cl,- 
light petroleum solution gave complex (42) as yellow needles, 
m.p. 111-113 "C (Found: C, 56.1; H, 5.8; N, 4.5; C14H,7N03Cr 

requires C, 56.1; H, 5.7; N, 4.7%); v,,, 1 967 and 1 888br cm-' 
(CO); G(CDC1,) only peaks assigned to complex (42) above; 
m/z 299 (M').  

Tricarbonycq 6-( E)- 1 -t-butyl-4-trimethylsilyl-5-ethylidene- 
cyclohexa-1,3-diene)chromium(o) (45).-t-Butyl-lithium (0.46 
ml, 0.93 mmol) was added to a stirred solution of 
tricarbonyl[q6-( R )-2-trimethylsilyl-a-methylbenzyldimethyl- 
amine]chromium(o) (44)13 (166 mg, 0.46 mmol) in THF (10 ml) 
at -40 "C. The red solution was stirred at -40 "C (2 h) and 
then at 0 "C (2 h). Column chromatography (A1203 Grade V; 
1 : 20, Et,O-light petroleum) gave, after removal of the solvent, 
the title compound (45) as a red solid (68 mg, 40%); v,,, 1 964, 
1 890, and 1865 cm-' (CO); G(CDC1,) 5.42, 5.23 (AB system, 

RR'WH(CH3)], 2.57,1.86 (AB system, J A B  13.3 Hz, 2 H, 6-H), 
1.96 [d, J 6.7 Hz, 3 H, RR'C=CH(CH,)], 1.05 [s, 9 H, 
RC(CH3),], and 0.17 [s, 9H, RSi(CH,),]; [Found: m/z 370.1056 
( M + ) .  C1SH26Cr03Si requires m/z 370.10561. 

JAB 5.2 Hz, 2 H, 2-H, 3-H), 4.45 [q, J 6.7 Hz, 1 H, 

p-t-Butylphenyltrimethylsilane (49).-t-Butyl-lit hium (2.1 ml, 
4.2 mmol) in THF (5 ml) was cooled to -78 "C and 
tricarbonyl(q6-phenyltrimethylsilane)chromium(o) (48) (581 
mg, 2.03 mmol) in THF (5 ml) added dropwise over 5 min. The 
solution was stirred (-78 "C, 1.5 h) and warmed to 0 "C (1 h), 
and then cooled to -78 "C again. Iodine (2.00 g, 7.90 mmol) in 
THF (5 ml) was rapidly added and the solution warmed to 
room temperature and stirred for 3 h. The mixture was diluted 
with Et,O and washed sequentially with aqueous NaHSO, and 
brine. Drying (MgS0,) followed by evaporation, gave after 
sublimation, the title compound (49) as white crystals (243 mg, 
58%), sublimes 80 "C (0.1 mmHg); v,,, 1 598 cm-' (arene ring); 
6 (CDCl,) 7.48, 7.40 (AB system, JAB 8.2 Hz, 4 H, ArH), 1.34 
[s, 9 H, ArC(CH,),], 0.27 [s, 9 H, ArSi(CH,),] (lit.,,' G(CDC1, 
60 MHz) 0.25 [s, ArSi(CH,),); m/z 206 (M'). 
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