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Abstract 

Arene displacement from the title complex occurs under unprece- 
dented mild conditions in neutral media to afford (n6-arenehri- 
carbonylchromium complexes. The process is most effective with 
heteroaromatic compounds: the first synthesis of a tricarbonyl($- 
quinolinekhromium complex and the diastereoselective preparation 
of a (@-indole) complex derived from L-tryptophan are reported as 
representative examples. 
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(rr-Arene)tricarbonylchromium(O) derivatives are 
key intermediates in a number of synthetic pathways 
[l]. The main goals for efficient application of synthetic 
strategies involving the use of arenechromium com- 
plexes in organic chemistry are: (i> to supply new types 
of complexed arene and; (ii) to obtain a single di- 
astereoisomeric product in the complexation step of 
substituted aromatic compounds containing pendant 
stereogenic centres [2,3]. The latter would be more 
easily accomplished if one could prepare the desired 
arene complex under mild reaction conditions. Unfor- 
tunately, the complexation of arenes with standard 
reagents such as chromium hexacarbonyl requires harsh 
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conditions, so that very little diastereoselectivity is usu- 
ally exhibited in the complexation of simple aromatic 
systems, especially those with stereogenic centre(s) lo- 
cated far from the aromatic ring [3,4]. The availability 
of new reagents able to transfer the tricarbonyl- 
chromium group to aromatic systems at low tempera- 
ture is therefore an important goal in organic synthesis 
[51. We report here the use of tricarbonyl($-l-methyl- 
pyrrole)chromium(O) (1) as an effective tricar- 
bonylchromium complexing agent for heteroarenes un- 
der unprecedented mild conditions. 

The synthesis of complex 1 had already been re- 
ported by Gfele and Dotzauer [6]. We employed a 
slight modification of the reported procedure, using 
ethyl acetate as polar solvent to dissolve the complex, 
which gave best yields in our hands [7*]. The observa- 
tion that in donor solvents, either of the u (tetrahydro- 
furan, acetone) or the r type (benzene), a rapid ligand 
exchange equilibrium involving 1 is established, 
prompted us to test the compound as a complexing 
reagent towards a wide range of structurally differenti- 
ated aromatic compounds. The reactions were per- 
formed mainly at room temperature, since an increase 
in the reaction temperature typically caused partial 
decomposition of the reagent 1. The solvent of choice 
was ethyl acetate, since it does not promote exchange 
reactions and 1 dissolve in it to a fair extent. 
Dichloromethane was also used, but it caused the 
reaction rate to diminish slightly, possibly due to the 
lower solubility of 1 [8*]. 

The results in the benzene series, although syntheti- 
cally of minor importance, confirmed the tendency of 1 
to give an arene replacement under these conditions. 
Indeed, by reaction of a ten-fold excess of toluene with 
respect to 1, the toluene complex 3 (eqn. (1)) was 
obtained in moderate yield in only 1 h. The yield could 
not be increased by longer reaction times and is quite 
comparable to those reported for the same complex 
using [Cr(CO),] with no catalyst added [91, however 
related benzene complexes are produced much more 
efficiently in the presence of “catalysts” such as THF 
[lo], or by using different chromium carbonyls, e.g. 
KCH,CN),Cr(CO),l [ill and [(NHJ,Cr(CO),l [12l. 
Benzene derivatives which are more difficult to pre- 

* Reference number with an asterisk indicates a note in the list of 
references. 

0 1994 - Elsevier Sequoia. All rights reserved 



A. Goti, M.F. Semmelhack / Synthesis of (q’-arene)tricarbonylchromium complexes c5 

TABLE 1. Synthesis of arene chromium complexes by reagent 1 in 
the pyridine and quinoline series a 

Heteroarene 
(equiv.) 

Product Isolated 
yield (%) 

(1) 

6 

(0.67) 

8 

(0.67) 

9 

87 b 

decomposition products 

67 

a Reactions carried out in ethyl acetate at 25°C for 1 h, unless 
otherwise stated. b Reaction time: 30 min. ’ Reaction tempera- 
ture: WC, reaction time: 3 h. 

pare by standard chromium carbonyl complexing 
agents, such as iodobenzene and styrene [11,12], failed 
to give detectable amounts of product in the reaction 
with 1 at room temperature. Catalysts were not effec- 
tive with reagent 1; for example, only trace amounts of 
the desired complex from styrene were observed on 
adding THF to the reaction mixture, together with 
large quantities of decomposed material. 

In contrast, the complexation reaction by reagent 1 
with the three classes of nitrogen heteroaromatic com- 
pound which we have examined gave very promising 
results from a synthetic point of view. In Table 1 are 
the results of the complexation reaction of pyridine 
and quinoline derivatives, while Table 2 shows the 
results of the complexation of the optically active in- 
dole derivative 11, derived from L-tryptophan. 

With electron-deficient pyridine derivatives, 1 be- 
haves in the usual way, affording a a-complex with 
pyridine itself [13*1 and a ?r-complex with 2,6-lutidine 
(6) [141. The ligand exchange with pyridine (4) occurs 

TABLE 2. Complexation of 11 by transfer of the tricarbonylchromium group 

Entry 
11 

Complexing reagent 
12 

Reaction conditions Isolated yield (%o) 
(Diastereomeric ratio) 

1 1 

2 1 

3 1 

4 1 

5” [(CH,CN),Cr(COI,l 

6 [($-naphthaleneICM03] 

CH,COOC,Hs 
25=‘C, 1 h 

CH,COOC,Hs o”C, 12 h 

(WC12 25”C, 2 h 

fJH,Clz 
0°C. 16 h 
dioxane 
lOO”C, 20 min 
Et,O/THF (2 equiv.) 
7o”C, 12 h 

::1, 

t1z.3 : 1) 

;3: 1) 
85 
(1: 11 
94 
(1: 1) 

a Ref. 18. 
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immediately, to give the useful complex 5 [15] in very 
good.yield. 2,6-Lutidine (6) is much less reactive and its 
complexation requires higher temperatures, and the 
yield decreases. In both cases, the conditions employed 
are much milder and the procedures simpler than 
those usually needed for the preparation of 5 and 7 
[l&16]. 

A more significant result has been achieved in the 
quinoline series, of which tricarbonylchromium com- 
plexes were unknown so far. The reaction with quino- 
line (81, either in ethyl acetate or dichloromethane, 
gave a rapid change of the solution from yellow to red, 
indicating that ligand displacement had occurred, but 
only decomposition products and no required complex 
could be recovered. However, quinaldine (9) gave 
smoothly the desired chromium complex 10 in good 
yield, even when using less than 1 equiv. of the starting 
quinoline derivative. As expected, the complexation 
occurred at the less electron deficient homocyclic ring, 
as attested by the much larger shielding of the protons 
of that ring [17*]. 

In view of the interest in indole tricarbonyl- 
chromium derivatives 118,191, the protected oxazolone 
11, obtained by reduction of L-tryptophan [20*] and 
successive condensation with phosgene [181, has been 
tested in the ligand exchange reaction. With this sub- 
strate diastereoselectivity of the formation of the new 
complex, was studied simultaneously (Table 2). 

Compound 11 gave the two possible diastereomeric 
complexes 12 in excellent yield in ethyl acetate at room 
temperature (entry 11, as a 1: 1 mixture. Modifications 
of the reaction conditions, and comparison with the 
mildest and most diastereoselective complexation 
reagents available [2,3,5] (entries 5, 6) were made. At 
0°C the complexation still took place, but much more 
slowly; and no improvement in selectivity was obtained 
(entry 2). The same reaction in dichloromethane led to 
a 70 : 30 mixture of the two diastereoisomers (entries 3, 
4), either at 0°C or at room temperature. The low yield 
in entry 4 can be ascribed to the low stability of 
complex 1 in chlorinated solvents. Diastereomeric com- 
plexes 12 [21*] were inseparable by column chromato- 
graphy; their ratio was evaluated by ‘H NMR spectra 
recorded on the crude reaction mixture with the added 
shift reagent, tris[3-(heptafluoropropylhydroxymethy- 
lene)-( + )-camphoratojytterbium(II1) [21* I. The dia- 
stereoselectivity of the complexation seems therefore 
to be solvent-dependent, but independent of tempera- 
ture. The other complexing reagents, including tricar- 
bonyl(~6-naphthalene)-chromium(Ol which is especially 
useful for diastereoselective complexation [2,31, gave 
high yields of product but without diastereoselectivity 
(entries 5, 6). The observed increase in diastereoselec- 
tivity is then considerable, taking account of the re- 

moteness of the chiral centre and of the high flexibility 
of the system. 

In conclusion, a reagent has been found that is able 
to afford (7r-arene)tricarbonylchromium(O) complexes 
under extremely mild conditions. The reaction condi- 
tions employed, involving temperatures of 0 or 25”C, 
are to be compared with temperatures of around 150°C 
which are normally required for analogous arene dis- 
placement [22]. This result implies that haptotropic 
shifts in arene chromium complexes [22] are much 
easier in pyrrole than in benzene ligands. 

This preliminary study has revealed the potential of 
1 for applications to the synthesis of heteroarene 
chromium complexes and to the transfer of the tricar- 
bonylchromium fragment to some classes of aromatic 
compound with a high degree of diastereoselectivity. 
The reagent deserves further studies to define fully its 
scope and limitations. 
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