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Summary: The n*-benzene in K,[Cr(n*-CgHglCO),] (K,2)
exchanges with free naphthalene at room temperature to
give [Cr(n*-CoHg)(CO),]% (5%), as established by oxida-
tion to [Cr(n5-C,,Hg)XCO)s] (4), 'H NMR observation, and
protonation to [Cr(n°-C,oHo)(CO);]~ (67). 1-Methyl-
naphthalene and 1,4-dimethylnaphthalene also exchange
with 22 if the corresponding naphthalenide is used as the
reductant, and this leads to a single isomer of [Cr(n-
C1oHgMe,)(CO),] (8) in which the Cr is bonded to the un-
substituted ring of the naphthalene.

The ability of arenes in [Cr(n8-arene)(CQ);] complexes
to exchange with added arenes (eq 1) has attracted con-
siderable interest?® since its discovery in 1958.* Earlier
work has been reviewed,’ and it has been recently con-
firmed that the exchange reaction typically involves ac-
tivation by a process in which a haptotropic shift gives an
intermediate n*-arene complex.®

[Cr(arene)(CO)4] + arene’ — [Cr(arene’)(CO};] + arene
1)

We recently reported’ that reduction of [Cr(n-CsHg)-
(CO);] (1) with alkali-metal naphthalenides in tetra-
hydrofuran (THF) at —78 °C gives two-electron reduction
products proposed to contain the 7-arene complex [Cr-
(n*-CgHg)(CO);31* (2%), as suggested, for example, by
protonation of the dianion to give the n°-cyclohexadienyl
complex [Cr(75-C¢H,)(CO)3]™ (87). The presence of an
n*-arene ligand in 2% raised the possibility that the dianion
might undergo facile arene exchange reactions, and we now
wish to report that the benzene ligand in 22~ can be re-
placed by polycyclic arenes under exceptionally mild
conditions as summarized in Scheme I and Table L.
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Table I. Yields® (%) of [Cr(n*-naphthalene)(CO);] Complexes
Obtained Following Naphthalene Exchange in THF with
[Cr(n*-CsH)(CO), - (2%) and O, Oxidation

[Cr(y5-
naphthalene)-
n equiv of (CO)]
reductant used to  naphthalene p rodl.xct yield®
generate 2% present’ and yield of 1
K[C,oHsl 2 4 30.8 0.7
KI[CoHg] 7.4 4 35.5 0.5
Na[C,oHs) 2 4 34.0 8.6
Na[CyoHq] 7.3 4 43.3 6.4
K[1,4-C;;HgMe,] 2 8a 14.1 2.1
K[1,4-C,,H¢Me,) 7 8a 13.0 2.3
Na[1,4-CoHgMe;) 2 8a 35.0 12.8
Na[1,4-C;yHeMe;) 10 8a 33.0 9.7
Na[1-C;oH;Me] 2 7a+7bh 18,3%¢ 5.9¢
K[1-CygH;Me] 2 Ta+7b 250 7.5¢

?Yields are based on the quantity of 1 bhefore reduction, exchange,
and oxidation and report [Cr(arene){CO)3] products isclated by solvent
removal, extraction into Et,0, solvent removal, and removal of excess
naphthalenes in vacuo at 55 °C. Relative yields of naphthalene com-
plexes and 1 were established by 'H NMR. *When n = 2, the only free
naphthalene was that generated by the reduction. Whenn > 2, n -2
equiv of the naphthalene was added before the solution was warmed
from 78 °C. °In the case of 1-C;;H;Me an additional Et,0/pentane
recrystallization was used to separate the [Cr{(arene)(CO)3] products
from free 1-C;;H,Me. ¢3.5:1 mixture with both Na* and K* counterion.

Exchange of arenes with 22~ was monitored by reoxi-
dation to a neutral [Cr(arene)(CO);) complex.® In a typical
procedure a solution of 22~ in THF formed by reduction
of 1 (0.075 g, 0.35 mmol) with potassium naphthalenide®
(4.38 mL, 0.16 M, 2 equiv) at ~78 °C was placed under an
atmosphere of dry oxygen. The solution instantly turned
light yellow, and the IR carbonyl stretching absorptions
of 2% were replaced by those of 1 at 1968 and 1890 cm™.
The solvent was removed under vacuum, and the neutral
products were extracted into diethyl ether. Naphthalene
was removed by sublimation (30 min, 55 °C, 10 mmHg)
to give 0.038 g (0.18 mmol, 50.7% %) of 1 (*H NMR).

In sharp contrast with this result, an analogous reaction
on the same scale in which the solution of 22 was warmed
to room temperature and left at this temperature for 30
min!! before oxidation yielded 0.028 g (0.106 mmol, 30.3%)
of [Cr(n-C1,Hg)(CO);] (4—identified by comparison of its
'H NMR with that reported in the literature!?) with car-
bonyl stretching absorptions at 1960 and 1885 cm™ in
THF. Exchange was largely complete under these con-
ditions (corresponding to a twofold naphthalene excess),
and 4 contained only small quantities of 1 (ca. 2.3%—
NMR).
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The simplest interpretation (Scheme I) is that naph-
thalene has been exchanged for the n*-benzene in 22 to
form the n*-naphthalene complex [Cr(5*-C;,Hg)(CO)5]*
(5%), previously characterized by Rieke.!® Although 5%
is extremely reactive, the n*-naphthalehe retains more
aromatic stabilization than the n*-benzene in 22, and it
is not unreasonable that the exchange should favor 5%,

The intermediacy of 5%~ (which can not be distinguished
from 2% by solution IR) was confirmed by 'H NMR ob-
servation of 5% in an experiment carried out in THF-d,
and by a derivatization experiment in which H,O (6.5 uL,
1 equiv) was added to a solution which had been prepared
by reducing 1 (0.075 g, 0.35 mmol) with potassium na-
phthalenide (4.38 mL, 0.16 M, 2 equiv) at —78 °C and
allowing the mixture to sit at room temperature for 30 min.
The appearance of IR absorptions at 1890, 1788, and 1737
cm! suggested that the reaction had given the n®-cyclo-
hexadienyl complex [Cr(73-C;;Hg) (CO);]™ (67) reported by
Rieke,'%® and this was confirmed by isolation of 6~ as
analytically pure [NEt,]6 (0.05 g, 0.126 mmol, 36%).

The observation of intermediate 5% rules out alternative
mechanisms in which oxidation initiates exchange within
a reactive Cr(1-) complex, but the report that exchange
with 1 can be catalyzed by I,!¢ raises the possibility that
the reaction is more complex than indicated in Scheme 1.
Plausible mechanisms can be written in which electron
transfer leads to a reactive intermediate such as“[Cr-
(CcHg)(CO)g]™ which undergoes exchange and is then
rereduced, and current data do not rule this out.

Surprisingly, the extent of the exchange reaction ap-
peared to be sensitive to the nature of the counterion, and
a reaction analogous to that described above in which the
2% was generated by sodium naphthalenide reduction gave
4 containing 25.3 mol % of 1 (Table I). We do not, how-
ever, believe that this reflects any fundamental counterion
effect on the arene exchange equilibrium but rather the
greater basicity of 22~ with Na* counterions in place of K*.
Solutions of Nay2 are typically contaminated with traces
of 37, as indicated by its characteristic carbonyl stretching
absorptions at 1890, 1790, and 1740 cm™ in THF. Similar
absorptions are present in solutions of 5% prepared by
exchange, and, since 3~ would be oxidized to 1, contami-
nation of 22~ by 3~ is the most probable source of the 1 in
the recovered 4. Contamination of 22~ by 3~ would also
account for the otherwise surprising observation that the
extent of exchange is only marginally improved by the
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6314-6315. (b) Rieke, R. D.; Henry, W. P., Arney, J. S. Inorg. Chem.
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Scheme II. Isomers of Substituted
[Cr(®-naphthalene)(CO);] Complexes
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addition of further naphthalene to the reaction mixture
before it is warmed from -78 °C (Table I).

Exchange of polycyclic arenes for the benzene in 2% is
not limited to naphthalene itself, and we have also, for
example, been able to introduce substituted naphthalenes
such as 1-methylnaphthalene and 1,4-dimethylnaphthalene
by using the corresponding substituted naphthalenide as
the reductant (Table I). Yields and selectivity were,
however, reduced in these cases, and the [Cr(n-
C1oH,Me)(CO),]* (7) and [Cr(n-CioHgMey)(CO)5]™ (8)
formed were significantly contaminated by 1.

The reaction with 1,4-dimethylnaphthalene is particu-
larly interesting because 8 is formed as a single isomer
(8a—Scheme II) in which the Cr is exclusively bonded to
the unsubstituted ring of the naphthalene. The previous
thermal syntheses of 8 from [Cr(CO)4]!? and from 4 led
to 64:36 and 70:30'® mixtures of 8a and 8b respectively,
and, despite the low yield, low-temperature exchange with
2% offers the only promising route to pure 8a.

It is well established that arene substitution is more
rapid in complexes of polycyclic arenes than in complexes
of mononuclear arenes,>>!" and this is generally attrib-
uted!® to the relatively favorable energetics of ring slippage
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to generate an n*-arene intermediate which results from
the retention of aromaticity in the noncoordinated rings.
Our results indicate that similar effects reverse the di-
rection of the exchange reaction if the n*-arene complex
is the starting material rather than an intermediate, that
the 5*-benzene in [Cr(n*-CgHg)(CO)3]? is an exceptionally
labile arene ligand, and that reductive activation arene
exchange reactions can lead to products which cannot be
prepared pure by other routes.
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The cationic carbene complexes Ir-

[r————

(CR=CRCR==CR)(==CCH,CH,CHR'O)(PPh,),(CO)*BF -
[R = CO,CHg; R’ = H, 1; R" = CH,, 5] react with pyridine

to form the acyl complexes I{CR—CRCR=CR)-
(COCH,CH,CHR'NC4H;)(PPh,),(CO)*BF,” [R’ = H, 3; R’
= CH,4, 6]. The solid-state structure of the novel pyridi-
nium-substituted acyl complex 3 has been determined by
X-ray crystallography.

Summary:

The role of metal carbene complexes in olefin metath-
esis,! in certain olefin polymerizations,? and as synthetic
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1980, 8, 73. Katz, T. J. Adv. Organomet. Chem. 1977, 16, 283.
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C. S. J. Am. Chem. Soc. 1985, 107, 2182. Green, M. L. H. Pure Appl.
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Figure 1.

intermediates® has generated extensive interest in the
properties and reactivity of this prominent compound
class. In the area of organic synthesis, 2-oxacycloalkylidene
complexes are attractive due to ease of ligand formation,*
modification,” and subsequent removal of the metal.®
With respect to carbene modification, the isolobal analogy
of alkoxycarbene complexes and esters has been a useful
guide for development of carbene reactions.”® It is now
widely recognized that alkoxycarbene complexes exhibit
four primary reactivity patterns (Figure 1):® ligand sub-
stitution (1), nucleophilic attack at the carbene carbon (2),
often resulting in heteroatom exchange (2), deprotonation
at the a-carbon (3), and addition of unsaturated species
across the metal-carbon double bond (4). A less commonly
observed fifth mode of reactivity is nucleophilic attack at
the sp® carbon—oxygen bond (5).%!!
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