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ABSTRACT : 5 + -

The reactions of (n -C2H7)Fe(co)3BF4 with oxy anions in acetonitrile lead to variable
yields of Cg-substituted (n*-cyclohexadiene)tricarbonyliron complexes, as well as dimeric
complexes, depending upon the anion and the reaction conditions.

The (n5-cyclohexadienyl)tricarbonyliron cation I and its derivatives have found consider-
able use in organic synthesis owing to their extraordinary stability in pelar seolvents such as
water and alcohols and their propensity to suffer nucleophilic attack selectively at the co-

ordinated cyclohexadienyl ring to yield C_-substituted (n4-cyclohexadiene)tricarbonyliron

5
Camplexes.l From these complexes the free organic ligand, suitable for further synthetic ela-
boration, can usually be oxidatively liberated in good to excellent yields. The list of

nucleophiles which have been added to the coordinated cyclohexadienyl cation is extensive and

includes, inter alia: alkoxides,za'b aialkylcadmiums,zc activated aromatics,2d enolizable

2e,g

€,

ketones,2 enamines, and heterocyclic amines such as adenine and guanine.zh

We now report that the success of nucleophilic addition of oxy anions such as alkoxides
to complex I is dramatically dependent upon the choice of solvent, temperature and nucleophile.
The reactions of I with the oxy anions, Tov,Y = H,CH3,c(CH3)3,C6H5, and Si(CHB)B’ have been
examined in acetonitrile and depending upon the temperature have afforded the 5-substituted

{cyclohexadiene) tricarbonyliron complexes IVa-e in yields ranging from 95% to less than 1%

(see Table).5 | I I
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Of gpecial interest in these reactions is the formation of substantial amounts of the
dimers, (di—ns—cyclohexadienyl)tetracarbonyldiiron ("M-M dimer,” II}za and (5,5'-1,3-cyclo-
hexadiene)hexacarbonyldiiron ("C-C dimer," III),Zb esp. with —OC(CH3)3(rxn. 4). To our
knowledge the formation of dimer II from the reaction of I with nucleophiles has not been

previously observed.3

Although the formation of the C-C dimer III by the reaction of I with traditional reducing
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agents such Zn and Grignard reagents has been reported,l'zb only in a few cases,6 and in low
yields (from "trace" to a few percent}, has similar reduction been cbserved with other nucleo-
philes.
TABLE
REACTIONS OF THE (ﬂs-CYCLOHEXADIENYL) TRICARBCNYLIRON CATION {I)

WITH OXYGEN NUCLEOPHILES IN ACETONITRILEa'b

“Nu( oY) Temp. II(%) III (%) (%)
1 OH r.t. 24 15 12
2 ocH; I.t. 25 19 1
3 ocHS o° 9 7 —
3
4 OC(CHy) ,  x.t. 51 3 1
5 OC(CH3) 3 -45° 15 5 -
6 0C6Hg r.t. - - 64
7 OS:'L(CH3)3 r.t. 26 11 42
8 08i(CHy) , -45° 5 - 95

a [1] = [Nucleophile] = 50-55 mM

b All reactions except rxn 6, were allowed to proceed to completion;
reaction progress was monitored by I.R. There was no evidence for
interconversion of products with time.

¢ Sodium methoxide prepared from sodium + methanol.
d Potassium phenoxide prepared from potassium hydride and phenol. Re-
action 36% complete after 8.5 h; yields based on amount of cation
consumed.
Also surprising is the failure to observe nucleophilic addition to the C6H7 ring with
In contrast to this observation with acetonitrile as solvent, with

and 'ocu:n3)3, afforded the Cg~

either OCI-I3 or OC(CH3)3.

the solvents, CH,OH and (CH,) ;COH, the conjugate bases, _OCHa
substitution products IVb and c, respectively. In the OCH3/CH3OH reaction neither of the two
dimers, II and III, was formed.T On the other hand, in the _OC(CH3)3/(CH3)SCOH reaction, the
dimers II and III, and the Cs-substituted complex IVc, were formed in the relative amounts:
2:0.75:1, respectively.

With a reduction in the nuclecophilicity of the oxy anion by replacement of the electron-
donating groups, ¥=alkyl, with groups capable of electron withdrawal, Y=Si(CH3)3 and CGHS'
substitution at C5 became competitive with dimer formation (rxn. 6,7). In fact, with phenoxid
-substitution giving IV’d9 occurred exclusively.

5
With regard to the effect of temperature on the reaction course, the limited data in the

fon (Y-CEHS) C

Table indicate a decrease in dimer formation (M-M and C—C) with a decrease in temperature. In
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the case of Y=Si(CH3)3, the decrease in dimer production was accompanied by a concomitant in-
cease in substitution at C5. Strikingly, reigtion at -45° (rxn. B) led to the production of
complex IVe in virtually quantitative yield.

The mechanism of the formation of the M-M and C~C dimers from the reaction of I with oxy
anions, although unclear at the present time, is probably a result of initial nucleophilic
attack at metal or at carbonyl, followed by either homolytic or heterolytic bond cleavage.11
Both the ruthenium and osmium analogues of I react with methoxide ion in methanol at a metal
carbonyl to vield isolatable metal aster species.l2 Such esters, however, fragment to afford
Cg-substituted complexes rather than dimers. BAs a consequence, for the formation cf the dimers
IT and III, we presently favor a pathway involving attack at metal. Consistent with this
leaning, frontier orbital calculations of I suggest that if nucleophilic addition is frontier
controlled, attack should occur preferentially at metal.l3

The operation of a free radical pathway in the formation of the dimers II and III is sug-
gested by the sbility to arrest their formation by bubbling oxygen through a solution of I and
sodium methoxide in acetcnitrile. Most interesting, however, is that with the introduction of

copious amounts of O_, attack at the cyclohexadienyl ring by methoxide ion now beccmes the

2
predominant, if not the exclusive, mode of attack affording (5-methoxy-1,3-cyclohexadiene)tri-

carbonyliron (IVb)14'15

in 47% yield, as compared to 1% yield in the absence of appreciable
16
amounts of oxygen.

The data reported here clearly indicate the importance of the appropriate choice of re-
action conditions to the success of synthetic endeavors involving the preparation of Cs-sub-
stituted cyclochexadiene complexes from the reactions of I with oxygen nucleophiles. Delineation
of the dependency of the success upon factors such as the solvent, its oxygen content, the

nucleophile, and the temperature is being pursued.
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Similar suppression of the reductive conversion of I to III and (N -cyclohexadiene)tri-
carbonyliron in refluxing CH,.CN in the absence of added nucleophile was also achieved by
a continuous introduction of 02-
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