1598 J. Org. Chem., Vol. 43, No. 8, 1978

(5) M. Schlosser and V. Ladenberger, Angew. Chem., 78, 547 (1966). Angew.
Chem., Int. Ed. Engl., 5, 519 (1966).

(6) M. Schlosser, Methoden Org. Chem. (Houben-Weyl), 5/1b, 8 (1972); J.
Sicher, Angew.Chem., 84, 177 (1972}, Angew. Chem., Int. Ed. Engl., 11,
200 (1972); W. H. Saundérs and A. F. Cockerill, *‘Mechanisms of Elimination
Reactions”’, Wiley, New York, N.Y., 1973.

(7) M. Schlosser and V. Ladenberger, Chem. Ber., 104, 2885 (1871).

(8) G. Wittig, Q. Rev., Chem. Soc., 20, 191 (1966): W. Tochtermann, Angew.
Chem., 78, 355 (1966); Angew. Chem., Int. Ed. Engl., 5, 351 (1966).

(9) U. Scholikopf and P. HanBle, Justus Liebigs Ann. Chem., 763, 208
(1972).

(10) J. E. Baldwin, G. A. Hofie, and O. W. Lever, J. Am. Chem. Soc., 96, 7125
(1974).

(11) B. R. O’Connor. J. Org. Chem., 33, 1991 (1968).

(12) C. N. Skold, Synth. Commun., 8, 119 (1976).

(13) This compound is stable up to 80 °C (M. Schlosser and Nguyen Dinh Ly,
unpublished) whereas 2-fluoro-1-cyclohexenyllithium appears to cleave
off lithium fluoride already around — 120 °C (G. Wittig and U. Meyer, Chem.
Ber., 96, 329 (1963)).

(14) J. Hartmann, M. Stahle, and M. Schlosser, Synthesis, 888 (1974).

(15) J Hartmann, R. Muthukrishnan, and M. Schlosser, Helv. Chim. Acta, 57,
2261 (1974); also cf. D. A. Evans, G. C. Andrews, and B. Buckwalter, J.
Am. Chem. Soc., 98, 5560 (1974).

(16) G. Stork and S. R. Dowd, J. Am. Chem. Soc., 85, 2178 (1963).

(17) G. Wittig and H. Reiff, Angew. Chem., 80, 8 (1968); Angew. Chem., Int.
Ed. Engl., 7, 7 (1968).

(18) J.F. Arens and D. A. van Dorp, Recl. Trav. Chim. Pays-Bas, 87, 973 (1974);
also cf. N. A, Preobrajensky and V. V. Shokina, Zh. Obshch. Khim., 15,
65 (1945); Chem. Abstr., 40, 17931(1946); J. F. Arens, Adv. Org. Chem.,
2, 117 (1960).

(19) M. Schlosser, J. Hartmann, and V. David, Helv. Chim. Acta, 57, 1567
(1974).

(20) A.E. Favorskii and M. N. Shchukina, J. Gen. Chem. USSR, 15, 385 (1945);
Chem. Abstr., 40, 4347° (1946),

(21) Work carried out by M. Stéhle.

(22) J.J. Eischand W. C. Kaska, J. Org. Chem., 27, 3745 (1962); see also M.
Schiosser and G. Fouquet, Chem. Ber., 107, 1187 (1974).

(23) W. B. Sudweeks and H. S. Broadbent, J. Org. Chem., 40, 1131 (1975).

Chemistry of Alkali Metal Tetracarbonylferrates.
Synthesis of Aldehydes and Reductive
Dehalogenation by a Polymer-Supported
Iron Carbonyl Complex

Gianfranco Cainelli,* Francesco Manescalchi, and
Achille Umani-Ronchi

Istituto Chimico “G. Ciamician”, Universita di Bologna,
Bologna, Italy

Mauro Panunzio

Laboratorio dei composti contenenti eteroatomi, C.N.R.,
Ozzano Emilia, Italy

Received August 1, 1977.

Recently several works have demonstrated that alkali metal
tetracarbonylferrates (MgFe(CO),) and the corresponding
alkali metal tetracarbonylhydridoferrates (MHFe(CO),) are
useful reagents in organic synthesis.! The treatment of an
aldehyde or a ketone containing the partial structure CH;COR
or R’"CH,COR with an aldehyde in the presence of
MHFe(CO),4 in ethanol or water results in reductive alkylation
of the carbonyl compound in high yield.2 Moreover,
M,yFe(CO)y is able to convert alkyl halides, acid chlorides, and
carboxylic anhydrides into ketones and carboxylic acid de-

Notes
i
TO co"
Na,Fe(CO), + RBr —2 0C—Fe.  ——> RCHO
~
| “>co
PPh,

rivatives.3 Aldehydes are also obtained in high yield from alkyl
halides in the presence of added triphenylphosphine or CO.4
We now find that similar results can be obtained supporting
the reagent on a polymeric matrix by an exchange process with
an ion-exchange resin (Amberlyst A-26) in the chloride form.
The tetracarbonylhydridoferrate anion, prepared in alcoholic
solution from iron pentacarbonyl and potassium hydroxide
as described elsewhere,’ rapidly and quantitatively exchanges,
under an inert atmosphere, with the chloride ion simply on
stirring the resin 2 a few minutes with the solution of hydride
1. The resin 3 prepared by this method, filtered off and washed

Fe(CO), + 3KOH — KHFe(CO), + K,CO, + H,0
1

(P)—PhCHN*(CH), + 1 — KCI + PhCH,N*(CH.),
o HFe(CO),”
2 3

RX + 3 — RCHO

as indicated in the Experimental Section, was directly utilized
to convert alkyl halides to homologous aldehydes in THF
solution under reflux. The choice of the solvent is critical to
avoid side reactions. In fact, in benzene, isooctane, and pe-
troleum ether the autocondensation of aldehyde was pre-
vailing. Hexane seems to be useful, although the yield is, in
this case, lower. The results of the application of this system
to several alkyl halides are summarized in Table 1. The yields
of the aldehydes are very high and the ease and simplicity of
the method seem to provide an improvement over other ex-
isting procedures. We have to note, however, that alkyl chlo-
rides fail to react while secondary alkyl halides are subjected
to E2 elimination in the presence of the basic iron complex
3.

The most remarkable advantages of our technique are the
possibility of a facile drying of the reagent and the ease of
separation of the reaction products, which are simply recov-
ered by filtering off the resin while the iron complex remains
bound to the polymer. As a matter of fact the separation of
iron-containing byproducts from the organic compounds
constitutes a hard to solve problem which limits the usefulness
of the usual procedure in solution.# Moreover, with our resin
3 there is no need for added ligand to perform the reaction as
is necessary with Cooke’s procedure.*

A possible explanation of this remarkable difference is that
on the resin the migratory insertion required is induced by the
halogen anion formed. It has been indeed demonstrated that
the nucleophilicity of halogen ions is strongly enhanced if they
are bonded on the resin.®

Table 1. Reaction of the Polymer-Supported FeH(CO),~ Anion with Alkyl Halides

Alkyl halide Registry no. Product® Registry no. Solvent®- Yield, %4
n-C7H15Br 629-04-9 n-C7H150HO 124-13-0 THF 90
n-CanBr 111-83-1 n-CanCHO 124-19-6 THF 90
n-CgHy7Br n-CgHi,CHO Hexane® 60
n-CgHyql 629-27-6 n-CgH,,CHO THF 95
CgH50H2CH2Br 103-63-9 CsHsCHzCHzCHOf 104-53-0 THF 80
EtOCO(CHg)3Br 2969-81-5 EtOCO(CH;)3sCHO?# 22668-36-6 THF 85

@ All products were identified by comparison with authentic samples and by spectroscopic data. ¥ At reflux for 4 h. ¢ The use of
other solvents as benzene, isoctane, and petroleum ether (75-120) caused the formation of autocondensation products. ¢ Yields were
determined by GLC using an internal standard. ¢ At reflux for 10 h. f Product isolated and identified as 2,4-dinitrophenylhydrazone.
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Table II. Reductive Dehalogenation by Polymer-Supported FeH(CO)4~ Anion
Alkyl halide Registry no. Product?® Registry no. Yield,c %

CeH;COCH2Br 70-11-1 CegH;COCH; 98-86-2 90

0
CZ‘ 822-85-5 { o 108-94-1 92

Br
CH3(CHs)3CH(Br)COOCH3 CH3(CH3)sCOOCHj4 106-70-7 81
CeHsCH(BI‘)CsH5 776-74-9 CGH5CH206H5 101-81-5 85
CgHsCH(Br)CH(Br)CgHj 5789-30-0 trans-CgHsCH=CHCgH; 103-30-0 85

@ The reaction were performed in THF at room temperature for 5 h. ® Products were identified by comparison with authentic samples.
¢ Yields were determined by GLC internal standard method. ¢ At reflux.

We have also found that the reaction of polymer-supported
HFe(CO),~ anion 3 with certain types of halides gives the
dehalogenated product in good to excellent yields (Table II):
a-bromo ketones, esters, and aromatic bromide functionalities
are employed as substrates.”

The reaction is performed in THF at room temperature for
5 h and once more the product is easily recovered from the
mixture by simple filtration.

We can conclude that ease of workup and greater effec-
tiveness are the general features of the reactions described
above, which were developed as part of a program carried out
in our laboratory with the trend to demonstrate the usefulness
of polymer-supported anions in organic synthesis.

Experimental Section

General. 'H NMR spectra were measured in CDCl; solution by a
Perkin-Elmer R1 2B instrument with tetramethylsilane as internal
standard. Infrared spectra were recorded on a Perkin-Elmer Model
7108 infrared spectrophotometer and the mass spectra (MS) were
taken on a Varian Mat II[ (70 eV). Vapor-phase chromatography was
performed on a Hewlett-Packard 5750 instrument equipped with 5%
SE 30 stainless steel column (10 ft X 0.25 in.). Anhydrous diethyl ether
and tetrahydrofuran (THF) were obtained by distillation from sodium
wires and then from LiAlHg.

Preparation of the Polymer-Supported HFe(CO),~ Reagent.
To a stirred solution of KOH (5.6 g, 100 mmol) in water—ethanol 50:50
(100 mL) pentacarbonyliron (4.5 mL, 33 mmol) was added under
argon. The mixture was stirred for 2 h under reflux. To this red-brown
solution 24 g of Amberlyst A-26 (chloride form ion-exchange resin,
Rohm and Haas, as purchased) was added.

After stirring for 15 min the exchange was complete and the te-
tracarbonylhydridoferrate anion was bound on the polymer support
and the liquid phase appeared colorless: we can hence assume for our
resin a capacity of about 1.5 mmol/g. After rinsing with deaerated
water to neutrality and then with dry methanol and dry ether, the
resin was dried by blowing with argon and then was directly used for
the reaction in crder to avoid traces of iron complexes in the solu-
tion.

Efforts to regenerate the resin, at the moment, failed to give useful,
reproducible results.

Pelargonaldehyde from n-Octyl Bromide (General Proce-
dure). The polymer-supported tetracarbonylhydridoferrate anion
(3; 33 mmol), obtained as previously described, was transferred into
a reaction flask equipped with a mechanical stirrer, reflux condenser,
and argon inlet. n-Octyl bromide (11 mmol) was added along with
THF (50 mL) and the mixture was refluxed for 4 h, following the
starting material conversion by GLC. As soon as the reaction was
complete, the resin was filtered off and the filtrate slowly distilled
under reduced pressure to remove the solvent. Bulb-to-bulb distil-
lation of the residue affords 1.40 g of pelargonaldehyde (90%): IR
(neat) 1720 (C==0); NMR (CDCl;) 6 0.9 (m, CH3), 1.2-1.9 (m, (CHo)e),
2.1-2.5 (m, CH2CHO), 9.8 (CHO); MS m/e 142 (M*).

Acetophenone from w-Bromoacetophenone (General Proce-
dure). The polymer-supported tetracarbonylhydridoferrate anion
(3; 33 mmol) was added to w-bromoacetophenone (11 mmol) in THF
(50 mL.). After stirring for a 4 h at room temperature, the resin was
filtered off and the solvent carefully removed by distillation under
reduced pressure. Bulb-to-bulb distillation of the residue affords 1.2
g of acetophenone (90%) identified by comparison with an authentic
sample.

Registry No.-—Iron carbonyl complex, 18716-80-8.
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Synthetic methods for the introduction of oxygen func-
tionality to the a-carbon of enone systems have relied almost
exclusively upon treatment of the appropriate enone with
lead(IV) acetate (LTA).! However, erratic yields as well as
high reaction temperatures mitigate against the general use
of this procedure. Since a-oxygenated enones continue to serve
as important synthetic intermediates, as evidenced by recent
syntheses of acorenone-B,? pyroangolensolide,® and prosta-
glandin anologues,* improved methods for the production of
these useful compounds should be welcomed.

We report an efficient and extremely mild method for the
preparation of both a-hydroxy enones (1) and a-acetoxy en-
ones (2). Treatment of 2-trimethylsilyloxy-1,3-dienes (3) with
m-chloroperbenzoic acid (MCPBA), followed by hydrolysis
or acetylation, affords 1 or 2, respectively. In the former in-

0 OTMS
OH
1) MCPBA \
(T e g
2) Et,NHF/
CH,Cl
1 e 3
0
OAc
1) MCPBA | \
————— -
2) Et,NHF /Et,N
Ac,0 2

stance, the crude reaction mixture resulting from the treat-
ment of 3 with MCPBA is separated from the m-chlorobenzoic
acid and the solvent (hexane) removed in vacuo. Treatment
of the crude residue with a a methylene chloride solution of
triethylammonium fluoride,5 followed by aqueous workup,
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