1350 Organometallics 1982, 1, 1350-1360

(n5-CsH;)Mo(CO),(L)H (L = phosphine or phosphite)
species show only small variations with changes in L.3?
The cis-styrene hydride formed at this point can have a
different orientation of the styrene relative to the metal
allowing transfer of the hydrogen to the terminal carbon
resulting in (n5-CsH;)W(CO),(n'-CH(CH;)C¢H;) that rap-
idly forms the corresponding #* 18-valence-electron species.
It should be noted that previous studies on (°-C;H;)W-
(C0O);CH,CD; and the ~CD,CH; compound have shown
that scrambling of a- and $-carbon can occur faster than
formation of trans-alkene hydride. In that case the smaller
olefin ethylene apparently can rotate faster than cis to
trans isomerization occurs.
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The reaction of the Fey(CO)g* dianion with methylene iodide leads to the formation of the parent bridging
methylene complex, octacarbonyl(u-methylene)diiron, Fe,(CO)gCH,. The reaction appears to be general
and several derivatives have been prepared by using other geminal diiodides. The bridging methylene
complexes react with unsaturated reactants such as olefins and acetylenes to produce new organometallic
complexes in which the unsaturated molecule has inserted between the methylene ligand and an iron atom.
With hydrogen, the complexes react to produce the dihydro form of the methylene ligand; nucleophilic
reagents such as iodide ion, alcohols, and water appear to attack a CO ligand with subsequent rearrangement

involving the bridging methylene group.

Introduction

In addition to their interest from a structural point of
view, organometallic complexes containing carbon ligands
have been implicated as intermediates in several important
chemical reactions, e.g., the disproportionation of olefins!
and the Fischer-Tropsch reaction,? and the chemistry of
such species has emerged as an important area of study.
In this paper we discuss the preparation and chemical
properties of octacarbonyl(u-methylene)diiron and several
of its derivatives.

Discussion

We recently reported the synthesis of the parent u-
methylene complex Fe,(CO);CH,? by the reaction of
(EtyN),Fe,(CO)g with CH,I, (eq 1). We have found the

(EtyN)oFe,(CO)s + CH,l, — Feo(CO)sCH, (1)

reaction of geminal diiodoalkanes with (Et,N),Fe,(CO)g
to be a general synthesis of diiron u-alkylidene complexes.

*Tennessee Eastman Co., P.O. Box 511, Kingsport, TN 37662.
! Union Carbide Corp., South Charleston, WV 25303.
§ Deceased December 10, 1981.

For example, treatment of (Et,N),Fe,(CO)g with 1,1-di-
iodoethane affords the u-ethylidene complex 2 (eq 2).

3

H  CH
\/
o
/
(EtaN)aFes(CO)s + I,CHCHy —= Fe——Fe (2)

(CO)4 (CONq
2

Similar results are obtained when 2,2-diiodopropane, 1,1-
diiodo-2-methyl propane, a,a-diiodoethyl acetate, or di-
iodopropene* is substituted for CH,I,. The u-alkylidene
complexes obtained from these diiodides are listed in Table
I along with their spectroscopic data. The use of the di-
sodium salt of [Fey(CO)g)? in place of the tetraethyl-

(1) Calderon, N.; Ofstead, E. A.; Judy, W. A. Angew. Chem., Int. Ed.
Engl. 1976, 15, 401.

(2) Brady, R. C., III; Pettit, R. J. Am. Chem. Soc. 1981, 103, 1287.

(3) Sumner, C. E,, Jr.; Riley, P. E.; Davis, R. E.; Pettit, R. J. Am.
Chem. Soc. 1980, 102, 1752.

(4) Used as a mixture of compounds prepared by the reaction of vi-
nyldiazomethane with iodine.
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ammonium salt did not allow the isolation of u-alkylidene
complexes. This could be due to a side reaction involving
Nal and the u-alkylidene product, since Nal is much more
soluble in acetone and THF than Et,NI. The reaction of
iodide ion with these u-alkylidene complexes (vide infra)
may explain the low yields (7-60%) produced by this re-
action. Dinuclear methylene complexes of cobalt and
palladium® have also been synthesized by using CH,I, as
the source of the methylene ligand.

Geminal chlorides fail to give u-alkylidene complexes
when reacted with (Et,N),Fe,(CO),, though certain di-
bromides react to give functionalized methylene complexes.
For example, dibromomethyl methyl ether reacts with
(Et,N),Fe,(CO)q to produce the methoxymethylene com-
plex 7 (eq 3), while dichloromethyl methyl ether does not
react with (Et,N),Fe,(CO)g to give 7. The (carboeth-
oxy)methylene complex 6 can also be prepared from a,a-
dibromoethyl acetate in comparable yield.

H QO—CH 3
/

[EtaN)aFes(COlg + BraCHOCHs —= (CO)Fe—Fe(COl (8)
7

The IR spectra of bridging alkylidene complexes 2, 3,
4, 5, and 7 display bands between 1800 and 1900 cm™,
indicative of bridging CO groups. This is in contrast to
the parent complex 1 and the (carboethoxy)methylene
complex 6 which have only terminal CO groups in solution;
however, complex 1 has bridging CO groups in the solid
state, as evidenced by strong absorptions at 1875 and 1836
cm™ and confirmed by X-ray analysis. The 'H NMR
spectra of the bridging alkylidene complexes which have
a hydrogen atom bound to the bridgehead carbon display
downfield chemical shifts (6 5.5-9.1) for the bridgehead
hydrogens. The *C NMR spectra display absorptions
ranging from 100 to 200 ppm, which is within the range
expected for bridgehead carbons.® The structures of the
parent complex 1 and the methoxymethylene complex 77
have been confirmed by X-ray crystallographic analysis.

Diiron u-alkylidenes have also been prepared by the
acylation of diiron carbonyl anions. The addition of acetyl
chloride to NaHFe,(CO)g; in THF gives among other
products the acetoxymethylenediiron heptacarbonyl 8 and
acetaldehyde (eq 4), while addition of 2 mol of acetyl
bromide to the disodium salt of octacarbonyl ferrate gives
acetoxyethylideneheptacarbonyldiiron 9 (eq 5). The in-
frared spectrum of 9 is virtually identical with that of 8.

_CHs

C
\O

(D) H\/O—
C
NaH(D)Fe(COlg + 2CH3COC! —= (CO)aFe/—;\Fe(CO);:, +
8
CH3CHO (4)

CHgz
-
H3C\ /O C\

0
C
NazFeo(CO)g + 2CH3COBr — (CO)gFe—Fe(CQ)z2 (5)
9

(5) (a) Theopold, K. H.; Bergman, R. C. J. Am. Chem. Soc. 1981, 103,
2489. (b) Balch, A. L.; Hunt, C. T.; Lee, C.; Olmstead, N. M.; Fau, J. P.
Ibid. 1981, 103, 3764.

(6) Herrmann, W. A. “The Methylene Bridge” in “Advances in Or-
ganometallic Chemistry”, in press.

(7) Malueg, D., The University of Texas at Austin, personal commu-
nication.

Sumner, Collier, and Pettit

The structural assignment of 8 and 9 were made on the
basis of their IR, lH NMR, and 3C NMR spectra, as well
as their chemical and physical properties. The infrared
spectrum of 8 in hexane shows the expected absorptions
of terminal bound metal carbonyls and a band at 1618 cm™
assigned to the coordinated carbonyl of the acetoxy moiety.
The 'H NMR of 8 consists of two sharp singlets at 6 1.03
and 9.10, in ratio of 3:1. The *C NMR (5 19, 170, 184, 222)
is consistent with the structural assignment of 8 as an iron
carbonyl containing a bridging rather than a terminally
bound alkylidene ligand.® Mass spectral analysis exhibits
the parent mass of 8 as well as peaks corresponding to
stepwise loss of seven CO ligands. As in 8, infrared analysis
suggests that 9 contains an acetate group directly bound
to iron through the oxygen atom of the organic carbonyl.
The 'H NMR spectrum of 9 displays two singlets in a ratio
of 1:1 (6 1.06 and 2.90). The ¥C NMR supports the as-
signment of 9 as that of a bridging alkylidenemetal car-
bonyl (6 19, 42, 181, 197, 202-211). The mass spectrum
exhibits the parent molecular ion of 9 and all fragments
corresponding to loss of seven CO ligands.

The mechanism of the formation of the bridging al-
kylidene complex 8 is not clear. Conversion of NaHFe,-
(CO)jg to the bridging alkoxide® 10, followed by acylation

" o (‘)——COCHs
\/ |
(CO)Fe——Fe(CQ)3

A

(CO)zFe==Fe(CO)3
\./

C

I i
© 0
10 1

on oxygen, would lead to 8. Alternatively, acylation of
NaHFe,(CO)g could precede hydrogen migration. If
NaDFe,(CO); is acylated, 8 is found to contain deuterium
at the bridgehead carbon (see Experimental Section). The
acylation of carbon monoxide as in 11 has been discussed
by Shriver et al.® and may provide a necessary driving force
for the insertion of CO into a metal-hydride bond.!?
The Chemistry of Diiron u-Methylenes. The parent
complex 1 reacts with H, to give methane and acet-
aldehyde along with Fe;(CO),. This behavior is consistent
with the behavior postulated for methylene groups bound
to a metal surface.!! We speculate that the reaction
proceeds through a dihydride such as 12 which undergoes
intramolecular reductive elimination to give a methyl
complex (eq 6). Insertion of CO into the metal methyl

WA
\c/

/ /
(COYaFe—TFe—H —= Fé

(CO)3 (CO)a  (COJ3
12

CHs H

Fe  —= CHa + CH3CHO (86)

bond would give acetaldehyde upon reductive elimination.
All of the methylene complexes studied appear to react
similarly to liberate the dihydro form of the ligand which
also serves as evidence for the structure of the complexes.
The data are listed in Table II. It should be noted that
reasonably vigorous conditions are required to achieve high

(8) Basolo, F.; Pearson, R. G. “Mechanisms of Inorganic Reactions”,
2nd ed.; Wiley: New York, 1967; p 555.

(9) Shriver, D. F.; Hodali, H. A. J. Inorg. Chem. 1979, 18, 1236.

(10) Wolezanski, P. T.; Bercaw, J. W. Acc. Chem. Res. 1980, 13, 121.

(11) Brady, R. C., 1II; Pettit, R. J. Am. Chem. Soc. 1980, 102, 6181.
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Table II. Hydrogenation of Alkylidenes

temp, p(H,), time, yield,

compd °C psi h solvent product %
Fe,(CO),CH, 60 210 1 C.H, CH, 83
Fe,(CO),C(H)OCH, 120 250 1.3 C,H,, CH,OCH, 50
Fe,(CO),C(H)OAc 100 250 1.5 CH,, CH,CO,CH, 67
Fe,(CO),C(H)NHCOCH, 90 850 1.3 C.H, CH,CONHCH, 34
Fe,(CO),C(H)CO,C,H, 100 300 2 CH,, CH,CO,C,H, 92
Fe,(CO),C(H)CO,H 100 200 1.5 glyme CH,CO,H 66

yields of product which presumably reflects the need to
thermally lose a CO ligand before hydrogen can react.

Olefins. Treatment of complex 1 with olefins results
in a one-carbon homologation of the olefin. For example,
ethylene reacts with 1 to give propylene. While the re-
action of 1 with propylene gives mainly the branched
isomer, isobutylene, along with trans-2-butene, cis-2-
butene, and 1-butene, methyl acrylate reacts with 1 to give
mainly the linear isomer, ethyl crotonate, along with small
amounts of methyl methacrylate. The observed regio-
chemistry could be due to a cyclic intermediate such as
a bimetallacyclopentane which is coordinatively unsatu-
rated and would undergo a §-hydride elimination reaction
to give an olefin = complex leading to the new olefin.
When R is carbomethoxy (eq 7), metallacycle 13a is fa-

R
N
Fe—7Fe — Fe—7Fe—H —= R—-\_
| \
(COJ4 (CO)z (COJq (CON3
13a 14a

] R (7
H\ H\\
Fe—=Fg  —= Fe—Fe—H —= R

(CO)4 (CO)z (CO)q (COJ3
13b 14b

vored and would lead to the linear isomer through the
olefin = complex 14a. When R is methyl, metallacycle 13b
is favored and, upon 8-hydride elimination, would give the
olefin = complex 14b leading to the branched isomer.

No reaction is observed to occur when 1 is treated with
isobutylene under conditions similar to those employed
for reaction with ethylene or propylene. However, de-
generate metathesis between 1 and isobutylene similar to
that observed by Parshall!'? and co-workers for the Ti—C-
H,Al system does not occur. When Fe,(CO)sCD, is treated
with isobutylene, there is no hydrogen incorporated into
the recovered metal alkylidene.

Alkynes. Reaction of 1 with acetylene produces the
a,m-allyl complex 15 along with the ferrole 16 (eq 8). The

HO
AN S
N #
Fes(CO)gCHp + HC=SCH —= Fe—Fe  + Te_Te (8)
(CO)y (CO)3  (CO)y (COJs
15 16

'H NMR of 15 shows two high-field signals at § 2.0 (1 H)
and 2.3 (1 H) and a multiplet at 6 5.1 (1 H) as would be
expected for a w-allyl ligand; however, there is also a signal
at 6 8.0 (1 H), indicative of a bridgehead hydrogen atom.
The 3C NMR of 15 displays absorptions at 4 47, 97, and
154 for the allyl ligand with the signal at 6 154 being as-

(12) Tebbe, F. N.; Parshall, G. W.; Ovennal, D. W. J. Am. Chem. Soc.
1979, 101, 5074.

signed to the bridgehead carbon atom. The metal carbonyl
ligands resonate at é 209 and 211. Complex 15 is also
formed as a result of the decomposition of the vinyl-
methylene complex 5 (vide infra). The structure of the
ferrol 16 was determined on the basis of IR, !H NMR, and
chemical data. For example, 16 reacts with H, to give
mainly 1-butanol, and treatment of 16 with acetyl chloride
affords an acetate derivative.!?

The o,7-allyl complex 15 reacts with alkynes to give
products resulting from the insertion of the alkyne into
the Fe-allyl ¢ bond. For example, treatment of 15 with
acetylene affords the diinsertion product 17 or with 2-
butyne affords 18 (eq 9). Elemental analysis, IR, 'H

. iy

| /=
Fe—Fe + R—C==C—R —= (CO)3Ffe—Fe(CO)3 (9)

1 =
(CO)q (CO)3 lg: ﬁ = gHa

15

NMR, and mass spectral data are consistent with the
formulation given above. The 'H NMR spectrum of 17
exhibits two high-field pairs of doublets at 6 0.4 (1 H) and
0.9 (1 H) assigned to the terminal =-olefinic hydrogen
atoms and a multiplet at 6 3.5 (1 H) assigned to the interior
olefinic hydrogen atom. A multiplet at é 3.7-4.0 (2 H) is
assigned to the w-allylic hydrogens, and a pair of doublets
at 6 6.8 (1 H) is assigned to the bridgehead hydrogen atom.
The 'H NMR spectrum of 18 exhibits two high-field
doublets at § 0.4 (1 H) and 0.9 (1 H) assigned to the ter-
minal 7-olefinic hydrogen atoms, a multiplet at 6 3.7 (1 H)
assigned to the interior olefinic hydrogen, and a doublet
at 6 4.0 (1 H) assigned to the allylic hydrogen. Singlets
at 8 1.1 (3 H) and 6 2.3 (3 H) are assigned to the methyl
groups with the latter one being assigned as the bridgehead
methyl group. The diinsertion product 17 is also obtained
when 1 is treated with excess acetylene. Compounds
containing an organic ligand bonded similarly to that in
17, 18, and 20 have previously been prepared by the
photolysis of Fe(CO); in the presence of 2,7-dimethyl-
oxepin!¢ and by the addition of 2-butyne to a ditungsten
u-alkylidene complex.!®

Treatment of 1 with propyne results in the formation
of a ferrole formulated as having structure 19 and a mix-
ture of pentane-soluble compounds which were not readily
separated (eq 10). On the basis of 'TH NMR data [ (C¢Dg)

HO CHz

—
X

Fep(C0)gCHp, + CH3C==CH —= (CO)3F¢ Fe(CO)z (10)

19

(13) Sternberg, H. W.; Friedel, R. A.; Mackley, R.; Wender, L. J. Am.
Chem. Soc. 1956, 78, 3621,

(14) Aumann, R.; Averbeck, H.; Kruger, C. Chem. Ber. 1975, 108, 3336.

(15) Levisalles, J.; Rose-Munch, F.; Rudler, H.; Daran, J.; Dronzec, Y.;
Jeannin, Y. J. Chem. Soc., Chem. Commun. 1981, 152,
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0.3 (d, 1.2 H), 0.8-1.1 (5 pk, 1.2 H), 1.7 (br, 4 H), 2.3 (s,
3 H), 2.4 (s,0.3H), 3.2 (s, 1 H), 3.8-4.0 (dd, 1.2 H), 6.4 (s,
0.3 H)], the pentane-soluble mixture is presumably a
mixture of isomeric complexes arising from the insertion
of 2 equiv of propyne.

Reaction of the u-methylene complex 1 with 2-butyne
results in the isolation of a red crystalline compound
containing two 2-butyne units and a ferrole (eq 11), which

CHs
CHs
AN
1 + CH3C==CCHs; —= |(CO)aFe—Fe(CO)| —=
CHs
CHa
CH, "
<\ 2 CH =
e 2o (11)
Fle Fe © 0 Fle F‘e
{CO)3 (CO)3 {CO)3  (CO)3
21

are formulated as having structures 20 and 21, respectively,
on the basis of their elemental analysis, 'H NMR, IR, and
mass spectral data. The 'H NMR spectrum of 20 displays
a doublet at 6 1.0 (3 H) assigned to the terminal olefinic
methyl group, a singlet at 6 1.2 (3 H) assigned to the in-
terior olefinic methyl group, a singlet over a quartet at ¢
1.7 (4 H) assigned to the allylic methyl group and the
olefinic hydrogen atom respectively, a singlet at § 2.5 (3
H) assigned to the bridgehead methyl group, and a singlet
at 6 3.8 (1 H) assigned to the allylic hydrogen atom.
Complex 20 is probably formed via a g,7-allyl complex
which rapidly reacts with 2-butyne under the reaction
conditions. Interestingly, a hydrogen atom originally
bound to the methylene ligand in 1 has migrated to the
terminal olefinic carbon in 20. This migration is also ob-
served in the o,7-allyl product 22, isolated from the re-
action of 1 with phenylacetylene (eq 12). The structure
Ph
"X

1 + PhC=CH — Fe—Fe (12)

(CO)4 (CO3
22

of 22 was determined on the basis of 'H NMR, IR, and
mass spectra and by hydrogenation to give n-propyl-
benzene. The 'H NMR spectrum consists of a doublet at
4 3.6 (1 H) assigned to the hydrogen bound to the carbon
bearing the phenyl group, a pair of doublets at § 5.8 (1 H)
assigned to the interior allylic hydrogen, a singlet at § 7.1
(5 H) assigned to the aromatic hydrogens, and a doublet
at & 8.0 (1 H) assigned to the bridgehead hydrogen atom.
The mechanism responsible for the migration of the me-
thylenic hydrogen atom is not clear. Similar observations
have been reported by Lewis et al.1® for tetranuclear os-
mium clusters.

Allene. The addition of allene to complex 1 under
conditions similar to those used for the reaction of 1 with
acetylenes gives a complex mixture of metal carbonyls.
The major product formed in 20% yield is (tri-
methylenemethane)iron tricarbonyl (23; eq 13). The ex-
pected diiron trimethylene heptcarbonyl was not isolated.

Nucleophiles. The reaction of 1 with nucleophiles leads
to products containing an acetyl group (eq 14). For ex-

(16) Johnson, B. F. G.; Kelland, J. W.; Lewis, J.; Mann, A.; Raithby,
P. R. J. Chem. Soc., Chem. Commun. 1980, 547.
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|
Fep(CO)gCHp + HC—C==CHp —= |[(COlFfe——Fe(CO)3| —

CFe(CO41 + (CO)3Fe-A (13)
(g

23
Fe(CO)CH, + R—Z—H — CH,C(=0)—Z—R (14
Z=0,NH

ample, the reaction of 1 with Nal in the presence of water
leads to the formation of mainly acetic acid. Treatment
of the py-methylene complex 1 with alcohols or amines
produces acetates or acetamides, respectively. Thus,
treatment of 1 with isoamyl alcohol in refluxing tetra-
hydrofuran (THF) produces isoamyl acetate. Similarly,
treatment of 1 with aniline in benzene produces acet-
anilide. Consistent with these findings, the carboethoxy
complex 6 reacts readily with ethanol to give good yields
of diethyl malonate. The rate of the reaction of the u-
methylene complexes 1 and 6 with nucleophiles was
qualitatively observed to be enhanced by the presence of
iodide.

When the u-methylene complex 1 is treated with water
at room temperature in acetone, acetic acid is produced
as expected by analogy to the reaction of 1 with alcohols.
However, methane and acetaldehyde, along with carbon
dioxide, are also observed (eq 15). These results are

CH2 CHpH

0
ve /NN e /N

Fes(CO)gCHy + H20 —= Fe——Fe—C—0H ——= Fe—Fe—H
(COl4 (CO)3 (ICO)4 (CO)z
12
(15)
CH3COzH CHgq + CH3CHO

consistent with the ability of a CO ligand to undergo nu-
cleophilic attack to generate a metal hydride as in the
water gas shift reaction.!” Reaction of 1 with water to give
the dihydride 12 would lead to the formation of methane
and acetaldehyde. The fate of the iron carbonyl groups
is as yet undetermined.

Trimethylphosphine. Reaction of the u-methylene
complex 1 with PMe; affords the bis(trimethylphosphine)
complex 24 along with the mononuclear complexes (eq 16).

CHZ
Fep(COlgCHp + PMez — Meg,P—Fe e—-—PMe3 +

(CO)2 \c/ (CO)2

24
(CO)4FePMes + (CO)3Fe(PMea), (16)

O O—

o

Attempts to prepare the dinuclear monophosphine-sub-

(17) Pearson, R. B.; Mauermann, H. J. Am. Chem. Soc. 1982, 104,
500-504. Pettit, R.; Cann, K,; Cole, T.; Mauldin, C. H.; Sleiger, W. Anal.
N.Y. Acad. Sci. 1978, 333, 101. The products observed from the reaction
of 1 with nucleophiles could also arise from a ketenyl-type intermediate
formed by insertion of a CO ligand into a CH,-Fe bond prior to nucleo-
philic attack. Roper, M.; Strutz, H.; Keim, W. J. Organomet. Chem. 1981,
2189, Cb.



Chemistry of Octacarbonyl{u-methylene)diiron

stituted methylene complex by using only 1 equiv of PMe,
were unsuccessful in that the same products were isolated
as before, along with unreacted 1. The structure of 24 was
determined by X-ray analysis.”

The diiron u-alkylidene complexes which possess a §-
hydrogen atom are unstable at room temperature in so-
lution where they decompose to give the corresponding
olefin and Fe;(CO),,. For example, the ethylidene complex
2 decomposes in pentane solution to give ethylene and
Fey(CO)y,. Presumably, the decomposition involves prior
loss of a CO ligand to give a coordinatively unsaturated
complex which undergoes 8-hydride elimination to give the
7w complex that would lead to ethylene (eq 17).

H  CHs H  CHs H
\c/ \c/ \C/CW
H
/N o / N\ /
N
(CON4 (CON4 (CO)4 (CO5 {CO)s (COJa
2

Complexes which do not possess a 8-hydrogen atom,
such as the parent complex 1, the (carboethoxy)methylene
complex 2, and the methoxymethylene complex 7, are
stable in solution at room temperature. However, the
vinylmethylene complex 5 readily looses a CO ligand to
give the o,7-allyl complex 15 (eq 18). Complex 15 is dark
red oil at room temperature and reacts with 1 equiv of
PhyP at ambient temperature to give a crystalline PhyP
derivative which X-ray analysis'® has determined to have
structure 25.

H, CH==CH,
\/ ~
A A
Fe/—\fi'e == Fe—kf—|'e s Ph3P—Fe—>Fe (18)
|
{CO)4 (COl4 (CO)4 (COY3 (CO) (CON3
5 15 25

The Chemistry of Fe,(CO);CHOCH;. Oxygenated
methylene ligands may play an important role in the
catalytic conversion of carbon monoxide into small, oxy-
genated organic compounds such as methanol and ethylene
glycol. Some chemistry of u-alkoxymethylene ligands has
recently been reported by Stone et al.!®

Treatment of the methoxymethylene complex 7 with H,
at 125 °C in heptane produces dimethyl ether and a tri-
nuclear hydride which has IR, 'H NMR, and mass spectral
data identical with the trinuclear cluster 26 prepared by
Shriver et al.1? (eq 19). The formation of 26 is presumably

H  OCHs (CO)3 C/OCHz
\/ »

€
/\ /K

(CO)4Fe—Fe(CO)s + Hz — (CO)4Fe /H +
\Fe
\(CO)3
26

CH3~—0——CH3 (19)

due to the reaction of coordinatively unsaturated iron

(18) Davis, R. E., The university of Texas at Austin, personal com-
munication.

(19) Howard, J. A. K,; Jeffery, J. C.; Laguna, M.; Navano, R.; Stone,
F. G. A. J. Chem. Soc., Dalton Trans. 1981, 751. See also: Sternberg,
H. W.; Shukys, J. G.; Donne, C. D.; Mackby, R.; Fuedel, R. A.; Wender
J. Am. Chem. Soc. 1959, 81, 2339. Guthrie, D. J. S.; Khand, I. V.; Knox,
G. R.; Kallmeier, J.; Pauson, P. L.; Watts, W. E. J. Organomet. Chem.
1975, 90, 93.
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carbonyl species with the methoxymethylene 7. The hy-
dride 26 was also obtained in good yield by treatment of
7 \Vith FBQ(CO)g.

Reaction of the methoxymethylene complex 7 with
strong acid leads to products that can be thought of as
being derived from the bridging carbyne cation 27. For
example, treatment of 7 with H,SO, in the presence of
acetonitrile, followed by aqueous workup, results in the
isolation of a red crystalline compound formulated as
having structure 28 (eq 20) on the basis of its elemental

|
o
+\ CHaCN  Hp0
Fep(CO)gCHOCHs + H2S04 —= | Fo—Fe | ——w —m
7 (COJ4 (CONq
27
|
Hy N, ,CHs
R
-~
Fe—Fe g (20)
(CO)4 (CO)3
28

analysis, IR, 'H NMR, and mass spectra. Infrared
stretching frequencies at 1561 and 1540 cm™ are consistent
with the acetanilide carbonyl group being coordinated to
an iron atom. In an analogous reaction, treatment of 7 with
HBF, in 95% acetic anhydride (5% acetic acid) results in
the isolation of the octacarbonyl acetoxymethylene com-
plex 29 as yellow crystals which, upon standing in solution
at room temperature, rapidly lose a CO ligand to give the
red, crystalline heptacarbonyl acetoxymethylene complex
9 (eq 21). The IR spectrum of 29 contains a band at 1760

H\C/OAc H\C/O\C/CHa
7 + HBFa il Fe/—\Fe = Fe/—\Fe/“ (21)
OAcy l 0
(CO)4 (COYy (CO)q (CO)3
29 9

cm™! which is assigned to the acetoxy carbonyl group as
well as bands corresponding to metal carbonyls. Upon
warming, the band at 1760 cm™ disappears and is replaced
by a band at 1615 ¢m™l, which is consistent with the
acetoxy carbonyl group being coordinated to an iron atom.

Similar reactivity has been observed for the dicyclo-
pentadienyl-substituted methoxymethylene complex 30.2
Treatment of 30 with HBF, in CH,Cl, at low temperature,
followed by the addition of triphenylphosphine, results in
the isolation of the phosphonium salt 32 which is pre-
sumably formed via the cation 31 (eq 22). If the meth-
oxymethylene complex 7 is protonated in the absence of
a trapping agent, the cation formed incorporates 1 equiv
of CO to give carboxymethylene derivatives. For example,
addition of 7 to cold, concentrated H,SO,, followed by
addition of the H;SO, solution to ethanol results in the
isolation of the (carboethoxy)methylene complex 6 (eq 23).

(20) Casey, C. P.; Fagan, P. J.; Miles, W. H. J. Am. Chem. soc. 1982,
104, 1134-1136. Kao, S. K.; Liu, P.; Pettit, R. Organometallics 1982, 1

811.

(21) Addition of ethanol or water to 34 gives the (carboethoxy)-
methylene complex 6 and the (carbohydroxy)methylene complex 32,
respectively.
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H. OMe B H ]
C \c/ C c (‘3 Cp
p p P
\/\/ weka | N\_/+\ /| eeng
SR T KT T
co ﬁ co c</ c‘ co
0 0
30 - =
31
R
H PPhz
C \c/ c
P p
\F/ F/ (22)
e——re
/N\./
ole] |C| co
]
32
Cp = C,H;,
H COzR
\/
/\
Fea(COlgCHOCH; —2224 B el N (23)
(CO)4 (CO)g
32,R=H
6,R =Et

If the H,S0O, solution is added to water, a compound
identified as the (carbohydroxy)methylene complex 33 by
comparison of its melting point (79 °C dec) and IR spec-
trum to a sample prepared by the hydrolysis of 6 (vide
infra) is isolated.

The (carboethoxy)methylene complex Fe,(CO)sC(H)-
CO,Et (6) is observed to readily react with aqueous acids
to give a yellow crystalline compound 33 which is only
slightly soluble in organic solvents and dilute aqueous base
solutions in which it slowly decomposes. The above hy-
drolysis is reversible, and facile esterification gives back
the (carboethoxy)methylene 6 in 70% yield. Complex 33
is formulated as Fe,(CO);C(H)CO,;H. The IR spectrum
of solid 33 (C;C); mull) displays absorptions at 3600-3200
(H;0), 3100~2400 (HCCO,H), 2120 (m), 2070 (s), 2035 (vs),
2020 (s), 1995 (s), and 1645 (m) cm™l. The IR of 33 in
solution (CH,Cl,) is very similar to Fe,(CO)sCH, except
for a weak band at 1650 cm™. The elemental analysis of
33 is consistent with it being a hydrate. Hydrogenation
of 33 gives acetic acid in 63% yield.

Reaction of 7 with anhydrous HCI produces a red,
pentane-soluble solid which has also been prepared by
treatment of the (carbohydroxy)methylene 33 with oxalyl
chloride and by the reaction of (Et,N),Fe,(CO)s with
chlorodibromomethane (eq 24). The structure of the red

0

H\C/COZH H\C/7// H\C/OCH3
WA 1 (CO)g,Fe\——Fe(CO); :ﬁ'm—“ L\
(CO)q (CON4 C*/ (CO)4 (CON4
32 34
1 (24)

(EtaN)2Fe(CO)g + BraCHCI

solid is tentatively assigned as the ketenyl diiron carbonyl
34 on the basis of its high-resolution mass spectrum, 'H
NMR [ (CgDg) 0.75], *C NMR [4 (C¢Dq, off-resonance

Sumner, Collier, and Pettit

decoupled) 208 (s), 162 (s), -4 (d)], and reactivity.

The high-field chemical shifts for the hydrogen atom and
the carbon bearing the hydrogen atom are consistent with
the = complex as formulated in structure 34. The infrared
spectrum shows absorptions in the terminal carbonyl re-
gion at 2105 (m), 2062 (s), 2050 (s), 2005 (s), 1972 (w), and
1952 (w) cm™! (hexane). If formulation 34 is indeed correct,
then the ketenyl carbony! stretch must be among the
terminal CO absorptions.

Conclusion

The reaction of geminal diiodoalkanes and certain gem-
inal dibromides with (Et,N),Fe,(CO); to give diiron u-
alkylidene complexes appears to be a general reaction. The
compounds formed by this reaction are reactive towards
H,, olefins, alkynes, nucleophiles, and phosphines. Com-
plexes containing a functionalized methylene ligand such
as methoxymethylene can undergo transformations in-
volving the methylene ligand to give other functionalized
u-methylene complexes. The u-alkylidine complexes which
possess a 3-hydrogen atom are unstable at room temper-
ature in solution where they decompose to give an alkene
and Fe;(CO),,. Briding methylene complexes are also
produced by acylation of Na,Fe,(CO)gz and NaHFe,(CO)s.
In the case of NaHFe,(CO),, the hydrogen atom originally
bound to iron is incorporated into the methylene ligand.

Experimental Section

Preparation of N(C,H;) Fe,(CO)s The synthesis of [N-
(CoHj)4]oFes(CO)g was performed in a dry, 2-L, three-necked
separatory type round-bottomed flask. The base of the reaction
vessel was equipped with a 1.5-in. coarse glass frit, a No. 8 Pyrex
stopcock, and a 24/40 male ground-glass joint. The reaction vessel
was set atop a 3-L flask which could be evacuated. Clean sodium
(9.33 g, 0.406 mol) and naphthalene (4.5 g, 0.035 mol) were added
to the reaction flask under argon. The flask was fitted with a
septum, and 400 mL of dry THF was added. The septum was
replaced with a dry, pressure equalizing, dropping funnel con-
taining Fe(CO); (55 mL, 0.41 mol). Addition of Fe(CO); to the
mechanically stirred mixture was carried out at such a rate that
the temperature of the reaction was maintained at about 30 °C
when all of the Fe(CO); had been added, the reaction was stirred
for an additional 15 h; 5 mL of MeOH was added and the reaction
mixture stirred an additional 0.5 h. Care should be taken to make
sure all sodium has been consumed. Evacuation of the bottom
flask allowed filtration of the reaction mixture by opening the
No. 8 stopcock. When the level of the reaction solution was just
even with the level of the solid mass of NayFe,(CO)gxTHF, fil-
tration was stopped. Distilled water (200 mL) was added to the
reaction vessel, and stirring was recommenced. Addition of
[N(C,H;),]Br (95 g, 0.45 mol) in distilled water (200 mL) afforded
a brick-red precipitate. The mixture was filtered as before and
then washed thoroughly with the following solvents: 400 mL of
distilled HyO, 2 X 400 mL of absolute EtOH, 2 X 400 mL of THF,
and 2 X 400 mL of Et,0. The solid thus obtained was dried under
a vacuum to constant weight, giving 90 g of (NEt,);Fe,(CO)g, vield
T4%.

Preparation of Fe,(CO)sCH, (1). To a 1-L, three-necked,
round-bottom flask equipped with a mechanical stirrer and
dropping funnel were added (Et,N),Fe,(CO)g (41.5 g, 0.07 mol)
and 250 mL of acetone. The mixture was cooled to 0 °C while
being stirred. Methylene iodide (21.4 g, 0.08 mol), in 45 mL of
acetone, was added over a 20-min period, and the reaction mixture
was stirred at 0 °C a further 40 min under an argon atmosphere.
The color of the solution changed from red to dark brown during
the course of the reaction. The reaction mixture was filtered under
a stream N, and the residue was washed with cold acetone until
the washings were pale yellow. The residue, which consisted of
Fey(CO)3CH,; and Et,NI, was transferred to a 600-mL beaker and
washed with 150 mL of distilled water, filtered, and washed again
with 50 mL of cold acetone. The product was transferred to a
50-mL round-bottomed flask and dried under vacuum to constant
weight: yield 14.5 g (60%); mp 135 °C dec; IR (CH,Cl,) 2112,
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2061, 2031, 2016 (sh) cm™; 'H NMR (acetone-dg) 6 5.5 (s); mass
spectrum, m/e 350, 336, 322, 308. Anal. Caled for CyH,Fe,Og:
C, 30.90; H, 0.57. Found: C, 31.50; H, 0.90.

Preparation of Fe,(CO);C(CH;), (3). To a 50-mL round-
bottomed flask equipped with a magnetic stirring bar and rubber
septum were added (Et,N),Fe,(CO); (3.37 g, 5.7 mmol) and 25
mL of acetone. The mixture was stirred and cooled to 0 °C, and
2,2-diiodopropane (1.68 g, 5.7 mmol) in 5 mL of acetone was
syringed into the reaction mixture. The reaction mixture was
stirred at 0 °C for 1 h while the color changed from red to dark
brown. The solvent was rapidly removed at 0 °C by high vacuum,
leaving a black solid residue. The residue was extracted with
30-mL portions of pentane. The pentane was removed by vacuum
at 0 °C, leaving 1.0 g of greenish yellow crystals, which were
recrystallized from pentane at —78 °C: yield 1.0 g (49%); mp 47-48
°C dec; IR (hexane) 2105, 2060, 2030, 2010 {(sh), 1872, 1847 cm™;
'H NMR (acetone-dg, 0 °C) 6 2.9 (s); *C NMR (CDCl,, Me,Si,
-10 °C) § 213, 148, 50; high-resolution mass spectrum, m/e(calcd)
377.8760, m/e(measd) 377.8751.

Preparation of Fe,(CO);CHCH; (2). The procedure de-
scribed for the preparation of Fe,(CO)gC(CHj;), was followed,
except that 1,1-diiodoethane was used. The product was obtained
as yellow crystals: yield 16%; mp 50 °C dec; IR (hexane) 2105,
2060, 2030, 2010, 19101840 (br) cm™!; 'H NMR (acetone-dg, —10
°C) 2.7 (d,3H,J =8Hz),72 (g, 1 H, J = 8 Hz); 1*C NMR
(CDCl, 0 °C) 6 211, 119, 39; high-resolution mass spectrum,
m/e(calcd) 363.8604, m/e(measd) 363.8619.

The sample used for the 'H NMR was let stand at ambient
temperature for 30 min. The solution changed colors from yellow
to dark green, indicating the formation of Fes(CO),,.2 The gasses
over the solution were analyzed by gas chromatography and were
found to contain approximately 75% ethylene.

Preparation of Fe,(CO);CHCH(CHj;), (4). The procedure
described for the preparation of Fe,(CO)sC(CHj;), was followed,
except that 1,1-diiodo-2-methylpropane was used. The product
was obtained as yellow crystals: yield 26%; mp 73-75 °C dec;
IR (hexane) 2105, 2050, 2020, 2005, 1985 (sh), 19401900 (br) cm%;
H NMR (acetone-dg, 0 °C) 6 1.3 (d, 6 H), 2.6 (m, 1 H), 6.7 (d,
1 H, J = 14 Hz); 1*C NMR (CDCl;, Me,Si, -10 °C) 6 212, 140,
51, 31; high-resolution mass spectrum, m/e(calcd) 391.8917,
m/e(measd) 391.8910.

The sample used for the 'H NMR at 0 °C was let stand at room
temperature for 30 min; then the spectrum was taken again. The
signals at 6 1.3, 2.6, and 6.7 had disappeared and were replaced
by signals at § 1.6 (s, 1 H), and 4.5 (s, 1 H). The gasses over the
solution were analyzed by gas chromatography and were found
to contain isobutylene.

Preparation of Fe,(CO)sCH(CH=CH,) (5). To a 100-mL,
round-bottomed flask equipped with a magnetic stirring bar were
added (Et,N),Fe(CO); (3.95 g, 3.2 mmol) and 30 mL of acetone.
The mixture was cooled to 0 °C with stirring; diiodopropene (1.93
g, 3.2 mmol) dissolved in 10 mL of acetone was syringed into the
reaction mixture. The reaction mixture was stirred for three
minutes at 0 °C while the color changed from red to dark brown.
The solvent was rapidly removed by vacuum, leaving a black solid
residue. The residue was extracted with pentane as described
for the preparation of Fe,(CO)gC(CHj),. the product was obtained
as yellow crystals from the pentane at -78 °C: yield 13%; IR
(hexane) 2100, 2055, 2030, 2015 (sh), 1860 (br) em™’; TH NMR
(CDCNj3, -30°C) 6 4.9 (d, 1 H), 5.2 (m, 1 H), 6.8 (two doublets,
2 H). Anal. Caled for C,H/Fe,Oq: C, 35.11; H, 0.80. Found:
C, 34.22; H, 1.20.

The sample used for the 'H NMR at —30° C was removed from
the NMR probe and let stand at room temperature for 15 min
while the color of the solution changed from yellow to dark red;
then the spectrum was taken again, The signals at 6 4.5, 5.2, and
6.8 had disappeared and were replaced by signals at § 2.2 (d of
d, 1 H), 2.8 (im, 1 H), 5.7 (m, 1 H), and 8.5 (d of d, 1 H), indicating
the formation of the o,7-allyl complex 15.

Preparation of Fe,(CO)sC(H)CO,Et (6; Dihalide Method).
To a stirred suspension of [N(C,H;),]Fe,(CO)g (5.14 g, 8.6 mmol)
in 25% acetone—~diethyl ether (v:v) held at 0 °C in an ice bath

(22) Determined by high resolution mass spectrascopy.
(23) Blanchard, E. P.; Simmons, H. E. J. Am. Chem. Soc. 1964, 86,
1337.
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was added dropwise I,C(H)CO,C,H; (2.94 g, 8.7 mmol) as a so-
lution in 20% acetone—diethyl ether (v:v). The reaction mixture
was stirred for 5 minutes and filtered. The volatile components
were removed from the filtrate under vacuum, and the resulting
tar was extracted with pentane. The extracts were combined,
concentrated, and chromatographed on Florisil. Elution of an
orange band with pentane-benzene (95:5, v:v) gave Fe,(CO)4C-
(H)CO,C,Hj; as an orange oil which solidified on standing at -10
°C: yield 0.26 g (7%); ~29 °C; IR (CgH,,) 2114 (m), 2066 (s),
2033 (vs), 2016 (vs), 1973 (m), 1688 (m) cm™; TH NMR (benz-
ene-dg) 6 5.8 (s, 1 H),4.0(q,2H,J=8Hz),1.1 (t,3H,J =9
Hz); °C NMR (CDCl;, -10 °C) § 208, 182, 101, 61, 15; mass
spectrum, m/e 394, 366, 338, 210. Anal. Calcd for C;;HgFe 0,
C, 34.17; H, 1.43; Fe, 26.48. Found: C, 32.99; H, 1.40; Fe, 26.33.

Preparation of Fe,(CO){CHOCH; (7). (Et;N)Fe,(CO)s (16.3
g, 27 mmol) was added over 35 min to a stirring solution of
dibromomethyl methyl ether (5.4 g, 26 mmol) in 53 mL of CH,Cl,
at 0 °C. The resulting mixture was stirred 15 min and the solvent
removed. The residue was extracted with pentane, and the ex-
tracts were filtered. Removal of the solvent gave 3.1 g of a brown
crystalline material which was recrystallized from pentane: mp
60-61 °C; TH NMR (C¢Dy) 6 3.0 (s, 3 H), 8.2 (s, 1 H); IR (hexane)
2110, 2055, 2030 (sh), 2019, 2003, 19801950 (sh), 1890, 1855 cm™;
15C NMR (CDCl,, proton decoupled from Me,Si) 65, 174, 211 ppm;
mass spectrum, m/e 380, 352, 296. Anal. Caled for C;oH3Fe,Oq:
C, 31.62; H, 1.06; Fe, 29.41. Found: C, 31.81; H, 1.22; Fe, 30.38.

Reaction of (Et,N),Fe,(CO)s with CHC1,(OCH;). To a
50-mL round-bottom flask equipped with a magnetic stirring bar
and rubber septum were added (Et,N),Fe,(CO)g (2.72 g, 4.6 mmol)
and 15 mL of degassed acetone. The mixture was cooled to 0 °C
while being stirred vigorously. Neat dichloromethyl methyl ether
(524 mg, 4.6 mmol) was added via syringe, and the reaction
mixture was stirred for 3 h at 0 °C. After this time, the
(Et,N),Fes(CO)s was still observable (as an insoluble solid), and
the reaction mixture contained no pentane-soluble products.

Reaction of (NEt,),Fe,(CO); and Br,CHCO,K. To 4 mL
of 50% aqueous acetone containing (NEt,),Fe,(CO); (0.58 g, 0.97
mmol) was added Br,CHCO,K (0.25 g, 0.98 mmol) in 7 mL of 50%
aqueous acetone. The reactants were shaken vigorously until no
(NEt,)sFey(CO)g remained. To this solution was then added 6
mL of 18% aqueous HCl, and the mixture was extracted with
methylene chloride. The methylene chloride extract was separated
from the aqueous layer and dried over MgSO,. Removal of solvent
gave a solid mass (0.13 g) containing green and yellow crystals.
Purification was accomplished by dissolving the solid mixture in
absolute ethanol (3 mL) to which was added 2 mL of concentrated
H,S0,. The solution was shaken for several minutes. Extraction
with pentane followed by chromatography over Florisil of the
pentane extracts gave 28 mg of crystalline Fe,(CO);CH(CO,C,H;)
(6%).

Preparation of Fe,(CO);C(H)CO,Et (6). Ethyl diazoacetate
(0.50 g, 0.0044 mol) in 10 mL of hexane was added dropwise over
a 10-min period to a stirring suspension of Fe,(CO), (0.70 g, 0.0018
mol) in 15 mL of hexane at 50-55 °C. When addition was com-
plete, the reaction mixture was filtered and the volatile compo-
nents were removed under vacuum. The remaining residue was
extracted with pentane and chromatographed over Florisil.
Development with 5% benzene-pentane (v:v) eluted Fey(CO)g-
C(H)CO,C,Hj; as a yellow band (67 mg, 8%), the physical prop-
erties of which (IR, NMR, mass spectroscopy) were identical with
those of authentic Fe,(CO)sC(H)CO,C,H;.

Preparation of Fe,(CO){CHOCOCH; (28). Fe,(CO);CHO-
CH; (492 mg, 1.3 mol) was added as a solid (at 0 °C over a 10-min
period) to a solution of HBF+Et,0 (626 mg, 3.9 mmol) in 4.5 mL
of acetic anhydride containing 5% acetic acid. The reaction
mixture was stirred until all the solid had dissolved (approximately
5 min) and poured slowly onto 9.1 g of ice. An immediate pre-
cipitation of small yellow crystals occurred. The ice water was
extracted with pentane (3 X 5 mL), and the combined pentane
layers were washed with 10 mL of ice water and dried over K,CO;
at 0 °C. The dried solution was filtered, concentrated, and chilled
to -20 °C. Filtration yielded 250 mg of long yellow needles (yield
47%):. mp 45-46 °C; IR (hexane) 2110, 2065, 2038, 2020,
1830-1900, 1760 cm™; 'H NMR (CDClg, -10 °C) § 2.1 (s, 4 H),
9.0 (s, 1 H); 1*C NMR (CDCl;, Me,Si -10 °C) 208, 169, 154, 21
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A sample of the yellow crystalline material was dissolved in
hexane and let stand at room temperature for 30 min. The color
of the solution changed from yellow to red, and the IR spectrum
of the solution showed it to contain Fe,(CO),CHOCOCHj;. Re-
moval of the solvent left red crystals of the heptacarbonyl complex,
mp 83-84 °C.

Preparation of Fe,(CO),CHOCO(CHj;) (7). The procedure
given for the preparation of Fe,(CO)sCHOCO(CH,) was followed;
filtration and removal of the pentane solvent left a red oil which
crystallized upon standing: yield 90%; mp 83-84 °C; IR (hexane)
2089, 2045, 2018, 2000, 1964, 1945, 1616 cm™'; 'H NMR (C¢Dy)
§1.2 (s, 3H), 9.1 (s, 1 H); 3C (MR (CDCl;, Me,Si) 222, 184, 170,
19 ppm; mass spectrum, m/e 380, 352, 324, 296. Anal. Calcd for
CioH,Fe,0q: C, 31.48; H, 1.05; Fe, 29.47. Found: C, 31.50; H,
1.03; Fe, 29.45.

Reaction of (Et,N),Fe,(CO)s with Dibromochloromethane.
To a 100-mL, three-necked, round-bottomed flask equipped with
a magnetic stirring bar and dropping funnel were added
(EtN),Fe,(CO)z (4.10 g, 6.9 mmol) and 20 mL of acetone. The
mixture was cooled to -20 °C, and dibromochloromethane (1.45
g, 6.96 mmol) was added over a 15-min period. The reaction
mixture was stirred an additional 10 min at ~15 °C, and the color
of the solution changed from red to black. The solvent was
removed by high vacuum at -7 °C, leaving a black solid residue.
The residue was extracted with 3 X 50-mL portions of pentane
which were immediately filtered through a celite pad into a
round-bottomed flask which was submerged in a dry ice—acetone
bath. The pentane was evaporated under reduced pressure,
leaving an orange crystalline residue which was chromatographed
over Florisil.

Elution with hexane produced a dark red oil which was crys-
tallized from pentane at —40 °C: yield 464 mg; mp 52-53 °C; IR
(hexane) 2105, 2062, 2052, 2015, 2005, 1972, 1952 ecm™!; 'H NMR
(C¢Dg) 6 0.7 (s). Anal. Caled for CgHCIFe,Og: C, 28.09; H, 0.26;
Cl, 9.23; Fe, 29.13. Found: C, 25.53; H, 0.60; Cl, 11.54; Fe, 31.96.

Preparation of Fe,{(CO)s(PMe;),CH, (24). Fe,(CO);CH,
(1.94 g, 5.5 mmol) in 20 mL of hexane was warmed to 45 °C.
P(CHj); (1.05 mL, approximately 11 mmol) dissolved in 20 mL
of hexane was added dropwise over a 1.5-h period with stirring
under an argon atmosphere. After the addition, the reaction
mixture was stirred an additional 15 min, cooled, and filtered
through a celite pad. Removal of the solvent left an orange residue
which consisted of Fe,(CO)g(PMeg),CH,, Fe(CO)3(PMejs),, and
Fe(CO),PMe;. The two mononuclear by products were sublimed
(0.22 torr at 65 °C) from the residue. The residue was recrys-
tallized from hexane at —20 °C to give 339 mg (20%) of orange
needles: mp 93-96 °C; 'H NMR (C;Dg) 6 4.1 (t, 2 H, J = 4 Hz),
0.9 (d, 18 H, J = 9 Hz); 3C NMR (C¢Dg, Me,Si) 17.0 (d, J = 29
Hz), 79.3 (t, J = 4 Hz), 226.5 (d, J = 3 Hz) ppm; *P NMR (C;H,,
referenced to external H;PO,) 13.39 ppm (s); IR (hexane) 2025,
1995, 1963, 1940, 1825, 1850-1830 (br) cm™'; mass spectrum, m/e
446, 418, 390, 362. Anal. Calcd for CmHmFGgOngZ C, 34.98; H,
4.48; Fe, 25.11; P, 13.90. Found: C, 34.92; H, 4.63; Fe, 24.95; P,
6.67.

Acylation of Na,Fe,(CO)s. Acetyl bromide (1.9 mL, 0.026
mol) was added dropwise to a mechanically stirred mixture of
NayFey)(CO)g (4.8 g, 0.013 mol) and 40 mL of tetrahydrofuran at
0°C. After 1 h, the solvent was removed while the temperature
of the reaction vessel was maintained at 0 °C. The resulting
residue was extracted with pentane; the pentane extracts were
concentrated and chromatographed over Florisil. Fe,(C0),C(C-
H3)OAc was eluted with pentane. Crystallization from pentane
gave an orange-red solid: yield 0.55 g (11%); mp 59-62 °C; IR
(CgH;4) 2083 (m), 2060 (vw), 2044 (vs), 2010 (s), 1996 (vs), 1961
(m), 1936 (sh), 1615 (m) em™!; 'H NMR (C¢Dg) 4 1.08 (s, 3 H),
2.90 (s, 3 H); 3C NMR (CDCly) 211, 209, 197, 181, 42, 19 ppm;
mass spectrum, m/e 394, 366, 338, 310. Anal. Calcd for
C,;HgFe, 04 C, 33.54; H, 1.54; Fe, 28.36. Found: C, 33.77; H,
1.59; Fe, 30.95.

Acylation of NaHFe,(CO)q NayFey(CO)g (1.50 g, 3.93 mmol)
was slurried in tetrahydrofuran (THF) (15 mL), protonated with
acetic acid (0.23 mL, 4.0 mmol), and chilled immediately in an
ice bath. The resulting mixture was filtered cold and the clear
solution of NaHFe,(CO); allowed to react at 0 °C for 1.5 h with
acetyl chloride (0.58 mL, 8.13 mmol). The solution was warmed
to room temperature, and the volatile materials were removed

Sumner, Collier, and Pettit

and collected under vacuum. The remaining residue was extracted
and chromatographed over Florisil. Elution with pentane gave
Fey(CO),C(H)OAc (0.29 g, 18%). The product obtained was found
to be identical (IR, 'H NMR, mixed melting point) with the
complex produced from protonolysis of Fe,(CO)sC(H)OCHj, in
acetic acid. Analysis of the volatile materials showed the presence
of acetaldehyde (20-25%).

Acylation of NaDFe,;(CO)s. The above procedure was re-
peated except that deuterioacetic acid (99.5% 1-d) was used in
place of acetic acid. Isolated 9 was found to contain 85% deu-
terium incorporation by 'H NMR. ¥C NMR analysis of 9 con-
firmed deuteurium incorporation of the bridgehead carbon.

Acylation of the Ferrole 16. To a 10-mL, round-bottomed
flask were added 300 mg of the ferrole [prepared from Fe,(C-
0)sCHj, and acetylene], 3 mL of pyridine, and 3 mL of benzene.
Acetyl chloride (1.1 g, 14 mmol) was added to the solution all at
once. A precipitate was immediately formed. The reaction
mixture was refluxed for 5 min, cooled, and poured into 2 mL
of cold water. The benzene layer was washed with water, with
dilute HCI, and again with water. Evaporation of the solvent left
a yellow, oily residue which was chromatographed on Florisil.
Elution with benzene-hexane (1:1) produced a yellow oil which
was crystallized from hexane: yield 64 mg (19%); mp 63-64 °C;
IR (hexane) 2080 (m); 2042 (2), 2000 (s), 1995 (sh), 1964 (m), 1771
(m) em™; 'H NMR (C¢Dg) 6 1.6 (s, 3H), 5.0 (d of d, 1 H), 5.4 (d
of d, 1 H), 5.9 (d of d, 1 H); mass spectrum, m/e 390, 362, 334,
306. Anal. Calcd for C;yHgFe,O4 C, 36.92; H, 1.54; Fe, 28.72.
Found: C, 37.08; H, 1.47; Fe, 28.52.

Hydrogenation of Alkylidenes. Reaction between H, and
the iron carbonyl alkylidenes listed in Table II gave good to
excellent yields of the expected organic molecule. Hydrogenations
were carried out in 60-mL stainless-steel autoclaves equipped with
glass inserts. The reaction vessels were heated in an oil bath and
stirred magnetically. The data are given in Table II of the text.

Reaction of Fe,(CO)sCH, with Ethylene. A 65-mL autoclave
equipped with a magnetic stirring bar was charged with Fe,(C-
0)sCH, (1.179 g, 3.4 mmol), benzene (10 mL), and ethylene (400
psi) and heated at 55 °C for 2 h. After the mixture was cooled
to 0 °C, the gas phase was vented into a 1-L water burette and
analyzed for propylene (65%). The solution was purged with N,
and this gas was analyzed. The solution was also analyzed for
propylene (total yield was 96%). The IR of the solution exhibited
bands at 2080, 1997, and 1980 cm™ due to C;H,Fe(CO),.#

Reaction of Fe,(CO);CH, with Propylene. The procedure
described above was followed, except that propylene (approxi-
mately 50 psi) was used instead of ethylene. The C, hydrocarbons
were analyzed on a Carbopak 0.19% picric acid column, The C,
hydrocarbons fround were the following: isobutylene (78%),
trans-2-butene (15%), cis-2-butene (5%), and 1-butene (1%). The
IR of the solution showed bands at 2075, 2010 (sh), 1995, and 1968
cm™), probably due to C;HgFe(CO),.

Reaction of Fe,(CO);CH, with Isobutylene. Fe,(CO)sCH,
(997 mg, 2.8 mmol) was added to 10 mL of degassed benzene in
a 60-mL autoclave containing a magnetic stirring bar. The au-
toclave was sealed, and the solution was saturated with iso-
butylene. The autoclave was placed into an oil bath, heated to
60 °C and stirred for 1 h cooled to room temperature, and washed.
Filtration of the reaction mixture left 800 mg (90%) of unreacted
starting material (mp 135-140 °C dec).

Reaction of Fe,(CO)CD, with Isobutylene. The procedure
given above was followed except that Fe,(CO)sCD, (280 mg, 0.8
mmol) prepared by reaction of (Et,N),Fe,(CO); and CD,I,* was
used instead of Fe,(CO)gCHj and the reaction mixture was heated
for 4 h. Filtration of the reaction mixture left 170 mg (60%) of
unreacted starting material. The mass spectrum of the unreacted
starting material showed only the presence of Fey(CO)gCD,.

Reaction of Fe,(CO)yCH, with Methyl Acrylate. To a
25-mL round-bottomed flask equipped with a magnetic stirring
bar and reflux condensor were added Fe,(CO)sCH, (350 mg, 1.0
mmol), benzene (10 mL), and methyl acrylate (176 mg, 2.0 mmol).
The reaction mixture was monitored by gas chromatography and
was heated at 75 °C until the concentration of methyl crotonate
remained constant (about 1 h). The solution was allowed to cool

(24) Murdoch, H. D.; Weiss, E. Helv. Chim. Acta 1963, 46, 1588-1594.
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and was analyzed by gas chromatography. The yield of methyl
crotonate was 79%; the yields of methyl methacrylate and an
unidentified product were approximately 2% and 3%, respec-
tively.

Reaction of Fe,(CO)sCH, with Acetylene. To a 100-mL
three-necked, round-bottomed flask equipped with a magnetic
stirring bar, rubber septum, thermometer, and a gas inlet tube
were added toluene (45 mL) and Fe,(CO)sCH, (2.00 g, 5.7 mmol).
The solution [only a small amount of Fe,(CO)sCH; was dissolved]
was heated to 65 °C. Acetylene (141 mL) was added to the
reaction mixture over a 1.5-h period with occasional venting to
release evolved CO, while the color changed from bright yellow
to dark red. Stirring was continued an additional 25 min, and
then the reaction mixture was cooled to 0 °C and filtered, which
allowed the recovery of 287 mg (15%) of starting material. The
filtrate was evaporated and the residue was taken up in pentane
and chromatographed over Florisil. Elution with pentane pro-
duced 870 mg of the o,m-allyl complex 15 as a dark red oil: yield
870 mg (51%); '"H NMR (CgDy, o,7-allyl) 63.0 (dd, 1 H, J,, = 9
Hz, J;,, = 3 Hz), 2.3 (m, 1 H), 5.1 (m, 1 H), 8.0 (d, 1 H, J = 8 Hz);
IR (hexane) 2099, 2039, 2015, 1984 (sh), 1975 cm™; C NMR
(DCCly, Me,Si) 6 47, 97, 154, 209, 211. Anal. Caled for C,oH,Fe,07
C, 34.48; H, 1.15. Found: C, 34.22; H, 1.20.

Elution with 10% ether—pentane produced 441 mg of the ferrole
16 which was crystallized from ether—hexane: yield 441 mg (26%);
mp 44-47 °C; 'H NMR (CgDg) 6 4.4 (dd, 1 H, J,, = 3.0 Hz, Jj,,
= 2.7 Hz, « to hydroxyl group), 4.9 (dd, 1 H, J,, = 5.4 Hz, J;,
= 3.0 Hz, 8-hydrogen), 5.0 (br, 1 H, hydrozyl), 6.1 (dd, 1 H, J,,
= 5.4 Hz, Ji; = 2.7 Hz, « to Fe); IR (hexane) 2080, 2040, 2020,
1980, 1965 cm™. Anal. Caled for C,oH,Fe,O;: C, 34.48; H, 1.15;
Fe, 32.18. Found: C, 35.08; H, 1.80; Fe, 30.85.

Reaction of the o,m-Allyl Complex 15 with PhyP. The
o,m-allyl complex 15 dissolved in 7 mL of degassed hexane was
added to a 25-mL round-bottom flask containing a magnetic
stirring bar and PhyP (217 mg, 0.8 mmol). The reaction mixture
was stirred at room temperature under argon for 3 h, during which
time the product precipitated from the solution. Filtration of
the reaction mixture yielded a dark red crystalline residue 25 which
was washed twice with 5-mL portions of cold pentane: yield 300
mg (64%); mp 108 °C dec; IR (hexane) 2060, 2015, 1980, 1965
cm ! TH NMR (CgDg) 6 2.2-2.5 (m, 2 H), 5.4 (dd, 1 H), 7.0 (m,
10 H), 7.2-7.5 (m, 6 H), 8.1 (d of m, 1 H). Anal. Caled for
CyH oFe,0P: C, 52.76; H, 3.09; Fe, 18.24; P, 5.05. Found: C,
55.63; H, 3.35; Fe, 19.21; P, 5.10.

Reaction of Fey,(CO)sCH, with Propyne. To a 100-mL
round-bottomed flask containing a magnetic stirring bar were
added Fe,(CO)sCH, (1.58 g, 4.5 mmol) and 30 mL of benzene.
This mixture was heated to 60 °C with stirring, and propyne (232
mL, 9.0 mmol) was bubbled into the solution over a 1-h period;
the color of the reaction mixture changed from yellow to red. The
reaction mixture was stirred another 0.5-h (until all solid had
disappeared), cooled to 0 °C, and filtered, and the solvent was
removed, leaving a red, oily residue. The residue was chroma-
tographed on alumina. An orange, oily material (561 mg) was
eluted with pentane—benzene (1:1). Crystallization from methanol
produced red, oily crystals which the 'H NMR showed to be
impure: mp 78-85 °C; IR (hexane) 2081 (m), 2042 (s), 2002 (s),
1991 (m), 1981 (sh), 1963 (w) em™; 'H NMR (CgDq) 6 0.3 (2 pk,
1.2 H), 0.9-1.1 (5 pk, 1.2 H), 1.7 (br, 4 H), 2.3 (s, 3 H), 3.2 (s, 1
H), 3.8-4.0 (dd, 1.2 H), 6.4 (s, 0.3 H); mass spectrum, m/e 388,
374, 346, 318.

The ferrole 19 (548 mg) was eluted from the column with
methanol and was crystallized from toluene-ether (3:1):; yield
34%; mp 80-88 °C; IR (THF) 2070 (w), 2040 (m), 2030 (sh), 1990
(s), 1959 (s), 1942 (8), 1920 (sh), 1712 (w) cm™}; 'H NMR (ace-
tone-dg) 6 7.4 (d, 1 H, J = 54 Hz), 5.8 (d, 1 H, J = 5.4 Hz), 3.2
[s, 4.8 H (water)], 1.5 (s, 3 H). Attempts to obtain a mass spectrum
were unsuccessful. Anal. Caled for C;;HgFe,0,-3H,0: C, 31.73;
H, 2.88; Fe, 26.92. Found: C, 30.55; H, 2.53; Fe, 25.68.

Reaction of Fe,(CO);CH, with 2-Butyne. To a 50-mL
round-bottom flask equipped with a magnetic stirring bar and
rubber septum were added Fe,(CO)sCH, (1.05 g, 3.0 mmol), 20
mL of degassed benzene, and 2-butyne (197 mg, 3.6 mmol). The
mixture was heated at 60 °C for 1.8 h while being stirred. The
reaction mixture was chilled to 0 °C and filtered, which allowed
the recovery of 100 mg of starting material. Removal of the solvent
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left a red, oily residue which was chromatographed on alumina.
Elution with pentane produced 225 mg of a red oil which was
crystallized from pentane and was identified as the diinsertion
product 20: yield 225 mg (21%); mp 120-123 °C; IR (hexane)
2060, 2018, 1989, 1980, 1968, 1939 cm™; 'H NMR (C¢Dq) 4 1.0 (d,
3H,J=6Hz),12(s, 3H),17 (s, 3H),18(q,1H,J =6 Hz),
2.5 (s, 3 H), 3.8 (s, 1 H); mass spectrum, m/e 402, 374, 346, 318.
Anal, Calced for CleuFezOs: C, 44.78; H, 3.48. Found: C, 44.95;
H, 3.68.

Elution with methanol produced 483 mg of a yellow solid which
was recrystallized from toluene and identified as the ferrole 21:
yield 483 mg (40%); mp 109-120 °C dec; IR (THF) 2040, 1988,
1959, 1940, 1920 (sh), 1640 (br, w) cm™’; 'TH NMR (acetone-dg)
6 1.4 (s, 3 H), 2.1 (s, 3 H), 3.15 (water, 4 H), 3.3 (methanol, 1.5
H), 7.1 (s, 1 H). Attempts to obtain a mass spectrum were un-
successful. Anal. Caled for C;,HgFe,0.-3H,0: C, 33.48; H, 3.26.
Found: C, 33.40; H, 2.75.

Reaction of Allene and Fe,(CO);CH,. Fe,(CO);CH; (2.04
g, 5.82 mmol) in benzene (35 mL) was stirred in a 100-mL flask
fitted with a condensor and heated to 60 °C, and then allene was
bubbled through the solution until no undissolved Fe,(CO)sCH,
remained (approximately 20 min). The solution was cooled and
the benzene distilled under reduced pressure; the remaining red
oil was sublimed. The low melting yellow crystalline sublimate
had spectroscopic properties (IR, NMR, mass spectroscopy)
identical with those of authentic (trimethylenemethane)tri-
carbonyliron, 0.214 g (19%).

Reaction of Fe,(CO)sCH, with PhC=CH. To a 100-mL
three-necked, round-bottomed flask were added powdered Fe,-
(CO)sCH, (1.28 g, 3.7 mmol) and 15 mL of benzene. The mixture
was stirred magnetically and heated to 50 °C, and then phenyl
acetylene (377 mg, 3.7 mmol) dissolved in 10 mL of benzene was
added dropwise over a 6-min period. The reaction mixture was
stirred an additional 10 min, cooled to 0 °C, and filtered, and the
solvent was removed, leaving a purple oil which was chromato-
graphed over Florisil. Elution with hexane produced 440 mg
(28%) of a dark red oil which was the o,p-allyl complex 22.
Crystallization from hexane at ~78 °C afforded dark red needles:
mp 6668 °C; IR (hexane) 2090 (m), 2037 (s), 2010 (s), 1980 (w),
1970 (w) em™; 'H NMR (C¢Dg) 6 3.6 (d, 1 H, J = 10 Hz), 5.75 (d
ofd,1H,J,, =10Hz, J,, =7Hz),7.1(s,5H),80(d,1H,J=
7 Hz); mass spectrum, m/e 424, 397, 368, 340. Anal. Calcd for
CgHgFe 07 C, 45.28; H, 1.89. Found: C, 43.41; H, 2.27.

Elution with benzene produced 136 mg of a yellow, oily com-
pound which was presumed to be a phenyl-substituted ferrole by
analogy to the reactions of 1 with other alkynes: IR (THF) 2040
(m), 1990 (s), 1960 (s), 1940 (m), 1920 (sh) cm™; 'H NMr (C¢Dy)
5 5.5 (m,1H),51(d,1H),64 (br, 1 H), 6.9-74 (m, 10 H).

Reaction of the o,7-Allyl Complex 15 with Acetylene.
Acetylene (44 mL) was added to the o,7-allyl complex (420 mg,
1.2 mmol) dissolved in 10 mL of hexane. The reaction mixture
was stirred for 12 h at room temperature, concentrated, and
chromatographed on Alumina (80-325 mesh). The orange zone,
eluted with hexane, contained 162 mg of the hexacarbonyl complex
17, which was recrystallized from hexane: yield 162 mg (40%);
mp 32-33 °C; '*H NMR (CgDy) 6 0.4 (dd, 1 H), J,, = 12 Hz), 0.9
(dd, 1 H), J,; = 8 Hz, Jy,, = 1 Hz), 3.5 (m, 1 H), 3.7-4.0 (m, 2 H),
6.8 (dd, 1 H, J,; = 5 Hz, J},; = 3 Hz); 1*C NMR (CDCl,) $ 42, 60,
83, 84, 149, 221; IR (hexane) 2070, 2025, 1999, 1995, 1979 cm™!;
mass spectrum, m/e 346, 318, 290, 262. Anal. Caled for
CoHgFe,04: C, 38.15; H, 1.73; Fe, 32.37. Found: C, 38.02; H,
1.80; Fe, 32.12.

Reaction of 15 with 2-Butyne. To the ¢,7-allyl complex 15
(80 mg, 0.2 mmol) in 10 mL of hexane was added 2-butyne (15
mg, 0.3 mmol) in one portion. The reaction mixture was stirred
at room temperature for 12 h. The solution was filtered through
a celite pad and evaporated. The residue was crystallized from
methanol at —78 °C, yielding orange cubes of 18: yield 55 mg
(74%); mp 101-108 °C; 'H NMR (C¢D¢) 6 0.4 (d, 1 H, J = 12 Hz),
09(d,1H,J="17Hz),1.1 (s, 3 H), 2.3 (5, 3 H), 3.7 {m, 1 H), 4.0
(d, 1H, J = 2 Hz); IR (hexane) 2070, 2025, 1995, 1991, 1973 cm™};
mass spectrum, m/e 374, 346, 318, 290. Anal. Calcd for
Ci3HoFe Oy C, 41.71; H, 2.67. Found: C, 41.78; H, 2.68.

Reaction of Fe,(CO)CH, with Water. Fe,(CO)gCH, (757
mg, 2.2 mmol) was added to a 25-mL round-bottomed flask
equipped with a magnetic stirring bar, a gas inlet tube, and a gas
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exit tube running to a solution of Ba(OH), (0.13 M). Aqueous
acetone (10%) was added, and the reaction mixture was stirred
at room temperature for 5 h, during which time the color changed
from yellow to dark red. Analysis of the solution by gas chro-
matography indicated the presence of acetaldehyde (5%) and
acetic acid (33%); when the liquid phase was purged with argon,
methane (10-30%) was detected in the gas phase together with
small (5%) amounts of CO,.

Reaction of Fe,(CO)yCH, with Aqueous Nal. Fe,(CO)sCH,
(100 mg, 0.3 mmol) was added with stirring to 46 mg of Nal (0.31
mmol) in 1 mL of acetone. The solution immediately turned from
yellow to dark red. Stirring was continued until all solid had
dissolved (about 10 min), and then eight drops of 10% H,SO,
were added to the reaction mixture. The solution was analyzed
by gas chroamtography and found to contain acetic acid (60%).

Reaction of Fe,(CO)sCH, with Aniline. A 65-mL autoclave
was charged with Fe,(CO)sCH, (918 mg, 2.6 mmol), aniline (268
mg, 2.9 mmol), 10 mL of benzene, and CO (200 psi). The reaction
mixture was heated at 85 °C for 2 h. After being cooled, the
solution was filtered and evaporated. The brownish residue was
recrystallized from benzene—ether, yielding 174 mg (50%) acet-
anilide as identified by its mass and IR (KBr) spectra and mixed
melting point (111-113 °C).

Iodide-Catalyzed Reaction of Fe,(CO)sCH, with Aniline.
Aniline (50 mg, 0.5 mmol) was added to a stirred acetone (2 mL)
suspension of Fey(CO)sCH, (100 mg, 0.3 mmol) at room tem-
perature. A second reaction mixture identical with the one de-
scribed was prepared, and 47 mg of Nal was added to it. The
two reaction mixtures were stirred side-by-side. The mixture
containing Nal turned red, and after stirring had continued for
45 min, most of the starting material had been consumed. Each
reaction mixture was acidified with 2 mL of 10% H,SO, and
extracted with ether. Evaporation of the ether extract from the
reaction without Nal left 5 mg of acetanilide. Evaporation of the
ether extract from the reaction mixture that containing Nal left
25 mg (37%) of acetanilide.

Reaction of Fez(CO)SC(H)C02C2H5 with CzH5OH. Fez(C'
0)4CH(CO,C,H;) (41 mg, 0.10 mmol) and Nal (33 mg, 0.22 mmol)
were stirred together in absolute ethanol (1 mL) at room tem-
perature. After 3 h diethyl malonate was found to have been
produced (56%). The same procedure was repeated as above,
except no Nal was present. After 6 h, a 31% conversion of
Fey(CO)sCH(CO,Et) to diethy! malonate was found.

Reaction of Fe,(CO);CH, with Isoamyl Alcohol. Fe,(C-
0)gCHj, (1.10 g, 3.1 mmol) and isoamyl alcohol (1.09 g, 12.4 mmol)
were refluxed in THF (11 mL) for 50 min. The solution was
analyzed by gas chromatography and found to contain isoamyl
acetate (1.0 mmol, 32%).

Reaction of Fe,(CO);CHOCH; with Fe,(CO),. To a 50-mL
round-bottom flask equipped with a magnetic stirring bar, claisen
head, and reflux condensor were added Fe,(CO);CHOCH; (266
mg, 0.7 mmol) and 10 mL of degassed hexane. The solution was
brought to a gentle reflux, and Fe,(CO)g (764 mg, 2.1 mmol) was
added as a solid to the solution over a 10-min period. The color
of the reaction mixture changed from orange to purple during
the course of the reaction. The reaction mixture was refluxed
for 15 min after the addition of Fe,(CO)g was complete and then
filtered through a celite pad. Evaporation of the solvent left 170
mg of a very dark red crystalline solid which was recrystallized
from hexane and determined to be Feq(CO),H(COCHj;) (26) by
comparison of its IR, 'H NMR, and mass spectral data to those
of an anthentic sample: mp 170 °C dec (lit. mp 135 °C dec); yield
170 mg (50%).

Reaction of Fe,(CO);CHOCH; with H,SO,. Fe,(CO);CH-
OCHj; (300 mg, 0.8 mmol) was added as a solid to 15 mL of ice-cold
H,SO,. The solution immediately turned blood red. When all
starting material had dissolved, the reaction mixture was slowly
poured into a stirred beaker of ice water. A yellow solid imme-
diately precipitated. The solid was extracted from the reaction
mixture with ether, washed with water, and dried over MgSO,.
Filtration and removal of the solvent left 170 mg of yellow crystals
which were identified as Fe,(CO);CHCO,H (33) by comparison
of the melting point and IR spectrum to those of an authentic
sample prepared by the hydrolysis of Fe,(CO)sCH(CO,C,H;):
yield 170 mg (565%); mp 76-84 °C; IR (CH,Cl,) 2110, 2062, 2030,
2015, 1690 cm™.
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Reaction of Fe,(CO);CHOCH; with H,SO, in Acetonitrile.
To Fey(CO)sCHOCH; (278 mg, 0.76 mmol) dissolved in 3.0 mL
of acetonitrile at 0 °C was added 0.3 mL of H,SO,. The solution
was stirred at 0 °C for 30 min while the color changed from yellow
to red. The reaction mixture was poured onto ice (1 g) and
extracted with ether (10 mL). The ether layer was dried over
K;CO; and filtered. Removal of the ether left a crystalline residue
which was a mixture of starting material and Fe,(CO),CHNHC-
OCH;. The residue was washed with hexane which removed the
starting material (46 mg) and left 87 mg Fe,(CO),CHNHCO(CH,)
(28) as red crystals: yield 87 mg (38%); mp 108-112 °C; IR
(CH,Cl,) 3382, 2080, 2030, 1995 (br), 1980 (br), 1940-1860 (sh),
1561, 1540 cm™; 'H NMR (acetone-dg) 6 2.0 (s, 3 H), 2.9 (br, 1
H), 8.3 (d, 1 H, J = 2.7 Hz; mass spectrum, m/e 378, 350, 322,
294. Anal. Caled for C;oH;Fe,NOg: C, 31.66; H, 1.32; Fe, 29.55;
N, 3.69. Found: C, 31.30; H, 1.37; Fe, 29.29; N, 3.69.

Reaction of Fe,(CO);CHOCH; with Anhydrous HCL
Fe,(CO);CHOCH; (218 mg, 0.6 mmol) was dissolved in 10 mL
of pentane and cooled to 0 °C. Anhydrous HC] was bubbled
through the solution until no starting material could be detected
by IR (about 1 h). The color of the solution changed from yellow
to dark red during the course of the reaction. The reaction mixture
was flushed with argon, filtered through a celite pad, and let stand
over K,CO3;. The solution was filtered, concentrated to 2 mL,
and slowly cooled to —40 °C. An 127-mg sample of dark red
crystals separated: yield 127 mg (59%); mp 50-52 °C; IR (hexane)
2105, 2062, 2052, 2015, 2005, 1972, 1952 cm™; 'H NMR (C¢D5)
5 0.7 (s); 3C NMR (CgDsg, Me,Si, off-resonance decoupled) 208
(s), 162 (s), —4 (d) ppm; high-resolution mass spectrum, m/e(caled)
355.8108, m/e(measd) 355.8112. Anal. Calcd for CeHClFe Oy
C, 26.97; H, 0.28; Cl, 9.97; Fe, 31.46. Found: C, 24.31; H, 1.52;
Cl, 10.41; Fe, 31.17.

Hydrolysis of (Fe,(CO);C(H)YCO,C,H;. An acetone solution
(5 mL) of Fe,(CO)sC(H)CO,C,Hj (0.10 g, 0.24 mmol) was treated
with concentrated HCl1 (5 mL). The solution was stirred for 10-15
min at room temperature during which time a yellow precipitate
of Fe,(CO)sC(H)CO,H-H,0 was formed. The contents of the flask
were transferred to a separatory funnel and diluted with 10 mL
of water. The mixture was extracted with 2 X 20-mL portions
of CH,Cl,. The CH,Cl extracts were combined and dried over
NaCl. The solvent was removed, and the solid obtained was
washed with a minimal amount of cold pentane. Crystallization
from CH,Cl, gave Fe,(CO)sC(H)CO,H-H,0: mp 76-82 °C dec;
IR (CH,Cl,) 21186 (m), 2070 (vs), 2035 (vs), 2018 (s), 1690 (vw),
1645 (m) cm™.. Anal. Calcd for C,oH,Fe,0,;: C, 29.16; H, 0.98;
Fe, 27.17. Found: C, 28.84; H, 0.85; Fe, 27.88.

Esterification of Fe,(CO)sC(H)CO,H. Fe,(CO);C(H)CO,H
(47 mg, 0.12 mmol) was dissolved in a solution of absolute ethanol
(8 mL) and concentrated sulfuric acid (0.5 mL). The solution
was stirred for 10 min at room temperature and then poured into
25 mL of water. The aqueous solution was extracted with pentane.
The pentane extracts were washed with water, dried over NaCl,
and filtered. Removal of solvent left partially crystalline orange
material whose properties (IR, NMR) were identical with those
of authentic Fe,(CO)sC(H)CO,CyHs, yield 35 mg (70%).
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