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Abstract 

At 100 “c in the presence of Br- catalyst, CO 
ligands in Fe(CO)5, Mnz(CO)lo, Rez(CO)lo and Rus- 
(CO),, are converted upon reaction with oxirane 
(ethylene oxide) into dioxy carbene ligands as follows: 

M-C=0 + 0 
3 

Br- /o 
- M=C 

‘0 1 

Products of these reactions are Fe(C0)4(L), Mnz- 

~~~~g’~~j Rez(CO),(L), Rez(CO)s(L),, and RW 
where L is the dioxy carbene ligand. 

Cleavyge ,‘; the metal-metal bonds in M,(C0)9(L), 
where M = Mn, Re, by reaction with Brz gives the 
expected M(C0)5Br and M(C0)4(L)Br roducts. 

% Reaction of Fe(CO), with aziridine (HNCH2 H,) 
yields the corresponding cyclic amino-oxy carbene 
complex Fe(CO).+(=cNHCH,CH,6). 

Introduction 

Ironpentacarbonyl is known to deoxygenate a 
wide variety of oxiranes to yield olefins [l] . We have 
recently demonstrated [2-41 that cationic as well 
as certain neutral metal carbonyls react with oxirane 
(-HZ) and aziridine (H%%@H2) in the 
presence of a halide ion catalyst to form cyclic 
aminoaxy- and dioxy-carbene compounds according 
to eqn 1: 

M-C=0 + Y __L 3 
Br- 

M=C 
/O 

‘v 
3 (1) 

M = CpFe(C0)2*, CYRUS+, CpMn(CO)(NO)+, 
CpFe(CO)(PPh3)+, Mn(C0)4X, and Re(CO),+X (X 
= Cl, Br, I); Y = NH or 0 
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The above reactions were carried out at room 
temperature. It was proposed [4] that reaction (1) 
depends upon the electrophilicity of the CO group 
and that YmH2 reacts at room temperature with 
only those metal carbonyl complexes which have 
CO stretching force constants, k(CO), higher than 
17.0 mdyne/A. Under these conditions, oxirane 
did not react with Fe(CO)5, M2(CO),, (M = Mn, 
Re) and RUDER; aziridine also failed to react 
with M2(CO)lo. We, therefore, undertook an inves- 
tigation of the reactivity of oxirane with Fe(CO)s, 
Mz(CO)lo (M = Mn, Re) and RLI~(CO)~~ at elevat- 
ed temperatures. We describe here the results of these 
studies and the spectroscopic characterization of the 
resulting compounds. 

Experimental 

General Methods 
Unless described otherwise, all reactions were 

performed under an Nz atmosphere using standard 
Schlenk techniques. Reagent grade chemicals were 
used without further purification except as noted. 
Methylene chloride was dried over CaHz and distil- 
led under Nz before use. Acetonitrile was predried 
(CaH2) and twice distilled from PZ05 and CaHz 
before final collection under Nz. Diethylether pre- 
dried with CaH2 was distilled from sodium benzo- 
phenone ketyl. Pentane was also dried and purified 
by distillation from CaHz and was stored over molec- 
ular sieves type 4 A. Infrared spectra were run on 
Perkin-Elmer model 281 and 681 instruments. 
‘H and 13C NMR spectra were recorded on a Jeol 
FX-90Q spectrometer; Cr(acac), was used to reduce 
the data collection time. Melting points of the com- 
pounds were determined on a Thomas hot stage and 
were uncorrected. Mass spectra of the complexes, 
except compound V, were obtained on a Finnigan 
4000 GC/MS instrument; the FAB spectrum of V 
was obtained on a Kratos MS50 at the Midwest 
Center for Mass Spectrometry, Lincoln, Nebraska. 
Oxirane and aziridine are toxic substances; all 
preparations and manipulations were performed 
in an efficient hood. The starting compounds Fe- 
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(CD3CN): 234.28 (carbene C), 202.18 and 201.51 
(CO), 71.85 (OCH*). Mass spectrum: m/e 739.7 
(parent ion). The separation of III and IV was also 
effected by fractional crystallization from CHZ- 
CIZ and CHsCN. By this method relatively pure 
III was obtained, but IV was found to be conta- 
minated with III. 

R ~3 (CO) IO (=dOCH2 CH2 @2, V 

This preparation was also carried out according 
to the procedure used for the synthesis of I. The 
reaction of 0.45 g (0.70 mmol) of RU3(CO)l2 
with 20 ml of oxirane, 0.11 g (1.1 mmol) of NaBr 
and 1 ml of BrCH2CH20H under a CO pressure of 
500 psi yielded after column chromatographic sepa- 
ration and crystallization from CH2C12-hexane at 
-20 “C (48 h) 0.25 g (49%) of orange-red crystals 
of V. M.p. 130-135 “C (decomposition). And 
Found: C, 26.24, H, 0.86. Calcd. for &Hs0~- 
Ru3: C, 26.42;H, 1.1 1%.IR(CH2C12)v(CO): 2104(w), 
205?(m), 2046(vs), 204O(sh), 201 I, 199O($r) 

‘H NMR (CD3CN): 6 4.63 (s, 0CH2). C 
hid (CD3CN): 231.84 (carbene C), 204.13 (CO), 
72.25 (OCH2) ppm. Although the FAB mass spectrum 
of V in o-nitrophenyl octyl ether did not show B 
parent ion (M) at 729 (most intense peak expected 
for the isotope cluster), it did show clusters of peaks 
characteristic of trinuclear Ru +l ions with the most 
intense peaks occurring at 685 (M-44), 654 (M-75), 
and 601 (M-128). 

Fe(CO),(=COCH,CH,NH, Yl 
A mixture of 1.0 g (4.9 mmol) of [BrCH2CH2- 

NH3]Br, 0.7 ml (1.0 g, 5.2 mmol) of Fe(CO)s 
and 0.27 ml (5.2 mmol) of aziridine in 10 ml of 
CH3CN was stirred under N2. After 1 h, another 0.74 
ml of aziridine was added to the reaction mixture. 
When the IR spectrum of the mixture did not contain 
<CO) bands due .to unreacted Fe(CO)s, the mixture 
was taken to dryness under vacuum; the residue was 
washed once with Et20 and finally extracted with 
CH2C12. The extract was filtered through MgS04 
and evaporated to ;I yellow oil which could not be 
crystallized. The compound was identified by its 
JR, ‘H and 13C NMR spectral features [5]. IR (CHZ- 
C12) V&O): 2056(s), 1970(s), 194O(vs) cm-‘. ‘H 
NMR (CD3CN): 6 8.73 (NH), 4.59 (t, 0CH2), 3.63 
(t, NCH2). 13C (CD,CN): 229.51 (carbene C), 216.86 
(CO), 72.46 (OCH& 45.50 (NCH2) ppm. 

Results and Discussion 

Reactions of mH2 and4 HmCH2 with Fe- 
(CO)s 

Under pressure of CO (750 psi) and at 100 “C, 
oxirane reacts with Fe(CO)s in the presence of Br- 
in BrCHzCHzOH solvent to form the cyclic dioxy 

carbene compound, I, in excellent yield (83%) (eqn. 
2a). On the other hand, aziridine reacts with Fe(CO)s 
in the presence of [BrCH2CH2NH3]Br at room 
temperature to give the amino-oxy carbene derivative, 
VI (eqn. 2b): 

(OCIL Fe-CEO + Y 

VI I-I 

While the dioxy carbene complex, I, is a highly crys- 
talline air-stable yellow solid, its solutions slowly 
decompose; these solutions are much more stable 
under one atmosphere of CO. The purpose of the CO 
pressure used in the preparation of I may be to 
stabilize this complex under the high temperature 
conditions of the reaction. When solid I was heated 
to its decomposition temperature, CO2 was evolved, 
as detected by the precipitation of CaC03 as the gas 
was passed through an aqueous solution of Ca(OH)2. 
It is interesting that the free carbene,:cOCH$.ZH&, 
presumed to be generated in the thermal decomposi- 
tion of the precursor norbornadienone ketal [6], 
decomposes to CO2 and ethylene. The amino-oxy 
carbene compound, VI, is an extremely air-sensitive 
yellow oil. No attempts were made to purify the com- 
pound; its characterization is based on its infrared 
and ‘H and 13C NMR spectra (see below). 

Both I and VI exhibit three infrared v(CO) bands. 
Other related, but less symmetric acyclic carbene 
compounds, Fe(C0)4 [=C(OR)R’] [7], Fe(C0)4- 
[=C(OR)NR, [7] and Fe(C0)4 [=CN(Me)C(Me)C- 
m] [8] show four or more v(C0) bands. Known 
cyclic dioxy carbene compounds [9-l l] Fe(C0)4- 
[=-R-l in nujol mulls or KBr pellets exhibit 
four v(C0) bands. However, in cyclohexane Fe(C0)4- 
[=COCMe2CMe20] has a dC0) spectrum that is near- 
ly identical to that of I [lo]. An X-ray diffraction 
study [lo] of 

shows the cyclic carbene ligand in an axial posittin. 
The IR spectral features of I (v(C0) (CH2C12): 
2068(s), 1982(s), 1956(vs) cm-‘) and VI, (v(C0) 
(CH2C12): 2056(s), 
resemble those 

RS(Me)l (v(CO) (h exane): 2040(m), 1959(s), 1938(s)’ 
cm-‘) for which a trigonal bipyramidal structure 
with an axial carbene ligand has been proposed 
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[12] . Moreover, the IR spectra of I and VI match 
very closely those of axial isomers of Fe(C0)4L, 
Ru(CO)~L and 0s(CO)4L (L = group 5A donor 
ligand), as opposed to the equatorial isomers [ 131. 
Thus, the number of carbonyl bands and their rela- 
tive intensities in I and VI suggest that the dioxy- 
and amino-oxy ligands in these complexes occupy 
axial positions [14, 1.51 , as is observed in Fe(C0)4- 
[CN(Me)CH=CHN(Me)] [ 161 which has been shown 
by an X-ray diffraction investigation to possess a 
distorted trigonal bipyramidal structure with an 
axial carbene ligand [ 171. 

The y(CO)_;alues in compounds 1 (2068, 1982 
and 1956 cm Cl, VI (2056, 1970 and 1940 cm-‘) 
and Fe(C0)4 [I N(Me)CHaCHaN(Me)] (2040, 1959 
and 1938 cm- ) [12] decrease in the order =COCHa- 
cm > =COCH~CH~NH > =CN(Me)CH2CH2- 
N(Me). This trend, which is also observed for other 
carbene compounds [3, 41, indicates that the dioxy 
carbene ligand has a greater n-acceptor/u-donor 
ratio than either the amino-oxy or diamino carbene 
ligand. 

The ‘H NMR spectrum of I shows a sharp singlet 
for the -OCH2- group at 4.66 ppm. The amino-oxy 
carbene derivative, VI, shows two triplets centered 
at 4.59 ppm and 3.63 ppm due to the -OCH2- 
and -NCH2-- groups, respectively. Compound VI 
also has a broad NH signal at lower field (8.73 ppm). 
The r3C NMR carbene carbon signal for I appears 
at lower field (250.75 ppm) than that for VI (229.51 
ppm). A similar trend has been observed for other 
dioxy- and amino-oxy carbene compounds [2-51. 
The single 13C0 signals which occur at 215.00 and 
216.86 ppm in I and VI, respectively, show that 
both of these compounds are fluxional at room 
temperature. 

In the mass spectrum of I, the parent ion Fe(CO&,- 
L+ (L =COCH&H&) peak occurs at m/e = 239.9. 
Other major peaks in the mass spectrum and the 
corresponding fragment ions are given below in 
Scheme 1. 

The sequential loss of CO groups from I shows that 
the carbene ligand L, as reported for other acyclic car- 
bene compounds [7], remains unchanged until all 
the CO groups are lost. 

For reactions 2a,b we propose the following pos- 
sible mechanisms (Scheme 2) which have been sug- 

Fe(C0)4L’ 2 Fe(CO)sL’ 2 Fe(CO)*L’ 2 

239.9 211.9 183.9 
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gested earlier [2, 31 for the reactions of oxirane and 
aziridine with cationic carbonyl complexes: 

co co 

(i) oc-FL-c~o + Y 

oc’ ‘co 3 
I 0 - OC-Fe - C' 

co co 

OC- Fe = C 
/o -Il!!c fro Br- 

I\ 'Y 
oc-,!+c, ( 

Y 
oc co oc co 

4 3 

I 
FeK0)5 

(ii) Br-+ 0 

3 

z==== Br CH, CH, O- 

5 
Scheme 2. 

Under the synthetic conditions used it was not pos- 
sible to identify any of the intermediates suggested 
in this mechanism. However, initial attack by 
HN@@H, on one of the axial carbonyl groups in 
Fe(CO)s is supported by the known [ 15, 181 reaction 
of amines with Fe(CO)s to give Fe(C0)4[C(=O)- 
NR2]- with the carbamoyl group in the axial posi- 
tion. The amine addition at an axial CO was prev- 
iously [19, 201 rationalized in terms of the higher 
v(C0) force constant for the axial CO ligands (&, = 
16.98 mdyne/A) than for the equatorial (keg = 
16.41 mdyne/A). The methylene carbons in the aziri- 
dine adduct 2 would then be susceptible to attack 
by Br- causing ring-opening to intermediate 3. Intra- 
molecular displacement of Br- in this intermediate 
by the acyl oxygen would give the carbene. This step 
is similar to intermolecular alkylation [7] of Fe- 
(CO)4[C(=O)NR,]- with R’X to give the carbene 
complex Fe(CO), [C(OR’)(NR,)] . 

The mechanism for the oxirane reaction may be 
similar to that for aziridine; however, an alternative 
mechanism (ii in Scheme 2) is perhaps more likely. 

Fe(CO)L’ 

155.9 

I -co 

Fe’ 2 FeCO’ -C2H4 -0 J- 
f-- Fe(CCH2CH20)+ +- FeL’ 

55.9 83.9 111.9 127.9 

Scheme 1 
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WO),, WOL 

Mnz(COho 16.52 15.91 

Re2(CO)re 16.67 15.82 

The IR and 13C NMR spectral data indicate that 
in the bis(dioxy carbene) compound RQ(CO)~- 
(=COCH2CH2d),, IV, unlike in Relax, Re2eqRe2- 
(CO)s [=C(OEt)SiPh3] 2 [25, 3 l] where the carbene 
ligands are situated at axial Re’ and equatorial Re2 
positions, the cyclic dioxy carbene ligands probably 
occupy equatorial positions at both Re’ and Re2. 
Compound IV exhibits a simpler IR spectrum in com- 
parison to that for Re2(CO)s[=C(OEt)SiPh3]2 [31]. 
The 13C NMR spectrum of IV shows only one 
carbene carbon signal at 234.28 ppm and two car- 
bony1 signals at 202.18 and 201.5 1 ppm. This con- 
trasts with two G(carbene) and three G(carbony1) 
signals in Re2(CO)s[=C(OEt)SiPh312 [31]. More- 
over, compound IV also gives rise to only a singlet 
‘H resonance signal for the -OCH2- groups of the 
two cyclic dioxy carbene ligands. All of these spectro- 
scopic data indicate that IV is more symmetric than 
the bis carbene compound prepared by Fischer, et 
al. [31]. 

When the bis(dioxy carbene) compound IV is 
treated with Br2 in CH2C12 only cis-Re(CO)QBr- 
(=COCH2CH&) (IX) is formed as established by a 
comparison of its IR, ‘H and 13C NMR spectral data 
with those of an authentic sample [4] ; no Re(CO)S- 
Br is detected in this reaction (eqn. 5). 

co co co Ol 
i-0 DC Oi9 \/ ‘B CH2C1* \ 2-O 

oc-k-&-CO + Br, - 

7; ‘co co/ ‘co 

2 OC-Re,-Br (5) 

oc co 

Iv 
IX 

This result may be taken as supporting evidence for 
both carbene ligands being in equatorial positions on 
the two different Re atoms in IV. 

The reaction of the triangular Ru3(CO)ra cluster 
with oxirane in the presence of Br- in BrCH2CH2- 
OH solvent at 100 “C under a 500 psi pressure of CO 
generates the bis(dioxy carbene) compound V, Ru3- 
(CO)ro(=COCH2CH2d)2 in 49% yield (eqn. 6). 

Ru,KO),* + 0 3 Br RUJ (CO ),o(= COCH,CH26 )2 (6) 
V 

Although V was probably produced via a mono- 
carbene complex Ru3(CO)r1 (=COCH2CH2b), such 
a species was not identified under the reaction condi- 
tions. In the r3C NMR spectrum, a single carbene 
carbon signal occurs at 231.84 ppm, a chemical 
shift which is very similar to that (227.08 ppm) of 
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C~RU(CO)~(=COCH~CH~~)+ [3]. The -OCH2- car- 
bon signal which occurs in the expected region at 
-72.0 ppm, along with a sharp ‘H NMR resonance 
at 4.63 due to the -OCH2- groups, demonstrates 
that the compound contains a dioxo carbene ligand. 
All the carbonyl groups in V give rise to a singlet 
at 204.1 ppm at room temperature. Similarly, in 
the r3C NMR spectrum of Ru~(CO)~~(CNBU~)~ one 
observes only one 13C carbonyl signal at 204.0 
ppm [32]. The single 13C0 signal indicates that V, 
like other disubstituted Ru3 cluster carbonyl com- 
pounds [32,33] , is fluxional at room temperature. 

A comparison of the v(C0) spectrum of V (in 
CH2C12: 2104(w), 2066(m), 2046(vs), 2040(sh), 
2016(vs), and 199O(s,br) cm-‘) with that of Ru3- 
(CO)ro(CNBut)2 [32, 341 (in hexane: 2065(w), 
2020(s), 2007(m), 1996(s) 1990(m), and 1986(m)) 
shows that both have six v(CO) absorptions; how- 
ever, the v(C0) values for V are at slightly higher 
wavenumbers than for Ru~(CO)~~(CNBU~)~ indicat- 
ing that the dioxy carbene ligand has a slightly 
greater n-acceptor/o-donor ratio than CNBut . An 
X-ray diffraction study [32] of RLI~(CO)~~(CNBU~)~ 
shows the CNBut ligands to be on different Ru 
atoms in the triangular cluster and both to be in 
axial positions. Based upon the similar IR spec- 
trum of V, the most likely structure of V is one 
with two axial carbene ligands on separate Ru atoms. 
This structure may form as a result of -OCH2CH2Br 
attack on axial CO groups of RUDER which have 
slightly higher v(C0) force constants (16.673 mdyne/ 
A) than equatorial (16.64 1 mdyne/A) [35] . 

To our knowledge, the only other known terminal 
carbene derivative of the Ru3 cluster is Ru3(CO)r1- 
[=CN(Et)CH2CH2N(Et)] [ 121 

Conclusion 

We previously observed [4] that CO ligands with 
v(CO) force constants equal to or greater than 17.0 
mdynes/A would react with oxirane in the presence 
of Br- at room temperature to give dioxy carbene 
complexes. In this paper, we report that at 100 “C 
metal carbonyls even with y(C0) force constants 
below 17.0 mdynes/A react similarly. This has been 
demonstrated for the following complexes (their 
highest <CO) force constant is given in parentheses): 
Fe(CO)S (16.98 mdynes/A), Mnz(CO)io (16.52), 
Re2(CO)io (16.67), and Ru3(CO)i2 (16.673). 
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