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Abstract

Mononuclear and cluster carbonyl complexes react with amino functional compounds under mild conditions in the presence
of H,0, to form mixed amino carbonyl derivatives. It was found that a group of reactive species facilitating the process are
hydroxylamines which arise in situ as a result of oxidation of amino compounds. On the basis of kinetic data and certain other
measurements the mechanism of interaction of M(CO), (M = Cr, Mo, W) and NH,OH is proposed. This includes nucleophilic
attack by NH,OH on a carbonyl carbon resulting in CO oxidation and CO, elimination with simultaneous intramolecular
movement of the amino group to the metal atom. The above mechanism is compared with that for the analogous reaction

facilitated by Me;NQO, studied earlier.
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1. Introduction

The extensive use of transition metal carbonyl com-
plexes as reagents and catalysts in the synthesis of
numerous organic compounds [1] has stimulated paral-
lel advances in carbony! activation methods. Thermal,
photochemical, electrochemical and other technologies
may all serve to replace the CO group by another
ligand. In the late fifties it was found that some transi-
tion metal carbonyls can be oxidized by compounds
containing organic N-O-unit such as azobenzenes, ni-
trosoamines, aminoxides, nitro- and nitroso-com-
pounds [2,3], but the reaction with trimethylaminoxide
has been most commonly utilized [4]. In this process
trimethylaminoxide participates in oxidizing a carbonyl
ligand to give CO, followed by addition, to the vacant
site, of a ligand present in the reaction mixture [5]

M(CO), + Me;NO —— M(CO),,_,(NMe,) + CO,
(1)
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However, still only little is known of the stereochem-
istry of the direction of CO substitution. At the same
time these aspects are of considerable importance in
view of mixed-ligand mononuclear and, in particular,
cluster complexes in which CO replacement may occur
at different metal atoms. We have encountered this
problem during the production of enantiomeric trios-
mium clusters whose optical activity is due to asymmet-
rical arrangement of ligands [6]. The racemic cluster
was resolved into enantiomers via the diastereomers,
which were obtained as a result of CO replacement by
an optically active amino ligand in the presence of
Me;NO.

However, in some cases an attempt to resolve the
mixture of diastereomers was unsuccessful. We have
found that when H,O, is used in place of Me;NO as
an oxidant the chiral ligand occupies a coordination
site other than with Me;NO to give a separable pair of
diastereomers [6]. Using kinetic data, we report here
the reactions between several transition metal carbonyl
mononuclear and cluster complexes and amino func-
tional compounds in the presence of hydrogen perox-
ide.
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2. Results and discussion

The reaction of transition metal carbonyl mononu-
clear and cluster complexes with amino functional
compounds in the presence of H,O, can be written as
follows:

M, (CO), + NHRR/

225 My (CO), - (NHRR') + CO, (2)
2¥72
This reaction might be expected to be simply the
oxidation of CO to CO, followed by amine addition to
the vacant coordination site, but this was found not to
be so. On the contrary, the cluster (u-H)Os{u-
O=CNHCH ,CO(O)Et}{(CO),, (I) appears to display no
interaction with H,O, in the absence of amine. This
conclusion is based on the fact that, when a 10-fold
excess of H,O, has been added to a THF solution of I,
the intensity of the nonoverlapping C=0 absorption
band at 2105 cm™!' is found to be unchanged in the
monitoring IR spectrum over at least 6 h. The addition
to this mixture of equimolar (relative to H,O,) alanine
ester led ca. 50% of complex I to be converted into
(u-H)Os,{-O=CNHCH ,CO(O)Et}(CO)4(NH ,CH-
(CH;)CO(O)Et} (II) over the same period of time.
With glycine ester, ca. 50% of complex I is con-
verted into the corresponding complex (u-H)Os,{u-
O=CNHCH ,CO(O)Et}CO),{NH ,CH ,CO(O)Et} (III)
over ca. 2 h, and with amylamine, only a few minutes
are sufficient to transfer the same half of the initial
complex I into (u-H)Os {u-O=CNHCH ,CO(O)Et}-
(CO)4{NH,(CH,),CH,} (IV). Thus, the above data
show that the reaction time depends on the nature of
the amino species.

In each case the pair of geometrical isomers a and b
of a new complex may be seen to form. The a isomers
were found to be less stable and in solution they
isomerize to isomers b over time. It should be noted
that in the analogous reaction when Me;NO was used,
only the b isomers are produced. No reaction of com-
plex I with PPh; is detected in the presence of H,O,
in contrast to what is noted with amino functional
compounds. Obviously, the cause of facile CO replace-
ment is not immediately hydrogen peroxide, but some
product of its interaction with the amino species. It
might be hydroxylamine, nitro- or nitroso-compound.

A number of experiments have shown that one
species active towards carbonyl oxidation appears to be
hydroxylamine. The main evidence has been drawn
from comparison of the two parallel processes. In the
first process, a THF solution of cluster I was treated
with NH,OH, and in the second, through the same
initial solution a slow strecam of NH, was passed and
H,0, was added. The reactions were monitored by
TLC. After a few minutes, in both cases the same pair
of products, (u-H)Os;{u-O=CNHCH ,CO(O)Et}(CO),

(NH,) (Va and Vb), was formed. All compounds were
isolated in the individual state. In solution the products
with higher R, (0.42; hexane—ether 5:7 as an eluent),
Va, are smoothly converted to that with lower R ¥
(0.32), Vb, without decomposition. The IR spectra of
both Va and Vb obtained in the parallel experiments
resemble each other and correspond essentially to the
spectra of the isomers a and b, respectively, of clusters
II and III, mentioned earlier [7] (Fig. 1).

The '"H NMR spectrum of cluster Vb differs from
that of the starting complex I by appearance of the
additional broad single resonance (§(NH;) 3.89 ppm)
which overlaps with the multiplet originating from the
two CH, groups of the bridging ligand (integral inten-
sity 7H). As compared with spectrum of I, the singlet
arising from the bridging H atom is shifted ca. 0.5 ppm
downfield because of attachment of NH, to the bridged
osmium atom [8]. The mass spectra of the isomers Va
and Vb display the molecular ion peak M* 976 (**2Os)
as well as the peaks corresponding to successive loss of
NH;, and nine CO fragments.

The course of the parallel reactions and the prod-
ucts obtained indicate that in both processes an active
agent is apparently found to be NH,OH, which formed
in situ in the second case, and the products represent
the isomers

—0Os— —Os—
NH;3;, H;0;:
H T e—— H
N L7 N\ THF: 20°C; 5 min Ny L7 N /NH3
Os< - é\ NH,OH OszT - é\ :
7 2C-0 -7, 7 C-0
HNCH ,CO(O)Et THF; 20°C: 5 min HNCH,CO(O)Et
I (Va)
\/
—Os—
~ ! /H\
+ /Os\/ bic
/C—O NH,
HNCH ,CO(O)Et
(Vb)
(3)

It is believed that the isomerization of cluster Va in
a similar manner to 1lla [7] is due to the pseudoequa-
torial-equatorial reorientation of NH; ligand around
the osmium atom attached to the oxygen of the bridg-
ing ligand.

The reaction of cluster I with N-substituted hydrox-
ylamines such as CH;NHOH and Et,NOH (the latter
arising in situ from Et,NH and H,O,) proceeds in the
same way to give in both cases a pair of isomers
(n-H)Os ;{ u-O=CNHCH ,CO(O)Et}(CO)4(NH,CH ;)
(VIa,b) and (u-H)Os{u-O=CNHCH ,CO(O)EtHCO),-
{NH(C,H,),} (VIIa,b). In solution each of the isomers
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Fig. 1. Infrared spectra in the v(CO) region of isomer complexes
(-H)Os 3{.-OCNHCH ,CO(O)EtKCO),L: Ha, IIb: L ={NH,CH-
(CH;)CO(O)Et}; IIa, IIb: L = NH.CH,CO(O)Et; Va, Vb: L = NH;
(I and III in cyclohexane, V in KBr peliet).

a converts into the more stable b. On the basis of
spectral data (Table 1) we conclude that the isomers
formed have the same geometry as complexes IIIa and
IIib, respectively. The structure of the more stable
isomer VIb was determined by X-ray structural analysis
[9]. As suggested previously on the basis of spectral
data, the MeNH, molecule has been confirmed to
occupy the equatorial position at the osmium atom
bound to oxygen of the bridging ligand.

The reaction of the hydroxylamines with complex I
was extended to other carbonyl cluster and mononu-
clear compounds. In THF solution, the interaction of
0s,(CO),, with MeCN in the presence of NH,OH
gave an 81% yield of Os,(CO), (NCMe), which is usu-
ally synthesized using Me;NO as an oxidizing agent
[10]. Rus(CO),, reacts readily with hydroxylamine to
yield a mixture of products which are difficult to sepa-
rate.

Mononuclear hexacarbonyls of the VIb group met-
als M(CO), (M =Cr, Mo, W) react readily with
NH,OH as well. These complexes exhibit behaviour
analogous to that of the cluster compounds and, as a
result, amino-substituted carbonyl derivatives are ob-
tained.

M(CO), + NH,OH —-5 M(CO)5(NH,) + CO, (4)

Reaction 4 offers a convenient synthetic route to such
chromium, molybdenum and tungsten amino carbonyl
derivatives [11], which can be used further as suitable
starting materials in the synthesis of other substituted
derivatives of these metals.

In addition, we have examined briefly organic com-
pounds containing N-O-unit-functionalities other than
hydroxylamine such as nitro-, nitroso- and oxime func-
tional groups, e.g., CH;NO,, [Ph-C(=NOH)-C(CH ;),-
N = 0],, and CH,(CH,),-CH{-C(=NOHXCH,),CH ,}
N(CH,),. Under mild conditions all the compounds
listed show no interaction with cluster I in THF for at
least two days. The rather low activity of such com-
pounds towards carbonyl complexes was pointed out
earlier [3,12]. The present reaction was reported to
occur at an appreciable rate only at elevated tempera-
tures. In summary, it could be concluded, that the
reaction of carbonyl complexes with primary and sec-
ondary amino functional compounds in the presence of
H,O, involves a stage of the carbonyl ligand being
oxidized by hydroxylamines, resulting from H,O.-
amino-group interaction.

Obviously, the high rates of the carbonyl complex
reaction with hydroxylamines as well as with Me,;NO,
are caused by the nucleophilic properties of these
reagents, and evolution of CO, seems to be a result of
the nucleophilic attack of the N-O oxygen on the
carbonyl carbon atom [5,13,14]. However, the mecha-
nistic details of the interaction of the metal carbonyl
complex with hydroxylamines may be discovered only
from the kinetic data.

As the model systems we have chosen the simplest
ones—Group VIb metal carbonyls as the substrate and
NH,OH as the reagent. The well-defined isosbestic
points during the UV-Vis spectral changes of these
reactant M(CO),/NH,OH mixtures indicates that the
processes are stoichiometric (Fig. 2), and, at the same
time, the IR spectra show that the only product,
M(CO),(NH,), is formed (A ca. 380 nm, the strongest
CO stretching 1928 cm ™).

The observations show that k, values depend on the
NH,OH concentration. The plots of k, vs. [NH,OH]
are linear and pass through the origin (Fig. 3), indicat-
ing a first-order dependence of the reaction rate on
hydroxylamine concentration. The overall rate expres-
sion is followed:

—d[M(CO)c] /d7 = k,[M(CO),| [NH,OH]

Thus, our study of the M(CO), reactions with
NH,OH shows that these processes obey an S type
mechanism as indicated by the first-order kinetics in
metal hexacarbonyl and hydroxylamine concentrations.
Liberation of carbon dioxide as a result of the reaction
suggests nucleophilic NH,OH attack at the carbonyl
carbon atom. The values E¢T and log A, (Table 2)
derived from the plots of In(k,) vs. 1/T (Fig. 4) are
also consistent with an associative mechanism.

Attention is attracted by the fact that k,, being only
slightly dependent on temperature, results in low val-
ues of the effective activation energy E¢". The most
probable explanation of this phenomenon seems to be
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Table 1

IR-, '"H NMR- and mass spectral data for complex I and its deriva-
tives

veo, cm Tl 8, ppm ? M*)P

(u-H)Os 3{u-OCNHCH ,CO(O)Et{CO),, (I)
(cyclohexane) (CDCl3) 987
2106m, 2054vs, 2067vs,  6.52 (t, 1H, NH),
2022vs, 2008vs, 1993s, 4.17{(q, 2H, OCH,),
1983w, 1977m, 1951vw  3.84 (m, 2H, CH ),
1.21 (t, 3H, CH3),
—14.25 (s, 1H, u-H)

(u-H)Os 3;{-OCNHCH ,CO(O)EtHCO)q-
{NH,CH(CH ;)CO(O)Et} (IIal, I1a2)
(cyclohexane) (CDCl3) 1076
2088m, 2044s, 2012vs, 6.64 (t, 1H, NH),
2003s, 1990m, 1979m, 4.27 (m, 5H, 20CH,, CH),
1954w, 1931w 3.77 (m, br, 2H, NH ),
1.35 (m, 9H, 3CH3),
~20.55 (s, 1H, p-H)

(11-H)Os ;{-OCNHCH ,CO(O)EtYCO),-
{NH,CH(CH ;)CO(O)Et} (IIb1, IIb2)
(cyclohexane) (CyDy) 1076
2091m, 2048s, 2013vs, 5.50 (t, br, 1H, NH),
2004vs, 1992s, 1978m, 3.97 (m, SH, 20CH ,, CH)
1969m, 1955w, 1926m 3.43 (s, br, 2H, NH,),
2.68 (m, 2H, NCH,),
1.06 (m, 9H, 3CH ),
—13.61 (s, 1H, u-H)

(u-H)Os 5{-OCNHCH ,CO(O)Et{CO)y-
{NH,CH ,CO(O)EH} (Illa)
(cyclohexane) (CDCl5) 1063
2088m, 2044s, 2011vs, 6.55 (t, 1H, NH),
2004s, 1991m, 1975m, 4.15 (m, 4H, 20CH,,),
1954w, 1932w 4.02 (d, 2H, NCH,),
3.78 (g, 2H, NH,C H>),
3.50 (m, br, 2H, NH.,),
1.29 (m, 6H, 2CH ,),
—~20.56 (s, 1H, u-H)

(u-H)Os 3{u-OCNHCH ,CO(O)Et{CO)y-
{NH,CH,CO(O)Et} (IIIb)
(cyclohexane) (CDCl5) 1063
2090m, 2047s, 2014vs, 6.58 (t, IH, NH),
2004vs, 1997w, 1992s, 4.17 (m, 4H, 20CH ),
1969m, 1953w, 1926m 4.02 (d, 2H, NCH,),

3.70 (q, 2H, NH,CH,),

3.54 (m, br, 2H, NH ,),

1.27 (m, 6H, 2CH ),

—13.61 (s, 1H, p-H)

(u-H)Os ;{u-OCNHCH ,CO(O)Et}CO)s-

{(NH,(CH,),CH ,} (IVb)

(cyclohexane) 1046
2085m, 2042s, 2006vs,

1997s, 1988s, 1972m,

1960m, 1916m

(-H)Os {x-OCNHCH ,CO(O)ENCO),(NH,,) (Va)
(cyclohexane) 976
2087w, 2071sh, 2044m,

2026sh, 2010s, 1980m,

1956m, 1935w, 1906ws

Table 1 (continued)

vep.cm”! 8, ppm # (M*)®
(u-H)Os 3{.-OCNHCH ,CO(O)Et{CO)o(NH ;) (Vb)
(KBr pellet) ((CD3),CO) 976

2092m, 2050s, 201 1vs, 6.56 (t, br, 1H, NH),

1989s, 1959s, 1916m 4.07-3.80
(m, 7H, OCH,, CH,, NH,),
1.27 (1, 3H, CH»),
—13.73 (s, 1H, u-H)

(u-H)Os 3{u-OCNHCH ,CO(O)Et} CO)4(NH,CH 3) (VIb)
(CCl,) (CDCl,) 990
2093m, 2050s, 2012vs, 6.39 (s, br, 1H, NH),
2004vs, 19925, 1977m,  4.12(m, 4H, OCH,, NH,)
1952m, 1922m 3.72 (m, 2H, CH )

3.04 (s, 3H, NCH ),

1.19 (t, 3H, OCH,CH,),

—13.63 (s, |H, p-H)

(u-H)Os ;{u-OCNHCH ,CO(O)Et}(CO)4(NHEt, ) (VIIa)
(hexane) (cCl, /CD,Cl,) 1032
2086m, 2044s, 2013vs, 6.60 (s, br, 1H, OCNH),
2004vs, 1992m, 1974m,  4.87 (s, br, 1H, NH Et,),
1953m, 1932m 4.02 (m, 4H, CH,, OCH.,),

3.15 (m, 4H, 2NCH,),

1.22 (t, 9H, 3CH ),

—20.99 (s, 1H, u-H)

(-H)Os {u-OCNHCH ,CO(O)EtNCO),(NHEL, ) (VIIb)

(hexane) (CCl, /CD,(Cl>) 1032
209tm, 2050vs, 2015vs,  6.52 (t, br, 1H, OCNH),
2004vs, 1927m 4.06 (m, 3H, OCH,,

NHEt,),

3.67 (m, 2H, CH,),
329 (m, 4H, 2NCH,),
1.21 (1, 9H, 3CH ),
—13.59 (s, 1H, p-H)

% Relative to TMS; ° corresponded to peaks of isotope 19203,

the solvation of NH,OH molecules accompanied by
hydrogen bond formation to cause some increase of
hydroxylamine reactivity. When the solution is heated,
the hydrogen bonding is weakened to result in the

Absorbance

300 400 500
Wavelength (nm)

Fig. 2. Ultra-violet absorbance changes vs. time for the reaction
W(CO), + NH,OH — M(CO)(NH 3)+ CO, in diglyme at 25.8°C.
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Fig. 3. Dependences of k, vs. NH,OH concentration for the reaction
W(CO), + NH,OH — M(CO)s(NH ;) + CO, in diglyme at 25.8°C.

share of the active solvated NH,OH form being re-
duced. Therefore, k, values are thought to be effective
but not real because of a preequilibrium constant con-
tribution owing to such hydroxylamine activation pro-
cesses.

The unstable intermediate [(CO);M(CO,HNH,)],
believed to form at the first reaction stage, can be
stabilized further by alternative pathways. In the first
case, this complex loses ammonia and carbon dioxide
to produce the coordinatively unsaturated species
[M(CO)s], to whose unoccupied coordination site am-
monia then adds (Scheme 1, path a). In the second
case, elimination of CO, is accompanied by in-
tramolecular rearrangement of the intermediate com-
plex consisting of movement of the amino function to
the metal atom (Scheme 1, path b), i.e., the formation
of amine-substituted complex takes place by a four-
centred mechanism.

To test both possibilities a special experiment was

Table 2
Rate constants and activation parameters for the reactions M(CO),,
+NH,OH in diglyme

M t°C  k,Umol"1s™1)  E,eff(kImol™ ") IgA,
Cr 19.4  0.217+0.004 248+1.4 44403
223 0.243+0.003
25.8  0.283+0.005
273 0.290+0.003
29.5  0.323+0.002
Mo 194  0.334+0.004 268+1.7 43103
223 0.383+0.007
25.8  0.426 +£0.006
273 0.469+0.008
295 0.477+0.007
w 104  0.283+0.004 211415 33103

205 0.392+0.003
258  0.441+0.010
30.5 0.523+0.002

3l " ]
34

3.2

tn kz

3.0

2.8 Mo

2.6

C
3.3 33 35
/7103
Fig. 4. Plots of In k, vs. 1 /T for the reaction M(CO), with NH,OH
in diglyme.

carried out with the strongly coordinating PPh being
added to the reaction mixture. The reaction products
were monitored by IR spectral changes. A singie
amino-substituted product appears to form even in the
presence of excess PPh,, and this is revealed in the
spectrum of the reaction mixture as the main strong
C=0 stretching band at 1930 cm~' (THF-ethanol 1:3
as a solvent).

Additional support for such an assignment was pro-
vided when some preformed powdered W(CO)(NH )
was placed in the reaction mixture. As a result, inten-
sity of the initial absorption band increased without
change of frequency. On the contrary, when
W(CO)s(PPh;) was added in the same way, a new
additional band appeared at 1942 cm™! in the »(CO)
region in agreement with literature data for this triph-
enylphosphine mono-substituted complex [8].

If the reaction mixture is allowed to stand for a few
hours after the reaction with NH,OH has completed,
this band also appears in the spectrum and its intensity
increases in time. In the preparative synthesis, when
the concentration of reagents is an order of magnitude
higher, it has been possible to detect the triph-
enylphosphine complex over 1.5-2 h. A similar result
was observed for systems with hexacarbonyls of Mo
and Cr. Thus it may be concluded that the phosphine-
substituted compound is produced only as a result of
NH, ligand replacement by PPh in the initially formed

5 154
[(CO)sM ----- c=0 (COMsM.... .. ,CEOF‘

#
i | «— M(CO)g + HNOH —> [$HRSS
HoN.. .. OH HoN. .. .. OH
- A
a) v vy o»
[M(CO)s] + NH3 + COp ————=> M(CO)g(NH3)

Scheme 1.
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amino-substituted carbonyl complex, and the overall
reaction scheme is

M(CO), + NH,OH + PPh,

% M(CO)5(NH.) + PPh,

M M(CO)(PPh). (5)
(M = Cr, Mo, W)

In other words, PPh, does not take part in the first
step of the reaction, and the amino complex is most
probably formed by a four-centred intramolecular
mechanism (Scheme 1, path b).

The alternative mechanism involving the coordina-
tively unsaturated species [M(CO);] was proposed ear-
lier for the reaction of M(CO), (M= Cr, Mo, W)
assisted by Me;NO [13]. This conclusion was based on
IR spectral evidence of the rapid formation of
M(CO),(PPh,), complexes during these processes.
However, the analysis of the spectrum for the reaction
mixture W(CO), + Me;NO + PPh, (unfortunately, IR
stretching frequencies were not presented in ref. [13])
and its comparison with published spectral data for
VIb metal phosphine-substituted carbonyl complexes
have revealed that the absorption band at ca. 1920
cm ™! of the single rapidly formed product is unlikely
to arise from W(CO),(PPh;), or W(CO)s(PPh;). In
fact, rrans-W(CO),(PPh;), could be indicated by the
strong v(CO) vibration at ca. 1890 cm ™' [15,16]) and
the cis-isomer is expected to give rise to four strong
bands in the range 1870-2020 cm ' [17,18]). As far as
the W(CO),(PPh;) complex is concerned a strong vi-
bration band at ca. 1942 cm ™! must be detectable in its
spectrum [19,20]. Most likely the band at ca. 1920 cm ™!
corresponds to the trimethylamine mono substituted
carbonyl complexes W(CO);(NMe,) [15] which is one
of the most probable reaction products.

To test what product actually forms in the reaction
W(CO), + Me;NO + PPh; we have reproduced the
conditions reported in [13]. After about 20% of the
starting W(CO),) was reacted dry W(CO)(NMe,) [15]
was added and IR spectrum recorded. The intensity of
the initially strongest »(CO) band of the rapidly formed
product increased, but the spectral position of this
band was unchanged. On the contrary, when a portion
of solid W(CO)s(PPh;) was added in a similar way, an
additional band appeared at 1939 cm~'. The same
band attributed to compound W(CO)s(PPh ) was noted
in the spectrum of the initial mixture when it had been
allowed to stand for a day. That may be a result of
NMe, replacement by PPh, in the initially formed
complex W(CO)s(NMe,). Apparently, in the reaction
M(CO), (M =Cr, Mo, W) with Me;NO, as in the
reaction with NH,OH, the monoaminopentacarbonyl
complexes are initially formed possibly followed by

NMe, replacement by another n-donor reagent placed
in the reaction mixture.

The above evidence, with consideration of the litera-
ture data [13], thus allow us to conclude that the
interaction of Group VIb metal carbonyls with both
hydroxylamine and trimethylaminoxide consists of nu-
cleophilic attack of NH,OH or ONMe; at the carbonyl
carbon atom followed by the present CO group being
oxidized to result in CO, elimination simultaneously
with movement of the amino function to the metal
atom.

3. Experimental section
3.1. Reagents

Metal carbonyls were purified by recrystallization
from dichloromethane before use. Solvents were puri-
fied and dried by published procedures [22]. NH,OH
was prepared by the literature method [23], by thermal
decomposition of NH,OH-1/3-H;PO, in vacuo fol-
lowed by recrystallization of distilled product from dry
ethyl alcohol. PPh, was purified by the neutralization
of PPh; - HCI, precipitated from aqueous hydrochloric
acid, with aqueous NH followed by the recrystalliza-
tion of crude product from diethyl ether and then
three times from ethanol.

3.2. Instrumentation

Infrared spectra were recorded on Specord IR-75
and Specord M-80 spectrometers with 0.2 mm CaF,
cells. Ultraviolet-visible measurements were obtained
on a Specord UV-Vis spectrometer using 10 mm quartz
cells.

3.3. Kinetic measurements

Rate data for the disappearance of reactant metal
complexes were obtained by monitoring UV-Vis spec-
tral changes (fixed wavelength was about 290 nm).
Reaction products were studied by monitoring IR spec-
tral changes in the »(CO) region. All the reactions
were performed under pseudo-first-order conditions
with the concentration of NH,OH at least 50 times
greater than that of M(CO), (ca. 107% M).

In a typical experiment with the UV-Vis spectrome-
ter a cell containing a solution of M(CO), in diglyme
was placed in a temperature-regulated jacket. This
jacket and the flask containing a solution of NH,OH in
diglyme were held for 30 min at constant temperature
(controlled to within +0.1°) in a thermostat bath. A
solution of NH,OH was then removed by syringe and
the resultant spectral changes were monitored with
time.
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3.4. Syntheses

All the reactions were performed under an argon
atmosphere unless otherwise specified. The spectral
data are listed in Table 1.

3.4.1. (u-H)Os {u-OCNHCH,CO(O)Et}(CO),{NH ,
CH(CH,;)CO(O)Et} (lla and IIb)

Hydrogen peroxide (5 - 10™* mol) in form of a solu-
tion (0.25 ml) of aqueous 30% H,O, in THF (1:4 by
volume) and L-NH,CH(CH;)CO(O)Et (0.5 ml, 4.2-
103 mol) were added to (u-H)Os;{u-OCNHCH ,-
CO(O)EtHCO),(D (200 mg, 2.04-10~* mol) in THF
(30 ml) and allowed to stand for 2.5 h at ambient
temperature. The reaction mixture was then chro-
matographed on a thin-layer silica plate in benzene-
hexane-diethyl ether (7:7:4) as eluent to give three
bands. The first proved to be unreacted I. Bands 2 and
3 were identified later as geometrical isomers a and b
of complex II, respectively, and each was eluted with
diethyl ether. After evaporation to dryness of solvent
from the filtered eluates, Ila (60 mg, 27.5%) and IIb
(49 mg, 22%) were obtained along with the return of I
(93 mg, 46.5%). The vyields of Ila and IIb were 51%
and 42% respectively (based on reacted I only).

Yields of isomers Ila and IIb were variable and
dependent on the reaction time due to isomerization
between a and b. A very long reaction time led to trace
amounts of IIa and the starting I with an increase in
the amounts of IIb and of decomposition products (i.e.,
a brown uncharacterizable tar). Both IIa and IIb were
presented as two diastereomers (IIal, IIa2 and IIbl,
11b2).

Attempts at resolution of IIb into diastereomers
were unsuccessful. Multiple development of the chro-
matography plates (20 X 20 cm) was necessary to sepa-
rate diastereomers Ilal and IIa2. In this case, IIa (52
mg) was chromatographed repeatedly in hexane-diethyl
ether (5:7) as eluent. The two bands were eluted with
diethyl ether. Addition of pentane to filtered eluates
followed by slow rotary evaporation gave 17.5 mg (34%)
of Ilal and 14.5 mg (28%) of I1a2 along with some
isomerization product (IIb) plus decomposition prod-
ucts on the starting line of the chromatogram. For IIb
found: Os 53.30, C 21.20, H 1.87; Os,C,(H,,N,O,
caled.: Os 53.30, C 20.45, H 1.72%. 1t should be noted
that the '"H NMR spectra of both IIal and IIa2 con-
tained some additional resonances of IIb of low inten-
sity, which are not shown in Table 1.

3.4.2. (u-H)Os;{u-OCNHCH,CO(O)Et}(CO)y{NH,-
CH,CO(O)Et} (Hla and IIIb)

To the stirred solution of I (36 mg, 3.45 - 10™° mol)
in THF (1.5 ml) NH,CH,CO(O)Et (0.03 ml, 3-10~*
mol) and H,0, (3.17 - 10™* mol, 0.35 ml of a solution

of aqueous 30% hydrogen peroxide in THF, 1:10 by
volume) was added. The solution was stirred for 2.5 h
at room temperature and then passed through a silica
gel plate using mixture benzene-hexane-diethyl ether
(7:7:4) as eluent. Two geometrical isomers IIla (with
the larger R, value) and IIIb were isolated as yellow
powders in yields of 34% (9.5 mg) and 43% (11.9 mg)
respectively. Some unreacted 1 (5 mg, 14%) was re-
turned. For IIla found: Os 53.90, C 20.29, H 1.60;
Os,CgH 4N,0,, caled.: Os 53.99, C 20.45, H 1.72%;
B3C NMR and X-ray diffraction studies for IIIb were
described in [7].

3.4.3. (u-H)Os;{u-OCNHCH,CO(O)Et}(CO)y{ NH
(CH,),CH,} (IVb)

A mixture of I (60 mg, 6-107° mol), amylamine
(34.8 mg, 4-107% mol) and H,0, (4-107* mol in the
form of 0.44 ml of a 0.9 M solution in THF) in THF (3
ml) was held at room temperature for 15 min. Chro-
matography on thin-layer silica plates using hexane-di-
ethyl ether (5:7) as eluent showed firstly two bands
which were believed to be geometrical isomers a and b.
Because of the rapid isomerization of a into b the
bands merged smoothly together. The elution of the
resulting band with diethyl ether and evaporation of
solvent afforded a yellow-orange powder identified by
mass spectrometry and IR spectroscopy as isomer b of
(n-H)Os,{u-OCNHCH ,CO(O)Et}(CO){NH ,(CH,),
CH} (IVb; 45.5 mg, 73%).

3.4.4. (u-H)Os,{u-OCNHCH,CO(O)Et}(CO),(NH,)
(Va and Vb)

a) Complex I (39.2 mg, 4-10~° mol) and NH,OH
(15 mg, 4.5-107* mol) were dissolved in THF (2 ml)
followed immediately by filtration of the reaction mix-
ture through silica in order to remove any excess
NH,OH and to reduce decomposition. The rest of the
products were eluted from silica with diethyl ether.
The resulting solution was concentrated to 2-3 ml and
chromatographed on a thin-layer silica plates with hex-
ane-diethyl ether (5:7) as eluent affording three frac-
tions. A weak band (1) which was unreacted complex I
and two extended bands (2 and 3) were observed to
each other. The isomers were eluted with diethyl ether.
Evaporation of the solvents afforded the yellow pow-
ders Va (7 mg, 18%) and Vb (12 mg, 31%).

b) Through a mixture of I (120 mg, 1.2-10~* mol)
and H,0, (1.3-107% mol in the form of 0.36 ml of
solution of aqueous 30% hydrogen peroxide in THF,
1:10 by volume) in THF (8 ml), NH ; mixed with argon
was passed slowly with stirring. After 5 min the reac-
tion mixture was chromatographed on thin-layer silica
plates using hexane-diethyl ether (5:7) as eluent. Two
bands of products were eluted with diethyl ether. Iso-
mers Va (28 mg, 24%) and Vb (48 mg, 40%) were
obtained. For Vb found: Os 58.62, C 17.55, H 1.20;
0s,C,H,N,0,, caled.: Os 58.79., C 17.31, H 1.24%.
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3.4.5. (u-H)Os;{u-OCNHCH,CO(O)Et}(CO),(NH ,-
CH,) (VIb)

Complex I (137 mg, 1.4 - 10~* mol) was dissolved in
THF (5 ml) and CH,NHOH (4.79-10~* mol as 12.5
ml of 0.38 M ethanolic solution) was added. The mix-
ture was allowed to stand for 1 h at ambient tempera-
ture and then chromatographed on a thin-layer silica
plate using hexane-diethyl ether (5:7) as eluent. Two
fractions of products were eluted with diethyl ether.
Fraction 2 was shown to be the isomer VIb (70 mg,
51%). The fraction 1 was suggested to be isomer a
which was unstable and isomerized into b with decom-
position during the isolation. For VIb found: Os 58.00,
C 1834, H 1.43; Os,CsH,N,0O,, caled.: Os 57.95., C
18.28, H 1.42%.

3.4.6. (u-H)Os,{u-OCNHCH,CO(O)Et} (CO),{ NH-
(C,H;),} (Vlla and VIIb)

Hydrogen peroxide (2-10* mol in form of 0.22 ml
of a solution of aqueous 30% H,O, in THF, 1:10 by
volume) was added to the mixture of I (45.6 mg,
4.6-107° mol) and (C,H,),NH (0.02 ml, 1.9-10"*
mol) in diethyl ether (3 ml). The solution was allowed
to stand for 4 h at ambient temperature and then
chromatographed on a thin-layer silica plate using ben-
zene-hexane-diethyl ether (7:7:4) as eluent. Two bands
of products were observed. Band 1 was shown to be
unreacted I (4.7 mg, 109%). Bands 2 and 3 were identi-
fied as the isomers VIIa (18.4 mg, 39%) and VIIb (16.5
mg, 35%), respectively.

3.4.7. Os;(CO),,(NCMe)

Os,(CO),, (40 mg, 4.4-107° mol) was dissolved in
the mixture of THF (8 ml) and CH,CN (2 mi). NH,OH
(28 mg, 8.4-10~* mol) was then added. The solution
was allowed to stand for 15 min and then passed
through silica to remove excess NH,OH and to reduce
decomposition to a minimum. The resulting solution
was concentrated until a yellow solid began to precipi-
tate and was then cooled to —10°C. The precipitated
yellow Os,(CO),(NCMe) was washed with pentane
and dried under vacuum (32.7 mg, 81%). The values of
R, from TLC and IR data (in CH,Cl,) were essentially
the same as those resulting from other preparations
[14].

3.4.8. M(CO);(NH;)

A weighed portion of M(CO), (~ 1-107* mol) was
dissolved in THF. The mixture was stirred briefly dur-
ing the addition of an alcohol solution of either
equimolar quantity or any excess of NH,OH. The
reaction mixture was held at room temperature until
only trace amounts of starting material were observed
on TLC (hexane-diethyl ether 1:1 as eluent). The
solution was evaporated by rotary distillation to a moist

Table 3
Preparation of the compounds M(CO)(NH ;) (M = Cr, Mo, W)

M React. M.p. Yield Analysis (%)  IR-spectra, v(CO), cm ™!
time (°C) (%) (found/calcd.)
(min)

Cr 20-30 150 82 M:248/249 1915w, 1936m, 2065vs
(dec.) C:28.66/28.71 (in cyclohexane)
H: 1.84,/1.44
N: 6.60,/6.69
Mo 60-90 100 59 M: 37.47/37.94 1920w, 1943m, 2074vs
(dec.) C:23.57/23.71 (in hexane)
H: 1.20/1.19
N: 5.53/5.55
W 40-45 150 74 M: 53.96/53.96 1920w, 1934m, 2074vs
(dec.) C: 17.53/17.59 (in hexane)
H: 0.77,/0.88
N: 3.65 /4.1

solid followed by an extraction with diethyl ether or
dichloromethane. The extract was cooled in a NaCl-ice
bath to precipitate crystalline colourless unreacted
M(CO), which was then filtered off. The yellow (or
green-yellow) solid was produced by addition of cooled
pentane to the filtered extract. The filtered and dried
product was identified as M(CO)(NH ;). The specific
experimental data are listed in Table 3.
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