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Summary: The reactions of [M(CN)5NO]2- (M ) Fe, Ru,
Os) with lithium n-butylamide are reported for the first
time. Free (E)-n-butyldiazoate was found as the only
product arising from the amide. This result and the
reinvestigation of the reactions of n-butylamine with
[Fe(CN)5NO]2- and [Ru(bpy)2(NO)Cl]2+ give a strong
indication that diazoates (and/or diazoic acids) are
intermediates in the reactions of amines with these
nitrosyl complexes.

Our group is exploring the possibility of obtaining
stabilized diazonium ions by reaction of primary amines
with coordinated nitrosyl ligands. This route was first
pointed out by Meyer et al.,1 who obtained aromatic
diazonium salts stabilized by coordination to ruthenium
through the reaction of [Ru(bpy)2(NO)Cl]2+ with aniline
and other aromatic amines.

In previous works we have studied the reaction of
n-butylamine, benzylamine, and other aliphatic amines
with [Fe(CN)5NO]2- and [Ru(bpy)2(NO)Cl]2+ (bpy is 2,2’-
bipyridyl),2-5 finding evidence for the stabilization by

coordination of the corresponding diazonium salts. In
this work we have explored for the first time the
reaction of lithium n-butylamide with [M(CN)5NO]2- (M
) Fe, Ru, Os). n-Butylamide has the advantage over
n-butylamine of being a much more potent nucleophile.
This not only accelerates a nucleophilic attack to NO
but also brings up the possibility of using nitrosyl
complexes which are not electrophilic enough for react-
ing with amines.

Although in previous works1-5 diazoates (RNdNO-)
and diazoic acids were proposed as intermediates for
the formation of diazonium salts in reactions of amines
with these nitrosyl complexes, there was no evidence
supporting this suggestion. In this work we provide
strong evidence indicating that the formation of diazo-
nium salts in these reactions occurs via the correspond-
ing diazoates.

When a THF solution of lithium n-butylamide6 was
added at 0 °C to a pyridine solution of (tba)2[Fe(CN)5NO]
(tba is the tetra-n-butylammonium ion), the initially
pale yellow solution turned brown immediately. 13C
NMR of the reaction mixture in pyridine-THF-C6D6
showed four signals of almost equal intensity at δ (ppm)
14.1, 20.7, 30.0, and 54.1, corresponding to (E)-n-
butyldiazoate.9 The only other observed product was
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n-butylamine in a 1:1 ratio with respect to the diazoate,
as indicated by the height of the corresponding 13C NMR
signals. The yield of (E)-n-butyldiazoate was 80%, as
determined by treatment of the reaction mixture with
aqueous HCl, followed by GC quantitation of the result-
ing n-butanol. No rearrangement products (2-butanol
and butenes) derived from the intermediate diazonium
ion were observed by GC or 13C NMR. Although only
40-50% of n-butanol is expected to be produced by
hydrolysis of (E)-n-butyldiazoate, due to rearrangement
of the butyldiazonium intermediate,12 it is likely that
under the present conditions the small amount of
diazoate complex in equilibrium with the pyridine
complex (see Scheme 1) decomposes fastersor at a
higher pHsthan the free diazoate due to the strong
back-donation induced by the negative [Fe(CN)5]3-

moiety, which probably makes the diazoate less acidic.
Therefore, the diazonium ion produced by hydrolysis is
probably coordinated to the metal and it is attacked by
OH- before rearrangement takes place. We have dem-
onstrated in previous works2,3 that n-BuN2

+ is strongly
stabilized by coordination to the [Fe(CN)5]3- moiety. At
this point we should make clear that, although the

diazoate complex is most likely formed as drawn in
Scheme 1, the nitrogen atom attached to the metal is
the least basic and it is possible that after being released
from the metal it will coordinate back through the other
nitrogen atom (the one R to the carbon atom) and/or the
oxygen atom.

A precipitate was observed when the reaction with
lithium n-butylamide was carried out at concentrations
of complex higher than 0.1 M. FTIR analysis of the
precipitate showed a signal at 2052 cm-1, characteristic
of cyanides corresponding to a [Fe(CN)5]3- moiety. The
UV-visible spectrum of the precipitate after addition
of pyrazine showed bands corresponding to [Fe(CN)5-
(pz)]3- (pz ) pyrazine),11 indicating the presence in the
reaction mixture of a [Fe(CN)5L]3- complex with L being
a labile ligand. The supernatant showed 13C NMR
signals corresponding to (E)-n-butyldiazoate. These facts
confirmed that (E)-n-butyldiazoate was not coordinated
to iron. The same behavior was observed even at low
amide to complex ratios (such as 0.2:1), suggesting that
the diazoate is labile enough as a ligand to be replaced
not only by the highly nucleophilic amide but also by
pyridine present as solvent.

FTIR inspection of the reaction mixtures at amide to
complex ratios varying from 0.2:1 up to 4:1 showed that
the nitrosyl signal at 1880 cm-1 disappeared completely
at a ratio between 2:1 and 3:1. The yield of diazoate
increased linearly as the amount of n-butylamide in-
creased up to a stoichiometric amide to complex ratio
of =2:1, as semiquantitatively determined by comparing
the height of the 13C NMR signals due to diazoate with
the height of the signals corresponding to tba. This is
consistent with a mechanism (Scheme 1) in which 1
equiv of amide adds nucleophilically to the nitrosyl,
while a second equivalent rapidly abstracts a proton
from the diazoic acid before its decomposition (which
produces a diazonium ion)12 takes place. A third equiva-
lent of amide could replace the resulting diazoate,
although pyridine competes favorably in this step due
to its high concentration.

When the reaction was carried out with (tba)2[Ru-
(CN)5NO] and (tba)2[Os(CN)5NO], signals attributable
to n-butyldiazoate were observed again by 13C NMR.
Addition of pyrazine in the case of the Ru complex
showed UV-visible bands corresponding to [Ru(CN)5-
(pz)]3-,11 while in the case of the Os complex the bands
corresponding to [Os(CN)5(py)]3- were observed even
after dilution with water.11 [Os(CN)5(py)]3- was quanti-
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Scheme 1. Proposed Mechanism for the Reactions of Lithium n-Butylamide and n-Butylamine with
[M(CN)5NO]2- (M ) Fe, Ru, Os)
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fied by measuring its UV-vis band at 318 nm (yield
96%). These results indicate that the diazoate complex
is labile enough as to be substituted by pyridine even
in the case of the inert osmium complex. To observe the
intermediate diazoate complex, reactions with (tba)2[Ru-
(CN)5NO] and (tba)2[Os(CN)5NO] were carried out at
-45 °C (minimum temperature before pyridine solidi-
fies) and were followed by UV-visible spectroscopy.
However, no intermediates were observed under these
conditions, indicating that coordinated diazoate is re-
placed rapidly by other ligands (less than a few seconds).

The formation of n-butyldiazoate by reaction of
[Fe(CN)5(NO)]2- with lithium n-butylamide contrasts
with the formation of dibutylamine as the main product
in the reaction of the same complex with n-butylamine.2
This can be explained if the diazoic/diazoate equilibrium
shown in Scheme 1 is shifted to the left far enough to
form a diazenido species by loss of hydroxide. Attack of
n-butylamine on the R-carbon of the diazenido moiety
produces dibutylamine. Although the reaction of
[Fe(CN)5(NO)]2- with n-butylamine was reinvestigated
to look for the presence of n-butyldiazoate as an inter-
mediate, no indication of its presence was found by
NMR. However, when the diazotization reaction of
n-butylamine with [Ru(bpy)2(NO)Cl]2+swhich also
yields products derived from an n-butyldiazenido
species3swas studied at amine:complex ) 3:1, the 13C
NMR spectrum of the reaction mixture at short times
showed among other signals those corresponding to free
(E)-n-butyldiazoate, indicating that the corresponding
diazoic acid is an intermediate for the formation of
n-butyldiazonium ion. A signal at 3.53 ppm correspond-
ing to the methylene R to the diazoate group was

observed by 1H NMR. The 15N NMR spectrum of the
reaction mixture obtained starting with [Ru(bpy)2-
(15NO)Cl]2+ showed a signal at 154 ppm (reference
CH3NO2) corresponding to 15N-(E)-n-butyldiazoate.13

n-Butylamine is basic enough to abstract the proton
from the diazoic acid, producing diazoate,14 although the
diazoic/diazoate equilibrium is not shifted toward the
diazoate as far as in the case of the highly basic amide
(Scheme 1), and therefore, products arising from the
decomposition of the diazonium ion are observed.3 In
the case of the less electrophilic moiety [Fe(CN)5]3- the
acidity of the coordinated diazoic acid is decreased due
to back-donation from the electron-rich metal center,
and in the reaction of [Fe(CN)5(NO)]2- with n-buty-
lamine the diazoic acid/diazoate equilibrium is shifted
toward the diazoic acid, which rapidly loses hydroxide
ion to form the n-butyldiazonium salt.
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