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The importance of nitroso hydrogen HNO (1) for combus-
tion, atmospheric chemistry, astrophysics, and particularly
theoretical chemistry is demonstrated in a multitude of papers
published on this topic.[1] According to the results of some
theoretical studies the existence of isonitroso hydrogen HON
(2) besides HNO (1) is anticipated, but to the best of our
knowledge there is no experimental evidence for that. Herein
we describe the first matrix isolation and IR-spectroscopic

identification of isonitroso hydrogen (2) in solid argon at
10 K.

For the generation of HON (2) the same method can be
used, which was employed by Jacox and Milligan 15 years ago
to produce and to identify HNO (1) IR spectroscopically in an
argon matrix.[2] Thus, hydrogen atoms are generated by
exposing a H2/Ar mixture to a microwave discharge and
deposited together with a NO/Ar mixture on a 10 K cold
spectroscopic window. Under these conditions a NO radical
and a hydrogen atom can recombine to form HNO (1). In the
meantime we know that HON (2) is also generated within this
process in a small amount. Alternatively one can produce the
same products by passing a mixture of NO, H2, and argon
(ratio: 1:2:250) or of H2, N2, O2, and argon (ratio: 4:1:1:500)
through a microwave discharge.

Independent of the chosen method of generation we found
strong IR absorptions of HNO (1) and small bands, which we
assign to HON (2). The identification of 2 is based mainly on
the investigation of the photochemistry of the already known
HNO (1) isomer. Moreover, further products (NH, N2O,
N2O2, N2O3, HNO2, NO2, OH, H2O, HO2, CO, CO2) could be
observed in various amounts. In analogy with the photo-
isomerization of nitrosyl cyanide (ONCN) to isonitrosyl
cyanide (NOCN),[3] the thermodynamically more stable
nitroso hydrogen (1) was converted into the less stable
isonitroso hydrogen (2). During irradiation of HNO (1) in
solid argon at 10 K with monochromatic light of the wave-
length l� 313 nm, the HNO bands at 2715.1, 1562.2, and
1504.3 cmÿ1 decrease, while two new absorptions arise at
3467.2 and 1095.6 cmÿ1, which we assign to HON (2). At the
same time the NO band (1871.4 cmÿ1) increases. If the
wavelength is changed to l� 254 nm the HON absorptions
decrease, while the HNO bands increase. During this second
irradiation the NO band continues to grow. All these
observations point to a photochemical equilibrium between
HNO (1) and HON (2), which is presumably reached by the

dissociation of the two isomers into NO radicals and H atoms.
The position of the equilibrium depends on the wavelength of
light used for the irradiation. The increase of the NO
concentration during the photoisomerization is caused by
cage escape of H atoms, which are rather mobile even at 10 K
in solid argon.[4]

Irradiation with very short (248, 193, 185 nm) and long
(> 330 nm) wavelengths does not lead to any observable
isomerization. The identification of isonitroso hydrogen (2) is
based essentially on the comparison of the experimental and
calculated IR spectra. Figure 1 shows a difference spectrum,
which documents the photoisomerization between 1 and 2.
Furthermore the corresponding calculated IR spectra (Gaus-
sian package of programs)[5] are included for comparision. In
addition the D- (Figure 2) and 15N-isotopomers of HON (2)
have been investigated. All results (BLYP[6] and QCISD/6-
311��G**) are compiled in Table 1.
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Figure 1. Calculated (BLYP/6-311��G**) and experimental IR spectra
of HNO (1) and HON (2). Theoretical spectrum for HON (2) at the top and
for HNO (1) at the bottom. Difference spectrum (Ar matrix, 10 K) of the
photochemical isomerization of 1 to 2 in the middle. The investigated
matrix was produced by cocondensation of a mixture of NO/Ar (ratio:
4:1000) with H atoms, which were generated by microwave discharge of a
mixture of H2/Ar (ratio: 8:1000).

For the triatomic bent molecule HON (2), as well as for
HNO (1), three IR active fundamental vibrations are
expected. However, for isomer 2 due to the low intensity of
the NO stretching vibration (n2), which is coupled with the
HON bending mode (n3), only two absorptions could be
observed. They are attributed to the bending mode (n3 ;
1095.6 cmÿ1), which is mixed with the NO stretching vibration
(n2) and the OH stretching vibration (n1; 3467.2 cmÿ1). The
calculated IR spectrum of DON predicts an increase of
the intensity of the now uncoupled NO stretching
vibration. Indeed, three new bands were observed during
the photoisomerization of DNO, which we assign to the
bending mode (n3; 868.8 cmÿ1), the NO stretching vibration
(n2; 1149.0 cmÿ1), and the OD stretching vibration (n1;
2563.6 cmÿ1) of DON ([D]2) (Figure 2). The comparison of
the calculated and exprimental band shifts of the isotopomers
HON, HO15N, DON, and DO15N (Table 1) are in good
agreement again. The spectra of DON and DO15N are
particularly informative because all three fundamental vibra-
tions are observable.

Figure 2. Calculated (BLYP/6 ± 311��G**) and experimental IR spectra
of DNO ([D]1) and DON ([D]2). Theoretical spectrum for DON ([D]2))
on the top and for DNO ([D]1) at the bottom. Difference spectrum (Ar
matrix, 10 K) of the photochemical isomerization of [D]1 to [D]2 in the
middle. The investigated matrix was produced by cocondensation of a
mixture of NO/Ar (ratio: 4:1000) with D atoms, which were generated by
microwave discharge of a mixture D2/Ar (ratio: 8:1000).

How does the UV/Vis spectrum of 2 look? During
irradiation of HNO (1) with light of the wavelength l�
313 nm one observes the decrease of its characteristic sharp
bands at 688, 709, and 761 nm,[7] new absorptions in the range
between 230 and 1100 nm cannot be detected. Nevertheless, 2
must absorb below 300 nm, since this compound is photo-
chemically stable against irradiation with wavelengths above
300 nm, but, irradiation with l� 254 nm light causes isomer-
ization to 1.

What is the multiplicity of the ground state of isonitroso
hydrogen (2)? Calculation of the potential energy surface of
the system HNO/HON shows a singlet ground state for HNO
(1), which is also the global minimum.[1, 8] However, for HON
(2) a triplet ground state is predicted. The energy gap between
singlet and triplet of approximately 20 kcal molÿ1 supports the
assumption that under our conditions the triplet ground state
of 2 is present. Indeed, the experimental IR spectrum fits
much better to the calculated spectrum of the triplet molecule
(see ref. [8] and our own calculations).[9] Thus, the isomer-
ization of HNO to HON involves a change of multiplicity.
Calculations reported by Guadagnini et al.[8] correspond with

Table 1. Experimental ([cmÿ1], argon matrix, 10 K) and calculated vibrational spectra (BLYP and QCISD/6-311��G**) of four isotopomers of HON
(relative intensities are given in parentheses).

Type[a] HON HO15N DON DO15N

n1 A' OH str exp. 3467.2 (19) 3466.4 (19) 2563.6 (28) 2564.6 (20)
calcd[b] 3479.8 (27) 3479.8 (27) 2532.8 (30) 2532.8 (31)
calcd[c] 3780.3 (42) 3780.3 (44) 2751.9 (42) 2751.9 (43)

n2 A' NO str exp. ± [d] ± [d] 1149.0 (100) 1127.9 (100)
calcd[b] 1157.7 (0) 1145.7 (0) 1092.2 (100)[i] 1071.6 (100)[k]

calcd[c] 1232.1 (1) 1222.4 (5) 1171.1 (100)[j] 1149.2 (100)[l]

n3 A' bend exp. 1095.6 (100) 1085.6 (100) 868.8 (79) 867.2 (74)
calcd[b] 1030.2 (100)[e] 1020.7 (100)[g] 815.2 (70) 813.6 (72)
calcd[c] 1142.5 (100)[f] 1129.1 (100)[h] 895.8 (81) 893.9 (52)

[a] str� stretching vibration, bend� bending vibration. [b] BLYP/6-311��G**. [c] QCISD/6-311��G**. [d] Not measurable due to too low intensity.
[e] Absolute intensity: 163 km molÿ1. [f] Absolute intensity: 177 km molÿ1. [g] Absolute intensity: 160 km molÿ1. [h] Absolute intensity: 168 km molÿ1.
[i] Absolute intensity: 76 km molÿ1. [j] Absolute intensity: 95 km molÿ1. [k] Absolute intensity: 73 km molÿ1. [l] Absolute intensity: 93 km molÿ1.
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The palladium-catalyzed allylic substitution reaction has
emerged as a powerful methodology in organic synthesis.[1]

The stereoselective variants have focussed primarily on
enantioselective processes which utilize chiral ligands and
achiral substrates.[2] When chiral substrates are used, the
configuration of the allylic leaving group controls the config-
uration of the product through a double inversion mechanism.
In contrast, little attention has been paid to diastereoselec-
tivity in the nucleophilic addition to p-allyl palladium com-
plexes with an adjacent stereocenter,[2±4] and a study of the
asymmetric induction by acyclic substrates in intermolecular
reactions has not been previously reported.[5] For stereo-
centers outside of the allyl framework to control the addition
of a nucleophile, the palladium complex must be able to
undergo rapid allyl inversion (Figure 1). Our interest in
dynamic transition metal complexes[6] has led us to probe the
diastereoselectivity in such a system, and our results are
reported herein. This process constitutes an example of
palladium-mediated dynamic kinetic resolution.[3b, 7]
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Figure 1. Selectivity issues in dynamic diastereomeric complexes (see text
for details).

Several issues of regio- and stereoselectivity need to be
addressed when considering the allylic substitution reaction.
The palladium-catalyzed reaction usually favors addition at
the less substituted terminus. For complexes 1 and 2 (Fig-
ure 1), this mode of reactivity must be reversed in order to
generate a new stereocenter. While many allyl complexes are
configurationally stable, rapid equilibration is common, and
this usually results in loss of allyl stereochemistry. For
selectivity in a diastereoselective process, such as described
here, the rate of p-allyl inversion relative to the rate of
nucleophilic addition is important (Figure 1).

We have shown[6] that chiral 5-vinyloxazolidinones 3
derived from a-amino acids react with palladium(00) catalysts
to afford 5-vinyloxazolines 6 by oxidative insertion, loss of
CO2, and subsequent cyclization at the amide oxygen atom
(Scheme 1). The oxazoline products were obtained with

results from our experiment in so far as the dissociation to H
and NO is lower in energy than a cyclic transition state for the
direct reaction of 1 to 2 on the singlet as well as the triplet
potential-energy surface.

What can we say about the geometry of 2? The calcu-
lations[8] reveal a typical O ± H bond length for isonitroso
hydrogen (2) (d� 0.984 �; trans-HONO: d(OH)� 0.98 �).
The N ± O bond length (1.323 �) is very long and lies between
a double (trans-HONO: d(N�O)� 1.20 �) and a single bond
(trans-HONO: d(NÿO)� 1.46 �). These structural data of
isonitroso hydrogen (2) express the character of a nitrene. In
other words: This molecule should be regarded as ªhydroxy
nitreneº.
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