The nmr spectra of 3 and its acetyl derivative 9, taken
at several temperatures, are shown in Figure 1. A com-
parison of the spectra fails to reveal any marked dif-
ference in the temperature dependence of proton
averaging for the three magnetically nonequivalent
protons whose chemical shift differences are virtually
identical or the two compounds. These results are
clearly not in accord with a transition state for bond
migration of the form 1 or 2 in which appreciable posi-
tive charge is developed on the metal atom. They are,
however, consonant with the view that reaction occurs
by way of an essentially nonpolar transition state, as
has been depicted for sigmatropic rearrangements.®

The great facility with which these rearrangements
occur, contrasted with the very much higher activation
energies associated with [1.5] sigmatropic shifts of C-H
bonds in substituted cyclopentadienes, ' is most reason-
ably attributed to the relatively low bond energy of the
Fe-C bond!'! and possibly as well to the more diffuse
character of the metal orbital constituting the metal-
carbon bond which would be expected to facilitate its
continuous overlap with the cyclopentadienyl = orbitals
in the course of the rearrangement.!!3
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Formation of an Unstable Dinitrogen Complex
of Ruthenium(II)
Sir:
Recently a dinitrogen complex of osmium(Il), cis-

[Os(NH;)4(N,):]Cl;, was reported, as was the failure to
make an analogous complex of ruthenium(II).! We

(1y H. A. Scheidegger, I. N. Armor, and H. Taube, J. 4m. Chem. Soc.,
90, 3263 (1968).
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Figure 1. The infrared spectra of samples isolated after various
periods from the reaction of nitrous acid on cis-f[Ru(N;z)(Nz)ens]*.

wish to report the formation of unstable [Ru(en):(N;),]*+
by means of reaction 1. Previous attempts to prepare

cis[Ru(en),N;NoJ* + HNO, —> cis-[Ru(em)o(No)]2 + N,0 (1)
€O

metal-nitrogen complexes by the reaction of metal-
azido compounds with nitrous acid were not success-
ful.%?

Reaction 1 is extremely rapid even at 0°.  The imme-
diate (~7 sec) addition of a cold solution of NaB-
(CsHj;), to the reaction mixture results in the coprecipi-
tation of the salts cis-[Ru(en)y(N:)][B(C¢H:)s): and cis-
[Ru(en);H;O(No)IB(C¢Hj)i}.-  Figure 1 shows the
N-N stretching region of the ir spectra for such mix-
tures collected at various times. The bands at 2220
and 2190 cm~! are assigned to the cis-dinitrogen com-
plex, in accord with the two bands reported! for cis-[Os-
(NH;)4(N:).]Cl;.  Also in agreement with this assign-
ment is the observation that these bands decrease in
intensity with increasing isolation time. Furthermore,
in the solid state at room temperature the bands grad-
ually disappear in about 30 min. These results show
that a metal-nitrogen compound is formed by the reac-
tion of a metal-azido complex with nitrous acid and
that the dinitrogen complex cis-[Ru(en);(N,).]** is not
very stable. If = bonding of the type RuzN=N: is
important in these systems, then it is reasonable that
two nitrogens would have to share in such bonding and
be held less firmly than in a corresponding system con-
taining only one nitrogen. In agreement with this is
the observation that the N-N stretching frequencies are
higher for the dinitrogen complex cis-[Ru(en)(Nz).]*
(2220 and 2190 cm~!) than for the mononitrogen cation
cis[Ru(en):H;ON;]** (2130 cm~!). Likewise the latter

(2) R.B. Jordan, A. M. Sargeson, and H, Taube, Inorg. Chem., 5, 1091

(1966).
(3) T. Studer, private communication.
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complex in aqueous solution does not react with N, to
give the dinitrogen compound, whereas [Ru(NHj;);-
H,0]** does react with N; to yield the mononitrogen
compound.*

The dinitrogen and the aquonitrogen complexes were
prepared by mixing at 0° an aqueous solution (2 ml,
0.000038 mole) of cis-[Ru(en):N:N;]PF¢ with a freshly
prepared solution (5 ml, 0.000038 mole) of HNO,.
Immediate vigorous gas evolution occurred, and the
solution color changed from red-brown to pale yellow.
An ice-cold solution (4 ml, 0.00012 mole) of NaB-
(CsH;)s was then added at various times (Figure 1) to
identical reaction mixtures. An immediate yellow
precipitate was formed which was rapidly collected in a
suction filter. It was washed with a 50:50 water-
methanol mixture and sucked until dry (15 min). Itsir
spectrum in a Nujol mull was then determined.

The product obtained after a reaction time of 90 sec
was entirely the aquonitrogen salt. It was collected on
a suction filter, washed with water, and dried. It was
stored in a desiccator in a refrigerator.

Anal.  Caled for [Ru(en),H,ON.][B(C¢H:)l:: C,
68.9; H, 6.5; N, 9.3. Found: C, 68.0; H, 6.6;
N, 9.1. The molar conductivity at 25° of a 10-3 M

solution of the salt in dry dimethyl sulfoxide was 35
ohm~! ¢m? mole!, which is consistent with the 2:1
electrolyte formulation. The product was diamagnetic
confirming the absence of any Ru(IIl). Its ir spectrum
showed a single strong band in the N-N stretch region
at 2130 cm™! and also supported the presence of co-
ordinated water (bands at 1610 and 3500 cm™'). In
addition its uv spectrum had a sharp band at 220 mpu
(e ~13,000). This corresponds with the band at 221
mu (e 16,000) reported® for [Ru(NH;);No]2+.

The starting compound, cis{{Ru(en).N,N;]PFs, for this
investigation was prepared by reaction scheme 2. The

A +
cis-[Ru(en),Cla]* -H—go> cis[Ru(en)(H;0)]%*
PFe’lNa’ 2)

CfS-[Ru(en)z(Na)z]PFa

50

cis-[Ru(en),N:N;]PF <—3—
0

min

dichloro complex was prepared by the method described
earlier.® The azidonitrogen complex was obtained by
the solid-state decomposition of the diazido compound.
These two compounds have been characterized by
means of elemental analyses, evolution of N; by Ce(IV)
oxidation, conductivity, magnetic susceptibility, ir and
uv spectra, and optical activity. Details of the syn-
theses of these and related compounds will be published
later.
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A New General Photochemical Reaction of
2,4-Cyclohexadienones
Sir:

Recently we showed that hexamethyl-2,4-cyclo-
hexadienone forms a ketene efficiently from an un-
specified singlet excited state.! We now have evidence
that this well-known photochemical reaction of 2,4-
cyclohexadienones? arises from the dienone n,#* singlet
state. In addition we wish to describe a method for
reversing the energies of the n,7* and r,7* states and a
new general type of isomerization of these compounds
which occurs from the first =, 7* singlet state of the
dienone.

The uv spectrum of dienone 1a® shows well-separated
m,7* and n,7* bands at 302 and 354 mu, respectively,
in hexane. The latter was characterized by its low
extinction coefficient (e 130), blue shift in polar solvents,
and vibrational spacing of approximately 1200 cm~'.*
Selective excitation of the n,7* band resulted in the
efficient formation of ketene 2, which was detected by
ir at —100° (vpax 2100 cm~1'), and was readily trapped
as the amide 3a with dimethylamine or the ester 3hb?
with ethanol. The combined results from the hexa-
methyldienone and dienone 1a suggest that the photo-
chemical cleavage of the 1,6 bond in 2,4-cyclohexa-
dienones can occur efficiently (but not necessarily ex-
clusively) from the n,7* singlet state.

0 0
Me 4
R, H/Me~, ~Me
Me \]
R, R, Me” Ny H
R, Me
2

1a,R,=R;=H;R,=Me

b,R,=Me;R,=R;=H

¢, R,=H;R;=R;=Me

dR,=R,=R;=H
Me2C=(I3—(|3=(|1—CH2—COX

H Me Me
3a,X=NMe,
b, X=0Et

Although dienone 1a is photochemically inert in non-
nucleophilic solvents,® we have observed that in tri-
fluoroethanol it was smoothly converted to a product
which did not arise by trapping of the ketene 2 by the
solvent. The product was identified as the isomeric
bicyclic ketone 4a on the basis of its elemental analysis,
infrared (ve=¢ 1692 cm™!), nmr (= 8.51 (I H, s), 8.59
(3H,s),876(3H,s),886(3H,s),455(1 H, q,/ =

0

Rlﬁ@%Me
R, R, Me
4a,R,=R,=H;R;=Me
b,R,=Me;R;=R;=H

¢ R =H;R,=R;=Me
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