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The Pyrolysis of Nopinol 
By J. 31. COXON, 13. P. GARLAND, and 31. P. HARTSHORN 

(Chemistry Department, [Jnivevsity of Cantevbuvv, Chtistchurch, New Zealand) 

Surnnza~y The pyrolysis of nopinol gives the hydroxy- 
olefin(6) and the aldehyde (5) via abnormal C-5-C-6, 
C - 1 4 - 7  cleavage of the pinane cyclobutane ring, the 
mode of formation of the aldehvde being established by 
deu teriu in labelling experinien t s .  

ON pyrolysis pinaiie derivatives ( 1) give1 primary products 
(2) and (3) resulting from the cleavage of the C-1-C-6 bond 
or the C-1-C-6 and C - 5 4 - 7  bonds of the pinane cyclo- 
butane ring. We now report the pyrolysis of nopinol(4) 
which, in addition to products of the normal C-1-C-6, 

C-5-C-7 cleavage, gives primary and secondary products 
via C - 5 4 - 6 ,  C - 1 4 - 7  cleavage. 

Pyrolysis of nopinol (4) on passage through a stainless- 
steel tube at  580" (contact time ca 0.1 s) gave a crude 
product shown (g.1.c.) to consist of nine major components. 
These were identified by i.r., u.v., n.m.r., and mass spectra 
as aldehyde (5) (6%), the isomeric hydroxy-dienes (6) ( looh)  
and (7) (24%), the epimeric alcohols (8) (6%) and (9) (7%), 
and the four inseparable cyclopentanols (10) (20%). 

The structure of the hydroxy-olefin (6) followed from a 
consideration of its i.r. spectrum, Vmax 3370, 1679, 992, and 
847 cni-l, and its n.m.r. spectrum (Table) which showed the 
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Reactions of a Dihydride of Ruthenium( 11) with Small Molecules
By T. I. ELIADES, R. 0. HARRIS,* and M. C. ZIA
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Sunznzary The complex dihydridotris(triplieny1phosphine)-
ruthenium{ I I) reacts in the solid state directly with gases
such as nitrogen, carbon monoxide, nitric oxide, sulphur
dioxide, and nitrosyl chloride.
WE report the formation and reactions of a dihydride of
ruthenium(II), [RuH,(PPh,),]. The comples, unlike the
corresponding dichloride and hydridochloride1*2 behaves as
a co-ordinately unsaturated molecule, readily reacting at
room temperature in solid state reactions with gaseous
small molecules.
Reaction of dichlorotris (triphenylphosphine)rutheniuni( I I)
with triethylamine in benzene under hydrogen gives a
colourless precipitate of [RuH,(PPh,) ,I, which is extremely
sensitive to air but is stable under argon. The i.r. spectrum
shows a relatively broad band of medium intensity at
1950 cni-l (vRuH).
The solid dihydride reacts almost instantly with carbon
monoxide and nitrogen, forming [RuH,(CO) (PPh,) ,] and
[KuH,(RT,) (PPh,) 3], respectively. The i.r. spectra show
bands, at 1943 (KO), 1905 and 1965cm-I (vRuH) for the
carbonyt compound, and 2147 (vN,), 1924 and 1948 cm-l
(vRuH) for the nitrogen complex, in good agreement with
previously recorded value^.^?^ By passing carbon monoxide
over the nitrogen compound the dihydridocarbonylruthen-
iuni(r1) complex is obtained.
Reaction of the colourless dihydride with nitric oxide
gives deep-red crystals which analyse for [Ru(NO),(PPli,),].
This coinpound is stable to air and halogenated solvents
and can be recrystallized from benzene solutions. An
analogous iron complex4 is known, but it is rare for ruthen-
ium to co-ordinate more than one nitrosyl group. The
nitrosyl stretching frequencies a t 1630 and 1675 em-' are
low for ruthenium chemistry. Sulphur dioxide reacts
similarly, to give a bright-yellow product, [Ru (SO,) 2-
(PPh,),}. The i.r. spectrum contains bands due to co-
ordinated sulphur dioxide but no hydride bands.
Nitrosyl chloride gas co-ordinates both NO+ and Ci-
when passed over the dihydride, giving a light-yellow
compound, [RuCI,NO(PPh3),] recently reported as a
precursor in the formation of the nitrosyl-ruthenium
analogue to Vaska's
Satisfactory elemental analysis have been obtained for
all the compounds. They are all diamagnetic.
The complex has been assigned as a dihydride for the
following reasons. Passage of argon or hydrogen over
[RuH,(N,) (PPh3),] generates the starting material. Addi-
tion of measured amounts of carbon monoxide and sulphur
dioxide lead to pressure drops in the system corresponding
to the following reactions :
The mass spectra of these residual gases show only
traces of molecular hydrogen in the CO reaction and
appreciable amounts in the SO, case.
Recently, a solvent system of phosphinerutheniuni ( I I )
hydride species which interacts with molecular nitrogen,
has been reported.6
We thank the National Research Council for financial
support and Mr. Garfield Purdon for the mass spectrometer
readings.
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4-H as a sextuplet, coupled both to the 3-H and the 5- 
methylene function, and the 2, 2-dimethyl signals as doublets 

The structure of the extensively rearranged aldehyde (5) 
The 6,Gdimethyl signals were was deduced as follows. 

N.nz.r. data& for aldehyde (5)  and hydvoxy-otejin (6) 
Position of signals(s) 

Functional group p.p.m. 
(5) 4-Me 0.95 

6,6-Me2 1-58, 1.67 
4-H 2.35b 
2,2-H, 2.40b 
5-H 4.85 

-CHO 9.75 

4-H 4.35 
(6) 2,2-&Ie2 1.66, 1.71 

3-H; 8-H, 4.78-5.32 
7-H 5.87 

Nature of 
signal 

doublet 
doublets 

multiplet 

triplet 
doublets 
sextet 

multiplet 
multiplet 

Apparent coupling 
constants (Hz) 

J(CH3,4-H) 6.5" 
J(CH3,5-H) 1.3b 

J(5-H,4-H) 9.5b 

J(CH0; 2,2-H2) 1.6b 
J(CH,,3-H) 1.3 
J(4-H,3-H) 9b 
J(4-H,5-H,) = J(&H[,s-Hb) 

J(5-H; 6,6-&ie,) 1.3b 

= 6.5 

* Determined at 60 MHz for lOyo solutions (w/v) in CDC1, with CHCl, and Ne,Si as internal standards. 
b Established by double irradiation experiments. 

with coupling to the 3-Hi. Osidation of the hydroxy- 
olefin (6) with activated manganese dioxide gave the con- 
jugated ketone (1  l), A,,, 237 nni ( E  5000). 

15 1 17) ( 8 ) R '  = M e ; R 2  = h 
( 9 ) R '  = H ; R 2  = M e  

doublets coupled to the 5-H. This 5-H is additionally 
coupled with the 4-H, which is itself coupled with the 
4-methyl. These data point to the location of the 4-methyl 
adjacent to the C : CMe, function. The multiplicity 
(triplet) of the aldehyde proton arises from coupling with 
thc adjacent methylene protons. 

The mechanism suggested for the formation of the alde- 
hyde (5) is supported by results froin deuterium labelling 
experiments (Scheme) and by the production of aldehyde 
(5 )  on pyrolysis of the hydroxy-olefin ( 6 ) .  
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