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Sensitised Photolysis of cis-Cyclo-octene Vapour 

By Yoshihisa Inoue,' Kazuyoshi Moritsugu, Setsuo Takamuku, and Hiroshi Sakurai, The Institute of 
Scientific and industrial Research, Osaka University, Suita, Osaka 565, Japan 

The mercury-sensitised photolysis of cis-cyclo-octene (1 c) gave octa-l,7-diene and three bicyclo-octanes as the 
major products. The reaction is interpreted in terms of three intramolecular hydrogen transfers, i.e. [1,2], [1,4], and 
[1,5] shifts. The most important primary process is the [1,5] hydrogen shift through a six-membered transition 
state resulting in a cyclic 1.4-diradical intermediate. The 1,4-diradicaI thus formed undergoes competitive 
cyclisation and p-cleavage, thus providing an analogy with the Norrish type I 1  reaction of carbonyl compounds. 
The kinetics of the reaction indicate that the precursor to hydrogen abstraction is a vibrationally excited X.X.  

triplet of ( lc).  With benzene as sensitiser only the products formed by a [1,5] hydrogen shift are observed 
(together with formation of trans-cyclo-octene) and this is consistent with a ready type Il-like reaction. 

A NUMBER of studies of photolysis of alkenes in the vapour 
phase sensitised by mercury, benzene, etc. have been 
reported. It is generally agreed that the triplet state 
of open-chain alkenes undergoes allylic C-C and C-H 
bond cleavage in addition to cis-trans-isomerisation upon 
mercury photosensitisation in the vapour phase.2 With 
cycloalkenes, where cis-traizs-isomerisat ion via triplet 
species is geometrically difficult, only allylic fission takes 
place.3 Since allylic fission is not observed in liquid- 
phase photolysis, the peculiar reactivity of triplet 
alkenes in the vapour phase is believed to arise from 
vibrational excitation of the triplet species. The 
vibrationally excited triplet of alkenes has also been 
reported to undergo molecular rearrangement to cyclo- 
propane derivatives via an intramolecular [1,2] shift of 
the allylic hydrogen.4~5 We now report novel behaviour 
of the vibrationally excited triplet of cis-cyclo-octene (lc). 

ESPERIMENTAL 

MateriaEs.-cis-CycZo-octexte ( I c )  . Conmcrcially available 
cyclo-octene was purified by yrcparativc g.1.c. on poly- 

Preliminary report, S. Takamuku, K. Moritsugu, and 
H. Sakurai, Bull. Ckoiz. SOC. Japati, 1971, 44, !562. 

Photochemistry,' 
Wiley, Wew York, 1966, ch. 2 ;  (b) H. 1:. Gunning and 0. P. 
Strausz, Adv. PliotocJicm., 1963, 1, 209. 

8 (a) J .  G. Calvert and J .  N. Pitts, jun., 

ethylene glycol-6000 (PEG) to a purity of 99.5%. Thc 
product contained a small amount (0.50/,) of cyclo-octane 
but was free from the traits-isomer (It). 

To a stirred solution contain- 
ing cyclo-octa-1,5-diene (26 Q, 0.23 mol) in CCl, (150 cm3) at 
- 10" was added dropwise bromine (33.3 g, 0.21 mol) in CCl, 
(50 cm3). On removal of the solvent and the excess of 
diene, an oily residue was obtained which when fractionated 
under reduced pressure gave 6,6-dibromocyclo-octene 
(27 g ,  44%), b.p. 91-95' a t  1.0 mmHg, (CCl,) 6 6.7br (2 H, 
s), 4.65br (2 H, s), and 1.8-3.0 (8 H, m). Reduction of the 
dibromide (25.0 g, 0.093 mol) was conducted with a mixture 
of LiAlD, (1.0 g, 0.024 mol; Merck) and LiD (2.5 g, 0.31 mol; 
Merck) in tctrahydrofuran under reflux. 
gave a mixture (7.1 g), b.p. 140-160' at 760 mmHg, 
composcd mainly of [5,  6-2H2]cyclo-octene (27%) and cyclo- 
octa-1,5-dienc (65%). Separation by preparative g.1.c. on 
a PEG column affordccl the labelled cyclo-octene containing 
1.1% bicyclo[6.l.0]octane (3), 0.2% cyclo-octane, and 0.05% 
bicyclo[3.3.0]octanc (5). The i.r. spectrum of the 

(a) G. R. De Mard, 0. P. Strausz, and H. E. Gunning, Canud. 
J .  Chein., 1966, 45, 1329; (b) G. R. I)e hfarb, Bzrll. SOC. chim. 
belges, 1972, 81, 469. 

R. J .  Cvetanovid and L. C. Doyle, J .  Chent. Phys., 1962, 
57, 643. 

6 Y. Inouc, 11. Kadohira, S. Takamuku, and H. Sakurai, 
Tetrahedvon Letters, 1974, 469. 

J. E. Johnson, R. H. Blizzard, and H. W. Carhart, J .  Ainev. 
C h e w  SOC., 1048, 70, 3664. 

[6,6-2HJcis-CycZo-octene. 

Basic work-up 



570 J.C.S. Perkin I1 

deuteriated compound showed an absorption a t  2 180 cm-' 
attributable to C-D stretching. The isotopic purity 
(98.9%) was confirmed by n.m.r. and mass spectrometry. 

Quantitative PholoZyses.-All experiments were carried out 
at room temperature and under static conditions. Mercury 
photosensitisation in the vapour phase was conducted 
using cylindrical quartz cells, 5 cm long and 5 cm in diameter, 
and a conventional vacuum system. A mercury-free 
vacuum system and similar cylindrical cells were used for 
benzene photosensitisation in the vapour phase. Both 
sensitisations were performed using a spiral axray of 30 W 
low-pressure mercury lamps fitted with a Toshiba UV-26 
filter which removes the 184.9 nm resonance line of mercury. 
The lamps were allowed to warm up for at  least 30 min before 
each run in order to reach a stable operating condition. A 
control run revealed that no detectable reaction occurred 
in the absence of U.V. irradiation. The quantum yield 
(6) for mercury scnsitisation was determined by propane 
actinometry at 300 Torr, where +(H,) was taken as unity.' 
The absorption of the incident radiation was incomplete in 
the cell and appropriate corrections were made in the 
determination of the quantum yields. 

After each run, products were trapped in a capillary at 
- 196". The non-condensable products were analysed and 
measured by a combination of Toepler pump gas .burette, 
and Pd chamber. The condensables were analysed by 
g.1.c. on a 0 m column of 20% P$'-oxydipropiononitrile 
(ODPN) on Celite a t  70". All products, which can be 
separated cleanly from each other under these conditions, 
had retention times identical with those of authentic 
specimens on g.1.c. employing ODPN, PEG, and dinonyl 
phthalate columns. Analysis of dimeric products from the 
mercury sensitisation was performed by g.1.c. on a 1.5 m 
F F A P  column on Celite a t  150". The molecular weights of 
the dimers were measured using a Hitachi RMS-4 g.1.c.- 
mass spectrometer combination. 

Pveparative PhotoZyses.-The preparative scale mercury- 
sensitised photolysis of (Ic) was carried out a t  its b.p. a t  
atmospheric pressure. A cylindrical quartz cell, 20 cm long 
and 2 cm in diameter, was mounted vertically along the 
axis of a helical array of 30 W low-pressure mercury lamps. 
The lower end of the cell, where an externally heated tray 
containing mercury (ca. 1 g) was interposed, was connected 
to a flask in which (16) (70 g), with hydroquinone (1 g )  as 
an inhibitor, was placed. The top end of the cell was 
attached to a reflux condenser. On heating the contents of 
the flask, the vapour of the substrate and mercury ascended 
the cell, condensed at  the cold surface at the top, and dropped 
back into the flask. The heat from the lamp prevents any 
condensation on the wall of the cell. After irradiation for 
80 h, the contents of the flask were fractionated through a 
spinning band column to give a fraction (18.6 g), b.p. 120- 
145' at 760 mmHg. Isolation of the products was per- 
formed by preparative g.1.c. on PEG. The n.m.r. and mass 
spectra of the products agreed exactly with those of authentic 
specimens which were either commercial (octa- 1,ll-diene) or 
independently synthesised . 

Independent Synthesis of A uthentic Specimens .-Bicyclo- 
[5.l.O]octane (3) was prepared by a Simmons-Smith reaction 

of cycloheptene with dibromomethane in the presence of 
zinc-copper couple according to the procedure described by 
LeGoff .8 

Bicyclo[4.2.0]octane (4) was synthesised by photo- 
cyclisation of cyclo-octa-1,3-diene to bicyclo[4.2.0]oct-7- 
ene @ and subsequent hydrogenation of the bicyclo-octene to 
(4) over platinum. 

Bicyclo[3.3.0]octane (5) was synthesised by potassium 
catalysed cyclisation of cyclo-octa- I ,3-diene to bicyclo- 
[3.3.0]oct-2-ene lo and subsequent hydrogenation over 
platinum. 

trans-Cyclo-octene (11) was prepared by a three-step 
process starting from (lc). The procedure consisted of 
performic acid oxidation of (Ic) to truns-cyclo-octane-1,Z- 
diol,11 followed by condensation with benzaldehyde to give 
the acetal, and subsequent treatment with n-butyl-lithium le 

to give ( I t ) .  

RESULTS 

Mercuvy-sensitised PhotoZysis.-The major products of the 
mercury photosensitisation of (lc) were hydrogen, ethylene, 
hexa-1,6-diene, octa-1,7-diene (2), bicyclo[6. I.O]octane (3), * 
bicyclo[4.2.OJoctane (4), bicyclo[ 3.3.0loctane (5), and trans- 
cyclo-octene (It), The quantum yields,of the products are 
Shawn iri TaMe 1. The .yield of hertadiene equals that of 
ethylene. Although a search was made for cyclo-octane 
and dimeric c1, compounds which are familiar radical 
products in mercury photosensitisation of alkenes,$3 these 
were not observed in significant yields (4 < 0.02). G.1.c.- 
mass spectrometric analysis showed that the dimeric 
products were composed of Cl,,HBB, C,,H,,, and C&,,, 
which may correspond to bicyclo-octenyl, cyclo-octylcyclo- 
octene, and bicyclo-octyl, respectively. The fragmentation 
pattern of the mass spectra suggested the absence of cyclic 
dimers with a cyclobutane ring. 

The product distribution for a short reaction time (1 min) 
was in good agreement with the results shown in Table 1 
thus indicating that these are the primary photoproducts. 

An experiment was performed with a small  amount of 
nitric oxide added as a radical scavenger since radical- 
induced reactions caused by excited mercury atoms are 
well known in mercury photosensitisation of hydrocarbons.Z 
As is shown in Table 1, the yields of the major photo- 
products were not affected by the addition of nitric oxide. 

The effect of pressure on the product yields was examined 
up to 160 Torr by adding carbon dioxide as an inert gas 
since the range available was limited by the low vapour 
pressure (ca. 6 Torr) of the substrate at room temperature. 
The effect of the pressure on suppressing product yields is 
evident from the data in Figure 1. 

Since the formation of (4) and (5) was considered to 
involve hydrogen transfer at the 5- and Gposition of ( l c ) ,  
[6,6-4HJcyclo-octene was synthesised and subjected to 
mercury sensitisation in order to examine isotope effects on 
the reaction. The reaction was camed out under coni- 
parable conditions, and afforded similar results except for 
somewhat different distribution of the products, as shown in 
Table 2. Detectable decreases in deuterium co*ent were 
not observed by mass spectrometry of the products (2)-(5) 

The product reported as cyclo-octane in ref. 1 was identified 10 p. R. stapp and R. F. Ueinschmidt, J .  ovg. Chew., lgG6, 

l1 A. C. Cope, S. W. Fenton, and C. F. Spencer, J .  Anter. 

J. N. Hines, M. J .  Peagram, G. H. Whitham, and M. Wright, 

80, 3006. 

Chem. SOC., 1962, 74, 6884. 

as (3) by g.1.c. 
K. Yang. J .  Amer. Chent. SOC., 1967, 86, 3941. 
E. LeGoff, J .  Org. Chew., 1964, 29, 2048. 

@ W. G.  Dauben and R. L. Cargill, J .  Org. Cheni., 1962, 27, 
1910. CJiem. Comm., 1968, 1693. 
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and (It). Mass spectrometric analysis also revealed that at 
least 80% of the hcxadiene produced contains two deuterium 
atoms, suggesting predominant elimination of [“H,]ethylene. 

The study of the effect of pressure was repeated for the 
mercury sensitisation of the deuteriated cyclo-octene with 
added carbon dioxide under comparable conditions, since 
deuteriation a t  thc 5- and 6-position of (lc) is expected to 
affect the rate of hydrogen transfer. As shown in Figure 2, 

using a mercury-free vacuum system. As shown in Table 
1, benzene sensitisation of (lc) afforded mainly ( I t )  along 
with ( Z ) ,  (4), and trace amounts of ethylene and hexa-1,6- 
diene. It is noteworthy that except for (It) benzene 
sensitisation gave only two of the isomeric products obtained 
by mercury sensitisation. 

Liquid-phase photolysis of (lc) was attempted with 
benzene or xylene as a sensitiser to give (It) as sole product in 

TABLE 1 
Sensitiscd photolysis of ( lc)  

P/‘rorr ~xposure ,--- c 3 

Scnsitiser ( lc)  KO time/min (2) (4) (5) (11) Hexadiene C,H, Ha 
Mercury 4.6 0 3.0 0.181 0.049 (3) 0.128 0.025 0.076 0.017 0.019 0.017 

4.6 0.5 3.0 0.191 0.049 0.129 0.026 0.074 0.018 C c 
Benzeneb 6.0 0 15.0 0.010 d 0.006 d 0.107 0.001 G d 

* Yields shown as 6. 5 Torr benzene a:ldecl as sensitiser. Yields shown in pmol. e Not determined. Not dctected. 

Products 

TABLE 2 
Mercury photosensitisation of ( lc)  and its [5,6-2H2] isomer 

Products ([Lrnol) 
Exposure 7- A , 

Coinpound p/Torr timelmin (2) 
4.0 4.0 0.812 
4.0 4.0 0.744 

( 1 4  
[ 5,6-’H,] -( 1 C )  

a -4verage of four 

the product yields decrease with increasing pressure as in 
the case of (lc) except for greater reduction of the yields of 
(2) and (4). 

In a separate experiment, mercury photosensitisation of 
trans-cyclo-octene (It) under similar conditions gave 
analogous products, i.e. hydrogen, ethylene, hexa-1,6-diene, 
(2)-(5),  and (lc) with a different distribution of products. 
A control run, however, revealed that the substrate suffers 
isomerisation to a limited extent (ca. 3%) to the cis-isomer 
in the absence of irradiation. trans-cis-Isomerisation in 
the dark may be caused by any active sites on the glass 
surface of the vacuuni system. Therefore, some unccrtainty 

6, 
0.10 L h x  ..-. 

p (COzl / Torr 

FIGURE 1 Product yield as a function of addcd CO, pressure 
in the mercury sensitisation of (16). The pressurc of the 
substrate is 3.0Torr: (2), 0; (3), a; (4), 0; (5 ) ,  A ;  (It), 0 .  

in the determination of thc yield of (It) is unavoidable in the 
photolysis of (lc) . 

Benzene-sensitised PlmtoZysis.-Vapour-phase photolysis 
of (lc) was examined with benzene vapour as sensitiser 

l3 J .  S. Swenton, J. Org. Chenz., 1969, 84, 3219. 

(3) (4) (6)  (It) Hexadiene C,H, 
0.31 1 0.678 0.109 0.638 0.013 0.013 
0.401 0.641 0.092 0.666 0.009 0.010 
independent runs. 

agreement with the literature.13 
the absence of peaks corresponding to isomers (2)-(5). 

Analysis by g.1.c. showed 

FIGURE 2 Product yield as a function of addcd CO, pressurc 
in the mercury sensitisation of [6,6-ZH,]-(lc). The pressure of 
the substrate is 3.0 Torr: (2), 0; (3), a; (4), 0 ;  (5 ) .  A ;  
(It), 0 

DISCUSS I 0  N 

It is generally accepted that a primary process between 
an excited mercury atom (6 3P1) and an alkene molecule 
leads to a vibrationally excited triplet state of the 
alkene.2,3 In the present system, the pressure depen- 
dence of the product yields and the lack of inhibition by 
nitric oxide indicated the formation of a vibrationally 
excited cyclo-octene triplet ; this is inconsistent with the 
accepted view on alkene photochemistry. The cyclo- 
octene triplet thus formed underwent unique isomeris- 
ation reactions to give three bicyclo-octanes (3)-(6) in 
contrast to other alkene triplets generated by mercury 
phot osensit isat ion, which have hit herto been reported 



572 J.C.S. Perkin I1 
to  undergo allylic C-H and/or C-C bond ~ l e a v a g e . ~ ~ ~  
The lack of inhibition by nitric oxide indicates that the 
formation of the bicyclo-octanes cannot be explained in 
terms of a radical-initiated cyclisation as exemplified for 

bicyclo[3.3.0]oc t ane. Bicyclo[-5. 1 .O]octane (3) is prob- 
ably formed via a [1,2] shift of an allylic hydrogen atom 
as in the formation of bicyclo[4.1.0]heptane in the photo- 
lysis of cycl~heptene.~ The mechanism of formation of 
the other bicyclo-octanes also involves intramolecular 
hydrogen-transfer processes followed by closure of the 
resulting cyclic diradicals (Scheme 1) .t 

[1 .L]  - shift 

( 5  1 
SCHEME 1 

On the other hand, the a,o-dimes might result from 
intramolecular disproportionat ion of the allylic diradicals 
(6) and (7) produced by the familiar allylic C-C cleavage 
(Scheme 2). 

SCHEME 2 

t A complex of (lc) with excited mercury may be postulated 
as the precursor of transannular hydrogen abstraction. It  was 
reported that saturated hydrocarbons form mercury complexes 
which show new U.V. emissions in the region 260-280 nm. 
Unsaturated hydrocarbons, however, do not show new U.V. 
emissions and are considered not to form such complexes (0. P. 
Strausz, J .  M. Campbell, S. De Pauli, H. S. Sandhu, and H. E. 
Gunning, J .  Amer. Chem. Sot. ,  1972, 95,  732). The formation 
of (2) and (4) in benzene sensitisation also suggests that a 
vibrationally excited triplet of (lc) is more probable than a 
mercury complex as precursor. 

There are, however, some mechanistic ambiguities in 
the formation of the a,w-dienes, since it cannot be 
reasonably explained why allylic diradicals such as (6) 
and (7) undergo intramolecular disproportionation 
preferentially to form a,o-dienes without giving the more 
stable conjugated 1,3-dienes. Furthermore, it is difficult 

b 
'I 

to rule out the possibility that the diradical (7) cyclises 
to cyclohexene and/or vinylcyclobutane. $ 

As an alternative mechanism for the formation of 
a,o-dimes, the intervention of the cyclic 1,4-diradical 
(€9, which was proposed as a precursor of (4) may be 
considered (Sclieme 3). p-Cleavage of such a 1,4- 
diradical is a well known reaction.14 The most remark- 
able feature of the mechanism is that the resulting dienes 
should be exclusively terminal. If the cyclic &radical 
(8) undergoes elimination of ethylene yielding an 
equimolar amount of hexa-l&diene (path c in Scheme 3), 
the allylic diradical (6) in Scheme 2 may also be ruled 
out as the precursor of the decomposition products. 
Since the position from which ethylene molecule is 
eliminated in (lc) is different in the intermediates (6) 
and (8), the two mechanisms are clearly distinguishable 
by the deuterium labelling at the 5- and 6-position of 
(lc) as illustrated in Schemes 2 and 3. Photolysis of 
[5,6-2H,]cis-cyclo-octene gave hexadiene, for which mass 
spectrometric analysis revealed the presence of >SOY; 
C2HJhexa-l,5-diene.§ We conclude that most of the 
ethylene is attributable to molecular elimination from 
(€4, and this may be considered as evidence in support of 
path b in Scheme 3 for the formation of (2), which is 
more reasonable than Scheme 2. 

However, it remains unanswered whether the form- 
ation of the octadiene (2) via the allylic diradical (6) is 
thoroughly ruled out. One might suppose that the 
octadiene was attributable to both the allylic diradical 
(Scheme 2) and the cyclic biradical (Scheme 3). A study 
of the kinetics of the photolysis of ( lc)  and the [5,6-2H,]- 
isomer will provide further evidence on the mechanisms 

2 Actually a diradical similar to (7) postulated in the photolysis 
of cyclohexene vapour cyclises to vinylcyclobutane. We 
could not observe any formation of cyclohexene and vinylcyclo- 
butane in the photolysis of ( lc) .  

3 The deuterium distribution in the resulting C2Hn] hexadiene 
could not be confirmed. 

1' (a) C. D. Gutsche and J. W. Baum, J .  Anter. Chem. Soc., 
1968, 90, 5862; (b)  E. J.  Corey and E. Block, J .  Org. Chein., 
1969, 34, 1333. 
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of formation of the octadiene. Deuterium substitution 
at the 6- and 6-positions of (lc) is expected to cause a 
marked decrease in the rate of hydrogen transfer from 
these positions and, therefore, in the rate of the fonn- 
ation of bicyclo[4.2.0]octane. On the other hand, the 
rate of formation of the octadiene formed via the allylic 
diradical would not be affected by deuterium labelling, 
since the rate-determining step is probably fission of the 
allylic C-C bond. Therefore, if some octadiene was 
formed via the allylic diradical, a smaller isotope effect 
would be observed in the formation of octadiene com- 
pared with that of bicyclo[4.2.0]octane. The sequence 
(i)-(vii) is proposed for the formation of (2) and (4), the 
small amount of decomposition of (1)* and quenching of 
excited mercury by CO, being neglected. ‘ Other cyclic 

(1) + Hg*+ (I)* -t- Hg (9 
(I)*--+ (8) (ii) 

--w other cyclic diradicals (iii) 

(8) - (2) (vi) - (4) (vii) 

diradicals ’ include the cyclic 1,3- and 1,fi-species shown 
in Scheme 1; the asterisk represents the excited triplet 
state. 

A steady-state treatment of sequence (i)-(vii) results 
in equation (viii) for the reciprocal of quantum yield 

1 / h  1 (1 + kv i /kvd (1 /dd  (x) 
of the diradical (8) vcyszcs CO, pressure, and (ix) and (x) 
for those of (2) and (4). In Figures 3(a) and (b), the 
reciprocals of yields of (2) and (4) from photolysis of 
(Ic) and the [5,6-2H.Jisomer are plotted against CO, 
pressure and good linear relations are obtained. Assum- 
ing that the value kvi/kvii for both (lc) and the [5,6-2HJ- 
isomer to be identical, thc isotope effect on the rate of 
process (ii), denoted by ‘ KH/kD ’,t is estimated from the 
slopes of both equations (ix) and (x). From Figures 
3(a) and (b) the value of ‘ kn/kD ’ for the formation of 
(2) is 1.67 and for (4) is 1.70; these values are in good 
agreement. Despite the negligible difference in the 
quantum yield ($HI+= in Table 3), the rates of formation 
of (2) and (4) decreased to a similar extent upon deuteri- 

t In this work, only half the hydrogens a t  the 6- and 6- 
positions of (lc) mere replaced by deuterium. The term ‘ ka/kD ’ 
means kii for (lc)/kii for thc labelled isomer. 

$ A recent report of Hornback on thc photolysis of 1,4-diphenyl- 
pent-4-en-1-01 presents another example of a hydrocarbon 
analogue of a Norrish type I1 photocleavage (J. If. Hornback, 
J. Amer. Chem. SOC., 1974, 96, 6773). However, to the best of 
our luiowledae there is no other csamlsle of a t w c  I1 reaction 

ation, which is inconsistent with a mechanism involving 
intramolecular hydrogen transfer. This supports the 
presence of diradical (8) as a common intermediate for 

‘[ABLE 3 
Isotope effects on the quantum yield and the rate constant 

in the photolysis of ( lc)  and its [5,6-2H2] isomer 
Product * ‘ k d k D ’  

1.09 1.67 
1.07 1.70 

(2) 
(4) 

* Calculated from the value shown in Table 2. 

(2) and (4) and in consequence indicates the absence of 
the allylic diradical (6). 

Since the products (2), (4), and hexadiene are formed 
via (€9, the most important primary process in the mercury 
sensitisation of (lc) is considered to be a transannular 

7 
u l  

0 50 100 150 
I I I I 

0 50 100 150 
p (C02) /Torr 

FIGURE 3 Reciprocal of yield verszcs added CO, pressure in the 
mercury sensitisation of (a) (lc) and (b) [5,6-2H,]-(lc): (Z), 0 ;  
(41, 0 

[1,5] hydrogen shift which occurs through a six-membered 
transition state whose quantum yield calculated from 
those of (2), (4), and hexadiene is 0.33 (Table 1). Bicyclo- 
[3.3.0]octane (5) formed from a [1,4] hydrogen shift ain 
an unfavourable five-membered transition state is only a 
minor product. Intramolecular hydrogen abstraction in 
the six-membered transition state, followed by competi- 
tive cyclisation and p-cleavage of the resulting 1,4- 
biradical, corresponds to the well known 7-hydrogen 
abstraction observed in the photolysis of carbonyl 
compounds.l5 This may be the first reported case in 
which a x,x* triplet of a simple alkene undergocs a 
Norrish type I1 reacti0n.t The sensitised photolysis of 
(lc) in solution afforded only ( I t ) ,  and the intermediate in 
the photoisomerisation is believed to be the vibrationally 
relaxed A,X* triplet which never gives bicyclo-octanes. 

See for example, P. J. Wagner, Accoznots Chem. Res., 1971, 
J L  of such n sinyple alkeiic as (lc). 4, 168. 
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On the other hand, it is considered that the X,X* triplet 
generated in mercury sensitisation is in a vibrationally 
excited state and is much more slowly deactivated by 
collision in the vapour phase. Vibrational excitation in 
the triplet state enhances the rate of the novel hydrogen 
abstract ion react ion. 

Although it is suggested that the excess vibrational 
energy of the triplet plays asignificant role in mercury 
sensitisation, its effect on the reactivity of the triplet 
remains unclear. 

Benzene sensitisation in the vapour phase l6 is expected 
to give a triplet having lower vibrational energy whose 
reactivity is of interest. Photolysis of (lc) in the presence 
of benzene vapour gave mainly ( I t )  together with (Z), (a), 
and trace amounts of hexadiene and ethylene. The 
formation of ( I t )  suggests the intermediacy of the cylo- 
octene triplet resulting from the energy transfer from thc 

benzene triplet. This cyclo-octene triplet afforded only 
two of the isomeric products obtained by mercury 
sensitisation. These products, (2) and (4), are also 
considered to arise from the Norrish type II-like reaction 
proposed in Scheme 3. The other possible hydrogen 
shifts, i .e.  [1,4] and [1,2], which occurred in mercury 
sensitisation, were not observed. This result is explained 
on the basis that only the energetically favoured path, 
the [1,5] shift, takes place, since the triplet formed in 
benzene sensitisation has less vibrational energy than that 
from mercury sensitisation by the difference in the triplet 
energy of the sensitisers, 84 and 113 kcal mol-1, respect- 
ively. 

i511299 Iieceived, 1st July, 19761 

l6 For intermolecular triplet energy transfer from benzene to 
alkcnes, see M. W. Schmidt and E. K. C. Lee, J .  Amer. Ckem. 
SOC., 1970, 92, 3679. 


