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Abstract-The title carbenes, which in principle can all serve as precursors to the reactive hydrocarbon 
pseudoindene, have been generated by the photolysis of the sodium salts of the tosylhydrazones of (a) 
benzocyclobutene-l-carboxatdehyde, (b) 2-methylbenzocyclobutenone and (c) o-formylstyrene. lndenc was 
formed in reactions (a) and (c): in the former case deuterium labelling experiments suggest a ring expansion 
mechanism rather than a pseudoindene intermediate. In the latter case deuterium labelling and trapping 
experiments implicate a symmetrical isoindene intermediate, which can arise either via pseudoindene, or via 
direct electrocy&c ring closure of o-styrylcarbene. 

The hydrocarbon pseudoindene (2,34xnzobicyclo- The parent pseudoindene molecule 1 has to date not 
[2.t.O]pent-2ene) 1 and derivatives of I have been been characterized. The facility with which isoindene 2 
postulated as intermediates in a number of chemical rearranged to indene 3 by means of a [1,5] H shift,6*7 
transformations.14 It has been inferred that 1 and its suggests that a synthesis of I via 2 would not be 
derivatives rearrange to the indene 3 ring system, via feasible. Accordingly,a strategy different to that shown 
isoindene 2 intermediates under very mild conditions. in Scheme 2 is required for any projected synthesis of 1. 
This idea has recently been confirmed with the It is possible to envisage a number of carbenes which 
characterisation of the dimethyl substituted pseudoin- could in principle serve as precursors to 1 (Scheme 3). 
dene 6, which was generated by irradiation of 2,2- Thus in the carbenes 7,8, IO and 11, insertion of the 
dimethylisoindene 5 (Scheme 2).5 Thermal rearrange- carbenic centre into one of the indicated C-H bonds 
ment of 6 + 5 occurred readily at temperatures as low would form 1, as would intramolecular addition to the 
as 0’. Further thermal rearrangement of 5 to give alkene N-bond in the unsaturated carbene 9. We have 
dimethyl substituted indenes was not observed at these investigated some of these possibilities and in this 
low temperatures, due to the relatively poor migratory paper we describe products form4 from benzo- 
aptitude of Me vs H in the requisite [1,5]-sigmatropic cyclobuten- I -ylcarbene 7,2-methylbenzocyclobuteny- 
shift. lidene 8, and o-styrylcarkne 9. The generation 
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of carbenes 10 and 11 was not investigated, since in 
each system insertion into an a C-H bond is expected 
to be the predominant reaction pathway. 

RESULTS AND DlSCUSSlON 

Benzocyclobuten-I-ylcarbene 7 

Benzocyclobutene-1-carbonitrile 12 was reduced 
with diisobutylaluminium hydride in benzene to give 
benzocyclobutene-l-carboxaldehyde 13, which was 
converted into the ptoluenesulphonylhydrazone 
(tosylhydrazone) 14 (Scheme 4). Irradiation of a 
suspension of the derived sodium salt 16 through 
Pyrex in THF gave in 88% yield methylene- 
benzocyclobutene 17 and indene 3 in a ratio of 18:82. 
The formation of 17 occurs simply by insertion into the 
a C-H bond in carbene 7, a common reaction of alkyl- 
carbenes.’ However, the formation of indene can occur 
‘by a number of pathways, and an attempt was made to 

delineate the mechanism by means of deuterium 
labelling (Scheme 5). It can be seen that formation of 
indene from 18 via a pseudoindene intermediate 
should give a 1: 1 mixture of indene- I-D 21 and indene- 
3-D, 22 while simple ring expansion by CH2 migration 
should give exclusively 22, and ring expansion through 
aryl migration would afford indene-2-D, 23. 

The deuterated carbene 18 was generated in a 
manner analogous to that shown in Scheme 4, except 
that the nitrile 12 was first deuterated in the a position 
by treatment with NaOD-D20. From NMR and MS 
evidence, the deuterium content of the precursors 
through to the tosylhydrazone 15 was > 95 Y0 D, . The 
methylenebenzocyclobutene formed was a mixture of 
the two isomers 24a and 24b as both vinylic proton 
signals were diminished, that at 6 5.24 representing 
0.5 protons, and that 6 4.86 integrating for 0.6 protons. 
The indene formed was found to contain deuterium in 
position 2, i.e. consisted mainly of isomer 23 as only the 

Scheme 3 
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(a) Pseudoindene intermediate: 

18 19 20 21 22 - - - - - 

(b) CH2 migration: 

18 22 - - 

(c) Aryl migration: 

18 - 

Scheme 5 

23 - 

vinyl proton resonance for H2 showed a decrease in 
intensity. This implicates pathway (c) involving aryl 
migration as the major rearrangement mechanism. 
However, careful integration showed that this signal in 
fact represented 0.42 protons per molecule, or only 
0.58 deuterons. As the HI, H3 and aryl signals 
integrated correctly for two, one and four protons 
respectively, it must be concluded that the indene is a 
mixture of undeuterated indene 3 and indene-2-D, 23 
in a ratio of 42:58, i.e. 42’;;, of the indene molecules 
have suffered loss of deuterium. 

The mass spectrum of unlabelled indene 3 shows 
peaks at m/e I16 (M+), I15 and 114 in the ratio of 
100:88 < 5. Under the same conditions, the 
deuterated indene produced in the reaction shows 
peaks at m/r 117 (M+), II6 and II5 in the ratio 
91:100:40. If it is assumed that the peak of intensity 40 
at m/e I I5 arises solely from undeuterated indene and 
not from M ‘-D, then the amount of indene-2-D, 23 in 
the product can be calculated to be 56 71, similar to the 
value obtained from integration of the NMR 
spectrum. 

As the methylenebenzocyclobutene 24 appears to be 
>90’;/, monodeuterated, loss of D from the indene 
cannot be ascribed to exchange occurring in the 
tosylhydrazone 15 or its sodium salt in the basic 
photolysis medium. This presumes of course that both 
the methylenebenzocyclobutene and indene arise from 
a common intermediate. Nor does the D loss occur 
during preparative glc, as the crude mixture also 
showed the H2 signal in its NMR spectrum. The 
possibility of the D undergoing scrambling during 
photolysis as do alkyl’ and aryl”‘*’ ’ group can also IX 
rqjected as McCullough’ ’ has shown that indene 1,1,3- 
D, when irradiated to up to gOu/, polymerisation still 
showed no such scrambling. 

Another possibility is that one or both of the two 
other pathways (a) and (b) in Scheme 5 are also 
operating, giving indene isomers with D in 

P 
ositions I 

and 3, which are known to be susceptib e to base- 
catalysed exchange.’ ‘-I4 In a control experiment, a 
sample of indene-l-D, 21 was irradiated in THFin the 
presence of NaH in an attempt to simulate the reaction 
conditions to which product labelled in position I 
would be subjected. The reaction mixture was divided 
and a portion subjected to an aqueous work-up, as 
used after the tosylhydrazone photolysis, and the 
remainder was worked up without the addition of 
water. The indene recovered from both procedures had 
a benzylic methylene signal in the NMR spectrum 
integrating for 1.4 protons, indicating that 40 y0 of the 
D had been lost from the I position. No significant 
amount of deuterium scrambling to the vinylic 
positions could be detected. Thus the reason for the D 
loss in the photolysis of tosylhydrazone could be due 
to the formation of some indene-D1 but the finding 
that indene-2-D, is the predominant product indicates 
that its formation proceeds mainly through aryl 
migration (path (c), Scheme 5). 

Thermolysis of the sodium salt of tosylhydrazone 14 
in refluxing dioxane was also carried out (Scheme 7). 
This gave a single product identified as lH-2,3- 
benzodiazepine 27 by comparison with an authentic 
sample. ’ 5 This material presumably arises via 
electrocyclic ring opening of the diazo compound 25. 
the expected initial decomposition product of the 
tosylhydrazone. The resulting diazo substituted o- 
xylylene 26 can then undergo electrolcyclic ring closure 
to give the observed product 27. Sharp et al. previously 
obtained the benzodiazepine 27 by a novel 
electrocyclic ring closure of o-diazoformylstyrene 29. 
generated from the salt of the tosylhydrazone 28.” 
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Irradiation of 27 was found to give cleanly the tricyclic 
isomer 31.’ ’ However, 27 is readily isomerised 
by base into the 5H isomer 32,’ ‘.’ ’ a compound which 
can extrude nitrogen on photolysis to give indene, 
presumably via intermediate 33.” In view of this, the 
possibility of lH-2,3-benzodiazepine 27 being an 
intermediate in the photochemical formation of indene 
from the salt of tosylhydrazone 14 must be considered. 
If 27 were to isomerise under the basic photolysis 
conditions to the 5H isomer 32, this could lead by a 
non-carbenic route to indene labelled in the 1 -position, 
a position susceptible to base-catalysed H-D 
exchange. To investigate this possibility, a sample of 
1 H-2,bbenzodiazepine 27 was subjected to conditions 
simulating those used for the photolysis of the sodium 
salt of the tosylhydrazone 14. The product obtained 
from this experiment was almost pure 2a,7- 
dihydro[l,2 Jdiazeto[+l-a Jisoindole 31, and no 
indene was formed. It thus appears that the indene 
formed in the photolysis of the salts of tosylhydrazones 
14 and 28 (see below) must arise from carbene 
precursors, rather than benzodiazepines. 

o&yrylcarbene 9 

The thermal decomposition of the sodium salt of 
tosylhydrazone 28 has already been described’ 5 and 
bcnzodiazepine formation was the only reaction 

observed (Scheme 8). We find, however, that 
photolysis of the sodium salt of 28 in THF results in 
products derived from the carbene 9 (Scheme 9). Thus 
indene 3 and the solvent insertion products 34.35 and 
36 were formed. The ratio of indene:36:34 and 35 was 
30:1: loasestimated byglc. The structures of34and35 
were evident from spectral data, while the material 
described as 36 was only obtained in small quantities, 
and its structure is assumed on the basis that it is 
isomeric with 34 and 35. The formation of these 
solvent-derived products could be suppressed by 
addition ofcuprouschloride to the photolysis mixture; 
under these conditions up to 73 ‘! of the theoretical 
amount of indene was formed, and the ratio of indene: 
solvent insertion product rose to 9: 1. 

Carbenes have also been generated by the 
thermolysis of aziridinylimine derivatives of al- 
dehydes. ‘**19 Accordingly, 37 was prepared, and its 
thermolysis was found to also yield indene in 52% 
yield. 

The formation of indene from o-styrylcarbene can 
be explained in terms of a number of mechanisms 
which are illustrated for the deuterated carbene 38 in 
Scheme 10. Photolysis of the sodium salt of the 
deuterated analogue of tosylhydrazone 28 in the 
presence of cuprous chloride was therefore carried out; 
this gave indene in 40”/, yield. The NMR spectrum of 
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Scheme 9 

this product showed the signals for Hl and H3 to be 
diminished, integrating for 1.45 and 0.64 protons, i.e. 
0.55 and 0.36 deuterons. This suggests that the product 
is a mixture of indene-l-D, 21, indene-3-D, 22 and 
undeuterated indene in the ratio of 55:36:9. Assuming 
that base-catalysed equilibration of indene under the 
reaction conditions does not occur to a significant 
extent,? this label distribution is consistent with a 
mechanism proceeding predominantly through a 
symmetrical intermediate, i.e. either pathway (b) 
involving pseudoindene or pathway (c) leading 
directly to isoindene. A number of possible 

tThis assumption is reasonable since the photochemical 
decomposition of the salt of 2.8 was quite rapid (0.25 hr) while 
in the previouscontrol experiment. indene-1-D. underwent D 
loss to the extent of CCI 40% when subjected to similar 
conditions for a longer reaction time (1.75 hr). 

TET 37:. - J 

combination of pathways (a j(d) can be envisaged to 
give the observed label distribution. However, 
photochemical generation of carbene 9 in the presence 
of a 1.5 fold excess of dimethyl fumarate gave the 
adduct 39 in 20”/, yield. This demands the 
intermediacy of an isoindene intermediate, and 
provides compelling evidence for pathways (b) and/or 
(c). As indene was also isolated from this reaction in 
25 % yield, mechanisms (a) and (d) are not precluded 
as competing pathways. However, it is also possible 
that this indene arises because the dimethyl fumarate 
does not intercept all of the isoindene intermediate at 
the relatively low (10e2 M) concentration of reactants 
used. Adduct 39 could also be isolated in 9% yield 
when the aziridinylimine 37 was decomposed 
thermally in the presence of dimethyl fumarate. 

We conclude that we have demonstrated the 
existence of a symmetrical isoindene intermediate in 
the formation of indene from o-styrylcarbene. This 
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(a) Zvftterion formation followed by hydride migration: 

I 
D 

38 39 - - 

(b) Addition to double bond - pseudolndene intermediate: 

QJy~*q + Qq 
I D 

38 39 21 - - - 

(c) Electrocyclic ring closure: 

38 
D 

- 

(d) Insertion into the vinylic C-H bond: 

D 
38 21 - - 

Scheme 10 

22 - 

22 - 

intermediatecan arise through pathways (b) and/or (c) 
(Scheme IO). An exact analysis of total reaction scheme 
is rather difficult, due to the problem of carrying out 
unambiguous control experiments to check the 
scrambling or loss of D label in the indene produced. 

2-Methylbenzocyclobutenylidene 8 

Photolysis of the sodium salt of 2-methylbenzocyclo- 
butenone tosylhydrazone 40 in THF failed to produce 
any indene. Instead the solvent insertion product 41 
and the dimer mixture 42 were isolated in yields of 
14 % and 32 % respectively. Compound 41 was readily 
recognised by a base peak at m/e 71 in the mass 
spectrum, corresponding to the tetrahydrofuranyl 
moiety. Its NMR spectrum showed two Me doublets 
of equal size, indicating that the product was an equal 
part mixture of cis and rrans isomers. The NMR 
spectrum of the dimer mixture showed four Me 
doublets, suggesting the presence of the four possible 
diastereomers. Analogous dimer formation has 

previously been observed in the photolysis of the 
sodium salt of 4.6dimethylbenzocyclobutenone 
tosylhydrazone.‘” 

The formation of the products 41 and 42 clearly 
implicates the intermediacy of 2-methylbenzocyclo- 
butenylidene 8. However, intermolecular reactions of 8 
appear to be favoured over intramolecular rearrange- 
ments, and in particular over insertion into the Me 
C-H bonds. As a model reaction we investigated the 
decomposition of the sodium salt of 2,2-dimethy- 
lindan-l-one tosylhydrazone 43. This afforded 45 as 
the only hydrocarbon product under both thermolysis 
and photolysis conditions, indicating that in 2,2- 
dimethylindan-1-ylidene 44 insertion into one of the 
adjacent Me groups occurs readily. The failure of 2- 
methylbenzocyclobutenylidene 8 to yield pseudo- 
indene in an analogous reaction may be a consequence 
of ring strain effects. In the more strained Cmembered 
ring of 8, the Me group is bent away from the adjacent 
carbene centre compared to 44. Insertion into the Me 
C-H bond is therefore not competitive with 
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Scheme 11 
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Scheme 13 

intermolecular reactions of the carbene 8. Intra- 
molecular Me insertion is also favoured statistically in 
the model system 44 by the presence of two proximate 
Me groups. 

The thermal decomposition of the sodium salt of 2- 
methylbenzocyclobutenone tosylhydrazone 40 in 
refluxing THF proceeded very sluggishly, and only the 
C-H insertion product 41 was observed to form. 
Change of the solvent to benzene, which is less prone to 
C-H insertion, resulted in addition of the carbene to 
the aromatic l-l-system to give a novel rearranged 
product which is discussed in the accompanying 
paper.2i Thus intramolecular insertion to give 

pseudoindene is clearly not a favoured reaction 
pathway of 2-methylbenzocyclobutenylidene. 

EXPERIMNTAL 

M.ps and b.ps are uncorrected, and b.ps of small quantities 
of liquids refer to bath or heating block temps. Microanalyses 
are by the Australian MIcroanalytical Service, Melbourne. 
NMR spectra were recorded with Hitachi Perkin-Elmer 
R24B (60 Mz) or Bruker HX90 (!N Mz) instruments. Mass 
spectra were measured using a Varlan MATCH7 instrument, 
with an inlet temp of 25’ and an ionisation energy of 70eV 
unless otherwise stated. IR spectra were recorded with a 
Perkin-Elmer 283 spectrophotometer. and electronic spectra 
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with a Beckman Acta MIV instrument. Analytical glc was 
performed using a Perkin-Elmer 880 or Varian 1800 gas 
chromatograph using N2 as carrier gas, while preparative glc 
was carried out with a Wilkins Aerograph 700 Autoprep, 
using He as carrier gas. The ~~~l~wi~~ columns were used: A 
10’ x l/8” stainless steel column packed with 37, SE30 on 
80-100 mesh Chromosorb W ; B 10’ x J/8”’ copper column 
packed with 5 “;, Carbowax 2OM on 80- 100 mesh 
~bromos~rb W; C 10’ x 3,%” aiuminium column packed wtth 
lo?,, Carbowax 20N 011 60 80 mesh Chromosorb W; D 
9’ x 3$” aluminium column packed with IO’“,, SE30 on 
60- 100 mesh Chromosorb W. 

Irradiations were carried out through a water-cooled 
Pyrex i~rn~~sl~n well using a Philips Ii PK 125 high pressure 
mercwry lamp, Gas evolution was followed by paling the exit 
gases from the static irradiation vessel through a CaCl, tube 
into an inverted burette filled with water. Solvents for 
photol~es and therm~lyses were red~st~llcd from LAH under 
dry, O&ee N2 before use. Organic extracts were dried over 
anhyd MgSQd. 

A soln ofdiisobutylalumtnium hydride (5.5 g 39 mmol] in 
benzene (SOml) was added dropwise un 
soln of I2 (3.4g, 26mmol) in benzene (l~mi). The mixture 
was stirred for 1.5 hr and the excess of r~~c~~8 agent was 
destroyed by the addition of MeOH, ~o~~~wed by HrO. The 
mixture was worked up by ether extraction, and the extract 
was washed thrice with 3Pj, HCl. water and was dried and 

evaporated to give the u&hyde I3 as an unstable oil (1.2g. 
34’!;,)_ A small amount was distilled at 47’/0,03mm. NMR 
(CC14) b: 9.7 (d. J 3.5 Hz, 1 H, CHO). 7.5-6.8 (m, 4H, ArH), 
4.13 (q, t H, methin~~ 3 37 (d, 2 H. m~thyi~~~). MS (50.): 132 
{M+, 80!,), 131 (28). 104(2O), 103 (100). 102 (14},77 (70). A 
soln of the above ~ldehyde {95~mg. 7.2 mmol) and 
tosylhydr~~~e fl,34g, 7.2mmo(~ m the mi~Kmum volume of 
MeOH was kept at 0” for 12 ht. The pr~~pit~te [ 1Mg)was 
recrystallised from aqueous MeOH to give the ros!J!r~draznne 
14 ascolourless crystals (I .6 g. 74 ““), m.p. I 15 (dec). (Found : 
C, 64.0; H, 5.4, C,+,HLbN202S requires: C, 64-O; H, X4”,}. 
NMR (CDC13) si: 8.05-7.56 (m. 3H. 2 x ArH and NH), 
7.366.8 (m. 7H, 6 x ArH and CH=N). 4.5 4.6 fm. 1 H, 
methine). 3.84-2.84 (m. 2 H. methylene). MS (80 ,45 eV): 157 
(5~,,~~155~3).145~100},144(4),128(27),118(9).117(15),1f6 
(45)* 115 [SS), 92 127x91 (45). 

NaH (65 mg of 80”;,, 2.1 mmo!) was added to a soln of 14 
(5~mg. 1.66 mmol) m THF [SO ml) and the resulting 
s~s~nsion stirred for 15 min under N,. More THF (2~rnl~ 
was added and the mixture cooled in ice and irradiated until 
gas evolution ceased {ZS ml after 3hr). The THF was 
evaporate under reduced pressure and the residue taken up 
in ether and washed with H&X Evap~r~t~~~ of the dried 
extract gave an 011 (170mg. 88”,), which by NMR and glc 
(column A, 120 , column B. 120 ) showed the presence of two 
components in the ratio of 18: 82. Preparative glc (column C, 
140’ ) gave merhflenebenrcrcJ.c~obu~e~e 17.z3 NMR (CC14) 6: 
7.15 Is. 4 H, ArH], 5.25 (brs. 1 H, vinyl), 4.88 fbrs, 1 H. vinyl), 
3‘60 (brs. 2 H, rnet~y~~n~) similar to that reportedal WV 
(EtOH) i,,, 219 (log& 4.31), 244 (4.78), 252 (4.72x 280 (4.0). 
287 (4.1), 296 (4-3); followed by in&tie 3, NMR (Ccl,) S: 
7.03-7.55 (m, 4 H, ArH), 6.~5-6~76 (m, I 84, H3k 6.~6.38 fm, 
I H, H t), 3.33 {narrow m, 2 H, methylene). MS: 116 (M +, 
lcl0). I 15 (88). 89 (16). 

The nitrile Y2 was added to a soSn of MOD ~~~par~ from 
N~~~rng)~nd D~~{5ml)inTHF(4~ml)~~emixturewas 
refluxed for 1.5 hr, poured into water and worked up by ether 
extraction. distillation gave be~r~~}l~~~~urene-l-ea~fronir~j~iP- 

I-D, asacIearoil~1.#e,820/,),b.p.64-8”/0.3mm,NMRS: 
6.85-7.40 (m, 4 H, ArH), 3.55 (d, 2 H, methylene). The 
methine signal intensity was too low to be accurately 
integrated. The above nitrile (1.5 g, 11Smmol) was reduced 
using diisobutylalu~i~ium hydride (3 g, 21.1 mmol~ in 
geese as before to give ~e~~~c~e~u~~fe~~- 1 arbox- 
~~~e~~~~-l-R, [1.5g, 98‘?,). NMR (Ccl,,) 6: 9.70 (s, I H, 
CHQ), 7,4&6.9O (m, 4H, ArH), 3.4 (s+ 2 H, methyle~e). MS 
(SO ): 133 (M-, 86~), 132 (43), 131 (8)* 105 (24). 164 ~1~)~ 
103 (29). 102 (5). 78 (40). The above aldehyde (1.2g, 9 mmol) 
was treated with tosylhydrazine(l.6g, 8.4mmol)in MeOHas 
before to give the deurerared ros~lhydra:one 14 as calourless 
crystals (1.3g, 48:,,,). NMR (CDCIJ) 6: 8.c8.5 (br m, 1 H, 
NH, exchangeable). 7.85-7.55 (d, 2 H. ArH), 7.38-6.75 (m, 
7H, 5 x ArH and CH=N), 3-4 and 3,O (ABq, J 14Hz. 2H, 
methylene), 2.38 (s. 3 H, ArCHa}. MS (80 ,45eV): I47 f9”/‘,), 
146 (IO@), 145 (IS), i 19 {15)+ 118 (14), i 17 (241, 116 f33), 1 I5 
fll), 91 (18). 

Photo/y.ui~ of the sodium salt of hem~cycfohurene-l- 
curhoxald~hyde- 1 -D, p-toluenesulphon~lh~dra~une 15 

This was carried out in the same manner as for 14 using 
deutcr~t~d 15 (3~rn~ ~.13mrnol~ NaH (6Omg, 2mmsl) in 
THF (150 ml ). irr~$jati~n was stopp~ when gas ~~o~utio~ 
had ceased (34 ml after 1.5 br). Work-up as before gave an oil 
(burns) shown by glc (coleus A. 120-) to contain 
methylenebenlocyclobutene and indene in a ratio of 19:81. 
Pr~par~t~v~ glc (co~urn~ C, 140 ) gave mrthylmebrrr;uEyclo- 
burene-B-D, (24). NMR (CCl,)b:7.18 (s,4H, ArH), 5.26 (m, 
0.5 H. vinyl), 4.86 {m, 0.6H. vinyl), 3.63 (narrow m. ZH, 
methylene)* Signal areas were the average of five Integrals. 
The second component eluted was in&fir-2-D, 23, NMR 
(Ccl,) 6: 7.5-7.05 {m, 4 H, AI-H), 6.82 [m, 0.97 H, H3). 6%) 
(m, 0.42 H, H 2), 3.33 (narrow m, 1.68 H. H 1). Signal areas 
werethe average of nine integrals. MS: 117 (12’“,). 116 (loOI), 
115 (88). 89 (22). 

Asolnofindene(I,2g, 10.4mmol)in benzene (15ml)was 
added dropwlse under Nz to a stirred pentane saln of n-BuLi 
{ 10.6mmol), A thick white ppt formed and the mixture was 
heated at 60 for 5.5 hr. D20 (8 ml) was added, f#lfow~ by 
anhyd ether (~~ml). The layers were separated, and the 
aqueous tayer was re-extracted with ether. The combined 
organic extracts were washed with H,O, NaCl aq dried and 
evapara~ed~ Distillation under reduced pressure gave ~~e~~- 
I-D, as an oil ~537rn~ 44’~;). NMR (Ccl,) 6: 7.4-6.95 (m, 
4H, AtH),6,57(d, 1 H,H3),627(d, 1 H,H2),3_18(bn, 1 l-4, 
H I). MS: I18 (12”;). 117 (M+, 100), 116 (78), 115 (19). 90 
(10). 89 (IO). 

~r~udi~~~o~ uf indencr-I-D, ~ NaH (24 mg, 0.67mmol~ was 
added to a soln of mdene-l-D* (l?~mg, 1.45 mmol) in THF 
under Nz. The mixture was stir for 5 min, and then cooled 
in an ice-water bath and jr~ad~at~ for 1.75 hr. The THF wm 
evaporated under reduced pressure and the residue treated 
with light petroleum (10ml). To 5mI of this soln was added 
ether and water, and extraction m the usual way gave the 
labelled indene as a pale yellow oil (83 mg). NMR (CCI*) 6: 
7.55-7.0 {m,4 H, ArH), 6.~5-6.76 (m, 1 H, H 3), ~.~6.3~ (m, 
1 H,H2).325~brs,l.~H,H ~),~~other5m~ofthesolutio~ 
was filtered through a small column of activity II Al& in 
light ~troleum to give i~de~e as a c~lourless oil (84 mg). The 
NMR s~tru~ also scows the H 1 benzyEic Silas ta 
reprint l-4 protons. 

Thermoiysis oj the sodium salt of benzocyc!ohutene-l- 
carboxaldehyde p-rduenesullphonyihydru~~ne 14 

NaH (35 mg, I. 17 mm&) was added to a soln of (294mg, 
l=~rn~~l) in dioxane (40ml) under N1. The mixture was 
stirred at room temp for 20 min artd then refluxcd for 30 min. 
The mixture was poured into water and worked up by ether 
extraction to givea yellow oil ~l~mg)~show~ by NMR olthe 
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essentially pure 1 H-2,3-hen-odiarepinr 27.’ ’ Sublimation at 
45”/0.03mm gave yellow crystals, m.p. 49” (lit.” 49-50cI). 

Preparation of authentic 1 H-2,34enzodiazepine 27 

This method was based on that used by Sharp et al.” NaH 
(85 mg, 2.93 mmol) was added to a soln of 2-formylstyrene 
tosylhydrazone (729mg 2.43mmol) in THF (15 ml) under 
Nz. The resulting clear yellow soln was stirred at room temp 
for 16min, and then more THF (50ml) was added, and the 
flask immersed in an oil bath at 100’. After 25min the 
mixture, which was bright yellow and contained a thick white 
ppt, was filtered. Evaporation of the filtrate gave 27 as a 
yellow-orange solid (36Omg), whose NMR spectrum was 
identical with that reported.‘S As previous attempts to 
sublime this material had produced only a small quantity of 
crystals, m.p. 49”, with the formation of a dark viscous 
residue, the crude product was used for the irradiation 
experiment below. 

Control experiment 

Irradiation oj‘l H-2,3-benzodiazepine 27. A mixture of NaH 
(45 mg, 1.5 mmol), sodium p-toluenesulphinate (225 mg 
l.2mmol) and the diazepine 27 (180mg 1.25mmol) in THF 
(75ml) was stirred under N2 for IOmin at room temp and 
then cooled in ice and irradiated for 1.5 hr. No gas was 
evolved. The mixture was concentrated, diluted with water 
and worked up by ether extraction to give an orange oil 
(I 18mg). The spectral data (NMR and MS) were in accord 
with those published” for 2a,7-dihydro[ 1,2]diazeto[4,1- 
alisoindole 31. 

2-Formylstyrene p-toluenesulphonyihydro=one 28 

A soln of 2-formylstyrene25 (2.86g, 21.6mmol) and 
tosylhydrazine (4g. 21.6mmol) in MeOH containing a few 
drops of 3 Y; HCI was kept at room temp. overmght. The ppt 
was filtered and recrystallised from MeOH to give 28 as 
colourless crystals (4.6g. 71 7;). m.p. 115’ (lit.” 115-16’). 
NMR (CDCI,) 6: 8.38 (brs, 1 H. NH), 8.1-7.5 (m, 3H. 2 
x ArH andCH=N), 7.45-7.05 (m,6 H,ArH). 7.1-6.7(X part 

of ABX, 1 H, vinyl), 5.6-5.2 (AB part of ABX, 2 H, vinyl), 2.37 
(s, 3H. ArCH3). MS (80”): 300 (M’, 17%). 299 (8), I56 (12). 
146 (lo), 145 (69), 144 (17), 118 (12), 117 (19), 116 (57), 115 
(100). 92 (26), 91 (54). 

Photolysis OJ the sodium salt a/ 2-jormyl.styrene p- 
toluenesulphonylhydruzone 

NaH (6Omg, 2mmol) was added to a soln of 28 (500 mg, 
1.67mmol)in THF (20ml)under Nz.Themixturewasstirred 
for I5 min, after which more THF (100 ml) was added and the 
mixturecooled in ice and irradiated untrl gas evolution ceased 
(1 hr). The THF was removed under vacuum and the residue 
treated with H20 and worked up by ether extraction to give 
an oil (190mg). Glc (column A, 90’ + 140” at lO’min_ ’ ) 
showed three peaks in the ratio 30:1 :lO. These were 
separated by preparative glc (column D, 160-) to give (i) 
indene (40 mg, 217;); (ii) a trace of colourless oil, tentatively 
identified as36: MS (80’): 188 (M’. 50”/,), 159 (40), 132 (56) 
1 I7 (40) I15 (35) 104 (30). 91 (50). 71 (100); (iii)a mixture of 
two components which were separated by preparative tic to 
give 2-(2’~styryl)tetrahydropyrun 34 (25 mg, 8 y/A). (Found: C. 
83.2; H, 8.5. C,3H160 requires: C, 82.9; H, 8,6”/,). NMR 
(Ccl,) 6: 7.9-7.0 (m, 4 H, ArH), 6.98 (X part of ABX partly 
obscured by ArH, 1 H. vinyl), 5.52 (3 part of ABX. J,,,,, 
17.5 Hz, 1 H, vinyl), 5.22 (A part of ABX, J,, I 1 Hz. Jlern I.5 Hz, 
I H,vinyl), 4.63.85 and 3.7-3.2 (m. 3 H, CHIO and methine), 
2.1-1.1 (brm,6H,methylene). MS: 188 (M+.50”/;), 159(a), 
145(30), 133(45), 132(1OO), 131 (40). 129(30), 117(25), 115 
(45), 104 (90), 103 (45). 91 (14). 77 (SO). The second 
component was 2-(2’~cinylben;yl)-tetrahydrqjiiran 35 (14mg. 
5%). (Found: M, 188.1220. C13H,60 requires: 188.1202). 
NMR: 7.556.9 (m. 4H, ArH), 7.02 (X part of ABX, partly 
obscured, I H, vinyl), 5.54 (B part of ABX, J,,, 17.5 Hz, I H, 
vinyl), 5.22 (A part of ABX, JciJ 1 I Hz. JR__, 2 Hz. 1 H, vinyl), 
4.1-3.4 (m. 3 H, CHOCH,), 2.88 and 2.79 (d of ABq, JA, 

I4 Hz, JrL 6 Hz_ 2 H, benzylic methylene), 2.0- I.3 (brm, 4 H, 
ring methylene). MS: 188 (M’, 22%) 117 (IO), 115 (15), 91 
(IO), 71 (100). 43 (65). 

Photolysis of the sodium snlt of 2-formylstyrene p- 
toluenesulphonylhydrazone 28 in the presence of’Cu2C12 

NaH (6Omg, 2mmol) was added to a stirred soln of 28 
(520mg 1.73mmol)inTHF(20ml)underNI.After 15min, 
Cu2C12 (50mg. 0.5mmol) and more THF (I5Oml) were 
added and the mixture was cooled in ice and irradiated until 
gas evolution ceased (40 min). Work-up in the usual manner 
gave an oil (170mg), shown by NMR and glc to consist 
almost entirely of indene together with minor amounts of 34 
and 35. Glc analysis of an ahquot of the crude reaction 
product using tetralin as internal standard, showed the yield 
of indene to be 73%. 

Preparation a/ o-(trans-2,3-diphenyla;iridin-l-pliminomethy/- 
).\tyrene 37 

A soln of I-amino-2,3-diphenylaziridine’“,*’ (5OOmg, 
2.3 mmol) and o-formylstyrene (300 mg, 2.3 mmol) in ether 
(10 ml)was kept at 0’ overnight. The mixture wasdiluted with 
light petroleum, and the resulting ppt filtered and 
recrystallised (ether-light petroleum) to give the aziridine 37 
(56Omg, 769/,) as colourless needles, m.p. 83-4” (dec.). 
(Found: C, 85.4; H, 6.2. CZJHzONZ requires: C, 85.2; H, 
6.2:/b). NMR (CDC13) 6: 8.3 (s, 1 H, CH=N), 7.44-6.93 (m. 
14 H. ArH). 6.64 (X part of ABX, 1 H. vinyl), 5.32 (B part. J,,,, 
17 HZ, I H, vinyl), 5.10 (A part, Jrir 11 HI JIe”, 2 Hz, 1 H. vinyl). 
3.59 (brs, 2 H, aziridinc). MS (30’): 194 (36;;). 180 (96), 179 
(68), 178 (40). 165 (32) I44 (20). 116 (42), I I6 (42), 116 (42) 
115 (loo). 

Decomposition oj the azirinylimine 37 

(a) A stirred mixture of the imine 37 (410mg) and Cu~C)z 
(50mg) in ether (180ml) was cooled in an icebath and 
irradiated under N1 for I hr. The mixture was concentrated, 
diluted with pentane, filtered, and the filtrate evaporated to 
give a solid residue. The NMR spectrum of thiscrude material 
showed the presence of indene, cis and trans-stilbene and 
some starting material. Glc analysis of an aliquot of a solution 
of the product using phenanthrene as internal standard 
showed the yield of indene to be 38%. The indene was 
separated by preparative tic and identified by its NMR 
spectrum. 

(b) A mixtureoftheimine37 (310mg)and CuZClz (5Omg) 
m cyclohexane (50 ml) was refluxed under Nz for I8 hr. The 
mixture was filtered and evaporated to give a residue (200 mg) 
containing by NMR analysis only indene and truns-stilbene. 
Quantitative glc analysis showed the yield of indene to be 
52 “4, 

(~)Asolnoftheimine37(100mg,0.31 mmol)and dimethyl 
fumarate (133 mg. 0.95 mmol) in cyclohexane (25 ml) 
containing Cu2CII (20mg) was refluxed under Nz for 12 hr. 
The soln was filtered and evaporated to give a yellow residue 
(226mg). Quantitative glc showed the yield of indene to be 
264: and that of adduct 39 (see below) to be 9’,‘$. 

Preparation af o-(,formy/-D,)srprene gtoluenesulphonyl- 
hydrazone 

To the Grignard reagent prepared from o-bromostyrene 
(l.l4g, 6.25mmol) and Mg (15Omg, 6.25mmol) in THF 
(20ml) under N2 was slowly added dimethylformamide-D, 
(500 mg, 6.25 mmol) in THF (5 ml). The mixture was stirred at 
room temp for 2 hr, and hydrolysed by the addition of H20. 
Work-up by ether extraction gave essentially pure o-(formyl- 
D, )styrene (680mg 82%). NMR (Ccl.,) 6: 7.9-7.25 (m, 5 H, 
4 x ArH and vinyl), 5.64 (El part of ABX, J,,.., 17 Hz, 1 H. 
vinyl), 5.46 (A part, J,,, 11 Hz, J,,, 2 Hz, I H, vinyl). MS: 133 
(M+, lOO%), 132(23), 131 (5), 106(10), 105(84), lW(65). 103 
(30). 102 (IO), 77-79 (45). The above aldehyde (320 mg, on 
treatment with tosylhydrazine as before gave the deuterated 
tosylhydruzone (440mg. 61 “,a), m.p. 112’. NMR (CDCIJ) 6: 
8.6 (brs. I H. NH), 7.9-7.0 (m, 5 H, vinyl + ArH), 5.53 (B part 
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of A W J,,,, 18 HZ, 1 H, vinyl), 5.33 (A part of ABX, J<is 
11 Hz, Jeun, 2 Hz, I H, vinyl), 2.37 (s, 3 H, ArGHS). MS (90’): 
302 (M” + I, 4”/,), 301 (14). 300 (8), 156 (lo), 147 (II), 146 
(86].14S(13), 119@7), 118/97), 117(60), 116{100), 115{16), 
92 (40). 91 (So). 

82.9; H, 8*6%~. NMR (Ccl,) 6: 7.21-6.82 fm, 4H, ArH), 
4.11-3.5 (tn. 3 H, CHOCH2), 3.23 (m, I H, H2’), 2.97 (d of d, 
1 H, H 1). 2.13-1.5 (m, 4 H, methylene), 1.41 and 1.38 (2 x d. J 
7Hz,total3H,methyl).MS: 188(M’,16%),~?2(8),170~8), 
143~28~. ~29(~}, 117(35), 115(40), 1~~1~},91@0),71(100), 
43 (40). (iii) a mixtureof unidentified polar materials @Omg), 

L2-Dimrt~y~indan-l-one P-taluenesu~pphonylh~d~a:~ne 43 

NaH (40 mg, l-33 mmol 1 was added to a stirred soln of the A soln of f2-dimethyfindan-l-onez9 2g, 12.4mmol~ and 
labelled ~osy~hydr~one (385 mg, 1.28 mmol) in THF (15 ml) tosylhydr~ine (2.3g, 12.4 mmoff in XI eOH (20mtf and 
under*Nz. After 15min, Cu$I, (40mg) and more THF several drops of 1% HCI was refluxed for 2 hr and then kept at 
(80ml) were added, and the mixture cooled in ice and room temp for 12 hr. Crystallisation was induced by addn of 
irradiated until gas evolution ceased {TOmin]. Work-up as HtQ and cooling. Recrystallisation from aqueous MeOH 
usual gave a brown oil (140 mg) which was filtered through a gave the ~us~l~b~d~a~o~e 43 (2.5 g, 62 %f as prisms, m.p. 141 O, 
AI,O, in light petroleum to give a mixture of the deuterated (Found: C, 65.7; H, 6.1. ClllHz0N2C12S requires: C, 65.8; H, 
indenes (63mg. 40%). NMR S: 7.5-6.88 (m, 4 H. ArH), 6.79 4.1”;). NMR (CDCIJ) 6: 8.1-7.8 and 7.5-7.2 (m, total 8 H, 
(m. 0.64 H, H 3), 4.44 {m, 1 H, H 2), 3.24 (d, 1.45 H, H I). The ArH), 2.83 (s, 2 H, methylene), 2.45 (s, 3 H, ArCHJ}, I.2 (s, 6 H, 
peak areas were the average of size integrals, MS: 118 metbyl)~ MS @IO’]: 328 (M”, 35%), 173 (301, f57 (5). 144 
(M’ -)_ I), l2’:,1,117(1001,116j81), ~15(19),90(12),89~10~, (loo), 129 (SO), 117 (5). 116 f5), I15 (5), 91 (50). 

Decomposition oj the svdrum salt of 2,2-dlmethylindan- 1 -one p- 
tnlu~n~strlp~oriylbyd~a~~~~ 

NaH (70 mg, 2.33 mmol) was added to a stirred soln of 28 
(580mg, 1.93 mmol) in THF (to ml). After 2Omin, dimethyl 
fummarate (580mg. 1.93mmol), Cu2C12 (Wmg) and more 
THF (14Oml) were added, and the mixture Irradiated as 
pr~~~~u~ly until gas evolution ceased ~3~rni~~. Work-up in 
the usual way gave a semi-solid (54Omg)glcanatysis (column 
A, 90 --) 25& at 10”min-‘) showed the presence of mdene. 
dimethyl fumarateand another peak at longer retention time. 
Chrom~togra~by over Ai&& (25g) gave in order of elution 
indene (6Omg. 27’!,,), dimethyl fumarate (80mg) and the 
adduc’t 39 (IOOmg, 20 ‘:;). Recrystallisation from aqueous 
MeOH gave dImech$ 1,4-muthanu-hano-],2,3,4-turrult~dr~,napk- 
rhaEene=trans-2,3-difer~uxyfacr 39 as colourless crystals, m.p. 
64-6’ (lit.27 67”). NMR (CDCIJ) S: 7 35-7.~g (m, 4H, ArH). 
3.85-3,6 (m. 3 H, exe H and bridgeheads), 3.77 (s, 3 H, ester)+ 
3.52 (s, 3 H, ester), 2.87 (d of d, 1 H, en& H), 1.91 (m, 2H, 
methylenc). 

(a) %aH (25Omg. 8.33mmol) was added to a soln of the 
tosylhydrazone43 (2.02 & 6.16mmol) indigfyme (TOmI). The 
mixture wasstirred under N3 overnight, and then heated in an 
oil bath at 180” for 45 min. The mixture was cooled, filtered, 
diluted with HZOand worked up byetherextra~t~~~ to~vea 
brown oil (80Omg). homogeneous by glc (column B, 155’). 
Distillat ion gave I,1 a,6,6a-tecra~~drp6a-methylcycloprop [PI- 
rndtwe 45 as a coburless oil (710mg, SOu/,). b.p. 64”/0.1 mm. 
(Found: C, 91.7; H, 8.5. C, tHtl requires: C, 91.6; H, 8.47”). 
NMR {Ccl,) 6: 7.28-6,78 (m, 4H, ArH), 2.87 (s, 2 H, 
methylene), 1.94 (d ofd, J 3.5,8 Hz, 1 H,methine), 1.32 (s.3 H, 
methyl), 0.84 (d of d, J 3.5. 3.5 Hz, 1 H, cyclopropane 
methylenef. MS: 144 IM+, 42x), 120 (lag, 128 (391, I15 
(16). 91 CSl. 77 (5). 

2-Meri?~lhun;offc1o~ffr~~u~~ p- Foluunesufph~nplru~~ne 40 

A soln of 2-methylbentocyclobutenone” ( I.98 g, 15 mmol) 
and tosylhydrazine (2.56 g, 13.8 mmol) in MeOH ( 10 ml) and 
a few drops of 3’$ HCI was kept at room temp for 24 hr. 
cooled and the ppt collected. R~rysta~~isation from aqueous 
MeOH gave the tosylhydruzone40 as prisms {2.3 g, 56 “/), m.p. 
125-135”. (Found: C, 64.2; H, 5.5. C,,H,,NZ02S requires: 
C, 64.0; W, 5.4’;,). NMR (CDCIJ) 8: 8.1-7.6 and 7.5-7.0 (m. 
total 9H, ArH and NH), 4.2-3.8 (m, 1 H, methi~e~~ 2.38 (s, 
3H. ArCH,), 1.45 and 1.35 (2 x d, J = 6 Hz, total 3H, 
methyl), From this spectrum, the product is a mixture SC syn 
and unti isomers. MS (100”): 3OO(M+.4P~~),299 (3),284(14), 
155 fl2). 145 (1 I)* 130 ales, I16 (25), f 15 (37). 103 (20). 91 
(40), 97 (20). irnsl (EtOH) 206 (logf: 3.611, 264 (X33), 294 
(3.30). 

{b) NaH (85mg, 2.8mmol) was added to a soln of 43 
(553mg, 1.7mmol) in THF (15ml) under N1. The mixture 
was stirred for 15 min, and then more THF (15Oml) was 
added. and the cooled rnj~ture irradiate for 3Omin. NI 
evolution ceased after IOmin (12 ml evolved, talc. vol 
- 37ml). Evaporation of solvent. addn of H,U and ether 
extraction gave a yellow solid (290mg). Recrystallisatlon 
from aqueous EtOH gave 22-dimPthpfindan-l-une urine 
(50 mg, IO %) as bright yellow crystals, m.p. 123”. (Found : C, 
33.3; H. 7.8. Cz2H2.,N2: requires: C, 83.5; H, 7.77;). NMR 
(CCL+) 6: 8.4 [m, 2H, ArH), 7.17 (m, 6 H, ArH), 2.91 (s. 4 H, 
me~hylene~ 1.42 (s, 12 H, methyl). MS (SOO): 316 (M+. !%Oo/d), 
301 (ZOf, 200 (IO), 160 (231,158 (30). 151 (161,144 flQO), 129 
(25), 128(23), 116(50).Preparat~vetIcofthemateriaifromthe 
mother liquors gave hydrocarbon 45 (20mg, 9 ?i), and more 
yellow material {79Omg), tentatively identified as a mixture of 
other stereoisome~ of the atine (NMR). 

NaH (60mg Zmmol) was added to a stirred soln of40 
(4OOmg, 1.33mmol) in THF (20ml) under N2. After 15min 
more THF (150mi) was added and the mixture cooled and 
irradiated until gas solution ceased ~2~rni~). Work-up by 
removaloftheTHFandetherextractiongaveanoil(160mg). 
Preparative tic gave (i) E and 2-hi.s(2-merh~lbentocq~cla- 
huren,1*lidene)42 (50 mg, 32 %), which crystallised from EtOH 
as needles. m-p. 97-147’. (Found: C, 93.4; H, 6.9. C,,H,, 
requires: C, 93.1; H, 6.95,,). NMR (CCI,)S: 7.4-6.9 (m, 8H. 
ArH), 4.05 and 4.03 (2 x q. J 7 Hz, total 2 H, methinc), 1.60, 
1.58, 1.57, 1.54, 1.52, 1.49, 1.47 (lines of 4 x d, total 6H, 
methyll,MS:232(M”.95’“,),217(80),2I6(50),215(80),202 
(80), 117 ItOO). i,,, fEtOH ) 206 (fop 4.41),280 (427), 31 t 
(4.61 f. 326 (4.75). (ii) 2-(2’-merh~lbenzoc~c~~~~te~-l- 
yl Irerruh~drr~~~rrut 41. (34 mg, 14 Y,,) as a colourless oil, b-p. 
70”/0.0Smm (Found: C, 82.6; H. 8.6. C,JH,,O requires C, 
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