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Abstract-Thermal and chemical extrusion of bridges containing 0, S, N, P, Si, Ge, Sn, Co, Ir - 
and Rh from the 7-hereroarom-bicyclo[2.2.llheprenes are potentially important methods 

for constructing arenes with appropiate substituents. 

&p&&$& 

The extrusion of a heteroatom (e.g. X = S or 0) or a carbon moiety (e.8. X - CO or C02) 
from the bicyclo[2.2.1]hepra-2,5-diene systems (A) formulates straightforward and viable method 

(& ( 2 )  
for the construction of arenes ( 2 ) .  This route appears particularly promising because ($) can be 

conveniently prepared in one step through Diels-Alder reacrion between the heterocyclic compound 

(2)  and the dienophile (k). The shortcoming of this methodology lies in the fact that some of the 
heterocyclic system ( 2 )  (e.g. rhiophenes and pyrroles) generally vndergo Diels-Alder reaction 

reluctantly. Nevertheless, by resorting to the use of forcing reaction conditions and exceptional- 

ly powerful dienophiles, acceptable yields of the compounds (&) can still be realised. Another 

remedy to heal the disappointing reactivity of the heterocycle (2)  is to deliberately link the 
hetero atom to an appropiare substiruenr, which enables the originally electron delocalised cyclic 



system (2) to resume most of its 1.3-diene character. Hence, by selecting heterocy+s (2 )  and 
dienophiles ($) with suitable substituents, one can, at one's disposal, prepare a large number of 
bicyclo[2.2.1]heptene systems ( A ) ,  which can then be svbjected to their respective extrusion condit- 

ions. 

It i~ interesting to point out that the approximate order of ease of extrusion of X atom 
3 

from the cyclic system (A) is N ~ > C ~ ~ > C O & S O > S ~ ~ > ~ ~ ' ~ S S O . ~  The elimination of carbon dioxide and carbon 
4 

manoxide bridges are subjects of numerous research papers and a number of reviews and therefore are 
5 

no t  discussed here. The extrusion of ethylene from compound (&,) (X = CHZCH2) does not involve hetero- 

cyclic compounds and would not be reviewed. However, this special example of retro-Diels-Alder re- 

action'deserves a mention because the debridging can be effected simply by heat, and has already been 

applied to the synthesis of many useful aromatic compounds. 5 

In ;his review, we would restrict our discussion only on the thermal or chemical extrusion of 

bridges consrructed by 0, S, SOZ, N, P, Si, Ge, Sn, Co, Ir as well as Rh. This extrusion strategy can 

by utilised for the syntheses of benzene-ring containing intriguing unnatural compounds and natural 

products, whose syntheses would be otherwise difficult to achieve. 

-,?&&& 

As synthetic target molecules, the 7-oxabicyclo[Z.Z.lIhepta-2,5-diene (2) are readily avail- 
able due to the typical 1,3-diem behaviour of furans [ ( Z ) ,  X = 01. Endoxides (2) are acid labile 
compounds, and would lead to phenolic compounds ($) when exposed to acidic conditions.6 Therefore, 
strongly acidic deoxygenatioo reagents are not suitable for the debridging of the oxygen atom of (2). 
In addition, it has been mentioned earlier that the elimination of oxygen atom is perhaps one of the 

mst difficult reaction according to the order of ease of extrusion.2 it is hence not surprising that 

there is still no universal reagent for the deoxygenation of the endoxide (2) to the arene (8).  

Alternatively, the endoxide (2) can be catalytically hydrogenated to (x), which would also 
afford the arene (8) upon treatment with acid.l This route is nonetheless confined to those compounds 

which do nor contain acid sensitive groups. On the other hand, the endaxide (0 can be converted to 
the synthetically important cyclohexadiene (2) through also a deoxygenation reaction. 

Despite the implicit difficulty and complication, the deoxygenation of the endoxide (2) has 
received considerable attention during the past few years and several research papers have appeared 

in the literature. 

Wittig's pioneering reports on strained cycloalkynes and its Diels-Alder adducts with furans 

simultaneously.also recorded same examples of deoxygenation reaction. Wittig found out that zinc in 

acid was effective for deoxygenating endoxides which were extensively conjugated with aromatic sys- 

tems. The following is a typical example. The Diels-Alder adduet (a), upon deoxygenation by zinc 
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in hydrochloric acid, gave the diphenylnaphthalene (&). 
8 

Ph 
(&y 

( LL) 
hl the orher hand, Wittig also reported that magnesium was also seemingly capable of de- 

oxygenating the endoxide (a) to the diphenylnaphthalene (a),9 albeit in rather disappointing 

yield (8.6%). It is thus generally accepted that when endonides are extensively conjugated with (yp - M. a 
/ THF /' 

Ph Ph 
1 I&) (12) 

aromatic systems, the deoxygenation can be rendered rather easy. Consequently, 9,lO-epoxy-9.10- 

diphenyl-9,10-dihydr~1anthracenn (g), which was prepared via the betaine (a) and 1,3-diphenyl- 
isobenrofuran (&), could be converted to 9,lO-diphenylanthracene (U) in 21% yield' simply by 
heating in diglyme at 162'~ for 2 hours.1•‹ The compound (u) can also be prepared by treatment 
of the endoxide (g) with zinc in acetic acid. 9 

diglyme - 
\ \  .' 

Ph HOAC 

(a) Ph 

Ph (2) (17) -,% 
~ ~ 

Similarly, the substituted polycyclic ethers (a) can be deoxygenated by reaction with 
zinc and acetic acid ra give the substituted anthracene (R). 11 

i 
(a) R1=Ph, R =Ph (b) R =Ph, R =Me ( c )  R =Et, R =Ph (d) R1=Ph, R2= Pr 

2 1 2 1 2 

In general, lithium amalgam can deoxygenate endonides which are fused to a pyridine ring. 

An example of these was recorded, in which the 5,8-dihydroisoquinoline-5.8-epoxide ( 0). was read- 

ily deoxygenated by lithium amalgam in fursn to give isoqvinoline (a) in 50% yield.' Xetero- 

aromatic 0-dihalogeno compounds reacted in similar manner with lithium amalgam in furan, resulting 

in the oxygen-free heteroaromatic compounds. Thus, 2-chloro-3-bromoquinoline (Q) in furan was con- 

verted to acridine (a) in 4% ~ield by trearment with lithium amalgam at roam temperature. 12 



(22) (.ti) 
Sodium has also been proved to be capable of eliminating an oxygen atom from endoxides. 

Thus, 3,3,6,6-tetramethyl-1,2-dibr0mocyc11heeee (a) wovld be debrominated by sodivm in rhe pre- 
sence of 1,3-diphenylisobenzofuran (a), giving the intermediate compound, namely, 1,2,3,4,9,10- 

hexahydro-1,1,4,4-tetramethyl-9,10-diphenyl-9,10-endoxoanthracene (a). The intermediate compovnd 

(2) was then deoxygenated under the action of sodivm to give the compound (a), whose total yield 

was merely 7%. 13 

The activated form of Zn-Cu couple was recently found to be able also to deoxygenate com- 

pounds (a) and (2) to (a) and (a) respecti~ely.'~ (Table 1) 

C02Me 2"-C" 

C o p e  THF 

R2 

Yield 
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Other metal complexes, such as those of cobalt and mercury, would also effect the de~xygen- 

ation. For example, the formation of dimethyl phrhalate (8) was unexpectedly achieved by reaction 
of the endoxide (2) with acetylene hexacarbonyldicobalt complex (8). 15 

The diphenylieobensofuran adduct (qi was readily transformd to the hydrocarbon (a) in 

the presence of bis(trimerhylsilyl)mercury. 

($) '2) 
The aziridine (a) has recently been treated with P2S5 to give N-phthalimido-3-benzazepine 

(%).I7 The reaction was proposed to be a deoxygenation reaction, going through the intermediate 

The deoxygenation of endoxide which is activated by cyano groups can be effected by tri- 

phenylphosphine. The extrusion of an oxygen atom can be accomplished by elimination of triphenyl- 

phcsphine oxide at 195'~. The oxygen-bridged compound (2) could therefore be converted to 1,2,4,5- 
retracyanobenzene (g) in acceptable yield.'' This method was also applicable to l,4-dimethyl- 



2,3,5,6-tetracyano-7-oxabicyc1o[2.2.l1hepta-2,5-diene (,$$ which afforded rerracyano-p-xylene (@ 

in 52% yield. The t h e m 1  cleavage process was not necessary in this reaction. 18 

When 1,3-diphenylnaphtho[2,3-clfuran (Q) was allowed to react with phenyl vinyl aulphoxide 

in toluene at 40'~ for 6 hours, the addvct (%) was isolated. When the compound (%) was heated to 

reflvx in toluene, 1.4-diphenylanthracene ($5) was isolated in good yield,19 via the intermediate 

(@. It was suggested that the eliminated Ph-SOH was responsible for the deoxygenation of (Q,) to 
' 19 (3). but details of the reaction mechanism have not been pursued further. 

Diphenylisobenzofuran (a) was converted in similar route to 1,4-diphenylnaphthalene (2) 
in 9= yield. 

19 

toluene 
A 

I Ph 

Deoxygenation reaction has also been observed for the Diels-Alder adducts between 2,5- 

bis(trimethylsi1olry)furan (@ and dirnethyl acetylenedicarbaxylate (%). The products obtained, 
after removal of the trimethylsilyl groups, were found co be the quinones (8) andlor the hydro- 

~ ~ 

quinones (&). The ratio of (a) and (a) was controlled by the reaction temperature as well as 
the svbstituenrs on the furan (a). For example, ($@) and (g) gave only the quinone (m), but 
when the temperature was raised to 8o0c, deoxygenation took place, making (,5&) a- major product. 20 

(Table 2) 
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($,y (2) I NaH 

Table 2 Furan Condition Product and Yield 

(m) H H Ph-H, 80'~ (m) 50% 
CC14, 5ooc 5:4 mixture of (m) 6 (a) 86% 
neat, r.t. 4:l mixture of (&) 6 (a), (m) 53% 

( )  Me H CC14, 80•‹c 1:5 mixture of (m) b (m), (m) 73% 
CC14, 50'~ (m) 100% 
neat, r.t. 6:l mixture of (3) 6 (a) 100% 

($&) -(CH2)4- CC14, 50% (%) 84% 

($&$ -CH2CH=CHCH - neat, r.t. 
2 5:2 mixture of (m) and dimethyl 1.4- 

diphenyl-naphthalene-2,3-dicarboxylate 

Iron carbonyl complex has also been found to be capable of aromatising endoxides. When a 

solution of the endoxide (2) and iron pentacarbonyl in pentane under nitrogen was irradiated for 
6 hours, 50% yield of naphthalene (R) was obtained.21 If a solution of the'complex (2) was in- 
dependently heated at 63'~ for 10.5 hours, .quantitative yield of naphthalene (a) was isolated. 21 

It was recently found out that the iron carbonyl complex (a) would eliminate an oxygen 

atom to yield an 0-quinodimethane iron carbonyl complex (a) when heated to 95'~ in toluene. 
22 



Lithium naphthalenide has been used to aromatise endoxides. The oxygen-bridged compound 

(&7) can be converted to the naphthalene compound (&a) by reaction with lithium naphthalenide in 

dry Om or THF under argon. The results are listed in Table 3.23 The use of equivalent amount of 

lithium naphthalenide in this reaction makes this method rather unfavourable, because the work-up 

after the reaction would involve isolarion of the naphthalene (a) obtained from eljuivalent 
amount of naphthalene. 

a Lithium nqhthalenide DME 

R3 R5 ; R3 R5 

) ,  : , (2%) 
Table 3 R1 R2 R3 R4 R5 Condition . Yield 

t ~ u  H t ~ u  H H (a) DME, 1 hr at r.t. 61% 

(b) THF, 1 hr at r.t. 50% 

t~~ t~~ H t~~ t ~ u  DME, 2 hr at r.t. 53.52 

Halogen-substituted naphthalene (@,) can be obtained from the endoxides by deoxygen- 

ation with sodium borohydride in trifluoroacetic acid. The yields are given in Table 4. 
24 

x2f$$ NaBH4 

% \  
CF3COOH 

x 3  x2w 
X& R 2  X4 R2 

(8) ($j) 
Yield 

Table 4 Endoxide R~ R2 x1 X2 X3 X4 Product A B 

A: A solution of (2) in Et20 or CH2C12 was added to a mixt. of NaBH4 in 

CF3COO~ at 15Oc under N2. 
B: A solution of (2) and NaBH4 in THF was allowed to react with a solution 

of CF COOH in THF at 0-5'~ under N2. 3 
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The low valent farms of iron, tungsten or titanium prepared by treatment of the correspond- 

ing metal chloride at -78'~ with n-butyllithium, have been proved to be effective in removing the 

oxygen atom from the endoxides (a) and (a) to afford arenes (R) and respecti~ely.~~ (Table 

5) 

@ R 3  FeC13 o r  WC16 or TiC14 

R3 " ~ u ~ i  

Rl R2 (a) R1 R2 (k?) 

R5 FeC13 or WC16 0 TiC14 Rlw 
R5 %Li R1 ' ' ' R5 

R 3  

(a) (R) 
Yield(%) 

Table 5 Endoxide R1 R2 R3 R4 R5 Time(hr) Product FeC13 WC16 TiC13 

( &  H ~e H - - 6 

(m) Me Me H - - 6 

H Me Me - - 5 

H H Me H H 10 

(m) H H Me Me H 9 

($&) Me Me Me Me Me 10 

( )  H H OMe H H 6 

H Me OMe Me H 24 
H Me OMe Me H 18 

(@$ Me Me OMe Me Me 90 

So far, only the deoxygenation of endoxides conjugated with benzene-rings, or activated 

by powerful electron-withdrawing groups have been discussed. It is of particular interests to in- 

vestigate the aromatisation of endoxides which contain no such activating factors. The low valent 

form of titanium generating by the reduction of Tic1 with LiA1H4 seems to be the reagent of choice. 4 
This reagent has the potential of being developed into a universal deoxygenation reagent applicable 

for all types of endoxides. The fallowing reactions are typical examples. Tic1 -LiAlH -Et N in THF 
4 4 3 

would deonygenate the endoxides (&, (a) and (a) to the corresponding phthalaees (g), (&) 

and (m) respectively.26 (Table 6) 

C o p e  T ~ c ~ ~ - L ~ A ~ H  4 
see Table b 

C02Me Ef3N 'fnF 

R 2  R 2  



Similarly, the compovnd~ (a), ($&) and (m) codd also be converted to (a) (%) and 
(z) respectively by treatment with TIC14-LiA1H4-Et N in m F . 2 7  Dn the other hand, the phthalide 3 (a) was unexpectedly isolated as the sole prodvct from the reaction of the alcohol (8) with low 

~alent titanium. 
27 

The usefulness of the low valent titanium generated from TiC14-LiA1H4 was convincingly de- 

monstrated by the deoxygeoatiou of the unconjugated compound (a) to the substituted tribenro[a,c,el- 

cyclooctene (Table 7) which eluded formal synthesis for almost four decades since the first 

preparation of their parent compound (m).29 By using the same reagent mixture, tetraphenylene (a) 
was isolated in moderate yield from the endoxide (a). 26 

Table 7 Endoxide Prodvct Yield 
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In the absence of triethylamine, the endonide (a) would be converted to the cyclohexadiene 
(a) by reaction with low valent This reaction is of particular importance because it 

reveals the mild condition of the reagent, which is not capable of aromatising the endoxide (a) 
[ u i a . ( p ( ; & ) l .  On the other hand, aromatisation took place in the presence Et N The mechanism of 3 '  
this transformation and the role of Et N are at present not clear.30 (Table 8) 3 

Table 8 Endonide 
R1 R2 

Product Yield 

- 
Although thiophene is inert to most dienophiles at room temperature, it would react with 

very powerful dienophiles such as di~yanoacetylene~~ and tetrafluoroben~yne~~ at moderate temp- 

erature, as well as vith other weaker dienophiles at very high ~emperature.~~ 

The Diels-Alder reaction of the thiophene (a) with dicyanoacetylene (8) gave the bi- 

cyclic intermediate (a), which was readily transformed to the corresponding phthalonitrile (a). 

The extrusion of sulfur was believed to be effected by heat. The overall yields are depicted in 

Table 9. 
31 

Table 9 Thiophene R1 R2 R3 R4 Condition Product Yield 



~~trafluorobenzyne (a) reacted with thiophene (&) to give 1,2,3,4-tetrafluoronaphthalene 

(a), presumably via the intermediate (E), suffering the subsequent extrusion of a sulfur atom. 
32 

At temperature well over 150•‹c, 2,s-dimethylthiophene (@J,) and thiophene (a) are able to react 

with dienophilea (a) to provide sulfur-bridged compounds (a), whose sulfur atoms can be extruded 
by the effect of heat to fvrnish compounds (@,) .33 (Table 10) 

Table 10 Thiophene Temperature Time Yield 

Thiophene 1,l-dioxide (@,) behaves as a better 1,3-diene than thiophine itself. Thiophene 

1,l-dioxide ( j W )  and diethyl acetylenediearboxylate (a) would form an unstable intermediate (a), 
which eventually eliminated the sulfur dioxide bridge to afford diethylphthalate (a&) in 18% 

Furthermore, thiophene 1,l-dioxide (@,) also readily underwent Diels-Alder reaction 

with indene (%) to give the sulfur dioxide-bridged compound (g), which lost sulfur dioxide to 

form 4a,Qa-dihydrofluorene (a). The dihydrofluorene (a) could not be isolated and would be 
instead ollidised by coming into contact with air to give fluorene (a) in 3% yield. 34 
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Pyrrole (2) behaves as a very poor 1,3-diene, and indeed it only undergoes Diele-Alder 

cycloaddition with very reactive dienophiles, i.e. 1.2,3,4,5,6-hexafluorobi~y~1~[2.2.0]hexa-2.5- 

diene (%)35 and benzyne (a)36 to yield the nitrogen-bridged compounds (a)35 and res- 

pectively. 

Alternatively, N-carbomethoxyaminopyrrole (R&) serves as a normal 1,3-diem and it has 
~ ~ 

been shown that (8) would react with excess dimethyl acetylenedicarboxylate (g) in refluxing 
toluene for 48 hours .to give the compound (&Q) in good yield,j7 via possibly the nitrogen- 

bridged intermediate (%). yy&de FOzMe 

(at) Rl=Me,R2=Et (a) (&@) 

(m) R =Et,R2=Me 
1 

N-Carbomethoxyaminopyrrole (m) also reacted with ethyl propiolate (&) to give a mix- 

ture of (%) and (%) ,37 which were believed also to result from the elimination of the nitrogen 
bridge from the intermediate nitrogen-bridged compound. 37 



By wing the same method, N-amino compounds (m), (m), (a) and (m) could be trans- 

formed t o  (m), (m), (m) and (&) respect ive ly  by reaction with d i m t h y l  acetylenedicarbori-  

la te  (a). 

Interest ingly ,  the y i e lds  o f  (m) and (m) were increased to  50% and 9m respect ive ly  

when the R groups of (J&) were H, and the y i e l d s  were duly reduced when R i s a n e l e c t r o n  

withdrawing carbomerhoxy group. 
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Systematic investigation on the effect of alkyl substituents on the N-amino group has also 

been conducted. It is noteworthy that the observed rate of cycloaddition [ v i z . ( & ? ) + ( u ) l  in- 

creased in the order (&&)<(%)<(&&), whereas the observed rare of nitrogen extrusion [Via. 

( ~ ) + ( & $ , ) ]  followed the order (&&)>(&$&),(m). 37 

Hart and coworkers have reported the trapping of b i ~ a r y n e , ~ ~  which could be generated from 

the tetrabromide (&) by debromination with n-butyllirhium. The intermediate bisaryne could be 

trapped with various 1,3-dienes. The ~ycloaddition of particular interest was the trapping of the 

bisaryne with the N,N-dimerhylaminopyrrole (&l&), whose reaction product was the nitrogen-bridged 

compovnd (&l&,) .38  he nitrogen bridge of (&l&,) was eliminated by reacrion with m-chloroperbenzoic 

acid (MCPBA) to yield decamethylanthracene (&JJ).38 The tetrabromide (&$) was converted to do- 

decamethyltetracene (m) via (m) in a similar fashion.38 An extension of this bisaryne work 
led Hart and coworks to the unequivocal synthesis of various phenanthrene~.~~ Thus, the halide 

(&2& and the pyrrole (m) reacted in the presence of n-b~tyllithi~m to yield the nitrogen-bridged 
compound (m), which ~nderwent debridging by vacuum pyrolysis to give rhe phenanthrenes (m). 39 



I 

Me 
vacuum 

Me 

(kt.&) (a•’) 
a .  R1=Ne, RZ=H 

b. R =H, R =Me 
1 2  

1.2.5-Triphenylphosphole (m) underwent Did-Alder reaction at 1 8 0 ~ ~  with dimethyl 

acetylenedicarboxylate ($9) and lost the P-Ph bridge to give dilnethyl 3,6-diphenylphthalate (&&) 

in 40% yield.40 ~e~taphen);l~hos~hole (m) also reacted to give dimethyl tetraphenylphthalate 
(g).41 Comparatively, the phosphole oxide (m), when treated with ($9), also afforded (m) 

Rh 

+ DKAD ($9) - 
Ph 1 "in. 

(M) 
Ph Ph 

in 71X yield.40 Moreover, if ($9) was replaced by dimethyl Emrate (m), higher temperature 

was required to extrude the phosphorus bridge, and 73% yield of dimethyl 3,6-diphenyleyclohexa- 

3,5-diene-trms-1,2~dicarb~xy1~te (3) was obtained. 
40 

Ph 

Me0 C 160-23ooC 

r h o p h  A 2+\co2h 15 mi". 

ph 0 (,gJ) Ph 
(M) (rn) 

A similar extrusion was reported, in which the phosphabicyclo[2.2.llheptene (a) yielded 

dimethyl 3,6-diphenyl-1,2-dihydrophthalate (g) upon thermal reaction with trichlorosilane or 

triphenyleilane in benzene.42 The stereochemistry of (G), however, has not been indicated. . . 



HETEROCYCLES, Vol 20, No 9, 1983 

kie Ph 

(@,$I (m) 
1-Ethoxy-3.4-diphenylphosphole 1-oxide (z) wovld react withdimethyl acerylenedicarboxy- 
) to give dimethyl 4.5-diphenylphthalate (&a) and elements of monomeric metaphosphite 

The phosphorus-bridged compound (&3$ was svpposed to be the reactive intermediate. 43 

DMAD 

Ph 
(Utl) 

2.3-Benzo-1,4,5,6,7-pentaphenyl-7-phosphabicy~1oI2.2.llhept-5-ene oxide (m) was pre- 
pared in 924 yield by the cycloaddition of in aitu generated benzyne (a) to pentaphenylphosphole 
oxide. 44 Thermal extrusion of the reactive phenylphosphinidene oxide (m) from (&3$ led t o  

1,2,3,4-retraphenylna6hthalene (m) . 44 

Dehydrobromination of the bromide (&) by DBN or Et N yielded the unstable benzophos- 
3 

phole oxide (As), which was trapped bydimethyl acetylenedicarboxylate (g) to give the phos- 
phorus-bridged compound (m).45 The compound (kg) spontaneously lost phenylphosphinidene ox- 
ide (140) to afford dimethyl 2.3-naphthalenedicarboxylate (*). 45 w Br . .  



  he reaction between trichlorosilane and (&) in benzene led to complete elimination of 

the phosphorus bridge. This reaction was due to the formation of the intermediate (m), which re- 
acted further in accord to the retro-McCormack cycloaddition to form the cyclohenadiene (&$$ and 

the trivalent phosphorus moiety (,$$,). 
46 

The 7-phasphanorbornadiene (m) was prepared from the phosphorus-metal complex (m) and 
dimethyl acerylenedicarboxylate ($3) in toluene at 85-90'~. 

47 

The compound (m) easily lost the phosphorus bridge upon heating in toluene at 1 5 0 ~ ~  to 

yield dimethyl 4.5-dimethylphrhalate (m) and the fugitive terminal phosphinidene complex (m), 
which could be trapped by 2,3-dimethylbuta-1.3-diem or diphenylacerylene. 48 

The complex (m) could also afford (&) and the complex (m) by solvolytic reaction 
with water, alcohols or a m i n e ~ . ~ ~  The stepwiee mechanism of these reactions have been discussed 

'48 in derails. 
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' 
The research effort in the debridging of sila-, germa- and stanna-norbornanes is indebted 

to the enthusiasm in the chemistry of silylenes, germylenes as well as stannylenes. We however 

focus OUT. attention mainly on other products of these reactions, namely, arenes. 

The cycloaddition reaction of the silole (m) with dienophiles furnished the silanorborna- 
diene (a), which would readily loss the silylene to give the arene ( g 9 4 9 p 5 0  (Table 11). The r;- 

active silylene could be trapped by diphenylacetylene to yield 1.4-disilacyclohexadiene (m) 49-51 
or could polymerise to the amorphous dimethylsilyl polymer (m) 49-51 in the absence of diphenyl- 
acetylene. 

Table 11 Silanorbornadiene R1 R2 R3 Condition Yield 

(m) C02Me C02Me Ph Basic A1 0 2 3 
962 

(2%) COZMe C02Me Me EtOH - 

(m) Ph H Me 300'~. 3hr 84.3% 
with PhClCPh 

Reference 

50 

49 

49 

Similar results demonstrated that when the silole (kg) was allowed to add to benzyne (a) 
the silicon-bridged compound (m) could be isolated. The compound (m) would also loss dialkyl- 
silylene rather easily on several  occasion^^^-^^ to give 1,2,3,4-retraphenylnaphthalene (m) 
(Table 12). Consequently, 7-silanorbornanes are important precursors for silylene generation. 52 

Table 12 Silanorbornadiene R Condition Yield Reference 

(rn) Ph 300•‹c, 3hr 79% 50 

(m) Ph 300•‹c, 3hr 100% 50,51 
with PhCZCPh 

(rn) Ph LiA1H4-Er20-THF 100% 50 
reflun, lhr 

(L8.k) Me 300•‹c, 3hr 88% 49 

(&%) Me 300'~. 3hr 72% 49,51 
with PhClCPh 



Pyrolysis of the fluorinated compound under variovs conditions yielded cleanly 

0-bis(trifluaromethyl)beeeene ($,f& as well as reactive 2-methyl-2-silapropane (#$, which diner- 

ised rapidly. 
53 

o-bis(Trif1uoromethyl)benzene (&) has also been isolated when 2,2-dimethyl-1-oxa-2-sila- 

cyclohexa-3,5-diene (m) was allowed to react with perfluoro-2-butyne (m) at room tempecature. 
The initial Diels-Alder adduct has not been observed, but the extrusion of the unstable 

54 silanane bridge was evidenced by trapping experimknts.. 

YF3 0 si + III I [ - + Me2Si=O] 

CF3 
CF3 

CF3 

The interests in disilene chemistry led to the preparation of the disilene precursors 

(m), (&,$,$) and (m), which were found to decompose thermally to provide quantitative yields of 
anthracene JM), naphthalene (a) and biphenyl (,l&) respecti~ely.~~ The extrvded tetramethyl- 

disilene (&) was believed to suffer polymerisation. 55 

& 500% 
+ [Me Si=SiMe 1 

/ / / 2 2 -- 
(M) (4.w (m) 

360'~ 
+ [Me Si=SiMe 1 

2 2 

(&cg) (a•’) 
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Diels-Alder reaction of the germole (m) with the benzyne (m) yielded the crystalline 
7-germanorbornadiene (m),  which debridged to give the naphthalene (m) in moderate yields 

(Table 13). The extruded dialkylgermylene (m) could be trapped by diphenylacetylene or 2,3-di- 
methylbuta-1,3-diene. The transformation was proposed to go throvgh radical mchanism. 56 

Table 13 Gerrnanorbornadiene Yield 

The stannole (m) reacted with benzyne (a) and tetrafluorobenzyne (m) to generate the 

intermediate (MI at -20•‹c. Eventually, the intermediate (m) would eliminate the dimethyl- 
stannylene (MI and resulted in the isolation of (m) and (&) respectively. 57 

Similarly, the stannole (m) reacted also with tetracyanoethylene (@$ at -30'~ to give 

the Diels-Alder adduct (a). At above -ZO'C, decomposed to afford 5,5,6,6-tetracyano- 

1,2,3,4-tetraphenyl-1.3-cyclohenadiene (&5) and the dialkylstannylene (JJZ). 57'58 The mechan- 
~ ~ ~ . . . 

ism of this reaction was supposed to involve radical intermediates. The generated stannylenes 

could be trapped by various  reagent^.^^'^^ 



~ ~ t a l o l e  (m) usually reacted wirh alkyoes (m) to produce arenes. Two different mech- 
anisms have been suggested for this reaction type, i.e. (A) insertion of the alkyne to give a 

metalocyclaheptat~iene (m), (B) generation of the intermediate bicyclic compound (m) through 
Diels-Alder cycloaddition. 

Triefhylphosphinecyclopentadienylcobalt-2,3,4,5-terramethylcyc1op~~tadiene (m) reacted 
wirh 2-butyne ($&) in benzene at 120'~ to yield hexamethylbenzene (m).59 Comparatively, the 

trimethyl analogue (m) reacted with (3) stoichiometrically at room temperature to lead to 
dimethyl rerramethylphthalate (&$I. 59 

,. ~e 

Other cobaltacyclopentadiene complex ($92) also added smoothly to acetylene derivatives """ 

(M) in refluxing benzene. The yields of the substituted benzenes (m) obtained are listed in 
Table 14. 60 
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Table 14 Yield 

By using olefins (a) instead of alkynes (2). cobaltacyclopentadienes (g) were also 

able to produce cyclohexadienes (m)60361  he ccacrion took place by two different routes, de- 

pending on the reaction conditions, Merhod A: direct production of (m) when (g) and (x) 
were heated at 150'~ in toluene; Method B: at 110'~ in benzene, (g) and (1 ) reacted to form 

cobalt complex (&a) or (E), which yielded also (a) when exposed to Ce4?n bermere-ethanol 

at room temperature. 60361 The yields of (a) are given in Table 15. 
60.61 

Table i5 

R5CH=CHR6 (,&xz) 
100'~ benzene 

Method Yield 

Metalocyclopentadienes of iridium and rhodium also reacted with acetylene derivatives 

to form substituted benzenes. Iridocycle (m) and dimethyl acetylenedicarboxylate (2) under 
went cycloaddition in refluxing toluene to furnish hexacarbomethoxyben.ene (m)62'63 in fair 

yield, whereas rhodocycle (m) behaved similarly but required lower temperature to afford 
(m)62,63 



Due to the sporadicalness and enormity of results in this particular research area, a 

thorough literature review-is by no means possible. We have tried only to present an introductory 

view of the extrusion reactions, which are mainly applicable to the syntheees of arenes. The 

practicality of constructing arenes from 7-heteroatom-bicyelo[2.2.llheptene systems depends very 

much on the accessibility to the heterocyclopenradienes as well as their relative reactivities. 

The most ironical fact is that the furans are readily available and behave as typical 1,3;dienes, 

but the oxygen atom of the 7-oxabieyclo[2.2.1]hepta-2,5-dienes are difficult to extrude. On the 

other hand, most of the metalobicycloI2.2.1lheptenes would spontaneously loss the metal bridges, 

but metaloles are synthetically difficult to realise and sometimes even require special precaut- 

ions in their handling. 

In view of the high regioselectivity of Diels-Alder reaction, this Diels-Alder cycloadd- 

ition-extrusion approach seems to provide the advantage of controlling the positions of the 

substituents on the benzene ring. We would like to paint out here that more efforts ought to be 

carried out before the usefulnees of chis extrusion methedology in synthesieing arenes could be 

fully understood. Nevertheless. this strategy is an extremely attractive and promising way ta- 

wards the syntheses of many inrriguing benzenoidal natural as well as unnatural compounds. 
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