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Abstract - Thermal and chemical extrusion of bridges containing ¢, S, N, P, 8i, Ge, Sm, Co, Ir
and Rh from the 7-heterocatom-bicyclo[2.2.1]heptenes are potentially important methods

for constructing arenes with appropiate substituents.

Int ot

The extrusion of a hetercatom (e.g. X = § or 0) or a carbon moiety (e.g. X = CO or COZ)

from the bicycle[2.2.1]hepta-2,5-diene systems (&) formulates straightforward and viable method
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for the construction of arenes (%). ;his route appears partgzularly promising because (l} can be
convenlently prepared in one step through Diels-Aldetr reaction between the heterocyclic compound
(3) and the dienophile (4). The shortcoming of this methodology lies in the fact that some of the
heterocyclic systems (3) (e.g. thiophenes and pyrroles) generally undergo Diels-Alder reaction
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reluctantly, Nevertheless, by resorting to the use of forcing reaction conditions and exceptional-
ly powerful diemophiles, acceptable yields of the compounds (%) can still be realised. Another
remedy to heal the disappointing reactivity of the heterocycle (3) is to deliberately link the

hetero atom to an appropiate substituent, which enables the originally electron delocalised cyeclic
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system (%) to resume most of fts 1,3-diene character. Hence, by selecting heterocyqles (%) and

dienophiles (é) with suitable substituents, one can, at one's disposal, prepare a large number of
bicyclo[2.2.1jheptene systems (%), vhich can then be subjected to their respective extrusion condit-
ions.

It is interesting to point out that the approximate order of ease of extrusion of X atom
from the cyclic system (1) is N2>C02>COBSO>502>0233>0.2 The elimination of carbon dioxide3 and carbon
mcnoxide4 bridges are subjects of numerous research papers and a number of reviews and therefore are
not discussed here, The extrusion of ethylene5 from compound (%) (X = CHZCHZ) does not involve heteto-
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 Ehis review, we would restrict our discussion only on the thermal or chemical extrusion of
bridges constructed by 0, §, 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.
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As synthetic target molecules, the 7-oxabicycle[2.2.1]hepta-2,5-diene (3) are readily avail-
able due to the typical 1,3-diene behaviour of furans [(é), X = 0]. Endoxides (é) are acid labile
compounds, and would lead to phenclic compounds (Q) when exposed to acidic conditions.6 Therefore,
strongly acidic deoxygenation reagents are not suitable fer 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
most 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 (é) to the arene (ﬁ).
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Alternatively, the endoxide (é) can be catalytically hydrogenated to (Z), which would also

)

afford the arene (Q) upon treatment with acid.? This route is nonetheless confined to those compounds
which do not contain acid sensitive groups. On the other hand, the endoxide (1) can be converted to
the synthetically important cyclohexadiene (2) through also a deoxygenation reactiom.

Despite the implicit difficulty and complicétion, the deoxygenation of the endoxide (é) 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
simultaneocusly.also recorded some examples of deoxygenation reaction. Wittig found out that zinc in
acid was effective for deoxygenating endoxides which were extensively conjupated with aromatic sys-

tems, The following is a typical example. The Diels-Alder adduct (%g), upon deoxygenation by zimc
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in hydrochloric acid, gave the diphenylraphthalene (,H:).8
£h Ph
Zn
(D =
Ph Ph

W A
On the other hand, Wittig also reported that magnesium was also seemingly capable of de-
oxygenating the endoxide (,}_,%) to the diphenylnaphthalene (,}?@),9 albeit in rather disappointing
yield (8,6%). It is thus generally accepted that when endoxides are extensively conjugated with

Ph Ph
Mg
D —
THF
Ph Ph
(12
12) (13)
aromatic systems, the deoxygenation can be rendered rather easy. Consequently, 9%,l0-epoxy-9%,10-
diphenyl-9,10-dihydroanthracene (%), which was prepared via the betaine (‘}R) and 1,3-diphenyl-
isobenzofuran (},Q), could be converted to 9,10-diphenylanthracene (17} in 21% vield simply by

heating in diglyme at 162°C for 2 hours.m The compound (M') can also be prepared by treatment
of the endoxide (%) with zine in acetic acid.9
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Similarly, the substituted polycyclic ethers (18) can be deoxygenated by reactlon with

zinc and acetic acid to give the substituted anthracene (}J).

Ry Ry
Zn
HCAcC
R R
1 "G

e
i
(a) R,=Fh, RZ—Ph (&) R1=Ph, R2=Me (c) R1=Et, R2=Ph (d} Rl—Ph, R,= Pr
In general, lithium amalgam can deoxygenate endoxides which are fused to a pyridine ring.

An example of these was recorded, in which the 5,8-dihydroisoquinoline-5,8-epoxide (20}, was read-
ily deoxygenated by lithium amaigam in furan to give isoquinoline (2l) in 50% yield.l Hetero-
aromatic o-dihalogeno compounds reacted in similar manner with lithium amalgam in furan, resulting
in the oxygen-free heteroaromatic compounds. Thus, Z2-chlore-3-bromoquinoline (‘%#%) in furan was con-

verted to acridine (23) in 4% yield by treatment with lithium amalgam at room temperature,
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Sodium has alse been proved to be capable of eliminating an oxygen atom from endoxides.
Thus, 3,3,6,6-tetramethyl-1,2-dibromocyclohexene (%) would be debrominated by sodium in the pre-
sence of 1,3-diphenylisobenzefuran (1), giving the intermediate compound, namely, 1,2,3,4,9,10-

hexahydro-1,1,4,4~tetramethyl-9,10-diphenyl-9,10-endoxoanthracene (,%2) ., The intermediate compound

(%%) was then deoxygenated under the action of scdium to give the compound (%9,)’ whose total yield
was merely 7%.

Ph LN
Br
[ | . ae  Na “ _Na *
B8r
Ph Ph

(24
: 39 : 28

The activated form of Zn-Cu couple was recently found to be able also to deoxygenate com-
pounds (%_Z) and (,%2) to (%ﬁ) and (Q/Q) respectively.la (Table 1)

Ry R
R @ CO,Me Zn-Cu R; CO,Me
R3 C0,Me THE Ry Co,Me
Ry R,
@ B
Table 1 Endoxide Rl RZ R3 Product Yield
(272) B Me + H (282) - oz
(27b) Me Me H (28b) 36%
(ac) H H CDZMe (g’%c) 12%
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Ph
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Other metal complexes, such as those of cobalt and mercury, would alse effect the deoxygen-
ation. For example, the formation of dimethyl phthalate (,’3‘,’3) was unexpectedly achieved by reaction
of the endoxide (%) with acetylene hexacarbonyldicobalt complex (%).

CO,Me 0,Me

COzMe COZMe

G0 €5

The diphenylisobenzofursn adduct (34) was readily transformed to the hydrocarbon (33} 1n
the presence of bZs(trimethylsilyl)mercury. &

(NI = QO
Ph

(35)
(34) A,
The aziridine (,%Q) has recently been treated with P235 to give N-phthalimido-3-benzazepine
(,},%).17 The reaction was proposed to be a deoxygenation reaction, going through the intermediate
17
-
P285 —=
NR —m—— NR| ———— R R=phthalimido
C52 —
(i) (30 (38)

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 triphemyl-
phosphine oxide at 195°C. The oxygen-bridged compound (é.%) could therefore be converted to 1,2,4,5~
tetracyanobenzene (’E\./Q‘) in acceptable yield. This method was also applicable to l,4~dimethyl-

ﬁPgh ¢ ﬁPhﬁ

NC CN PPh, NC NC 195%  NC N

NC CN CHSON e R NC CN -Ph,po NC CN
(%2} o 76% 4
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2,3,5,6-tetracyano-7-oxabicyclo[2.2.1]hepta-2,5-diene (&) which afforded tetracyano-p-xylene ('Q,%)
in 52% yield. The thermal cleavage process wWas not necessgary in this rseact:[.cm.l8

e Me
NC CN PPh, NC CN
N e SN NC N

Me Me

(&1 (42)

When 1,3-diphenylnaphthe(2,3-¢lfuran (Qé) was allowed to react with phenyl vinyl sulphoxide
in toluene at 40°C for 6 hours, the adduct (%) was isolated. When the compound (%) was heated to

reflux in toluene, l,4=-diphenylanthracene (f\t‘g) was isolated in good yie:ld,lg via the intermediate

(;R). Tt was suggested that the eliminated Ph-SOH was responsible for the deoxygenation of (;’R) to

(;\;/Q,), but details of the reaction mechanism have not been pursued further.19

Ph - o
- PhS0-CH=CH, SPh
S 0 (44)
(43} Ph l . Ph
Ph ) Ph
{Ph-5-0H]?
; (45)
(463 Ph

Ph

Diphenylisobenzofuran (}'g) was converted in similar route to 1,4-diphenylnaphthalene (;u)

in 93% yield.!?
Ph Ph
=\, Ph-S0-CH=CH,
ey toluene
A
Ph
ory) wp Ph

Deoxygenation reaction has also been observed for the Diels-Alder adducts between 2,5-
bis{trimethylsiloxy) furan (;{;/%) and dimethyl acetylenedicarboxylate (43). The preducts obtained,
after removal of the trimethylsilyl groups, were found to be the quinones (39} and/or the hydro-
quinones (,u.’). The ratio of (,?’Q) and (31) was controlled by the reaction temperature as well as

the substituents on the furan (f‘a,%). For example, (48h) and (fﬁ) gave only the quinone (QQR), but

when the temperature was raised to BOOC, deoxygenation took place, making (31b) as major 1:1r0ciu.::t.20
(Table 2)
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(48) (49) NaH
wet CH3CN
4] OH
R1 CO,Me R1 COzMe
+
Ry COgMe R; COMe
OH
(P (31}
Table 2 Furan Rl R2 Condition Product and Yield
(48R) H H Ph-H, 80°C (50a) 50%
ccl,, 50°¢ 5:4 mixture of (30a) & (5la) 86%
neat, r.t. 4:1 mixture of (Q/Q,%) & (a}%), (,?’Q’%) 53%
(48p)  Me B ccl,, ao‘;c 1:5 mixeure of (30b) & (i), (33p) 73%
ce1,, 50°C (30b) 100%
neat, r.t. 6:1 mixture of (%(‘]/l\:‘) & ((%;\I.Ile) 100%
c
(igg) -(CHZ)A_ CClA, 50°C (22&) B4%
(#{%5\:1}) —CHZCH=CHCH2— neat, r.t. 5:2 mixture of (2«?,‘53) and dimethyl L,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 (éz\,) was obtained. 2 If a solution of the complex (,?‘E) was in-

dependently heated at 63°C for 10.5 hours, quantitative yleld of naphthalene (,’é’m) was :l.solal:ed.z'1

Te {(50)5 |
hv

(52) (53 (54

[

cyclohexane

It was recently found out that the irom carbonyl complex (éz) would eliminate an oxygen

22
atom to yield an o-quinodimethane iron carbonyl complex (%) when heated to 95°C in toluene.

— 1821 —

1983




. = 95°%¢
(C0)3Fe_ '\'— Fe€Oy ——————~ \_ FG(C0)3

toluene

(53) (36)

Lithium naphthalenide has been used to aromatise endoxides. The oxygen-bridged compound
(éz) can be converted to the naphthalene compound (éﬁ) by reaction with lithium naphthalenide in
dry DME or THF under argon. The results are listed in Table 3.23 The use of equivalent amount of
iithium naphthalenide in this reaction makes this methed rather unfavourable, because the work-up
after the reaction would involve isolation of the naphthalene (38) obtained from equivalent

amount of naphthalene.

Lithium naphthalenide

R; DHE R;
Ry Rs R3 Ry
S <)
Table 3 Rl R2 R3 K& R5 Condition . Yield
s H “Bu B B (a) IME, 1 br at T.t. 61%
(b) THF, 1 hr at r.t, 50%
o "Bu o 'Bu UBu DME, 2 hr at r.t. 53.5%

Halogen-substituted naphthalene (QQ) can be obtained from the endoxides (ég) by deoxygen-

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

X1 R1 t X1 R1
X NaBH X
2 L Z
CF ,C00H
X3 : 3 *3
X, Ry . X, Ry
(60)
RV b Yield
Table & Endoxide Rl R2 Xl XZ X3 X& Preduct A B
(332 Me Me H H H H (80a) 69% 90%
(33b) Me Me F H H B (60b> 97% -
(59¢) Me Me F H F H (69¢) 924 -
&5 Me Me F F F F (500> 64% -
(29e} Me Me F clL F cl (60e) 57% -
(85) H H H H H (24} 7% 59%
('?/?)%) H Me H H H (80g) - 612
A: A solution of (22) in EtZO or CHZCl2 was added to a mixt. of NaBHA in
CF,CO0H at 15°C under N,
B: A sclution of (22) and NaBH“ in TBF was allowed to react with a solutiomn
of CF,COOH in THF at 0-5°C under X,.
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The low valent forms of fron, tungsten or titanium prepared by treatment of the correspond-
ing metal chloride at -78°C with fi-butyllithium, have been proved to be effective in removing the
oxygen atom from the endoxides (Q&) and (Q%) to afford aremes (Q%) and (Q&) reSpectively.25 (Table
5)

Ry R, R Ry
@ Ry FeCl, or WClg or TiCl, Ry
Ry "BuLi
R 1) (62)
Ry FeCl, or HCl o or TiCl, Rg
Rg "guLi Ry
Yield(%)
Table 5 Endoxide Rl R2 R3 R4 R5 Time(hr) Product FeCl3 WCl6 TiCl3
(612) H Me H - - 6 (62a) a1 88 81
(61p) Me Me - - 6 (62b) 83 - -
(61) H Me Me - = 5 (62¢) - 89 55
{632 A H Me H H 10 (642) 56 - -
(63b) H H Me Me H 9 (64b) 40 16 79
(Q/%c‘:‘) Me Me Me Me Me 10 (%E) - - 50
(63d) H H oOMe H H 6 (64> 20 89 -
(63e) H Me OMe Me H 24 (64e) - 47 -
{55 H Me OMe Me o 18 (84e) 50 - 54
(630 Me Me OMe Me Me 90 (846 61 - -

N
So far, ouly the decxygenation 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 valeat

form of titanium generating by the reduction of TiCl, with L:I.AlH‘!j seem3 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 following reactions are typlcal examples. TiClA—LiAlHa-EtBN in THF

would deoxygenate the endoxides (%%), (%{g) and (%zk) to the corresponding phthalates (%%), (%%é)
and (%QE) respectively.ze (Table 6)

COZMe TiC1, -LiAlH R Cone

4

see Table ©

Ry CO,Me  Et,N THF Ry €O Me
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Table 6 Endoxide R R R Product Yield

1 2 3

(3L H H H (33 &4%
(m) H Me H (gf%) 17%
(70> Me Me H (28b) 54%
Q) H H €O, Me (28¢) 59%
(652 H Me €O, Me (662) 50%
83k Me Me Ca,Me (B5h) 30%

Similarly, the compounds (%Z/%)’ (fi‘f?/%) and (%l‘)_') could also be converted to (@g} (%) and

7
(m) respectively by treatmeat with TiCla—LiAIHA—-Eth in TFLF.2 On the other hand, the phthalide
(%) was unexpectedly isclated as the sole product from the reaction of the alecohol (Q/Z) with low

valent titanium.

CH,0H Y
@ COZMe TiCl,-TiAlH,
cone Et,N THF COZMe
{67) (68)

The usefulness of the low valent titanium generated from TiCla-LiAlHa was convincingly de-
monstrated by the deoxygenation of the unconjugated compound (,Q/%) to the substituted tribenzo[a,c,e}-
cyclooctene (LQ),,ZB {Table 7) which eluded formal synthesis for almost four decades since the first

preparation of their parent compound (Z‘Qﬁ).29 By using the same reagent mixture, tetraphenylene (z’%)
26

was isolated in moderate yield from the endoxide (:UG) .

(69) o0
Table 7 Endoxide Rl R2 Product Yield
(,Qf?,_%) H H (LQ’%) 57%
G} Me Me (70p) ‘ 75%
(63c) B €O, Me (795? 27%
(m) H CHZOMe (m) 27%
(§9e) H He (102} 34%

THF
@ @b O 7y
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In the absence of triethylamine, the endoxide (Le) would be converted to the cyclohexadiene
(74) by reaction with low valent titanium.30 This reaction is of particular importance because it
reveals the mild condition of the reagent, which is not capable of aromatising the endoxide )
[viz. (Z)+('§)]. On the other hand, aromatisation took place in the presence Et N. The mechanism of

3
this transformation and the role of Et3N are at present not clear.30 (Table 8)
R 1
COyMe TiCl,-LiAlH, cone
THF
COZMe CO,Me
RZ R2
2 (74)
Table 8 Endoxide Rl R2 Product Yield
({3 H H (I4a) 69%
13 Ve it viy 67%
(3e) Me Me (J4g) 57%
BXETNRASR. R, ARLEXE BELdes

Although thiophene is inert to most dienophiles at room temperature, it would react with
very powerful dienophiles such as dicyanoacetylene31 and tettafl.uorohenzynes2 at moderate temp-
erature, as well as with other weaker dienophiles at wery high 1:121::};\er:-1tux:e.'?'3

The Diels-Alder reaction of the thiophene (ZAS..) with dicyancacetylene (Zﬁ) gave the bi-

cyclic intermediate (77), which was veadily transformed to the correspending phthalonitrile (Z,@).

R
R4 N 1 1
== CN R
R3 N Ry 3 N
R R, R,

(15 (28 QD (18
The extrusion of sulfur was believed to be effected by heat. The overall ylelds are depicted in
31
Table 9.

Table 9 Thiophene R1 Rz R3 R& Condition Product Yield
(52 Me ‘Bu Me  60°C, 10hr (782) 51%
(73p) Me H  H  Me 100°C, 1Zhr  (78p) 49%
(258 H Ph  Ph H 100°¢, 12hr  (78¢) 182
(758 Me B 80°C, 46hr (88 9%
(758) H H H H 120°C, 4Bhr  (782) 8%
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Tetrafluorcbenzyne (22) reacted with thiophene (J3e) to give 1,2,3,4~tetraflupronaphthalene

F = F s F
’ + S - ———i —————p
F F F
(13 F
(79 €10 £22

(81}, presumably via the intermediate (80), suffering the subsequent extrusion of a sulfur atom.32
At temperature well over lSDDC, 2,5-dimethylthiophene (ZQR) and thiophene (Zég) are able to react
with dienophiles (§2) to provide sulfur-bridged compounds (83), whose sulfur atoms can be extruded
by the effect of heat to furnish compounds (Q&).aa (Table 10)

h R, i\ R T
] 2 . R
S + Hl s 2
=3 { R R
R 2 2
Ry 2 Ry \
(13 8 (83 (84)
Table 10 Thiophene R1 R2 Temperature Time Yield
(75p) Me co,Me ea.180°C 24hr 423
73k Me  COMe 165°%¢ 48hr 14%
(13k) Me | Me ea. 300°%C 26hr 2%
(758 H Ph 206-280%C 4éhr . 38%
(138 H co,Me ca.165°¢ 264hr 56%

Thiophene 1,1-dioxide (%) behaves as a better 1,3-diene than thiophene itself. Thiophene
1,1-dioxide (Qé) and diethyl acetylenedicarboxylate (Qg) would form an unstable intermediate (873,
which eventually eliminated the sulfur dioxide bridge to afford diethylphthalate (88) in 1B%

yield.34 Furthermore, thiophene 1,1-dioxide (§3) also readily underwent Diels-Alder reaction
CO,Et
= [ 2 CO,Et|  -so, C0,Et
ot —_—
| CO4ET 00,Et
(85} COzEt
87 (88)
(86}

with indene (,%) to give the sulfur dioxide-bridged compound (%Q), which lost sulfur dioxide to
form 4g,9a~dihydrofluorene (gk). The dihydrofluorene (2&) could not be isolated and would be

instead oxidised by coming into contact with air to give fluorene (2%) in 3% yield.34
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e = (B2 08— S

Extru e u.

Pyrrole (‘_?/'é) behaves as a very poor 1,3-diene, and indeed it only undergoes Diels-Alder
cycloaddition with very reactive dienophiles, i.e. 1,2,3,4,5,6-hexafluorobicyclo[2,2,0]}hexa=2,5~
diene (%) 33 and benzyne (‘%@‘)36 to yield the nitrogen-bridged compounds (,‘?"Q‘)35 and (%1) 36 res—

pectively.
NI FE F
0 o+ I v T 1]
N LM A
H F

F F
(93 (94 (96
o -0 —&s
N

H

9D (95) )

Alternatively, N-carbomethoxyaminopyrrole (%) serves as a normal 1,3-diene and it has
been shown that (98) would react with excess dimethyl acetylenedicarboxylate (49) in refluxing
toluene for 48 hours to give the compound (100} in goed yield, 37 via possibly the nitrogen- .
bridged intermediate (22).

HCO2Me
; OzMe OzMe
HNpozm COZMe MeO.L MeO c
“‘ﬁ“z (49)

COzMe co 2Et

(f&%) R =Me,R,=Er (100}
(38b) R 17EC,R,=Me

N- Carbomethoxyaminopyrmle (M) also reacted with ethyl propiolate (M) to give a mix-
ture of (102) and (,{.i%), which were believed alsoc to result from the elimination of the nitrogen
bridge from the intermediate nitrogen-bridged compound.37
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Co,Et

NHCO,Me §oE Me E10,C Me .
NV +
Me @ E
L " " CO.Et t " co EtEt
CozEt Et gL 2 2
(102) o
G0 e o

By using the same method, N-amino compounds (,J\.gf{), (&Q), (JVQ,%) and (%}f(\)‘) could be trans-—
formed to (105), (1077, (193 and (lil) respectively by reaction with dimethyl acetylenedicarboxy-

late ( ,{rg) .

NHCO,Me C0;Me
DMAD (49) MeOZC
M | 55%
\ toluene
5 Me
€0, Et €O, Et
(10 BT
0, Me
NHR 2
\ DMAD (49)  MeO,C R = COMe 13%
M -
& A\ I . cret, ve R=-H 50%
COzEt Co-Et (,J\./Q,'('J)
2
(105
NHR 0;Me

| DMAD (49)
W ) 2 Me0,C R = CO,Me 50%
Me \ I b
Me R =H 90%

G99 499
NHCO,Me 0 Me

® DHAD (49)  Me0LC
e ' O’
Me
(110 (L)

Interestingly, the yields of (r]\.!(‘}!z) and (,]‘.‘%) were increased to 50% and 90% respectively
when the R groups of (m) and (#%) were H, and the yields were duly reduced when R is anelectron
3

withdrawing carbomethoxy 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 [viz. (m)-*(m)] in-
creased in the order (%)4%\/\.)((%)' whereas the observed rate of nitrogen extrusion [viz,

(LL3)+(114)] followed the order (Mb(%»(”é?)

e Me
E DMAD (49) Me COzMe Me COzMe RN
Me—q ™ Me CO,Me Me CO,Me
Me  Me Me Me
(112) a.R=NH, (L3 (114
b.R=NHMe
a.:.R=NMe2

Hart and coworkers have reported the trapping of biaal:yne,38 which could be generated from
the tetrabromide (m) by debromination with n-butyllithium. The intermediate bisaryne could be

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

Me NMe
NMe, +B Br "guri Q’O‘w Me Me OOO Me
Me Me to}_uene
w By Br o Me Me
Me Me Me 704 Me Me, Me
(L12g) (115) (116 %1)

Me e
Bl’ BI' (%%E)
Br Br Buli
Me Me
(118)

bisaryne with the N,N-dimethylaminopyrrole (ll2c), whose reaction product was the nitrogen-bridged
compound (,H.,Q).ss The nitrogen bridge of (116) was eliminated by rezction with m-chloroperbenzoic
acid (MCPBA) to yield decamethylanthracene (m)'BB The tetrabromide (;H.,Q) was converted to do-
decamethyitetracene (A_{%/Q) via (J\_A.,a) in a similar f.s:.shicn-l.:‘!S An extension of this bisaryne work
led Hart and coworks to the unequivocal synthesis of wvarilous phenanthrenes.39 Thus, the halide
(%) and the pyrrole (M) reacted in the presence of n-butyllithium to yield the nitrogen-bridged

compound (123}, which underwent debridging by vacuum pyrolysis to give the phenanthrenes (%&).39

N
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1 Ry
Br R Me
+ NMez "BuLi vacuum
Mé Br Ry \ / Ry Me Ry pyrolysis yo
(123)
(120 (122 2
a. Ry=Me, R,=H Ry NMe,
b. R =H, R,=Me

1,2,5-Triphenylphosphole (m) underwent Diels-Alder reaction at 180°C with dimethyl
acetylenedicarboxylate (,{t/‘a) and lost the P-Ph bridge to pive dimethyl 3,6-diphenylphthalate (]26}
in 40% yie}.d.ao Pentaphenyiphosphole (m) also reacted to give dimethyl tetraphenylphthalate
(,]\.I%‘_%).Al Comparatively, the phosphole oxide (,3\-,%%)» when treated with (E‘}’%), also afforded (,}}/@)

h
o €0, Me
_@_ + ovap (49) 180 2
P Ph 1 min.
W FI, COzMe (126) ,
Ph Ph
(122) h
Ph, Ph Ph COZMe
U - > 49)
n Ph
Gz - URB

in 71% yield.ao Moreover, if (’{b‘g) was replaced by dimethyl fumarate (m), higher temperature
was requited to extrude the phosphorus bridge, and 73% yield of dimethyl 3,6-diphenyleyclohexa-
3,5-diene—trans-1,2-dicarboxylate (}/%Q\L') was obtained.ﬁo

Ph
B 156°C CO;Me
+ DMAD (49) -
Ph—O—ph 2 min. CO.Me
A 2
Ph O Ph :
(122> (126)
Ph
/ Meozc 160-230°C 00, Me
Ph@—m +I 15 min.
A CO,Me €0, Me
0 W Ph
e (13

A similar extrusion was reported, in which the phosphabicyclo[2.2.1]heptene (,]\-’:\3}%) yielded
dimethyl 3,6-diphenyl~1l,2-dihydrophthalate (%,\3/%) upon thermal reaction with trichlorosilane or

triphenylsilane in benzene. = The stereochemistry of (f]\.}%%), however, has not been indicated.
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Ph
Ph
X g
= P/o " OzMe
e
2 COMe
P
Ph COzMe h
(32 (133

1-Ethoxy-3,4-diphenylphosphole l-oxide (4}%) would react withdimethyl acetylenedicarboxy-
late (%) to give dimethyl 4,5~diphenylphthalate (,].‘%g) and elements of monomeric metaphosphite

(m). The phosphorus-bridged compound (m) was supposed to be the reactive intermediate.43
EKO\P”O
h €O Me
Ph DMAD o P
EP’ Ph CoMe | __ + [0=P-OEt]
TOEL(ag) Ph CO,Me
SET) Pl (L3 COpMe EEY 4w

2,3-Benzo-1,4,5,6,7-pentaphenyl~7-phosphabicyclo[2.2.1]hept-5-ene oxide (m) was pre-
pared in 92% yield by the cycloaddition of in situ generated benzyne (%) to pentaphenylphosphole
oxide. a4 Thermal extrusion of the reactlve phenylphosphinidene oxide (140) from (138) led to

1,2,3,4-tetraphenylnaphthalene (m)

Oy Ph
+ [Ph-P=0]
"O (140)
PH Ph
(138) {;,3,2)

Dehydrobromination of the bromide (%}W) by DBN or Et3N ylelded the unstable benzophos-
phole oxide (142), which was trapped by dimethyl acetylenedicarboxylate (.\2,) to give the phos-
phorus-bridged compound (143) The compound (143) Spcntaneously lost phenylphosphinidene ox-
ide (140) to afford dimethyl 2 3—naphthalenedicarboxylal:e (144)

§r H
P/o DBN-EtBl\ - Péo
> =/ “Ph
(141) (142)
[T va"

lDMAD (f\oﬁ%)

O:__-. ~Ph
€O, Me —[Ph -p=0]

CO Me (1 0 Q‘
(144) CO,Me

— 1831 —




The reaction between trichlorcsilane and (,]‘./-'-"tg) in benzene led to complete ellmination of
the phosphorus bridge. This reaction was due to the formation of the intermediate (146), which re-

acted further in accord to the retro-McCormack cycloaddition to form the cyclohexadiene (W) and
the trivalent phosphorus moiety (‘;l_"'.i%)_['6

Oy R CLSi0 'f/R

~p
HSiCl3
_ - —_— + [RPH(0SiC1 )}
/ henzene / / 3
. (148)
R Yo (143 RePh.Me % 14 R G40 o

The 7-phosphancrbornadiene (13Q) was prepared from the phosphorus-metal complex (149) and
dimethyl acetylenedicarboxylate (f‘a’%) in teluene at BS—QOOC.‘”

M Me (C0]5 R
/ \ DMAD (.‘5\"%{ Me. COZME
S oot o
(Wr-;(coas " 2
M=Cr,W
R=Ph ,Me

The compound (m) easily lost the phosphorus bridge upon heating in toluene at 150%¢ to

yield dimethyl 4,5-dimethylphthalate (m) and the fugitive terminal phosphinidene complex {m),
which could be trapped by 2,3-dimethylbuta-1,3-diene or diphenylacetyl&ne.é

(CO)SM ~R
0..Me toluene Me OZMe
Me 2 —— . + [R-P=M(CO) ]
150°¢ Me 0,Me
(152>
Me (130  COMe (hed)

The complex (130) could alsa afford (131) and the complex (&%) by solvolytic reaction
with water, alcohols or amines,

The stepwise mechanism of these reactions have been discussed
. 48
in details.

n
HA Me COZMe ;
M Me + RBHH(CO) 5
150%¢ Me Co,Me A
Me (420 COMe () (152

HA = HOMe, HOH, HNR}
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Extrusion of erpand Iip B 5

The research effort in the debridging of sila—-, germa~ and stanmna-norbornanes is indebted
to the enthusiasm in the chemistry of silylenes, germylenes as well as stannylenes. We however
focus our attention mainly on other products of these reactions, namely, arenes.

The cycloaddition reaction of the silole (134) with dienophiles furnished the silanorborna-
diene (’J\.RR), which would readily loss the silylene to give the arene (%)49,50 (Table 11), The re-

active silylene could be trapped by diphenylacetylene to yield 1,4-disilacyclohexadiene (m)dg_ﬁ
or could polymerise to the amorphous dimethylsilyl polymer (‘;b'~“>’f\3‘)":'9_51 in the absence of diphenyl-
acetylene,
R
X _/R3 Ph
Rh Ph Ph. Si Ph R1
ﬂ DMAD (49) Ph R,
Ph . "Ph or
S PhC=CPh R Ph Ry
Ry Ry ph Ph % Ph
(L) (29 (L)
RA
P Si Ph
. ' I [Mezsiln
Ph ’S\i Ph
R R (128
Q30
Table 11 Silanorbornadiene R}- R2 R3 Condition Yield Reference
(f:'!}%?.x%) C02Me COzMe Ph Hasic 1‘\1203 96% 50
(%%;R) COzMe Co,Me Me E;:OH - 49
(,;Lf_:);‘,c\:‘) Ph H Me 300°C, 3hr 84.3% 49

with PhC=CPh

Similar results demomstrated that when the silole (%;?,ﬁt) was allowed to add to benzyne (%),
the silicon-bridged compound (m) could be isolated. The compound (m) would also loss dialkyl-
silylene rather easily on several 0(;(:3810:1949_51 to give 1,2,3,4~-tetraphenylnaphthalene (,J\;,é,%)

(Table 12). Consequently, 7-silanorbornanes are important precursors for silylene generation.

R R Ph
h R
= \ Ph ’. — + RySi:
S i
R R Ph Ph Ph
i) (AR (132
Table 12 Silanorbornadiene R Condition Yield Reference
(1392 Ph 300%¢, 3hr 79% 50
(1592) Fh 300%, 3nr 100% 50,51
b with PhC=CPh .
(139> Ph LLALH, ~Et O-THF 100% 50
reflux, “1lhr
(159p) Me 300°c, 3hr 88% 49
(159p) Me 300%, 3nr 72% 49,51

with PhC=CPh
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Pyrolysis of the fluorinated compound (%gg) under various conditions yielded cleanly

o-bis{trifluoromethyl)benzene (%gk) as well as reactive 2-methyl-2-silapropane (162}, which dimer-
ised rapidiy.>>

iMe cF, 4 -
. + [MQZSJ.—CHZ 1
asp “F3 E139) (162)

o~bis(Trifluoromethyl)benzene (%g&) has also been isolated when 2,2-dimethyl-l-pxa~2-sila-
cyclohexa~3,5-diene (%Q%) was allowed to react with perfluoro-2-butyne (164) at room temperature.
The initial Diels-Alder adduct (165) has not been obsetved, but the extrusion of the unstable
silanone bridge (]66) was evideaced by trapping experiménts.?&

S ?F3 iMe, o CF3
l /o + I!l N, 3| —— + [MeZSi.:O]

Sj CF3
Me, CFy CFy
(163) (164) (165) ST (166

The interests in disilene chemistry led to the preparation of the disilene precursors
(%21)’ (%Qé) and (169), which were found to decompose thermally to provide quantitative yields of

anthracene j%{g), naphthalene (éﬁ) and biphenyl (%l%) respectively.55 The extruded tetramethyl-
disilene (&l%) was believed to suffer polymerisation.sS

Me Sr
‘SlMe
2 o .
500°¢
O‘. —_— + [Me,Si=8iMe,]
4D [e5/> A
Me . Si
2> SiMe
2 360°¢
O" - + [Me28‘1=SiMe2]
(168 (24) (L72)
25"SiMe2 o
260°C
_— + [Mezsi=SiMe2}
Ph Ph
(82) QL) (L2
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Diels-Alder reaction of the germole (m) with the benzyne (,J\.,R) yielded the crystalline
7-germanorbornadiene (m), which debridged to give the naphthalene (m) in woderate 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 through radical meclmnism.s6

R R1
? I + + (R5)2Ge
Ry
R, ren
(173)
Table 13 Germanorbornadiene Rl R2 R3 Rq R5 Yield
(Liza) H H H H Me 65%-
AR H Me H H Me 65%
(M) H Me Me H Me 65%
(L{nd) H H H Me Me 70%
(m%) Me H Me Me Me B0%
(L7:5) Me Me Me Me Me 80X
OV LSy ¥e H Me  Me  Ph 70%

The stannole (m) reacted with benzyne (2'2) and tetrafluorobenzyne (m) to generate the

intermediate (%Q) at -20%. Eventually, the intermediate (m) would eliminate the dimethyl-
57

stannylene (m) and resulted in the isclation of (m) and (m) respectively.

X
X
. R?_Sn:
) (182)
(93) X=H (178) R=Me X (180) R=e (139) =i >657 M
(L{9) X=F ¥=H or F (381) X=F 50%

Similarly, the stannole (178) reacted also with tetracyanocethylene (%ﬁ%) at -30°C ta give
the Diels-Alder adduct (m). At above -ZOOC, (m) decomposed to afferd 5,5,6,6-tetracyano-
1,2,3,4-tetraphenyl-1, 3-cyclohexadiene (183) and the dialkylstannylene (m)‘57,58 The mechan~

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

could be trapped by various reagents.ﬂ’58
R ﬁR Ph
Ph Ph - CN
/\ (NC) ,c=C(CN) P N »_20% N
CN CN + R.S5u:
[} 2
P e Pho g -30% N P N
R R PR PPoeN Ph ¢3 72
(178} R=Me,CD,,Et,Bu (184> (185)
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Metalole (l86) usually reacted with alkynes (187) to produce aremes. Two different mech-
anisms have been suggested for this reaction type, 1.e. (A) inmsertion of the alkyne to give a
metalocycloheptatriene (m), {B) generation of the intermediate bicyclic compound (m) through

Diels-Alder cycleaddition.

|
———
= (188)
G0 — T O
— \ — LM
e URD
- (,}!%r%)

Triethylphosphinecyclopentadienyleobalt-2,3,4,5-tetramethyleyclopentadiene (;\_’2’9%) reacted
with Z-butyne (%,E\‘]/z) in benzene at 120°C to yield hexamethylbenzene (';[?%%).59 Comparatively, the
trimethyl analogue (,}/%Q}\)J) reacted with (#,2,) stoichiometrically at room temperature to lead to

dimethyl tetramethylphthalate (%&).59
Me
R R
(E §) 1 Me 1
~P i
G
\ / | M R1
Ry Me
Me
(190s) R=Et (187} R, =Me (121} R =Me
(mle) R=Me {f\'.:%) R2=C02Me (ru:é) thcone

#

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

Q A
R R
PPh |5 2 5
R o R3 +
Ry Ry Ra-
¥R SEEY (124
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Table 14 R, R, Ry R, R R Yield
Ph Ph Ph Ph COoMe CO,Me 172
Ph Ph FPh Ph H COZME 22%
Ph He Me Ph COMe €O Me 13%
Ph Me Me Ph H co,Me 26%
Ph Me Me Ph Ph CO,Me 59%
COZHe Me COZME Me Ph Fh 16%
Ph COMe Me CoMe Ph  Ph 36%

By using olefins (195) iInstead of alkynes (193), cobaltacyclopentadienes (’]\.,%%) were also
NAA 60 61 AAR
able to produce cyclohexadienes (m). ' The reaction took place by two different routes, de-
pending on the reaction conditions, Method A: direct production of (%) when (4/?,2“) and (}\.‘2’%)
were heated at 150°¢ 1in toluene; Method B: at 110°¢ in benzene, (%) and (%) reacted to form
4

cobalt complex (.%2,1) or (;\L/?/Q), which yielded also (m) when exposed to Ce  in benzene-ethanol

at rocm temperature. = The yields of (A'R,%) are given in Table 15.60’61
R Co R1 Co
/PPh R, CH=CHR_ (195) R i g
4 3 5 6 A I-'\‘6 2 _ G 2
RL \ R1 o =
/ 1007C benzene R (W) R (%{%’Q)
Re % 3 Rg & 3
Ce  r.t.
(%%) 1500C RSCH=CHR6 (%2_‘?‘) J EtOH-benzene
toluene R1
Rz R(,
(A2
R3 5
Rl.
Table 15 Rl RZ R3 R4 R5 R6' Method Yield
Ph Ph H p-MePh  H H A 93%
Ph Ph COzMe Ph H H A 33%
Ph Ph B COZMe C02Me CDZME B 36%
Ph COZME COZME Ph H H , B 33%

Metalocyclopentadienes of iridium and rhodium alsoc reacted with acetyleme derivatives

to form substituted benzenes, Iridocycle (%%) and dimethyl acetylenedicarboxylate (;-:;2) under-

62,63

went cycloaddition in refluxing toluene to furnish hexacarbomethoxybenzene (200) in fair

yield, whereas rhodocycle (m) behaved similarly but required lower temperature tc afford

(200)52+83
At
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2
L/ rC02Me DMaD (49) Me0,C 00, Me
Cl-'-/ -
L O, Me Me0,C CO;Me
CO.Me
1 CO, Me
(13%) M=Tr L=PPh, (200}

(Jogg]e) M=Rh L=AsPh3

CoRThRLOR

Due to the sporadicainess 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 introductery
viey of the extrusion reactions, which are mainly applicable to the syntheses of arenes. The
practicality of constructing arenes from 7-hetercatom-bicyelo[2.2.1lheptene systems depends very
much on the accessibility to the heterocyclopentadienes as well as their relative reactivities.
The most irenmical fact is that the furans are readily available and behave as typical 1,3-dienes,
but tﬁe oxygen atom of the 7-oxabicyelo{2.2,1lhepta-2,5-dienes are difficult teo extrude. On the
other hand, most of the metalobicyclo{2.2.1]lheptenes would spontaneocusly loss the metal bridges,
but metaloles ;re synthetically difficult to realise and sometimes even require speclal precaut-
lons 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 point out here that more efforts ought to be
carried out before the usefulness of this extrusion methodology in synthesising arenes could be
fully understood. Nevertheless, this strategy is an extremely attractive and promising way to-

wards the syntheses of many intriguing benzenoidal natural as well aé unnatutral compounds.
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