January, 1977]

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN, voL. 50 (1), 291—296 (1977)

291
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The presence of silver perchlorate changed the products in the reaction of benzyne with substituted benzene
(anisole, toluene, chlorobenzene or methyl benzoate) to increase biphenyl and/or benzylidyne trifluoride derivatives

by the sacrifice of benzobicyclo[2.2.2]octatriene derivatives.

In the case of toluene, o-methylbiphenyl (15) and 6-

methylbenzocyclooctene (14) were considered to be formed via common intermediate. These results were well ex-
plained by an assumption of benzyne-silver cation complex. From competition experiments, it was concluded
that benzyne-silver cation complex assumed here had a stronger electrophilicity than benzyne itself.

In the previous paper, we reported the reactions of
benzyne with substituted benzenes in the absence of a
silver salt to yield benzobicyclo[2.2.2]octatriene deriva-
tives.)) Stiles et al. reported the reaction of benzyne with
benzene giving biphenyl (1), benzocyclooctene (2),
benzobicyclo[2.2.2]octatriene (3) and one two to one
adduct 4.2 The addition of Ag* in the reaction of ben-
zyne with benzene was reported by Friedman to increase
1 and 2 by the sacrifice of 3.3 'We also reported that the
addition of Hg*, Hg?t, Sn?+, Co?t, or V3+ changed the
product distribution in the reaction of benzyne with
benzene.” Friedman proposed a cationic mechanism of
benzyne-silver cation complex to explain the change of
the product distribution in the reaction of benzyne with
benzene in the presence of a silver salt (Eq. 1).3 Vedejs
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et al. supported the cationic nature of benzyne-silver
cation complex from the result of the reaction of benzyne
with cyclooctatetraene in the presence of a silver salt.?)

TasLE 1.

In this paper, we wish to report the products and the
relative reactivities of substituted benzenes treated with
benzyne in the presence of silver perchlorate and to
discuss the nature of benzyne in the presence of silver
cation.

Results

The thermolysis of benzenediazonium-2-carboxylate
(6), prepared from anthranilic acid (5), was carried out
in an excess of substituted benzene (anisole, toluene,
chlorobenzene, methyl benzoate or benzylidyne triflu-
oride) in the presence of silver perchlorate. The
products are shown in Scheme 1 and the product com-
positions in the typical runs are summarized in Table 1.

The reaction of benzyne with anisole in the presence
of silver perchlorate gave methoxybiphenyls (9—11),
1-methoxybenzo[2,3]bicyclo[2.2.2]octatriene (7) and
benzobicyclo[2.2.2]octadienone (8) but did not give
benzocyclooctene derivatives.

Toluene gave methylbiphenyls (15—17), l-methyl-
benzo[2,3]bicyclo[2.2.2]octatriene (12), 2-methylbenzo-
[5,6]bicyclo[2.2.2]octatriene (13) and hydrocarbon 14.
14 was a colorless oil and the molecular peak of its mass
spectrum was observed at 168 (m/e), indicating 14 to be
an one to one adduct of benzyne and toluene. IR
spectrum of this compound was similar to that of benzo-
cyclooctene (2)9 in the range of 850—650 cm~t. NMR
spectrum of 14 in CCl, with 100 MHz showed the ratio
of aromatic, olefinic and aliphatic protons to be 4: 3: 3.
These observations may indicate 14 to be one of methyl-
benzocyclooctenes. For comparison, NMR spectra of
14 and 27 are shown in Table 2. Only 6-methylbenzo-
cyclooctene can well explain the NMR spectrum of 14.

THE PRODUCT COMPOSITIONS OF THE REACTIONS OF BENZYNE WITH SUBSTITUTED

BENZENES IN THE PRESENCE OF SILVER PERCHLORATE®

Substrate (ml) 5(g) AgClO, (mg)

Product composition (%)

Anisole(500) 3 75.0 -
Toluene(170) 3 35.7 2,
Chlorobenzene(200) 1 166 18
Methyl benzoate(50) 1 115.7 2 s
Benzylidyne trifluoride(50) 1 301 lgg

8 9 10 11
2.7 74.5 1.4 11.1
13 14 15 16 17
7.8 7.7 54.3 18.6 8.1
19 20 21 22 23
11.1 68.0 15.8 1.0 2.6
25 26
59.6 32.9

a) The product compositions were determined by means of gas chromatography (PEG 20M and Silicon DC 550).
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Scheme 1.

presence of silver perchlorate.

The yields of 12413, 14, 15, 16, and 17 were 2, 4, 31, 10,
and 59, respectively, based on benzyne generated.

From chlorobenzene, 1-chlorobenzo[2,3]bicyclo-
[2.2.2]octatriene (18), 2-chlorobenzo[5,6]bicyclo[2.2.2]-
octatriene (19), chlorobiphenyls (21—23) and com-
pound 20 were obtained. On the basis of the NMR
spectrum (Table 2), 20 was determined to be 6-chloro-
benzocyclooctene.

In the case of methyl benzoate, the decomposition of
benzenediazonium-2-carboxylate (6) was markedly re-
tarded by silver perchlorate. Heating of a mixture of 6
prepared from 1 g of 5, 50 ml of methyl benzoate and
115 mg of silver perchlorate at 55 °C for 13 h did not
decompose the precipitates of 6 appreciably and addi-
tional heating of the mixture at 90 °C for 9 h gave only
small amounts of products. Gas chromatographic
analysis of the reaction mixture showed the presence of
six products, methylbenzo[5,6]bicyclo[2.2.2]octatriene-
2-carboxylate (24), methyl 3-biphenylcarboxylate (26),

C020H3

éj %?'_} cozcﬂ3+ . (6)

COZCH3

()

The products of the reactions of benzyne with substituted benzenes in the

compound 25, one undetermined compound, phenyl
benzoate and phenyl salicylate.? The latter two
products were not the products from benzyne and
methyl benzoate,) and the undetermined compound
was not considered to be a one to one adduct of ben-
zyne and methyl benzoate because of its long retention
time in gas chromatography. Compound 25 was con-
sidered to-be benzocyclooctene derivative based on the
NMR and IR spectra, and we determined 25 to be
methyl  6-benzocyclooctenecarboxylate, tentatively
(Table 2).

From benzylidyne trifluoride, only 2-trifluoromethyl-
benzo[5,6]bicyclo[2.2.2]octatriene  (27), biphenylene
and phenyl benzoate were obtained, but biphenyl or
benzocyclooctene derivatives were not obtained.

The effects of the concentration of silver perchlorate
on the distributions of the products of biphenyl and/or
benzocyclooctene derivatives were examined, in the
cases of anisole, toluene and chlorobenzene. The results
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TasLE 2. NMR spEcTRA oF 14,% 20, 25,8 aAnp 29

Compound Proton Chemical shift (7)
R AromaticH  2.95—3.3 (m, 4H)
’s  H 3.74 (d, Jy,om=1.2 Hz, 1H)
OQ , H 3.52 (d, Jys,me=11.7 Hz, 1H)
g " Hs 4.03 (br d, 1H)
HH H5, H¢ 4.24 (br s, 2H)
14 CH, 8.12 (4, 3H)
1
A _[' , AromaticH  2.7—3.2 (m, 4H)
O v 1 3.29 (s, 1H)
°  H2 3.40 (d, Jg,5=10.9 Hz, 1H)
e H+ 3.92 (br d, 1H)
20 H5, H¢ 4.10 (br s, 2H)

1 .
B CO,CHy Aromatic H

W H!

2.7—3.2 (m, 4H)
2.30 (s, 1H)

&
A

H? 3.45 (d, Jygs,qe=11.6 Hz, 1H)
H¢, HS, H®* 3.8—4.15 (m, 3H)

HoH CH, 6.21 (s, 3H)

25

1 3

HoH H!, H? 3.39, 3.51

> Hs, H¢ 3.94, 4.06

OQ 6  H5, HS 4.13

H2 l—l4

2

a) With 19 TMS as an internal standard in CCl,, 60
MHz (14 and 20) or 100 MHz (25). Abbreviations are:
s, singlet; d, doublet; m, multiplet; br, broad. b) The
values reported in Ref. 7, 100 MHz.
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TaBLE 3. THE EFFECT OF THE CONCENTRATION OF SILVER
PERCHLORATE ON THE DISTRIBUTION OF METHOXY~
BIPHENYLS IN THE REACTION OF BENZYNE
WITH ANISOLE

Distribution (9%,)

R 5 Anisole AgClO,/5
un 1 mg/

g m g/8 0-(9) m-(10) p-(11)
1 3 500 25 85.7 1.6 12.7
2% 1 33 28 86.4 1.3 12.3
3 1 25 47 91.6 0 8.4

a) Result from competition reaction with benzene.

are shown in Tables 3—5.

Competition reactions were carried out to investigate
the relative reactivities of benzyne toward substituted
benzenes in the presence of silver perchlorate. The
relative reactivities were calculated from the amounts of
biphenyl and benzocyclooctene derivatives produced,
since they were considered to be the products concerned
with silver perchlorate (vide infra). The results are
shown in Table 6.

Discussion

In the presence of silver perchlorate, the reactions of
benzyne with anisole, toluene, chlorobenzene and meth-
yl benzoate, as well as benzene,? gave predominantly
biphenyl and/or benzocyclooctene derivatives, in mark-
ed contrast to the results in the absence of silver per-
chlorate where the main products were benzobicyclo-
[2.2.2]octatriene derivatives.)) In the case of benzyli-
dyne trifluoride having a strong electron-withdrawing

TABLE 4. THE EFFECT OF THE CONCENTRATION OF SILVER PERCHLORATE ON THE DISTRIBUTION
OF METHYLBIPHENYLS AND 4-METHYL-1,2-BENZOCYCLOOCTEENE IN THE
REACTION OF BENZYNE WITH TOLUENE

Distribution (%)

Run 5 Toluene  AgClO,/5
g ml mg/g 14 0-(15) 14115 m-(16) p-(17)
1 3 170 11.9 8.6 61.3 69.9 20.9 9.3
2% 1 100 16.2 16.9 55.0 71.9 19 2 8.9
3 3 500 18.3 27.9 43.4 71.3 19.4 9.4
4 1 200 21 18.8 56.2 75.0 15.1 9.9
5 2 200 27 7.2 62.4 69.6 19.5 10.9
6 1 50 40 9.4 61.2 70.6 20.0 9.4

a) Result from competition reaction with benzene.

TABLE 5. THE EFFECT OF THE CONCENTRATION OF SILVER PERCHLORATE ON THE DISTRIBUTION
OF CHLOROBIPHENYLS AND 6-CHLOROBENZOCYCLOOCTENE IN THE REACTION
OF BENZYNE WITH CHLOROBENZENE

Distribution (%)

R 5 Chlorobenzene AgClO,/5
un
g ml mg/g 20 0-(21) 20121 m-(22) -(23)

1 1 150 9.1 73.3 25.0 98.3 0 1.7
2 3 400 29 68.4 28.4 96.8 1.1 2.1
3 1 150 53 78.3 18.9 97.2 0.9 1.9
4 1 150 165.3 82.0 18.0 100 0 0
5% 1 400 329 77.8 18.0 95.8 1.2 3.0

a) Result from competition reaction with benzene.
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TABLE 6. RELATIVE REACTIVITIES OF SUBSTITUTED
BENZENES TO BENZENE TOWARD BENZYNE IN THE
PRESENCE OF SILVER PERCHLORATE

[Vol. 50, No. 1

TABLE 8. THE RELATIVE REACTIVITIES OF BENZYNE—SILVER
CATION COMPLEX TOWARD THE ORTHO POSITIONS
OF SUBSTITUTED BENZENES (F,)

it Benzen a
Sibatedy Benzene 5 A0
PhOCH, 25 100 1 47.3 5.17
PhOCH, 33 99 1 28.0 5.26
PhCH, 100 100 1 16.2 2.39
PhCH, 25 100 1 40.0 3.10
PhCl 400 20 1 329 0.0662
PhCl 200 10 1 166 0.0711

a) Relative reactivity of substituted benzene to benzene.

group, silver perchlorate did not change the product.
Thus, it is concluded that silver cation catalyzes the
formations of biphenyl and/or benzocyclooctene deriva-
tives in the reactions of benzyne with substituted ben-
zenes, unless the substituent is a strong electron-with-
drawing group such as CF,.

For toluene, the distribution of 6-methylbenzocyclo-
octene (14) and o-methylbiphenyl (15) was affected by
the concentration of silver perchlorate, but the sum of 14
and 15 was almost constant (Table 4). This may in-
dicate that 6-methylbenzocyclooctene and o-methylbi-
phenyl are formed via a common intermediate. Similar
situation was observed in the distribution of 6-chloroben-
zocyclooctene (20) and o-chlorobiphenyl (21) in the case
of chlorobenzene (Table 5). These observations can be
well explained by benzyne-silver cation complex pro-
posed by Friedman® (Eq. 1). Namely benzyne-silver
cation complex attacks ortho position of a substituted
benzene(toluene or chlorobenzene) forming the common
intermediate 28 and then leaving of silver cation to-
gether with carbon-carbon bond formation gives 6-sub-
stituted benzocyclooctene (Eq. 9) or leaving of silver
cation together with proton transfer gives o-substituted
biphenyl (Eq. 8). In this mechanism the formation of
5-substituted benzocyclooctene is also possible, but it
may be inhibited by the steric effect of a substituent.
There is no satisfactory explanation of the effect of the
concentration of silver perchlorate on the distribution of
14 and 15.

Orientations of Benzyne-Silver Cation Complex to Substituted
Benzenes. In the case of toluene, both of 6-methyl-
benzocyclooctene (14) and o-methylbiphenyl (15) should
be included in ortho oriented products, since they were
considered to be formed viz the common intermediate.
Similar situation was present in 6-chlorobenzocyclo-
octene (20) and o-chlorobiphenyl (21) from chloroben-
zene. Table 7 shows the orientations of benzyne-silver
cation complex to anisole, toluene and chlorobenzene,

TABLE 7.

Substituent OCH;, CH, H Cl
F, 16.5 7.6 1 0.247

together with those of phenyl cation® and phenyl radi-
cal.?-11)  Obviously, the orientations of benzyne-silver
cation complex were mostly ortho and very different
from those of phenyl cation and phenyl radical. There-
fore, we can not discuss the nature of benzyne-silver
cation complex only from the distribution of the prod-
ucts from substituted benzene, although Friedman sug-
gested that the distribution of isomeric methylbiphenyls
should reveal the nature of benzyne-silver cation com-
plex.®

Relative Reactivities of Benzyne-Silver Cation Complex
toward Substituted Benzenes. From Tables 6 and 7,
the relative reactivities of benzyne-silver cation complex
toward the ortho positions of substituted benzenes
(partial rate factor, F,) were estimated (Table 8).12 As
is seen, F, changed about 65-fold with changing substi-
tuent from Cl to OCH,. Hammett plots of log F, vs.
o,t are shown in Fig. 1. A linear relationship was
roughly observed between log F, and ¢,*, and the reac-
tion constant, p, was estimated to be —2.0. A compari-
son of p values for several reactions is made in Table 9.
The absolute value of the present p is much smaller than
that for nitration of substituted benzenes but twice as
large as that for cationic phenylation of substituted ben-
zenes and slightly larger than that for 1,4-addition of

1.6 \
OCH
2 O\?
0.8 @)
CH,
0.4
®
= 0 O
-0.4 O
-0.871 c1
-0.8 -0.4 . 0 0.4
O
Fig. 1. The Hammett plots for ortho addition reactions

of benzyne-silver cation complex to substituted ben-
zenes.

ORIENTATIONS OF BENZYNE—SILVER CATION COMPLEX,

PHENYL CATION AND PHENYL RADICAL

PhOCH, PhCH, PhCl
Reagent e —_— —_
0 m ¥4 [4 m P 0 m P
Benzyne-Ag+ (45 °C)® 88 1 71 19 10 98 0.5 1.5
PhN,*+BF,- (in DMSO, 40 °C)» 56.4 12.1 31.8 47.3 21.1 31.6 42.8 24.0 27.8
(PhCOy,), (80 °C) 67 289 59 66.59 19.29 14.3% 50.1 31.69 18.3%
a) This work. b) Ref. 8. c¢) Ref. 9). d) Ref. 10. e) Ref. 11.
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TABLE 9. REACTION CONSTANTS FOR SEVERAL
REACTIONS OF SUBSTITUTED BENZENES

Kind of
Reagent Product  substituent p Reference
constant
HNO,;-H,SO
(in CH,NO, or 05~ %™ st —6.53 13
Ac,0, 25 °C)
BNOR OV e 10
PhCO X
280 00)2)2 G 0.05 9, 15
X
Benzyne
(=45 °C) o,* —1.79 1
Benzyne-Ag+ { This
(=45 °C) %" —2.0 work
X

TaBLE 10. PERCENTAGES OF THE FORMATIONS OF 6-SUBSTI-
TUTED BENZOCYCLOOCTENE (6-BCOT') AND 0-SUBSTITUTED
BIPHENYL (0-BP) IN THE REACTION OF BENZYNE—SILVER
CATION COMPLEX WITH SUBSTITUTED BENZENE

Substituent OCH, CH, H® cl
4-BCOT 0 10—39 2946  70—92
0-BP 100  90—61  71—549 30— 8

a) Refs. 2 and 3. b) Benzocyclooctene (2).
c) Biphenyl (1).

benzyne to substituted benzenes. Thus, it is concluded
that benzyne-silver cation complex has a larger electro-
philicity than phenyl cation and benzyne itself. This
supports the cationic mechanism proposed by Friedman
(Eq. 1).®»

Substituent Effect on the Formation of Benzocycloociene vs.
Biphenyl Derivatives. Table 10 shows the percentages
of 6-substituted benzocyclooctene (6-BCOT) and o-
substituted biphenyl (0-BP) from the reactions of ben-
zyne-silver cation complex with substituted benzenes,
together with those of benzocyclooctene and biphenyl
from benzene. Obviously, the formation of 6-BCOT or
0-BP depends on the electron-donating (or electron-
withdrawing) nature of a substituent of a substituted
benzene. Namely, anisole having an electron-donating
substituent gave exclusively o-methoxybiphenyl, while
chlorobenzene having an electron-withdrawing substi-
tuent gave predominantly 6-chlorobenzocyclooctene.
These results can be explained by the following way.

_hs’ 8)
x

28
s-‘\g; ' x
== —)
28
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An electron-donating substituent stabilizes the inter-
mediate cyclohexadienyl cation 28 and may reduce the
electrophilicity of the cation to the carbon attached to
silver. Thus, elimination of silver cation with proton
transfer becomes predominant to increase the formation
of o-substituted biphenyl (Eq. 8). On the other hand,
an electron-withdrawing substituent may be reduce the
electrophilicity of the cation 28 and elimination of silver
cation with cyclization becomes more predominant to
increase the formation of 6-substituted benzocyclooctene
(Eq. 9). A very strong electron-withdrawing substituent
like CF; destabilizes the intermediate cyclohexadienyl
cation and the cation may not be formed. Thus, the
fact that benzylidyne trifluoride did not give biphenyl or
benzocyclooctene derivatives could be understood.

Experimental

General Procedure of the Reaction of Benzyne with Substituted
Benzene in the Presence of Silver Perchlorate. Benzenediazo-
nium-2-carboxylate (6), prepared from 1—3 g of anthranilic
acid (5) by the method described elsewhere,1) was stirred in
25—500 ml of a substituted benzene in the presence of a proper
amount of silver perchlorate at about 45 °C. After gas evolu-
tion had ceased (20—64 h), the mixture was washed with aq
sodium hydrogencarbonate soln and water, and dried on
calcium chloride. After removal of the most of substituted
benzene, the residue was analyzed by gas chromatography
(PEG 20 M, Silicon DC 550).

Reaction of Benzyne with Anisole in the Presence of Silver Perchlo-
rate. After the treatment as described above, gas chro-
matographic analysis (PEG 20 M, Silicon DC 550) of the
concd crude mixture showed the presence of 1-methoxybenzo-
[2,3]bicyclo[2.2.2]octatriene (7), benzobicyclo[2.2.2]octadi-
enone (8), methoxybiphenyls (9—11) and a small amount of
phenyl benzoate (69, of the total products). All products
were consistent with the authentic samples on the basis of the
IR spectra and the retention times on gas chromatography,
respectively.

Reaction of Benzyne with Toluene in the Presence of Silver Perchlo-
rate. After the treatment as described above, gas chro-
matographic analysis (PEG 20 M, Silicon DC 550) of the
concd crude mixture revealed the presence of 1-methylbenzo-
[2,3]bicyclo[2.2.2]octatriene (12). 2-methylbenzo[5,6]bicyclo-
[2.2.2]octatriene (13), methylbiphenyls (15—17) and 4-meth-
yl-1,2-benzocyclooctene (14). 14 was isolated by preparative
gas chromatography (PEG 20 M) from the distillate of the
crude mixture at 57 °C/8 Torr. 14 was a colorless oil: MS,
m/e (rel intensity) 168 (M, 92), 167 (49), 165 (28), 153 (100),
152 (50), 141 (21), 128 (44), and 115 (30); IR (neat), 1490,
1430, 830, 790, 760, 725, and 690 cm~1.

Other products were all consistent with the authentic sam-
ples on the basis of the IR spectra and the retention times on
gas chromatography (PEG 20 M, Silicon DC 550), respec-
tively.

In another experiment using 6 prepared from 2g (14.6
mmol) of 5, 200 ml of toluene and 54 mg of silver perchlorate,
evolution of 14.4 mmol of gases (N, and CO,, 509, yield of
benzyne based on 5 used) was observed. Gas chromatograph-
ic analysis of the crude mixture added with weighed diphenyl-
methane indicated the yields of 12+13, 14, 15, 16, and 17 to
be 2, 4, 31, 10, and 59%,, respectively, based on benzyne gener-
ated.

Reaction of Benzyne with Chlorobenzene in the Presence of Silver
Perchlorate. Gas chromatographic analysis (PEG 20 M)
of the concd crude mixture indicated the presence of 1-chloro-
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benzo[2,3]bicyclo[2.2.2]octatriene (18), 2-chlorobenzof5,6]-
bicyclo[2.2.2]octatriene (19), 6-chlorobenzocyclooctene (20)
and chlorobiphenyls (21—23) together with phenyl benzoate
(10—209%, of the total products). After distillation of the
crude mixture at 47—53 °C/3 Torr, 20 was isolated by pre-
parative gas chromatography (PEG 20 M) as a pale yellow oil:
n¥ 1.6226; MS, m/e (rel intensity) 190 (M2, 16), 188 (M+,
47), 154 (28), 153 (100), 152 (58), 151 (36), 150 (14), 128
(11), 127 (14), and 126 (13); IR (neat), 1495, 1100, 830,
795, 770, and 725 cm~. Caled for C;,H,Cl: C, 76.40; H,
4.81; Cl, 18.79%. Found: C, 76.38; H, 4.74; Cl, 18.529%,.

Other products were all consistent with the authentic sam-
ples on the basis of the IR spectra and the retention times on
gas chromatography (PEG 20 M), respectively.

Reaction of Benzyne with Methyl Benzoate in the Presence of Silver
Perchlorate. A mixture of 6 prepared from 1g of 5, 116
mg of silver perchlorate and 50 ml of methyl benzoate was
heated at 55 °C for 13 h and then 90 °C for 9 h, but only small
amount of 6 was decomposed. The most of methyl benzoate
was distilled off at 100 °C using 10 cm of packed column and
then the residue was dissolved in ether. The ether soln was
washed with aq ammonia and sat sodium chloride soln and
dried on sodium sulfate, and then concd. Gas chromato-
graphic analysis (Silicon DC 550) of the residue showed six
peaks. First three peaks were due to phenyl benzoate (299%,
of the total products), 2-methoxycarbonylbenzo[5,6]bicyclo-
[2.2.2]octatriene (24) (3% of the total products) and phenyl
salicylate (139, of the total products), in the order of retention
time. These products were all consistent with the authentic
samples on the basis of the IR spectra and the retention times
on gas chromatography (Silicon DC 550), respectively. The
fourth peak (229, of the total products) was tentatively deter-
mined to be that of methyl 6-benzocyclooctenecarboxylate (25)
which was isolated by preparative gas chromatography (Silicon
DC 550) after column chromatography through silica gel with
benzene. 25 was a pale yellow oil: IR (neat), 1715, 1240,
1065, 800, 755, 730, and 710 cm~. The fifth peak was that of
methyl 3-biphenylcarboxylate (26) which was consistent with
authentic sample on the basis of the IR spectrum and the
retention time on gas chromatography. The last peak (209,
of the total products) had a 2—3 times longer retention time
than the other five peaks. This compd had a IR absorption
at 1730 cm™! but the structure was uncertain.

Reaction of Benzyne with Benzylidyne Trifluoride in the Presence of
Silver Perchlorate. Reaction of 6 prepared from 1 g of 5,
with 50 ml of benzylidyne trifluoride in the presence of 301 mg
of silver perchlorate gave 2-trifluoromethylbenzo[5,6]bicyclo-
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[2.2.2]octatriene (27) (30% of the total products), biphenylene
(389, of the total products) and phenyl benzoate (329, of the
total products). All products were consistent with authentic
samples based on the IR spectra and the retention times on gas
chromatography (PEG 20 M, Silicon DC 550).

Competition Reactions of a Series of Substituted Benzenes toward
Benzyne in the Presence of Silver Perchlorate. Competition
reactions of a series of substituted benzenes toward benzyne in
the presence of silver perchlorate were carried out under usual
conditions. Relative reactivities of substituted benzenes were
estimated from the calibrated gas chromatographic analyses
(PEG 20 M, Silicon DC 550) of the crude reaction mixtures.
The results are shown in Table 6.
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