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ABSTRACT,

The evidence for considering benzyne as a symmetric
singlet with a partial -« bond between the two one-electron
centres is given. Eenzyne is conparecd with strained cyclic
acetylenes and a nmethod. of 'stabilizing both systezms as ew
coxplexcs on & transition metal is illustrated. Other
reactions possibly involving benzyne-metal complexes are

reviewed,

Two new benzyne precursors are described; the sodiux
and lithium salts of 1-(toluene-g-sulphonamido)benzotriazole
(Ia, Ib), and (1-benzotriazolyl)iminotriphenylphosphorane {(II)
give benzyne on photolysis. For comparison the new cyclohexyne
and cycloheptyane precursors, (4,5-tetramethylene-=1-triazolyl)
iminotriphenylphosphoranc (III) and (4,5-pentamethylene-1=-
triazolyl)iminotriphenylphosphorane (IV) were prepared. It
was also found that photolysis at roon temperature of

cycloheptenocyclopropenone (V) gave cycloheptyne.

1,243=-Benzothiadiazole~1,1=-dioxides (VI) and beazcne=
diazonium=-2-carboxylates (VII) were used as benzyne precursors
with tetrakis(triphenylphosphine)platinum(0) (VIII) to prepare
benzyne-platirum complexes. Benzgyne-platinum intermecdiates
are postuiated with 1,2,3-benzothiadiazole-1,1-dibxides in
refluxing ether - benzene where cyclotrimerisation of benzyne
to triphenylenes (not observed in the absence of platinum) occurs.
In cold benzenc, 1,2,3-benzothiadiazole-1,1-dioxide is trapped
by tetrakxis(triphenylphosphine)vlatinum(0) before it dscozzoses
to benzyne to give the adduct (IX), which when irradiateéd, is
also a new benzyne precursor. The recaction with benzeunediazoniun
-2-carboxylates gives carboxylato-platinum complexes (X) which

are not benzyne precursors and no cyclotrimerisation of benzyne
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The oxidation of 1-aminobenzotriazole (XI) in the

ce of tetrakis(triphenylvhosphine)platinun(0) did not

s}
H
©
(4]

Pl
o]

lezd to a benzyne-platinum complex and benzyne-platinun
intermcdiates do not appecar to be involved. Furthermore
the szbove, new, non-oxidative routes to benzyne with

tetrekis(triphenylphosphine)platinum(0) gave no evidence

o1

L)
H

benzync=-platinunm couplexcs Analogous cycloalkyne
precursors were also explored as routes to cycloalkyne=
platinuz complexes and cyclooctynebis(triphenylphosphine)-

platinun (XII) was Zsolated.

The lead tetraacetatc oxidation of 1-aminobenzotriazole
in the presence of ethylenebis(triphenylphosphine)platinum (XIIZ
dces, however, appear to give a benzyne=-platinum complex which
is stable for 10 minutes in solution. Benzyne was again

cyclotrimerised to triphenylene in this reaction.

Other attenmpts to synthesise a benzyne-platinun complex

d to stabilize an antiaromatic compound with zerovalent

B

platinum are briefly described.
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cyclcobutadicne would boe ctabilizcd by cecrdinatica to a
n

transiticn retal ionm. 211 atteunpts to isolate a cyclo-
tutadicace spoecies had been uasucccssiuvl upto tha t'mez,
but thisg acw conccept in the hands of the experimental
chexist soon proved fruitful znd in 1959 Criegce and
Schrdder” icolated a stadle cyclovbutadier rcenickel corplexe

The succecs of the awprouc‘ haos bco1 extensively
cizploitod by Pottit and co-worier 5451647, to C’*ablﬁuh
the clectronic structure and extend the chcm;stry of
stirulated cfforts with other reactive

cyclovutadicne,. 8
11472

intormeéigtcss X

contribution to their chenistry wmight be achiceved.

J
Thi
0,

in the hope that a cipilar

<n application of the apnroach to benzyre scened
particularly suitable at this tinms. Thore ig a considerable
iiterature on the chemictry of benzyne and geancral
cgrccrzcat on its structure. A4 fairly rational approach to
the problen of estabilizing it on a transition meotal is

thercfore »occible,

It is the purpose of this introduction to cover tlkose

pecets of benzyne end tronsition metal chemistry which
&
-

'
»0

-
Cde =

ceteramine the genceral &pnroach towerd o tronsition me

concyac couplexz. The first two secticaa cover thoze

complexcas of benzyne.




Ge CTRUCTURE AND RESCYIVITY OF BLNZYIID, COMBPARNISON WITH
CYCLIC ICLTYLINEZS.

O

General methods of preparing benzyne (1) are
~illustrated in order to provide a background to a discucsiox
on its structure and recactivitye. The benzyne prccursors are
divided into three groups depending upon the reaction conditions

sequired.

Pormation of tetraphenylnaphthalene and 1,%4=dihydéro-
napnthalcene endoxide Iroa tetrephenrylcyclopentadiernone
(tetracyclone) and furan is accepted as good evidence Tor
the intermediacy of benrcyne in a rcaction. Eowcver for
rigorous proof, the syzretrical nature of the reactive sitc

would have to be demonstrated.

Ph

72 X-Pn "
— (] ¢ co
Ph NN APH

. CH
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Proparation of bonsyno,.

F . A
- ~ : Y

{1) Flinirnziion of lecules under arbicnt conditionns.

Docozposition of benzcnediazonium=2Zwcarboxylate (2)

. o . : )
in benzene at 50 gives nitrogen, carben dioxide and benzyno

, 15,15

-

which can be trapred in yields epproaching 80%.

)
. A~ Q) rnte
e C02 ' |
Rl
co;

(3)

Ctepwice decomposition occurs1 and the interrediate (3) kas
beeon trapped with phenylisocyanide cnd nickelcarboryl as
Nephenyiphthelinide and phthalic'anhydride17. Refluxing
192-dichlo£}tnazc is the best system for deconmpocitioz of

18
thies precurcor .

Decowposition of 1,2,3=benzothiadiazole=4,1=-Cloxide (&)
at room tempoerature in a suitable solvent glves beacyne waich

¢ trappecd in 50% yield19'2o. Nitrogena aad sulphur dioxide
21

{E
o

& 1lost in & concertew fachion

y —_— + N, + SO,

2
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Oxidation of 1-auinobenzotziazole (5) with lead
tetraacectate at roon tempercture in benzene generates tho
nitrene which frogments izmcdiately to nitrogen and benoyne
(trapped in 93% yield)zzo Slightly lower yields arc obteined
if the oxidation is carried out in methyleune chloride at

0
low teamperature (=80").

W 4+ PbOAC), —> N+ 2HOAC
N 4 ? +
N N Fo(0Ac)
2 .
(5).
Eerzencdiezoniun=2~carbvoxylate 1s easy to preparc
(although it cannot be stored) and is thu benzyne precursor
wost frequently used in the litercture. It is cxtremcly

23

azzordous to handle and its decompositioa isg not concerted.
1,2;,3=Beazothiadiazole=-1,1«dioxide is the'perfect! benzync
precursor as it frogments to benzyne in a concerted fashioa’
without the eid of an external reagent. EHowever it ic so

uactable that it has to be Lreshly prepored for each reaction

cnd its preparation ig difficult and tedious. d-imincucnzotriazole
iz a very good benzyre precurczor cnd is a little casicr to

prepare thza coxmpound (4). It can be stored indefinitely, but
cannoct be'used iz reactions whose conponcnts are sensiliive

to oxidation.

(ii) Pyrolysis znd vhotolvsis of ortho-=-subatituted bansonas,

Thermolysic of 2-zzoxnybenrzoic acids (6) for 3 hr. et

1907 in the prezence of tCtI‘CCV""lCnG ives the boazgyne/-
& & J
c

[l

. \ M
ctracyclons adduct in 24% yield D
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(7) (8 : (9) : (10)

Decomposition of diphenyliodoniume2ecarboxylate (7)
in refluxing diglyme (160°) affords benzyne which can be

trapped in 6835 yield24.

Pyrolysis of phthaloylperoxide (8)26 and indaneTtrione (9)27‘
at 600° gives 27% and 23% bipghcaylenc, a procuct formed by the
diuerisation of berzync. Photolysis of a benzenc colution of
phthaloylperoxicde in the presence of tetracyclone gave a

7% yield of tetraphenylnaphthalenezs.

Pyrolysis of phthalic anhydride (10) in benzero at 690o
leads prircarily to products attributable to the reaction of
benzgyne with benzenez8, elthough a somall yield of biphcaylene (19%)
was icclated. Pyrolysisvof phthalic anhydride vapour over o
Nichrome coil at ca. 800° gave biphenylene in 10 = 15% yieldzge
raction conditionc have precluded any
e

2ce benzyne precursors.

(iii) Orcanomciallic routes to binzyanc.

The objective here is to generate an ortho-motallatced

rhenyl halide which can fragrment to benzyne and motal halide.

Thenyl
Tiiz can be achicved by the action of strong base (e.ge mztal

- i M
=
<

apide) on an aryl holid
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X LRy 2t | .
— e, —_— |+ Lix
HAR,, XU

X=F,Cl Br

- or by the metallation.of aryl dihalides by rmetal=halozen
X

interconversiorn reactions” .

X
_— + n-uX’
X! Li

X' - more electropositive halogea

Tho use of stroag organormetallic reagents is a
disadvantage as it limits the choice of reaction partners
Tor benzyne beccuse side reacticonsz can occur. Thus umetale
halogen interconversion can compete with ortho-metallotion in
aryl halides containing the rore electropozitive iodide and

browide. Benzync liberated from these routes can react o

=]

give biphernyls and triphernyleones by successive addition to its

31

precursor” ‘. Originally it was suggested that trinacnylenc
by

)

foriation in this situation was due to cyclic trinm

1

-3
B
32 , . . s
o bcnzynej » vut the meochanicem desecribed below ras beoen

. 1 .
cleaxrly conflrmcd3 by trepping (41) ot low teuperatur

e
its benzophenone adduct (12) in yields cozparable to that of

',.l

triphenylene which results from carrying out the reaction &t

roon temperaturc.
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)+ >

‘ J ¢ L

. X=FCl,Bn
I

roon

tenperature
&L

(12)

The use of stronz organonctsllic rcagents was
] 30,33

circuavented by Ulttlgj *22 o generated orthoe-nctallated
phenyl halides from 1,2-dihzlobenzencs with lithiun enmzlganm

or oagacsiuz.

NF Li/Hg F
' _—
X "Br ELQ Li -
- ] F Mg F
(N

—_—
Br Q MgBr .



Ronnyne as an intermedictce

—> § >

(132) (1) (139)

J. D. Roberts suggested Yenzyne as en interamedicto
to cxplain gins~substitution of aryl halides by alkali metal

amides)h. He demonstrated the symmetrical nature of the

NH,

Rez KNA, R R NH,
> +

NS iq. N4

cine=gubectitution

-

s 2 35 %5

interzeliate”™s Information froaz deuterium and 3C labellinz”
was consictcat with an climinatiom-addition reaction in which

the ortlio-hydrogen was removed in the rate determining step.

2enzyne has a significaant lifotime which has been

&S

aemonstrated by reactions in which it selects its reaction
partrer from among seversl compotitors. Competition experiments
between lithium piperidide znd pbcny”lthluﬁ77 and alzo between

38

lithium chloride, bromide and iodide illuctrate this

ctatement. The value of the competition constant renszins
the same irrespective of the bonzyzne precur ~0“39 The

intermediate rust therefore be the lergest molecular untitj
coznon to these precursors vwhich is obviously the Csd# it

alrecady suggected by J. D. Roberts.

cinc—Substitution occurs wacn the gymmeiry of the
interncdiate (but not tho syzmetry of the reactive site) is

destroyed by a substituent in tho eromatic ring.
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1 X R Y
T—'0—¢

(142) (14Db)

- nuclcecopnile

L]

The same unsymmetriczl interrecdiate can be generated
from two igomeric starting raterials. EIExperinents have
shown15'40 that the ratio of the two products formed is the
saze from (14a) and (14b). Iither the leaving groursX and Y
in (1%2) and (14%b) adopt an identical orientation in the
intermediate or they do not form part of it. The latter
possibility is a more satisfactory conclusion especially
when ¥ and ¥ are neutral molccules. This has becn cupported
by the observation that product distiribution in the rcactionc
of substituted aryl halides via benzyne intermediates is

37,

independcnt on the nature of the halogen

Tae existence of a C.X u4 spceies in the gas phasc has
Tcen c‘aemons’czufatc:dlH 42 by coupling a flach photolysis apparatus
to & tine of flight mass spectrometer and execwining the: prodicis
of the flash dccomposition of benzenedicgoniun=2=corboiylaic.

Af¢er 50 mzce only the nasses of nitrogon, carbon &loxide and
M &%y

v

beagzyne werc preseat,

There are two inmportant classes of reaction of beasyae
wiich throw light on its fine structure: (i) cycloaddition

recactions (1) addition of nucleophilcs and electrophiles.

(1) Cvcloaddition recctions.




10.

The mechanism of the Diels Alder addition of olefins
(or acetyleres) to 1,3-dienes has been explained by Woodward
- 43,44
and Eoffmann ”°

between the highest occupied orbital of the olefin and the

« The process is envisaged as an interactioan
lowest unoccupied orbital of the dienc with a corresponding
interaction betwcen the highest occupled orbital of the diene

and the lowest unoccupied orbital on the olefin.

Molecular orbitals ' Molecular orbitals

of diene of olefin
e
[
g "
< A N
5 5
“’2

2D

Ezergy level diagran

1,3~diene ' olefin
Ve
]
- o
A A! !
S— W L ¢

: !
In the Dielg .lder reaction Qq interacts with %3

.. ! s . N
and’\, with 4., , tke intercctions are synmmetry allowed zond



8 & 3
c—38 ]
/4 %

It is apparent from this argunent that a similar
interaction in a cycloaddition reaction between two olefin

molecules would not be symmetry allowed.

no symmctry E}——__{g “%

correlation —7 5 :
B8

I

be a non=conccerted and heace non=-

My

cycloaddition occurred thea it would

setereospeciiic processg.

The Dicls Alder addition of 1,3~dienes to benzyne iz

b4 e S
2 and the cycloaddition of olefins is non=

16,47, 48

stercospecific
stereospecific This is precisely the situction
zxpccted if the reactive site in bengyne is like the - bond

in olefins and acetylences.

]
A
2

i)

-
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v

Zoffmann has verificd this hypothesis by wmolecular
. . L . .
orbital calculations 9. n, and n, (15) are the hybrid orbitals
formed by loss of two ortho uubutltuon*~ in the benzyne

precursor. The symmetry cdapted combinations (n1 + nz)(Sy:;ctric,S)

08, 05 CF

(15) (S) | (A)
and (n - n,)(Antisynuetric,A) are degenerate in the absence of
any 1nter“ct n between n, and n2'. Calculation has shown
— A

A A
+ o+
s A s
that ean interaction does occur which manifests itsell in a
splitting between the encrgies of (8) and (A) of sufficient
raznitude to cause pairing of electrons in the (S) combinaticz:e.
The ground state of bonzyne 1s a symmetric singlet with {wo

electrons in the lower (S) orbital resembling that of a partial

Dicls Alder addition reactions of beanzyne are well
. 1 s
cocuzeated znd have become accepted a3z a diagroctic test

for the intermediacy of benzyane in a reaction.

The cycloaddition reactions of olefins with beaszyne zre
non=stereospecific cs eixpected but experiwcats have shown that
they are stereosolectivehs. Thus ciseethylpropenyl ether
allorded the ¢is and trans butencs in 541% end 3.2% yields
together with a product froz: the fene! reaction (sec later),

2yl o¢ =phenylallyl ether (0.9%).

\c
LSS
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| CH -~ ' LaCH, CH
3 3
Ol + | Tl | ot | >
OEt X "OEt
+
HoH
H
H™ ot

The transecthylpropeayl ethcer gave the corresponding bﬁtenes
in 8.2% and 31% and the ‘'cne' product in 149% yield. These
results, in which prcdonminant but not exclusive retention of
configuration occurs, are coasistent with a noa=concerted '
cycloaddition reaction in which bond rotation is relatively
slow compeared to ring closure. The dependence of the 'ene!
product on the stereochemistry of the olefin can be expleoined
by an uafavourable interaction of the bulky groups of the

cic=olefin with benzyne.

Formwation of biphenylenc involves a cycloaddition of
benzyne to itself and if the reactive site is a symrmetric
singlct, the process sghould be noneconcerteds A high stationary
concentration oi bengzynce ic necessary for a high collision
probability eanc-this requirement has been satisfied by the
gas phasce flash decomposition of colid 1,2;3-beonzothiadiazolew
1?1-dioxidc(4a)20 and flach photolysis of béazencdiazonium=2-
carboxylate(Z)Bo where yields of biphenylenc approach &0%.
Decompositionsof these precursors in golution give lower yiclds
of bilphenylene and in the casec of 1,2,3-benzothiadiazdle-1,ﬁn

dioxride much lower yields (1=9%).

Tho very high yields of biphenylene (80%) produced by
lead tetraacetate(LTA) oxidation of 1=-aminobenzoiriazolc(s)
in solution mey be explained by participation of lead in the

reaction (sce Discussion).



1%L,

Cycloaddition of acetylenes fo beanzyne leads to

. A 2 . ' - s
formation of benzocycloounadleness1’5 which can react further
under thesc conditions either by dimerisation or addition of &

further moleculc of benzyne.

R’ |
| R
c
: o

|+ || — |
? S
R

The 143-dipolar cycloaddition reactions of olefing

53

and acetylenec have been extensively studied in receant years
cnd participation of benzync54'55’56 in similar reactions as
tie 'dipolaropkile' is again an irdicaticn that the reactive
site in benzync has similar properties to that of a T bond.

57

The mechanicu of this reaction has been established by Huisgen”

58

after some dispute” .

The stercocpecificity of the addition has becn interpreted
in terzs of a concerted reactior directly analogous to the
Diels Alder rcaction, the 1,3-dipole being the four electron
component and the dipolarophile (olefin or alkyne) the two
elcctron component. The highest occupied and lowest unoccupied
molecular orbitalsof the 1,3-dipole (a«b=c) are shown below in
the cuggested orientation for interaction with corresponding

crbitals of tke dipolarophile (d=e).

Jowest unoccupicd , highest ocecunied orbitel
orbital of 1,3~ @b b of 1,3=dipolec

dipole - G?\\\f§ ' .
| 52 s 8‘ BC
. - o o~
highest § § ér___ji lowest unoccupiced
occupicd ‘ orbital of olefin/=
orbital of olefin/- acetylene
acotylene

can be cgeen from tho diagram, the cornditions eare
savisfied for a thcrmal concerted ¢ycloaddition recaction and
c he dincleorophile its cyzmeitric (highecst

T
occunicd) crd anticyzuctric (lowest unoccupied) molecular

[a]
¢}
o
!
o
&
'—J
[#]
+
(¢4
fed
I_J
£
Q
()
t
3
O
0]
(8]
(e}
ey
ot
<3
o
£
k-
o]
(6]
-
)
H
(o]
o]
%y
lJ
-
[¢]
L
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The *ene’ reactica is a reaction between =i cctivated
. . - 6o,
olefin and an allylic systeme It has been uuowu59’ that
the reaction is concerted ana stereospecific leading to

opticzlly active procducts from an optically active olefin.

_ 3
//—?'\{-[X . 2 54
Ci. .
R

R Hs
R
Ls shown in the diagrez, the participation of benzyne in the
fene! reactionzo’61’62 infers the presence'at the reactive =zite

of a -+ type bond. DBeanzyne evea undergoes the 'ense'! rceaction

13

with an alkyne to form an allerne “o These reactions bear a

" H H
/\ jc Sc=c= c<
\ / )
v! ,_L;'/ {— . R
------- ‘H CH

N . s . . . 63,64
Tormal sinmilarity to 1,5-sigmatropic shifts 21 which have

. . . . 6 .
been doscribed by Voodward and Hoflfmann & as a suprafacial

cigration of hydrogen betweea the eads of a 7 systen.

Cycloaddition reactions provide an insight into the
cignificance of the excited states of wmolecules in determining
the course of a reaction. The elcctrons of a bond undergding
reaction are deformed and the excited state of that bond
describes one possible way in which the electrons can be
”edi°*ributed66. The difference in energy between the around
and excited state deter ~mining the ease of the transition,

connonly described as the pclarisability of the bond,

The cvidence cuggests that benzyne (1) is a ground
svate singlet in which the pairing encrgy of the elcctrons
in the partial - bond (16)(44) contribute to its stability.
A ciaglet ¢iradical (17) in vhich there is no pairing of

eleecitrons can be eavisazcd &3 one ci L



6.

(1 (16)

is genercted by vphotolytic methods from benzenediazoniuvm-2e-
-~

- 0 - . . . 4:4.20
carbo::y.:.ate5 and 2-iodophenylmercuric iodide™ + Benzene and
biphenyls areproduced probably by hydrogen abstraction frozm

the solvent - a typical radical rcaction.

The T bond in benzyne is recadily polarised by nuclcophiles
and electrophiles which cen be rationalised on the basis of a
small energy differcnce btetweecn (16) and {(17). This is a
reasonable assumption as the strain ia the T bond in (46) ic
rcleased by excitatiorn to (17) although of course the yairing

energy ofi the electrons is locst.

(ii) 2dcdition of nucleophiles and electrophiles.,

=+

(:::)1 + N  — )

N = nucleophile

Sorie exzaples of rucleophilic addition resciions have
&lready beea given in the text to deaonstrate the seleciivity
of the benzyne intermediste. Nucleophiles with an active

67,68 __,

Lhydrogen such as primzry and secondary amines
. R R | . s

arvoxylic acidés 2 would imimcdiately protonate the betaine (18)

although it is conceivable that (19) describes the intermcdiate

vore satisfactorily in these cases.
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-
. . o) ¢] s oy

Ethers and tertiary auines 947 behave as nucleophiles

to give tiae intermediate (18) which then reacts further by an

intromoleculaer process described below.

, Bt |
N NEt
Or[Hz 2
() 1=y, — ™
> By —

The betaine (18) can accept a proton from an external
scource; thus triphenylphosphirnc in the precence of fluorene

gives the tetraphenyl phosphonium salt (20)71.

L4
PP -
1 "3 + //’
|+ PF’h3 —_— —_ PPh4 l
- N

fluorene

(20)

in exanple of electrophilic attack is provided by
triethyl boron. Hycérolysis of the rezction,yields phenyl-

boronic acid .

+ CH3=CH

5 CHy
| *¢H>H
+ BEL, — sz N
T/CHZ BEt,
Et,
H.O

B(OH)2

2
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Surnarye.

The ground state of bvenzyne is a symmetric singlet
irn which the reactive site has all the symmetry properties
of the -7 bond in olcfins and =zcetylenes. The-W bond iz
ecsily polarised. The significant features of the symbol
used for benzyne throughout this script are the implicit
suggestions that:

~

(i) the aromatic sextet of electrons
rcerains largely undisturbed
(i1) the two electrons in the (S) orbital
interact in such a way as to form a
partiel @ bond which is orthogonal
to the — orbital system of the

aroratic rings

Commariscn with cveclic acetvlenese

The suffix 'yne' on benzyne infers the existence of

a carbon=-carbon triple bond in the 0654 specliess Coulson
.72

suggested that a more effective intercaction of the electrons

in n1 and n2 would be achieved if the 01 - 02 bond were
shortencd and that this would also result in partial bozd

L
fization in the aromatic systez (21). However Hoffﬁann}9
showed by Molecular Orbital calculations that (22) was a

izeable contributor to the structure of benzyne and proposed

O

a resonance hybrid of the two forms (21) azd (22).

(1) (21 (22)
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The 'sp' hLybridised carboa atoms of the acctylene

triple bond prefer a linear orientation. In cyclic acetylencs

(23)

this preferred orientation becomes increasingly distorted as
'‘n' (see (23)) decrezses. Cyclic acetylenes, therefore exist
in a strained conformation and reactions which can relax tkhe
strain (conversion of 'sp!' to 'spa' Lhybridised carbon) arc
favoured. The strain only becoumes severe for values of 'n!
of five.or less, and as a result these systems only have a

transitery existence. '

Cycloheptync has a lifetime of 1 hr. at =75° and
cyclohexyre a few scconds at -110° 73 The selectivity of
these acetylenes decreases with ring size and cycloheryne
gives the lowest yield of the diphenylisobenzofuran aaduct
when generated by either the Grignard (435%) or oxidative

route (8¢ )1’ This observation can be explained in two weyss

(1) when generated cyclohexyne reacts
rore indiscriminately than cycloheptyue
and larger cyclic eacetylenes
(ii) the cyclohexyne precursor might decompoze
rmore slowly than the corresponding cycio~-
heptyne precurcor and therb;Ogo be
cusceptible to side reactions (not applicable

to oxidative routes).

The existence (or not) of a carbon-carbon triple bond
in beazyne is irrelevant to a compariscn with cyclic acetylcnes.
It is

to 'eop

a relief of strain (wkich in both systems is o return
2 s aa . s . .
' hybridised carbon) that explains any similerity in

their reactivity.

Theo T coizponcant in the carbonecarboan triplc bond iz

>~

acctylenes has the rigat syrumeiry
roactions both of the Dliclc Aldon
cctylenes recdily Lndccgo

tack by nucleophi
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: s . 2 . ,
rehybridisation of carbon (to 'sp”') at the reactive sitce

Benzyne dimerises to biphenylene.‘The analogous coxpounds
procuced by cyclic acetylenes are cyclobutadienes; but they
have never been isolated. Iiphenylenc cen be considered as
a rcsonance hybrid of (24) and (25), the dibenzocyclobutadiene

negligible contributor. The cyclobutadiéne ring (25)

o

(25) being

JI

(24) (25)

|

N N
Z Z

derived by dimerisation of cyclic acetylenes cannot be

stabilized in this Qay and if formed would be extremely reactive.

(CH).
5
\/

(26)

(CH

2)n

Its formation and subsequent participation in Diels Alder-

reactions has been used to explain:

(1) the hexamers produced by the LT4 oxidation

of 1=amino=-4,5-pentamethylenetriazols (2'7')‘7'O

(27)

(ii) the cyclic trimcrs and tetramers formed by
the action of lithium amalgam on 1,2-dihalo=

77 |

cycloiiexenes



merisation of cyclic ecetylenes generated fro
ortho=-metallated precursors may occur by successive addition
of the alkyne to the precursor in a ncchonicm similar to that
clready described for tripheunylenc formation. This hypothesis
is supported by the observation that therzmal trirmerization

of cyclooctyne under the icdentical conditions used to generate
it from 1,2-dibromocyclooctene and magnesium cannot account

i3

for the high yield of cyclic trirer in this reaction .

Ph

This mechanism cannot be used to explain the formatioan

of triscycloheptenobenzene (29) on heating the cyclopropcnone (28)7h.

+ (29) 3%




Thermodynemic data has cshown that internal acetylenes
are more stable than the corresponding zllenes obtained by .

79

base isonmerisation’”. The unstraired acetylene linkage requires

. H
_ _ base N\ 7
CHyC==c—Chz~ %> f=c=c(
CH2 H
/

four colinecar atoms, whereas the allene requires only threc.

An allene tHerefore, might be expected to become the more stable
of the two in sumall ring systems. This has been demonstrated
for a series of cyclic acetylenes_(n =7 to 9)79. The ready
conversion to allenes of yet smaller cyclic acetylenes

(n = 6 to 4) has been showa in a series of recent paper380’81’82.

The formation of the exo and endo isomers of compound (z0)
by treating 1-bromocycloheptcne with potassiun tertiary butoxide
in the presence of diphenylicobenzofuren and the two hydrocarbons
iz the absence of the trap has becn construed as evidence for

31

the intermediate &llene .

Qie’r Kozut Q, kot
— i ———
H

diphenylicobenzofuran
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Highly strained cyclic acetylenes do resemble beazyne

‘in theilr reactivity and parallel each other's behaviour in

cycloaddition reactions and behaviour towards nucleodophiles.
Cyclic acetylenes, unlike benzyne, can relieve strain by

isocumerisation to cyclic allenes.

2. SOME ASPECTS OF TRANSITION METAL CHEMISTRY.

The conditions under which metals form stable complexes
of any sort must be considered when designing a transition=-

nmetal complex to stabilize a reactive intermediate.

There are two important categories:

(1) The metal is completely surrounded by ligands.
211 the 'd', 's' and "'p' valence orbitals are
used, making a total of nine orbitals which

require 18 clectrons to be filled.

(ii) The metal is in a plenar environment in which
only eight of the available orbitals are used;
the 'p' orbital perpendicular to the molecular

vlane is of higher energy and remains unfilled.

This restatenent of 4he Inert Gas Rule in molecular
orbital terms (modified for planar complexes) can be used to -
predict the stoichiouztry and to a certain extent the geometry

of stable transition metal complexes.

Longuet-Higgins and Orgel1 used thié approach in
predicting the stability of cyclobutadiene in a transition
metal complex, the qualitative approach above being substantiated

by Molecular Orbital calculations.

It is necessary to consider the donor = acceptor prozcriics
igand in this aprroach; for cxarnlce cyclobutadicne khas
cetrons which can be donatcd to the transition

mnetal. The success of the approach is exemplified by thoe sceries

0 coxplexes illustrated below.
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Ditonzencchroniun (31): chrozmiun(0) has a total of 2k clectrons

of which 6 are valence elcctronse. To forn a shable type(i)
complex, 12 additional clectrons are required by ligand uonatlon.

Tne benzonc ligands in dibenzeancchromiun donzte 6 electrons each.
3

Tic(=x =cyclomentodieanyl)iron (32): iron(0) has eight valence

clectrons, a type(i) complex ic achieved in bis( T -cyclopenta=
éienylliron in which the cyclopentadienyl radicals donate five
lectrons cach.

e .
{¥ -~cycloventadienyl)(-w-cyclobutadicrme )Cobals(0) (33): cobalt(0)

has nine valence electrons, a typc(i) complex is obtained by

donation of four electrons from cyclobutadiene anéd five elcctrons

from the c¢yclopentadienyl radical.

(S
Bio( 7w =tctrovhenyleyvclobutadicnme )niclzel (34): it satisfies

the conditions for a type(i) complex. It has becen postulated

83

tolan and {dimesityl)nickel in tetrahydrofuran(Tdr).

a3 an interrcdiate in the formation of hexaphenylbenzene from

e .
T =Totromothyleyclobutadionm dichloronicl-cl{II) (35): this iz

an examplc of a type(ii) complex. Nickel(II) has cighkt valcnce
clectrons, donution of two electrons from each of the chlorine
ionc and four from cyclobutadicne give a total of sixteen
lectronse Attempts to prepare this complez resulted in
forration of compound (37) in whkich nickel(II) achicves extra

84

tability in a binuclcar complex by sharing a chlorine ioxn

Me ’ ’%614//{ ﬁ' Cl.
Cl ; 4 N

+ NCO) ——

_ Me 4 }L//\ A .6;7;
MG Me Cl

Ci - Me

(37)

36

The well known squere planar acetylene85 and olefin
complexes of platinum{0) provide many other cxzemples of cimitcea
clectiron complexcs. In these cooplexes the olefin or acctylene
is behaving as a two electron donor and an onalogous bencync-
nlatinum complex. could Le formed if benzynce donated two clectroas

in & sizilar waye.
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The precise structure of diphenvl cetylencbic{triphcayli-
phosphine)platinuz (36) haz been cstablicshed by X-Roy diffraction
87

which have sghowna tizat diphenylacetylenc (felai) as &

ligand is distorted from its normal linear configuration.

40
;'\/Fh .
PPh, AN c
\ M °
/( Pt™) 39 132A
PPh C

: o

This is a very significant result as it illustrates taat the
bonding process stabilizes the ligand in a similar geometry

to that of its exxcited ctzate.

The difference in energy between the two excited states
of acetylcne chown below is not very great66 88. Configuration
(39) is of slightly higher cacrgy thaz (38). The geonmetry of
tolecn in the platinun cozplex (36) corresponds to that of

acetylens in configuration (39). The electrons of one

Q H H H

C——cC \>: C{

i N d N
(38) (39)

- coumponent of the carbon-carbon triple bond have been

decoupled and occupy 'spz' type orbitals on carbon.

The nature of the bomnding in the tolan complex is
embiguous; two extrcme viewpoints for the same complex are
coscribed in which platinum is regarded as zerovalent or

divalcnte
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27.
89

In the zerovalent platinum coLiplex a <Srbond is foraed

as illustrated in the diagran.

C
Pto
C
-ir component
(40) component
(a) component is formed by donation of electrons

from a filled IT orbital on acetylene to a vacant
2

'sp ’ orbital on platinum.

(b) "IT component formed by back donation of electrons
from filled 'd' orbitals on platinum to a vacant

orbital on acetylene.

In the divalent platinum complex each of the acetylenic

carbons is é bonded to ‘dspz* hybrid orbitals of the metal
2

by use of approximately 'sp * orbitals thereby reducing

the triple bond to a double bond»

PPh

PPh

(4rl)



The ie.re stretching frequency of the carbon-carbon
triplc bond in these complexcs (viz. compound (36)) iz reod
-1

fron 2400 c¢cn

cozplexes. This data on first sight favours the situation

.

a
in the free acetylenes to ~ 1750 cn~? ia the
described in (41).

A similar rcduction in the bond order of the carbon-
carbon triplc bond can be achicved by postulating thai in (40)
baclt bonding into the antibonding orbitales is more important

t0 the stability of the complex than ¢ bonding. A net donatioa
of electrons into the antibonding orbitals will similafiy reduce

the bond order of the triple bond.

The stability of these complexes depends on two facters:

(i) the transition metal

(ii) the nature of the acetyleno or olefin.

The rost stable complexes of this type ecre formed by
transition nmetals at the extreme right hond side of the
Periodic Table. Thicg observationgo avours a 6W descriptioa’
of the bond as here filled 'd!' ordbitals arc csscntial for the
-w conponent. The stability also increcases fron first to thirad
row transition metals as the 'd' orbitals become more diffuse
and herce more capable of interaction with orbitals on acetylene

or olefin.

Substituted acetylene591 and olc-fins86 containing clectron=-
withdrawing groups forn the most stable complexzes. The donor
propertics of the olefin and acetylere are thercfore not as
izportant as their acceptor propertics, an observation which
substantiates the bonding situation described in (40) where
back-bending predominatcs. The energy of the Tﬁ-orbitals oz
the acetylene or olefin is lowered by the electron withérawing
subs%ituentga, thus facilitating donation of electrons by the

filled 'd* orbitals of the transition metal.

Acetylene ceomplexzes o2 not the only ones exsuined by

indicate that the ligand is cocordinated

,
s

J=Ray diffraction whic

é
in its excited state georetry.
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The X-ray structure dectermination of bic(W-tetramethyle
cyclobutadiengl )dichlorodi~p, ,\l-chlorodinic::elab’ (37) and
tetraphenyleyclobutadienyliron tricarbonyng show the sguare
planar geometry of the coordinated cyclobutadicne moictys This
is the geometry of thc triplcet (excited) state. Uhen
cyclobutadiene is released from its coordination to a transition
retal its reactions are thoce of a singletu in which there are

9k

two discrete carbone-carbon double dbonds” ',

36 BENIZYIE TRANSITION METAL COMPLEXES.

o-Dilithiobenzene reacts with transition metal halides .
to give biphenyl (plus other open chain polyphenyls),triphenylenc,
tetraphenylene,hexaphenylene and octaphenylene in varying yiélds
depending upon the transition metal cationgs. No correlation
was found between the hydrocarbon produced znd the transition
netal cation used. Trapping experiments with diphenylicobenzo-

furan eliminated the participation of frece benzyne in the

Li
xXMCl_ X :
C2 —-]— X —  2xLiCl “+ + xM
Li
X
reaction. Small quantities of benzene were found,probably
formed by the hydrolysis of the starting nmaterial and aot by
hydrogen abstraction of free phenyl radicals.
No mechanism for the reaction was established, although
& coordinated conplex involving four benzyne molccules was
conccéived to explain the formation of tetraphenylene. Today
the cyclic trimerisation cnd tetramerisation of acetylenc by
transition metals is thought to involve an intermediate in

wiich threc and four molecules of acetylene are bonded to the

sctal””., The formation ¢ triphenylenc and tetranhenylcenc is
o=

iR
v
,
o

0

1

£y
%N
1=
4]

to the cyclication of acet

:d to

H

)

]

cctly analogor

J
he transiticn metal is izvelvedlde It igs

[
ct

necics coordinal

€]



difficult to explain the occnrnnce of hexaphenylene ahd
octapienylene in this way, their formation may indicate a
stepwise addition reaction which is terminated by ring

closure, or hydrolysis to open chain polyphcnyls.'

The reaction betwecn o-dilithiobenzene and ¢is-dichloro
bis(triphenylphosphine)platinum(II) was 1nvest1rated95
tze hope of isolating a platinum~-benzyne complex,similar to

the tolan-platinum complex (36).

Li PPn
- —//L F”‘*"
Li =)
PPh3 Phy
+ 2LiCl

Only triphenylvhosphine~platinum complexes could be isolated
from the reaction and a 'red laquor' which did not yield bcnzyne

edducts with furan.

4 benzyne-nickel complex (42) has been reported in the
iiter ature97 - It is prepared by the action of o-diiodobenzene
on nickel carbonyl. The structure of compound (42) in which

benzyne is behaving as a two electron donor has not yet been

vy 0P . } L0, % |
1 -+ Fh@:()) —_— <::::> — Ni ;?ﬂé———]]<:::>
\ I scaled : I %\QCO/ '
' tube I 1
(42)

confirmed. %“he benzyne complex (42) was reported to be very
unstable towards water and yot its NIMR spectrumz waz run ia

deuteriomethanole.
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The high yields oI p-diiodobenzenec obtained by the
catalytic decarvonylcotion of o-icdoaroyl nalides in the presence
of iodize and tris(triphenylphosghine)chlororhodium(I) at
175-2500 have Dbecen explained by a benzyne intermediate generated

from compound (43)98. The authors expressed doubt about the

PPh.) _Ri
(PPhy) JRRCI === (PPh)) RhCI + PPhy

COX
-CO
_ix I
CO. ,Prh?) ] CQO PPhB
NG X X
Rh/ < \Rh/

X = hologen

mechanism as they could not identify the halogea moleculc{IX)
by mass spectrometry.. No attempt was umude to trap benzyne with

furen or tetracyclonc,.

.Cook and Jauha1103 attempted to trap benzyne gencrated
from 1,2,3=-benzothiadiazole=1,1=-dioxide(%a) and benzencdiazoniun-
2-carboxylate(2) using ethylenebis(triphenylphosphine)platinuz{118)
&35 o bengzyne trap. hey published their results after we had
finished our independent study using sinilar benzyne precursors
with tetrakis(triphenylphosphine)platinum(0) (485). The resulics

1
ta

(30

of Cook zand Jauhal supported our fincdings and are comparcd W

our results in the Discussion.



INSTRUMERTATION AND EXPORIMENTL TECENTOUEZS.

1e Infra r:d (i.r.) spectira were recorded in the range
50CO = 650 cm.-1
and a Unicam SP=-200 spectromectere Spectra of solids werc
taken as Nujol mulls and liquids as thin films between sodiun

hloride plates. Polystyrene was used as a rciercncce

2¢ Ulira violet (u.v.) spcctra werc recorded in the range
200 = 450 nm using a Unicem SP-800 recording. spectrometer.

Fe Proton maznetic resonance (IR) spectra werc teken on a
Varian A.60 or T.60 instrumente

&e Mass spectra werc taken on an AcE.T., M.S.9 instrumcat.

S5e Oszmoretric molecular weights were determined on a Mechroledb
Vapour FPhase Osmoxeter, lodel 3014. Two different concentrations
of the unknown werc used in the rolecular weight dcternination.

Se lolting points (m.pe.) were taken on a Kofler Micro Eeating
Stage and were corrected. '

7. Lead tetraacetate (LTA) was commercial material (BDH). Acctic
acid was removed by suction and the LTA was then stored over
concentrated sulphuric acid.

8+ Coluza chromctography was carried out using silica gel IFC,

using a Perlin Elmer 237 grating svectromoter

bazic alumina (Spence Type H).and necutral alumina (Voeln,
activity grade 1) as supports. The mixture to be separated

was absorbed in oae of two ways:

(4) by evaporation of its solution onto the support

cing a rotary cvaporator (iicthod A)

(B) & concentrated solution of the mixture was
poured onto the top of the suppor: and
absorved by allowing 5 min. to clapse before .
elution was comzeanced (letkod B).

~ N

Columns were packed diry cxeept when silica gel was usod as
a support. They werc cluted with mixtures of petroi
(vepe 40 = 60°) znd ctics, contoining o sraduclly incrcasing

- - e A -~ At .o
proportion of cther ZULr woe then

-
(=]
ethyl acetate and ethyl acetate by e¢thanol.
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follows:

(i) benzenec, toluene and toitrahydrofuran(THT)
vere dried by refluxing over calciun hydride
(24 hr.) followed by distillation iam a strean

of nitrogen onto sodium wire

(ii) furcn and ether were dried by refluxing
over sodium wire (24 hr.) aznd then distilled

onto fresh sodium wire as before

(iii) dirmethylsulphoxide was dried by storage

over molecular sicves (Type 44)

(iv) chloroforn was washed with water to remove
ethanol and dried over calcium chloride
(48 hr.) followed by distillation in a
strean of nitrogen onto fresh calcium

chloridec,

Nitrogen was purified by passing succesesively through agueous-
sodiun hydroxide, concentrated sulphuric acid, sodiun

hydroxidc pellets and silica gel.

10. Three photolysis techniques were used:

(a) 'Henovia'. A Honovia photochemical rcactor fitted
with quartz jackets was. inmersed into the solution
to be photolyseds A 100 watt medium pressurc _
rercury lamp irradiated at 254, 2565, 297, 313 and
336 rme This method was nmost frequently uscd and
found superioxr to the 'Rayonet' method which

operated at similar wavelengths.

(b) 'Reyonct'e The colution in a gquartz tube fitted
with an 'exit bubbler' to exhaust liberatced gases
was irracdiated by siznteen 27 watt lanmps in a
Rayonet photochenmical reactor. The lamps gave
a broad cuicsicn specire betwoen 250 = 360 no
with a mawinzen ot 300 nn.

(¢) *Sunlexm'., The solution in a quariz round-

itted with a reflux condoncer’

a
was irradicted cxternally by a Philisns 5C0 vatds
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STCTION ONZ. EYPIRIMENTS WITH 1.2.3-BENZOTEIADIAZOLE
=1,%4=DIOXINT.

Zrenaration of 1.2,3-benmothiadizzolce=1.4=dioxide (La).

20,99

The literature preparation omits several deteails which
were found necessary to secure good yields. They are incorporated

into a modified preparation described below.

() 2-Nitrobenzenesulphinic acide.

o-Nitroaniline (13.8 ge, 0.1 mole) was dissolved in a
hot mixture of concentrated sulphuric acid (75 ml.), concentrated
orthophosphoric acid (400 ml.) and water (50 mle.). Diazotisation
at 0° was achieved by introducing aqdeous (25 nl.) sodiui; nitrite
(Ce3 Zey 0.12 mole) under the surface of the colution with a
pipettes . During the additionm, the solution was vigorously
stirred. The diazonium solution, saturated with sulphur dioxide,

100

was decomposcd by a finely ground mixture of ferrous sulphate

(hydrated) and freshly prepared copper powdere

One gram quantities of copper powder werc prepared by
adding zinc Qust (1.5 g.) to a solution of copper sulphate
(36 Sy Cu804.5H20 in 50 nle. water)e The precipitated copper

was washed with hot water and pressed drye.

When gas evolution had ceased, the solution was immediatiely .
filtered and the residue cxitrzcted with nethylene chloride=-
ether (1 ¢ 1)e A pad of Kiesulguhr (BDH acid washed) had to be
used in filtration to preveant blockage of the sinter. I
filtration was delayed (e.ge. overnight) lower yields of

o=-nitrobenzenesulphinic acid were obtained.

Purification by acidification of an aqueous solution
of the ammoniunm salt, precipitated initially a brown amorphous

catericl which was rejected. Addition of more concentrated

n
c-nitrobenzenesulphinic acid (12.0 g.; 65%) as pale ycllow
- 0 . ) . -,
crystals, mePe 115 = 115, 1ite, ZePe 125 4(93.75) 5 Viaey 2400,

15%0, 1115,1075, 1045, 1000 an. 840 cm.™ 1.
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(b) Sodium 2-zminobenzencsulphinite.

o-Nitrobenzencsulphiric acid (3.4 go, 18,0 mmole) was
used immediately when it had been prepared. Itwas suspended
in water (20 nl.) and titraied with sodium hydroxide solution
(epprox. 1N) using phenolphthalein as indicator. This solution
was hydrogenated using 10% palladium on charcoal (0.2 g.) as a
catalyst. ‘hen the theoretical amount of hydrogen had been
absorbed, the solution was filtered and evaporated to dryness
on a rotary evéporator to give the sodium salt of 2~amino=-
benzenesulphinic acid as a white powder (3.14 g., 97%)

Veax 3410, 3280, 1615, 1030 and 990 cu.” .

(¢) 1.2.3=Benzotniadiazole=1.1=~dioxide (4a)

It was essential =zt this stage to shield from the

. .

sunlight all solutions which might contain compound (4a)

2% Sulphuric acid (20 ml.) and glycerol (28 nl.) were
stirred together at -20°. 4 saturated aqueous solution of
sodium 2-zminobenzenesulphinite (1732 ges 9e7 mmole) and
sodium nitrite (0.665 ge, 8.4 mrol.) was slowly added. The
mixture was stirred for two hours at =20° and then extracted
at =6° by stirring with several small volumes (20 nml.) of
ether until the extracts were colourless. The combined
extracts at -20° were dried successively with calciunm chloride
and phosphorous pentoxides The clear yellow solution was
stored at -78° while small volumes of it were evaporated to

. (o]
dryness at O on a rotary evaporator.

Good yields of 1,2,3=-benzothiadiazole=1,1-dioxide (4a)
were isolated only if care.was taken. to protect the reaction
from sunlight at all times.. Solid 1,2,3-benzothiadiazole=-
1,1=dioxide exploded violently on one occasion when it was
exposed to bright sunlight. It was weighed damp with ether
as a precaution against explosion.

Yeayx 1605, 1490, 1285, 1180, 1170, 1150, 1120 and 890 cm.-1
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S—Muyhyl-1 2,3=benzothiadiazole=1, 1-d10x3.d‘,1 1 (4v)

was prepered similarlys

-

(a) 2=npitro-beucthylsulphinic acid(40%), m.p. 113 - 115°,
11t 197 mop. 107 = 108°; Via, 3300 - 2200(broad OE),
-1

1525, 1100 and 1050 cm.

(v) sodium 2~amino=l-methylsulphinite (quantitative),
Vieox 3%00,3300,3220,1645,1605,1570,1030 and 930 cm

(¢) S-Eethyl-1,2,5-benzothiadiazole~1g1~dioride (k)
was noticeably more sensitive to sunlight than the
parent compound (4a). Its i.r. spectrum could not

be recorded.

Preparation of platinum complexnzse

The literature preparations of tetrakis(triphenylphosphinc)
plauinun(0)102 (46) and ethylcncbis(triphenylphosphine)platinun(0)
103 (118) were followed exactlye

;olvrblr(trlnheﬁVTrnogphl ~a)olatinum(0) (36).

The triphenylphosphine=platinum cozplex (46) (0.5 goy Ol mmols)
was dissolved in benzene (50 ml.) and tolan (0.5 g., 2.8 mmol;)
in benzene'(ZS ml.) was added. The solutién was stirred at
roon temperature for 12 hr. and boiled briefly'before the solvent
was exchanged for ethanol. Thals was achicved by repeatedly
reducing the volume of the solution by a half on a rotary
evaporator and then adding the new solvent (cthanol) so that
the solution attained its original volume. The tolan conmplex
(36) crystallised as pale yellow crystals (0.25 gey 70%),°
Zepe 148 = 152° , Vimax1765, 1740, 1590, 1435 and 1095 cum."

An authentic sample was rmade by the rcduction of
cicdichlorobis(triphenylphosphine)platinum(II) with hydrazinc
' 86

hydratc in the presence of tolan o It had an identical i.r.

spectrun.

Cyclo=octvncbis{trivhenylohosphine)platinun (102).

C'Jclooctynn wos prepared fronm 1 2-d*oro~00Jc1000t“ne
o5 cdescribed by Uittig and 2orsch « Crudz cyclocctiyne
d to the trirhcanylphosphinceplatinum

-

(approxe 1.0 mls) was adde
complex (45) (2.0 zey 1.6 muole) in benzence (400 ml.).



Thae yellow colour slowly faded and after 27 hr. thc colvent

was exchanged for ethanol ai:d the cyvclooctyne complex (102)

separated as colourless crystals (0.933 ges 7073)¢ and was
recrystallised from benzencecthanol, mene 180 - 1820;
(Founds: C,63.8; Hy5.1; P,7.4. CQ4H#2P2Pt requires: C,63.8;
Hy5.13 P,7.5.)
Venay 1795, 1440 and 1100 cme™]
T 245 = 3.0(mutiplet)(15H); ¥ 7.8(multiplet)(4H);
T 8.4(broad singlet)(8E).

flcaction betwcen 1,2,3~benzothicdiazole=1.1~dioxide and

tetralkis(triphenylphosphine)platinum(0) in chloroformn.

Compound (4a) (0,295 gey 1.75 mmol.) was added to the
triphenylphosphine-platinun complex (46) (2.02 gey 1.63 mrol.)
in chloroform (50 ml.) at -20°. There was an immediatc colour
change from yellow to red. The solution was allowed to warm
up to roon temperaturc and stirred overnight. A white
precipitate of cis-cdichlorobis(triphenylphosphine)platinun(II)
(47) was filtered off (0.%61 g., 35%), recrystallised from
chloroform as pale green ncedles m.pe 294 - 296°, lit.105m.p.
310 = 312%; (Found: C,5L.6; H,3.7; C1,7.2. Calc. for
036H Cl.P.Pt : Co5L4.7; Hy3.8; C1,9.0.)

307272 .
Veax 1590, 1580, 1100 and 1000 cm.

The deep red filtrate was rotary evaporated to give
a red oil which was triturated with petrol to remove
d

&

riphenylphosphine, The brown oily residuc was dissolv
in benzene and.on addition of petrol a yellow precipitate

of a.phosphine=-platinun complex formec (0286 go), mepe 205~
220°%, Vaq1590 and 1100 cme™ ). The filtrate was chromatographed
(Method &) oa silica gel. Irreversible. adsorption occured '
&s only a yellow solid (10 ng.), meps 203 = 205° was eluted

0If the column (20%.ether in petrol); This was a phosphince

platinum complex (Llers).
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1

™ 42 -
RPeoacticn betwee

and chloroform.

The trivhenylphosphine=platinum complex (46)
(1.026 gey 0.83 mm0l.) was diszolved in chlorofora (50 ml.)
zad stirred overnight at room temperature. The solution

chenged colour (yellow to grecen) and a white precipitate of

y tetreiis{triphenylopicovhine)nlatinua{0) (L6)

iz=dichlorobis(triphenylohosphine)platinun(II) (47) scparcted

(04171 Zey 25%), nepe 295 = 2656°%; i.r. spectrum identical to
105
*

that of an authentic sample

Deaction between tetrakis’trivherylphosnhinc)ovlatinun(0) (45

and chloroform in the presence of cyclohcxene.

The triphenylphosphine-platinun complex (45)

(2.0 gey 146 mmol,) was added to & warm solution of cycleh

cne

in chloroform and refluxed overnight. The solution was reduced

in volume on a rotary evaporator and left to crystallice.
cis=Di hlorob¢s(trlphenylnhovphlnu)platlnuu(Ii) (%7) (0.67 g

e ) 52 5/0)

was filtered off. The filtrate was examined for the presence

)106

of 7P7=chloronorcaranc (48 by gelecCe (Perkin Elmer F.11,

£

norcarane was detected.

Decomposition of 1,2,3=benzothiadiazole=1.1=dioxide (&4a) in

a colé benzere solution of tetrakis(trivhenylphosphire)

platinuni(0) (46).

-The  triphenylphosphinc-platinum complex (45)
(2.0 goy 1.6 mmol.) in benzenc (80 nml.) was cooled to 59
in.a vessel protected from the light. Freshly prepared (&a)
(0430 goy 148 mmole., damp with ether) was.added, there was
an immediate colour change(yellow to.red),.and after a few:

ninutes yellow crystals of benzo=3,b4-=dicze-2-platinothiazine

Apiezon L, DE 102, 160°). No signal corresponding to 7-chloro-

2,2=bis(trivhenylvhosvhine)=1,1=dioxide (49a) separated

(1613 gey 79%). They werc washed with dry benzene and had
Do 177 = #79 7(F0-&C~. c 56 73 He3475 Ng3013 -$6 9; $,3.0

?o Cb 31_“:2 o-aptsrequircst Cg5008; L'Bog; bil 3¢

,

~i

? 765, 740 and 600 Clla

2313, 23
:3.63 Pt,22, og)» Viawen 1585, 1284, 1210, 1156, 1136, 1063, 950,
0



39«

b6=cihvlebenno=3.bedioga=2-nlatincthizazinc=2,2=

s{iriprenyinhosphing)=1,1=dioxide (&9b) was made in the same
way (79%)s Depe 177 = 184° (Found: C,57.%3 H,4e0; N,2.8; P,6.5;
. 043 36ﬁ202PZSPt requiress C,y57.3; E,4e03 Ny301; P,6.9;
¢); T2.5 = 3.0(multiplet)(33H); T 8.3(singlet) (3H)

Addition of two cquivalents of (42) to a benzene solution
of the trinhenylphosphine-platinum complex (48) gave the azo
complex (49a) in 659 yield and products due to the rcaction of

(4a) with triphenylphosphine.

Txverircnts with benzow3.,b=dicza=l2eplatinothiazincg=2,2-

bis(triohenylphosphine)=1,1=dioxids. (49a)

Thermolysis. (a) in diglyme: The azo complex (49a) (0.302 g.,

0.34 mmol.) was suspended in dry diglyme (7 ml.). The. temperature

of the mixture was grazdually increased. Gas evolution occures
zainly between 100 = 120° and was complete zt 170°. The evolved
gas (8.3 mls, equivalent to O.41 nmol. nitrogen) was collected
over water. The residusl mixture was cooled, poured into

water, extracted with ether and the cthereal =solution
chromatograpred (Method A) on basic alumina. Biphenyl (1 mge),
identified by its i.re. spectrum was fhe only conmpound eluted

from the column,

(b) in furan: The azo complex (04385 gey Ool3 mmole)
was . suspended in furan and refluxed for 2% hr.. Theré was no ,
1s4=dihydronaphthalene endoxide or o¢ —=naphthol in the solution
(telece)e The suspension was left for threce wecks and
exarination by preparative t.l.c. yielded a trace (ca. 1 mge)

of the endoxide (i.re)

Thotolysis. (a) in tetrahydrofuran: The azo complex (49a)
(146 goy 18 mmol.) was dissolved in THT (200 ml.) and
irradiated by the 'Sunlamo' method for 24 hr.. The decp red

colution was cvaporated and the residue chromatographed (licthod A)
on ncutral slumina to give iriphcnylvhosphine (0.0863 gey 6545%9%)

. - - o .
and a yellow so0lid {0.35 Ze)s feje 253 ~ 254, thought %o bo a

Cine» of bis{triphenylphosphi

Z,7e1; M(osmometric in benmenc)i415. C., E_.P.P: rcguires:
3072072

076000; H,I‘i'ﬁai I"’i’ ‘347&.3)
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. MM

(b) in tetrchydrofuran containing furcn: The azo

complex (492) (167 Ges 1.9 mmol.) was dissolved in THF (250 =l.)
and furan (30 nl.) was added. The solution was irradiated by

tie 'Sunlomo' method for 2% hr., cveporated and chromatographed
(dcthod L) on silica gel, to give (with 10% ethezr in petrol)

% ,4=dinyeronaphthalene endoxide (52) (0.025 g., S%), mepe 53 = 54°,
lit.1o7m.p. 55 = 56° and (with 50% ether in petrol) o-naphthol

(53) (0.042 goy 15%)(1ere)e

Irradiation by the *'Rayonect' method for 2 hr. gave

e«-naphthol in &% yield.

(¢) in tetrohydrofuren containing tetracyclonc:
The azo complex (49a) (0.30 ge, 0.34 mmol.) and tetracyclone
(0e5 gey 143 mmol.) were dissolved in TET (80 ml.) and
irradiated by the !'Sunlemp' method for 24 hr.. Chromatography
(Method A) on basic alunmina gave (with 5% ether in petrol)
tetraphenylnaphthzalene (54) (0.033 gey 22%).

(d) in tetrahvdrofuran contsining tetrakise

(triphenylohosphine)vlatinum(0) (456):

The azo complex (49a) (1.0 3.4 1.1 mmol.) and the
triphenylphosphine-platinum complex (46) (0.483 gey 0039 mmol.)
were dissolved in THF and irradiated by the fSunlarm!' mothod

for 24 br.. Sulphatobis(triphenylphosphinc)platinun(II) was
filtered off (0.17 g+, 18.5% based on the azo complex). It had
an identical i.r. spectrum to that reported in the literature1o8.
The filtrate was chromatographed (Method 4).on neutrsl alurina.
No triphenylene or biphenylene was isolatcd. 4 colourless
crystalline. solid. (0,010 g.) was eluted with 25% ether in . petrol
and.had m.p. 280 = 283°, (Found: C,60.65 H,4.03%); m/e 262, 202,

147,

A compound with an ideantical i.r. spectrum was similarly
isolated when the 6-methyl-azo complex (49b) was decomposed
under these conditions, m.p. 236 = 292°,

hoduction.

The azo complex (4%a) (0.771 goy 0.87 mmol.) in THZ (1C0 ml.)
was hydrogenated with 10% salladium on charcoal (0.2 ge) as
catalyst. In 5 hr. at 20°, 53 ml. (2.2 mzol.) of hydrogzen was

4 e ~ A Fagiad - - PR
iltered off tc «ive o greea soluticen

)

avsorved, The catzlyst was
which was chrouatographed (Moithod A) on nouvwal aluminz. Larce

major compounds were eluted using ethyl acetate in ether os eluant:
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(1) red oil {(0.150 g.), difficult to characterise,
attempts to crystallise from ether jiave small
quantities of a crystalline material nm.p. 175 = 1900,
i.r. absorption at 1220 cm.-1 indicating a sulphur=
oxygen linkage; this compound was not investigated

furthere.

(ii) pale violet =0lid (0.15 gey 19.5%), mepe 155 - 160°
(loss of colour at 145°) Viax1530, 1205, 1043 and
1004 cm.“1. Attenpts to fecrystallise fron ethyl
acetate resulted in deconpesition. The physical
properties were very sinmiler to those of 3=«platino-
3,3=-bis(triphenylphosphine)=2,1,4,5=-benzoxathia=
d*azeplne-1-oy1de OJ: rauve cryutals, MePe 220 = 223
(loss of colour between 120 = 130°) Veax 1527, 1203,

042 and 1014 cnm. 1.

o}

(iii) beige coloured amorphous so0lid (0«1 o)y meDe
135 = 1500; its i.re cpectrum indicated that it

was a phoevhine-platinum complex.

Chromatogravhy on neutral alumina.

The azo conmplex (49a) (2.0 gey 2.2 mm0ls) was adsorbed
onto neutral aluminz and chromatographed (Method A). A violet
colouration appeared during the initial stages of elution
(ethyl acetate = ether) and chromatography was delayed (12 hr.)
to allow complete decomposition. Trace amounts of oils were
isolated, but on eclution with ethyl acetate three major fractions
separated, exactly analogous to those found in thg'Reduction'

exveriment:
(1) red oil contaminated with violet solid (0.20 g.)
(ii) violet solid (0.60 ge, 33%)

(iii) phosphine-platinum complex (0.3 g.)

N

Decompogsition of 1,2,3~bencotaiadiazole=1,1=dioxide in

cold benzconos

() with tetracyclr.s. Counound (4z) (0.387 go, 2.3 omole)

was addced to a cold benzenc solutioan of tetracyclonc (160 Gy
2.9 mmole.) and stirred overnight, allowing the reaction to

attein rcoa temperature. The products were separated by
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chromatography (Mcthoé A) on silica gel:
(1)’ tetraphenylnaphthalene (0.320 go, 27»), rccrygt“llisod
fron petrol m.p. 202 - 205°, llt.azm.p. 204°

(i1) tetracyclone (0420 goy 207

(b} with triokcenvlphosvhine. Recrycstallised triphenylphosphine

(3.0 gey 174 mumols) was dissolved in benzene (100 nml.) and
compound (4a) (1¢3 gey 775 mmol.) was added. A light brown
precipitate (1.99 go.) scparated, the supernatant liquor was
bright red and small quantities of a gas were evolved. The

filtrate was chromatographed (Method A) on neutral alumina:.
(i) petrol gave recovered triphenylphosphine (0.841 g., 28%)

(ii) 10% ether in petrol gave triphenylphosphine sulphide
(04021 goy 0.5%), meps after sublimation 158 - 160°,
1ite 1%, 5. 164°; (Found: C,73.5; H,5.0s Calc. for
018H1SPS $ Cy73e5; Hy501%); i.r. spectrum identicdl

to an authentic specimen.

(iii) 50% ethyl acetate in ether gave trlphenylphogphlne
oxide (04514 go, 16%), recrystallised fron ether-
petrol mepe 155 = 1560, llt.111m.p. 15645 = 15?

(iv) 25% methylene chloride in ether gave a red solid
(06207 oy 10.5%), recrystallised fronm methylene
chloride-cther m.p.. 264 = 266° (lost colour ca. 160°)
(Found: C,7149; H,54035 Ny5.1; S46e15 Py7+1; .m/c 506,
4Lg, 432, 357, 276, 262, 2L9, 198,.167, 152.
CyoH,-0,0,P8 requires: C,71.2; H, L,6; Iy5¢5; S,6e3;

30 23 272° 3
P,6.1%; M 506) Vox 1580, 1240, 1120 and 870 cme

The brown precipitate (1.99 g.) was dissolved 1n mothylene

chloride and chromatogravhed (Yetnod A) on silice gel:

(1) A mixture of two amines (0,408 g.) was eluted froz
the.column with 50% ether in petrol. Pr varative
telece failed to separate the mixture completely.
Solid samples were obtained by rejecting all

rnaterial in the boundary area betwcen the two amines:

Te HNeDe LLO - 1 3 (96 .w“‘e), IL/C 2LL69 181, qSS

Venax 3250, 1585, 1490, 1305, 1270, 1180 azd 1150 czme™

2. @deBe 95 = 08° (65 mge); fluorecced under the
Ueve lamp; n/c 325, 247+, 214+, 185*(metastable)
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168, 167, 15%, 139, 140. Vwax3290, 3230, 1595
1585, 1490, 1370, 1310, 1270, 1170, 1150, 1065,
870 cm.”
ANewx (ethanol) 28% nnm.(e 5500), 238 n=.(e 9950)
(ii) ethyl acetate in cther eluted triphenylphosphine
oxide (04975 go, 30%)
(iii) ethanol eluted a red viscous oil which could not

be characterised.

Thermzl decomposition of 1,2,3-benzothiadiazole=i,1~dioxzide {(La).

(a) in benzens and ether at 35°,.

Tetrakis(triphenylphosphine)platinum(0) (46) (1.0 g;,
0.8 mmol.) in benzene (50 ml,) and ether (100 ml.) was warmecd
to 35°, Compound (L4a) (0.49 Ses 249 mmols) was added in three
portioas. There was a rapid evolution of gas at each addition
and a yellow precipitate separated. After 4 hr. the mixture
was allowed to cool to room temperature and stirred overrnight.
The yellow golid was filtercd and identified as the azo complex
(49a) (0.46 go, 64%)e The filtrate was chromatographed (ifetlod A)
or basic alumina to give crude triphenylene (0.086 g., 38 based
on compound (4a)). Recrystallisation gave triphenylene as
colourless crystals (0,066 ge), m.p. 192 = 196°, 1it.1j2m.p. 193°,
No other hydrocarbons werc obtained; no biphenylene could be

detccteds

An identicel experiment using the S-methyl derivative (4b)
of 1,2,3=benzothiadiazole~1,1=dioxide (1+16 giy 6035 mmol.) and
the triphenylphosphinceplatinum complex (46) (2.0 gey 1.6 mmoles)
gave . 246,11=trimethyltriphenylene (0e20 goy 35%), MepPe 132~
133%, 1it.""2n.p. 128.5 = 129.5% T 1.6 = 1.8 and 2.6 - 2.8
(zultiplet)(33E); T 7.5(sing1et)(9a)114.

(b) in benzenc at 50°.

Comoound (L42) (025 gey 145 muiole) was zlded to the
triphcnylphosphine-platinum complex (46) (0.5 go, Oud mmole)
ir beazene (50 nl.) at 500. Tho solution rapidly went browa
ir colour and a gas was cvolved. After 4 hr. the solutien

was ccoled and sulphatobis(tripaenylvhosphinc)platinum(II
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wes filtered off (0.150 g., 45%). The filtrate was chromatographed
(Method A) on basic alumina. Tripheaylphosphine (0.037 go),
triphenylene (0.013 g., i1.5%) and a phosphine-platinum comélex
(0.062 g.) were elutcd off the column.

(¢) with triphenylphosvhine alones

S5=Methyl=1,2,3=benzothiadiazols~1,1=-dioxide (4b)
(0¢50 gey 2.75 mmole) was added to triphenylphosphine (0e5 gey 1.9 mmol)
dissolved in ether ~ benzene (1:1; 100 ml.) at 40°. Chromatography
(lethod A) on basic alumina gave no trimethyltripﬁenylene or

any other hydrocarbon.

(d) with a catalytic amount of tetrakis(triphenylvhosphine)
platinun(0) (46)

To the triphenylphosphinc-platinum complex (46)
(0e10 gey 0.C8 mmols) in benzene (40 ml.) and ether (40 ml.)
at 35° was added compound (4a) (0.88 gey 5.2 mmole)s 4
precipitate (0.136 g.) rapidly appeared. The reaction mixture
was cooled after 4 hr., filtered and the filtrate chromatographed
(Method A) on basic alumina to give biphenylene (0.040 go, 7%)
and triphenylene (0.012 ge, 3%).

(¢) with the azo complex (49a).

The azo complex (49a) (045 gey 0.509 mmol.) was dissolved
in THF (50 ml.) at 50° and compound (4a) (1.04 ge, 6.2 mmol.)
was added., A gas was evolved and the solution darkened in colour.
It was allowed to cool to room temperature after + hr., stirrcd
overnight and then chromatographed (Method A) on basic alumina
to give triphenylene (0.044 g., 9.3%). No other hydrocarbons

were obtained,

(£) with ethylenebis(triphenylphosphine)platinun (118).

The ethylene complex (118) (1.5 ge, 2 mmol.) was added
to a Warm(EOo)mixture of benzene (30 ml.) and ether (20 ml.).
Only part of the complex dissolved, but immediatly after '
compound (42) (101 g+, 6¢5 mzol.) was added, the solution
becane hormogencous,darkenced rapidly in colour and a gas was

simultanecously evolved. A crystalline precipitate scparated
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(04635 ge), mep. 248 = 250°(with decomposition),
Venax 1680, 1285, 1210, 1155, 1100, 1080 and 885 cm.” .
Treatment with hot ethanol gave colourlecs crystals of a
different compoundéd, recrystallised from cthanol - benzene,
@.p. 293 = 295°,(Found: C,52.7; H,3¢8%); ~Yeox 1285, 1155 and
885 cm.”'; m/e 635, 633, 631%, 600, 598, 596, 536%, k55*(nctastable).
The filtrate was chromatographed (Method A) on basic
alumina to give triphenylenc (0.127 g., 20%), m.p. 197 - 198°.

No other hydrocarbon was detected.




STCTZON T¥WO. EXPERIMENTS WITH BENZENEDIAZONIUM=2-

CAREOXYLATE,

Preparation of benzenediazoniun-2-carboxvlate.

15 -

Stiles' method ” for the preparation of benzencdiazoniume-

2-carboxyl;tc (2) a2nd its derivatives was ussd inAthis work
except when stated. Two different preparations of tHis compound

" were also used:

(2) Addition of isoamyl nitrite (1 equivalent) to a
mixture of anthranilic acid (1 equivalent) and
trichloroacctic acid (trace) in THF gave a precipitate
ofbbenzenediazonium-E-carboxylate. This method of

115 was found to be extremely hazardous;

reparation
on one occasion the precipitate exploded while it~
was still suspended in solution and when it was

isolated this tendency was promoted even further.

(b) The diazoniun chloride (1 equivalent) prepared
by aprotic diazotisation of anthranilic acid was
added to 1,2-dichloroethane at 40° followed by
1,2=epoxypropene (2 equivalents). Subsequent
elevation of temperature (700) generated benzyne
without isolation of the explosive benzencdiazoniume

2-carboxylate18.

DPrtpakisltprinhenylphosphine )platinum(0) (46) and benzenc-

diazoniume=2-carboxvlate (2) in benzecnce

The triphenylphosphine=-platinum complex (L46)
(10 geoyg 048 mmol.) was dissolved in benzene (60 ml.) and
warried to 500. Benzenediazonium~2-carboxylate (2)
(0e13 gey 0.88 mmol.) was added. There was a rapid gas
evolution as the solid dissolved, imparting a transient

reddish tinge of colour tq the solution. 3=Platinc-3.3-

-

-\2
bvis(trivhenylphosphinc )~benzo(c) furen=1-onc (78) precipitated

as colourless crystals (0.38 ge, 56%), recrystallised from
ethyl acetate m.p. 250 - 264°; (Found: C,61.3; H,4%.2; P,7.8.
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P: requires: C,61.53 Holke1; P,7.4%);

Ls.o
655, 1305, 1295 and 1135 cme™ |

b
272
4

The carboxylato complex (78) (61%) was isolated if the

reaction waz carricd out in cold benzenee.

By the same method the following analogous coxpounds

were prepared:
) -3 .-A,'\\MAIO‘-

5~Nitro-3-platino»3?B-bi:(trinhenylphosnhine)zpenzo[d]furan-1uon3.
(79) (60%); mepe 285 = 287°; (Tound: C,58¢2; H,3.8; N,1.6;
P,6.9. Cy5H55NO0 P PL requires: Cy58¢3; Hy3e7; Ny146; Py7.0%)
Yeax 1655, 1510, 1300, 1135 cme™ '
Awmax 249 nm. (& 31500), shoulders at 261 and 275 nne.

- \lz 'A'\\“‘Aﬁo‘
6-}cthyl=3=platino=3,3=-bis(trivhenylphosohine)=benzo (€) furan-i-one.

(80) (36%); mepe. 261 = 262°; (Found: C,61.7; H,bok; P,7.4.
Gy ;g0 PPt requires: c,§1.9; H,442; P,7.3%)

~Veax 1650 and 1305 cre

*wmax 247 nme (€ 29000), shoulders at 269 and 276 nm,

Lelethylanthranilic acid was vrepared by a procedure
analogous to that described in the literature117. The literature
preparation of 4-methoxyanthranilic acid118 could not be
repecatede.

‘\B—Ab&ﬂ}wr
5-Chloro~3-platino=3,3=-bis(triphenylovhosphine)=benzo {c) furan=-1=one,
(82) (37%); mep.268 = 270°; (Found: C,59.0; H,3.48;.Cl,3.9;

P,743 043H330102P2Pt requires: 0,52.1; H,385 CLly4e1; Py701%)

Yeax 1650, 1575,1305 and 1135 cm. . ,

Amax 246 nm, (e 35700), shoulders at 268 and 276 nm.

| -~ \aAbgdoo-

6-Chloro-3-platino-3,3-bis(triphcnylphosphineZ;bcnzoEdlfuran-1-one.
(81) (60%); meps 270 = 272°; (Found: C€,58.9; H,3.6; Cl,3.9;
P,649%)

Veax 1650,1295 and 1145 cme” ]

Awax 247 nme (€ 32300), shoulders at 268 and 276 nne.
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Tetrakis(trinhenylphosphine)vlatinun(0) (46) and
119

benzenediazoniun=-2~sulphonate

By a procedure exactly analogous to that for the
G¢iazonium carboxylates, the sulphato comp%ex 8220
é:platlno-),p-bls(trlnhenvlnhosnnlne)—1-%h3<:penzo(H}furan-
1,1=dioxide (91%) was prepared, m.p. 245 = 246°%; (Found: C,57.8;
Hi4e03 S,3.65 Py7e30 642 34035‘2Pt requires: C,57.6; H,3.9;

5y3¢7; Py7.1%)
Y enax 1274, 1160, 1128 and 1095 cm.”

Tetrakis{triphenylphosphine)vlatinun(0) (46) and

benzenediazoniun-2=-carboxylate in 1,2-dichloroethanc,

The triphenylphosphine-platinum complex (46)
(1.0 gey 0.8 mmol.) was dissolved in dry (P205), oxygen-free;
refluxing 1,2-dichloroethane and benzenediazonium-2-carboxylate
(0¢15 goy 1.0 mmol.) was added immediately. There was a rapid
gas cvolution, the solution showing a transient red colocuration.
After two minutes the solvent was remcved on a rotary evaporator
and replaced with benzene. The carboxylato complex (78)
(0.604 goy 89%) was precipitated; no biphenylene or triphenylene
were detected (telecs). |

4=Methylbenzenediazonium-2-carboxylate decomposed
under these conditions gave the 6-methyl-carboxylato complex
(80) in 33% yield.

When deconposed on its own under these conditions
benzenediazonium=-2-carboxylate gave biphenylene (5 5%) and

no other hydrocarbon.

.The . triphenylphosphine=-platinum complex (46)
(1.0 gey 0e8 mmol.) was dissolved in 1,2=-dichlorocthane and

¢fiuzed for 24 hr.. The solvent was exchanged for benzene

3

cné cipedichlorobis(triphenylphoephine)platinun(II) (47)

(0364 gey 56%) was precipitated.

.
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The carboxylato complex (78) (0.516 g.) was dissolved
in 1,2-dichloroethane and refluxed for 5 hr.. It was recovered

unchanged(o 354 go, 68%) by exchanging the solvent for benzenc.

The triphenylphosphine-platinum complex (46)
(1.0 gey 0.8 mmol.) was added to refluxing 1,2-dichloroethanc
(70 wl.) and benzenediazonium-2-carboxylate (0e¢15 gey 1.0 mmol,)
was added after ca. 5 min.. The solution was allowed to cool
overnight. The carboxylato complex (78) (0.325 g., 48%) was
isolated and a new compound (020 ge), mepe 230 -.2400;
Vemax 1680, 1640, 1630, 1585 and 1330 cms™
This compound decomposed on recrystallisation from methylene
chloride - ethyl acetate to another off white.crystalline
compound (0.0l go), mepe 274 - 275° (colour change to yellow
265 - 270°); (Found: C,60.5; H,4.0; P,6. 9%)
~Veeox 1640, 1630, 1585 and 1330 cm.™ |
Awax 275 nn, (e 11100, assuming molccular weight 900)
268 nm.( e 13000), 246 nm.(e 19000)
n/e 29%,262,250,210,183,177,152,137,122,115,108 ,104,91.

Reaction between trans-hydridochlorobis(triphenylphosnhine)

platinun(II) (85) and benzenediazonium-2-carboxylate.

Benzenediazoniun-2-carboxylate (0.4 g, 247 mmol.)
was added to.a benzene.solution of the hydrldo-comnlex1 05 (85)
(14150 go,y 1452 mmol.). A gas was evolved for 15 min. and
the solution developed a faint pink colouration.. After 1% hr.,
the solution was reduced in volume on a rotary evaporator to
yield recovered starting material (0.455 g., 40%) and three

other conmpounds partially separated by fractional crystallisation:

(i) a trans-substituted platinum-phosphine complex
(0.05 g.), recrystallised from ethanol - methylene
chloride m.p. 249 - 254°; (Found: C,58.5; .H,k4e2;
Ny05 C1,5.6%)5 Venax1660, 1570, 1540, 1300, 1260, 1100 cme |

(i1) (0.285 ge), Meps 170 = 220°, recrystallised fron
hot ethanol az colourlces stout ncedles moDe 240 =
- 260° (became ovague 180 = 190°); (Fournd: C,59.6;
H,4,5; N,0; ClQZGZA) Yeaxe 3300, 1635(shoulder 1620),
1320 and 1100 cme” ', ( RossiVy (53))

W40, C&.Q:C>’o\
LC‘\-BHZ‘SQOQ-QLQE 'QWQS' S 542,
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The impurity in this material was not isolatedj it

had an absoyption in the i.r. spectrum at 2240 and 2260 (:m.-1

Reaction between phenylacetylene and benzyne.

Denzenediazoniun-2~carboxylate contaminated with silver
ions was prepared by Stiles' method from anthranilic acid
(2.8 go, 2 mmols). Addition to phenylacetylenc(?7 nl., 6.56 g.,
6.4 mmol.) in refluxing 1,2-dichloroethane (100 ml.) gave
phenanthrene (91) (04130 ge, 3.6% based on anthranilic acid).
and 5,6-diphenyldibenzocyclooctatetracne (92) (0493 gey 13.7%)
mepe 196°, 1it.”]
chromatography (lMethod A) on basic alumina after removing

MePe 19545 = 196°, They were isolated by
excess phenylacetylene by distillation under reduced pressurec.

Benzenediazonium=2-carboxylate free from silver ions
was generated in situ froa anthranilic acid (2.7% g., 2 mmol.)
as follows. The diazonium chloride (prepared by aprotic
diazotisation) was added to phenylacetylene (10 mley, 9.37 Se,
9.2 mmol.) and 1,2-epoxypropene (3 ml., 2.49 ge, 4e2 mmol.)
in 1,2-dichloroethane (100 nl,) at 40°. The temperature of -
the solution was increased until gas evolution started (70°).
Vhen the reaction was completed, phenanthrene (915 (0.520 g.,
1446%) and 5,6-diphenyldibenzocyclooctatetraene (92)

(0.87 go, 2U4%) werc isolated as before.
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SECTION THREE, EXPERIMENTS VWITH 1-AMINOBENZOTRIAZOLE.

Prevaration of 1-eminobenzotriczole.

. . 22
1=-Aminobenzotriazole (5) was prepared in a thres
stage synthesis from o-nitroanilince It was recrystallised

from benzene - hexane and had m.p. 83 = 84°, 1it.22m.p. 84°,

Preparation of 1-(toluene-p-sulphonamido)benzotriazole. (99)

1=-Aminobenzotriazole (5) (3+03 ge, 2¢25 mmol,) and

reerystallised toluene-p=-sulphonyl chloride (6.3 gey 343 nrmol,)
were dissolved in dry pyridine (30 ml.) and refluxed for 7 hr..
The mixture was poured into water (30 ml.) and the precipitate
filtered off and reccrystallised from hot ethanol as colourless
prisms. of 1- (N,u-al(toluene-Ersulphonvl))aminobenzotr*azolo (100)
(167 oy 23%)y mePe 165 = 165.5°; (Found: C,54e4; H,4e3; N,124.
CZOH18N4028,requires: Co5he3; Hylte1; Ny12.7%)3 )
Veox 1595, 1375, 1180, 1040, 1080, 890, 850, 815, and 745 cm."

The filtrate on acidification with hydrochloric acid

gave 1=(toluene-p-sulphonamido)benzotriazole ($9) (2.2 ge, 34%

based on 1-aminobenzotriazole), recrystallised fron ethanol =
water as colourless crystals m.p. 181 - 182°%; (Found: C,54.6;
H,348; Ny19.3. C N,0,8 requires: Cy54e3; Hobe2; Ny19.4;
M 288); . . '
n/e 288, 155, 133.. :
Veaax 2900(broad), 1600, 1360, 1160, 1085 cme”]

13 12

Compound (100) (1.7 g.) was hydrolysed by refluxing .
sodiun ethoxide in ethanol (sodium 1.0 ge, in cthanol 20 zl.).
Afer 15 min. the.ethanol was removed.and the residue dissolved
in the minimum of water.  Filtration, followed by acidification
gave compound (99) (0.802 g., 73%).

Better overall yields of (99) were zchieved if (100)
was prepared as cn intermediate.s Thus 1=~zminobenzotiriazole
(8.0 gey 6 mmole) and toluernc=-p~-culphonyl chloride (2340 g

42 mmol.) reacted as before in pyridine gave compound (99)
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(136 oy 66%). Cozpourd (100) was not purified before

hydrolysis. -

The sodium and lithium salts of 1-(toluene-R-sulphonamido)-
benzotriazole. (98a) (98v)

Preparation.

Sodium N(1-benzotriazolyl)toluecne-p-sulphonanmide (98a)

was prepared by the addition of one equivalént of sodiunm

ethoxide to a 'super' dry ethanol solution of compound (99)

Veax 3450 and 1650 cm.-1(broad, due to absorbed water),
1275, 1240, 1140, 1085, 945 and 915 cm.

Lithiun N(1=-benzotriazolyl)toluene¢-p-sulphonamide (98b)

was prepared by addition of one equivalent of butyllithium
to a solution of compound (99) in THF at roonm temperaturec.
It had an identical i.r. spectrum to that of the sodium salt.

(a) Photolysis of the sodium salt.(98a)

The’sodiun salt (98za) (0.47 g.) was dissolved in dry
dimethylsulphoxide (10 ml.) and furan (10 ml.) was added.. The
solution was irradiated by the ‘'Rayonet' method for 15 hre;
the resulting brown solution was poured into water (50 nml.).
acidified with dilute hydrochloric acid and ether extracted.
Recovered compound (99) (0.125 ge, 29%) and &-naphthol
(0.0% ge, 18%) were separated by fractional crystallisation.

- The 34,5~dinitrobenzoyl derivative of the isolated «t-naphthol
was prepared (0,020 g.), m.pe 180 = 190%, lit. m.p. 217°; it

- had an identical i.r. spectrum to that of an authentic specimen.

A suspension of the sodium.salt .(98a) (0.4 ge) in
benzene (40 ml.) and furan (10 ml.) irradiatcd under the
same conditions gave no «- naphthol or 1,4-naphthalene

endoxidce .
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(b) Photolysis of the lithium salte. (98b)

(i) Furan (10 ml.) was added to the lithium salt (938bv)
(0,586 g.) in THF and irradiated by thec 'Rayonet' method for
20 hre. The solvent was removed by rotary evaporation and
the residue hydrolysed by & refluxing solution of concentrated
hydrochloric acid (5 ml.) in methanol (10 ml.) for 5 min,..
o« -Naphthol (0.150 g., 52%) was isclated by base extraction.

(ii) The lithium salt (1.0 gey 3.4 mmol.) and
tetracyclone (2.5 gey 645 mmol.) were dissolved in THF (100 ml.)
and irradiated by the 'Hanovia' method for 20 hr.. The
reaction mixture was poured into a lsrge volume of water énd
extracted with ether. Chromatography (Method A) of the ether
extracts or basic alumina gave tetraphenylnaphthalene
(033 gey 22%)e The aqucous layer was acidified (hydrochloric
acid) and ether extracted to give an 0il (0.53 g.) which was

rnot characterised,

An identical experiment using furan (10 ml.) as the
benzyne trap gave 1,4-naphthalene endoxide (0.087 ge, 17%)
and recovered compound (99) (0.225 ge, 23%). '

(iii) The lithium salt (98b) (0.6 ge, 2.mmol.) and. the
triphenylphosphine=-platinum complex (46)(1.0 gey, 0.8 mmol.)
in THF werc irradiated by the 'Rayonct' method for 20 hr..
The solvent was removed and the brown oil triturated with
ether.to remove triphenylphosphine. Crystallisation did not
occur. The mixture was chromatographed on neutral alumina
prepared by the addition of 10% (by weight) of 20% acetic
acid to basic alumina. Elution with benzene gave triphenyl- .
phosphine (0.04%1 g.), triphenylphosphine oxide (0.416 g., 49%)

and an oil (0.175 g.) containing phosphine~-platinum species(i.r.)
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Chromatography of 1-(toluene-p-sulvhonamido)benzotriazole. (99)

Compound (99) (0.747 gey 2.6 nmol.) and tetracyclone
(1e447 goy 38 mmol.) were dissolved in benzene - ether and
the solution shaken with basic alumina (10 g.) for two dayse
The mixture was separated by chromatography (Method L) on
basic alumina; no tetraphenylnaphthalene was detected in any
of the fractions (tel.c.)s. Tetracyclone (1.16 ge., 80%) was

recovered but not compound (99), even with 100% ethanol.s

Iminophosphorane of 1-awminobenzotriazole.

Preparation.

Bromine (2.4 gey 0.77 nle., 15 nmmol.) in benzene (10 nl.)
was added to recrystallised triphenylphosphine (3.9 ge, 15 mmole)
in cold benzene (50 ml.). Triethylamine (3.0 ge, 4¢1 mle,

29.6 mmol.) was addezd to the resulting suspension of
triphenylpyhosphine dibromide in benzene, followed by 1d=~amino=
benzotriazole (2.0 ge, 15 mmol.) in benzene. The solution
was refluxed for 1 hr. and filtered. The precipitate was

a nixture of triethylamine hydrobromide and the iminophosphorane
(103). It was separated by treatment with agueous sodiun
carbonate.until basic, followed by extraction with methylene
chloride. - benzene (1:1) to give the iminophosphorane (403)
(148 ge)e The filtrate gave pure iminophosphorane (103)
(2.93 g.) on evaporation. Total yield.of (1-benzotriazolyl)=
iminotriphenylphosphoranc. (103). (4.7 ge, 80%); recrystallised
from benzene - hexane m.p._172 - 1749, frqm ethyl acetate
mep. 174 = 175%; (Found: C,73.2; H,4u7; Ny1ha2e Gy H, oN,P
requires: C,73.2; H,%.8; N,14.2%; M 394).

Moleculer weight(osmometric in benzene), 7.6 go/litre 434;
14,9 g./litre 412,
n/e 39%, 366, 338, 276, 262, 183, 153, 131.

Veax 1440, 1435, 1410, 1215, 1180, 1120,71107, 1090
975 and 700 - 800 cm.” ' (complex)

Amax 312 nme{€ 5150); 267.5 nme(e 7900) shoulders at
261, 275, 283.5 nu.
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Photolysis of (1=benzotriazolyl)iminotrivhenylphosphoranc.({103)

(a) 'Rayonct' mcthod.

(i) The iminophosphorane (103) (0.494 go) in THTF (100 nml.)
and furan (10 ml.) were irradiated for 20 hr. and the reaction
mixture then chromatographed (Method A) on silica gel to yield
a mixture of 1,4-naphthalene endoxide and o«-naphthol (0.016 ge, 9%)

which was not separated.

(ii) The iminophosphorane (103) (0.492 gey 1025 mmole)
and tetracyclone (0e7 gey 1.8 mmol.) in benzene (100 ml,) were
irradiated for 20 hr. and the reaction mixture chromatographed
(Method A) on basic alumina to yield triphenylphosphine
(0.026 gey 7+6%); tetraphenylnaphthalene (0.055 ges 10%);
tetracyclone (0.556 g., 80%) and the iminophosphorane (103)
(0410 gey 20%)

(iii) The iminophosphorane (103) (0.635 ge, 1.6 mmol.)
and the triphenylphosphine-platinum complex (46) (0.70 ge,
0.56 mmol.) in benzene (100 ml.) were irradiated for 20 hr..
The resulting red solution was reduced in volume and the solvent
exchanged for ethanol. A precipitate (0.10 g.) of a phosphine=~
platinum complex (i.r.) separatede The filtrate was
chromatographed (Method A) on basic alumina, no hydrocarbon . ..

was eluted, no biphenylene or triphenylene was detected (telece)e

(b) 'Sunlamp! method.

(i) The iminophosphorane (103) (0,507 gey 1028 mmol,)
and tetracyclone (0.612 ge, 1¢6 mmol.) in benzene were
irradiated for 20 hre and the products secparated by
chromatography (Method A) on basic alumina. Triphenylphosphine
(0.137 g., 40%); tetraphenylnaphthalene (0.126 ge, 23%);
tetracyclone (0.436 g., 70%); trace amounts of 1~-aminobenzotriazole,
and triphenylphosphine oxide (0,132 g., 37%) were eluted and

characterised by l.re spectra.

(ii) The iminophosphorane (103) (0.57% ge, 1445 mmol,)
was discgolved in benzene (30 ml.) and irradiated for 20 hr.,
the products were separated as before. Biphenyl (0.031 g., 13%
assuming solvent involved); triphenylphosphine (0.250 ges 65%)
and triphenylphosphizc oxide (0.10 ge, 25%) were eluted and

" characterised by i.r. spectra.
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(i) The iminovnhosphoranc (103) (057 Gey Te45 mmol.)
and tetracyclone (0.62% goy 1.6 mmol.) in benzene were
irradiated for 12 hr.j thc products were separated by
chrozatography (Mothod A) on basic alumina. EBiphenyl (C.007 goy
3¢5); tetraphenylnaphthalene (0.153 g.s 25%); triphenylphocpuine
(0,10 ge, 26° ), 24,344,5=tetraphenylecyclopentenone (0060 oy 905%),
2epe 150 = 155°, 1it. Cm.p. 160 ~ 162°; totrecyclone (0430 5.,
L3sl)s & brown solid derived Irom tetrazcyclone (0¢11 go),
Vrax 1700 end 4120 cize 1; and triphenylphosphine oxide
(025 goy 68%) were isclateds
(i1) The ininophosphorane (103) (0.543 ges 1038 rxole)
etracyclone (0.601 go; 156 mzole) in THT were irradiated
2 ar. and the products then separated by chromatography.
(FKethod A) on basic alumira. Tetraphenylnaphthalene (0.08 e,
12.6%5); a dark oil showing o carboryl sbsorpticn ia the.i.r.
c surably derived fron tetracyclone (0.315 ge);
and an.oil (0.4 g.) containing triphenylphosphine oxide were
2luted, '
(iii) The iminophosyhiorane (102) (0e7 £es 168 mmols)

ediated f

o]

T

and furan (20 mle) in benzenc {80 =nl.) were irre

20 Lre.; tze products were ccparated by chromzat

/

- ) \
ogravzy (Method A4A)

[N

on basic alumina. Triphenylphosphine (0.10 ge, 215%)3

iyh=naphthalene endoxide (04042 ge, 16.5%) were eluted and
identified by i.r. epectra.
(iv) The imin pk sphorane (103) (0.573 8oy 1e46 rmol.)

ol anthracene (0.5 oy 2.9 muol.) in Lenzene wore irradiated

3

~

for 12 hr.. Dianthracenc (0.3%% g., 67%) crystczlliscd out cf
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tie solution, the filtraie was chromatographed (Method A)
on basic alumina. Biphenyl (0.026 g., 11%) and anthracene
(0.02 go) were eluted; the column was terminated with 100%

ether as eluant.

(v) The iminophosphorane (103) (0.516 ge, 1.3 nmol.)
in benzene was irradiated for 12 hr. and the products separated
by chromatography (Method A) oa basic alumina. Biphenyl
(004 gey 1845%); triphenylphosphine (0.046 gey 13.5%); |
triphenylphosphine oxide (0.241 ge, 7155) were eluted and

characterised by i.r. spectra.

(vi) The iminophosphorane (103) (0.550 ge, 1e& mmol.)
in toluene was irradiated for 22 hr. and the products separated
by chromatography (Method A) on basic alumina. No biphenyl
was detected (telec.) but a colourless oil (0.055 g.) which
was a mixture of triphenylphosphine and a hydrocarbon was
isolated. It was partially separated into an oil (0.025 g.)
by sublimation, Veax 1495, 1455 cm.™1; 7 2.5 = 3.5(multiplet)
(12 units), T 7.15(singlet)(0.8 units), T 7.62(singlet)
(1.2 units), T 8.7(multiplet)(8.0 units).

(vii) Triphenylphosphine (0.695 g.) was irradiated in
benzene (100 ml.) for 12 hr. and the products separated by
chromatography (Method A) on basic alumina. A mixture (0.045 go)

of biphenyl and a phosphine oxide; and the phosphine oxide
(0,052 g+), Veax 1440, 1195, 1125 and 945 cm.” ', were eluted
with petrol.

The mixture was separated by rechromatography (Method A)
on basic alumina and gave pure (one spot on t.l.c.) biphenyl

(00015 Se g 307%)

Photolysis of tolan-bis(triphenylphosphine)vplatinum. (36)

The tolan complex (36) (0.720 g.) in benzene (100 ml.)
was irradiated by the ‘'Hanovia' method foi 12 hr. and recovered
by ¢rystallisation (0.33 g., 45%). The filtrate was chromato-
graphed (Method B) on basic alumina and gave tolan (0.023 g.)
and the tolan comvlex (36) (0.03 go)e
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Reaction of (1-benzoiriazolyl)iminotriphenylvhosphorane (103)

with carbon dioxide.

(1) The iminophosphorane (103) (1.5 Ze, 3.8 mmol.) was
diszolved in chlorofornm (50 ml.) at room temperature and dry
carbon dioxide was passed through the solution. Solution
i.r. spectra (chloroform) revealed the formation of an absorption
at 2330 cm.-1 which also occurred when carbon dioxide was
passed through chloroform only. To hzalf of the sclution was
added p=-toluidine, evaporation and dilution wifh ether
precipitated the iminophosphorane (103). The other half was
evaporated and the solvent exchanged for benzene, a colourless
crystalline sample of compound (112) separated, contaminated
by a conmpound which had an absorntion in the i.r. spectrum at

1660 cm."]

(12) The iminophosphorane (103) (141 ge, 2.8 mmole) and
tetracyclone (142 gey 301 mmole) in benzene (150 ml.) were
irradiated by the 'Hanovia' method for 4 hr. while a strean of
dry carbon dioxide was bubbled through the solutioh. A |
colourless crystalline solid, compound (112) (0.180 g., 24%)

separated overnight. It was insoluble in benzene, ether and

ethyl acetate but soluble in chloroform to give a lime green
solution. Recrystallised from benzene - chloroform as .
colourless needles m.p. 203 = 204°; (Found: C!66.2; Hyle1s
Ny2ha7. CyH, NgP requires: C,68.5; Hykuk; N,21.4; M 526)
Vimax 1600, 1585, 1440, 1300, 1275, 1110 and 1035 om, !

Amax (assuming M = 526), 295 nm. (s 10300), 276 nﬁ.(e 13300),
263 nm. (17000)

n/e at 70 ev., 366, 337, 277, 262, 202, 183, 152, 153, 131
119, 108, 91.

at 10 ev., mass peak 366 increased in intensity.

Osmometric molecular weight in chloroform; 10.1 g./litre, 5603
21.7 g./litre, 620.

The filtrate was chromatographed (Method A) on basic
elumina. Triphenylphosphire (0.05 gey 6.8%); tetraphenyl-
naphthalene (0.10 gey 8.3%); tetracyclone (0.84 go, 7C%);
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the iminophosphorane (103).(0.11 ey 10%); triphenylphosphine
oxide (0.424 go, 55%); and a mixture (0+10 g.) of triphenyl-
phosphine oxide and 1-aminobenzotriazole, were eluted and

identified by iere spectra.

Reaction of (1-benzotriazolyl)iminotriphenylphosphorane (103)

with nitrous oxide.

(1) Dry nitrous oxide was passed through a solution of tke
iminophosphorane (103) (1.0 ge, 2.54 mmol.) in chloroforn.
Solution spectra revealed the appearance of an absorption at
2210 cm.-1 which was a2lso observed when nitrous oxide was
passed through chloroform only. After 12 hr. the solvent was
exchanged for benzene and evaporated to small bulk when the

iminophosphorane (103) (0.824 g., 82%) was recovered.

(ii) The iminophosphorane (103) (0.985 ge, 2.5 mmol.)
and tetracyclone (1.0 ge, 2.6 mmol.) in benzene (150 nl.)
were irradiated by the 'Hanovia' method for 8 hr. while
a stream of dry nitrous oxide was bubbled through the solution,
No precipitate separated. The solution was chromatographed
(Method A) on basic alumina. Triphenylphosphine (0.08 g., 11%);
tetraphenylnaphthalene (0+120 ge, 11%); tetracyclone (0e73 ge,
73%); the iminophosphorane (103) (0.43 g., 44%); triphenyl-
phosphine oxide (0+10 ge, 14.5%); 2 mixture (0.172 ge) of
triphenylvhosphine oxide and 1-aminobenzotriazole; and
1-aminobenzotriazole (0.037 g., 11%) were eluted and identified

by ie.re spectra.

Pyrolysis of (1=-benzotriazolyl)iminotriphenylphosphorane.(103)

(2) in dimethylsulphoxide. The iminophosphorane (403)
(0e3 g.) in DMSO (5 ml.) was heated at 180° for 1 hr.. The
pale yellow solution was poured into water (50 ml.) and

extracted with chloroform to give a brown oil which gave the
iminophosphorane (103) (0.150 g., 50%) on trituration with

ethere.
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zizmture was heated at 240° Ton % hr. cnd a gas was evolved.
Tae rezctica mixture wac chromatographcd (Method A) on basic
alumina and gave tetracyclonc (0.40 z.4 6695)3 crude triphenyle-
phosphine cxide (0.22 g.) and a black oil (0.080 go). Mo

tetraphenylocphthalene was detected in any of the fractionss
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(i) To 1-aminobenzciriazole {(0.054% goy Ol mzole),
the triphenyliphosphine=platirurm complex (48) {045 ges 0ok vriole)
cnd cicess potassiuz carbonate in cold benzene (40 mle) was
aéled lead tetraccetate (LUL). 2 gas was evolved cnd the
orizinegl yellow solution went brown in colour. The lcead aad
sotaseciun salts were filtered off znd the filtrate cveoporated
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(ii) Anhydrous potassium carbonate (2.0 go, 1%e5 zuole)
was suepencded in a benzene (50 rl.) sclution of the triphenyl-

phocphine-platinun conplerr (46) (1.7 gey 1035 mmole) and
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(075 sey $5%); triphenylphosphine (0.22 go, 15%); a browm oil
{0.557 g.) containing trinhenylshocohine oxide (0.280 go, 15.5%)
cnd carbonztobiz(triphenylphosshine)platinun(il) (0.29 g., 27:3)

were isolatcd but no biphenylene, triphenylene, or teiraprenyl=-

nzyhtnalene was detected in any of the fracticas.

(L) using ethvlencbis(trinhenylpbo°bh*qr)*“&tiﬁum(O) (418)

et Loon
oS & benzyvng Tréde

(i) The ethylene complex (118) (1.0 goy 135 rmole)
28 f=cminobenzotriazole (0.38 go, 2.7 mmole) were dissolved
in cold benzene (50 mlo.) and LTA (1.0 ge; 2425 mmol.) added in

small portions. After 15 mia. (rno gas evolution) the precipita

£

o

1
o7 lead diacetate (0.68% go, 93%) was filtered off and th

eft to crystallise overnight. No crystals appeared

o)
B
2
i
H
o
ct
[¢]
(=

and so the filtrate was chrozatographed (liethod B) on basic

alunira using boenzene - ethanol as eluant. Carbonatobis

ho phlne)ﬁlhulnkL<TL) (0.250 gey 255%), meps 203 =
204°%, 1it, ep. 202 = 205° s Veex 1680, 1100 cm°-1; a browa

v.) containing triphenylvhosphine oxidc, 1=-cmino=-

o

E
=
N
(@]

L]

\Y

Ui

(@]
(53]

benzotrizzole and a phosphine=-platizum complex mepe. 177 = 460
-1
Gcce ) Vmau 1100 cie

" were isolated, buv no tripheaylene or
biphenylene was detected (t.l.cs) in any of the fracticns.

{(ii) To a suspension of anhydrous potessium cardonatie
2.0 goy 14e5 mzol.) in a solution of the ethylene complex (118)

<
(160 Soy 1635 rmele) and Y=cminodenzotriazole (0435 ge, 2.7 mzole)
) LT-‘-&L (100 gog 2.2

joh
jeN

in cold beazene (50 nl.) was adde 5

tassiun carbonate.coagulated towards the end o
addition. After 15 miz. the solution was ref (
filtered and chromatogravhed (Method A) onr basic alumina
4 trace (less than 1 mg.) of biphenylene; triphenylene
3+5%); and a yellow phosphine=platinunm couplex (0.015 ge
pe 200 = 202°(dec.) were cluted.

o

(3ii) To a vigorously stirred suspension of potassiun
cerboncte (2.0 goy 145 mole) in =z solution of the cthylene
comriez (118) (1.0 Zey 1035 rmrole.) znd 1=-zzinobouzotrizzole

[v]
0036 Tey 267 mm0le) in cold benseae (50 ml.) was added LTA
Y ] . & 3 —n o~ - .~y -
C 8oy 2625 muclele After 40 rine when no more gos vvas

cvolved, totracyclonc (0.8 7o, 261 mmole) in bonmnernc {50 i)

~

ad
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wac addled and the soluticn relflused for 15 min. and then 1ol
to stir at room temperature/overnighto The lead end potosciux
¢ chromatozraphed (Ilsthold 3)

alunmina using benzene as eluant. Hechromnatogrophy

((zthod &) on basic zlumina waes necessary to scynarate tetracyclene
and triphezylenc. Recovered tetracyclone (00457 gey 57%);

0.0:{5 gey 25% bascd on oxidised 1-aminobenzotriazolc)

1805 go/li‘trc 3 97"'."0
5L, 356, 202, 183, 1783,

Vivaax 1680 cne

- X . . =0 .
and also a phosphine-platinun cozplex IePe 162 = 165 (iexve)

tere isolated. d-Aminobenzotrizzole but no biphenylenc or

=
¢
+

tctraphenylnaphthalene were detected (telecCe)e
Tre ethylenc complex (1187 (0,832 gey 1.08 muoil.) and

tetracyclone (0.9 goy 235 L“o;o) wer dissolvgd in benzene

and neated at 60 for 15 min.. Tae reaction mixture was

ch:omatorraphod ({ethod B) on basic alumina using benzene as

clucnte Rcocovered tetracyclone (06566 ges 64%5) and

tetracyclonebvis(triphenylphosphine)platinun (119) (O 54 zo, 4)&)

were isolzted.

ctails were identical to thoce

[
f]

(iv) The expcrinenta

I

t Semethylel-amincbenzotriczolic

<t
s
™

rooozted in (1i4) excepnt t

» Recoverced tetracyclone

[
<
[an)

(035 Zeos 2443 nuol.,) was usz
(0.545 5oy 6850); 246411=trirethylir:

ltriphenylene (0.08 gos 1350),
bef{cetraphenylnaphthalene
22

e

. .0 .
ZePo 132 = 13373 b=methyle,2,3,
P . o - o .. 122 .
(0040 Te g 2/0)«) IlePe 19) « 220 9 1it, pryery 222 -

i)

-\
~0

[URN
N’
e

tetr;cyclc“colg(trlbhe wlphosphine)platinum (119)(C.30 go, 2

o

browiz 0il (0.50 go) frou which was isolated a phosphine—

platirnui complex (dere), HeDo 167 = 170 ; Sermothyled-anino-
C



{(v) To a vicorcusly ctirreld sus
votassiua carbonate (240 goo 865 mmole) in a colution of the
cthylere comnlex {148) (1.0 goy 1635 mmol.) and 4=-crino-
benzotriazole (0.38 gey 257 zmole) in cold benzene was added
ZTA (100 Fos 26025 mmole)e After 15 min., triphenylene was

d (telecs), triphenylpiosphine (0671 gey 0027 mrols)

vas aGded cnd the reaction rixture refluxed for 15 mine.
olutiocn was left overnight, filtered and chronatogreshed
(¥ethod &) on basic zlumina. Recovered triohenylphosphinc

(0.435 g, 60%) and triphenylene (0.004 go, 25) were isolated.

(vi) The cxperinmental details were identical to those
revorted in (v) except that bromine (062 mle, 309 nzmolo)
instead of triphenylphosphine was added. Chromatography

ii2thod A) on basic alurina gave o-dibromobenzene (0,092 ges
8455 based on excess 1-aminobenzotriazolel); an oil (0.013 g.)
which was a mixture of four compouncs (telecCe):
/e 387 (332), 310 (2Br), 232 (13r);

and triphenylenc (0.004% g., 29%) were isolated.

idcdition of bromine {(0.25 mio, 4.9 mwol.) to 4=cmino-

002 oy 1e43 mmol.) and potassiua carbonate

&
(0]
15
]
o]
[arad
H
[¢]
[
o]
]
@
~

e
(2.0 go) gave afier chromatography (licthod A) using petrol
as eluant, o-dibromobenzenc (06161 gey 43%) only.

-To a.vigorously. stirred suspension of potassziua
carbonate (1.0 gey 7025 miole) in a solution of the ethylene
complexr. (148) (1.0.8ey 1035 rmmole) and 1-aminocbenzotriazole
(0936 Zos 27 mmole) in dry methylene chloride at room terperatu
wes added LTA (1.0 3oy 2025 nmole) in smell portions. Therc
was a very vigorous.gas evolution znd the solution becane
brown/r;d in colour. 4. sSolution iers spectrun.was teken at
this point, Vemax1710 cme-ﬁ,shoulder at 1755 cuoe 19 After
%5 wmine., tetracyclone (0.8 g, 2.1 mmol,) was added, the
soluticn was refluxcd (15 min.) and left at room tempercture

ht and then chrouatographed (Method B) on ovasic alumince

Ly
u

-

nd a brovn oll which

‘ctraphenylnaphthalene (0,005 go, 0.5%); triphenylene (0,009 go,

re
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(viii) Conditions identical to those in (vii) were
employed except that beqzene was used as a solvent. Before
tetracyclone was added efforts were made to encourage
crystallisation of the filtrate by reducing the volune of
the solution on a rotary evaporator, but crystallisation did
not occur. The residue of lead and potassium salts was
refluxed in benzene and the solvent examined on teleCee

No hydrocarbons were detected.

As crystallisation had not occurred, the filtrate wvas
é¢ivided and one half evaporated to dryness and triturated
with ether to yield diacetatobis(triphenylphosphine)platinum(If)
(0e15 gey 13.7%). The filtrates were combined with the other
"half of the solution, refluxed with tetracyclone for 1% hr.
and chromatographed (lMethod A) on basic alumina to yield
triphenylene (0,013 gey 6%)e ‘

(¢) using tolanbis(trinheqylphosphine)platinum as a

benzyne trape.

LTA (0«5 g¢y 101 mnole) was added in small portions
to a benzene (20 ml.) solution of 1-aminobenzotriazole
(0.144‘g., 1.08 mmol.) and the tolan complex (36) (0.9 gey
1.0 mmol.). After gas evolution had ceased, the precipitate
of lead diacetate (0.25 g., 70%) was filtered off and the
filtrate reduced in volune and_left to crystallise to yield
the tolan complex (36) (0.2 ge; 22%). The filtrate was
chromatographed (Method A) on basic alumina to yield tolan
(0,065 go, 36%) and the tolan complex (36) (0.10 ge, 11%).
No triphenylene or biphenylene was detected (t.le.c.) in any

of the fractions.
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J.ttempted oxidation of l-aminobonzotriazol3 by

c::ygenbis(triphenylphosphine )platinup.®

1~ALiiiiobenzotriazole (0©11 g., 0.82 mnol®) v/as added
to a solution of o:{ygenbis(triphenylphosphine)platinum (117;
(0»3 G'? 0.4 rxaolo) in benzene (50 ml#). After reflu::ing for
1 hr* the yellov/ solution became black in colour* It was
reduced in volume on a rotary evaporator but no crystals
appeared on standing® The reaction mixture v/as chromatographed
on Fluorsil (3DH)« Trace amounts of unidentified oils and
recovered l-aminobenzotriazole v/ers oluted and triphenylphosphine

oxide (0.072 g.) was isolated™*

1-Aminobenzotriazole (0.107 g., 0.8 mmol.) v/as added
to a benzene solution of the triphenylphosphine-platinum complex
(46) (10O g., 0.8 mmol.)* Dry oxygen v/as passed through the
solution at room temperature for 3 hr.. The solution v/as left
standing for 60 hr. and a precipitate (0.04 g,) of carbonato-
bis (triphenylphosphine )platinum(II) isolated.
Addition of ethyl acetate follov/ed by reduction in volume on
a rotary evaporator precipitated a daz'k brovim solid (0.125 g*),
m.p. 250 -280° after reprecipitation from ethyl acetate -
methylene chloride. Its i*r. spectrum indicated a phosphine-
platinum com%)lex. Chromatography of the filtrates on basic

alumina gave oils (traces) and triphenylphosphine oxide

(0.477 g#, 53%)*

Oxidation of l1-aminobenzotriazole with silver (II) oxide.

Oxygenbis(triphenylphosphine)platinum (117) (0.553 g«?
0.71 nmol.) v/as dissoved in benzene (50 ml.) at 45°. Silver (II)
c:-xxdu ™ (700 A~ $6vS innolo) was added® 1-Ai'iiinobensotriazole
(0.30 g., 2.24 mmole) in ether was added dropv/ise. The mixture
was heated at 60° for 20 min* and. then the silver residues
removed by filtration* A brown solid (0*13 g.) v/as isolated
from the filtrate by dilution v/ith ether* Its i.r* spectrum
was poorly resolved and it ./as rejected. The filtrates v/ere
chromatographed (Method A) on basic alumina to yield biphenyl
(0.C12 g-1 7%) only*
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gilver (II) oxide (6.643 gu, 59», rmol.) was acated at

enzotriancle (0.3 ey 2024 mmo

silver residues were filtered o

70" in benzene (50 nl.) and an cther solution of 1ezminoe
W
~

.) was added dropwisce. Tho

b

f and treated with 50% niiric

xtraction gave a trace (~0.4 nz.) of a brown oil.

The filtrate was chroumatographed as before to yileld

biphenyl (0.01 g., 6%) only.

H
(&

Attemvwted v

roveration of the dincthylsulvhoxide and direthyl-

sulvhide adducts of minobcruot riazole.

(2) Dimeﬁhyls

ulphoxide,

Eromine (Ool mle, 7.8 mmol.) in benzene (5 rnl.) was

cdded to dimethylsulphoxide (0.54% nl., 7.5 zmol.) in benzenc.

a
ricthylanin
(1.0 5oy 7.8
reiiuxed for
hydrobronide
red Tiltrate
treated with
(0.0 g.) re

Vimax 2435,

A sim
sove no yell

umira gave

4]
[]

and diwethyl

0il separated and a white gas was evolved when

e (2.1 rile, 15 mnole.) was added. 1I=iminobénzotriczole
mmol.) in ether - benzenc was added and the solution
1 kre. and leit to cool overnighte Triethylaxine .
(2.48 ge, 88%) was filterced off and the brighkt
was reduced-in volume on a rotary evaporator and
ethyl acetate. It gave a bright yellow conmpound

crystallised freciz ethyl zcetate m.p. 210-214°
1305, 1295, 1245, 1160, 1145, 1030 cm.

ilar reaction using chlorine in carbon tetrachloride

atograpny (Method A).oa basic

“

ow corzpound. Chron
recoverced ‘d-aminobenzotriazole (0.72 go, 72%)

sulphoxide (O 20 g., L40O%).

sulphide.

Brouin

addcd to dim

L yellow pre

e (Ol mloy, 7.8 mmols) in benzene (5 :l.) was

ethylsulphide (0.4 nle, 7.5 mmol.) in cold bonzcene.

ecipitate separated and triethylamine (2.1 mle, 15 zzol
[
(94

fa o ] o St B L SO S PN N L I T L wree s Y
vas cdded followed by 4-amincbenzotrizzole (1.0 Ze, 7e& zmsle)e
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ethyl acetate gave a yellow crystalline compound (0.02 g.)
NePe 210 = 2170;

Veax 2480, 1300, 1285, 1155 and 1025 cm. ™

Reaction between toluene-p-sulvhonyl azide and benzotrizzole.

An attempt to vrepare 1-(toluene-p-sulphonamido)benzotriazole.

Toluene-p-sulphonyl azide was prepared by the addition
of an acetone solution of toluene-p-sulphonyl chloride
(10.0 g., 52.5 mmol.) to sodium azide (3.5 g., 54 mmol.) in
water. The reaction mixture was diluted with water until an

oil separated which was ether extracted to yield pure azide.

No reaction occurred when the azide (4.0 g., 20 mmol.)
and benzotriazole (2.0 g., 17 mmol.) were refluxed in benzene
(50 ml.) for & hr.. The reaction was repeated in refluxing

xylene (145°) and gave a black oil which was rejected.

Benzotriazole (3.0 g., 25.2 mmol.) and the azide
(5¢2 g+, 25.4 mmol.) were refluxed in chlorobenzene at 135°
for 20 hr. and the products separated by chromatography

(Method A) on silica gel. Two compounds were characterised:

(1) toluene-p-sulphonyl-o-chloroanilide (0.32 g., b,3%),
mepe 104 = 105°, lit. m.p. 105°; it had an identical
i.r. spectrum to that of an authentic specinen
prepared. from o-chloroaniline and toluene-p-sulphonyl

chloride.

(ii) toluene-p-sulphonyl-p-chloroanilide (0.51 g., 7%),
Bepe 76.5 = 78°, 1lit. m.p. 95°, mixed m.p. 93 - 96°;
it had an identical i.r. spectrum to that of an
authentic specimen prepared from p-chloroaniline

and toluene=-p-sulphonyl chloride.

-
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SECTION FOUR. EXPERIMENTS WITH CYCLIC ACETYLENES.

1. CYGLOHSXYKE.

Preparation of 1~(toluene»-*o-sulphonamido )-4,3-tetramethylenetriazole.

A solution of cyclohexanedione"*“'"* 3@6 g., 5 m-iol.s)
toluone-n-sulphonyl hydrazine (18.0 go, 10 mmoio) in methanol
(40 n'-lo) and one drop of concentrated hydrochloric acid was
refluxed for 2 hr.. The reaction mixture was evaporated to
dryness and the residual oil triturated with ether to give
a yellow solid, recrystallised from ethanol as colourless
crystals of I'-Ctoluene-£-sulphonamido)-4,3-tetramethylenetriazole,
m.p. 212 - 213°; (Found: 0,30.7; H,3.4; N,17.4. Calc, for

AT3M10'% N ¢ 0,33.5; E,3<,5; N,19.37(;).
3000 cm. “~(broad), 1600, 1370, 1170 and 1040 cm. '

Lithium N (4,3-tetramethylene-1-triazolyl)toluene-n-
sulphonamude was prepared in an analogous fashion to the
lionium salt of 1-(toluene-p-sulphonamido)benzotriazole.

Ywutx ajid 1630 cm. '(broad due to absorbed water)
1280, 1130, 1093, 950 cm.~"

Photolysis of the lithium salt.

The lithium salt (0.4 g., 1035 mmol.) and.the
triphenylphospriine-platinum complex (46) (1.0 g., 0.8 mmol.)
in dioxan (30 ml.) v/ere irradiated for 20 hr. by the 'Bayonet*
method. Afterwards the solvent was exchanged for ethanol, but
no precipitate appeared until ether was added. A flocculent
yellow precipitate with a poorly resolved i.r. spectrum

separated.

The iminophosphorane of 1-amino-4,5-'tetramethylonetriazole.

Ps”enaration.

bromine (3.75 g., 1.2 ml., 23.4 mmol.) in benzene (10 zllw)
was added to a benzene solution of triphenylphosphine (3*63 g. g
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275 mmol.). Tricthylamine (.35 34, 6 mle, 43,0 muole) waos

caded to a opuspension folleowod by recrycstallised d-anino-

2]

) . - l2x' -
racethylenetriazolie (2.9 g¢s 21 mzol.) in benzorc

(80 Hls). The reactiorn nmixturc wos rofluxmed for 44 hr., coolcd,

nd the precipitate of triethylamine hydrobrozide filtered off.

- . M : L 3 i3 .
The filtrate gave (&,5-tetramethvlienc=i=triazoliyl)inino=

~

toinhenylphosohorane (407) as pale browa crystals, meD. 202 = 203
hyl

T

¢ne chloride - benzene as lighi=-
ccnsitive colourless plates (5.0 gey 60%), mepe. 203 - 204°
o

(Found: C,72.4; H,5.6; N,14%.1. C HZBNQP requires: C,72.5;

24
2,503 K,%4e165)
1480, 14L0, 1430, 1200, 1160, 1120, 1110, 1090 and 9S0 cize

<
é

N o 335 nme (@ 12300), 260 nm. (e 5500), 267 nr. (€ 5100)#_
278 an., (€ 4400).

et

2.0 = 2,7(rultiple:)(455), T 7.2 - 7, 75(“.ululolet)( L),
T8e2 = 8.5(multivlet)(LH).

L,5etetrarncthylenc=1=-triazclyl)ininc=-

{2)'Sunlar»! nethod.

(i) The izinophosphorane (107) (0.513 gey 1.29 nmol, )
ard tetracyclone (0.591 gey 1.54 mmol.) in THF (50 ml.) we

irradiated for 24 hr. and the products separated by chrouatography

i

(Method L) on basic zlumina. 1,2,3,4=Tetrchydro=5,6,7,8=

holene reerystallised fron cthanol (0.04 7o, 755)
o] . 24 . o

1 - 2727 or 1it. 1 Bepe 284 - 28673

l?
racyelone (0.50 gey 35%) and triphenylphosphine oxide
late

o

(0410 gog C0,0) \'J“""e :LSO

(ii) The iminophospkorane (107) (0.513 o5 129 mmols)

nd the tridhenylphosphine-platinum comnlex (46) (0.62% g.,

I

— » 2%

0.5 pmmol.) in TH? were irradizted for 24 ar.. The soivent was
exchaazed for a small volume of benzene and the izipophosspiioranc
(107) (Ool? So e 33%) was recovered. The solution was evaporated

to cryrcocs and triturated with peitrol to give a brown solid

’ Vel . » . . L} - ) 3 - B Y,
R A N ~ em - oo R M Te Fere ot e o - B A R R i
LW C8 Doy sonvtoinin S eIripnenyLinl0sDaAtn ju} ido which waz
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(u) tEoncovia® meothod.

(1) The Zminophosphorane (107) (0.5C% gey 127 rmols)
znd tetracyclo. (0.6293¢ 5 1.63 mmol.) in TiF were irrcdiatec
using & pyrex filter for 48 hr. zzd the products separated

by chrouatography (Method A) on basic alumina. The cyclohcxyne
0.018 gey 3255)3 tetracyclone (0.50 80%5)s the

(
irinophosphorane (407) (0e14 ge, 36%) and tﬂlpnenj+mhoupnlne
0

OCI

cxide (0619 go, 55%) were isolateds
)

The inminophosphorane (107) (0.667 gey 1067 mmole)

f
:
[eX)
ct
3
o
Q
I
O
)
o]
B
O
O~
(o]
®
[6)
n
o

Cey 1463 mmols) in THF werc irradiatcd
c

Jor 1 . procducts scparated as before. The
cyclohexyne adéuct (0.085 gey 11.5%); tetracyclone (0.493 g.,
8C;3); triphenylphosphine oxide (0.439 g., 95%) were isolated.

2o CYCLOIZETYNT,

1~Amino-455-pentamethylcnet zole (27) was prepared
”
i

ria
. . 6 26
as described in the llterature7 ?

O:ricztion,

(1) LTA (0e75 ges .065 nzole) in methylene chlor
{20 =1,) was added dropwise to a methyleme chloride solutica
¢ the amine (27) (0.24 zo, 1.58 mmole) ot =78%. Izzmediately
citer gas evoluticn haé ceased (15 zec.) a methyleae chlofi&e -
benzens . solution of the triphcenylrhosphinceplatinun comple: (#6

1;
(2.0 goy %05 mmole) was acdeds The solution was allowed o
0

s
roduced, - ¢cis=diacetatobis{triphenylohosphine)platinum(II)
’ ~0c L ~Sacs (i L4 - - Y PR R P X PR f,
(0,205 3.9 21%). The filtrotes wero chromcotographed (Hethod 4)

dded in snall portioans

a
T potacsiuz cordonate (2.0 g, 445 rmizle) in
1

AU D B TN SN M l Jymr T - T PO S n T SPGB
Coil Ll SRONC eVADoTLLLU o Solol DULie LY CIyITeadlllSfTion
ey e~ ~7 - i A~ AN b O Ty N e - “ ~ A T
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vie ¢l triturcated with cther. It gave a browa solid waich
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was a phosphine-platinum complex (i.r.). Trace quantities
of brown oils, triphenylphosphine, and triphenylphosphine oxide
were eluted when the filtrate was chromatographed (Method A)

on basic aluminae

The iminophosphorane of 1-amino=4,5=-pentamethylenetriazole.

This compound (108) was prepared (16%) in an exactly
similar way to the iminophosphorane of 1-amino-4,5-tetra-

methylenetriazole.

After recrystallisation from ethyl acetate
(4,5-pentamethylene-1-triazolyl)iminotriphenylphosphorane (108)

was obtained as pale brown plates m.p. 164 - 166°;
(Found: C,72.6; H,6.2; N,13.5. 025H25N4P requires: C,73.0;
Hy641; Ny13.6%)

Veax 1215, 1205, 1110 and 980 cm.™

T 2.0 = 3.0(multiplet)(15H), T 7.3(multiplet)(4H),
T8.4(multiplet) (6H).

Photolysis of (4,5~pentamethylene-1-triazolyl)imino-

triphenylphosphorane.

The iminophosphorane (108) (0.347 gey 0.845 mmol.).
and tetracyclone (0.40 ge, 1,04 mmols) in benzene (100 ml.)
were irradiated for 20 hr. by the 'Hanovia' method, the products
were separated by chromatography (Method A) on basic. alumina.
The products were.biphenyl (0.01 g.) and crude 1,2=-penta-
methylene=3,4,5,6=tetraphenylbenzene (0.21 g., 55%)
recrystallised from petrol (O.14 ge, 36%), mep. 221 - 222°,

1it. 12,0, 225 - 226°.
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Cyclcheptenocyclopropenone.

Photolysise.
127

Crude cycloheptenocyclopropenone and tetracycloné
(0.516 g.) in benzene (100 ml.) were irradiated for 20 hre.
by the 'Hanovia' method and gave 1,2—pentamethylene-3,4,5.6-
tetraphenylbenzene (0.09% g.), recrystallised from ethanol
ePe 220 = 225o and tetracyclone (crude 0.5 go)

Reaction with tris(triphenylphosphine)chlororhodium(I).

EI.’r:i.‘rs(triphenylpho.s}_)h:i.ne)ch:Lororhodium(I)’]28 (0e5 o

0.54 mmol,) in benzene (20 ml.) was added to a warm (50°)
benzene (50 ml.) solution of the triphenylphosphine-platinum
complex (46) (1.0 ge., 0.8 mmol.) and crude cyclohepteno-
cyclopropenocne (28) (0.2 gey 1.16 mmol,). After 12 hr. at
500 the solution was reduced in volume and-trans-bis(triphenyl-
phosphine)carbonylchlororhodium(I)129 precipitated «s yellow
crystals Vewax 2960 and 1100 cm.” ). The filtrate was diluted
with ethanol and gave yellow crystals (0.23 g.), Viwax 1655,
1095 and 805 cm.-1 which recrystallised poérly from ethanol =
benzene. The filtrates were diluted with ether and gave a
light brown precipitate.of a phosphine-metal comgplex

Vmax 1440 and 1105 cm.-1y
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SECTION FIVE, MISCELLANEQUS EXPERIMENTS.

o=Fluorobromobenzene with magnesium and tetrakis(triphenyl=-

phosphine )platinum(0)

o=Fluorobromobenzene (0.28 ge, 1.6 mmols) and
nagnesium (0.08 go, 342 mmol.) were reacted in dry ether (10 mle)
to form the Grignard derivative and the mixture was cooled
to 0°. The triphenylphosphine=-platinum complex (46) (2.0 g.,
146 mmol.) in benzene (40 ml.) was added. There was an
immediate precipitation of a yellow solid. After 2 hr. the
mixture was filtered. The filtrate was evaporated to Small
bulk to give crystals (0.42 ge), neps 100 = 125°, the ier.
spectrum was identical to the triphenylphosphine-platinum
complex (46). The precipitate and isolated crystals were
combined and heated under reflux for 2 hr. with furan (20 nl.).
Niether 1,4=dihydronaphthalene endoxide nor e~ naphthol could
be detected (t.l.c.).

Attemoted stepwise synthesis of a benzyne complex.

(1) 2=-Bromophenylazochlorobis{triphenylphosphine)platinum(II).

A slurry.of cis~hydridochlorobis(triphenylphosphine)
platinum(II) (4.55 ge, 6 mmol.) in ethanol was added to a
stirred . suspension of o-bromobenzenediazonium fluoroborate
(17 goy 643 mmol. damp with ether) in ethanol. The mixture
rapidl& became homogeneous.and then.yellow crystals of the
fluoroborate. salt (120), (2.62 ge, 2455 mmol., 41%) were
deposited, mep. 195 -~ 2300. .It was suspended in methanol
(100 ml.) at 0° and 2 solution of sodium acetate trihydrate
(036 goy 2.65 mmol.) in methanol added. Almost immediately

the suspension took on a violet colouration and after 5 min.

the solution was filtered to give lilac crystals of
2=bromophenylazochlorobis(triphenylphosvhine)platinum(II) (121)
(2.34 goy 97%), meps 250 - 254° after recrystallisation from
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(ii) 2«Dreoriovhcenylchlorobis(trinhenvlinhosshine)nlatinum(IT).

The azo comvlex (121) (0.643 g.) in boazcne was pourcd
rapidly clutced with

cato a short column of neutral alusina and
give colourlecs ncecles of 2=bromovhcnyil-
chlorobis(trivhenvivhosvhine)nlatiaun(II) (122) (0.C85 gey 115%)
Zepe 270 = 282°%; (Found: C,55.1; E,3.65 E7,945. CyypH5), BrCLPLPE

a
es: C,5594; E,3.7; Er,8.3%). lModifications of this

~/ . - . .
4075 etlher Ln Lenzence ©O

I
coul

r
edure gave even lower yields of comvound (122).

{(iii) Rzaction between 2-bromevhenviezcchlorobis(trivhervl-

Corpound (121) (136 Zoy 1e45 mrol.) and lithiunm

zhavings (0.07 ge, 7 mmol,.) were suspended in dry THF (45 nle)e

£

“he reaction was initiated by adding a small piece of votassiun.

Jn N
cer Falig

™

+ gas appeared to be evolved during the reaction. AL

at reflux, the rcaction mixture was cooled and ethanol added

to Gestroy the exzcess lithium 4 yellow precipitate (0.34% Zo)
was Iiliered off., It comulisted of lithiuxm salts and a platinun

coxplex (i.r.) but nothing crystalline could be obtained fron

ite Similarly the filtrate yielded no crystal 1line compoundys

There was no reaction when compound (124) (4.1 gy 1647 mmole)
in beanzene - TEP (50 ml.) was added to magnesium turnings (0.07 .,

2,9 ©mele) in THF (40 zl.).

KRNI L Veswincohtholiride in the agAreA 2>
{RTLCN 03 e8Il lNeDTInLANZ e 2 e Presucl ol

s{trivhervlvhosphins > Jolatinun.

L7A (068 goy “1e0 rizole) was added in small poritions
AP

vo a suspeasion of Neomincphtholimide (0o3 gey 2.0 zzol.) and

cn cornlex (35) (0.8 goy 100 mmole) in benzence (20 i2l.)



75
a small quantity of a gas was evolved and the solution went
brown in colour. The solution was filtered and the residue
(0.54 g+) was a mixture of lead diacetate and N-aminophthalimide
{i.r.). The filtrate was treated with hexane until precipitation
occurreds. A solid separated, Ymax 2050, 1725, 1680 and 1310 cms™ 7,
which was boiled with benzene -~ hexane and gave two crops of

crystals:

(1) mepe 147 - 160°
Vwmax 2050, 1725, 1670 and 1310 cme—

(ii) MePoe 148 - 1520
Vwar 2050(weak), 1670(shoulder at 1640), 1310,
1125 and 1105 cm. |

Chromatography (Method A) of the filtrate on basic
alumina gave tolan (0.064 g., 40%) and a colourless crystalline
compoundsrecrystallised from ether =~ petrol me.p. 177 = 1800,

Vwax 1740, 1630, 1300, 1225, 1200 and 1100 cme~ 1.
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DISCUSSION,

The evidence for considering benzyne as a symmetric
singlet has been discussed in the Introduction. The selectivity
of benzyne has been explained by postulating that the molecule

is stabilized by a bonding interaction between the two electrons

on C and C_. Partial ir bond formation may be demonstrated
pictorially as (44) . The approximate geometry of the (S) and
(44)

(A) orbitals have been calculated® and are illustrated below.

X h

X

>X » X

(S) (A)

If these ideas concerning the electronic structure of
benzyne are correct then it should be possible to prepare a
complex of benzyne (45) analogous to the transition metal
complexes of olefins and acetylenes. Several attempts depending

upon this concept have been described in the Introduction.

filled 'd* orbitals

of transition metal

filled (S)
orbital of

benzyne
component

'IT component

(4d)
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In this v/ierk it was decided to generate benzyne from
an organic precursor in the presence of a transition metal
capable of stabilizing it as a * complex. Examination of
the literature 154 at the time when this work was started
revealed that platinum(O) formed very stable monoacetylene and
olefin complexes and the decomposition of the benzyne precursors,
benzenediazonium-2-carbo]:ylate (2), 1,2,5-benzothiadiazole-

1,1-dioxide (4) and l-aminobenzotriazole (5) were investigated

CO:

(2) (4) (5)

in its presence in the hope of isolating a benzyne-platinum

complex#

A recent review90 on transition metal-acetylene chemistry
confirms the choice of platinum(O) as one of the most suitable
metals to wse in this work. There are three general types of

acetylene complex involving:

(i) formation of ring systems, either fused to the
transition metal or as hydrocarbons in cyeclic or

chain polymerisation.

(ii) polynuclear complexes with bridging alkyne

molecules.

(iii) tho alkyne bonded to a*”*ingle transition metal atom
without ring formation M Some of these complexes
are unstable or have only been briefly mentioned in
the literature they may require photochemical
conditions for preparation (molybdenum and manganese);
or only form stable complexes with alkynes bearing
very strong electron-withdrawing groups (nickel and

palladium)e

A benzyne-platinum complex would belong to group (iii)

and the diagram illustrates transition metals which show this *

behaviour.
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Sc Ti A m s Mn Co Ni
Y zr ny iX Te Ru m Rh Pd
La Hf To W Os Ir Pt

Zerovalent platinum was used exclusively in this work
as the transition metal to 'trap' the benzyne intermediate.

Tetrakis(triphenylphosnhine)platinum(O)102 (46) which dissociates

135

in solution was used as a scource of zerovalent platinum

Pt(PPh + PPh” A Pt(PPh )A+SPPh~

(46)

after preliminary experiments had shown that alkyne complexes
could be made from it simply by stirring its benzene solution
with the alkyne. Tolanbis(triphenylphosphine)platinum and
cyclooctynebis(triphenylphosphine)platinum were each prepared
in 70% yield in this way. Their i.r. spectra were interesting
to compare. The absorptions attributed to the carbon.- carbon
triple bond of the alkyne were found at 1765 and 1793 cm*
respectively. The higher stretching frequency for the
cyclooctyne complex was thought to be due to the additional
strain imposed upon the carbon - carbon triple bond in the
eight-membered ring. Attempts were made (see Section Three)
to prepare cycloheptyne and cyclohexyne bis(triphenylphosphine)

platinum complexes in order to substantiate this hypothesis.
Infra-red suectra.
A (triphenylphosphine)platinum fragment in a compound

always gave absorptions in the i.r. spectrum at 1440, 1173»

1145, 1100 (strong), 1025, 1000 cm.“™
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cis-Disubstituted bis(triphenylphosphine)platinum
complexes have characteristic absorptions in the i.r. spectrum17o
at ca. 1585(strong) and 1570(weak) cm.-1, in contast to
trans-disubstituted complexes which have similar absorptions
with reversed relative intensities, e.g. 1585(weak) and 1570
(stréng)cm.-1. The position of the absorptions depended upon
the complex and the strengths were not related to other
absorptions in the i.r. spectrum which might be considerably

stronger.

The Discussion is divided into threé main sections
which describe the work with the benzyne precursors:
1,2,3-benzothiadiazole-1,1—dioxide3 benzenediazonium-2=carboxylate,

and 1~aminobenzotriazole.
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SECTION ONE. 1,2,3-BENZOTHIADIAZOLE-~1,1=-DIOXIDE.

A preliminary investigation showed that thermolysis
of 1,2,3=benzothiadiazole~1,1-dioxide(4a) in the prosence of
tetrakis(triphenylphosphine)platinum(0) (46) gave triphenylene.
However biphenylene and not triphenylene was the normal product
obtained from the thermolysis of compound (4a) in solution and
the formation of triphenylene was thought to indicate participation
of a platinum species in the reaction. The reaction was
therefore investigated at low temperature in the hope of
isolating the platinum complex which was responsible for

triphenylene formation.

When the reaction was performed at -20° in chloroform
it was found that the triphenylﬁhosphine-platinum conplex (46)
reacted with the solvent and gave gigydichlorobis(triphenyl-,
phosphine)platinum(II) (47). A yellow phosphine=-platinun
complex (i.r. only) was isolated from the filtrates. 4
stirred chloroform solution of the triphenylphosphine-platinun
complex (46) precipitated the cis-dichloro-platinum complex (47)
in 26% yield. The possibility that the triphenylphosphine-‘
platinum complex (46) abstracted two chlorine atoms from

chloroform to give monochlorocarbene was eliminated. When the

chloroform
PHPPh) + ©><
34

ae
(48)

triphenylphosphine-platinum complex (46) and cyclohexene were
refluxed overnight in chloroform no 7-chloronorcarane (43)
was produced. '

In cold benzene the azo complex (49&)136 was precipitated
in high yield as yellow crystals (79%)s 1Its stoichiometry
(confirmed by analysis) was aunested originally ‘because there
was no gas evolution during the reaction. The retention of
sulphur dioxide was indicated in the i.r. spectrum by absorption

-
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bands at 1284 and 1156 cm.”" and retention of nitrogen by
thermolyéis of the compound in diglyme at 120° when nitrogen
was evolved. The incorporation of the entire 1,2,3=benzothia-~
diazole-1,1-dioxide molecule was confirmed by preparing the
6-methyl derivative (49b) which had the correct NMR spectrume

R N R N
N\
N _PPh
</ 3
3 o
O O

. P Ph.,
(4)@ R=H (49Xa) R= H
(b) R =CH, (b) R = CH_

Independently and simultaneously Cook and Jauhalw3

prepared this complex (R = H) using ethylenebis(triphenylphosphine)
platinum (118) and had assigned its structure on the basis of

their i.r. spectrum. Thus their absorption at 1446 ca.”) was
assigned to the nitrogen - nitrogen stretching frequency and

those at 1285(asymmetric) and 1159 and 1136 cm.-1(symmetric)

to the sulphur - oxygen stretching frequencies. They investigated

its thermolysis and characterised the products (50) and (51).

' PPh, ,PPh
3 3
Ni\ eth;.gol . /PPh3 \Pt/
PPh_ N 1307 ,}
/,s\\ \pph 3 P PPh 1
OO0 3 o 3 0]
(49a) ) (50) (51

We also considered an alternative structure (X) for
compound (49) and it still cannot be completely ruled out.

Pt(PPh,),

Oxy
o’

(X)
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This structure had an advantage over (49a) as it could
easily explain the ability of compound (49) (see later) to
behave as a benzyne precursor. The benzothiadiazole ring is
coordinated intact to the bis(triphenylphosphine)platinum species
and dissociation would regenerate 1,2,3-benzothiadiazole=1,1=.

dioxide which could then decompose to benzyne as normal.

The structure (X) was considered unlikely because of

two considerations:.

(i) 1,2,3=-benzothiadiazole=1,1-dioxide is thermally
very unstable (even at 0°) and it seemed unlikely that its
stability would be so dramatically increased (as it was in
compound (49).which had a m.p. of 177 = 179°) when it was

coordinated to a bis(triphenylphosphine)platinum species,

(ii) by analogy with the benzenediazonium-2-carboxylates
(Section Two) the mechanism of formation of compound (49) was
thought to involve a betaine intermediate (benzenediazonium-2-
sulphinite), which was in equilibrium in small concentration,

with 1,2,3=-benzothiadiazole=1,1=dioxide.

+
VN N2
X SO
//\\
8% 2
Pt(P :
Ph3)3
NX
, o t/P Ph3
N
é/\\o PF’h3

If it was correct this mechanism which involved scission
of the benzothiadiazole ring suggested that structure (X) was
unlikely. However it cannot be eliminated on the basis of
considerations (i) and (ii) alone and it remains a possibility

for the structure of compound (49).
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It was thought that compound (49) might still be a benzyne
precursor if the nitrogen and sulphur dioxide could be extruded;
furthermore it might produce benzyne in the proxihity of bis-
(triphenylphosphine)platinum and hence could possibly lead to
the desired benzyne-platinum complex. Its properties were

investigated with these considerations in mind.

Thermolysis of compound (49a) in diglyme gave one mole.
of a gas (presumed to be nitrogen) between 100 - 120° together
with biphenyl. Initial experiments with compound (49a)
suspended in furan gave no 1,4~-naphthalene endoxide (52) or.
<c-naphthol (53) but exposure to sunlight of this suspension
for three weeks gave trace quantities of (52). This provided
a clue to the conditions required for benzynoid decomposition
of compound (49). Photolysis of homogeneous solutions using

the 'Sunlamp' gave benzyne adducts with tetracyclone and with

furan.
50 ox [Pt(PphB)z] 27%
2

(52) OH THF, furen, THF

14% hv hV'

ANy

(53) FLt/PPh:B
~ 20 N\

7
(49a) © O P?hB

THF, tetracyclone,

hv
Ph
Ph
Ph
Ph
22%

(54)
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Photolysis of the azo complex (49a) on its own in THF
gave a bis(triphenylphosphine)platinum(O) species, dimeric in
benzene solution (osmometric molecular weight), which had
different physical properties from those of the complex reported
by Ugo, Cariati and La Monica137 or of a phosphine=platinunm
complex prepared under photolytic conditions from oxalato-

bis(triphenylphosphine)platinum(Ir) 130,

In two reactions with the azo complei (492) and the
6~methyl derivative (49b), the triphenylphosphine-platinum
complex (46) was used as the benzyne trap. Triphenylene
formation was thought to be good evidence for benzyne-platinum
intermediates after the preliminary results, but it was not
detected in this reaction. Only sulphatobis(triphenylphosphine)
platinum(II)108 and a colourless bis(triphenylphosphine)-
platinum species were isolated. The melting points of the
two platinum - phosphine complexes from (49a) and (49b)
were slightly different but their i.r. spectra were identical

and analysis was correct.

Parshall139 had shown that arylazoplatinum complexes
could be converted to arylplatinum compléxes by percolation of
their benzene solutions down a short column of basic alumina.
When the azo complex (49a) was treated in this way, three
compounds were formed. Compound (50) was isolated (33%) as
violet crystals. A red oil containing a sulphur = oxygen
linkage (i.r.) and a phosphine-platinum complex were not

characterised.

It was noticed that the azo complex (49a) decomposed
on standing in air at room temperature. Hydrogenation of
(49a) to (55) was attempted using 10% palladium on charcoal
as a catalyst. Compound (55) should be more stable than (49a)

as it could not directly lose molecular nitrogen.

H
I
Ny Ho» 10% Pa/C <\h(H
o | _een,
S, N\ 3 /S/Pt\
o TPha &Y “PPhy i

(49a) , (55)
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Reduction did not occur even though hydrogen appeared to be
absorbed. Chromatography of the reaction mixture gave the
same products as chromatography of the azo complex (49a)

on basic aluminae.

A1l the chemical properties of the azo complex (49a)
suggested that it could not by itself be responsible for
triphenylene formation in the reaction between 1,2,3-benzo=-
thiadiazole~1,1~dioxide and the triphenylphosphine-platinum
. complex (46) in refluxing ether - benzene. -1,2,3—Benzothia-.
diazole-1,1-dioxide (4a) decomposed and gave benzyne under
the conditions that (4%9a) was prepared as a control experiment
showed. Tetraphenylnaphthalene (54) (27%) was produccd when
tetracyclone was used as the benzyne trap instead of the
triphehylphosphine-platinum complex (46).. No adducts such
as (56) were isolated which were formed when (4a) and

cyclopentadiene were reacted in cold benzene (5?)20.

Ph Fh
co\ Ph | \CHé
</ Ph S/N
ke &
(568) | (57)

Thus 1,2,3-benzothiadiazole~1,1-dioxide (4a) was trapped by
tris(triphenylphosphine)platinum(0) (the main species in

solution) before it could decompose.

Reaction of the triphenylphosphine-platinum complex (46)
with excess of 1,2,3=-benzothiadiazole~1,1-dioxide (4a) did
not give a different compound which was capable of decomposing
on thermolysis to triphenylene. Thus addition of (4a) (two
equivalents) to (46) in cold benzene gave the azo complex (49a)
(65%) and products from the reaction between (4a) and

triphenylphosphine.
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The reaction of 1,2,3-benzothiadiazole=1,1=dioxide (4a)
with triphenylphosphine was investigated further. A precipitate-
formed on addition of (4a) to triphenylphosphine in cold benzene
which gave triphenylphosphine oxide and a mixture of two amines
whén decomposed by chromatography on silica gel. The bright
red filtrate contained small quantities of triphenylphosphine
sulphide and a red compound C3OH23N2Q2PS. One of the amines
had a parent peak in the mass spectrum at m/e 246 which could
be assigned to N-aminophenothiazine-5,5-dioxide (58) although
ier. evidence did not support the hydrazine structure. The
alternative, dibenzo-1-thia-l4,5~hydrazocyclohepta=~2,4,6-triene~ b

1

1,1=dioxide (59), had to be rejected as its reported properties

(i.r. spectrum and m.p.) were different. The other amine had a

K

(@) O
(58) N—pPn, (59
Fo
(60)

>
parent peak at m/e 326 and the i.r. suggested that it was

a primary amine, but no structure can be assigned to it.

The formation of these amines together with triphenylphosphine
oxide suggested that they were products formed by hydrolysis of

iminophosphoranes141

or betaines. Thus hydrolysis of compound (60)
would explain the formation of (58). Compound (60) was a possible
structure for the red compound previously described, but it was
rejected on the basis of its mass spectrum.and iminophosphoranes
of this type (see Section Three) were found to be colourless.“

The red colour suggested an azo linkage in this conmpound.
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Triphenylene formation.

Wittig and Hoffmannzo have shown that thermolysis of
1,2,3=benzothiadiazole=1,1-dioxide (4a) in warm benzene gave
biphenylene (1 = 9%) but no triphenylene. However we found
that when (4a) was decomposed in a refluxing ether = benzene
solution of the triphenylphosphine~-platinum complex (46) it
gave triphenylene in 38% yield.

o .
3 . '\\}4 >
S

A\ Pt
C/)/\O (PPh3)4
4ay R=H
(4b) R =CH3

Formation of triphenylene was thought to be due to
benzyne=platinum intermediates and the following control

experiments support this idea.

(i) Triphenylphosphine was in equilibrium with the triphenylphosphine
platinum complex (46), but it was not responsible for triphenylene
- formation as thermolysis of (4b) under the same conditions, with

triphenylphosphine, gave no triphenylene derivative.

(ii) Formation of triphenylene was accompanied by precipitation-
of the azo complex (49a) which was then assumed not to participate
in the reaction any further: The active platinum species was

thus gradually removed as an experiment has shown in which a
catalytic quantity of (46) in this reaction gave both triphenylene

and biphenylene.

(iii) Compound (49) could contribute to triphenylene formation
when in solution. A refluxing THF solution of the azo complex
(49a) gave triphenylene (9.3%) on addition of (4a). The low
yields of triphenylene may be due to the competing reaction of
benzyne with THF. Experiments have shown (see Section Three)

that benzyne generated in THF gave a lower yield of the
tetracyclone adduct than when generated under identical conditions

in benzene.
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(iv) Decomposition of (4b) in this reaction gave only
2,6,11=-trimethyltriphenylene(35%). The absence of isomers
indicated electronic .or perhaps steric control in the intermediate

responsible for triphenylene formation.

(v) Vhen the reaction was repeated with (4a) in benzene at 50°,

. lower yields of triphenylene (11.5%) were produced.

(vi) Ethylenebis(triphenylphosphine)platinum(0) also gave
triphenylene (20%) when it replaced the triphenylphosphine-
platinum complex (46) in this reaction with (4a).

Formation of triphenylene from benzyne in the presence
of platinum(0) was thought to be analogous to the cyclic
trimerisation of acetylenes by other transition metals96. There
are two different mechanisms suggested in the literature for
cyclic polymerisation of acetylenes. Meriwether gt éleZ
showed that zerovalent nickel, which has the same number of
valence electrons as platinum(0), trimerised acetylenes to
benzene derivatives. Monosubstituted acetylenes gave a mixture
of 14244~ and 1,3,5-trisubstituted benzenes with the former
isomer predominating. They described a stepwise process1#3
for monosubstituted acetylenes involving oxidative addition
of the acetylenic C~H bond to the metal. This mechanisn had
the advantage of explaining the formation of linear polymérs.
However they recognized that it would not apply to the cyclic
trimerisation of disubstituted acetylenes and propbsed a
different mechanism which was equally applicable to mono and

disubstituted acetylenes.



Nj -+ R—C=C—R ————> Ni\l + 2CO

The role of metalocyclopentadienes (62) in cyclotrimerisation

reactions of disubstituted acetylenes has recently been established

for iridium and rhodium’*¥

145

and metalogyclopentadienes had been

suggested before in the trimerisation of tolan to hexaphenyl=-

benzene by bis(benzonitrile)palladium chloride.

Cyclobutadiene intermediates like (61) have been eliminated

by a study146 of the isomer ratios produced in the cyclic

trimerisation of 2Qbutyne-1,1,1-d A cyclobutadiene intermediate

3 L ]
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in this reaction with triphenyltris(tetrahydrofuran)chromium(III) .
would permit formation of compound (64) as well as (65) and (66).
Compound (64) was found only in amounts attributable to impurities

(hexadeuterio=-2~-butyne) in the starting material. Meriwether's

CD CD CD

3 3 3
cD |
CDy ch, <:H3 7 l 3 CH3 CH,
\

CH Y CH CH CH CD Ch
3 3 3 3 3 3

CH3 ‘ C03 CH

(64) (65) (66)

reaction mechanism has only to be modified by direct formation
of metalocyclopentadiene (pathway (a)) to take into consideration
this new evidence. '

147

Schrauzer proposed a ' W complex multicentre mechanisnm!
in the c¢cyclic tetramerisation and trimerisation of acetylene by

nickel(II) complexes. An intermediate (67) was envisaged, which
fragmented in a concerted fashion to form the new carbon = carbon

« bonds simultaneously. Formation of cyclooctatetraene was

CH ‘ CH
& cH
CH CH
X N I x."."Ni - @H
= \m x=" \]HH.
o CH
i PPh
3
X =CN

completely inhibited by addition of triphenylphosphine which
blocked one of the octahedral positions (68). Schrauzer had
rejected cyclobutadiene intermediates in these reactions before

the above experimental evidence1#6 became available. He had
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argued that in a catalytic reaction only small quantities of
cyclobutadiene could be formed and that these highly reactive
species would add to the vast excess of acetylene present to
give benzene derivatives rather than dimerise selectively to

cyclooctatetraene.

The "W corplex multicentre mechanism' has generated
considerable interest among theoretical chemists1#8. The
concerted thermal uncatalysed cycloaddition of four acetylene
molecules is not allowed by the Woodward Hoffmann Rulesus.

That it should occur when the acetylene was complexed to a
transition metal suggested a new electronic pathway involving
the metal's atomic orbitals. Other reactionsqu"lso’ﬁ1 which
are strictly forbidden by the Woodward Hoffmann Rules proceeded
in the presence of certain transition metals and the authors
attributed the catalysis to the transformation of molecular
orbital symmetries which made concerted electrocyclic processes
allowed. A recent example150 was the quantitative conversion

of exo-tricyclo(3.2.1.0)oct=-6~ene (69) to tetracyclo(3.3.0.0)

Rh,(CO),ClI
27742

(69) (70)

octane (70). However a closer investigation of this reaction152

using tris(triphenylphosphine)chlororhodium(I) showed that (70)
was not the only compound produced and other products could not
be formed from concerted electrocyclic reactions. The authors
suggested that the role of the transition metal in all of these

reactions was now in doubt.
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Our suggestéd reaction scheme for triphenylene formation

is analogous to the amended Meriwether pathway for the trimerisation

of acetylenes.

| . "
Pt(P + — Pt— + PPh
(PR35 ~ IQ 3
PPh
(71
v

(72)

The formation of a transient cyclobutadiene complex,
dibenzocyclobutadienebis(triphenylphosphine)platinum (74) was
unlikely after cyclobutadiene intermediates had been rejected
in acetylene trimerisation. Also complex (74) might be expected
to dissociate to some extent to give the very stable biphenylene
but the main feature of the decomposition of 1,2,3-benzothia-
diazole=1,1-dioxide (4a) in the presence of the triphénylphsophine-
platinum complex (46) was the complete suppression of biphenylene

formation.
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(74)

The lower yiglds of triphenylene when benzene was used
as a solvent could be explained on the basis of competition
between benzyne and benzene for the sixth octahedral site in
(72). The success of ethylenebis(triphenylphosphine)platinum(0)
in this reaction implied that the role of triphenylphosphine'to.
block one of the octahedral sites in (72) and (73) was not

essentiale.

Another feature of this reaction was the production of
only 2,6,11=-trimethyltriphenylene when S5-methyl=1,2,3=-benzo=-
thiadiazole-1,1-dioxide (4b) was decomposed. This isomer is
directly related to the 1,2,4—trisubstituted benzenes formed
when unsymmetrical acetylenes were trimerised. The formation
of this isomer has a statistical advantage (3:1) over the
symmetrical 1,3,5-isomer (viz. 2,6,10=trimethyltriphenylene).
The complete absence of 2,6,10-trimethyltriphenylene must
indicate steric or electronic control in the transition state.
Meriwether143 explained the predominance of the 1,2,4-isomers
on the basis that substituents had a lower steric interaction
in the B positions of the metalocyclopentadiene ring (75),(76).

Q- Q"

M M
@I}_—: @ ~ \R
/ (75) (76)

bulky substituted
phosphine ligands
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According to Meriwether the predominance (sometimes
exclusive) of 1,2,4-~trisubstituted benzenes was a serious
shortcoming of a 'Tcomplex multicentre mechanism' where
143:5=-trisubstituted benzenes would be expected to predominate

on steric grounds.

Steric interaction of the methyl groups with triphenyl-
phosphine in the trimerisation of methyl-substituted benzyne is
shown below, but its importancé in determining only the formation

of 2,6,11-trimethyltriphenylene is uncertain.

CHs CH,

Q5 QY

Pt Pt

olg Dy

triphenylphosphine
' ligand

The mechanism proposed above suggests a catalytiec
reaction in which tris(triphenylphosphine)platinum is regeneréted.
The reaction was complicated by a competing reaction to form the
azo complex (49) and the yields of triphenylene based on platinum
varied between 47% and 63%. However these yields do not truly
reflect the situation as the active platinum species was being

siphoned off during the reaction as compound (49).

We have avoided the 'T complex multicéntre mechanism'
in an explanation of the formation of triphenylene., The
tri-benzyne intermediate (77) which this mechanism implies

seemed unlikely when the properties of benzyne were considered.
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3
(77)
This mechanism was even more doubtful now that metalocyclopenta-
dienes have been isolated144 and shown to be effective catalysts

in acetylene cyclic trimerisation.
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SECTION TWO0. BENZENEDIAZONIUM=2-CARBOXYLATE.

/N
PPh, "3

3
(78)

When benzenediazonium-2=-carboxylate was decomposed in
the presence of the triphenylphosphine-platinum complex (46),
a gas was evolved and a white precipitate of the carboxylato-
platinum complex (78) separated. The carboxylato group in

. this compound was indicated in the i.r. spectrum by absorptions

at 1655, 1305 and 1295 cm. .

Gilchrist116 reacted the carboxylato complex (78) with
bromine. Hydrolysis of the reaction mixture gave o-bromo-
benzoic acid which supported the & bond to platinum from a
position ortho to the carboxylate group. He also showed that
compound (78) did not decompose to benzyne on irradiation or

by heating at temperatures up to 200°.

There were two possible reaction mechanisms for the

formation of complex (78)

-N
ﬁz F’t(PPh3)4 ~N /PPh 2
3
L — {\——————9
~co, ® PPh, /p{\,:,ph3
; PPh,
N (84) ,
2
(a)
PUPPh,),
@\
co.

(3)
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Mechanism (a).

Yaroslavsky17 in an effort to prove that loss of nitrogen
and carbon dioxide from benzenediazonium~-2-carboxylate (2)
was non concerted had shovm that nickel carbonyl reacted with
(2) and gave phthalic anhydride. He proposed that formation:
of phthalic anhydride was due to the reaction of nickel carbonyl

with the intermediate (3).

Reaction with the intermediate (3) to form the carboxylato=-
complex (78) might also occur with the triphenylphosphine-
platinum complex (45). Attempts were made to labilize the

-

¢ 0 CHa
Pt : Pt '
/ "\ NO / \ / pph
Ppn PPh 2 Bpp PPh |
hy "3 Phy 713 PPh,
(78) (79) (80)
Cl {
/ '\ | Cl , /P \Pph
FPh, PPh, | PPh "3
(81 (82)

the carboxylate group in (3) by introducing substituents into

the benzene ring136. In this way it was hoped to promote the
formation of benzyne which might then be trapped (instead of (3))
by the triphenylphosphine-platinum complex (46). Electron

with drawing groups in a position para to the carboxylate group

or the diazonium group should encourage loss of carbon dioxide

or inhibit loss of nitrogen but this expectation was not reflected
in the yields of (78) to (82). 1If benzyne was generated in the
reaction then formation of biphenylene or triphenylene might have
been expected, but they were not detected.
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Mechanism (b).

A transient red colouration in the reaction detween
benzenediazonium-2=carboxylate and the triphenylphosphine=-
platinum complex (46) suggested that an azo complex (84) weas

an intermediate. When the reaction was performed in cold

?
/PPh3
N
— P
N P i13
(84)

benzene in an attempt to isolate the intermediate (84) slightly
higher yields of the carboxylato-platinum complex (78) were
achieved and no intermediate (84) could be isolated. However
Cook and Jauhai1o3 prepared this complex using ethylene-
bis(triphenylphosphine)platinum(0O) and showed that it was
thermally stable at temperatures upto 1300, when it lost nitrogen
to form compound (78). Its i.r. spectrum showed the carboxylate
function at 1630 and 1314 cm.-1. This result suggested that
(84) could have been an intermediate in the reaction between
benzenediazonium-2~carboxylate and the triphenylphosphine~
platinum complex (46) but, that it was unstable in a system
which contained free triphenylphosphine. This hypothesis was

not investigated.

When we were involved in this work the results of Cook
and Jauhal had not been published and we attempted to synthesize
compound (84) to investigate its properties in order to find
evidence to support our hypothesis that it was an intermediate
in the reaction between benzenediazonium-2-carboxylate and
the triphenylphosphine-platinum complex (46). trans-Hydrido=

)105 was treated with

chlorobis(triphenylphosphine)platinum(II
benzenediazonium-2-carboxylate to try to prepare the azocarboxylic
acid derivative (87). A pink colouration developed when (2)

was added to the trans-hydridochloro-platinum complex (85) but

simultaneously a gas was evolved and the products isolated from
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H PPy N PPh
N /PPh3 N2 . 13
/Pt\ + —_— N=N—Pt—Cl
PPh, CI co, | _.H Lph
3 C02 3.
(85) (86)
S ’ PPh
PPh _ | 3
< 3_< base N=N—Pt—C]
2
(84) (87)

the reaction contained no nitrogen. Three compounds were
formed which were partially separated by fractional crystallisation.

A hydrido-platinum complex which appeared as an impurity was

- not characterised. The other two compounds both contained

chlorine and a carboxylate group. A structure (88) was assigned
to one of them, although the analysis was poor, on the basis
of an hydroxyl stretching frequency in the i.r. spectrum at

3300 cme™ e

PPh
Pt—CI
PPh
3
COzH
(88)
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The reaction of the triphenylphosphine-platinum complex

(46) with ortho-substituted benzenediazonium betaines to give
platinum heterocyclic systems was thought to be a general reaction.
This reaction was employed to prepare a compound which might
support the assignment of structure (49a) to the azo complex
formed by the reaction of 1,2,3-benzothiadiazole=1,1-dioxide

with the triphenylphosphine-platinum complex (46). Benzene=
diazonium=2-sulphonate was decomposed with (46) and gave the

sulphato complex (83). Its i.r. spectrum had absorptions at

Q0
| \ P
//b N§N % t(PPh3)2
| Pt F'&’ PPhy /
/ SPPh 6/5%/ \PPh d’s\\o
PPh, 3 3

(83 (49 a) ' (X)

1274, 1160, 1128 and 1095 cm.” | which were similar to those
observed in the azo complex (49). However these similarities

in the S=0 stretching frequencies still do not eliminate the
alternative structure (X) which might also have similar spectral

characteristics to (83).

Decomposition of benzenediazonium-2-carboxylate in 1,2-dich10roethane.

‘ Fr:i.edman‘ls3 reported that refluxing 1,2=-dichloroethane
was the best system for benzynoid decomposition of benzene-
diazonium-2-carboxylate (2). Athough Gompper16 had shown
that (2) decomposed in a non concerted fashion the reaction
between (2) and the triphenylphosphine-platinum complex (46)
was investigated in refluxing dichloroethane. Compound (78)
(89%) was isolated but the yield of the methyl derivative (80)
was not improved in this way. If refluxing dichloroethane did
improve the decomposition of (2) to benzyne then the formation
of biphenylene or triphenylene (from the reaction of benzyne
with (46)) might have been expected, but they were not detected.
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Under these conditions (2) on its own decomposed and gave
biphenylene(5.5%).

The triphenylphosphine=-platinum complex (46) and
benzenediazonium-2-carboxylate (2) had to be, added almost
simultaneously to refluxing 1,2-dichloroethane if side reactions
were to be avoided. Thus compound (46) reacted with dichloro=-
ethane and gave gigydichlorobis(triphenylphosphine)platinum(II),
and compound (78) could only be recovered in 68% yield from
dichloroethane after 5 hre..

If the triphenylphosphine-platinum complex (46) was
left in contact with ‘dichloroethane for 5 min. before (2)
was added, then the yield of the carboxylato complex (78)
was reduced (48%) and was accompanied by the formation of
a different carboxylato-platinum complex. This compound
decomposed on recrystallisation to a compound that absorbed
in the i.r. spectrum at 1640, 1630 and 1330 cm.~ Y. The »
structure of this compound has not been elucidated but similarities
to (8%4) in the i.r. spectrum indicated that the carboxylate
function might form part of a six or seven-membered ring.
There was no evidence from the mass spectrum that the solvent

had been incorporated and no fragments contained chlorine.

Friedman115 demonstrated thét thermal decomposition
in benzene of benzenediazoéium-z-carboxylate (2) contaminated
with silver ions gave a different product distribution to a
silver free reaction. He postulated a benzyne-silver complex

to explain his results.

Silver ions have been shown to affect the course of
other reactions. Pettit had explained the formation of the
dimer (89)7 from benzocyclobutadiene by a reaction in which
cyclobutene ring opening in the intermediate (90) became

thermally allowéd151 because of the presence of silver ions.
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v | :
NS ‘Ag+ \/
—

\ 7

(89)
(90)

We investigated the reaction between benzyne and

51

bhenylacetylene to see if there was any dramatic change in
the product distribution in the presence of silver ions. The
ratio: of phenanthrene (91) to 5,6-diphenyldiﬁenzocycloocta-
tetraene (92) did change from a silver free environment (1:1.64)

to one contaminated with silver ions (1:3.8).

The farmation of (92) was envisaged as a (2 + 2) cyclo=-
addition of 1~-phenylbenzocyclobutadiene (93) to itself in a

dimerisation reaction. The proportion of this compound increased

N =
(o - T

\
Ph Ph Ph  Ph Z

(93) / (94)

Ph Ph

(92)
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in the presence of silver ions. A concerted thermal (2 + 2)
cycloaddition was not allowed by the Woodward Hoffmann Ruies43
but it may become an allowed process in the presence of silver
ions which could transform the symmetry of the molecular
-orbitals involved,.

.

There were two possible ways that phenanthrene could

have been produced:

(i) rearrangement of (93) by an internal Diels Alder reaction,

7
N H

H

(o1

or (ii) Diels Alder (2 + 4) cycloaddition of benzyne to

phenylacetylene. ‘ :
)
H\
RS A A
| S ~Q
. ‘ H

H

(a1
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The proportion of phenanthrene decreased in the presence of
silver ions. This would be expected as the highest occupied
molecular orbital of benzyne in a benzyne-silver complex vrould
not have the correct symmetry to participate in a concerted

electrocyclic reaction with a diene,

Transformation of molecular orbital symmetries in these
reactions could be explained by formation of é'trcomplexes in
which electron density was transfered to Trantibonding orbitals.

The mechanism of this transfer is indicated in the diagram (95)%*

filled *d* orbital

of silver

empty *s* orbital

on silver

(93)

Silver (or any transition metal capable of forming firbonds)
would therefore effect occupation of both 4, (TThonding) and

4~ (ITantibonding) orbitals. The complexed carbon - carbon

double bond should therefore be able to undergo concerted
thermal cycloaddition reactions with external olefins to form
cyclobutanes as this is now a symmetry allowed process (see

diagram below). Stereospecific cycloaddition reactions of
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. Highest (partially) occupied
§§___é§ orbital of the olefin
<G “"complexed to the transition
g; E§ metal.
Lowest unoccupied orbital
M

of the external olefin.

43,154

olefins to form four-membered rings have been observed
when u.v. light is responsible for excitation of electrons

into Qi .

A similar argument could be used to explain the inhibition
of Diels Alder addition in the formation of phenanthrene, as the
highest occupied orbital of the dienophile (benzyne) would be

antisymmetric,

The high yields of biphenylene produced by the LTA
oxidation of 1-aminobenzotriazole (5) have been explained by
the formation of a high stahding concentration of benzyne which
dimerised stepwise to biphenylene. An interesting alternative
explanation would be that a concerted (2 + 2) cycloaddition
reaction proceeded due to the formation of a benzyne-lead(IV)
complex. However Klanderman and Criswell39 demonstrated that
benzyne generated by oxidation of (5) had a reactivity and
selectivity comparabie to that of benzyne generated from other

sources in a Diels Alder reaction with 1,4-~dimethoxyanthracene.

The investigation of the reaction between benzyne and
ﬁhenylacetylene gave an'opportunity to compare methods of
preparing benzenediazonium-2-carboxylate (2). Friedman's
method115'

from tetrahydrofuran was extremely hazardous and was the most

of preparing (2) free from silver ions by precipitation

dangerous method to use. Compound (2) could be generated
in situ safely and rapidly from benzenediazonium chloride
and 1,2-epoxypropene. Preparation of (2) by Stiles! method15
took about 3 hr. but it was isolated in a form which was safe

to handle provided that it was kept demp with ether.
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SECTION THREE. 1-AMINOBENZOTRIAZOLE.

Benzenediazohium-z-carboxylate and 1,2,3=benzothia-
.diazole=1,1=dioxide had been chosen as the benzyne precursors
in the work described in Section Qne and Section Two because
they fragmented to benzyne under ﬁild conditions without the
aid of exterhal reagents. Benzyne precursors which needed
fierce reaction conditions to generate benzyne (e.g. thermolysis,
strong base) were not used as it was thought that these conditions
would probably, either cause decomposition of the platinum complex

(46), or destroy any benzyne-platinum complex formed.

Z2—Z
T &

(5)

1=-Aminobenzotriazole (5) was not an ideal benzyne
precursor to use in this work as it required oxidising conditions
to generate benzyne. These conditions might also oxidise the
zerovalent platinum complex (46). Two new systems based on the
1-aminobenzotriazole nucleus were designed which fragmented to
benzyne without the use of oxidising conditions. They were
employed in an effort to prepare a benzyne-platinum complex

from the triphenylphosphine-platinum complex (46).

1. Alkali metal.salts of (toluene-grsulphonamido)benzotriazole.

Willey’> had shown that photolysis of the lithium salts
(96) gave acetylenes (97) and by analogy it was thought that

compound (98) would fragment to benzyne.
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R N\\ h\f R +> - :
| N > |+ 2N, + L' SO CH
/ N/ C 2 3
R - 1l
111 SO CH c
b= 2 3 [
Li R
(08) (97)
\ hvy . 2 NT -
> -+ v
W | +2n, SO; CH,
) | '
N-SO; CH,
M#

(98) (@) M=Na
(byM=Li

The lithium and sodium salts (98) were prepared by
reaction of 1-(toluene-p-sulphonamido)benzotriazole (99) with
butyllithium and sodium ethoxide. The salts were deliquescent
and absorbed water from the atmosphere even during the short

time required to take i.r. spectra.

We hoped to prepare the sulphonamide (99) from benzotriazole
which was readily available. Attempted insertion of toluene=-p=-
sulphonyl nitrene into the N~H bond of benzotriazole failed,
giving products formed by insertion of the nitrene into the
aromatic C~H bond of the solvent. They were identical to authentiec
specimens prepared from toluene-p-sulphonyl chloride and ortho-

and para-~chloroaniline.
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0
\\\\>;2;\\:t reflux

N\)\'
N
N—
H SO@CH3

(99)

chlorobqnzene'

+ H
| : SO CH,
C

The sulphonamide (99) was prepared from 1-aminobenzotriazole.

Zz—Z

(5)

sodlum ethoxide

—@-so Cl

pyridine at
reflux

Z

“3«
'F

(99)

e,
<so@m )

(100)
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1=-Aminobenzotriazole (5) was treated with two equivalents of
toluene~p-sulphonyl chloride in pyridine and gave 1-(N,N-di(toluene
~p-sulphonyl)emino)benzotriazole (100), which was hydrolysed
to (99) by sodium ethoxide in ethanol. Treatment of the amine
(5) with one equivalent of toluene-p-sulphonyl chloride gave
a mixture of (99) and (100).
e

Photolysis of the salts (98a) and (98b) gave benzyne

which was trapped by furan and tetracyclone (Table I).

Table I.
Method Solvent Time Trap Adduct Yield
(hr.) '
(98a) '‘Rayonet! Dimethyl- 15 furan o¢ naphthol 18%*
sulphoxide
'Rayonet' Suspension 15 furan no o naphthol
in benzene
(98b) ‘Rayonet’ THF 20 furan . & naphthol 52%
‘Hanovia! THEF 20 tetracyclone tetraphenyl- 22%
naphthalene
‘Hanovia! THF 20 furan 1,4-naphthalen6 17%

- endoxide

* Compound (99) (20 -~ 30%) was recovéred.in' this reaction.

It was essential that the reaction was homogeneous.
Photolysis of a suspension of (98a) in benzene gave no benzyne-
furan adduct. Photolysis of (98b) by the 'Rayonet' method in
THF gave the best yield of a benzyne adduct. The isolation of
ot naphthol (53) rather than 1,4=naphthalene endoxide (52)
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in these reactions was due to the work up procedure in which
the endoxide (52) in the crude reaction mixture was hydrolysed‘
to (53) by hydrochloric acid. The endoxide (52) was isolated

in one reaction to prove that it was the initial product formed.

Meinwald and Crandale155 have shown that tosylhydrazones
can be decomposed to diazoalkanes when they are eluted down a
short column of basic alumina. The sulphonamide (99) was

-

~
) >C=N-—NH—SO cH, Tt >c=rf1_—:ri
+
« alumina
CH SOpH |+ shumts

was treated in this way in the hope that it would fragment to
benzyne, but no benzyne adduct with tetracyclone was detected
and (99) was too strongly adsorbed onto the alumiha to be

recovered.

Decomposition of the lithium salt (98b) in the presence of

tetrakis(triphenylphosphine)platinum(0) (46).

Compound (98b) was irradiated by the 'Rayonet' method
in the presence of the triphenylphosphine-platinum complex (46)
which was added to trap benzyne as a benzyne=-platinum complex.
~ When the reaction mixture was evaporated an oil was obtained ,
which could not be crystallised. Chromatography gave a platinum
complex which only showed absorptions in the i.r. spectrum due

to triphenylphosphine ligands.

The suitability of these reaction conditions for isolatihg
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a bénzyne-platinum complex was examined by generating cyclohexyne

from compound (101) in a similar manner73. It was thought that

N\

rlq/

N—SO; (CH,
Li*
(101

a cyclohexyne-platinum complex would have a éimilar reactivity
to a benzyne-platinum complex and would have an absorbtion in
the i.r. spectrum in the region 2000 = 1600 cme™7 to help in
its identification. No complex was isolated which had an
absorﬁtion in this region of the i.r. spectrum. A scanty,
flocculent, yellow precipitate separated when ether was added
to an ethanol solution of the reaction mixture, but its i.r.

spectrum was poorly resolved and it was not characterised.

It was recognized that cyclohexyne in a cyclohexyne=
platinum complex might have reacted with ethanol. Ethanol had
proved to be a good solvent to promote the crystallisation of
cyclooctynebis(triphenylphosphine)platinum136 (102) and it was
used in the reaction with the cyclohexyne precursor (101) for
the same purpose after the original solvent (dioxan) had been

removed.

_/PPhy
|— Pt

N
PPh,

(102)
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A cyclohexyne-platinum complex could not be isolated

when compound (101) was irradiated in the presence of the
triphenylphosphine-platinum complex (46) and it was therefore
‘unlikely that a benzyne-platinum complex would be isolated by

the photolysis of (98) under the same conditions also in the
presence of compound (46). The preliminary experiment to prepare
a benzyne=platinum complex in this way had failed to show any
evidence at all of this complex and therefore this approach with

(98) was not pursued further.

Iminophosphorane of 1-aminobenzotriazole.

Zimmer et a1’ ® had shown that photolysis of an
iminophosphorane gave a nitrene and triphenylphosphine.

Ph '

\ hv o
Ph—P=N—-C(CH,.)). ——> PPh +  *N—C(CH.)
Pr 33 3 33

The iminophosphorane of 1=-aminobenzotriazole (103) was prepared
by the general method of Bestmann157. This involved treating
1=aminobenzotriazole (5) with triphenylphosphine dibromide
(prepared in EEEE) in the presence of triethylamine to remove

liberated hydrogen bromide. The osmometric molecular weight

N)\l 2E:‘t3N
N\ \
+ PPh_Br, — + 2Et _N-HBr
\ > Y
NH2 N—-PPh3
(5) , (103)

decreased as the concentration increased which indicated that

the iminophosphorane (103) was associated in solution. The mass
spectrum showed the parent peak m/e 394 and a very strong peak

at m/e 366 due to loss of nitrogen. The u.v. spectum had
absorptions at 312 nm. and 267.5 nm. which suggested that both

the Sunlamp'and mediun pressﬁre mercury lamps would emit radiation
capable of being absorbed by this compound. Photolysis of other
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1=substituted triazoles prdﬁeeded by loss of nitrogen and
the mass spectrum suggested that this might occur with the
iminophosphorane (103), but there was no conclusive evidence
fdr this and photolysis by the 'Sunlamp!', 'Rayonet' and
'Hanovia' methods all gave benzyhe adducts with tetracyqlone

and furan (Table II).

hv
Yy —— + 2N_,+ PPh
/ 2 3
T _
=PPh
3
(103)
Table II.
Method Solvent Time Trap Adduct Yield
(hl‘o)
'Rayonet' THF 20 furan Mixture of 1,4- 9%
naphthalene
endoxide and
naphthol

Benzene 20 tetracyclone tetraphenyl-  10%
' naphthalene*

*Sunlamp' Benzene 20 tetracyclone tetraphenyl- 23%

naphthalene
'Hanovia' THF 12 tetracyclone tetraphenyl-  13.6%
naphthalene

Benzene 12 tetracyclone tetraphenyl=-- - 25%
naphthalene'.

Benzene 20 furan 1,4-naphthalene 16.5%

endoxide

Notes on p. 114
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* Compound (103) (20%) was recovered.
*+ Biphenyl (3%) was also formed.

In all experiments triphenylphosphine, triphenylphosphine

oxide and recovered tetracyclone were isolated.

Tryptycene was not formed when anthracene was used as
the benzyne trap. Anthracene was dimerised under the conditions
of the reaction to dianthracene (67%). The 'Hanovia' method,
although it gave the best yields of benzyne adducts, also
promoted side reactions. In two‘experiments, when anthracene
and tetracyclone were used as benzyne traps, biphenyl (11%, 3%)
"was formed. Tetracyclone was also decomposed and in one
experiment a reduction product, 2,3,4,5-tetraphenylcyclopentenone
(9+5%) was isolated. Table II also indicated the superiority of

benzene over THF as a solvent in these reactions.

The origin of biphenyl from the photolysis of the iminophosphorane(103)

The appearance of biphenyl, even in the presence of a
benzyné trap, led to an investigation of fhe photolysis of the
iminophosphorane (103) on its own. Irradiation of (103) in
benzene by the 'Sunlamp' and 'Hanovia' methods gave biphenyl in
13% and 18.5% yield respectively. In toluene however, biphenyl
was not isolated; the solvent had been incorporated into the
new hydrocarbon as was shown by an absorption in the NMR spectrum
at T7.62(assigned to benzyl protons). The yield of biphenyl
in these reactions was calculated on the basis that only one

phenyl ring originated from the iminophosphorane (103).

Biphenyl could have been formed by three possible

reaction pathways:

1. The work of Burgess 33.35158 suggested that biphenyl could
be produced in a process which involved initial loss of
nitrogen from the iminophosphorane (103).
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N§ “hv ¢+ ° benzene Ph
, }S ' > ’
) N, \ | v
N=pP ~ N=PP —

Ph3 h3 N PPh3A

(103) H
v
—PPh3

Ph N, : h
hFﬂWﬁi_
(104)

The last stage involves loss of nitrogen from the
diimide (104) without formation of a biphenyl radical which
would have reacted with the solvent to give terphenyl derivatives.

Substituted diimides decomposed by a radical mechanism159'

when they were generated under oxidising conditions =

’

+

. -
Ph-N=N—-H + Fe ——— Ph—N=N- + Fe -+ H
Ph—=N=N. ——» Ph. <+ N2

- and under basic conditions they decomposed via a carbanion16°.

. B
> -+ H
- These modes of decomposition were not applicable to the

decomposition of the diimide (104) under the conditions that
161

AFLN=EN H---Q" —_——3 Ar 4+ N

it was generated. Huang and Kosower suggested a bimolecular
reaction of phenyldiimide with itself in a solvent cage as a

mechanism for the decomposition of phenyldiimide.
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H /Ph H{ /Ph
/N =N N=N _ /N —N. /N—N. -
A H Ph
Ph

N /,Ph | H
PhH+ N, + N=N' <———— Phe +N,.. >N—N/

2 '4,/ 2 H .

(or cis)

This mechanism could be employed to explain the decomposition
of the diimide (104) to biphenyl.

2. Triphenylphosphine could be a . source of phenyl radicals

162,163

under these reaction conditions and therefore offered

an alternative explanation for the formation of biphenyl.

Triphenylphosphine gave biphenyl in only 4% yield when
it was irradiated by the 'Hanovia' method and therefore its 7
photolysis cannot explain the much higher yields of biphenyl (418%)
isolated when the iminophosphorane (103) was irradiated. It is
possible, however, that the triphenylphosphine residue in the
iminophosphorane (103) might provide a better source of phenyl
radicals (and hence a higher yield of biphenyl) than free
triphenylphosphine.

3. The formation of biphenyl (45%) from the photolysis of the
benzyne precursor, 2-iodophenylmercuric iodide26 had been
explained by Hoffmann13

(105) with the solvent. The spectrum obtained during the

as a reaction of the benzyne diradical

. Ph

(105)
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flash photolysis of benzenediazonium-a-carboxylateso was
explained on the basis that a2 transient excited state of

benzyne (e.g. a diradical) was formed.

The generation or excitation of benzyne to: (105)
when the iminophosphorane (103) was photolysed might offer
another explanation for the formation of biphenyl in this

reaction.

Photolysis of the iminophosphorane (103) in the presence of
tetrakis(triphenylphosphine)platinum(0) (46).

The photolysis of the iminophosphorane (103) in the
presence of furan and tetracyclone had shown that it was a
benzyne precursors. No'triphenylene was found when the
iminophosphorane (103) was irradiated in the presence of the
triphenylphosphine=-platinum complex (46) which suggested that:

either 1, No benzyne-platinum intermediates were formed.

or 2, Benzyne was generated slowly from the iminophosphorane
(103). The benzyne-platinum complex initially formed
(71) had little Qpportunity therefore, to react with

(71)

additional molecules of benzyne to give triphenylene,

before it decomposed under the reaction conditions.

Photolysis by the 'Razohet' method (20 hr.) gave a red
coloured solution which gave no crystalline compounds when it
was reduced in volume. A platinum complex precipitated when
the solvent was exchanged for ethanol but it only showed
absorptions in the i.r. spectrum due to triphenylphophine ligands.
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Photolysis by the 'Sunlamp' method (20 hr.) followed by
evéporation.to small bulk gave triphenylphosphine oxide, probably
due to the reaction of adventitious oxygen with triphenylphosphine..
The filtratés did not contain any compound which absorbed in the

i.r. spectrum between 2000 - 1600 cm, .

Tetracyclone was decomposed when the 'Hanovia' method
was used and the stability of a benzyne=platinum complex to these
conditions was doubtful especially as there ﬁas no evidence for
its formation when the 'Rayonet' and 'Sunlamp' methods were used.
Tolanbis(triphenylphosphine)platinum (36) was recovered in only
50% yield when it was irradiated for 12 hr. by the 'Hanovia'
method which reinforced the doubts about the stability of a
benzyne=platinum complex to photolysis.

In view of these doubts it was decided to test this
approach to a benzyne-platinum complex by attempting to prepare
cyclohexyne and cycloheptyne=-platinum complexes using a similar
method. These cycloalkynes were very reactive and had properties
which were similar to benzyne and therefore their platinum
complexes might also show §imi1arities in reactivity to a benzyne

complex.

It was also anticipated that experimental results with
these cycloalkynes would be easier to interpret. It was
reasonable to expect that cycloalkyne=-platinum complexes (106)
would have absorptions in the i.r. spectrum in the region
2000 = 1600 cm.” ) as they still had isolated and strained

carboi - carbon double bonds. This idea was substantiated by

7 e /,PPh3
(CHp), ll—Pt

NP Phy
(106)

the i.r. spectrum of the cyclooctyne complex (4102) which did
have an absorption in this region. The presence of characteristicv

absorptions in the i.r. spectrum would have made identification
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of cycloalkyne~platinum complexes much easier than a
~ benzyne-platinum complex (71) whose spectral characteristics

were uncertaine.

_~PPh

e

=
Ph3

(71)

A benzyne—platinum complex (71) would not necessarily
have an absorption in the i.r. spectrum in the region 2000 =
1600 cm.-1 as the carbon = carbon double bond in this complex
is part of an aromatic system. The absence of such an absorption
in tﬁe i.r. spectrum when benzyne was generated in the presence
of the triphenylphosphine=platinum complex (46) was therefore
not conclusive evidence for the absence of a‘benzynerlatinum
complex. It was therefore possible that some complexes, which
have been dismissed as phosphine~platinum complexes, were in
fact benzyne-platinum complexes. The only argument that can
Se brought forward to support the idea that a benzyne-platinum
complex would have a characteristic absorption in the i.r.
spectrum was a suggestion by Coulson?z that benzyne would be’

stabilized by partial bond fixation in the aromatic system.

If. cyclohexyne. and cycloheptyne-platinum complexes
could be isolated then the same experimental conditions might

achieve the isolation of a benzyne-platinum complex.

The iminophosphoranes(107) and (108) were prepared in
the same way as the iminophosphorane of 41-aminobenzotriazole.
When they were photolysed they gave cyclohexyne and cycloheptyne
which were trapped with tetracyclone as 1,2=tetramethylene=-
3,4,5,6=-tetraphenylbenzene (109) and 1,2-pentamethylene~3,4,5,6=
tetraphenylbenzene (110).
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3 3
(107) (108)
Ph Ph
Ph ~Ph
Ph Ph
Ph’
(109) @io) "
Table III.
Compound Method Solvent Time Cycloalkyne =~ TYield
(hr.) adduct
(107) 'Sunlamp' THF 24 (109) 7%
'Hanovia! THF 48 (109)* 3%
with pyrex '
filter
'Hanovia' THF 12 (109) ' 11.5%
(108) t'Hanovia' Benzene 20 (110) *= 36%

* Starting material (36%) was recovered.
** Biphenyl (7.7%) was isolated.
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The pyrex filter was used wiﬁh the 'Hanovia' method
in an effort to prevent decomposition of tetracyclone and to
see if good yields of cycloalkyne adduct (109) were formed.
Tetracyclone (80%) was recovered, but the yield of cycloalkyne
adduct (109) was poor even after irradiation for 48 hr.. The
high energy radiation had been cut off by the pyrex filter and
if this modified 'Hanovia' method had worked well, it would
have been employed when the triphenylphosphine-platinum complex
(46) was used as the cycloalkyne trap. In this way it was hoped
that decomposition of the alkyne-platinum complex would have .

been avoided.

The low yields of the cycloalkyne adducts with tetracyclone

" and the instability of the tolan-platinum complex (36) to
photolysis did not promise that a cycloalkyne=-platinum complex
would be isolafed. Photolysis of the cyclohexyne precursor
(107) in the presence of the platinum complex (46), followedAby

evaporation to dryness of the reaction mixture, gave no compounds

which absorbed in the i.r. spectrum in the region 2000 = 1600 cm.

The failure to detect a cyclohexyne-platinum complex in this
experiment suggested that photolysis conditions were not suitable

for the preparation of a benzyne-platinum complex.

One other significant result in the photolysis of these
c¢ycloalkyne precursors was the formation of biphenyl when the
iminophosphorane (108) was irradiated in benzene. This supported

the hypothesis, mentioned before, that biphenyl formation‘in the

photolysis of the iminophosphorane (103) was a consequence of

the decomposition of triphenylphosphine or the triphenylphosphine
residue in the iminophosphorane. However the yield of biphenyl
(7.7%) in the reaction with (108) could not account for the much
higher yields of biphenyl (18%), when the iminophosphorane (103)
was photolysed, especially if the same mechanism of formation
accounted for the yields in both reactions. The two other
mechanisms for biphenyl formation in the photolysis of (103)
might contribute therefore to the overall yield of biphenyl

in this reaction.

1
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Other experiments with the iminophosphorane of 1-aminobenzotriazole.

It was decided to make use of the properties of

:tm:i.m:ophosphoranes‘]Gl+

derivatives of 1-aminobenzotriazole which might decompose to

to attempt the synthesis of other

benzyne on photolysis in an even better yield than the
iminophosphorane (103).

:R—hf-.:PR3 # X0 —— R—N=X 4+ PRO

— ' - 1 n
x_o - Soz ) C02 )(Csz) ) R R%-
There was no record in the literature that nitrous oxide
(X=0 = NZO) reacted with iminophosphoranes to give azides, but
compound (103) was treated with nitrous oxide in an attempt to

prepare 1-azidobenzotriazole (111).

z—z _z
w Nz

(11

~ The reaction was followed.by solution i.r. spectroscopy
but there was no change in the i.r. spectfum except for that due
to the absorption.of nitrous oxide in the solvent, and the
iminophosphorane (103) was recovered (82%). If 1-azido=-
benzotriazole (111) had been formed in the reaction, it was
reasonable to assume that on photolysis it would decompose
readily to benzyne. Photolysis of a solution of the imino-
phosphorane (103), as nitrous oxide was bubbled through it,
gave lower yields of the benzyne-tetracyclone adduct than
photolysis of a solution of (103) without nitrous oxide. It
was therefore unlikely that 1-azidobenzotriazole was formed

in the reaction.
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The formation of isocyanates from iminophosphoranes is
a well known reaction165 but is complicated by formation of
carbodiimides which result from the reaction of the initially

formed isocyanate with imihophosphorane.

R——N::F"‘Rf3 + CO2 — R—N=C=0 + 'PR3O

R —-N—P R:3

R—N=C=N—R

PR30

In the reaction with the iminophosphorane (103), carbon
dioxide was passed through a chloroform solution of (103) so )
that the reaction could be followed by solution i.r. spectroscopye.
Any subsequent reaction to carbodiimide would then be seen. No
absorptions in the i.r. spectrum due to the isocyanate group
developed and p-toluidine which normally forms insoluble ureas
with isocyanates gave no insoluble material when it was added
to the reaction mixture. However a new compound (112) was
formed. There are doubts about the structure of this compound
but it was assigned structure (112) because this structure
fitted best the available evidence.

D7

(112)



124,

The absorption of the P=N bbnd1#1 in the u.ve. spectrum
of compound (103) occurred at 261, 267 and 275 nm. and there
were similarities to this absorption pattern in the spectrum
of compound (112) which suggested that there was a similar but
not identical chromophore in this compound. .The i.r. spectrun
confirmed the presence of triphenylphosphine (1440 and 1100 cm.-1)
but the appearance of strong absorptions at 1600 and 1585 cm.'1
could not be accounted for on the basis of structure (112).
Compound (112) had a mass spectrum very similar to that of the
iminophosphorane (103), but its parent peak was at m/e 366
instead of m/é 394 which suggested that it was a compound
derived by loss of nitrogen from (103). This was not supported
by énalysis which showed a very high nitrogen content (25%) |
and indicated a stoichiometry consisting of two 1-aminobenzo-
triazole nuclei and one triphenylphosphine species. Osmometric
" molecular weight in chloroform (590 + 30) on two different

concentrations was in agreement with this stoichiometry (M 526).

Compound (112) was prepared in better yield'when a
solution of the iminophosphorane (103) and tetracyclone,
saturated with carbon dioxide, was irradiated by the 'Hanovia!'
" method for 4 hr..

These conditions were found quite accidentally. It had
been argued that if 1-isocyanatobenzotriazole was formed in the
reaction it should decompose to benzyne on photolysis. The
conditions which gave good yields of compound (112) were designed
originally to examine the yield of the Eenzyne-tetracyclone
adduct formed during the photolysis of the iminophosphorane (103)
in the presence of carbon dioxide. The yield of tetraphenyl=-
naphthalene (8%) was the same as that which would have been
expected if carbon dioxide had been omitted (Table II). The
sides of the reaction vessel were encrusted with colourless

needle~-like crystals of compound (112).
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The u.v, spectra of the iminophosphorane (103), compound (112)

and tetracyclone.

250nm. 275mm. 300nm. 325nm.  350nm.

N\

Tetracyclone.
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“tetracyclone was not incorporated into the compound. Compound
(112) reacted further after prolonged irradiation so that,
although tetracyclone was behaving as a radiation filter, it
had a 'window' in its absorption spectrum which allowed
radiation capable of being ‘absorbed by compound (112) to
penetrate into the solution.

Two other reactions of the iminophosphorane (103) were
investigated briefly. Thermal decomposition of (103) in
dimethylsulphoxide at 180° in an effort to prepare the sulphimine
of 1~-aminobenzotriazole (113) gave an oil from which (103) (50%)

was recovered and no other compound was isolated.
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An attempt to decompose the iminophosphorane (103) to
benzyne by pyrolysis failed. A melt of (103) and tetracyclone
was heated at 240° for 30 min., but no tetraphenylnaphthalene

was detected in the products.

Another possible route to the sulphimine (113) was
explored. 1-Aminobenzotriazole (5) was treated with dimethyl;
sulphur dibromide in the presence of triethylamine which by
enalogy with the preparation of the iminophosphorane (103)
was expected to give (113), but the amine (5) (42%) was

recovered.

Rees et 5l166 have shown that oxidation of Neamino

compounds in dimethylsulphoxide gave 1:1=-nitrene-dimethyle-
sulphoxide adducts (sulphoximines) (114). No similar adducts

LTA N .
N-—NH2 —> N—N:
/ /

dimethylsulphoxide
solvent

GHs

(114) /N-----N=S—CH:3

were isolateal!®

when 1=aminobenzotriazole was oxidised in

" dimethylsulphoxide, presumably because its nitrene fragmented
to benzyne too quickly to react intermolecularly. Another
route to the sulphoximine (115) similar to the one tried for
the sulphimine (113) was attempted. Dimethylsulphoxide was

treated with bromine and gave the unreported dimethylsulphoxide



127,

dibromide as a red oil. Addition of triethylamine and the
1-anminobenzotriazole (5) gave no compound which could have been
the sulphoximine (115). Chlorine was known to oxidise éulphoxidee
to sulphones, but when chlorine replaced bromine in this reaction,
1-aminobenzotriazole was récovered in 72% yield. This might have
been due to the rapid hydrolysis of dimethylsulfhoxide dichloride

by adventitious moisture, leaving the amine (5) unreacted.

Oxidation of 1=aminobenzotriazole.

Difficulty was foreseen in the use of 1-aminobenzotriazole
as a benzyne precursor in the preparation of benzyne-platinum
complexes from zerovalent platinum because of the possibility
of a competing oxidation of the platinum. However, compound (5)
was such a good benzyne precursor, especially when it was
oxidised by LTA, that its use was thoroughly investigated.

Oxidation of 1-aminobenzotriazole (5) by lead tetraacétate,
LTA, in the presence of the triphenylphosphine-platinum complex
(46), gave cis=-diacetatobis(triphenylphosphine)platinum(II) (116).

PPh OCOCH
2 3

N

PPh3 OCOCH3

(116)

<

No triphenylene was isolated. The high standing concentration

of benzyne, generated by the oxidation of the amine (5), should
have resulted in triphenylene formation if any benzyne=platinum
complex (71) was present. Biphenylene, which was detected in

this reaction,was a normal product from the 6xidation of compound
(5) and therefore it was thought that the ability of the platinum(0)
complex (46) to form triphenylene was destroyed when it was
oxidised to the diacetato-platinum(II) complex (116).
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This hypothesis was checked by an'experimentAin which
cycloheptyne was generated by the oxidation of 1=amino=-4,5-
pentamethylenetriazole (27) with LTA in methylene chloride at
,-789. Experiments had shown that cycloheptyne had a lifetime

o

(27)

73 and so the triphenylphosphine=

of 2 min. at this temperature
platinum compiex (46) was added immediately after gas evolution
had ceased in an éffort to avoid any reaction of LTA with compound
(46). A yellow platinum complex, which only showed absorptions

in ‘the i.r. spectrum due to triphenylphosphige ligands, was
precipitated when the solvent was exchanged for benzene. Cis-
diacetatobis(triphenylphosphine)platinum(II) (116) separated

when the filtrate was reduced in volume. The triphenylphosphine=
platinum complex (46) might have reacted with acetic acid
generated from LTA during the oxidation and therefore was

prevented from forming a cycloheptyne complex.

There was an alternative reason why a cycloheptyne=
platinum complex had not been found and why no triphenylene
was produced in the oxidation of 1-aminobenzotriazole. The
isolation of both compounds depended upon the stability of
. &7 bonds under the reaction conditions. Acetic acid formed
during the reaction could have destroyed these bonds167. When
the oxidation of 1~aminobenzotriazole was repeated in the
preéence of potassium carbonate to remove acetic acid, triphenylene
- was still not isolated and in this case, failure must be due to
the inability of the platinum complexes involved in triphenylene .
formation to withstand some other conditions of the reaction.

From these initial results it was apparent that either
a different oxidant or a different platinum complex would have
to be used if a benzyne=-platinum complex was to be prepared from

1-aminobenzotriazole.
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Different oxidants for 1-aminobenzotriazole.

The use of a different oxidant, with the triphenylphosphine=-
platinum complex (46) as the benzyne trap, was investigated first.
A métal oxlide would have to be used as the oxidant since an
organic compound (e.ge. peroxide) would almost certainly have

reacted with the platinum complex (46).

When silver(II) oxide was used to oxidise 1=aminobenzo-
triazole (5) it gave biphenyl in 6% yield and biphenyl was still
isolated (7%) in the presence of the platinum complex (46)..
Friedmann115 had noticed that benzyne, liberated in the presence
of silver ions, gave biphenyl. He had postulated a benzyne-
silver complex which reacted with the benzene solvent to explain
the formation of biphenyl. In the oxidation experiments described
above, the.silver residues (which might have contained a benzyne=-
silver complex), were filtered off and treated with nitric acid
in the hope that an organic residue which could be ascribed to
the reaction of benzyne with aqueous nitric acid would be
isolated. Only a trace of a brown oil was extracted, however,
and the origin of biphenyl in theée.exyeriments was not
investigated further.

The use of insoluble metal oxides in this oxidation was
necessarily slow and inefficient as the oxidation could only
occur on the surface of the oxide. These conditions might'allow
the triphenylphosphine-platinum complex (46), which was also
‘susceptible to oxidation, to decompose and therefore a different

type of oxidant was tried.

The reactivity of oxygenbis(triphenylphosphine)platinum (117)
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168 .re well known and it was tried as an oxidant

as an oxidant
for 1-aminobvenzotriazole (5) in the hope that its reduced form
"would then be able to trap the benzyne which had been liberated.

The oxygen-platinum complex (117) was made by passing oxygen
through a solution of the triphenylphosphine-platinum complex (46).
Oxygen was passed through a solution of (46) and the amine(5)

in order to prepare the oxygen complex (117) in situ. After

three hours a scanty precipitate of carbonatobis(triphenylphosphine)
platinum(II) separated due to the reaction of adventitious carbon
dioxide with the oxygen complex (117). This material was

filtered off and a dark brown solid precipitated by the addition

of ethylacetate. It only had absorptions in the i.r. spectrum

due to triphenylphosphine ligands and was rejected; chromatography

of the.'filtrates gave no hydrocarbons.

When 1-aminobenzotriazole (5) was heated with the oxygen
complex (117), which had been prepared separately, there was
again no evidence for benzyne-platinum intermediates and no
biphenylene, triphenylene or biphenyl were detected.

It was decided to stop attempts to isolate a benzyne=-
platinum complex from a system in which new oxidants were used

as their ability to oxidise 1-aminobenzotriazole was in doubt.

Different platinum complexes as benzyne travs.

Platinum complexes which contained a é&wbond might be
more stable to oxidation. The platinum 'd'! electrons had been
used to make the &u bond and were therefore not available in
an oxidation reaction, thus tolanbis(triphenylphosphine)platinum
(36) might be more stable to oxidation than the triphenylphosphine
platinum complex (46).

When the tolan complex was used as a benzyne trap in the
oxidation of 1-aminobenzotriazole (5), it was recovered in 33%
yield, which supported the hypothesis that €W complexes were
more resistant to oxidation than the triphenylphosphine=platinum
complex (46) which had not been recovered in a similar experiment.
No triphenylene was recovered however, but potassium carbonate

had not been used in this reaction to remove acetic acid which
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~could have destroyed any benzyne-platinum complexes formed.

Ethylenebis(triphenylphosphine)platinum (118) was another
¢w complex which had been prepared before in this work and found
to trimerise benzyne to triphenylene under suitable conditions
(Section One). It was now used in the oxidation of 1-amino-
benzotriazole (5) as a benzyne trap. The amine (5) was
oxidised by a deficiency of LTA in the presence of the ethylene
complex (118). There was a vigorous gas evolution which probably

PPh CH
.§\T%~6-H 2
CH

PPh. 2

(118)

indicated that benzyne was being generated, but no triphenylene

or biphenylene was detected. The complete absencé of both these
comp&unds suggested that a stable benzyne-platinum complex might
have been formed, and an attempt was made to isolate it by

chromatography on alumina.

It had been found by trial and error that chromatography
of platinum complexes was more effective if they were absorbed
onto the support by placing a concentrated solution of the
mixture to be separated onto the top of the column (Method B).
Irreversible adsorbtion or decomposition occurred when the
solution was adsorbed by evaporation onto the support with a

rotary evaporator.

When the reaction with the ethylene complex (118) was
chromatographed (Method B), carbonatobis(triphenylphosphine) -
platinum was isolated. It was thought that this might be evidence
that a platinum(O) species had survived the reaction conditions.
The carbonato complex could have been formed by reaction of a
platinum(0) species with atmospheric carbon dioxide and oxygen
during column chromatography. If platinum(O) had really

survived the reaction conditions and the carbonato complex
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was not formed by some other reaction, then a benzyne-=platinum
complex could have been formed by reaction of benzyne with
platinum(O). No triphenylene was formed which suggested that
the benzyne-platinum complex had been decomposed under the

reaction conditions to give unrecognized products.

Potassium carbonate had been omitted from this initial
reaction but when it was present, traces of biphenylene and
triphenylene (3.5%) were found in the products. This was the
first indication that a benzyne-platinum complex had been fofmed
in the reaction. A phosphine-platinum complex (15 mg.) which
only showed absorptions in the i.r. spectrum due to triphenyl=-

phosphine ligands was also isolated by chromatography.

In another experiment, tetracyclone was added after gas
evolution had ceased (10 min.), in an effort to trap the benzyne
in the benzyne-platinum complex, as the benzyne-tetracyclone
adduct. The adduct was not detected but the yield of triphenylene
increased dramatically to 26%. Similarly 2,6,11=trimethyl-
triphenylene was prepared (13%) from S5-methyl-1-aminobenzotriazole,
but here it was accompanied by the benzyne-tetracyclone adduct,
6-methyl=1,2,3,4=tetraphenylnaphthalene (2%). It was attractive
to consider that the tétracyclone adduct was derived from a
benzyne-platinum complex but an alternative origin was possible.
Potassium carbonate, which had been added to react with liberated
acetic acid, coagulated during the addition of LTA. It was
possible therefore that the benzyne-tetracyclone adduct was
formed due to the reaction of free benzyne liberated slowly by

LTA imprisoned in the coagulated mass of potassium carbonate.

The role of tetracyclone had to be examined more carefully
as 1ts presence apparently increased the yield of triphenylene.
A tetracyclonebis(triphenylphosphine)platinum complex (119) was
isoiated from both of the reactions described above. It was
made (43%) unambiguously by the reaction of tetracyclone with
the ethylene complex (118). :
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One explanation of its role was that it competed for
coordination sites in the benzyne-platinum complex (73). The
benzyne-platinum complex (73)'was formed in the same way as
described in Section One. It was likely that a four-electron

(119)

donor was necessary as the displacing ligand because when
triphenylphosphine was used in nlace of tetracyclone it failed
to increase the yields of triphenylene. In this experiment,
triphenylene was detected (t.l.c.) before the addition of
triphenylphosphine and so there must be some tendency for the
benzyne-platinum complex (73)' to decompose spontaneously to
triphenylene even in cold benzene. The benzyne=-platinum complex
(73) had been assumed to decompose in this way when it was
generated from 1,2,3~benzothiadiazole=1,1=dioxide and the
triphenylphosphine-platinum complex (46) in refluxing ether =
benzene. However the poor yields of triphenylene which were
isolated when tetracyclone was omitted from the reaction
indicated that the benzyne-platinum complex (?73) could decompose

in other ways to givé products which went unrecognized.
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These experiments indicated that the benzyne-platinum
complex (73)' was stable for at least 10 min. in solution. In |
one experiment therefore, bromine was added instead of tetracyclone
in order to substantiate the structure of the complex. This
,treétment should have given o-dibromobenzene and 2,2'=-dibromo-

biphenyl if the structure of the complex was correct.

o=Dibromobenzene was isolated from the reaction mixture
but it could have originated by a reaction of bromine with the
excess 1-aminobenzotriazole (5) in the reaction mixture. A
control experiment showed that the amine (5) was oxidised by
bromine to dibromobenzene (45%). The yiéld of dibromobenzene
N based on the unoxidised amine (5) in the solution of the benzyne
complex (73) was 88% but it was dangerous to assign the greater
Yield of the brom¢ compound here to a reaction of bromine with
the benzyne complex (73). The activity of the LTA used in this
reaction was uncertain and therefore the actual excess of amine
(5) was unknown. (It is the general practice in this Laboratory
to add a slight excess (10%) of LTA in order to effect complete

oxidation of an N-amino compound)

As well as o-dibromobenzene, a mixture of other compounds
was formed which was not isolated when the amine (5) was
oxidised by bromine. This mixture (13 mg., approx. 4%) was shown
to contain four compounds when it was examined by t.l.c.. No
attempt was made to separate the mixture as a mass spectrum.
would identify any bromine containing compound. A very strong
peak in the mass spectrum at m/e 232 indicated the presence of
a monobromobiphenyl compound (M 232), a peak at m/e 310
indicated a dibromobiphenyl compound (M 310) and a peak at
m/e 387 indicated a tribromobiphenyl fragment. This was a
very significant result as it supported the reaction mechanism
for triphenylene formation and the structure of the benzyne
complex (73)'.

This experiment supported the existence of the benzyne
.complex (73)!' in solution and attempts were made to investigate
its spectral characteristics with a view to confirming or
disproving the idea that a benzyne-platinum complex would have .

a characteristic absorption in the i.r. spectrum.
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The reaction was repeated using methylene chloride as a
solvent so that samples of the solution could be taken and their
de.r. spectrum examined. The solution i.r. sﬁectrum showed an
absorption at 1710 cm.”? (shoulder 1755 cm.-1) due to free acetic
acid, but there were no other absorptions in the 2000 - 1600 cm.

region. One of the criteria for the presence of a benzyne-

1

platinum complex, which had been used in the earlier work, was
therefore in doubt and a benzyne-platinum complex might have
been overlooked or perhaps dismissed as a triphenylphosphine-

platinum complex.

After 15 min., when the solution had been examined in
this way, tetracyclone was added and the reaction mixture
chromatographed (Method B) on basic alumina. A small quantity
of tetraphenylnaphthalene was isolated. The formation of free
benzyne in the way described before was unlikely because the
oxidation in methylene chloride had been very rapid and the
potassium carbonate had not coagulated. It was therefore
possible that tetraphenylnaphthalene had been produced by the
‘reaction of tetracyclone with benzyne in the platinum-benzyne
complex (73)'.

Several attempts were made to isolate the benzyne complex
(73)' by fractional crystallisation as it did not survive
chromatography. None of these attempts were successful and
lower yields of triphenylene (6%) were isolated when the solution
was eventually treated with tetracycloneq

The reaction conditions which had given good yields

of triphenylene from the 1-aminobenzotriazole were used in an
experiment in which the triphenylphosphine-platinum complex (46)
replaced the ethylene complex (118). No.tripbenylene was
detected which indicated that there was a significant difference
in fhe ability of the two complexes to survive the conditions

of the reaction.

These reaction conditions and the ethylene complex (118)
were used in an attempt to prepare cycloheptynebis(triphenyl-
phosphine)platinum from the oxidation of 1-amino=4,5-penta-
methylenetriazole (27). No crystals precipitated from the
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filtrate after the lead and potassium salts had been‘removed

- end as a last resort ethanol was added to the solution to
-encourage crystallisation. It was hoped that a cycloheptyne
complex would be stable to ethanol like the cyclooctyne complex
(102). A brown solid which only showed absorptions in the i.r.
spectrum due to triphenylphosphine ligands was isolated. It
was unlikely that this compound was a cycloheptyne complex as
it would be expected to show a characteristic absorption in the

i.r. spectrum.

- Cycloheptenocyclopropenone (28) gave cycloheptyne when
it was thermolysed at 250o 127. It was found that the cyclo-
propenone (28) also gave cycloheptyne when it was photolysed by

- the 'Hanovia' method at room temperature. No attempt was made

hv »
c=0 > | + co
3 or '
A 250

(28)

to prepare a cycloheptyne-platinum complex by irradiating (28)
in the présence of the triphenylphosphine-platinum complex (46),
as the experiments with the iminophosphorane (4107) indicated
‘that alkyne-platinum complexes were unstable to photolysis.

Tris(triphenylphosphine)chlororhodium(I)128 was used
to decarbonylate the cyclopropenone (28). The decarbonylation
was performed in the presence of the platinum complex (46)
which was added to trap the liberated cycloheptyne. trans-Bis
(triphenylphosphine)carbonylchlororhodium(I) was precipitated
and proved that decarbonylation had occurred. A compound
which could have been a cycloheptyné complex (Vwax1655 cm.-1)
was isolated from the filtrates but it decomposed when attempts
were made to purify it by recrystallisation. A brown solid
which showed absorptions in the i.r. spectrum due to triphenyl=
phosphine ligands was also isolated.
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Conciuéion.

The Eyclooctyne-platinum complex (102) has been made
by the addition of cyclooctyne to tetrakis(triphenylphosphine).
platinum(O). The conditions under which cyclohexyne, cycloheptyne
and benzyne were prepared either destroyed the platinum complex
which had been added to complex with them or destroyed the

alkyne-platinum complexes which were formed.

A benzyne-platinum complex (73)' was not isolated
although it existed for a short time in solution.
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SECTION FOUR. MISCELLANEOUS.

1. Other routés to a benzyne-platinum comvlex.

The Grignard reagent prepared from o-fluorobromobenzene
and magnesium was used as a benzyne precursor. The triphenyle
phosphine-platinum complex (46) was added to a solution of the
Grignard at 0°. & phosphine-platinum complex was isolated.
This complex only showed triphenylphosphine ligands in the i.r.
spectrum, but because the spectral properties of a benzyne=
platinum complex were in doubt, it too might be a benzyne~-
platinum complex. However when this complex was recombined
with the filtrate and refluxed with furan no benzyne adduct
was detected. The absence of any benzyne adduct suggested

" that there was no benzyne=platinum complex in solution.

An attempt was made to synthesize a benzyne-platinum

complex by the scheme proposed below.

Proposed route to a benzyne-platinum complex.

+ BF
Yo 4 PPh
Br H{ _PPhy e 13
+ Pt —_ N=N—pt—ClI
- H
cl \PPh3 . Br PPhg
(120)
Nc10COCH:3
PPh
| 3 alumina T_Ph3
_ th—Cl < =N—pt—Cl
, PPh PPh
(22) °F 3 | Br 3
(121)
Mg or Li v - |Mg or Li
Y
, Phy
X :ﬁ
PPh
(71 3 2\
7 PPh_PPh
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The complexes (120), (121) and (122) were prepared in
exactly the same way that Parsha11139 had made other arylazo
and arylplatinum complexes. Only small quantities of the
arylplatinum complex (122) were isolated when the arylazo=
platinum complex (121) was treated on an alumina column. The
behaviour of this compound with magnesium and lithium was not

investigated because of insufficient material.

The arylazoplatinum complex (121) was recovered unchanged
when it was treated with magnesium in THF, however a gas was
evolved with lithium after the reaction had been initiated
with a small piece of potassium. A precipitate , which was
contaminated with excess of lithium, appeared. Ethanol was
added to destroy the excess of lithium. The yellow precipitate

" which remained was filtered off and consisted of lithium salts

and a platinum complex which only showed absorptions in the i.r.
spectrum due to triphenylphosphine ligands. No crystalline
compounds could be isolated from the filtrate.

2« An attempt to stabilize an antiaromatic compound.

Rees et 5&.169 have shown that nitrenes reacted with
acetylenes and gave 1(H)azirines (123). It was thought that
these antiaromatic systems might be stabilized if the carbon =
carbon double bond in the azirine ring was complexed to platinum
by a &wbond. In this way the antiaromatic (4n, n=1) azirine
ring would be converted in the complex (124) to the more stable
aziridine ring systen.

Pp\th
N—R’ Pt —R’
; .,
- FPPhgR
(123) (124)

The acetylene molecule in the reaction was complexed
to platinum so that a ¢vwbond was already made. Tolanbis-

(triphenylphosphine)platinum was used as a &source of acetylene
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(tolan) and the nitrene generated in its presencé by the LTA
"oxldation of N-aminophthalimide. The reaction mixture was
filtered to remove lead diacetate and hexane was added to the
filtrate until precipitation occurred. Three different compounds
were isolated but in such small amounts that analysis was not
possible. All three compoﬁnds had absbrptions in the i.r.

spectrum due to a carbonyl group and triphenylphosphine ligands.

The reaction had given a number of products and not as
had been hoped a major compound which was a stabilized azirine.
The reaction was therefore not investigated further. The use
of potassium carbonate in these LTA oxidation reactions was
not appreciated at this time and its presence might have given

more encouraging results.
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Reactions of Some Benzyne Precursors and Cyclo-octyne with a
Zerovalent Platinum Complex

By T. L. GiLcHRrisT, F. J. GRAVELING, and C. W. REEs*
(Department of Chemistry, University of Leicester, Leicester LE1 TRH)

Cook and JAuHAL have reported attempts to
stabilize benzyne by co-ordination to platinum.!
In their conditions, the benzyne precursors, 1,2,3-
benzothiadiazole 1,1-dioxide (Ia)? and benzene-
diazonium-2-carboxylate (IIIa),> were trapped by
the zerovalent platinum species, bis(triphenyl-
phosphine)(ethylene)platinum(0), before they could
decompose. Our similar experiments with tetra-
kis(triphenylphosphine)platinum(0)* confirm and
extend their observations and show that the
reactions of benzyne, generated in the: presence
of the latter complex, are greatly altered.

Compound (Ia) and its 5-methyl derivative
(Ib)® react readily with (Ph,P),Pt in benzene at
5° to give complexes (IIa), m.p. 177—179° (79%)
and (IIb), m.p. 177—181° (71%). The spectral
data for (ITa) are the same as those reported;!
additional evidence for structure (IIb) is provided
by the H n.m.r. spectrum which integrated
correctly and showed a singlet at v 8-3.

Unlike Cook and Jauhal! we find that complex

(ITa) does generate benzyne on photolysis. When
(IIa) was irradiated (300 w sunlamp for 24 hr.)
in a mixture of furan and tetrahydrofuran the
benzyne adduct, 1,4-dihydronaphthalene endoxide,
m.p. 53—54° (9%) and its rearrangement product,
1-naphthol (149%,) were isolated. Complex (IIa)
is thus a new, stable, benzyne precursor, requiring
only irradiation for its decomposition. However,
no adduct could be obtained by the thermolysis
of (ITa) in furan.

When the reaction between complex (Ia) or
(Ib) (3 mmol.) and (Ph,P),Pt (1 mmol) was
carried out in a mixture of ether and benzene at
35°, the reaction took a different course. Tri-
phenylene, m.p. 192—196° [38%, based on (Ia})] or
2,6,11-trimethyltriphenylene,® m.p. 132-133°
[(35% based on (Ib)] was isolated by chromato-
graphy on alumina. Complex (Ia) usually gives
small yields of biphenylene, and no triphenylene,
when decomposed thermally in solution.?

No triphenylene was formed when (Ia) was



similarly decomposed in' the absence of the
platinum complex but in the presence of triphenyl-

phosphine.
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a; Rl = H, R?2 = H,
m.p. 260—264°
b; R!' = H, R* = NO,,

d; Rt = H, R* = Cl m.p. 285—287°
e; Rl =Cl, R2=H c; R! = H, R? = Me,
m.p. 261—262°
d; R! = H, R? = Cl,
m.p. 268—270°
e; R =Cl, R =H,
m.p. 270—272°

Benzenediazonium-2-carboxylate (IIIa) de-
composes in 1,2-dichloroethane under reflux to
give benzyne;? in the presence of (PhyP),Pt, how-
ever, complex (IVa) was obtained (80%). The
structure (IVa) was assigned on the basis of the
ir. spectrum which was identical to that reported,!

and its reaction with bromine in chloroform; with
an aqueous work-up this gave o-bromobenzoic
acid and a platinum complex, m.p. 320°, assigned
structure (V). An attempt to labilize the
carboxylate function in the diazonium-carboxylate
by introducing suitable substituents was un-
successful; the zwitterions (IIIb-e) gave good
yields of the complexes (IVb-e) as the only
products. Complex (IVa) is unchanged by
irradiation or by heating at temperatures up to
200°; it is not, therefore, a benzyne precursor.

Thus all attempts to isolate a benzyne-platinum
complex analogous to acetylene—platinum com-
plexes® have failed at the stage of generation of
benzyne. We are encouraged in this general
approach, however, by the isolation in high yield
(70%) of a stable cyclo-octyne-platinum complex,
m.p. 180—182° by the addition of cyclo-octyne?
to (Ph,;P),Pt in benzene. Structure (VI) is
supported by the n.m.r. and i.r. spectra and, like
all other new compounds reported, by correct
analytical data.

PhP _Br _PPhy

P
Br/Pt\Br/Pt\PPhﬂ t\PI’h;;

V) V)

We thank Dr. R. D. W. Kemmitt for valuable
discussion and Johnson Matthey Co. Ltd., for the
loan of platinum salts.

(Received, May 20th, 1968; Com. 633.)

1C. D. Cook and G. S. Jauhal, J. Amer. Chem. Soc., 1968, 90, 1464.
? G. Wittig and R. W. Hoffmann, Chem. Ber., 1962, 95, 2718.
3 M. Stiles, R. G. Miller, and U. Burkhardt, J. Amer. Chem. Soc., 1963, 85, 1792,

¢ L. Malatesta and C. Cariello, J. Chem. Soc., 1958, 2323.

5 R. W. Hoffmann, W, Sieber, and G. Guhn, Ckem. Ber., 1965, 98, 3470.
8 K. D. Bartle, H. Heaney, D. W. Jones, and P. Lees, Spectrochim. Acta, 1966, 22, 941.

7 L. Friedman, unpublished observations.

8 J. Chatt, G. A. Rowe, and A. A, Williams, Proc. Chem. Soc., 1957, 208.

® G. Wittig and H.-L. Dorsch, Annalen, 1968, 711, 46.



