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A series‘of highly fluorinated pyridines were irradiated
using ultra violet radiation, in an attempt to detect re-
arrangements in these systems. The pyridines used were penta-,
tetra-, tri- and di- substituted by perfluoroalkyl groups.

Perfluoro-k-ethyl-2,6-di-1sopropyl-3,5-dimethylpyridine,
upon prolonged irradiation, in solution, at both 253.7nm. and
300nm., isomerised to an inseparable mixture containing two
remarkably stable azaprismanes, which were subéequently identi-
fied from thelr pyrolysis products. The mechanism for formation
of this azaprismane mixture was shown to involve the rearrange-
ment of a 2-azabicyclo[2.2.0]hexadiene intermediate to a 1-
azabicyclo[2.2.0]hexadiené intermediate.

Irradistion of pérfluoro-h-ethyl-2,6-d1-isopropy1-3,5-
dimethylpyridine, at both 253.7nm. and 300nm., for a short
time, resulted in formation of a2 stable l—azabicyclo[2.2.0]-
hexa-2,5~diene derivative;

Irradiétion of perfluoro-2,4,6-tri~isopropyl-3,5-dimethyl-
pyridine, at 253.7nm., gave a single symmetrical azaprismane,
the identity of which was confirmed from the pyrolysis product.

The pents-alkyl pyridines, obtained from the pyrolysis of
azsprismanes, showed interesting features in their 19F n.w.r.

spectra which enabled their identification.




A transference technique was used for the 1rradiafion of
perfluorotetra- and tri-alkyl pyridines.
Perfluoro-2,6-di-isopropyl-3,5-dimethylpyridine
isomerised, on irradiation, to a moderately stsble 2-azabicyclo-
[2.2.0)hexadiene derivative. The thermal resrrangement of this
derivative was studied using differential scanning calorimetry.
Irradiation of perfluoro-2,4,6-tri-isopropylpyridine gave
the first stable derivative of 2-azabicyclo(2.2.0]}hexs-2,5-

diene. A l-azabicyclo[2.2.0]hexadiene derivative was also

obtained in low yield.

Irradiation of perfluoro-2,4,5-tri-isopropylpyridine gave
a mixture containing a 2-azab1cyclo[2.2.0]hexadiene derivative
(55%) and a l-azabicyclo[2.2.0]hexadiene derivative (45%).

The valence isomers obtained were shown to rearrange upon
further irradiation.

The thermal stability of valence isomers is discussed
and the half-lives of some isomers, obtained in this work,
measured.

Valence isomers were not detected from irradiation of
either perfluoro-2,5-di-isopropylpyridine or pentafluoropyridine;

Attempts were made to react valence isomers with NaOMe,
bromine and furan. |

Irradiations were also carried out on a few fluorinated

azacyclohexadienes. Both isomerisation and fragumentation

reactions were observed.
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Since the identification of the first example of o
bicyclo[ 2.2.0 | hexa —2,5—diene (Dewsr benzene)(l) in
1962,1 many workers have studied the photolysis of aromatic
systems. As a result, a series of valence bénd isomers,
namely Dewar benzenes (1), benzvalenes (2); and prismanes

(3) have been isolated.

SN

(1) (2) (3]

The intermediacy of velence bond isomers has been

postulated, in many systews, in order to explain rearrange-

wents observed in the aromatic ring.

1.2 Ihe Photolyvsis of Benzene
kvidence for production of photoproducts, from the
irradiation of benzene, was noted as early as 19552 but 1t

was not until 1957 that fulvene (4) was identified as a

““““ASGEW
12 JANI1978
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product.3 Irradistion of benzene, in quartz cells, was

observed to produce fulvene (4) in s concentration of

0.lg/litre.

(4)

The products from photolysis of benzene were found to
be dependent upon the wavelength of irradiation and whether
1t was carried out in the liguid or vapour phase. In the
vapour phase, use of 180-200nm radiation produced fulvene

(4) together with breakdown products.u

180-200nm ,
> + CHp=CH-CH=CH-C=CH
r
pressure (Cis and trans)
<15mm (4)

+polymer+fragmentation products

This 1s in contrast to the irradiation of ligquid benzene,
using 165-200 nm radiation, which gave benzvalene (2),
Dewar benzene (1), and fulvene (4), in the ratio 5:1:2,
together with a small amount of biphenyl.s

Irradistion at 254nm, a wavelength which populates
the Sl(lB2u) state of benzene, resulted in production of
benzvalene (2), and fulvene (4) only,6’7’8,so it cen be

seen that benzvalene (2) and fulvene (4) are formed from
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S, benzene; some, if not all, of the fulvene formed from
isomerisation of benzvalene.8

Benzvalene (2) production was shown to be enhanced if
benzene was irradiated as a dilute solution, in hydrocarbon-
solvents; this appeared to be due to the solvent aiding
vibrstional relaxation of benzvalene (2). It was also
shown to be produced, from excitation of theSy-8) band of
benzene, with a higher quantum yleld as the wavelength of
irradiation was decreased. This observation was explained
on the basis that at a shorter waveiength a greater
quantity of energy was introduced into the system and the
excess energy gave vibrationaliy excited Si benzene, which
could rearrange to form benzvalene (2).8

Destruction of benzvalene (2) was‘shown to be benzene

photosensitized, i.e. benzene triplets transfer their

'energy to benzvalene, therefore irradiation of benzene

vapour, using 25knu radiation, with addition of triplet
quenchers enabled steady-state concentrations of bYenzvalene
greater than 1% to be obtained.8

Dewar benzene (1) was produced in the liguid phase
using 165-200nm radiation, s wavelength of radiation which
populated both the Sz(lBlu) and S3(1E1u) states and possibly
the T1(3Bj,) state. Use of a triplet trap, together with
selective irradiation of the So-Szlband of benzene, gave
Dewar benzene ()) which indicated that it was'formed from
the S5 state.® (1) was also formed when the Sy state was
selectively populated.
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The photoisomerisation reactions of benzene have been
summarised schematically.’? (See Fig. 1).
To date, prismane (3) has not been observed as a

photolysis product of benzene.

1.3 Synthesis of Valence Isoumers of Benzene

Synthesis of the isomers Dewar Benzene (1), benzvalene

(2), and prismane (3) have all been reported.

Dewar benzene (1) was the first of the isomers to be
prepared by a synthetic rout_e.10 Irradistion of cis-1,
2-dihydrophthalic anhydride (5) gave (6) which on oxidative

0 0

I I

C
C

\ \_ PblOAc),

/ VyCOr /0 >

% filter C
I

(5) O (6) O (1)

decerboxylation gave Dewar benzene (1). This was found to

be unstable, with a half-life of two days at rbom temperature.

1.3(11) ' 2,6 -3= ' ralene)
Benzvalene (2) was synthesised in 1971 by Katz and
coworkers.ll Cyclopentadienyl anion was shown to react with

dichloromethyl lithium to give the lithium salt (2), from
which the carbene (8) was generated. Benzvalene (2) was
formed by internal 1,2 or 1,4 addition of (8) whereas
benzene (3) was produced on ring enlargemeﬁt of (_8_),12 in

a competing process.



185nm

vapour
phase
254nm vapour phase v
BENZENE + FULVENE < S5 inm (Siow] HC=C—CH=CH—-CH=CH»
nm isiow (trans +cis)

9 + BENZENE + POLYMER
FIG1. PHOTOISOMERISATION REACTIONS OF BENZENE.
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@ + CH,Cly+ CHali = +
®
L1 .

|

\ /,

\
(7) (8)

Benzvalene (2) was found to be highly unstable, with a

tendency to detonate when pure.11

1.3(111) Tetracyclo[2.2.02’6-03’5]hexane, (Prismsne)

The same workers who prepared bengvalene (2) used it as

a precursor in the synthesis of prismane (3).13

N
+ | N—Ph >
N\
oL =0
N
- - Ph (10)
1) KOH CH40H/H,0
2) cucl, H®
3) ag NaOH
< hv
CD3CN  78°C
3) NN
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The mechanism for formation of the azo precursor (1Q)
was determined by the use of 5,6-dideuterated benzvalene,

which gave the sdduct labelled as indicated.

Prismane (3) decomposed to benzene at 90°C with »

half~1life of 11 hours but was found to be stéble st room

temperature.13

1.4 Theoretic Treatm Rearr t
Bengzene to its Valence Isomers

Theoretical treatments have been employed by several

workers in order to predict whether interconversion of
benzene () to its valence isomers occur via thermal or

photochemical routes.
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One theoretical treatment, often used, involved con-
struction of orbital and state correlation diagrams.ll+ The
rearrangement of benzene (3) to Dewar benzene (1) has been
covered using this treatment15 and is illustrated in Fig. 2a
and 2b.

This treatment, which is based on the pfinciple of
symmetry conservation, indicated that the rearrangement of
(1) to (39) was 'forbidden' in the ground state i.e. not
occurring by a thermal route, and this method predicted
that (1) could be formed by a photochemical pathway from
the second excited state of benzene (9), the By, state.

It also predicted that rearrangement could not occur from
the first excited state of benzene (B,, state). These
predictions turned out to be consistent with experimental
observations.

Crbital symmetry correlations have also been used to
show that benzvalene (2) could be formed photochemically
from benzene (), from the 8; snd 8, states. Formation of
(2), from the benzene S state could be considered to occur
via the formation of prevalene (ll), in a symmetry allowed
process,g’15 which could then form benzvalene (2) by

radical recombination.

i
1




*
g A A W 9y
» 3
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e S¢S==== —_ » *
2U .
>( AW, TTy3-Tisg
e1g A*A <A W3 Ta-Thse
Ay S S Wy ooy
3
1 4
. 6 5
(9) (1)
FIG. 2A) Orbital Correlation Diagram for the 15
transformation of Eenzene (9) to Dewar benzene (1)
0. A+ A
2
’ Y1 W2W32W5*
S+S 2 2 %
Y1793y,
2
\ Y1 \P22LP3‘P5#
—S W12W22\P ¥
3%,
BZU A———— _
energy ,
barrier 2
—S Y@ sl
A1g S——°

FIG. 2B) ©State Correlation Diagram for
the transformation of Benzfge (9)
to Dewar benzene (1)
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It has been suggested that formation of (2), from S,
benzene, may occur via a species resembling cis,cis,-

trans-cyclonexatriene (12), in a concerted pro_cess.9

(12)

A second treatment of these resrrsngements which hsas
been employed is the use of theoretical MINDO calculations
in which reaction pathways are determined. When the
reaction under investigation is symumetry forbidden HOMO-
LUMO c¢rossings can be detected. Isomers which rearrange
only via HOMO-LUMO crossing have been termed Lumomers,16
and it has been shown that both Dewar benzene (1) and
prismane (3) are lumomers of benzene (3), i.e. the
rearrangement of (9) to both (1) and (3) 1s symmetry -
forbidden in the ground state.

When these theoretical calculations were applied to
the Dewar benzene (1) to benzene (9) transformation the
activation energy was calculated to be 114.2 KJ molefl
and the HOMO-LUMO crossing was observed.l” These cal-
culations also predicted an unsymmetrical transition state
for the reaction.

When the treatment was used to study the benzvalene
(2) to benzene () transformation the reaction was found to

be exothermic (AH = -85Kcal mole-l) with.aﬁ activation
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energy of 21.5 Kesal mole’l, but no HOMO-LUMO crossing was
observed, since the calculated cnergy for the resction
pathway was found to be a smooth function of the reaction

co-ordinate. As a result of these findings it wss suggested

that this was a thermally 'asllowed! process.18 However
other workers have disputed this reaction being termed
'allowed' and have suggested that since (2) can be
isolated at smbient temperatures, that this indicates that
the rearrangement to benzene () csn only occur via highly
activated routes, so they concluded that this rearrangement
was 'forbidden’ thermally.9 However recent results have
indicated that this rearrangement is 'sllowed' as benzene,
produced from thermal rearrangemen® of (2), was not formed
in its triplet state.19 The formation of benzene in the
triplet state would be expected if the reaction was »
'forbidden' process.

The orbital symmetry trestment depends to a great
extent upon the symmetry of the systems in question so that
introduction of alkyl groups into the benzené'ring, an
operation which destroys the symmetry and perturbs the
system, limits the usefulness of the treatments to the
very simple cases, i.e. benzene itself and hexafluoro-
benzene.l? The theoretical calculations which have been
carried out indicated that both rearrangement of (2) to (9)
and (1) to (2) involved unsymmetrical transition states, so
that the orbital symmetry trestment may not be wholly
reliable.



1.5(1) Introduction
In this section theoretically possible rearrangements
of the benzene ring are illustrated by the uée of a benzene
ring with each carbon atom separately numbered, sb that the
relative shifts of each carbon atom can be seen more easily.
Examples of these rearrangements will be givén in later
sections.
1.5(i1) r n i
Benzvalene Intermedigtes

In theory if benzene rearrsnged via a.benzvalene inter-
mediate six isomers could be formed on rearomatisation and
each one of the isomers is a result of the six possible

1,2-shifts in the ring.

1 1
2
6 3 fo > |
6
5 IR 5
2
o
1 6 1
6 2 5
Y5 2 —>
5 3 L
L Ay 4 3 3
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~
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A single rearrangement, of an sromatic system

proceeding via a benzvslene 1ntérmediate, would result in
a 1,2-shift whereas if the aromatic system thus formed
itself rearranged via a benzvalene intermediate then s
1,3-shift could occur. This 1,3-shift would be a product
of two 1l,2-shifts 1.e.
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1.5(111) Bﬂazmmmmuzmm

Prismane Intermediates

In theory if benzene rearfanged via prismane inter-

mediates a total of six rearranged isomers could be obtasined

on rearomatisation.

In the diagram given beloﬁ, it can te

seen that these isomers are different from those_formed via

benzvalene intermediates (Section 1.5(11)).

5 3
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1 3

45

5

6 4
3

Y
6

1 9

2 1
N L X2
o l'/Nﬁ,@s
5

2 4 5
(14)
6 1
3 2 1
G 2 5
3 4 :
3
2 1 1
/m_” °
A
3 5 6 2 4
. 5
A 3: 1 2
\& ;3©2
6 A 5
L 5
- 6
A
3N . 1 ,
N
L 6 1 6 A
3
5 Yy 3 b 1
;6|\5



- 15 -

It is Possible to observe both 1,2- and 1,3-shifts by
this rearrangement mechanism. e.g. In the rearranged isomer
(14) carbon atom 3 has undergone a 1,3-shift relative to
position 2 but only a 1,2-shift relative to position 5.

1.6(1i) Introduction

In this section the possible rearrangeménts and inter-
conversions of valence isomers are described; soﬁe of
thaese occur quite re=dilly, whereas others are quite rare,

but examples of all of them are given in later sections.

1.6(11) B
There are a number of documented exambles of this type
of isomerisation, mainly in fluorocarbon systems.21’22’3o’38’6L+
2
L 6
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It is theoretically possible to obtain three different

Dewar benzenes from the initial prismane, by the routes

indicated.

1.6(111) Rearrangement of Benzvalenes

There have been a few recorded examples of a benzvalene

rearrangement which involves s ‘cope type' mechsnism which
1 A

A | A 3

26,31

involved 1,2-and 1,3-shifts. In theory if the six

intermediate benzvalenes, formed from labelled benzene
(Section 1.5 (i31)),underwent this type of rearrangement a
total of twelve benzene isomers could be fofmed from the

initial labelled benzene.

1.6(iv)

Some, if not all, of the fulvene (4) fbrmed by the
photolysis of benzene (9) could arise from isomerisation
of initially formed benzvalene (2). It has been shown
that this isomerisation is catalysed by quartz.8

4
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l.6(v) I n

A possible example of 2 non-reversible isomerisation

of a benzvalene to s Dewar benzene has been reported,20
but the possible mechanlsm for this rearrangeﬁent was not

commented upon.

MZH3)6
| 5
(C Halg

1.6(vi) n

There is reported at least one example of a rearrange-
ment of a prismane to s benzene derivative, in part'via a
benzvalene intermediate1l122 which has been suggested to

involve a symmetry allowed concerted ground state pathway.23
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1.7 Photolysis of Labelled Benzenes
1.7(1) Introduction

Detection of photochemical transpositidné of the
aromatic ring has been casrried out 1n many cases by
labelling of the sromatic ring by inert alkyl groups,
followed by determination of the transpositiods of the
alkyl groups after photolysis; examples of which are
given in this section.

A most significant experiment, carried out in 1965,
was the photolysis of mesitylene-—1,3,5-01’+ (1%), using
253.7nm radiation, which gave 1,2,4-trimethylbenzene (16)
with the C1* label also in positions 1,2 and 4.2% This

experiment confirmed that rearrangement in the benzene ring

CH C
% 3 $3
253:7nm N *CH4
CH3’* *CH3 iIsohexane
¥
(15) CHj
(16)

occurred via ring carbon interchange rather than alkyl
group migrations, even though no intermediate valence

icsomers were detected.

1.7(ii) Labelling using Deuterium
Additional evidence that ring carbon interchange

occurred on the photolysis of aromastic systems was presented
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by Kaplan and co-workers who carried out a labelling
experiment using benzene-1,3,5-d3 (12)25 and showed
that irradiation, in both the vapour phase and in
solution, using 250nm radiation led to the formation of

benzene—1,2,k-d3 (18).

D D
AN
pR—
0N =D BING
(17) (19)

Benzvalene derivative (1l9) is the intermediate believed

to take part in the rearrangeuent even though there was no
direct evidence for its formation. Indirect evidence
supported the theory that (19) was indeed the inter-
mediate, in the rearrangement, as it has been shown thet
only benzvalene (2) and fulvene (4) are produced on

6, and also

irradietion of benzene (2) using 254nm radiation
the deuteration in threé positions, of benzene, would not
be expected to perturb the system too greatly, so the
production of benzvalene (2) would therefore be expected

at that irradiastion Qavelength.

A rare example of 1somerisation of benzvalenes was
obsgrved when the benzvalene derivative (20) was irradiated,
using 253.7nm radiation, or irradiated in the presence of
triplet sensitisors of energy between 53 and 65 Kesl mole-l,

and gave & second dideuteriobenzvalene (2},).26
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D | D
Sens (ET<65)

(20) (21)

i.7(iii) Photochemical Rearrangement of
Di-substituted Benzenes

1.7(111)A. -%-b ben

Irradiation of di-E-butylbenzenes gave a photostastionary
wixture comprising of meta-di-t-butylbenzene (22) and para-
di-t-butylbenzene (23) in the ratio 1:%.27 on irradiation
of the ortho-isomer (Q4) the first isomer detected was the
meta isomer (22) whereas, the photostationary wixture was

only produced after a long irradiation time.

hv
vycor filter

(dil ether)
solution

(24) (22) (23

The production of isomer (23) from (24):is an example

of a 1,3-shift, but experimental evidence indicated thst
this rearrangement proceeded via two 1,2-shifts which in-

volved either benzvalene or prismane intermediates (see
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Fig. 3), although no intermediate valence isomers were

detected.

AN

—_— —_— e -_—>
| Y
(24) (25) (22) (26) (23)
AN
7
(24) (27) (22) (28) (23)

FIG. 3
From experimental evidence neither of the two
mechanisws could be ruled out, but if prismane inter-
mediates were involved then in theory the rearrangement of
(24) to (23) could occur directly via a single prismane

intermediate (29). However this was not observed.

X (R —

(24 ) (29) (23)
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1.7(131) B. Xvlenes

Xylenes have also been observed to rearrange on
irradiation. The rearrangement of o-xylene to p-xylene
upon irradiation ()\>230nm) was observed to proceed via
two 1,2-shifts,28 possitly via benzvalene inﬁermediates,
whereas irradistion of o-xylene at 160-200nm. gave
p-xylene directly via a 1,3-sh1ft29 possible via an

intermediate prismane.

1.7(4v)

The first Dewar benzene derivative reported was obtained
by the irradiation of 1,2,4-tri-%-butylbenzeme (3Q) which
forwed a valence isomer which was identified, st that time,
as 1,2,5-tri-t-butylbicyclo [ 2.2.0] hexa-2,5-diene (31),

which wes found to rearomatise back to (3C) on heating.

v
vycor filter
P s
N
VAN

(31)
(30)

A more thorough investigation of the tri-t-butylbenzene
photolysis has subsequéntly been reported,30 in which (30)
was shown to isomerise to 1,3,5-tri-t-butylbenzene (32)
via a benzvalene intermédiate (33) which could be isolated.

Irradiation of either of these two tri-t-butylbenzenes 1in

dilute solution resulted in the formation of a Dewar benzene
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. /)Xf '
, 254nm; +

(30) (34) 64:8% (31) 71%
OR | |
o 41(30) 73%
. |
| +(32) 20:6%
(32) (33) 0:7% |

(31), a benzvalene (33) and » prismene (34). Dewar benzene
derivative (31) was shown to be the sasme one as that
identified esrlier by van Tamelenl.

Over a very long irradistion time small quantities of
fulvenes were detected,and a photostationary mixture
obtained with the prismane (34) found to be the major
constituent. Quantum yiélds snd couposition of the photo-~
stationary mix*ure were’reported.30

However this did not prove to be the complete picture

for this series of rearrangements as further work resulted
in the identification of a second benzvalene (35).31

Originally, suspicion that s second benzvalene was involved

was based on the observation that photolysis of (3Q), in
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methsnol, gave & high yleld of an adduct, identified as
Y-methoxy-2,4,b6-exo-tri-t-tutylbicyclo[3.1.0]hex-2-ene
(36).3132 . |

hv
MeOH

/0 R OM@

135) (30) (36)

The second benzvalene was subsequently shown to be

| 1,2,h-tr1-t-butyltricyclo[3.1.0.02»6]-hex-3-ege (39)
which rearranged to (30) with s half 1life of 17 minutes
S _ .

at 25°C. Irradiation of benzvalene derivative (35)

1somerised it to benzvalene (33) in a similsr process to

(33)

that observed when 5,6-dideuteriobenzvalene (20) was
1rradiated.26 (Section 1.7(i1)). Furthermore it was shown

that these benzvalenes were only isomerised photochemically,

as the pyrolysis of bonzvelenes (33) and (35) resulted 1in

the formation of benzenes (32) nnd (3Q) respect1veiy.

-
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Quantum yields for these interconversions were reported so

an overall scheme could be written.

®=0-43 =005
" $-0-05 ~ 920415
(33) ‘. (31)

$=0-2| |9=0-06

®=035| |¢=0-04

=002 ¢-001

.\\N

@=06
e—“
¢=012

(35) - (30) (34)
Pyrolysis of prismane (34) geve a mixture containing
Dewar benzene derivative (31) and both benzene derivatives
(30 and 32) and the pyrolysis of the Dewar benzene (31)
gave the isomer (32}. All these results could be easiiy

explained i.e.
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A/Jk

_ (30)
) A Y-S, —+-
%G
(34) 7T \ ] ) [;
| Co3 | 132)

These results showed that (3Q) rearranged on photolysjs to
(32) via benzvalene intermedistes (35 and 33) whereas the
reverse isomerisation proceeded vis the sane behzvalene

- intermediates, (33) and (35), with the added possibility

thet a second mechsnism which involved the Dewar benzenev

(31) and prismane (24) could alsc oceur simultaneously.

1.7(v) Ehotochemical Rearrangement of
Tetra-substituted Benzenes

1.7(v) A. -t- nes

On irradiation of 1,2,4,5-tetra-t-butylbénzene  (37),
in solution, using 253.7ni: radiation the production of
1,2,3,5-tetra~t-butylbenzene (38) was observed, together
with a Dewar benzene derivative (32)33 and since a Dewar

benzene derivative (39) had been isolated 1t'was suggested
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that the rearrsngement of (37) to (38) proéeeded via a
prismane intermediate, as opposed to a mechanism which
involved benzvalene intermediates, although the latter
could not be ruled out. The extent to which these re-

arrangements are reversible was not determined.

X T

(37)

X NOT DETECTED

(38)

This contrasts with the di-t-butylbehzene irradiation27_
(see Section 1.7(i1ii)) where rearrangement was thought to
proceed via benzvalene intermediates, but once again the
alternative prismane mechanism cog}d not be completely

ruled out. .

1.7(v)B. Tetrakis(trimethvlsilvlYbenzenes
Irradiation of 1,2,4,5-tetrakis(trimethylsilyl)-
benzene (4Q) gave five isomeric prpducts which consisted of

two benzvslene derivatives (42 and 43), two fulvenes

)
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(44 and 45 a or b) and an isomeric benzene derivative (&l)3k

R | R _ R
R R /\ /\
hv N
R ether 7 R R R R
solution (41) (42) (43)
(40)
R, R
R:MGBSi-

\_/
R R
(4] (45a) (45

Initial irradistion of benzene derivative (4Q) gave a

——

mixture éontaining two benzvalenes (42 and 43),whereas
prolonged irradiation slso produced benzene isomer (4&1)
together with the isomeric fulvenes (4l and Ej) while the
coﬁcentration of (42) decreased. |

| An interesting result, not discussed by the suthors,
was obtained when benzvalene (42) was irradisted, as this
resulted in the forwation of benzvalene derivative (43)
and fulvene derivative (44) together with traces of the
aromatic isomers (40 and 41). It has already-been shown
that benzvalenes on photolysis can.i-somerisezé’31 (Section
1.6.G11)) but (43) could not be formed frém‘(ﬁz) by this

type of mechanism unless two such rearrangements occurred

i.e.
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/ g R
Gy~ <D~
R /—R
R R R R .
(42) R=Me,Si- ©(43)

However in this photolysis traces of benzene derivative
(4]1) were detected so the possibility that this rearrangement
involved initial formstion of (41) which then was 1§omerised
to (43) 1s perhaps the more likely. Irradiation of benz-
valene derivative (43) gave (&l), (4%5a or Eﬁb) and a trace
of (42), but none of the benzene derivative (40). From
these observations 1t was deduced that benavalene derivative
(42) could be an intermediste in the formation of all fhe _

other isomers and a scheme for the i1somerisations could be

written.
R,,R
R R
> >
R R \ //
R R
(4Q) ) (44)
l?
R

(>
\;

43 OR (41)
R:MG3Si— R \ / R \ / -
R R R
{45a) {45b)
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Unfortunately the scheme could be incomplete as the
result of photolysis of benzene derivetive (41) was not
reported. It must be noted that there was‘ho evidencé
for formation of ény Dewar benzene or prismaﬁé derivatives.
This is a contrast to the situation that occurred when
1,2,4,5-tetra-t-butylbenzene (37) was irrediated (Section
1.7(v)a.).33 ' '

1.7(vl) Vslence Isomers of Hexamethzlbéngqge'(Eé)

Hexamethylbenzene (46) 1s insufficiently labelled for
any rearrangewments to be détepted but 1ts valence isomers
can be formed eesily and it illustrates some interesting
isomerisations. Hexamethylbicyclo[2.2.0 ) hexa-2,5-diene
(48) was synthesised by the bicyclofrimerisétion of 2-
butyne (42) in a process catalysed by A1C1335’36.l'Hexa-
methylprismane (49) was obtained, in low yield, by the

photolysis of hexamethylbicyclo[2.2.0]hexa-2,5-diene (48)
in ether solution.37138

i : y
' : H.C___ CH
. | % ht _
5 CH3CECCH3 | AIC;;(_S o by weig ) N 3 3
benzene solvent l "I"-AICI3
(47) 35°C 5-7hrs. HaC CH3

CH3CECCH3 slow

(CH3)g (CHA)g
AlC!5

<
N\

(46) | (48) 60-70%
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(CH3)g (EH3le
254nm o

170hrs 3C
ether

(48) (49) 5%

+ (46)+ (48)
14% 80%

The thermal resrrangement of (49) was observed to

proceed via two paths simultaneously.zl’ze’39

One path
involved the Dewar benzene derivstive (48) as an inter-
mediate whereas the other path was thought to involve the.
intermediacy of » benzvalene derivative (EQ). The rate
constants for the two processes were such that the con-

centration of (48) built up (i.e. K2<:K1) whereas the

(Ckfﬁs

49) - \\j;;\\\g | (CFE?E////,2%7

W L (486)

(50)
concentration of (5Q) remained small (i.e. Ky>K3) and
never exceeded a molar fraction of 0.03. This illustrated
a rearrangement of a prismane to a3 benzvalene. Rearrange-
ment of (5Q)to (48) has also been observed.20 (See
Section 1.6 (v)),
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1.8 Rearrangement of Heterocvclic Systems
1.8(1) Pyridines
Pyridine has been photoisomerised to 2-szabicyclo-

[2.2.0] hexa-2,5-diene (Z1), which was shown to be an

unstable species, which was charscterised by reduction,

using aqueous sodium borohydride, and hydrolysis.ho

P H

N

\'\’LO | H

' AN 253.7nm, m Noe/\'\t. \/\t
N S . Y

t1/=2min (51) Y i
2 N,H
25°C
OH
H

H2N-CH='CH—CH=CH-CfO
H
The gas and liquid phase photochemistry of 2- and L4-
picoline has been studied.hl’kz Isomerisation of 2-picoline
(52) to U-picoline (53), and vice versa, occurred with 254nu
radiation, with a conversion of spproximately 2%. This
1l,3-shift could be accounted for by the formation of an
unstable prismane intermediate. Under these conditions

3-picoline did not isomerise.




AN hv Me ' —IMe
p— p—a
~Me N N
(52)
Me - 7
N e
—_
= hv
N
L -
(53)

Lutidines were also shown to isomerise on irradiation
in the vapour phase, using 253.7nuw radiatidq,'but once
again large quantities of polymers were formed and only
1-29 conversion achieved.1+1 The 3,4- 2,5- and 2,3-
isomers were shown to be 1nterconvertib1é as were the
2,4- and 2,6- isomers, however the 3,5-1ut{dine could not

be isomerised to any of the other isomers.

- Me.
| =y
~Me Me ~Me _~Me
N . N N
Me _
N 7 N \Me AN
Mel hv Me Mehv No

~IMe l - > isomerisation
N N N
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The observed rearrangements of lutidines were exclusiveiy
1,3~ shifts and a suggested uechanism involved intermediate
azaprismanes. However if the rearrangement mechanism
involved azaprismanes as intermedistes then 1,2-shifts

could occur. These are nhot observed.

] ; _ Mo -
Ny Y Me | —>
<« «—— N
Mel_ ZMe Y Me N | <€ Me |
1,2-shift - T
B Me T
Me N Me : | N l
\— Me
~Me Me N L ]
N i | '
NOT Me
OBSERVED
B
~Me
N

The production of para-bonded species was demonstrated
to occur in these systems as the photolysis of 3,5— lutidine
(54) in agqueous NsBH, gave a dihydro productuq in an
analogous process to that reported for irradiation of

pyridine under the same conditions.

B Me T H Me
Me” "M a5unm | __H
F NaBH,/H,0 N Me N Me
_ Iy

(54)
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Bergen and Kellogg have reported the photolysis of s
fully alkylated pyridine (%5) in which skeletsl rearrange-
ment of the substituent groups was observed. (529) contained
no fewer than four iabelling groups (including ring

nitrogen) and on photolysis three different isomers (56),
(27) and (58) were obtained.*3

a
b| b
C ~/C
N
(55} NG
CZCH3 b N/ C
(58)

SCHEME 1

The substitution pattern, on the pyridines obtained,
was such that the rearrangement was thought to proceed via
intermediate azaprismane derivatives (59) and (60Q) and
azabicyclo [ 2.2.0 ] hexa—2,5-dienes. The symretrical
azaprismane derivstive (59) could lead to one new pyridine

derivative (56) upon rearomatisation whereas the
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unsymmetrical azaprismané derivative (6Q) postulated could
lead to two new pyridine derivatives (52) snd (28), as well
as forming the starting pyridine derivative (55), in each
case. Nelther the azaprismane nor para-bohded intermediates
were detected in this rearrangement, although_the very
specific labelling observed in the rearradgéd pyridines

was adequately éccounted for in terms of these intermediate

valence isomers.

1.8(11i) The Photolysis of Pyridinium Ions
It has been suggested thet heterocyclic anslogues of

benzvalene were formed as intermediates in the photolysis
of pyridinium ions as irradiation, using 254nm radiation,
of methylpyridinium chloride (61) in water gave |
6-methylszsbicyclo[3.1.0]hex-3-en-2-exo-ol (62) and the
irradiation of h-picoline metbochloride_(é}) gave three

Me C|© OH
(61) (62)
| e |
Me N-Me N o N-Me
N 254nm.
| £22703 Me + +
) Hp0
C)w _ . .
Me CI© OH OH OH
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Lk

isomeric products in the ratio 2:1:1. There was evidence
for a 1,2-shift of nitrogen which indicated the formation
of » l-methylazoniabenzvalene (&%) which could'rearrange

to one of two azabicyclohexenyl cations (65), (66) from
which the observed products could be obtalned, bty hydration,

in the correct ratio.

Me | Er\?——-Me
"N 254nm, e 7
B
| - (64)
M

b4
(66)

SR \
oy

. N-Me N-Me
MGO + +

OH | OH OH
2 1 1
1.8(111)

Both pyrones and pyrylium cations have been demonstrated

to undergo photolsomerisations. 2,6-Disubstituted 4-H-

pyron-t-ones (67) on irradiation, in solution, gsve head
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to tail dimers (68) unless the photolysis was carried out

45

on very dilute solutions™’?, when a rearrsngement to a 2-H-

46 , 47

pyrane-2-one(89) was observed whereas in the presence

of acid, furaldehyde derivatives (ZQ) were formed.

X (6_@) Ry
0 Ay
R1l |R1 hy. dilute 5 R1 \ R,
solution
RaNg— 2
(67)

(70)

These rearrangements were shown to occur via an inter-
mediste 4,5-epoxycyclopent-2-ene-l-one (Z1) which was
thought %o have originated by the mechanism shown (see over).
Rearrangement of u4,5-epoxycyclopent-2-eneones to 2-H-pyran-
2-ones, on photolysis, has been observed.’"gvl+9

It has been suggested that oxygen analogues of benz-
valene were present as interuedistes in photolsomerisations -
of protonated Y4-pyrones (pyryliuw cations). Photolysis of
the pyrylium salt L4-t-butyl-2,6-dimethylpyryliuu perchlorate



- T %
0 0 o®
Ry R1 hy R Ry _R R
Rzi [N (A —*; N
2 _ 2 2 2
0 L 0 1 :
R1:Ph
R2: Ph, Me o .' l
0 0
R |
2
Rofl Ry Ry 0 hy R R,
——
- R R
2 2
(71)
R
2/ \ | = H
RS CHO
0 R2= Me, Ph

(72) gave 8 mixture of four products (73, 74 a2 + b, 25)50'
It was suggested that the wechanisu. for this resction in-
volved an oxianobenzvaslene intermediate (Z6), which arose

from rearrangement of an initially formed ‘'prevalene' (Z72).
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(73) (74 a+b) 2 isomer

Several 4-hydroxypyrylium cations have been demonstrated

to photoisomerise to 2-hydroxypyryliua ca'tions,sl’sz’53 as
illustrated below.

QH R a) Ry=Me R5=R4=Ph
R2 N R3 hv R1 l N R3 b) R1=Me RZ:Ph R3=H
R ~ R1 R ~/0H c) R1:R2:R3:MG
1°~0 20
S ®

d) R =Me R2:R3=H
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The pyrylium cations were generated from the corres-
ponding pyrones by dissolving the pyrone in concentrated
acid; this was reversible on neutralisation. The re-
arrangements were believed to occur vis the formation of an
oxabicyclohexenyl cation (28) which rearranged via a 1,3-
shift. There was also the possibility of the involvement of

an oxianobenzvalene (79) as a primary pho.t'.oproduct.sl’53

Me
(78)
Me 5 Me T _
g | l1,3-sh|ft
(79) OH 0

0
®
0)

@

2-Hydfoxypyrylium ceation (80) was shown to photoisomerise,
in a reversible reafrangement, to 5,6-dimethyl-2-hydroxypyrylium
cation (81). The rearrangement mechanisn was thought to in-
volve the intermediacy of two bicyclo-B-lactones which were
isouwerised via an intermediate carboxylcyclobutenyl cation (82)
es illustrated. Bicyclo-F-lactones were oxygen anaslogues of

LDewar benzene.




Me

o/§
Il

Q@
IS @

Me

- 41b -

Me




- 42 -

1.8(iv) Photolsomerisation of Pvrazines

Irradiation of pyrazine was carried out in the
vapour phase using 254nu redistion and gsve pyrimidine
and under the same conditions 2-methylpyrazine isomerised
to 3 mixture of three products, 4- and 5-meﬁhy1pyrimidine
with the third isomer thought to be 2-methylpyrimidine.’”

N 5o f” MeC\N Ay
[ ™ AT e

However 2-methylpyrazine was insufficiently labelled
for a mechsanism for this resrrsngement to be_suggested so
photolysis of disubstituted pyrazines was carried out.
Vapour phase irradiation, using 254nn radiation, of 2,5-
dimethylpyrazine (83) gave 4,6- and 2,5-dimethylpyrimidine -
(84, 8%9) irradistion of 2,6-dimethylpyrazine (8€) gave
4,5-dimethylpyrimidine (§2)5u as the only detectable

product.
Me
N
Mer, \\Me 254nm < Mel SN
_ vapour phase ;;J
N N :
(86) (87)

The substituent pattern in the producﬁs indicated that
1,2-shifts were involved and that the intermediates in
these photoisomerisations were diazabenzvalenes and not

diazaprismanes. The rearrangement of 2,5-dimethylpyrazine
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(83) via prismane intermediates would result in the
formation of 2,4-dimethylpyrimidine (88)snd M,S-dimethyl
pyrimidine (89). These pyrimidines were not the ones

obcerved. |
~ Me
Me “/YN E\
N\AMe Me /‘
L\ ije vapour - | (84)
l hase
Me \\il\\\§§ Me
[ ] XN
o (5] (@
. . Me

_ Me )

Z

(85)

SN - -

Me[: ;;] (88)
N ;:7ét:; | .
(83) Me Me

| |N——-> @N~—>Me_| N
N” Me N Mell
N
(89)

The intermedistes in these rearrangements were not detected.



1.9 Fluorinated Dystems
In general the introduction of fluorine or per-
fluoroalkyl groups into an aromatic systew has the effect

of msking 1ts valence i1somers nore stable.

1.9(1) [Fluorinated Benzenes
The irradiation of 1,2,k-trifluorobenzene using

253.7ne radiation, in the vapour phase has been shown to

yield only two of the three possible para-bonded species.ss

F F
F_ 2537nm. m’: FmF
v +
vapour - ~e
F

phase

F
NOT DETECTED

(90)

Nevertheless isomer (90) has been made from hexafluoro-
bicyclo[ 2.2.0 ] hexa-2,5-diene and shown to be moderately
stable.s3 Also the irradiastion of pentafluorobenzene (31)

gsve a pars-bonded cspecies in 3% yield.56
H F | H
' F
F F _253-7om , F H 30 F
vapour F F
F F phase F F F NOT F
F
DETECTED
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In contrast to the photolysis of benzene, which

ylelded Dewar beniene, benzvalene and fulvené3’5’9, the

irradiation of hexafluorobenzene gave only the psra-bonded

isomer.56’57758 There were no benzvalenes, fulvenes or

prismanes detected in these examples.

F
F F 254nm.
£ ¢ vapour phase
F‘
1.9(i1) ¥ s u lated Benzenes

The photolysis of octafluorotoluene (92) gave two

para-bonded isomers ‘n the ratio 2:1.

CF3 F | CF4
F F
254nm. FmCF3+ Fm':
F F vapour phase LF E eLF F
< |
(92) RATIO 2 1

Irradistion of hexakis(trifluoromethjl)benzene- (93)

in solution, using 2 medium-pressure mercury lamp ()>200nm)
gave three valence isomer559’60, a prismane (94), a benz-
valene (95), and a para-bonded isomer (96) which were the
same products that could be obtained by photolysis of (93)
in the vapour phase at 25Hnm,61 whereas irrédiation
(M>270nu) in solution gave only the benzvalene (9%).

Irradiation ()>20Cnm) of the individual isomers, in
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(CF3)6 (CF3)6_
wl
S 090\0‘\0(\
(CF4)g ©f (94) (96)

(95)

solution, was carried out and showed thst benzvalene (99)
was converted to (23),and.%he paras-bonded isomer (96) gave
both prismane derivative (34) and (93). The photostationary
state, in solution (A>200nw), approsched 100% :prismane (94)
whereas initially the benzValene (99) and para-bpnded
isomer (36) were produced in a ratio of ca 5:1. The yield
of (29) and (96) reached a waximwm after 7 hours and 40
hours respectively.57 |
Similarly the irrsdiation of hexakis(pentafluoroethyl)e
benzene (97) has been reported to yield a prismane (398), »
parabonded isomer (33) but no benzvalene derivative,59:6°
at wavelengths greater thesn 200nm , whereas.whmmx>270nm
then only the para-bonded isomer (29) was obtatned.

The thermsl stabilities of a3ll these valence isomers

has been determined snd found to range from hslf lives of
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+

(C2F5)6

~~
197 K fl% ;‘CZFS :

9 hours for benzvslene (95) to 135 hours for para-bonded
isomer (96) at 170°C so this indicated that these valence

isomers were very stable species. The thermal stabilities
were found to be in the order (9_§)>(9&)>(9_ﬁ)>(9_9)>(95,).57

The factors which affect valence isomer stabilities are
discussed later.

Production of valence isomers thermally has been
achieved from both hexakis(pentafluoroethyl)benzen362
and the lesser crowded perfluoro-1,2,3,5-tetraethyl-k,
6-dimethylbenzene (199)63 in » flow system at temper-
atures of 400°C and-550°C respectively. The intermediate

ICFsle C2Fsle
Flow pyrolysis N |
400°C

(99)
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CFy CFy s
CoHF CHF CHF
25 2"5 n CoFs 02F5+1CF3 CF3
C2F5 CoF5 CF3 C,Fe 2°
C,Fe 2Fs
Not isolated
(100) RATIO 20 : 1

in this rearrangement hss been suggested to be a non-planar
para-diradicalg,which on rapid quenching would fora the

para-bonded species obtained.

1.9(1i1) Rearrapngements ip Fluoripated Eepzepes

Perfluoro -1,3,5~trimethylbenzene . (JQ1) and perfluoro
-1,2,4-trimethylbenzene (1Q2) have been shown to be inter-

convertible on irradiation (\>230nm) in the presence of
argon in the vapour phase. The mechanisn for this A
rearrangewent hss been shown unsmbiguously to involve two
para-bonded isomers and 2 priswsne derivative as inter-
mediates, since the para-bonded isomers were isolated snd
the prismane detecfed, but found to be too unstable to
purify.("+ Photolysis of (ng) however only yielded one
pars-bonded species directly i.e. none of isomer (1Q3)
was detected. "

Photolysis of perfluoro-p-xylene (lQ4) was originally

reported to yleld s mixture containing two para-bonded



i CFy CF3
=F F[::[:J 3
g =
CFy CF3 CF3 CF3  CFy F
Detected
(101)
> 230nr“. CFj
m F CFyq
F F
CF
(_o_) 3
(102)

species (105) and (106) which were characterised by infra-

red, mass spectrometry, thermsl isowerisation and in the
CFq CFy F
hv F F
F F O FYCF F  cRy” FONF
ol

(104) (105) 1% (106) 2%

case of (106) also by its 19 Num spectrum.és However later -
workers in this field cast doubts on these assignmehts, as
these results were 1nconsﬁstent with theilr own'findings.66
All three perfluoroxylenes (1Q4), (1Q7) and (108) have now
been irradiated and each of these geave s complex mixture

of products.




- 50 -

- CFsF CF4 CFq F ¥
hy FmF me:3 F3CmCF3
+ +
c CE. 58% F SN F
F 3 yield F CF3 F - F. F F
{107) 38% 1% 1%

CF %
3 CFy CFq F
F CF3 ch;=3 F FF CFj
a0 + +
81% F =~ A
FYETF yield  F F F CF3 F = CFy
50% L% 1%
(108)

+ (104) ,15% + (107) 13%

. F
CFy Fj:CF3
+ F

O
m
w
n
.BO
n
w

F F CF4 F
F F hv 12% (106),9%
F F 30%
iel
cry, Ve CF, F ¥
- - F3C ~TN\CF3
(104 ) mF
+ +
F F
F CF3 F F
8% 1%

¥ Tentative identification REF: 66
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Irradiation (\>220nm) of the xylenes wes carried out
in the vapour phase, in the presence of argon, and the ortho
and mets isomers were shown to photolsmerise to mixtures
containing all three xylenes, wheress para-Xyiene (104) only
gave para-bonded spécies on photolysis. Theurgarrangement
of the xylenes was thought to occur via priShane inter-

mediates, and the pars-bonded isomers were also thought to

be involved in the réarrangements, which could be rational-

ised into a scheme66 (See Fig. 4). There was no evidence

for the formation of benzvalene intermediates.

1.9(iv) Pyridines
The photochewistry of a series of pentafluoroethyl

substituted pyridines has been investigated67 and these
have yielded some remarkably stable azapriéméne and para-
bonded derivatives. Irradiation (\>200nm) of pentakis
(pentafluoroethyl)pyridine (103) in solution gave »
mixture of pentakis(pentafluoroethyl)-l-azaprismane

(110) and pentakis(pentafluoroethyl-l-azsbicyelo[2.2.0]-

hexa-2,5-diene (11l1), whereas when light of A>270nu was
used only (lll) wses formed.

on® N
‘Cst)s/\ﬂO/ + )
(110)
N/ %
) \

200<
(109) “270/7,,,

(CoF5lsg

|
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CFy
F
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CFy éij;.
o
CF4
Fq/Kkin
FI\/CF3
F
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E *
CF3[::[::]CF3
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CF3 —|=CF3
F F
CFy
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e FF
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F
F
F

FIG 4 Vapour Phase Irradiation of the Perfluoroxylenes.

CFy
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 CFy
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- CFq
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~ CFy
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FL” CFNF

F

FE—|g1CF3
F CF4
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Although valence isomers could be 1solated from this
system there was no opportunity for skeletal rearrangements
to be detected as (109) was insufficiently labelled. |

Neither azaprismanes nor azatiecyclo | 2.2.0] hexadiene

derivatives vere obtained from the photolysis of

perfluorotetra- or perfluorotriethyl pyridines (112) or

(113).°7
C,Fe CoFs
T NC,Fs CoFsf” N
CoFs & CoFs P& CFs
(112) (13)
CH3 6H5
CFq | I CF, CF3” “N\\CF;
CH4 " CHj CHs N// CH4
(114) (115)

A l-azabicyclo| 2.2.0] hexa-2,5-diene derivative (1L1lu)
was reported to be a stable species,68 obtained by photolysis

of pyridine derivative (11%9), which contained » similar
substitution pattern to thst in Scheme 1 (page 35) with

a=¢ = CH3 and b = CF

3




1.9(v) R 2 2in

Several perfluoroalkyl pyridazines have been reported

to undergo photolsocmerisation to pyrazines.69170’71

a) Ry=CF(CF3), Ry=F

F
| N ¢) Ras i
| | > d) Ry=Ry=C,Fe
AN FNNF R2 el Ry=CFICF,)C Fs Ry=F
F R
f) Ry=Ry=CF(CF5)C,Fe
g) R1=R2=F
R . .
Fr” TN , ANNES
| | i R a) R=CF(CF5),
N

FL_ F bl R=CFICF3ICoFs

1= 254 or 300nm : vapour phase
| The mechanisu for these rearrsngements was shown %o
involve intermediate 1,2-diszebicyclo| 2.2.0) hexa-2,5-dienes
(116) and 2,S-diazabicyclo[ 2.2.0 ] hexa -2,5-d1ienes (llZ),72
as examples of both typeé of pare-bonded isomers were
detected, and isolated, and rearrangement of pars-bonded
species (114) to (11l%) demonstrated to occur, both photo-

chemically and thermally. Examples of valence isomer (ll6) were

eES iy

(116) (117) 55 R or D

R2
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only isolated where Ry = K, = CF(CF3)2 and R; = 32 =
CF(CF3)C2F5. This type of resrrangewent involved specific
1,3-shifts, and the driving force behind rearrangement of
para-bonded species (1l6) to (1127) was thought to be the

removel of a weak N-N bond.

Thermal rearrangement of perfluoroalkylpyridazines to
pyrimidines has been demonstrated.7°’73’7h These rearrange-
ments were thought to proceed via diazabenzvalene inter-
mediates, even though no interuediates were isolated, or
detected. In certain cases pyrazines weré also formed and
in this case also, diazsbenzvalene intermediates vere
thought to be involved (see over ). However these
rearrangements only oécurred in specific examples whereas
with some other pyridazines, nitrogen elimination hés been

demonstrated.75



fl — N
- flash
R1l \"i pyrolysis _ -Rzl
RN 6507815 | L /
E |
d) R :C-F(CF.3)2 R2=F
4
_ R1
N
R2
—N
L F
N l
Ry l ~ R‘I i R
1
F ZF
N
L

a) Ry=R,=CFICF;),

b) R1:R2:C2F5

c-1) R=CoFg R,=F
c-2)R4=F R5=C5Fg
d-i)R1=CF(CF3)2 Ry=F
d-2) R1:F R2=CF(CF3)2

- |

| R1[NjF
/F N/ R,

Irradistion of perfluor6-2,5—d1-1sopropy1pyrazine

(118) in solution, using 254nw radiation, gave smsall

quantities of a second pyrezine (119) and a pyrimidine

(129).71 The pyrazine (119) was also shown to rearrange
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back to (118) under the saue cohditions. The rearrange-
ments were thought *o involve the 1ntermediécy of
diazabenzValehes, which could rearrange to give the
observed products, although no diazabenzvalenes were

detected or isolated.

N R
R NF 254nm 5
solution
Fo 2R
N

(118) 6y,
N R
R=CF(CF5), Y RI NN
R R F )F
N _, N
(119) (120)

1.10 Bicyclopropenyls
Eicyclopropenyls are snother type of valence isomer

of benzene, but unlike the other valence isomers,there have

been no reported examples of formation of them from a benzene,

by elther therasal or photochemical means. Biéyclopropenyls
are the thermodynamically least stable of the benzene
valence isomers76 and can be rearranged to‘othgr valence
isomers, both on photolysis and pyrolysis e.g.bperfluoro—
hexawethylbicyclopropenyl (121) on gas phase photolysis,

using the full mercury arc, gave a mixture of four other
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isomers,76 however the exact order in which they were

formed was not determined. Isomer (l21) was chown to be

(CF3)g | (CF3lg
CFy + +(121)
CF3 CFq
hv
>
CFaq CF3 (93) (94)
CFy
(121) \CF3lg (CF3lg
s
(96) (95)

the most kinetically stable of this series of isoumers,
with a helf-1life greater than 2 hres. at 360°¢.

"The méchanism for the thernal rearrangement of
bicyclopropenyls was initially thought to involve prismane
intermedistes, since tetrasubstituted bicyclopropenyl
(122) gave two benzenes, on heating, which could be formed
from a prismane intermediate (123).77(See over)

However %the same proportion of products were obtained
when the reaction was AgI catalysed, and it'had been
dewonstrated that these reactions on1y,in§61ved para-
bonded intermediates.78 Rearrangement of pentasubstituted

bicyclopropenyl (124), in boiling CH,Cl,, gave & mixture

of two benzenes and one para-bonded species (125), which

3

7

was shown to rearrange to benzene derivative (126), on
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Ph Ph A Ph Ph
| = 5|
Ph Ph Ph Ph
(122) /“ (123) \
I Ph | |

Ph[:]::ﬂ Phi iPh
Ph"Ph | Ph Ph

Ph Ph Ph
Ph Ph Ph

Ph

heating, so the identification of (12%) indicated that

thermal reasromatication of bicyclopropenyls proceeded vis

Ph Ph Ph Me Me

A
Me Boiling _ Ph Me thPh Ph Ph
el + +
CHCl,  Ph Ph Ph  Ph Ph

Ph NVAYZ

(125) (126)
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Dewar benzene intermediates. Cther workers have detected
intermediate Dewar btenzenes, in thics rearrangement, by the
use of chemiluminescence.79 I+t was found thet of the

i somers benzvalene, prismane, and Dewar benéene only
Uewar benzene was capable of giving !ndirect chemi-
luninescence. The chemiluminescence detectéd from thermal

rearoustisation of (127) was consistent with formstion of

sn interuwediste JUewar benzene derivative.

Me
Me Me

YV

Me
(127)

It has been suggested that the rearrangewent mechanism

involved ring opening, to give diradicals, followed by
ring expansion and then ring closure to give the Dewar
benzene intermediates which themselves ring open to give
the benzene derivative.’0 (See over) |

Formation of Dewar benzene derivatives from bicyclo-
propenyls has been demonstrated to be AgI-catalysed. Both
(129) and (13Q) have been identified as products from the
agl catalysed rearrangement of (lz@).81 |

Me Mo
AqClo, Me Me Me
CDCb Me Me
Me -0t (129) 7-5%  (130) 25%



) |
Me 4 Me H H Me
\> <// P ﬂ Ref:80
Me .
V|

Bicyclopropenyls have been cshown to undérgo both

thermal and photochemical Cope resarrangements. Dimethyl-
bicyclopropenyl (127) gave a mixture of stereoisomers of
(128) in a flow pyrolysis system,81 and on static pyrolysis
gave a mixture containing all three xylenes, of which the
formation of the ortho and para isomers could be explained
by the mechanisw proposed by Bergmsn et 51,80 but the meta
isomer could only have been formed from (128). Tt was also

shown that meta- and para-xylene were formed on pyrolysis

of (12&).7“

-
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(128)

Photochemical rearrangement of bicyclopropenyls to

benzenes was initially thought to involve prismane inter-

mediates, but there was no conceivsble prismane intermediate

which could account for the photochemic2al rearrangement of
1-methy1—2,2',3,3'-tetréphenylbicyclopropenyl (131) to

benzene derivatives (132) and (ljj).gz It was also shown
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that bicyclopropenyrl derivative (131) underwent a photo-

chemical Cope rearrangement, which was reveréible on

e,

Ph Me Ph 1

(132) - (133)
Ph Ph \‘??0,,
(131) R Ph Ph Ph |
e M + (131) + (132)
Me Ph

heating.83 As a result of these findings the exact mechanism
by which photochemical rearomatisation of:bicyclopropenyl

(131) occurred was not fully understood.

1.11 Ripg Iranspositions: —a Suggested Notation

It has been suggested that transpositions in six-
membered rings could be anrlysed in terms of a set of
twelve pefmutation petterns (Fig. 5)8l+ rather than specu-
lation on valence isomer intermediates. In the proposed
notation the outer hexagon represents initiél ring

connections, whereas the internal pattern shows connections

in the product e.g. A ring transformation which involved s

benzvalene intermediste would he represented by P, (see over).




P, Py Py P,
::;7
4115;7
2 ,
Pe Pe Py Py
’ |||I||I lllllll Illllll : ||||||l
Pq P10 P P12
FIG.5
1 1 o
—6 3 —>
5 3 6 L
= c A _
L 5 P,

Similarly it can be shown that trensformations which
involve prismane intermediates (Section 1.5(1i1)) are P
types, whereas rearresngements which proceed vis rearrange-

mnent of para-bonded species would be Pg types (see over).

-
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1.12 2,3-diazabi . -2,5-die )

Photolysis of pyridazines has been shown to produce
1,2-diaszapara-bonded isomers, in some fluofineted systems,72
but not the 2,3-diaza isomer. However (134) has been sugg-
ested to be an unstable intermediate, forued on mild

oxidation of (1.35),85 which readily loses nitrogen to give

butadiene.

4

H
N aq.sodium _
hliH hypochlorite ~

I

Z

(135) (134) + N,
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CHAPTER 2
The Synthesis olyfluoroalkylpyridin

2.1 Introduction
In this chapter the preparation of the perfluoroalkyl-
pyridines which are photolysed, in this work, are described.

2.2 Pentafluoropyridine
Pentafluoropyridine (136) was prepared, by technical
staff, by halogen exchange between pentachloropyridine and

KF,using a method described in the literaturg..86

F
OO
66 %
F F
N
(136)
2.3 Perfluoropolylisopropylpyridines |

Alkylation reactions between pentafluoropyridine (136)
and hexafluoropropene, in the presence of fluoride ion,
were.carried out using an atmospheric pressure static gsas
system, developed at these lsboratories by previous workers.87’8£
Pentafluoropyridine (136) undergoes ﬁuéleophilic sub-
stitution by the heptafluoro-ispropyl anion generated from
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hexafluoropropene and fluoride ion. This type of reasction
i1s complementary to the Friedel-Crafts reaction, in hydro-
certon chemistry.

F +FpC=C- —> CF3-C- AI5 crycoar  4F”
ArK -
CHy-C-Ar +H'

H*+HpC=C- —> CHy-C-

Reactions between (136), an excess of hexafluoropropene

in sulpholan, in the presence of XF, gave 3 good yield of A
perfluoro-2,4,5-tri-isopropylpyridine (137), containing some

of the 2,4,6 isomer (138).

F crce SFCF3ly CFICF4),
Fr X\g CqFs KF CF3RCE X (F F  X\F
F JF 80°C - A

Perfluoro-2,4,6-tri-isopropylpyridine (l}ﬁ) was formed
in greater yield by heating a wixture containing (137), and
some (138), at 170°C, in sulpholan, in the presence of CsF
s catalyst.88 The intermolecular reaction which takes
place at this temperature results in formation of the more
thermodynamically stable of the tri-isopropyl derivatives,
i.e. (138), as initial formation of (137) was as a result
of kinetic control, which indicated that the 5 position
~was uiore susceptible to attack by C3F7 in this system.

Perfluoro-2,5-di-isopropylpyridine (139) was slso

obtained from (137) by heating with pentafluoropyridine

(136), in sulpholan, at 165°C in the presence of CsF.88
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(CF3)y
CF(CF CF CFICF4), CF(CF3)2

CF(CF3)2 F ~NZ CFICF3),

CF(CF3)2
1137) CFI(CF4),

(CF3)2<:FJ [

CF(CF5),

(CFg),CF \ & CF(CF5),

At thle temperature an equilibrium was set up between
(132), (139) and (CF3),CF anion, which was dicsplaced ty

further reaction of (C¥,),CF” with (136) to forn perfluoroc-
Y-isopropylpyridine (14Q) |

C3F7 2 CsF | 3
F7C3®F 4 FI N eeec F7C3| A= a6
F ICF, E F sulpholon +1136
37 F ~
| N | N 17 hrs NZC3Fy
(137) (136) (139)
Ratio 1 1-2 c3|:7 C3Fy
Fro N Fro N\
+ | .+
FNNZCaFr P ZF
(141) (140)
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F —~C
N

This differed from the reported syntheéis of (139)88
in that pentafluoropyridine (136) was used instead of
perfluoroquinoline, as s trap for (CF3),CF~ anion.

2.4 Reaction Pentafluoropyridin 6
and Polytetrafluorocethylene

Depending upon the conditions used the pyrolysis of
P.T.F.E. and (136) gave either perfluoro-3,SQdimethylpyridine

(l42) or perfluoro-3-methylpyridine (1&3); as major pro-
ducts.87’89’90

E RN 5‘3? o © (142) 58%
I A\ /1
F ~F fal
, .[ ‘
N 50055 F CF3
%4, C F(l N\CF3 - Fr{T F
s. | + + (142)
F\o ZF - FN O ZF
N ., N
(143) 40% (144) 4%
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Under the conditions at which (l43) was the major
component of the products ca.4% of rerfluoro-4-methylpyridine
(144) was detected, by 19F num.r. and identified by comparison
with literature Ly na.r. data,9l but no perfluoro-2-methyl-
pyridine (l45) wes obtserved. Previous repohté of this
reaction have been conflicting in that some workers detected
all of %he possible perfluoromethylpyridines (l&j),‘(;&&)
and (l&i)sg, whereas others only detected (l&j).87

It was suggested that this reaction involved addition
of difluorocarbene to pentafluoropyridine (ljé),87 since
polytetrafluoroetﬁylene.was a convenient soufce of di-
fluorocarbene at the reaction temperature (500°C). However

the suggested mechanisw, via an intermediate (1l46), could

O

F "\CF,
F F

not account for the formstion of (1uk).

s Pt
E////)7 FXY F ~

Fa T (o l:2

N %F 2 .:/(13)

FI F\ CF
F

~

&~ 2 Ryl

w

N

(147) |
| F

/

z
\
Tl

(144)
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The formation of both (143) and (144) could occur via’
an analogous mechanism which involves (;&Z).és;nn inter-
mediate and under certain conditions both routes could
occur simultaneously to give (l&j) as the major product,
with (144) and (1l45) also formed.

2.5 Teactlons between Perfluoro-3,5-dimethylpyridine (142)
and Hexafluoropropene_ in the Presence of Flugride Ion

Nucleophilic substitution of perfluoro-3,5-dimethyl-

pyridine (142) with heptafluoro-isopropyl anion has been
reported to yield perfluoro-2,h,é-tri-isopropﬁl-3,S-dimethyl-
pyridine (l48) and perfluoro-2,6-di-isopropyl-2,5-diuethyl-
pyridine (l&ﬁ),87 however this reasction was repeated on
nunerous occasions in an attempt to isolate samples of (148),
but onlv » few of these gave small samples Sf (1&5), although

good yields of (l49) were obtained from these reactions.

F F ‘ CF(CF3)2
F AIF KF; - -
N - 120°C (CF312(:F N CF(CF3)2 '(CF3)2CF N CF(CF—':,')2
(142) sulpholan (149) 70% (148) 6%

The resson for the failure to isolate (148) from most
attempted reactions is not understood but the reported
yield is low (6%37) which 1s an indication of the difficulty
of insertion of the third heptafluoro-isopropyl group at
position 4 in the pyridine. The reaction conditions were
varied in an attempt to isolate (1lh48) but o*ther conditions

also gave unsuccessful reactions.
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Keaction between hexafluoropropene and (142) in the
moler ratio 2:1, using CsF as the fluoride ion csource,
gave a mixture containing (149) and perfluoro-2-isorroryl-

3,5-diwethylpyridine (150).

F F
CFaf{ "N\CF4 CsF, CqFg  CFy X\ CF,
£ I sulpholan

N 80°C, 2hrs

+ (149
F N/ CF(CF3)2 68%

(162) (150) 14%

The structure of (150) wes readily confirmed by 19
n.u.r. as signals due to fluorine a2t positions C-4 and
C-6 were observed at 88.0 and 55.% p.p.m. (Ubfield of
CFCl3) and maés spectrometry indicated a mono-isopropyl
substituted derivative. A large through space coupling
(50Hz) was observed between the tertiary fiﬁqrine, of
C3F7, and the adjacent ring CF3 substituent,_éompared to
a coupling of only 3Hz between the trifluofomethyl of
C3F7 group snd ring CF3. This would appear to indicate

| that the averege.conformation

adopted by C3F7 is that shown
with the CF3 groups flanking

ring nitrogen. The various

couplings, in (19C), 2re shown

(couplings are in Hz). The 17F
(150) n.c.r. spectra of substituted

pyridines (137), (138) and (140) have indicated that
perfluoro-isopropyl substituted =t positidns C-2 and C-6
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adopt conformations with the CF3 groups flanking ring
nitrogen,”2 and this festure oceurs in othey‘@yridine
derivatives. .(Discussed later).

Compounds (148), (149) and (150) were all used in

photolysis experiments.

2.6 HNucleophilic Substitution of Perfluofo-3-me€hy1pyrid1ne
(143) by Heptafluoro-isopropyl Anion -

Nucleophilic substitution on perfluofo-}-methylpyridine
(143), using hexafluoropropene and potassium fluoride in
sulpholan, gave good ylelds of perfluoro-2,4,6-tri-isopropyl-
3-methylpyridine (151) and berfluoro-h,6-d1-isopropy1-3-
zethylpyridine (152) which were identified by comparison of
data with that frow authentic samples, which have been pre-

pared in an ahalogous manner .87

. | CFICF,), CFICFy),
F(7” "X\CF3 C4fg KF _ FS CFy FT R

> +
P =
FA\NZF sulpholan (CF,),CFNNZTRICF;), (CF,),cF N F

S
[

(152

(143) (151

Both (151) and (152) were used in later photolysis

experiments.

2.7 Bﬂmmﬂﬂu{;%guquuml_.io-' 6-di-isopropyl-3,3-
dimethylpyridine (149) =nd Tetrafluoroethvlene

in the Presence of Fluoride Ion

Formation of pentafluoroethyl anion from tetrafluoro-
ethylene and fluoride ion may be achieved by the use of a

fluoride ion in an aprotic solvent. It has been shown
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that casesium fluoride in tetraglyme was most:éffective in
generation of pentafluoroethyl anion and subéequent

nucleophilic attack by the an!on. These'conditions were
used to effect substitution in the vacant position 4 in

(149), by the same method reported, to give perfluoro-k-
ethyl-2,6-di-isopropyl-3,5-dimethylpyridine (lES).87

cryf” CoFy CsF CF3 R,
(CF3)2CFK /'CF(CF ) Tetroglyme (CF3)2CF _JCFICF3),
| 80°C 4hrs N

(149) (153) 36%

The yield of (153) was variable and an attempt to
scgle up the preparation from the scale repqrted in the
literature resulted in an overall lower yield»of (153).
However the consistent preparation of (133) reflects on
the relative ease of introduction of pentafluoroethyl into
position %, in (149), as compsred to the bulkier, and less

Jeactive heptafluoro-lisopropyl anion.

2.8 Reaction between Perfluoro-3,5- dimethvlgzridine Slhg)
and Pentafluoroethyl Anion

An attempt to introduce CpoFs label into (142) using

caesium fluoride snd tetrafluoroethylene, in tetraglyme
solvent, gave a small yield of a wmixture of involatile
components of high molecular weight and similsar g.l.c.
retention times, so that separastion of the cdmponents could
not be achieved. Soue reactions of pentafluoroethyl anion

have led to poor yields of products and production of high
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molecular weight oils, and it has been suggested that these

oile are formed by some process which couples perfluoro-
alkylated‘rings,93 possibly due to electron transfer from
the pentafluoroethyl snion to the pyridine ring. This
reaction was accompanied by a deep red colouration in the
reaction mixture, so 1t is suggested thast introduction of
trifluoromethyl groups into pentafluoropyridine to form
(142) has the effect of making the system a better electron
acceptor than pentafluoropyridine (136).
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3.1 Introduction

The sim behind this work is an investigation of photo-
chemical rearrsngements in the pyridine system. Many
resrrangewents of labelled benzenes sre recorded in the
literature but much less is known about rearrangement of
heterocyclic systems. However sowe photolysis of piriﬁine
derivatives has been carried out, by earlier workers in
this field. |

Lutidines and picolines heve been shown to rearrange
on photolysisl"l’l+2 and 2-aZabicyclo[2.2}0]hexa-2,5-d1ene
(21) was obtained as an unstable species from the photolysis
of p&ridine.l+0 (Section 1.8(1)). Rearrangement of a
highly labelled penta-alkylpyridine (59) was observed by
Bergen and Kellogg“3 although no intermediates were detected
in this rearfangement. Other workers have obﬁained valence
bond isomers from fluorinsted pyridinas67’68 and pyrazines72
(see Chapter 1).

In this work a series of polyfluoroslkyl pyridines,
including di-,tri-,tetra~ and penta-alkyl substituted

- pyridines, were irradiated. The main requirement for the
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study of ring rearrangements is the use of‘éy5tems which |
contain a high degree of substituent labelling: in this
study perflpéroalkyl groups have been used as passive
labelling substituents, and pyridines containing up to four
different labe}g (including ring N) have been irradiated.
The preparation%of these pyridines is contéihéd in Chapter

2. The following contains a discussion of these irradiations.

3.2 IThe

3.2(1)A. Irradiation of Perfluoro-Y-ethvl-p.6-4i-
1sogrogzl-3,§-d1methxlpxridine.5153)

Compound (153) contains no fewer than four different
labelling groups on the ring so amply satisfied the criteria
required fﬁr ‘the étudy of rearrangement in pyridines.
Irradiation of (193) was carried out at both 253.7nm and
ca.300nm, ) |

At 253.7nm after irrsdiation of s solution of (153) in
CF,CICFC1ly, for ca.200 hours, g.l.c. analysfs showed dis-
appearance of starting materisl (153) and for@ation of one
new component. After distillation, to remove solvent, and
preparative g.l.c. a colourless liquid was isolated. The
U.V. gpectrum of the liquid showed only end absorption
( Amax ca.212nm.E€=300) and the infra-red spectrum indicated
the absence of C=C and C=N in the molecule.  The 19F n.m.r.

spectrum indicated that a mixture of two compounds had been
obteined whereas U.V. and i.r. data ruled ouf azablcyclo-
[2.2.0]hexadiene, azabenzvalene and pyridine structures, so
that the compounds were identified ss having azaprismane

structures.
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253-7nm

: \ .
, CF3 | CF3 —200hrs 5 5 Azaprlsmanes
(CF3),CF_ __JCFICFy), CF,CICFCl,  (50:50 mixture)

N . Ca. 40°C
(153)

——

The structure of the azaprismznes in thé mixture could
not be deduced from the 19 n.wm.r. spectrum alone, 2lthough
the date appeared to indicate the presence ofLone symmetrical
~lcomer, and integration of the signals indicatéd that the
two coﬁponents were present in equal"proportiéns. The
presence of ‘a mixture of isocmers wss confirmed ty carefﬁl
distillation of the mixture; a small quantity of dis-
tillste was obtained that vas enriched by ca.lCy of the
unsymmetrical isomer (a2s shown by 19? n.m.h)," The aza-
priémanes were identified from their pyrolysis produéts.
(See later.)  | |

At 300nu irradiation of s solution of (153) in
CF,C1CFC1ly gave a mixture containing four:éOmponents, after
ca.2# hours, in which the most volatile cdmﬁéﬁent was
identified ss perfluoro-h-ethyl-Q,é-di-isqbrqpyl-},5-
dimethyl-l-aiabicyc;o[2.2.0]hexa-2,5-d1ené (li&) from
19 |

infra-red and E‘rhm.r. spectra.
The other comporents in the mixture were identifled as
starting material (19%3) and the same mixture of szaprismanes

as from the 254nu irradiation of (152).
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CoFg  3000%—1, 153)

oF + (153
CFy “X\CFy cFCigvT 2 + 2 Azaprismanes

~
(CF4),CFN CF(CF3)2% /’\
| CF
© (153) \ 2 %M\I
NoT ©F3” Lk
DETECTED 32
(155)

Only one para-bonded species (15Y%) was isolsted which

CFICF3),

showed a single absorption in its infra-red spectrum in the
region expected for C=C, at 1693cm~1 (Cf.1691lcu~1l in (111)67).
The ultraviolet spectrum showed an absorption at 218nm
(log € max 3.36). (Appendix 3 contains full details of u.v.
spectra from azapricmanes, azapera-bonded species and
pyridines.) '

The symmetry of the 19F n.m.r. spectrum of (1%4%) con-

firmed i1its structure. The 195 n.mr. showed resonances st

64.5p.p.m. (2 x CF3, intensity 6), 84.5p.p.m. (CF2q§3,
intensity 3), 118.2'p.p.m.(C£gCF3, intensity 2) and 188.2
p.p.t. (2 x CE(CF3)5, intensity 2). This spectrum ruled
out the possibility of szabenzvalene formation as signals
observed from both CF3 and tertiary fluorine indicated a
high degree of symmetry in the molecule. However one

interesting feature in the n.m.r. spectrum of (154%) was the



- 80 -

non-equivalence of geminal CF3.groups on C3F7, which gave
two broad singlets at 77.1 and 78.€ p.p.m. A possible
explanation of the non-
equivalence of the

geminal CF3 groups is that

due to the crowded nature

F<

of the molecule'rotation

% 4
\ CF P of the C,F, group only
CF, CF, "3 CF =7
3 2 occurs slowly on the n.m.r.
/ (154) time-scale so on sverage

each CF3 group is in a different magnetic epvironment so
would have different chemlcal shifts. The 19F.n-m.r-spectrum
of (194) was run at a high temperature, 150°C, but no

change in the spectrum was observed. '

In this photolysis the 2-azabicyclo[2.2.0]hexadiene
derivative (155) was not detected. This result is in
agreement with the irrsdiation of perfluoropentaethylpyridine
(109) from which the l-azapara-bonded derivative (11ll) was
isolated.67 A possible resson for these results is that
less steric interactions occur between bulky perfluoroalkyl
groups in (154%) than (195%), since (154) only contains three
substituents in each four membered ring whereas (199) con-
tains four groups in one four membered ring and three in

the other.

3.2.(1)B. P < ne M

As mentioned previously the structure of the azapriswane

mixture, obtained from photolysis of (153) at both 254 and
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300nm. could not be deduced directly from 19F n.m.r. data.
Pyrolysis of this azsprismane mixture.gave’three isomeric
pyridines, as 34%, 48% and 12.5% obtained from 2 50:50
mixture of azaprismanes. Theée were separable by g.l.c.
and were identified sas perfluoro-2-ethy1-3,6-di-1sopropy1-
4,5-dimethylpyridine (156), perfluoro-2-ethyl-5,6-di-
1soprop§143,h-dimethylpyridine (157) and perfluoro-3-
ethyl-2,6-di-isopropyl-k,5-dimethylpyridine (158).

48 31

~-CF .

c 3 F3 C c X CFj
so( F3 F 93

23
47
32(
CF-'3 CFy CF3 CF3 CF3 CF3
(156) J values in Hz (157)

The 19F n.m.x. spectra of these isomeric pyridines con-

tained sowe interesting features which enabled their

structures to be deduced.

In the 19F n.m.r. spectrum of (196) sharp signals of
relative intensities 6 and 3 were observed in the CF3
region, at 72.4 and 78.8 p.p.m. (upfield of CFC13) which
were assigned to CF(CF2), and CF,CF3. The léck of
coupling on these signals indicated that in (156) that
the substituent groups adjacent to nitrogen were C2F5 and
C3F7 with the CF3 groups flanked around ring njtrogen.92

The methylene fluorines, of C,F5, appeared as a septet which
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was duq to through space coupling with an adjacent C3F7,
therefore substituted at C-3, and in the orientetion shown
above. The only structure which fits the data is (2%6),
which was confirmed by the presence of through space
coupling between 03F7 and adjacent CF3 groups. - Further
confirmation of this structure was obtained from chemical
shift dats and will be discussed lster.

The second isomeric pyridine showed uncoupled signals
in the CFy region, in the '7F n.m.r., essigned fo CF,CF;
and CF(Q§3)2 wvhich once agein indicated that the substit-
uents adjacent tq ring nitrogen were C3F7 and C2F5' The
CF,CFy signal appeared as a guartet (J=23Hz5 due to
through space coupling with an adjacent CF3 group, hence
at C-3, whereas tertiary fluorine signsls had septet and
quartet fine structure. These data lead to the structure

(1597) with orientation and coupling constants as above.

10
'\1.0
CF3

\ C Jpg= €a- 300Hz
44( 00 37

J values in Hz
CF3 CF3 CF3 CF3

(158)

The third isoweric pyridine gave a more complicated

19 n.m.r spectrum. A relatively sharp signal (integration

of 12) was observed in the CF3 region and was assigned to
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2xCF(Q§3)2 with both C3IFy groups adjacent to nitrogen

(at C-2 and C-¢&), since it has been establicshed that both
C3F7 and CyF5 groups adjacent to nitrogen gi?é‘sharp signals
in the 19F nm.r. The only structure which fits these data
is (158) 2s only two isomeric pyridines, céntaining the
correct labels, which have both C3F7 groups adjacent %o
nitrogen can be postulsted, these are (133) and (158), and
it was readily establiched that the symmetrical isomer (153)
had not teen produced. The 9% nm.r. spectfuﬁ of (158)
contained the interesting festure of a loéked CoFg group
which results in non-equivalence of the methylene fluorines

to give an AB signsl (Jap# 30CHz) in the n.m.r. spectrum.

CFy E A
2 L2 L2 L
C cC Cc— C ¢C c
F F F CFy  CF, F
(1584 ) (158 b ) (158¢ )
FIG. 6

The alternative orientations for the 02F5 group in

(158) are shown in Fig. € , and of the three orientations
(158a) ic the one which occurs. This is apparent from

the coupling constants observed, =2s each of the methylene
fluorines couples with only one of the adjacent perfluoro-
alkyl groups whereas coupling of CF3 to both adjacent

groups is observed. The 19y n.mr. spectrum of (198) was

unaltered when run at 150°C.
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A similer feature, naumely non-equivalent geminal
C§2CF3 fluorines, was observed in perfluoropentaethyl-
pyridine (192)67 and in this compound also Jpg=ca.30CHz.

3.2.(1)C. 198 n.m.r. Spectra of Penta-alkvlpyridines:

As mentioned previously confiraing evidence for the
structures of perfluoropenta-alkylpyridines (156)-(158)
was obtalned from chemical shift dsts. In these compounds
the perfluoroalkyl substituents are in an essentially
planar environment a2round the pyridine ring so as a3 result
large steric interactions occur btetween adjacent perfluoro-
alkyl substituents. These interactions probably result in
distortion of the alkyl groups and in addition repulsions
between the electron clouds surrounding the fluorine
nucleil resulted in the fluorine nuclel experiencing sa
certain degree of deshielding, an effect yﬁich showed in
the values of cheumical shift observed for thése nucleti.

The magnitude of this effect depended upon the number of
bulky buttressing alkyl groups.

It was also found that interaction befween adjacent
bulky perfluoroalkyl groups resulted in e2ch of the
pyridines (156)-(158) being shown to exist in one preferred
conforwation, at roou tempersture, with other higher energy
conformations not detected by 19t n.w.r.

Interaction btetween perfluoroalkyl groups resulted in
deshielding of fluorine atoms, so that the chewical shift

of these fluorine atomes was shifted downfield. This
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downfield shift was especially large for -QE}CF3)2. A

compound which illustrates this point is (l48) in which

the chemical shifts of tertiary fluorines are 181.3(2a),

La _.CF
F=Cce
F3C| AN CFy
A __F 2a
60F\C c

181.8(6a) and 143.6(4a)
p.p.m.87 so that the
result of having two
neighbouring slkyl groups,
to CF(CF3)2 at C-b is a
net deshielding of ¢».28

p.p.m. relative to

fluorines 2a and 6sa.

This effect occurs, to a lesser degree with perfluoro-

pentaethyl pyridine (109) as the chemical shift of CF,CF4

CF,CFy

CF3CFy " “N\\CF,CFj4

CF3CFN_ & CF2CF3
(109)

—CF2- 'CF3

82-8 70-3 p.p.m.

839

1075  79:5 p.p.m.
Ref : 67

at C-4 is ca.25 p.p.n. downfield from the equivalent

fluorine resonance at C-2,

Chemical shift data for compounds (156)-(158) gave

additional confirmation for the structures. In (158)

signsls assigned to CE(CF3)2 were observed at 179.9 and

153.1 p.p.m. The former signsl was attributed to C3F7

with one adjacent neighbour, i.e. singly buttressed so

at position C-2 or C-6, whereas the downfield shift

observed at 153.1 p.p.m. was assigned to a C3F» sub-

stituent with two adjacent bulky groups i.e. substituted
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gt positions C-3, C-4 or C-5 in the pyridine ring. The
CF,CFy resonence, observed at 108.2 p.p.m. confirmed that
this group was substituted at C-2 or C-6 as‘this shifst
corresponds to values for a singly buttressed group (cf.
107.5 p.p.m. in (109)).

Use of the same reasoning shows thst in (158) only
one perfluoroisopropyl substituent is adjacenﬁ-to nitrogen
since (CF3)oCF resonances were observed at 178.1 and 151.3
p.p.w. which correspond to singly and doubly buttressed
groups respectively. In addition confirmation that penta-
fluoroethyl was adjscent to nitrogen was obtained as a
chemical shift of 108.2 p.pm. was observed for CF CFj3
resonance l.e. a singly buttressed position.

In (157) resonsnces from singly buttressed CF(CF3))
ére found st 178.4 and 179.6 p.p.m. 1.e. adjacent to
nitrogen, whereas resonances for QEQCF3 were found as an
AE signsl at 80.6 and 90.1 p.p.m. (Jpp=300Hz); » similar
feature was observed from C2F5 at C-3 and C-5 in (192)67.
In addition the Q£3CF2 resonsnce was also found shifted
downflield, at 71.3 p.p.m. which provides further proof of
substitution of CoF5 at C-3, C-k or C-5 and is in full
agreement with structure (157).

This effect 1s not confined to perfluoropenta-alkyl-
pyridines and can be also observed in less highly substituted
pyridines.96

It has also been shown, in a series of perfluoromethyl-

benzenes, thet downfield chemical shifts occur as a result
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of interactions between adjacent trifluoromethyl substituents;
for two adjacent CF3 groups this sppears to be of the order

of 3 p.p.m. whereas for a CF3 with two neightouring sub-
stituents this is of the order of 3 p.p.m.9l+

3.2.(1)D. Pyrolysis of Azaprismane Mixtures of

Varying Composition
As mentioned previously the three pyridines (156),

(157) and (158) were produced from pyrolysis of a mixture
of ézaprismanes. Mixturee of varying proportions of the
azaprismanes were pyrolysed, the ratio of azaprismanes in
the wixture were estimated frouw 19¢ n.m.r. and the ratio of
pyridines (156), (157) and (158) determined by g.l.c. The
results obtained from some of these pyrolyses are tabu-

lated btelow.

'Composition of

| azaprismane mixture Yield of pyrolysis| Conversion
Products (% (%)
Symmet- Unsyni-
rical mwetrical

{somer(%) | isomer(%) | (156) (157) (158)_

50 50 3% 48 12.5 9% .5

50 50 3k 48 13 95
45 55 38 41 15.5 94,5
4o 58 40 4o 16 %6

These results show that, within experimental error, ss

the ratio of symmetrical:unsymmetrical azaprisuane decreases

a corresponding decrease occurs in the yield of (l57) which




- 88 -

demonstrates that isomer (157) was produced on pyrolysis
of the sywmetrical azaprismane, whereas both (156) and (158)
were forumed from the unsymmetricsl isomer.

The azapriswane structures were deduced on this basis.

3.2.(1)E. Deduction of rismane Struct

In theory if rearomatisation proceeded via 2 mechanism
which involved para-tonded species as intermediates then
(156), (157) and (158) could each have been formed from one
of three different azaprismsnes, which are illustrated in
Fig. 7. It is also i1llustrated in Fig. 7 +that there is
only one azapriswane which-could rearomatise to give both
(156) and (158) and that is azaprismane (159). Of the three
azapriswanes which could in theory rearomestise to (157)
only (160) is symmetrical. I% was therefore deduced that
photolysis of (153) gives 3 mixture of azaprismanes (159)
and (16C). Furthermore 19 namr. data was consistent with
the formation of (159) and (160).

CZFS C C2F5 C I:7
F CF4 FLC CF
F3C ~ CF3  254nm 3 373 l 3

N

. CFZCICFCI;C
N 737 SGonrs. | C3F7  C3F7 C3F7 CoFg
5

3.2.(1)F. Rearomatisation of Azaprismanes (153) and (160)

Rearomatisation of azeprismanes has been reported to
proceed via benzvelene or para-tonded species as inter-

wediates, however in this work no interi.ediates were
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detected in the static pyrolysis of 2 mixture containing
(199) and (16Q).
The pyrolysis was also carried out in a flow system,

under high vscuum, i.e. short contact time, at 350°C, and
the products collected in 2 ligquid sir trap but this also
falled to give intermediates as products.

The two possible rearomatisation wechanisms are now

discussed.

1.2.(1)F.(1) Resromatisation via Benzvalene Intermediates

In principle rearrangement of azaprismanes to pyridines
could occur via azabenzvalene intermediates. As previous
results have shown that (156) and (158) were obtained from
the same azaprismane it is probtable that if rearrangement
proceeded via azabenzvalene intermediates that (156) and
(158) would be formed from the came azabenzvalene which

would have structure (161).

CF
37
CFy C.F CF3
F.C([ ™NC,F i F5C N CoFs
7
3 _ e R ) 7 ZC.F
F7C3NZC,Fs F1C G, FgC3N"C3Fy
(156) (161) | (158)

In theory the intermediate benzvalene (161) could be
formed from one of two azeprismsnes by the -(2TTa+2¢s)

mechanism, which has been suggested.23 This rearrangement

is shown overleaf..
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C,F
C3F7 FrC3 C,Fs F7C3 25
e s —>FyC N ——> F4C N
F7C3 C2fs F3C C4F, F3C C4F,
(159) 161)

\—/

F7C3 C3F7 F3C C3F7 F3C C3F7
(160) | (161)

CoFe F5Co °3F7  FeCy~CaFy

However such s mechanisu cennot account for the observed
specificity as rearomatisation of azaprismane (199) must

give (16l) exclusively via initial twisting of the molecule

in the orientation shown. Other twicsting wodes would lead
to the formation of the wrong azabenzvalenes. 1In addition

the analogous rearrangement of (160), illustrated above,
would also result in formation of (161) so that in theory
if these azaprismanes rearomatice via azabenzvalene inter-
mediates then a percentage of pyridine derivatives (156)
and (158) would be formed from (16Q). This also is incon-
sistent with experimental evidence which clearly indicates
that both (156) and (158) are formed solely from the
unsymmetrical azaprismane (159) (see Section 32.2(1)D).

A possible mechanism for foruation of'(157) from

(160) via a benzvalene intermediate can also be written.
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C,Fs
F.C CF
3 3 F.C
\ —> Fy
F7C3 C3Fy FsCo
(160) 162)
F4C XN CsFq
' FsCa\NF C5Fy
(157) | (163)

However the benzvalene (162) which would be the inter-
mediate in formation of (157) from (16Q) should resromatise

by s second mechanism to form pyridine derivative (163).

No presence of (163) was observed in the pyrolysis studies
undertaken.

On the basis of the specificity of the pyrolysis of
azaprismanes (159) and (16Q) it is suggested that these
azapriswanes do not rearomatise via a benzvslene mechanism
since s more complex pyridine mixture would be obtained if
this were the mechanism. The simplicity of the product
mixture obtained is inconsistent with an azabenzvalene

resromatisation mechanisco.

3.2.(1)F.(2) Rearometisation vis Para-bonded Intermediates
A second possible rearomatisation mechanicsw could in-

volve para-bonded species as intermediates.

-



- 93 -

Rearomatisation of (160) via intermediate para-bonded
species could, in theory, give two pyridines (151} and (157)

whereas (159) could rearomatise to give three pyridines

(15€), (158) and (1£3).

CFq CFq
CF C,F CaFo( "NCF
3 I“27s __ 377 z 3
» _CF
/\/Clis /C3F7 C3F7 CFT WS
CR3r " 1“F3 & (164) (157)
y/i
CF CF CFaf "N\CF
(160) 3 N3 3 3
C4Fy C4Fy C3F7 & C3F7
¢ (153)
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However the three products observed, in this pyrolysis,
were (156), (157) and (158) and this was consistent with
rearomatisation occurring solely vis interwediate 2-azapara-
bonded isomers (164), (165) and (1€6),so i% is suggested
that rearomatisation of (159) and (16Q) proceeded via this
rmechanism. These intermediates were however not detected
in the pyrolysis of (159) and (l€Q0).

The conclusion that rearomatisation occurs via para-
bonded intermedistes is in agreement with observations of
intermediates from thermal rearomatisation of pentakis-

(pentafluoroethyl)azaprismane (11Q).

(CoFsls

(CFe) (CoFs)
X255 4 A 2Fsls
//////;7 ~\\\\\\€§ |
N (111) _

A A N
(110) \ ‘Cst’s/
N (REF:67)
(167)

The intermediate para-bonded isomer (111) wes isolated
whereas (167) was detected by n.r.r. but was found to be too
unstable for i1solation. The rearomatisation of (110) was

shown to proceed via both intermediste l-aza snd 2-aza-

para-bonded isomers whereas, in this work, no paras-bonded
isomers were detected on pyrolysis of (159) or (160) and
the reaction was found to proceed exclusively vis the
2-azapsra-bonded isowmer. This is probably a result of the

easier cleavage of C-N, rather than C-C.

0
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3.2.(1)G. jMechanism for Formation of (160) from §153)
In principle irradiation of a labelled pyridine (168)

containing the csame substitution pattern as (153) should
lead to the formation of two azsprismanes, one symmetrical
(169), the other unsyumwetrical (1Z70) which could rearomatise,
via para-bonded isoumers, to three pyridine derivatives
(171)-(173), in addition to reforming the starting pyridine
derivative (168)(Schemwe 2). |

a a b b
b b bbb a
| C” \D
IRES A NS
c c c 7 ¢ c N SNV
// (169) (171)
a_ c | c
b| AN
~ b
C™N~C éi350
(168) A

SCHEME 2

Van Bergen and Kellogg have photolysed a'pyridiné
derivative which contsined this substitution pattern'*
(a=CH(CH3),, b=COCC2H5, c=CH3) and isolated derivatives
corresponding to (171), (172) and (173) (see Section

1.8(1)). However on comparison of structures of the
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azaprismanes (159) and (160) with the theoretical patterns
(169) and (12Q) in scheme 2 1t is apparent that (1690)
contains the substitution pattern depictéd in the symmetrical
azaprismane (169) but no such correlation exists between
unsyumetrical azapriswane (159) with the theoretical pattern
in (170). This slso occurs with the rearomatised pyridines
in which (1%7) contains the substitution pattern as shown

in (171), whereas the substitution patterns'in (156) and
(158) differ frem (172) and (1Z3), so the conclusion is
reached that prior rearrangement has occurred before aza-
prismane derivative (159) is isolated, from the photolysis
of pyridine derivative (153), so now possible rearrangement

mechanisms are dlscussed.

3.2(1)H. The Formation of Azaprismane Derivative (159)

from Photolysis of (153) - Possible Mechanismg

Introduction

In this section possitle mechanisms for formation of

(159) from (153)are discussed and evidence presented to

justify the choice of mechanism which is suggested to occur.

3.2.(1)H(1) A_One Stage Mechanism

The possibilify that -a one stage nmechanism occurs wust
be considered. The formation of (153) from (153) would
involve the formatlion of four new bonds in the apparently

random manner illustrated to form a grossly distorted

azaprismane. There 1s no evidence to support such a one

step rearrangement which would have to occur in the
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CoFs C3Fy
CRar/\CF 3 EECF34:1?>>CF3
CiFo~n~"C3F7 C5F5 C,Fs

' {159)

specific orientation illustrated only, to give the correct

3.2.(1)H(2)

llechanisms which Involve Rearrangement
Para-bonded Isomers |
On comparison of the azaprismanes (159) and (160)
formed from photolysis of (153) it is appsrent that the
only difference in labelling psttern is the interchsnge
of CoF5 and CF(CF3)p in going from (160) to (159) so that

possible mechesnisus which transpose substituents in

a Cc ’
b b b4¥b | a=CyFc
N LN b= CF,
C o cl— a
(160) (159)

positions C-2 and C-4 must be considered.

Although no species conclusively proved to be inter-
mediates have been isolated this does not rule out the
presence of cpecles resembling valence isomers, possibly

i1n excited states, from being present as interwmediates and
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that reasrrangement of intermediate species could occur. A
rearrangement of para-bonded specles, as found in the
pvridaszine to pyrazine rearrsngement has the effect of

transposing groups in the 2 and 4 positions.

1 1
N N
6~ \|N2 s| N,
5 3 5 \N//3
4
2
\1/1 . Y (ReF:72)
Ne_ N N
—_— I =
S .~'3 S 3 5 N/3
4 | 4 2

This type of rearrangement mechanism fulfils the con-
ditions required in that interchange of substituents st
C-2 and C-4 is achieved. It is suggested that the formation
of azaprismane (159) from (153) proceeds via a mechanism
which involves this type of rearrangement snd that the
participsting para-bonded isomers are not detected. There
are three such wmechsnisws which give the correct product.
These sre shown in Fig. 8.

In mechénism 4 the intermediacy of two l-azaparas-bonded
isomers is postulated but no driving force for the rearrange-

ment depicted is apparent. In mechanisms B and C it is

postulated that interconversion of the two %types of aza-

para-bonded isowmer occurs; 1in B this is rearrangement of a
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b b
= | n
Cc a
A b
a
br” TN\\\b B ¢ c
p— —_—
| bl ANy
Cc _~C
N C
(153)
QHON—HW

FIG. 8 Possible Mechanisms for the Formation of Azaprismane Derivative (159).
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l-azabicyclo[2.2.G]hexa-2,5-diene derivative (134) to a
2-azablcyclo[2.2.C)hexa-2,5-dlene whereas in mechanisw C
the reverse type of mechanisw is postulated,

Furﬁher 1nformation wzs obteined by the irradiation
of l-azabicyclo[2.2.0]hexadiene derivative (154) =t 253.7 nu.
The major product was shown to be pyridine defﬁvative (153)

together with a trace of azaprismane mixture (159) and (160}.

CoFs
AN
CFs CFy CFj3
F F =
C I & ‘C 3 _253.7nm_ (CF3l,CF NTCFICFy),
i CFZCICFCIZ {153) 83%

154 ,
B2 +(159)+(160) +(154)

L% 13%

This result is significant since it illustrates the e2se of
re-forcation of pyridine derivative (153) and shows that
(154) is not neceSserily an intermediate in the formstion
of.(ljﬁ) and (1l&Q) since these isomers coula have been
formed by irradiation of (153), which was re-formed on the
photolysis of (154), so that none of the mechanisms can be.
ruled out frbm this resﬁlt. |

However, of the three resrrangement mechanisms it 1e
suggested that wmechanism A may te ruléd out éince no driving
- force for the rearrangement is a2pparent. The choice between

B or C appears to be dependant upon the relative energiles

of l-aza- and 2-aza-para-bonded isowers (174) and (175%).
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A A

5 3 5 3
P |

6v" 1 N2 6" 1 "N2
(174) (175)

From & simple summation of tond energies (using value

3 ' 97
of C-C 82.6, C=C 145.8, C-N 72.8, and C=N 147 Kcal mole™*

)
1t was found that in terms of bond energies, 1somer (175)
was the more stable of the two bty cs.20 Kcal mole’l.

Indeed this conclusion was supported by the irradiation
of pyridine which gave 2-azabicyclo[2.2.0]hexa-2,5-diene
(51) as an unstable product.’"O However upon *rradiation
of fluorinated pents-alkylpyridines formation of l-azabicyclo-
[2.2.C)hexa-2,5-diene (174%) derivatives is prevslent. In
this work irradiation of (lﬁj) gave the l-azapara-bonded
isomer (1%4), with the 2-aza isomer (155%) not detected.
3imilarly irradiation of pentakis(pentafluoroethyl)pyridine
(109) gave the l-azabicyclo[2.2.0]hexa-2,5-diene derivative
(111) only.®? The reason for thie preference for the
l-aza isomers is thought to be caused by thé introduction
of bulky perfluoroalkyl groups into the pyridine ring so
that more steric interactions occur in the é-azapara-bonded

isower.
As can bte seenltelow the l-azapara-tonded isomer (176)
contalns only three bulky substitnents in each four membered

ring, whereas the 2-aza isouwer (177) contains four substi-

tuents in one ring and three in the other, so that greater

e UUIVERgFy
§\\?\“ 5GIERGE 1Ty

12 JAN1978

genTioR
LiprARY
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: a a | b
(@SS AN AN)
c N// o c C b N

168 (176 -7
| | NOT

i) O:b:C:CzFS (REF:67)
i) G:C:CH3 b:CF3(REF168)

steric interactions are possible in (177) than in (176).

In addition a 2-azabicyclo[2}2;G]hexa-2,S-defjvat{ve (167)
was detected on pyrolysis of perfluoropentaethy12zaprismane
(110) btut found to be an unstatle speciesé7 (see Section
3.2(i)F.2), whereas the l-azapara-bonded isomer (1lll) was
remarkably statle. Therefore on this evidence it appears
that on substitution by five alkyl groups the l-azs ckeleton
(1l74) is lower in energy than *the Z-=22n s'eleton (175).

In the rearrangement mechanis;: B postulated there is
rearrangement of 3 l-azapara-bonded species to a 2-37a3-
para-bonded speclies i.e. from 2 more to » less stable species,
whereas in mechanisw C a driving force for the resrrangement
is now apparent as rearrangeicent of a 2-azapara-bonded
species to e l-azapara-bonded cspecies is postulated. This
latter mechanism is the one suggested to occur. Neither of

the pars-tonded isowers (177) or (178)have been detected

so it i1s probsble that these interamedistes are only
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produced in excited s%ates and proceed to rearrange Lefore

detection.
a - C -j C
CTANTY b b b4¥b
—> ‘ N | —> | N
c ~~C c a c a
N - d
(153 ) (177) (178)

2.2.(1)1 Irradiation of Perfluoro-k-ethyl-2,6-di-3 r -
3.5-dimethylpyridine (153), at 252.7nm in 2

Tran rence Systen:

The formation of azzprisnane derivatives (159) and
(160), on the photolysis of (1%3) nas involved postulation
of intermedi=te para-bonded =pecles. A transference tech-
nique has been used ty other workers72 tovisolate para-bonded
isomers which were interwmedintes in the rearrangement of
pyridazines to pyrazines. This technigue, discussed later,
was employed in the photolysis of (153).

Irradistion of (1%2), et 253.7nt., in a transference
experiment (1llustrated later, #1z. ¢ ) gave 2 solid product
shown to bte starting waterial (153). Yone of the valence
isomers (154), (153) or (16Q) obtained from irradiation of
(153) in solution were detected, nor were the intermediate
parz-bonded isowers (177) or (178). The atcénce of valence
isomers frow this irradiation could be due to the low
quantus efficiency in which %the azaprisannes (159) and (1€Q)

are formed.
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3.,2(11)4. Irradiation of Perfluoro-2,4,6-tri-isopropyl-
2,5-dimethylpyridine (148) at 253.7nu.

Irradiation of pyridine derivative (148) gave a product
which wss In complete agreewent with the sbove uiechantsm
cugzested for formation of azaprisnanes on photolysis of
(122). Irradistion of (148), in CF,ClCFCl, gave a
colourless liquid identified ac perfluoro-2,4,t-tri-fsopropyl-

32,5-dimethyl-l-azatetracyelo[2.2.0.02:%.63y5 ) hexane (179).

| CFICF5),  CFICFy),
CRy({ "NCF5  253:7nm , CF3 ! CFyq
(CF3),CF N\ \& CF(CF3)2CF2C[CFCIZ
L00hrs  (CF3,CF  CFICF,),
(148) (179)

That an azapriswene had been forwed was:deduced from
lack of bsnds corresponding to C=C or C=X stretches in the
infra-red spectrus, and from the n.v. spectruw (lmax 2l4nm,
log € max 2.72).

Th=at (1729) has a syumetricsl structure follows frou
1%; n.wr. datz which shows resonsnces at €4.2 pp.m. (1ntensity
é,2xCF3), overlapping signals at 726.3 andf?é,? PePolhi.
(intensity 18,3xCF(CF3)2) with upfield resonsnces, assigned
to tertiary fluorines, at 182.4 p.p.n. (intensitv 2) and
189.% p.p.m.{intensity 1). The structure of (129) was
confirmed from its pyrolysis product.

The forwmation of only one azapriswane (179) from
irradis“ion of (148) is predicted from both reerrangement

mechaniswms which were otserved on photolysis of (193) i.e.

-



the direct formation of (179) via a l-azabicyclo[2.2.0]-
hexa-2,5-diene derivetive (18Q0) or rearrazngement via a 2-
azabicyclo[é.z.O]hexa-z,5-diene derivative (lﬁl). The
rearrangement wechsnisw which involved a 1,3-shift does not
lead to a second azarrismane since (1l48) only contains three
lebelling groups and if (181) were forwed then resrrsngement
to (180) would occur and lead %o the sswe azaprismane deri-

vative (179). This has occurred since the substituents at

C-2, C-4 and C-6 are identicsal i.e. perfluoroisopropyl.

c [ o Ny ' o
b ~X\b b b b b
Y L O
of N/C C (o} C c
(148) (179)

¢ b:CF3
C

N C:CF(CF3)2
b .

NOT L (181) )

OBSERVED

Unfortunately since only a limited gquantity of (148)

was avallable the eflect of 30Cnm. irradiastion was not studied.

2.2.(11)5. Pyrolysis of Perfluoro-2,4,6-tri-isopropyl-

3, 5-dimethyl-1-agatetracyelol2.2.0.02:6.0355] -

hexane (179)

Static pyrolysis, at 185°C, of azapriswane derivative

(179) gave an isomeric product which was shown by its infra
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red and u.v. data (Dmax 218,2%5nm. log € max 3.8G and 2.13)
to be 2 pyridine derivative. The product was chown by
19¢ n.m.r. datz *o te perfluoro-2,3,6-tr1-1sopropy1-h,5-

dimethylpyridine (182) which adopted the conforwation shown.

(182)

The 19F n.m.r. spectrum showed two upfield tertisry
fluorine signals at 180.7 and 179.2 p.p.m. Thesé signals
appeared in =2 region which corresoonds to sihgly “uttressed
tertiary fluorines (see Section 2.2(1)C) which indicates
that C3Fy substituents are ~t C-2 and C-6 and, in addition,
the presence of tvo relatively csharr peaks in thg CF3
region confirmed thie. The remaining tertiary fluorine was
observed at 152.1 p.p.m., as a quartet, which corresponds to
a doubly buttressed position in the ring, sssigned to
CF(CF3); 2t C-2. The observed fine structure confirmed *he
identity of the pyrolysis product as (182).

The formation of (182) on the pyrolysis of (179) is
in complete accord with the rearomntisatidn‘mechanism
observed on pyrolysis of (159) and (16C) +.e. rearomat-

isation via a Z-epzapares-bonded icomer forméd by initial
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cleavage of the C-N bond in (179) and not via » benzvalene

intermediste.
3 N 3 A
N , P
C4Fq C3Fy CsF, C3Fy - CaFNT C4Fy
179) I 1

(182)
This result slso provides additional confirmation for

the structure of azsprismasne derivstive (1729).

3.2.(411) Irradiation of FPerfl -2-ethyl-3,6-di-
"isopropyl-4,.5-dimethvlpyridine (156) at 254nm.

Irradiation of perfluoro-2-ethyl-3,6-di-isopropvl-
4,5-dinethylpyridine (1%6) at 252.7nm. in CFuCICFCl2 solution
was cerried out and resulted in the isolation of a colour-
less liquid which wess identified as an azaprismane frow u.v.(Aua
220nu. € 143) and infra-red spectra. The i.r. spectrum did
not contain any peaks in the region expected for either
C=C or C=N stretch.

A significant feature in the 19y anr..of this aza-
prismane was the vastly different chenicsl chift values
obtained for the CFy resonances, at o4%.0 and 73.33p.§.m.
which 1ndicstes that these grouprs were in different environ-
ments. Signals frowm tertiary fluorines were observed at
177.6 and 185.c p.p.n. and wethylene fluorines gave a sharp
resonance at 113.9 p.p.m. Other resonances were observed at

7¢.1 (CF(QE3)2), 77.1 (CF(C£3)2> and 84.6 p.p.m. (CFQCES)
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(all values relative to CFCl3). However insufficient data
was avallable from the n.u.r. spectrum for a structure of
the azaprismane to be assigned, but this was possitle after
pyrolysis, although the number of resonances observed indi-
cates that s single azaprismane hsd teen forumed.

Pyrolysis gave ca.89% of one involatile compound,
together with two minor components which remsined unidenti-
fied, but were isomeric with the azaprisuane. The major
pyrolysis product was identified as perfluoro-2-ethyl-2,5-
di-isopropyl-bk,6~-dimethylpyridine (18Y4).

CF3
single cF. N Je.F
CF3 \_C3F7 253-7nm_ azaprismane A 3 N 2'5
CqF7 & Cofs solution (183) 58% (184) 89%
4 10% unknowns
(156)

-_+ (183) trace

(184) was identified from its 19F n.umr. spectrun since
this exhibited the same features as observed in pyridines
(156)-(158) in that through space couplings were observed in
the spectrum so thet the aversge conforwation of (184) was

found to bte as illustrated below.

I T

R © CRy T F

I:3(: --C AN C's'"CF3 y=53 or 56 Hz

4
F4C ‘ Cy
15:-2Hz N FooN

F3C
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The 1% n.mr. of (184) showed two tertiary fluorine
resonances at 154.9 and 156.1 p.p.ms, whose signals were
both quartets and overlepped. Lo%h %thece signesls were

otserved in the region expected for highly crowded tertiary

fluorines and indicated that both CaF7 groups were sub-

stituted at C-3, C-4 or C-5. Hesonances from CF3 were
observed at 49.9 and 62.5 p.p.m. 7The former resonances has
teen shown to be typical of CF3 at either C-3 or C-4 in
the pyrlidine wnereas no exampies of sn observed resonance
in the region of €2.5 p.p.m. have been reported in penta-
alkylpyridines. prever this v=2lue 1s not anonsalous but
arises frow CF3 substituted at C-2 or C-6 1.¢. 3% carbon
adjscent ir nitrogen, and so (184%) represents the first
perfluoro-pents-alkyl pyridine with CF3 substituent at a
carbon adjacent to ring nitrogen. This assignment is
consistent with further dats as resonances of 79.2 and
1¢9.¢ p.p.m. (ratio 2:2) may te assigned to CF,CFy at C-2
or C-o which thus confirms structure (184). The 19p n.m.r.
spectrus of (184) is complex and not =1l the couﬁling
constants were extracted. Identification of (184) thus
enabled the structure of the szaprismane to he deduced.
Fyridine derivative (184) may have arisen frou
pyrolysic of one of three azaprisitanes via»nn intermediate

para-bonded isomer, as shown over.
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c|:3 , CF3
C3F74|>C3F7 3F7 |
N —t>
CoFs - CG3Fy
C,F CF CF F
37 3 3 F
N 5 || 2 C3 7| C3F7
CF3 C3F7  c4F, CRyN N~ C2fs
CFs C4Fy /’ (184)
CF3 | C3|:7 CF3 ' CF3
CaFy CoFs Ve, Fs Cafy
(185)

Gf theég three azaprismanes isomer (185) mey he fofmed
directly from (156) via an interwediate l-azapara-bonded
derivative (186) so it is suggested that the éingle aza-
prismane formed on irradiation of (196) has structure
(183) .

CF3 | B CF3 | C'F3C .
CFy( NC3Fy oy [CF3(T Chy 37
w, POV S50
CaF ~“C5F
3"7 XN
23 F7C3 FC3  Cofs
(156) (186) 185)
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The 24 n.m.1. dota obfnined frow (183), =2lthough not
sufficient %to deduce structure (1£9) directly, uay be
accomaodated in terms of structure (185) for the azapriémane
(ig?rhﬂhro spectrum Mo. ©) so 1% apvears that irradistion
of (156) gives (189) directly with no evidence for s 1,2-
shift resrrongement, since only » single szaprismane was

found.

3.2.(iv} Irradistion of Perfluoro-2-ethyl-5,6-di-isopropyl-

3,4-digethylpyridine (157) at 25hn.m.

Irradiation of (1%7) in CF;CICFCly solution at 253.7nu.
gave one new component which was shown by u.v. end i.r.
spectra %to ke a satureted system i.e. an azaprisuane A.

A possible structure for ezaprismane A is (187) which
can be forued directly frow pyridine derivative (157)
without prior resrrangement of interzediate para-bonded

isouers.

CFy ] CFq i CFy 2
CaFo (7 “X\CF CF Za N
3F7 C4F C~F CF
_ 3 h: 3 7| N ’ 3 37 N 3
“3FTNFCofs T 1C4F CaoFs C3F CoF
(157) (187)

The % n.nr. of A showed resonances at €h.4 and
7C.5 p.p.mn. both CE; in different environments. Other
signals were observed at 75.0 and 77.5 due to CF(CF3)p,
176.9 (2xCF(CF3)5, 84.5(CF,CF3) and 119.1 p.pm. (CEoCF3).

Structure (187) was not eliminated by this 19 n.m.r.data
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but however 1t was insufficient to confirm the structure
(187) 25 szaprismane A.

Cn pyrolysis of azaprismane A a ulxture con®talning at
least two pyridines was obtained, however the identity of
thecse compounds was not ascertained so tha%t no sadditional

lnformation as to the structure of azaprismene A 1s available.

3.3 The Photochemistry of Ferfluorotetra-alkylpyridines

3.3.(1)a Introduction

In view of the successful isolation of valence isomers
and the detection of rearrangements in perfluoropenta-
alkylpyridines this study was extended to less highly
substituted fluorinated pyridines. As it Qill be seen 1n
later sections the irradiation of ftetra- and tri-alkyl-
pyridines, in static systewms, failed %o provide examples of
valence bond 1somers. As & result irradiations were
atteupted by the use of s transference systen which 1is now

deseribed below.

2.3.(1)® Irradiation in a Transference Systen

This irrsdistion method involves the gradual ftransfer
of the particular pyridine through the irradiation zone.
The success of this irradiation method depends unon the
reistive volatilities of the valence isomer and the sromatic
cysten belng irradisted.

The apparatus used is illustrated below. Aé valence

isowers sre foraed they are trapped in the cold trap

(liquid air coolant) and so rewmoved from the irradiastion
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zone. Thies method has bteen used in the isolation of inter-
rediate pera-bonded species formed in the photochewical

rezrrangement of pyridazines to pyrazines.72

3

silica vessel

(partiall
evacuated{ B

=3
2N hv }— H

< l vJTT_—.LiQUid air
I <

compound to be -7
irradisted

i

Fig. 9 The Transference Apparatus

The rate at which waterial transfers into the cola trap
was dependent upon the residual pressure in the apparatus
and this was varied so that the compounds hransferred at

approximetely lg/day.

2.2,(11) Irradiation Perfluoro-2,6-di-

dime lpyridin N t 293,7ng

3.2.(131)A In Solution

Cn irradiation of (143) at 253.7nm., in CF,C1CFCl,,
slight decomposition was observed hut unrecacted starting

waterial (149) was recovered. There was no evidence for

rearrangenent or valence isomer foruwation.
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3.32.(11)2 In a Transference Systew

Irradiation of (149) a% 252.7nm. in silica using a
transference syste. (rig. 9) gave 42 conversion to
pertfluoro-1,3-di-1sopropyl-4,&-dimethyl-2-azabicyclo

[2.2.0]hexa-2,5-diene (188).

F | CFy
CF3( "N\CF3 253.7nm _ F |CFICF3)
[Nl sl U o N ~ rf o~ — - > N !
PP (FCTCF32 osmm cF L7 N
CF(CF4),
(149)
- (188) 43%

The para-bonded isomer (1883) was 1dentified from
19}‘n.m.r” u.v. and infra-red svectra. The u.v. spectrum
of (188) showed Zuax 218nm. (Emax c2.600) and the i.r.
spectrus showed Vuax 172Cca~! (C=N stretch) and l735cm‘1
(C=C stretch) which indicated structure (188). Other
workers’2 have found V inax 1735em~1 (C=C stretch) in
azapara-tonded species (11l0) although the values obtained
for C=N stretch (ca 1675cu'1) were different from %hat

obiserved in (188),

N
£ ‘ Y ] R= CFICF ),
(116 )

19

¥ n.r.r. served to confirm the structure of (183)

as it contained a resonance at 81.1 p.p.m. (C=CF) and two
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tertiary fluorines at 179.1 and 185.9 p.p.nx. in addition to
signals obtalned from CFy groups (at 66,4 and 66.9 p.p.m.).
Once agalin non-equivalence of geminal CF3, on C3F7, was
observed. Assignment of signals in the 19¢ n.m.r. was
possible after deccupling.

One interesting feature, which arose in the decoupling
study, was thst a small coupling was observed between the
vinylic fluorine (at C-5) and the CF3 groups on C3Fg at
C-3. This coupling may have arisen due to small inter-

actions below the rings as the C3F7 on C-3 and the vinylic

fluorine are in close proximetry due to the dihedral angle

in the wolecule. The value of this coupling, however, could

not be determined.

Fc: .CFyq
CFyq
F4C \
5 3
F C/’CF3
F7 e,
(188}

It was established that rearrangement of substituents
had not occurred as pyrolysis of (188) gave pyridine
derivative (149) as the sole product. The thermel stability
of (188) is discussed later.
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2.2.(1i1) Irradistion of Perfluoro-2.,4,6-tri-isopropyl-

Y-gmethylpyridine (151} at 253.7nu.

Pyridine derivative (1%1) is highly latelled as it con-
tains tour differen® 1abelling groups (including ring nitro-
gen) and has a different substitution pattern to any other
pyridines irrsdisted previously.

Irradiation of (151) in a transference system, at
2%4nm. gsve a2 aixture contsining four components, as shown
by g.l.c. in the ratio 15:5:30:3C, in order of increasing
retention time. |

A pure sample cf the first component (2) was obtained
by reduced pressuré frzctionsl distillation. The 19 n.m.r.
of this conponent (Z) showed four high field resonances at
179.0, 183.2, 191.2 and 193.2 p.p.m. which correspond to
the presence of three tertiary fluorines and one 'bridge-
head' fluorine. Other workers have shown that 'tridgehead'
fluorine in diazapara-tonded species72 and prismanes ol
absorb in this region and are characteristic of fluorine
attached to 3 saturated carbon atou.. Other cignnals in the
1% n.m.r. were obtained for *he CF3 groups. The infre-red
spectrun of (B) showed no bands *n the region expected for
C=N or C=C stretch and the u.v. spectrum (Qwax 210nn. €
rax 100C) which togzether indicated that () was not a
parz-bonded isomer nor a pyridine, therefore () wust have

an azapriswane structure.
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CF@F35
F N CF3 253-7nm

> (B)+(C)+(D)+(151)

transterence  5oo cor 30%  30%

N//
(CF3),CF N NCF(CF,),
151)

Insufficient information wes available from the
19¢ n.m.r. spectrum for (B) to be identified conclusively
although of the three possible structures for (B), (189)
and (190) would be the best alternatives as the -CF3
group appeared at 62.2 p.p.m. in the 19F n.w.r. of (B) andg
similar chemical shifts were observed for CF3 at position

'C-3 or C-5 in the ring in compounds (199) and (160).

CF(CF5), CF(CF4), CFICF3),
F4|¥CF (CF4),CF F (CF CF
N 3 32 N (CF,),CF \ 3
(CF3),CF  CFICF3),  CFy CFICF3l, £ CFICFy),
(189) (190)

Alternative Structures for Azaprismane (B)_

Component (C) had a similar g.l.c. retention time to

(B) and could not be obtalned pure; only as a wixture
containing (B). (C) also could not be identified but |
significant peaks in the 19F n.e.r. at 99.9 2z2nd 105.% p.p.m.
were assigned to CF¥=C and the presence of resonances at
ob.4 and 65.5 p.p.w. indicated that (C) wes possibly a

wixture of para-bonded isomers (191) and (192).
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C4F CFy
F ) lcf—'3 C4F7 116377
N
CoF 5 C4Fy P C 4,
(191) [192)

Component (D) had a similar g.l.c. retention time %o
starting material (151) and was only obtained as a mixture
together with (151). (D) was thought to be a mixture of
rotationsl isomers (193a) and (133b) with (193a) being the
major component. Unfortunatelr this could not be confirmred
since the CF(C£3)2 region of the 197 n.or. wes very complex
and contained signale from (151) 2and this resulted in some

cignals being buried. The 19 nm.r. spectrum of (D) was

N \

CF3 CF—'3 CF3 CF3

(193b)

- unchanged at 150°C. The 19F n.u.r. d=%a for (D) is in the

above disgram, chenical shifts are in p.p.w. and underlined,
J values are in Hz.
Further inforwmation on this systew was obtained by the

pyrolysis and photolysis of (B). On pyrolysis isomer (B)
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resromatised to starting material (121) with a half-life of
ca. 19 winutes at 143°C whereass on photolysis, at 254nn.
the product was a .ixture containing (D) and (1%1) in |
approximately the sewe proportions i.e. the same ratio as

obtained in the trensference systen.

( b8 = 151)
8
25057 (151) + (D)

A tentative schece can te suggested to account for

the above observations.

C4Fy C4Fq | CFy
hv . AN
Fr7 "N\CFq@ —> F4‘1>CF hv CoF F
3 = N s
= hv or e ~
CaF NZCHF, 7 CoF, C4F C3F7 N7 C3Fy
(151) (189) (193)

However these results are anonmalous since the pyrolysis
of (189), which 1s the most probable structure for (B),
proceeds via initial C-C bond clesvage whereas in other

examples, in this work, resromatisation has proceeded via

initial C-N tond cleavnge.

3.4 The Photochemistry of Perfluorotri-alkylpyridines

3.4.(1) Irradiation of Perflugroég,h,é-tri-i§ogrgpxl-
pyridine (128)

2.4.(1)A Static Irradiations

Irradiation of perfluoro-2,4,6-tri-isopropylpyridine
(128), was cerried out, at 252.7nm. both in CFC1,CFoCl
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solution and in the vapour phase toth with and without de-
gassing. Under these static reaction conditions starting
materisl (138) was recovered,.although generally some
decomposition was observed. No evidence was ottained for
either forwation of valence isomers or rearrangement of the
alkyl suktstituents in the pyridine skeleton.

The results are consistent with those of other worker567
who have irradiated perfluorotriethylpyridihe (113) in
static systews and f2iled to observe the foriation of

valence bond isomers.

3.4.(i)5 Irradiation of (138) Using a Transference System

Irradiation of (138) at 252.7nn., in silica, using e
transference rethod gave 37k conversion to a_mixture,.shown
to contain two azapara-bonded isowers in the approximate
ratio 98:2, together with recovered starting caterial (138).
Since (138) 1s syumetrical there are only two possible
para-tonded icsomers which may te obtained, unlesc some
rearrangeinent of substituent groups has occurred: thése

are (194) and (19%5).

F'
CF(CF3)2 N
253-7nm F

F TNF transference ' CF(CFB)Z

- (194) 98%

(CF3)2CF N/ CF(CF3)2

CF(CF3)2

F F

+ | N |

(CF3,CF  CFICF,),
(195) 2%
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The major product from this irradiation was identified
ss perfluoro-1,3,5-tri-isopropyl-2-azaticyclo[2.2.0]hexa-
2,5-diene (194) frow 197 n.nr. evidence which showed the
presence of four high field resonances at 179.6, 186.7,
139.1 and 191.2 p.p.a (relative to CFCl3), which were
assigned to three tertiary fluorlnes and one bridgehead F.
Full assignment of these signals to particular C3Fy groups
was, however, notl possible. OCther signsls were observed
2t 0C.4% p.pam (int. 1), from CF=C, as well 2s resonances
in the CF3 region, fromu C3F7 groups. The i.r. spectrum
showed bands at 1705cu™1 and 174Cem™l which were due %o
C=N and C=C stretches respectively and the u.v. showédlan
atsorption 2t ca.210nu. (E=11CC). 8s 1t caﬁ'be seen from
abcve, thic datsz was in agreemen* with shructure (194) as
the wajor product since (13%) containe two vinylic
fluorines and only three tertiary fluorines.

noowever 1% was pocssible to repeat this irradiation on
s larger scale and on distillation, under reduced pressure,
of the liguid product, 2 fraction which contained the second
para-bonded cpecies was obtsined. The minor product was
identified as perfluoro-2,4,6-tri-isopropyl-l-azabicyclo
[2.2.C]hexa-2,5-diene (195) on the basis cf ite Yr nom.r.
spectruw which contained two resonsnces at high field i.e.
184.¢ 2nd 191.2 p.p.w. (relative intensities 1 and 2 res-
pectively) and a resonance at 102.7 p.p.m. (relative intensity
2). This deta supports struc*ture (135) as the high field
slgnals may be scssigned to tertiary fluorines and the

reconance at 102.7 v.p.n. to 2xCi=C. iFurther support for
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structures (194) end (135) wss obtained by pyrolyesis, as

the sole pyrolysis product was the oyridine derivative (138).
Trradistion of (138) st 300nm. in a transfcrence system,

gave only 129 conversiocn to the psra-bonded {somers (194)

and (135). As in %the photolysis at 253.7nm. only = tresce

of (19%) was produced but the snme products were produced

since the same band 1s irradiated both 2% 30Cnm. and

253.7[’)“:-

3.4.(13) Trradiation of Perfluoro-2,4,5-tri-{csopropyl-

pyridine (137) at 252.7nm. Under “ronsference

Trradiation of (L37) at 252.7nx. in » ffansference
systei gave 41 conversion of (127} to an {someric 1iqud
which was shown by 195 n.mr. and i.r. spectra to be =
mixture containing fwn para-bonded isomers in the approxi-
mate ratic 55:45 (frow integzration of 19F n.mdn spectra).

n theory *hree nara-bonded isomers way e obtained on
photolysis of (137) if the relative positions of verfluoro-

isopropyl groups sre unchanged. These are (196)-(198).

C3F7 ' CF(CF3)2

CaFq ™NF 253-7nm [CF3)CF , ' F 5o
. _ transference” N

NZ7C3Fy 3 (196) CFICF3l;
(137) —

F .

C3ty (CF4),CF CF(CF4l,

i NOT (CF3),CF N sgo,
¢,F,N DETECTED 197)

(198)
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The components in the mixture were l1dentified from
19 n.m.r. spectra as perfluoro-3,5,6-tri-icopropyl-2-aza-
bicjolo[2.2.0]hexa-z,S-diene (197)(55%) and perfluoro-2,
4,5-tri-isopropyl-l-azabicyclo[2.2.0]hexa-2,5-diene (136)
ss 457 of the mixture. Isomer (1l9¢) was ottained pure by
distillation, under reduced pressure.

The 197 n.m.r. spectrui of (19%) showed the presence
of three *“ertiary fluorine resonances, =24 177.0, 133.0
and 154.% p.p.m (all relztive intensity 1, upfield of

FCl,). Gther eignale in the n.n.r. were observed st

(\
(@S]

102.5 =nd Gl.1 p.p.w. (both relative intensity 1) of which
the foruer was shtrituted to OI'=C. itxamplec of fluorine
with low chenical sh*fts have been observed in diszapara-
tonded 9pecies72 where examples exicet of iwine fluorine and
vinyl fluorine adjacent to nitrogen. From = comparieon
vith values frouw (1323) 2nd (20C0) 1t can be seen that the

value of ©l1l.1 p.p.m. observed wae consistent wfth shructure

(196 .
N\\
63 0p.p.m. F ' {\J 62:6 pp.m F
F,C F C,FglCF,ICF
73 C3F7 SR CF(CF3)CHFe
(199) | (200)
CaFy CFICF4),

F 1025 p.p.m.
N B1ippm FYT NCF(CF3),
(201) | (196)
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The i.r. spectrum of (l3¢) showed a sy;@etrical
absorption at 1742cu"l(c=C stretch) and the u.v. spectruam
showed one absorption at ca.2l7nz. (€22C0C), which is also
consistent with structure (19€).

The second para-bonded isomer (1397) was not obtained
pure; only a2s 2 nixture conteining (19¢). However
P nm.r. 2nd infre~red date confiried the structure as
the i.r. showed 1729(C=C stretch) =nd 1705cm°l(C=N stretch)
and the 19F n.nr. spectrum chowed five resonrnces 2t high
field (17c.c, 183,11, 186.8, 189.C and 191.8 p.pas. each
irtensity 1) which corresponds tc three tertiarv and two
bridgehead fluorines in (197), a2lthough complete assign-
went coﬁld not be wade.

Furthermore the structure of (196) and (157), were
confirwed by rearomstisation of a wixture, ty pyrclysis,
to (132). The therzal stability of thece icowmers is dis-

cussed later.

3.4.(111) Irradistion of Perfluoro-2-icopropyl-2,5-

dimethylpyridine (150), at 253.7nm.

whilst Under Transference

Para-bonded species were alcso obtained from irradistion
of (190) at 253.7nm.3j only the wajor produch was identified,

tut not oktained pure.

- CFj
CF3(f ™N\CFj 253-7nm.  _ F F +5% unknowns
transterence” 0
~ N +(150) 56%
FNTERICR) 3 dricry),

(150) (202) 39%




The uajJor product was ident*fied as perfluoro-l-iso-
propyl-4,&-dimethyl-2-azabicyelo(2.2.Clhexa-2,5-d1ene (202)
from 19F n.m.r. 2nd i.r. spectrs. That the m2jor product
from irredieztion of (15C) had structure (202) 2nd no%

either of the alternstive structures (203} or (204) ie

CFsq R CFy F | CF(CF4),
N NN

(203) (204)

readily apparent from the 19F n.m.r. which chowed resonsnces
at 180.%2p.p.u. (CE(CF3)2), 77.4 p.p.i. (Ci=C) and 43.2 p.p.u.
(CF=M) in addition *o signals frow %ri-fluoromethyl groups.
The signal with low chemical chift (43.2 p.pm.) has been
found to be typical of an imino fluorine in these environ-

icente ag similer chenicnl cshifte have been observed in

CF{CF3)y
L2:4 p.p.m. F'l N

N7 F NF 45 ppm.
(205)

REF:72

compounds (201) and (2C5). The observed n.i.r. spectrum
ruled out structures (2C2) and (204) since both of *hese
contain one tertiary fluorine and 2 bridgehesd fluorine
so are readily distinguichable from (2C2) bj n.io.r. The

1.r. epectrum of (2C2) chowed btands =t 1720cm’1 (C=Y stretch)
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and 17%0cm™1(C=C stretch) which ‘s also consistent with
structure (2¢2). It wac no* estatlished whether the
un¥nown components in *his reaction contained any of (2CR)
or (2C4). The para-bonded isomer (2C2) was found %o be

highly susceptible to hydrolysis.

3.4.(1iv) Irradiation of Perfluoro-4.6-di-isopropyl=3-

methylpyridine (152), at 253.7nu. Under

Transference

Irradiation of (152) under %transference, at 253.7nm.,
gave L4oi conversion to a wixture of volatile snecies, shown
by mass spectrometry to be isomeric with (152), together
with recovered (152). »

The volatile isomers could not be sepaféted SO WEere
isolated 2s 3 mixture. The 195 n.m.r. of the mixture showed
resonances at 101.2 and 1C5.% p.p.w. (probably CF=C) with
four peaks in *he '“ertiary' fluorine regton, at 178.5,
180.C, 181.8 2nd 182.3 p.p.m. (in the ratio 2:2:1:6). The
region 73 to 7% p.p.n.was very complex and contained many
overlapping signals (froam CF3 groups). Other resonances
were observed at 61.2, 63.3 and €4.5 p.p.u. The possitle
para-bonded isomer from (l52) are shown over. Mone of these
could be conclusively identified as being 2 component 1in the
wixture but it e thought that isomer (206) was not forumed
as the CF=N group has a characteristic resonance (at ca

4 p.p.w.) in these systems and no resonance, with this

19

value, wa2s observed in the *7t n.w.r.of the wmixbture.
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CFICF,), CF,
T TN\CF3 (CF3LCF | NF
(CF3)oCF L F i y
| CF(CF ).,
152) (206
F - CF(CF4)5

(CF31o0F([ | J|CFICFa); Fi/[\iCF3
N

3.5 1rradiation of a Perfluoro-di-alkylpyridine:
Perfluoro-2,5-di-isopropyvloyridine (139)

Cnly one exaiple of a perfluoro-di-substituted pyridine

was irradiated; this was (139).

Irradiation of (133) was carried out under f“ransference
at 253.7nm. on ceveral occasions without succéss a¢ on each
occasion starting pyridine was recovered. An attempt to
detect unstatle valence-isomers frow *he running of low

tewperature 19 n.a.n spectra proved futile.

3.6 Irresdiation of Pentafluoropyridine

Pentafluoropyridine (126) was irradiated in a trans-
ference system, at 252.7nm. tut 2l%though zuch decomposition
was observed on the walls of the silicz trancsference vessel

no valence isowers were detected.
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This recsult 1s in asgreement with those of o*ther
workers95 who have irrasdiated nentafluoropyridine in a

static vapour phase situation.

2.7 1Irradiation of Ferfluorotetr=-kis-isopropylpyrazine (207)

Valence isomers have been isolated from pyridazines72
and pyridinesé7’68 tut there have been no reports of valence
icowrers frow photolysis of pyrazine or subetituted pyrazinecs.
Perfluorotetra-kis-icopropylpyrazine (207) was thoﬁght to
te the nost suitsble coupound for irradiation in view of
rgsults obtained fro. perfluoroalkyl pyridines and pyrida-
zines.

Pyrazine derivative (2C7) was synthesised by nucleophilic
attack by perfluoroisopronyl anion on tetrafldoropyrazine.
The cample of (207) used in photolysis experiments was

donated by kr. R. O. Hercliffe.98

N
N
F(i "NF CsFg CsF_ (CF3hCF ™ S\\CF(CF3)

2
sulpholan
Nt (CF3),CF _~/ CF(CF4),

N
(207
Irradiation of (207) was carried out at 252.7nm. in

—

solution (in the presence and atsence of oxygen), in the
vapour phsse and 21so in a ftransference systen, but all
reaction conditione failed %o produce vslence isowmers froa

(2C7}.
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3.9 Conclusions

|

}

The occurrence of rearﬁangement of para-bonded cspecies
of the type previoucsly idenﬁified in rearrengewent of certain
pyridezines to pyrazines7l’72 was detected inlthe pyridine
systen. The overall scheme for rearrangeument of penta-
alkylpyridine (153) involved initisl forwation of 3sn inter-
wediate 2-azapara-btonded species (155, which rearranged to

a l-szapara-bonded isomer, and then the azaprisuwane (153).
Structures of (159) and (1&C) were deduced by identification

of tneir pyrolysis products (Fig.1Q).

4

t has been oktserved that photfochenical rearrangemént of
Intidines preoceeds exclusively vis 1,3—shift9hl and the
rearrangeic.ent observed on photolysis of pyridazines71’72

and ncw in a pyridine system 3lso result in an exclucsive

1,3 shift overell. A wmechanici. of this type could =account
for the resrrangements observed on irradiation of lutidines
and would account for %the observation that 2,5-lutidine (Z4)
does not rearrange on photolysis as the substitution pattern
in (4% ) ic such that 1,3 shifte do not lead to rearrangement

i.€.

—>(54)

In addition para-tonded species have been detected in these

-

systens.
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The irradiation of tetra- and tri-azlkylpyridines

resulted 1n isolstion of para-tonded isomers. (188) 2nd (19%)
are examples of the firct stable 2-szabicyclo[2.2.0]hexa-

2,5-diene derivatives. (The stabllity of these isomers is
discussed in the next chapter.) The fatilure of other
workers %o 1solate ctable derivatives from perfluorotetra-
and tri-ethylpyridines (112) and (}};)67 protably stems

from the wrong cholce of irradistion conditions.
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CHAPTER

The Thermal Stability and Properties of
Valence Isomers of Pyridineg

4,1 Introduction

This chapter contains a discussion of valence isomer
stabilities and includes reference to a technique which has
some use in this field (D.S.C.) and some attempted valence

isomer reactions.
4,2 D.S.C., 1 to Valence Isom

4.2(1) Introduction

Differential Scanning Calorimetry (D.S.C.) is & thermal
analysis technique developed in the last 19 years 99 which
provides quantitative thermal data on the sample studied.
The technique consists of heating a small quantity of sample,
sealed in an aluminium sample pan, and a reference, which con-
sists of an empty pan, through the temperature at which the
transition, being studied, occurs. The pan temperatures are
accurately monitored and the differential energy required to
maintain both sample and reference pans at the same temperature
1s recorded. If an exothermic transition occurred, in the
sample, then less energy would be required in order to maintain
the correct heating rate, in the sample.

The dats may be displayed on a chart recorder in which
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case the area under the recorded curve is sn exact calorimetric
measure of the-energy of the transition. Graphical presenta-
tion of results also contains temperature readings so that
transition temperatures are easily obtained.

Only milligram quantities of material are required for

the snalysis.

4.2(11) Activation Energy from D.S.C.

Whilst the area under a D.S.C. curve gives a direct

measure of heat of reaction the shspe of the curve may be used
in order to calculated the sctivation energy for the process.
For a unimolecular process the rate constant at various

-temperatures may be obtained from the relation

k(T) = (dH/4dt)/(A - a)

A
A=area under curve (m.cals)
Energy a=heat evolved up to time t.
m.CGl.SGC_1
dH
a dt A-a

Temperdture [and Time)

The expression for k is derived as follows.loo

It is assumed that the amount of heat evolved (a) is

proportional to the number of moles reacted (n)

% ﬁo n, = initial number of moles of reactant

n
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Differentiate with respect to tiuwe.

No , da but ds = dH

dn = Do

dt A dt dt dt
sO

dg = 0o . dH

dt A ds

Moles of resctant present at any time is given by

n' = Ny - a.ng or n' = no(a - g)

A A
Rate of reaction = k[Reactant}® X = reaction order
=k . (Bl)x [Reactant] = n'
\'4 ~ \'f
also: Rate of reaction = d (concentration) = dn . 1
dt dst v
(V = volume)
Equsting: k.n'* = 1.2o.4H
vx VA at

Substitute for n!

k.0o* . (4 = )% = 1.B0.4H
VX AX V A dt

k - AX‘]. . VX'l o
nXx-1  (a-a)x dt
o

For a first order reaction x =1

k =_1 . gdH
A-2 dst

Since this expression leads to values for rate constant
k at different temperatures the value of activstion energy
for valence isomer rearrangement may be determined by an

Arrhenius plot of 1ln k against I/T.
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4.2(111) Vslence Isomer Rearrangements Studied by D.S.C.

To date only s limited nuuwber of rearrangements have been

studied by D.S.C. The isomerisation of hexamethylprismane
(49) and hexamethylbicyclo[2.2.0]hexa-2,5-diene (48)3% and
their fully fluorinated isomers (94) and (2§)20 have all been
looked at using this technique.

D.S5.C. was used in order to determine the thermodynamic
data for the rearrangement of valence isomers, the preparation
of which has been described earlier, but was found to only
give reproducible results for the rearrangement of bicyclo-
[2.2.0]hexadiene derivative (188) to the pyridine (149).

The shape of one trace obtained in this rearrangement
is shown in Fig. 11. Analysis of the data yielded a2 value
for activation energy (Ea) of 28.75 ¥ 0.5 k.cal.mole”! and a
value for the enthalpy change (AH) of -47.7 ¥ 0.8 k._czal.mole‘l .

These values were obtained by calculation of the mean value

and the standard deviation from several runs.

Energy in

k.cal.mole"1

F
CFar” “X\CFj

N
(149)

—

Energy Profile for Rearrangement of (188) to (149)
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The activation energy was found to be comparable with
values from 25.5 to 29.8 k.cal.mole'l obtained by other

| workers10l from the study of a series of parabonded isomers

(207a) and (207b).

R F
Fi | W  Fq | MR

R=F, CF4.Me, H
FWYF XN FYFENF |

(207a) (207b)

The variation in AH values for rearomatisation of sub-
stituted Dewar benzenes is large with the value of -56.2 k.cal.

1

mole” - obtained for rearomatisation of hexametnylbicyclo[2.2.0]-

hexa-2,5-diene (&§)39 whereas for perfluorohexamethylbicyclo-
[2.2.0]hexa-2,5-d1ene (96)2° the value was -28 ¥.cal.mole™ L.
The value obtained from resromatisation of (188) was in this
rsnge. ._

This para-bonded isomer (188) was the least stable isomer
to be isolated pure (see later). The other para-bonded isomers
and azaprismanes isolated in this work were found to be too

stable for this technique to be utilised as the high tempera-

tures requires for thelr rearomatisation approached, and in

some cases exceeded, the boiling points of the samples, which

caused the sample pans to either burst or leak during the runs.

4.3 The Stability of Valence Bond Isomers of Benzene
4.3(1) Introduction

Valence bond isomers of benzene are very strained systems

and are thermodynamically unstable with respect to rearomat-

isation to benzene. The extent of this thermodynamic instabilit
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can be illustrated from the values of AH for the rearomatisations
For the rearrangement of benzvalene (2) to benzene (9) a value
of -85 k.cal.mole~! has been calculated 18 whereas for the
rearomatisation of Dewar benzene (1) this is of the order
-60 k.cal.mole~1.102
Yet many isomers have been 1solated and shown to be

remarkably stable. This stability 1s thought to be due to
lack of a concerted ground state pathway by which the valence
bond isomer may rearomatise, i.e. these rearrangements are
symmetry ‘'forbidden' with the result that a'large activation
energy 1s required for the rearomatisation to proceed, although
1t has been suggested that (2) rearranges via a symmetry
'allowed' manner,; but with a high activation energy,l8 but thig
point is at present unclear.9 Symmetry aspects have been dealt
with earlier (Section 1.4).

‘ It has been shown that rearrangement of Dewar benzene
produces benzene in its triplet state, which is an indication
that this rearomatisation does not occur via a concerted

mechanism. The rearomatisation of benzvalene, however, does

not produce triplet benzene.19

There are examples of the introduction of alkyl groups

into valence isomers acting to increase the stability of the
isomer, relative to the substituted isomer, but this is not
always the case as examples of the parent valence bond isomer

having grester thermal stability are also known.
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(3) (49) (34)

37

t4 values 11 hr/90°C  ca 2hr/110°C ca 13-14% hr/115°

Tri-t-butylprismane (34%) has been shown to be more stable
than either prismane (3) or hexamethylprismane (43) which

appear to be of roughly the same stability.

& ¢

(35)
Isomer (35) rearomatises rapidly at room temperature

(t% = 17 mins. at 25°C) whereas benzvalene (2) is more stable.

4.3(1ii) Valence Bond Isomers Containing Perfluoroalkyl Groups

Introduction of perfluoroalkyl groups into valence-bond

isomers in many cases has the effect of producing valence

isomers which are more stable than their hydrocarbon counter-

parts. Isomers obtained from hexakis(trifluoromethyl)benzene

(83) are more stable than their hydrocarbon counterparts from
)20

hexamethylbenzene (46
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(46) (83) (87)

It has been suggested that valence-bond isomers of per-
fluoroalkyl systems owe at least part of their stability to
severe non-bonding interactions between the perfluoroalkyl
groups, in the psrent benzene, which results in destabilisation
of the benzene. Comparison of (83) with (46) has indicated
that this effect can be quite large; for these systems the
destabilisation of the benzene has been found to be of the
order 30 k.cal.mole'l. Interactions in hexakis(pentafluoro-
ethyl)benzene (87) are even greater, and at high temperatures
the para-bonded isomer (89) appears to be more stable than
(87), and can be formed thermally from (§Z).62 However

destabilization of the parent benzene cannot be the only

factor on which valence isomer stability depends slnce on

this basis the isomers of (83) would be less stable than
valence bond isomers of (87). It has been shown that valence

isomers of (83) are more stable with respect to resromat-
K\iggtion than the corresponding valence isomers of (§2).6O

A Thermodynamic and kinetic measurements carried out on the
thermal isomerisation of (87) to (89) have shown that AHo for
the reaction has a value of 37.6 k.Joules/mole.103
A drsmatic change in stability, was reported, in going

from para-bonded isomer (89), which contained six CoFg sub-
stituents, to (208) which was substituted by five C,oF5 and
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CFq i
A /
(84) (88)
t4 = 29hrs.(170°C) 16hrs.(172.5°C) l4hrs.(170°C)
L INCREASING STABILITY
CFy
m/‘“a’s m}cz%)s m}czﬁs)s
(86) (208) (89)
t4 = 135hrs. (170°C) 70hrs.(172.5°C)  10hrs.(170°C)

one CF3 substituent, in that (208) was much more stable
(t%. = 70 hrs., 172.5° 63‘) than (89) with t% = 10 hrs. at
176°¢C. |

Irradiation of the perfluoroxylenes has led to the
isolation of a series of perfluorodimethyl Dewar benzenes.66

The thermal stability of these isomers wass found to be in the

order
CF3 CF3 | F
F F F CF F CF3
PNASE NN
FLmFNery - PR NE CRy” F NF
t4 = 13.6hrs. t4 = 1.75hrs. Quantitstive rearomatisation

(900C) (900C) 2hrs. @ 1000C
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These examples serve to illustrate that position of
substitution of perfluoroalkyl groups also affects valence
isomer stability. |

It has been suggested that after incorporation of
fluorine and fluorocarbon groups into valence isomers that

the isower is protected from rearomatisation catalysed by

electrophiles,20 as perfluoroalkyl groups are electron with-
drawing.

4.4 Stability of Valence-Bond Isomers from Heteroaromatic System
4.4(1) Di-aza Heterocyclic Systemg

Valence-bond isomers have not been isolated from
irradiation of either pyrimidines or pyrazines.
Both 1,2- and 2,5-diazabicyclo[2.2.0)hexa-2,5-diene

derivatives have been isclated from irrsdiations of perfluoro-

pyridazine derivatives.72
A R’ R= a) C,F;
Pl PN b) CF(CFs)
CF(CF
F| RSN FUF SN 32
c) CFICF,IC,F
(209) (210) 3’72’5

A decrease in stability of the isomers (209) and (210)
was observed in the order CF2CF3>CF(CF3)2j>CF(CF3)CF2CF3 as
stability of the isomers decreased in the order (2092)>(21Ca)>
(210b)=(210¢)>(209b)>(209¢). An interesting point to note is
thet in only one of these isomers was the dialkyl substituted

para-tonded isomer more thermally stable thsn the monoalkyl

1somer. This was the case when R = Cst. Also stability of 2,5-
diazabicyclo[2.2.0]hexadienes substituted by C3F7 decreased
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in the order (210b)>(209b)>(211).

CF(CF,), CF(CF3), - CFICF,),
P PN .|
£ F >N F N F
CF(CF5),  (CF3lCF
(210b) (209b) S (2n1)

No diazaprismanes have been reported to exist.

L.4(11) ¥ -Bond I
Pyridine has been reported to form s 2~-azapara-bonded

isomer (51) which rearomatised with t3 = 2 mins. at 25OC.MO

o o o
N
(51) (1) (110

A very stable l-azabicyclo[2.2.0)hexadiene isomer (111)

104 hrs. 2t 170°C) and an azaprismane derivative (110Q)

(t%

(t% = 1.1 hrs. at 170°C) were produced on photolysis of
perfluoropentaethylpyridine (LQS).67

The half lives of the following azabicyclo[2.2.0]hexa-
dienes have been determined in this work. (See over)

Although the half-1life of (197) was not determined, it
was established that (197) did not resromatise at room temper-

ature but was unstable at 90°C, and appreciable less stable
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mCF(CF3)2 g 36 minutes @ 104°C

Slow rearomatisation at
CF(CF ) room tenmpersture

(188)

(CF %CF .CFmF)A .
| t3 = 110 minutes @ 140°cC
N .
CF(C .

STABLE a*% roou temperature

t1 = 135 minutes @ 140°C

&

STABLE at room temperature

than (196). The order of stabilities determined is shown in
Fig. 12 (Page 145).

It is interesting to note that the tetrasubstituted
valence isomer (188) is less statle than either of the tri-
substituted valence isomers (196), (194) or (197) since it
has been suggested thsat the CF3 group is better at stsbilising
para-bonded 1somers then C3Fy 72 therefore on this basis (188)
should be the most stable compound in this series. However

the available valence isomers each contained 2 different sub-

stitution pattern which uwade direct comparison of stability
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CFICF3),

F F CF.
3
ICF,L,CE SN (CF,),CF CFICRL,  (CFLCE CFICF,), F CFICF),
| N 4 | > | > .
F F N F N N
| )

CFICF
32 CFICF,), (CF3,CF F3C Ericry,
(196) (194) (197) (188) H
A A A A
v v v v
CF(CFs), CFICFs), CFICF )y F

BQNOH N\ F Fr™ ONF Ao_uwmom_\dn nononw
F k ~Z nﬁ Z ~
N O_HﬁO_HwVN N O_HAOT.wVN AO—HwVNO_H N O—HAO*HNVN

(CF,),CF N olomwvw
(137) (138) (137) (149)

FIG. 12
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difficult since other factors needed consideration. These
are discussed below.

Valence isomer stability may be partially accounted for
by consideration of the relative steric interactions which
occur in the parent sromatic molecule, since in a highly
crowded aromatic system the strailn may be only relieved by
a loss of planarity, with a resultant raising of ground state
energy. In tri-isopropylpyridines (137) and (138) it has been
demonstrated that (138) 1s the more stable of the two, since
at high temperature (137) can be isomerised to (138) by
fluoride ion.88 In (137) interaction occurs between two

adjacent bulky C3F7 groups.

C3Fy C3F, F

3Fo 7 ONXF Froo N\\F CF, “N\CF,

p
FAWZC3F7 CaFps v CsFy  C3F N CyFy
38) (149)

The crowded nature of (137) and (138) is also illustrated
by the drastic reaction conditions required to introduce a
fourth C3F7 group into the pyridine ring. In (1l49) however
\\eyen though the pyridine ring is tetrssubstituted the molecule
c;ntains two less bulky CF3 groups.

Another factor to be considered is the interaction between
the substituent groups in the valence isomer. These inter-
éctions, even though they are of a 1esser wmagnitude than in
the parent aromatic system, cannot be ;ghored. It has been

suggested that a crowding effect is involved in the explana-

tlon for the relative stabilities of diazapara-bonded species,72




- 147 -

as disubstituted para-bonded species (209b) and (209¢)

were found to be less stable than the corresponding mono-
substituted derivatives (210b) and (210c). Since (188)

has perfluoroalkyl groups substituted at both bridgehead
positions its instability, relative to (197) and (194),

may be partially due to interactions between the bridgehead
substituents, inthis example C3F7 and CF3 groﬁps. Also in
(188) each cyclobutene ring contains three perfluoroalkyl
groupsz so more steric interactions eould ocecur in (;§§)
than in either (194%) or (197).

A comparison of the stabilities of the para-bonded
isomers obtained in this work is complicated by the fact that
the irradiated pyridines all contain different substitution
patterns. However not all the possible aza-para-bonded
isomers were detected on these irradiations and some informa-
tion may be obtained from these results.

Irradiation of perfluoro-2,6-di-isopropyl-3,5-dimethyl-
pyridine (149) gave exclusively the 2-aza isomer (188) with
none of the l-aza isomer (212) being detected; In this

example the 2-aza skeleton was preferred even though more

CF3 F ?
F CF(CF3) F4C CF4
N
F,C N (CF,),CF CF(CF4)
37 CFICFa) 372 32
3'2
(188) (212)

steric interactions could occur between the perfluoroalkyl

groups in (188). The relative magnitude of these interactions
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is not known but since the 2-azs isomer was the preferred
product it is suggested that in this example the main con-
tributory factor was the relative energles of the basic

skeleton.
A similar situation arose from irradiation of perfluoro-
2,4%,b-tri-isopropylpyridine (138) in that once agsin the major

product was the 2-aza isomer (19%), but in this eXample ca. 2%
of the l-aza isomer (199) was detected.

F CF(CF;),
F N (CF4),CF CFICFyl,
CF(CF,4), :
(194) (195)

In this instance no steric interactions between the

perfluoroslkyl groups are possible as these are not adjacent
in either of the isomers (194) or (195), so that it is appsrent

that the dominant influence is again the production of the
least energetic skeleton, i.e. the 2-aszspara-bonded isomer.
A more interesting situation arose on irradiation of
(137) as both the l-aza- and 2-aza isomers (196) snd (197)
were obtained, in the ratio 45:55 so that only a marginally

CF(CF), F
(CF3)2CF| N (CF4),CF CFI(CF5),
| F CF(CF3ly (CF4),CF! N

F
(196) (197)
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greater yield of the 2-aza isomer (197) was obtained. On
comparison of (196) and (197) it can be seen that greater
steric interactions are possible in the 2-aza isomer (197)
betweer adjacent CBF7 substituents due to the geometry of
the molecule as greater interactions between alkyl groups
at C-5 and C-6, in (197), occurs than between C,F, groups
at C-4 and C-5, in (196). However the 2-aza skeleton was
still preferred.

It was found that of the two isomers (lﬁé) was more
stable. Thls probably stems from the different géometry in
the transition state for rearomatisation. Also the trans-
ition state for rearomatisation of (136) would involve an
increase in interaction between C3F7 groups at C-4 and C-5,
as these are brought into a more plsnar environment, which
would have the effect of reilsing the activation energy of
rearomatisation of (1396), relative to that of (1927), where
adjacent C3Fy groups are already in a planar environment.

It has been suggested that penta~-alkyl-2-azabicyclo[2.2.0]-
hexa-2,5-dienes are unstable due to crowding of the alkyl
groups. No penta-alkyl substituted derivatives of this ring
‘*-system have been isolated although an example containing five
pgntafluoroethyl substituents was thought to be formed on the
py;glysis of perfluoropentaethylazaprismane (119)67, but
pyrolysis of azaprismanes (1593) and (16Q), in this work,
failed to produce derivatives of this system.

The exact reasons behind the order of stabilities, of
pyridine valence isomers, which were determined remains
unclear but the various points to be considered have been

indicated. The isomers obtained all had different substitution
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patterns which also served to complicate the problem. 1In
comparison of stabilityv of the two different ring systems
{.e. l-aza and 2—aza-b1cyclo[2.2.0]hexa—2,5-d1enes it must
also be recognised that these would have different trans-
i1tion states on rearomatisation and indeed the effect of the
different substitution pattern on the transition states is
also unclear. In addition it has been suggested that per-
fluoroalkyl groups strongly destabilise the trénsition state
for resromatlsatlion of the priswmane ring, in-some wanner not
yet understood.20

The most stable valence isomer isolsted in this work was
perfluoro-k-ethyl-2,6-di-isopropyl-3,95-dimethyl-1l-szabicyclo-
[2.2.0]hexa-2,5-diene (154) which was rearomatised back to

(153) at 175°% with ca. 48% conversion after 38 hours, so the

half-11ife of (154) could be estimated as ca. 40 hours at
175°C. |

4.5 The Photolysis of Valence Isomers

The various bicyclo[2.2.0)}hexa-2,5-dienes isolated, in
this work, from substituted pyridines were re-irradiated in

attempts to observe either rearrangements or azaprismane
formation.

Para-bonded derivatives (188), (194), (197) and (195)
were all irradiated at 254 n.m. under static conditions and
each rearomatised readily to their respective parent pyridines.
In none of these irradiations were azaprismanes detected or any
other rearrangement observed to take place. These photolyses

1l1lustrate why these para-bonded isomers were not formed on

photolysis of the parent pyridines in static irradiations,
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since these valence isomers were easily rearomatised by 254 n.m.

radiation so could only be isolated by use of the transference
technique, which removes the valence isomer from the

irradiation zone soon after formation. Para-bonded species
(188), (194) and (197) all have small absorption in their

u.v. spectra at 254 n.n. so this could account for the ease
with which rearomatisation occurs at that wavelength. However
the valence isomer obtained from (191) on photolysis at 254 n.m.
did rearrange on further irradiation; this result was dealt
with earlier (Section 3.3(1ii)) as was the irradiation of (15k4).

The prolonged irradiation of azaprismsne mixture (159)

and (160), at 254 n.m., was carried out in CF,C1CFCl, solution.

The ratio of the azaprismanes remained unaltered, as shown by
19F n.m.r. '

4.6 Reactions of Valence Isomers
4.6(1) Introduction

This section contains details of reactions attempted upon
valence isomers isolated in this work. Reactions were carried
out using NaOMe,Br, and furan. Other workers have demonstrated
that some fluorinated para-bonded species sre susceptible to

\\\\pucleophilic attack by NaOMef’b"66 and undergo Diels-alder

rééctions using furan 104,105 and also that Br, may be added
across the double-bond. 56,66

However not all para-bonded species are reactive with

these reagents as it has been shown that perfluoropentsethyl-

l-azabicyclo[2.2.0]hexa-2,5-d1ene (1l1l) does not react with

bromine, furan or fluoride ion.67
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4.6(11) Attempted Reactions with Fluoride Ion

Both perfluoro-4-ethyl-2,6-di-isopronyl-3,5-dimethvl-1-
azabicyclo[2.2.0) hexa-2,5-diene (154) and 2 mixture of aza-

prismanes (159) and (160) were found to be tunreactive towards

attack by fluoride ion, in solution.

4.6(111) Reaction Between Sodium Methoxide and Perfluoro-1,-
Setpi- -p-azabicye .0 =2,95-diene(]1¢

Reaction between (194) and sodium methoxide in methanol
gave a solid with M* 655, which corresponded to tri-substitution
by methoxide. 1In addition n.m.r. showed three signals at 2.85,
3.06 and 3.59 p.p.m. (downfield from T.M.S.) of relative
intensity 1:1:1 whereas 9% n.w.r. showed two resonances in
the region expected for 'tertiary' fluorine, at 179.2 and
185.9 p.p.m. The compound was not identified, however the i.r.
spectrum showed Vmax 16‘+2cm.‘1 and the mass spectrum showed
tri-substitution, by methoxide, so it is suggested that a tri-
substituted para-bonded species was produced and since no
signal which could be assigned to CF = C was observed in the

19F n.m.r, spectrum it was thought that substitution occurred

at C-6, in the ring.

(OMe)2
(CF,),CF A C A
AN FCFY2 o (CFy,CE CF(CF4),
CFICF3), CF(CF),

(194)
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The other positions of substitution could not be

deduced from the n.m.r. spectra.

L4L.6(iv) Other Attempted Reactions of Para-bonded Derivatives

On reactions of para-bonded derivatives (194) and (196)
with both furan and bromine the valence isomers were recovered
unreacted.

Nucleophilic substitutions on (194) and (196) using
1pro= and PhG™ were also carried out but in each case the
reactions gave poor yields of a complex mixture of products,

of which the components were not identified.
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CHAPTER

The Photochemistry of Some Fluorinated Heterocvygcles

5.1 Introduction

In view of the successful detection of rearrangement
products from the irradiation of pyridines an attempt was
made to observe similsr rearrangements using psrtiaslly
satursted heterocycles. Some of the rearrangements des-

cribed earlier could in theory be observed in partially
saturated systems such as the rearrangement shown below,

which is similar to the resrrangement observed in this work,
X
- = |
N N

=

) AN
N
(Section 3.2(1)H(2)) and on the irradistion of highly

fluorinated pyridazines.71
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This study was carrled out with the collaboration of
Mr. R. D. Hercliffe, who supplied the compounds which were
irradiated. These compounds were all the product of partisl

fluorination of heterosromatic systens.

5.2 Irradiation of Perfluoro-2,5-di-isopropyl-1l,4-di-
-1 .4« 2
The di-imine (213) used in this irradistion was prepared

by the fluorination of perfluoro-2,95-di-isopropyvlpyrazine

(214) .

CoFy
E jcmcrg [ jCF(CF3)2
(CF3)2CF (CF3)2CF REF: 98

(214) (213) 87%
Irradiation of (213) at 253.7nm. in a static vapour
phase irradiation in the presence of mercury sensitisor gave

a brown liguid, which contained three components, in the
ratio ca. 37:57:6 (from g.l.c.). b_

The first component was readily identified as perfluoro-
isobutyronitrile (215) by comparison of i.r. and mass-spec.

dats with those from an authentic sample.l%® The second

component had a molecular weight of 295, from mass spec.
data, which together with (215) have been obtained by
fragmentation of (213). The third component was identified
as starting material (213).




CF(CFg)z 253-7nm Hg (215)
(CF3), CF vapour phase o)

+{216) + (213)
(_213) 57% 6%

The second component (216) wss found to be extremely
susceptible to hyvdrelysis and consequently ndt obtained pure
but it was identified as perfluoro-4-methyl-3-methylene-2-
azapent-l-ene (216) from 9 n.a.r.

Fo N
F,c:— . SF
// \
\\ 29 \ /F

(216)
e 19 n.w.r. of (216) showed peaks at 83.1 and 93 C

p.p.is. (both integrated to one) corresponding to CF=C, a pesk
at 187 p.p.m. (integrastion one) from'QE(CF3)2, s singlet at
78.9 p.p.m. (integration six) from CF(QE3)2 and two broad
peaks at 42.6 and 55.9 p.p.m. which were typical of N=CE,.

(In (212) signsls from N=CF, were observed at 5C.4 p.p.m. and
58.2 p.p.u. 197 and were found to be very broasd.) Furthermore
the observed couplings were in agreement with structure (21€)
and are shown in the above diagram. The infrared of (216)
showed Yuax at 1805 and 1732 cw. 1 which were assigned to

C=N snd C=C stretches. This assignment was made after
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comparison of stretching frequences with values from some

wodel compounds.

Some exsmples are tabulated below.

Compound Ymax Reference
(either C=C or C=N) '
CeHsN=CF, 1785 cm.”? 107
CqFyN=CF, | 1815 em.”! (5.51 ) 1C9
_ -1
CstN_CFz 1812 cu. (5.52 ) 109
CF3N=CF, | 1808 cm.”! (5.53 ) 109
CF,=N-N=CF, | 1739 cm.”! (5.75 ) 110
(CF3)C=CF, 1755 cu.”? 108
CF CF 1
\3 | 3 1735 and 1760 cm.~ 111
—C~Cy
CF;  CF,

The exsct mechanism for fragmentation of (213) was not

determined.

However the reaction would be unlikely to be a

concerted process as this would be a retro 2TT+4T] reaction,

which has been shown to be forbidden photochemically on

symmetry considerations.

14

The fragmentation wsy involve 2an

interuwediate diradical (218) which undergoes rearrangement

to (216).
i ]
N NN
Fo ~NC5F 4 FZC)/ \\.C L3y
CqF 5 |
B 2 J
(213) (218)

[ ey
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The hydrolysis product from (216) was thought to be the

corresponding isocysnate since the rass spectrum of the
impure (21€) revealed an impurity with M of 273 which was

in agreement with the hydrolysis of -N:CF2 to =-N=C=0.

5.3 Irradiat 1 =4.6-d1i- ropyl-1,3-di-
azacyclohexa-3,6-diene (219)
The di-imine (219) used in this irradiation was prepsred

by the fluorination of perfluoro-i4,6-di-isopropylpyrizidine
(220).

CFICF,), CFICF4),
Fi SN CoF For” XN
cFycFl e > (cr:3)2c§\ P
N N 2
(220) (219) 83 %

A mercury sensitised vapour phase irrsdiation, at 253.7 nm.
of (219) gave a mixture contsining 4 major products with two
minor cowponents also present. The first three major com-
ponents in the mixture were readily identified from i.r. and
wass spec. data as perfluoroisobutyronitrile (215), perfluoro-
4-methyl-3-methylene-2-azapent-1-ene (216) and starting materisl
(219) . The products (21%) and (21l6é) had slready been obtained
from the irradiation of (213).

The major product (220) was obtained as 48% of the
wixture and wass spec. dats showed that (220) was isomeric
with the starting naterial (219). The infrsred spectrum of
(22Q) contained Vmax at 1678, 1731 and 1799 czw.”! and the
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CaF
377 5~
For” SN . SN
2 J 25307”0':r Hg> +(CF,)CFC=N
phase 2 (215) 9%

(216) 15%

—

+1218) 24% +(220) 48%

+ 4% unknowns
19F n.m.r. showed the presence of two olefinic and two imine
fluorines. The resonances were observed at 41.8 p.p.m.
(N=CF, integration 2), 77.7 p.p.m. (C=CF, integration 1),
91.3 p.p.. (C=CF, integration 1), 76.6 and 77.9 p.p.u.
(CF(QEB)Z)’ and high field resonances at 182.2 and 185.9 p.p.m.
(from QE(CF3)2, each integration of 1). The structure of (220)

/GV"'T d N
6~\\ c—
7 CFICF CF.
ol YT
F F
(220) (221)

is shown sbove together with 19F n.u.r. coupling constants.
A second structure which could accommodate the l9F n.m.r.

date 1s (221). However (220) could be formed directly from
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irradiation of (219) vis a mechanism which involved a 1,3-
migretion of fluorine, as i1llustrated below, thus supporting

structure (220).

CaF5 P
F2@ 253-7nm CaFy (’3/ F/CC3F7
> /

(218)

The other photolysis products were formed from frag-
mentation of (219) in an analogous reaction to the photolysis -

of (213) which gave the same products i.e.

C3Fy
Fjggﬁd\\\
sz 253-7nm ¢ F,C=N- + N
CL R Hg ll
37 \ F F
(219) (215) (216)
5.4 Irradiation of Perfluoro-4-isopr -l-azacyclohexa~

1,3-diene (0223
The diene (222) was obtained from the fluorination of
perfluoro-4-isopropylpyridine (223).

CFICFy), CFICF4),
N - T SF 58% REF:98
N Fa~naF
(223) (222)
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Irradiastion of (222), at 253.7nm. in the vapour phase,
resulted in the production of two major products in 70 and 20%
yields (estimated from g.l.c.) together with three minor
products.

Only the major component was obtained pure and this showed
Vmax at 1680, 1767 and 1775(shoulder)cm.”l in the infrared
spectrum and was shown from mass spec. data to be isomeric

with the starting material (222). The p n.m.r. showed the

aQ

presence of one tertiary fluorine (at 186.4 p.p.a.) and
signals at 96.1, 113.8, 114.3 and 136.7 p.p.m. (all CF=C)
with two broad signsls at 32.9 and 51.2 p.p.m. which were

typical of -N:CF2. On this basis the major product was

identified as (224) which could be formed by s photochemical

C4Fy i CF(CF,),
N —
, =N F |
(224)

electrocyclic ring opening of (222). The observed 19¢ n.u.r.
couplings (shown above) confirmed that the cis isomer had
been produced as generally olefinic F-F coupling constants

of trans~fluorines are larger than cis-fluorines. 1In this

example a coupling of 19Hz was observed.

s 0-58 \ F/105"11.8

Fe  _F S )
C=C{ ,c__c:\F

REF 112
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Several 1somers could be formed upon irradiation of
cyclohexs-1,3-dienes. These include bicyclo[2.2.0]hex —2-
enes (225), hexa-1,3,5-trienes (226), vinylcyclobutenes (227)

N C
/ .
(226)

(225)
and bicyclo[3.1.0]hex-2-enes (228). If any bieyclo[2.2.0]-

(227) (228)

hex —-2-ene derivatives were formed then in theory these may
rearrange via a similar wechanism to that observed on
photolysis of highly fluorinated pyridines and pyridazines

i.e.

Examples of irradiation of ecyclohexa-1,3-dienes have

been shown to produce derivatives of (225), (226), (227) and
(228) .

\\
RN — + REF: 113
///
Ph—H |
2 REF: 114
Phhw PR /TN Ph
Ph
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F F
R
R > m% REF 115
R F. RVFNE, R=H or F

PR “YPh hy . Phe A

K\N/lph , _H REF : 116

The only product identified on the irradistion of
perfluoro-t-isopropyl-l-azacyclohexa-1,3-diene (222) was
found to be a hexa-1,3,5-triene derivative (224). The other
products obtained upon irradiation of (222) were not

obtained pure so could not be identified.

5.9 Irradiation of Perfluoro-2,3,4-tri-isopropyl-l-aza-

cycloh -1l,3-diene
Nucleophilic attack on (222) by perfluoroisopropyl anion
gave (229) as the major product.98

i ?fiYZFélz (ZFWCFb)z
- F
F2 F C3F7 2 \ CF(CF3)2 | L7 %
~
2 N F ) NF CF(CF3)»2
(222) (229)

[t o) ——

However although (229) was a derivative of (222) it did

not undergo any photocheulcal reaction at 253.7nm., even
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after prolonged irradiation. The reason for (229) failing

to rearrange was not understood.

5.6 QOther Irradiations
|
Perfluoro-l-azacyclohex-l-ene (230) and perfluoro-1,1-

bi-1,3-diazacyclohex-2-enyl (231), were prepared as described
in the literaturell” and irradiated at 253.7nm. In neither

case was rearrangement observed.

Fp F) i F)
F2 Fz Fzm > FZK\,FZ
—N N
FZ N/ F NvN \4
F F
(230) (231)




EXPERIMENTAL
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INSTRUMENTATION

Infra-red spectra were recorded on Perkin-Elmer Model 457

or 577 'Grating Infra-red Spectrophotometers'. Liquid and low

melting point solid sawples were recorded in the form of thin
contact films between potassium bromide plastes. Solid samples
were pressed into homogeneous thin disks with potassium bromide.
Gaseous samples were introduced into an evacuated cylindrical
cell with potassium bromide end windows.

Ultra violet spectra were recorded on a Unicam S.P.8000
or a Unicem S.P.800 spectrophotometer using Svectrosol grade
cyclohexane as solvent.

Fluorine (19F) nuclear magnetic resonance spectra were
recorded on a Varian A56/60D spectrometer, operating at 56.4
MHz, or a Briker HX90E operating at 84.67 MHz. All chemicsl
shifts are quoted in p.p.a. relative to CFC1,. Deéoupling
could be performed using the HX90E instrument and a variable
temperature facility was available on the A56/60D instrument.

Gass Liquid chromatographic analysis (g.l.c.) was carried
out on a Griffin and George, D6, Gas Density Balence (G.D.B.)

using columns packed with silicone gum rubber SE-30 on
chromosorb P and di-isodecylphthalate on chromosorb P. For
this instrument, when correctly standardised, the number of

moles of any compound in a mixture is directly proportional
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to its peak area. Preparative scale g.l.c. was performed on
either a Perkin-Elmer 'F-21' inctrument or a Varian 'Aerograph'
instrument using the above columns in both instruments.

Mass spectre were recorded using sn A.E.I. M.5.9
spectrometer or a VG Micromoss 12B fitted with a Pye 104 gas
chromeztograph. All molécular welghts were determined using
these instruments.

Carton, nitrogen and hydrogen asnalyses were obtained
using & Perkin-Elmer 240 Elemental Analyser. Analysis for

118

fluorine was as described in the literature.

Differential scanning calorimetry was performed using a

Perkin-Elmer D.S.C.-2 instrument.
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CHAPTER 6

Experimental for Chapter 2

6.1 Introduction

This chapter contains the preparation details of the

perfluoroalkylpyridines used in later photolysis experiments.

6.2 Reagents
Pentafluoropyridine was prepsred by technical staff, by

the method described eerlier,86

and supplied on request.

Caesium fluoride was reasgent grade and dried by heating
under vacuum for severai days, powdered, under dry nitrogen,
in a glOVe-bag and stored under nitrogen at room temperature.
Potassium fluoride, reagent grade, was dried by heating, with
a Bunsen, powdered under nitrogen in a glove bag snd stored
under dry nitrogen.

Tetrahydrothiophen dioxide (sulpholsn) was purified by
fractional vacuum distillation. 2,5,8,11,lk-pentaoxapenta-
decane (tetraglyme) was vacuum distilled off sodium. Both
were stored over dry molecular sieve (type 4A) under dry
nitrogen, at room temperature.

Tetrafluoroethylene was prepared by the vacuum pyrolysis
of P.T.F.E.119 Hexafluoropropene was purchased from Bristol

Organics.




Polyfluoroalkylation reactions were carried out 2t

atmospheric pressure using a wethod developed by earlier
workers at these 1aboratories.87

The apparatus consisted of 2 three necked flask, con-
taining a magnetic stirrer, with the three necks

i) attached to 2 gas reservolir (a football

bladder) and in some reactions slso a
reflux condenser.
11) fitted with a serum cap.
111) attached to 2 vacuum line.

The required quentities of dry aprotic solvent and
either ceesium or potzssium fluoride were rapidly added to
the dry, nitrogen purged, reaction =2pparatus, ngainst a
flow of dry nitrogen, 2nd the apparatus evacuated, at which
stage the solvent was degnssed. The apparstus was then filled
with the required quantity of perfluorozlkene gas. After
injection of the pyridine, through the serum cap, the reaction
mixture was vigorously stirred.

buring these reactions colouration of the reaction
mixture was always observed, together with collapse of the
perfluoroalkene reservoir.

The reaction products were vacuum transferred from the
reaction vessel into 2 trap cooled in 1liquid air, the vessel

being heated up to ¢3.950°C. The composition of the product

vas ectimated by gas 1liguid chromatography (g.l.c.).
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o.4(1) Synthesis of Perfluoro-3,5-dimethylpyridine (1L42)

This preperation was carried out on seversl occasions.
Deseribed below is a typical experiment.

Pentafluoropyridine (136)(25g., 148 1.uoles) and P.T.F.L.
granules (50g.) were sealed in a clean dry autoclave (ca.
550ul. capscity) which was heated st 550°C for 154 hours.
Volstlile products were distilled from the hot =utoclave,
under high vacuum, into a cold trsp, immersed in liquid air.
‘’he trap was allowed to waria to room temperature, in a fumes
cupboard, and the mixture a2nslysed by g.l.c. (G.D.B. Silicone
elastomer, 78°C) and shown to contain (142) as the wain com-
ponent.

Separstion was achieved on a spinning tand column, the
fraction boiling 118-120°C being collécted and identified as
perfluoro-2,5-dimethylpyridine (142) by comparison of g.l.c.
retention time, i.r. and 19F n.u.r. spectra with those frow
an suthentic sample obtained in a2 similar reaction.87
Yields of (l42) were variable, in one experiment a yield of
58% wes achieved (Literature yield 60%).

The (1lLz) ottained by this reaction was considered pure

enough for further polyfluoroalkylation reactions,

¢.4(11) Preparation of Perfluoro-2-methylpyridine (143)
Fentafluoropyridine (50g, 29¢ m.moles) and F.T.F.E.
granules (25g.) were sealed in a clean dry autoclave (ca.
550ml. capacity) which was heated at 550°C for 14 hours.87
Volatile products were distilled from the hot autoclave,

under vacuuwm, and collected in a trap immersed in liquid air.




- 170 -

The trap was allowed to warw to room temperature, in a fuwmes
cupboard. G.L.C. anzlysis (G.J.B, silicone elzstomer, 78°c)
showed the presence of (1l43) as the major component.

Fractional distillation, on a spinning band column,

gave a sample of perfluoro-3-methylpyridine (143)87 on
collection of the fraction boiling between 102-103°C.

Analysis, by g.l.c. (Pye 10%, di-n-decylphthalate, 70°C)

showed the presence of an impurity which was shown by

19F n.w.r.91 t5 be perfluoro-Y-methylpyridine (144) present

as ca. 10% of the wnixture. Further purification by preparative
g.l.c. (Lerogrsph, di-isodecylphthalate, 55°C) gave a sample

of perfluoro-3-methylpyr1dine (143) which wes ca. 98% pure.

Samples of this purity were used for further reactions.

6.4(1i1) Reactions of Perfluorg-2,5-d n L

with Hexafluoroprooene in the Presence of

orid n

13

These reactions were carried out on numerous occssions.
Described below is one such experiment. |

The standard experimental procedure for polyfluoroalkyl-
ation was used (see Section €.3). Potassiuz fluoride (l0g.,
172 w. woles), tetrshydrothiophen dioxide (100mls.), hexa-
f luoropropene (25g., 167 w.wxoles), diluted by LUOmm. of
nitrogen, and perfluoro-3,5-dimethylpyridine (142)(10.Cg.,
12.3 w.woles) were stirred at 80°C for 48 hours. Not all
the hexsfluoropropene was reacted. The volatile product
(22.3g.) was isolated by trensfer under vacuuw and shown bty
g.l.c. (G.u.B. silicone elastomer, 78°C) to contain perfluoro-

2,b-di-isopropyl-2,5-dimethylpyridine (149)(10.0g., 47.3%)
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and perfluoro-2,4,6-tri-isopropyl-3,5-dimethylpyridine (148)
(1.1g., 4.1%) together with dimers and trimers of hexa-
fluoropropene.

The wixture was fractionally distilled using a Fischer-
Spaltrohr microdistillation apparatus MMS 200 at redﬁced
pressure (33mm.) and perfluoro-2,6-di-isopropyl-3,5-dimethyl-
pyridine (149) obtained (B.pt. 86°C/33mm.) as a crystalline
solid (Melting point 36-7°C, Lit. value5’ 37°C). The identity
of pyridine derivative (149) was confirmed by comparison of
f.r. and 19F n.m.r. data with those obtained from an authentic
sample, prepared by a similar method.87

The distillation residue was boiled with aqueous ammonis
(880) to give perfluoro-2,4,6-tri-isopropyl-3,5-dimethyl-
pyridine (l48) after preparative g.l.c. separation (Aerograph.
Di-isodecylphthalate, 100°C) which was identified by compsrison
of i.r. spectra, 19F n.u.r. spectra and mass spectfa with
those from an authentic sample.87

The successful preparation of (148) was carried out on
very few occasions, in most reactions only the tetrasubstituted
pyridine (147) was obtained.

Under different reaction conditions the composition of
the products was altered as below.

The standard experimental procedure for polyfluoroalkyl-
ation was adopted. Caesium fluoride (2.9g., 19.1 m.moles),
tetrahydrothiophendioxide (140ml.), hexafluoropropene
(17.0g2., 113 m.moles) and perfluoro-3,5-dimethylpyridine
(140)(14.8g., 55 m.uoles) were stirred at 85°C for 2 hours.

Complete collapse of the perfluoroalkene reservoir occurred.
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Volatile products (26.5g.) were transferred under high vacuum

to & trap immersed in liguid air. Analysis by g.l.c. (G.D.B.
silicone elastomer, 78°C) showed pyridine derivatives (149)

and (150) as the major components together with dimers and
trimers of hexafluoropropene.

Separation by fractional distillation ('Fischer-Spaltrohr
1MS 200', 33wm.) gave perfluoro-2-isopropyl-3,5-dimethyl-
pyridine (15Q) as s colourless ligquid (B.pt. €9°C/33mm.,
3.1g., 13.5% overall yield) 9% n.w.r. Wo. 1, i.r. spectrum
No. 1, u.v. spectruw No.15 [ Found: F,67.9%; k,419.

Cypt15N requires, F,68.02%; #,419] and pyridine derivative
(149)(2l.2g., 68% yield) as the fraction boiiing at 85-86°C/

33%onm.

6.4(iv) Preparati Perflyoro-k- -2,6-di~ nyla
2,5-dimethylpyridine (1%3)

This reaction was carried out on several occasions.

veseribed below is a typical experiment.

The standard experimental procedure for polyfluoroslkyl-
ation resctions was adopted. Caesfuw fluoride (5.1lg., 33.6
m. moles) , tetrafluoroethylene (9.1g., 91 w.soles), 2,5,8,-
11,14-pentaoxapentadecane (70zl.) 2nd perfluoro-2,6-di-iso-
propyl-3,5-dimethylpyridine (149)(1%g., 23.Un.moles) were
stirred at 85°C for four hours, after which time the reaction
Lixture was poured into water (ca. 300ul.). The agueous
layer was decanted off and ether added %to the organic residue.
The solid obtained was filtered and sublimed, under vacuum,

to give perfluoro-4-ethyl-2,6~di-isopropyl-3,5-dimethylpyridine
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(153)(8.7g., 38% yield) identical with an authentic sample,87

prepared in the same manner.

6.4(v) tion p ro-3- h
Hexafluoropropene in the Presence of Fluoride Ion

The normal experimental procedure for polyfluoroalkylation
reactions (Section 6.3) was used. Potassium fluoride (1l2g.),
tetrahydrothiophen dioxide (100ml.), perfluoro-3-methyl-
pyridine (8g., 36.5 wm.uoles, 98% pure) and hexafluoropropene
(35g., 233 m.woles) were stirred at 88%3°C for 174 hours.
Complete collapse of the perfluoroalkene reservolr occurred.
Volatile products were transferred under vacuum into a trap
lmmersed in liquid air. The liquid obtained (36.7g.) was
shown by g.l.c. (G.D.B. di-isodecylphthalate, 78°C) to con-
tain (191)(13.1lg., 57%) and (152)(4.lg., 22%) as the major
products, together with dimers snd trimers of hexafluoro-
propene.

Separation by fractional distillation ('Fischer-
Spaltrohr MMS 200', 18um.) gave samples of perfluoro-k4,6-
di-isopropyl-3-methylpyridine (152)(B.pt. 75°C/18mm.) and
perfluoro-2,4,6-tri-isopropyl-3-methylpyridine (151)(B.pt.
84°C/18mm.) which were identical to authentic samples,87 as
showvn by 19F n.m.r. and i.r. spectra, prepared in a similar

reaction.

6.4(vi) Preparation of Perfluoro-2,4,5-tri-isopropyl-_
pyridine (137)

This preparation88 was repeated several times. Described

below is a typlcal experiment.
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The standard experimental procedure for perfluoro-
alkylation reactioné (Section 6.3) was used. Potassium
fluoride (6g.), tetrahydrothiophen dioxide (100m!.), pente-
fluoropyridine (136)(12.2g., 72.2 m.moles) and hexafluoro-
propene (42g., 270 m.moles) were stirred at 78°C for 23
hours. Not all the perfluoroalkene was absorbed. Volatile
ﬁroducts (48.1g.) were transferred, under vacuum, into a
trap immersed in liquid air. G.l.c. analysis (G.D.B. di-
isodecylphthalate, 78°C) showed (137) as the major component,
together with dimers and trimers of hexafluoropropene.

Fractional distillation, under reduced pressure ('Fischer-

Spaltrohr Column MMS-200', 18mm.) gave a fraction 30.6g.
(B.pt. 80-82°C) containing (137) and (138) which on seeding
gave crystals of (137). The product was further purified Sy
melting followed by fractional freezing until pure perfluoro-
2,4,5-tri-isopropylpyridine (137)(7.9g., 17.7% overall yield)
melting point 31-31.5°C, was obtained. Data obtained from
this compound agreed with those from an authentic sample,92’88

obtained in a similar preparation.

6.4(vii) Preparation of Perfluoro-g,k,é-tri-isogrdgzl-

ridine (138)
88

This reaction was carried out in a flat bottomed Carius

tube (of ca. 90ml. capacity) containing a magnetic stirrer.
Caesium fluoride (15g.), tetrahydrothiophen dioxide

(30ml.), perfluoro-2,4,5-tri-isopropylpyridine (137)(slightly

impure, containing some (138)(30g., 52.7 m.moles) were intro-

duced into the dry Carius tube which was sealed under high
vacuum and heated at 1709C, for 16 hours, in an oil bath with




- 175 -

the wixture vigoroucly stirred. Volatile products (24.3g.)
were transferred, under vacuuw, into a “rap lmuersed in
liquid air. 3G.l.c. anelysies (G.0.F. di-isodecylphthalate,
78°C) showed (138) as the major component together with
dimers and trimers of hexafluoropropene. The product wzs
purified by fractional distillation ('Fischer-Spsltrohr-
Column', iiMS-20C, 18um.) and the fraction t.pt. 79°C/18umm.
collected which on standing gave perfluoro-2,4,6-tri-iso-
propylpyridine (138), ss a2 colourless solid, melting point
259C, which was shown %o be identical to an authentic sample

of (L38)88 prepared in an =2nalogout manner.

6.4(viii) Reaction Between Perfluoro-2.4.5-tri-isopropyl-
vridine (1 Fent uor ridin 6) an

Fluoride Ion

Caesuu fluoride (3g.), perfluoro-2,4%,5-tri-isopropyl-
pyridine (137)(12.Cg., 19.3 n.woles), pentafluoropyridine
(136)(4.Cg., 23.6 u.coles) and tetrahydrothiophen dioxide
(30ul.) were introduced into 2 dry flat bottomed Carius tube,
containing a magnetic stirrer, which was sezled under high
vacuurm and heated at 160-1¢5°C 1in an oill bath with vigorous
stirring, for 17.7 hours.

Volatile products were transferred, under vescuum, to a
trap imcersed in liquid sir. Analysis by g.l.ec. (G.D.R.
silicone elastomer, 78°C) of the liguid product showed (136)
(1.3g.), perfluoro-b-isopropylpyridine (140)(4.9g.) and a
mixture of perfluoro-di-isopropylpyridines (139) and (141)
(8.7g.) which contained mainly perfluoro-2,5-di-isopropyl-
pyridine (133).
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Fractional distillation using a Fischer-Spaltrohr

Column K4S-20C apparatus and ccllection of the fraction

boiling 158°C gave (139) containing cs. 2% of (1l41) (as

shown by 19

8

F n.w.r.) identicsl to 2n authentic sample
(Lit. ° boiling poin% 159°¢) prepared by similsr cross over

experiments.

c.4(ix) Ghesction between Perfluoro- -dimet
142) and Tetrafluoroethvlen in t p nce

of Fluoride Ion

The standerd experimental procedure for perfluoralkyl-
stion reactions was used. Caesiur fluoride (1l4g., 92.1
w..oles), perfluoro-2,5-dimethylpyridine (142)(7.0g., 26
w.woles), 2,5,8,11,14-pentaoxapentadecane (10C:1.) and
tetrafluoroethylene (ca. 10g., 100 w.coles) were stirred at
80°C for four hours. Not all the perfluoroalkene was
absorbted. An attempt fto transfer volatile products, under
high vacuum, into a *%rap cooled in liquid air yielded no
volatile products.

The resction mixture was poured into water, the lower
layer separated, extracted into ether and dried (XgS0,).
Removal of ether using a rotary evaporator gave a viscous
dark red residue (6.4g.) from which it was possible to vac.
transfer 3.9g. of an oil which on exawlnation by g.l.c.
(G.U.2. silicone elastomer, 110°C) was shown to contain at
least eight cowponents. This reaction was not investigated

further.
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eri Cha

Reagents

The pyridines used in photolysis experiments were all

grester than 99.5% pure and were prepsred as indicated in

Chapter 6.

Ultraviolet Light Sources

Photochenical reactions were carried out in 'Rayonet’
preparative photocheciical reactors 'R.P.R.-204' and
'R.P.F.-208'. The 'R.P.R.-204' resctor contsins four lamps
whereas the 'R.P.R.-208' contains eight laups. Two types
of lamps were used in the irradiations tq be'described.

(1) Low pressure mercury lswps which each provided
15 watts of 253.7nwm. light (Fig. 13) so that 120 watts of
253.7nm. light was available from the 'R.P.R.-208' reactor.

(11) ‘'Sunlight phosvhor' conversion lamps which have
an emission envelope of wavelengths.betweéh 280 and 320nu.
with maximum output at 300nm. (see Fig. 13). Eight of these
lsmps provide ca. 85 watts of ultraviolet light and will be
referred to as 300nw. lamps.
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Spectral Energy Distribution
of 253:7nm Lamps
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The tempersture reached within the irradiation zone when

either 253.7nm. or 300nm. lamps were in use was ca. 40°C.

Experimental Procedure

Some experiments were carried out in solution in
stoppered silica or Pyrex test tubes. In general the solvent
used for these photolysis experiments was CF,C1CFCl, (Freon
113) which was distilled before use. When the experiment
was carried out in sealed siliea tubes, under high vacuum,
degsssing was carried out. '

When transference experiments were carried out the
apparatus used was that illustrated in Fig. 9 (page 113).
The compound to be irradiated was introduced into the large
silica vessel and then the systes was evacuated to the
required pressure. The residual gass in the apparstus was

air.

7.1 Irradiati S

(1) Irradiation of Perfluoro-k-ethyl-2.,6-di-isopropyl-
-d idine . i

253.7nm,, Using 3 Long Irr £ Ti

This irradisation was performed seversl times. Described

below is a typical experiment.
Perfluoro-h-ethyl-2,6-d1-1sopropy1-3,5-d1methy1pyfid1ne
(193)(1lg., 1.49 w.moles), was dissolved in CF,C1CFC1l, (20m1)
contained in a stoppered silica test-tube, capacity ca. 30ml,
and irradiated for 196 hrs. at 253.7nm. (120 watts) after
which time analysis by g.l.c. (G.D.B. silicone elastomer, 78°C)
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showed the presence of one new cowmponent in the mixture and
disappearanée of starting material (153). Rewmoval of solvent,
by distillation, and purification of the residue by prep-
arative scale g.l.c. ('Aerograph', silicone élastomer, 80°C)

gave perfluoro-t-ethyl-2,6-di-1isopropyl-3,5-dimethyl-1-

azatetracyclo[2.2.0.02i°.03’5]hexane (160) and perfluoro-z-

ethyl-4,6-d1-isopropyl-3,5-dimethyl-l-azatetracyclo[2.2.0.

02’6,03»5]hexane (159) as a colourless liquid mixture

(Ca. 50:50 mixture as shown by 195 n.c.r.){Found: F,71.2%;
M,669. C15F25N requires F,70.98%; 1,669] 19 n.m.r. spectrs
No. 2 and 3. The azaprismane structure followed from the
i.r. spectruz (No. 2) which showed no peaks corresponding to
C=C or C=N stretches and the u.v. spectrum (No. 1) which
showed the products not to be aromatic.

On fractionsl distillation of this mixture, under
reduced pressure (lCum., 'S 200' column) it was possible to
obtain 3 small quantity of this azaprismane mixture (boiling
at ©5°C/10um) which contained (153) and (160) in the ratio
55:45 (ss shown by 19F n.u.r.). '

Irradiation of (153) in solution in perfluoromethyl-
cyclohexane in a sesled silica tube, under high vacuum and
degassing, using 253.7nwu. light (120 watts) gave (159) and
(160) as an inseparable mixture.

(ii) Irr ti p ~L-et -2.6-d1- -
f-dimethylpyridin 5 in Solut t
Usipg g Short Irradiastiopn Time

Perfluoro-h-ethyl—2,6-d1-isopropyl-3,SQdimethylpyridine
(193) (4g, 5.97 m.uoles) was dissolved in CF,CI1CFCl, (80mls)
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contained in a stoppered silica tube (Capacify ¢a. 100ml)

and irradiated by 253.7nm. light (120 watts) for 46.2 hrs,
after which time g.l.c. analysis (G.D.B. silicone elastomer,
78°C) and g.l.c. mass spec. showed the presence of para-
bonded species (154), azaprismane mixture (152) and (160),
and (153) in the ratio ca. 20:15:65. Small samples of

(154) and mixture (159) and (l€0) were obtaihed by reduced
pressure distillation (column 'MMS 200', 18mw. Bpts 69° and
73°C respectively) and their identity confirmed by comparison

of their °F n.m.r. spectra with those of authentic samples.

(111) Irradiation of Perfluoro-4-ethyl-2,6-di-igopropyl-
-adim 2
OQnoi, U rt
Perfluoro-4-ethyl-2,6-di-1sopropyl-3,5-dimethylpyridine
(153) (1.5g. 2.24 m.moles) was dissolved in 25ul. of
CkoC1CFCly contained in a Pyrex test-tube, of ca.35ml.
capacity, and irradiasted et ca.300nm. (Ca.42 watts) for 2

hrs. The solvent was removed by distillation and the residue

examined by g.l.c. (G.D.B. silicone elastomer, 78°C) and
chown to contsin three components.

The products from two such experiments (2.85g) were
combined and sepsrated by distillstion (13uw. 'MMS 200
column) to give perfluoro-i-ethyl-2,6-di-isopropyl-3,5-

dimethyl-l-azabicyclo[2.2.(]hexa-2,5-diene (154)(b.pt.

64°C ca.l3mm) as a colourless liquid (1.16g,38.6%) [Found:
C,27.0%: F,70.743 M,669. Cy5FogN requires €,26.93%;
F,70.9;+ 1,669] i.r. spectrun No. 3, 19 n.am.r. spectrum

No. 4, u.v. spectrum No. 6.
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The pot residue (1.69g) was examined by g.l.c. (G.D.B.
silicone elastomer, 78°C) and shown to contain para-bonded
species (1.05g)(33%), azapriswmane mixture (15%9) and (160)
(0.32g, 10.5%) =nd (133)(0.25g, 8.3%) frow g.l.c. retention
times and g.l.c. mass spec. The yleld of (1l54) was 71%

overall.

(1v) Irradiation of Perfluoro-h-ethyl-2.6-di-igopropyl-
3,5-dimethylpyridine (153), in Solution at

ca. 30Cnw, Usin n d .l

Perfluoro-k-ethyl-2,6—d1—1sopropy1-35;dimethylpyridine
(123)(1.5g, 2.24m.moles) was dissolved in 25mﬁ. of CF,CICFCl,
contained in a pyrex test-tube (capacity ca. 35ml) and
irradiafed at c2.300nu. (ca.4? watts) for 359 hrs. The
resulting solution was shown by g.l.c. (G.D.B. silicone
elastomer, 78°C) to contain only one component. Removal
of solvent by distillation gave a residue (1l.45g) which
was purified by preparative g.l.c. (‘'Aerograph', silicone
elastowmer, 80°C) 2nd shown by 17F n.uw.r. to be a mixture

of azaprismsnes (159) and (160) in the approximate ratio
55:45,

(v) Irradiation of Perfluoro-2,4.6-tri-isopropyl-3,5-
dimet in 1k in 8 i t . .

Perfluoro-2,4,6-tri-isopropyl-3,5-dimethylpyridine
(148)(1.01g, 1.40m.noles) was dissolved in CFpCICFCl,
(20ml), contsined in a silices test-tube, (capacity cs.30wl)
and irradiated by 253.7nm. light (€0 watts) for 396 hrs.
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after which time g.l.c. analysis (5.D.B. silicone elastonmer
789C) showed azaprismane (179)(61%) and (148)(39%) together
with solvent. The solvent was removed by distillation and
the residue purified by preparative g.l.c. ('Aerogrsph',
silicone elastomer,95°C) to give perfluoro-2,4%,6-tri-
1sopropyl-3,5-dimethyl-l-azatetracyclo[2.2.0.0219,03,5]-
hexane (179)(0.45g 73.7% yield bssed on 61%'conversion) as
s colourless liquid. [ Found: F, 71.5%; M 719, Cy6Fo7N
requires F,71.35%3; M, 719 ] 9 n.g.r. spectrum No. 5. The
azaprismsne structure for (179) followed frowm the i.r. dsta
(spectrum No. 4) which showed no absorbances corresponding
to C=C or C=I stretches and the u.v. datsa (spectrum No. 2,
Amax 21% (€,520) and ca.256nm. (€,86)) which indicated the
product was not aromatic. The second component in the

mixture was identified as starting naterial (148).

(vi) Irradiation of Perfluoro-2-ethyl-3,6-di-isopropyl-

4,5-dimethylpyridine (156 lution a

Perfluoro-2-ethyl-3,6-di-isopropyl-k,5-diuethylpyridine

(156)(0.50g, 0.74% m.woles) was dissolved in CFpC1CFClp
(10wl) contained in a stoppered silica test-tube, capacity
ca.30ml, and irradiated by 252.7nm. light (120 wetts) for
101.5hrs. after which time g.l.c. analysis (G.D.R. silicone
elastomer,?BOC) showed the presence of one new component,
in solution, and showed the absence of starting uwaterial
(126). Removal of solvent by distillation and purification

of the residue by preparative g.l.c. ('Aerograph', silicone

elastomer, 80°C) gave perf1uoro-2-ethylé3,6-d1-1sopropy1-
hlﬁ-dimethyl-l-azatetracyclo[2.2.0.02’6.03’5]hexane (18%)




- 184 -

as a colourless liquid (0.29g, 58%)[Found: ¥,70.8%; M,669;
C15Fo5N requires F,70.984%; M,669]19F n.m.r. spectrum No. 6.
The u.v. data, Amax 220nu. (€,143)(Spectrum No. 3) and the
absence of any absorbances corresponding to €=C or C=N
stretches in the i.r. spectrum (No. 5) confirwed thst the

product had an azaprismane structure.

(vii)

3,4-dimethylpyridine (157) in Solution at 253,7nm.
Perfluoro-2-ethyl-5,6-di-isopropyl-3,4-dimethylpyridine

(157)(0.51g, 0.75 m. moles) was dissolved in C¥,C1CFC1,
(10wl) contained in a stoppered silica test-tube, capacity
ca. 30ul., and irradiated at 253.7nm. (120 watts) for 96
hrs. after which time the solution was_analyged by g.l.c.
(G.D.B. silicone elastowner, 789C) and was shown to contain
one new component, and absence of starting material (157).
Solvent was rewoved by distillation and the residue puri-
fied by preparative g.l.c. ('Aerograph', silicone elastomer
80°C) to give an unidentified perfluoro-ethyldi-isopropyl-
dimethylazaprismane (A)(C.32g, 63%) as a colourless liguid
[Found: F,70.773; i,065; C15Fo5N requires F,70.9%%; M,669]
i.r. spectrum No. 6, 19F n.z.r. spectrum Mo. 7, u.v. spectrum

No. &4.

(viii) Irradiation r -246-Gi- r -3,5-
digethylpyridipe (149) in Solution, at 293,7nm.
Perfluoro-2,6-di-isopropyl-3,5-dimethylpyridine (149}
(2.0g, 3.58u.uwoles) was dissolved in CFoCICFC1lsy (50m1) in
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a clean dry silieca Carius tube (Ca.220 x 2%9mm). The solution
was degassed and the tube sealed under high vacuum (0.0C3mm)
and irradisted at 2523.7nm. (120 watts) for 289 hrs. The
solution discoloured, but removsl of solvent and vacuum
transference gave starting waterial (1.84g) as the only

19

product (shown by couparison of i.r. and F n.w.r. spectra

with those from an suthentic sample).

(ix) Irradistion of -2, 4. 6-tpi-1s 1d
(138) in Solution, at 293.7nm,
Perfluoro-2,4,6-tri-isopropylpyridine (;3&)(2.023,

3.26 w.uoles) was dissolved in CFpoClCFCly (40ml) in a clean
dry silica Carius tube (Ca. 23 x 215uw). The solution was
degassed and the tube sezled under high vacuum (0.005mm),
and irradiated by 253.7nxu. light (60 watts) for 306.3hrs.
Some discolouration of the solution occurred, but removal of
solvent gave starting waterial (138)(1.77g) as the only
product (As shown by g.l.c. i.r. and 198 n.m.r.).

(x) Irradiation of Perfluoro-2,4,6-tri-isopropylpyridine
b ligh ' P

Perfluoro-2,4,6-tri-isopropylpyridine (128)(1.65g.,
2.67 wm.zoles) was introduced into a clean dry silics tube
(25 x 21Cmw) which was sesled under high vacuam (0.001lmm),
after degassing, and irradiated at 253.7nm. (6C watts) for
306.3hrs. Slight discolouration of the solid ocecurred.
The vacuuw transferred product (1.52g) was shown by g.l.c.

(G.u.B. silicone elastoumer, 78°C) to be a single component
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identified as starting material (138) frow i.r. and 19

n.w.r. spectra.

7.2 Irradiation Under Transference Conditiong

(1) Irradistion of Perfluoro-4-ethyl-2,6-di-isopropyl-

3s0-dixethylpyridine (153), st 253.7nm. Whilst

UInder Transference

Perfluoro-l-ethyl-2,6-di-isopropyl-3,5-dimethylpyridine
(153) (1.10g.; l.cl n.woles) was introduced into the trans-
ference apparatus illustrated in Fig. 9 (Silice vessel used,
70 x 370mz). The systewm was evacusted to a pressure of
0.0032u:, the residusl gas being air, and théﬁ irradiated at
253.7nm. (120 wetts) for 22.8 hrs., during which time all
the waterial transferred into the liquid air cold trap. The
transferred product (1.06g, 9€.5%) wss shown by i.r., mass

spec. and g.l.c. to be recovered starting uwaterial (153).

(11) Irradiation of Perfluoro-2,6-di-isopropyl-3,5-

dimeth ridin Yy st nn

T'rangference

Perfluoro-2,6~di-isopropyl-3,5-dimethylpyridine (3.0g.,
5.27 m.uoles) was introduced into the apparatus shown in
kFig. 9 (Silica vessel 110 x 37Cui.) and the system evacuated
to a residusl pressure of air, of O.5mum. ahd irradiated at
253.7nm. (120 wetts) for 42.5 hrs. during which time all
the material had transferred into the cold trap (liguid air).
Slight decomposition was observed on the walls of the silics

vessel.
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The resulting liquid product (1.98g) was examined by
g.l.c. (G.u.B. di-isodecylphthalate, ?8°C)‘and.shown to
contain two major components, the one of longer retention
time (C.69g) was subsequently shown to be starting material
(149) by g.l.c. retention time and i.r. The component of
shorter retention tiwe was separated by g.l.c. ('F-21!,
di-isodecylphthalate, all parts at 50°C) and shown to be
perfluoro-1,3-di-isopropyl-4,6-dimethyl-2-azabicyclo-

[2.2.0]hexa~2,5-diene (188)(1.29g, 43% overall yield)

[Found: C,27.4%: F,70.1%; 1,569, C13Fp1N requires C,27.45%;
7,70.1i; ~,569] 1.r. spectrum No. 7, 9% n.w.r. spectrum
No. 8, u.v. =pectrum No. 8.

A solid product (0.91g) obtained from. the walls of the
cold trap was identified by 19F n.n.r. as starting material

(149).

(111) Irrsdiation of Perfluporo-2.%,6-tri-igopropylpyridine
(138) at 253.7nc. Whilst Under Transference

This photolysis was carried out on more than one

occasion. A typicel experiment is described below.
Ferfluoro-2,4,6-tri-jsopropylpyridine (138)(3.0g,

4.84% w.uoles) was introduced into the apparatus shown in
Pig. 9 (Silica vessel used, 110 x 270um.) and the systew
evacuated to a residual pressure, of air, of 1.0mu. and
irrsdiated for 64.9 hours at 253.7nu. (120 watts) during
which time all the materisl had transferred into the cold
trap. Slight decoumposition was observed on the walls of

the silice vessel.

l
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G.L.C. analysis (G.D.B. di-isodecylphthalate, 78°C)
of the liquid prdduct showed two major cowponents of which
the one of longer retention time was shown to be starting

material (138)(1l.76g, 59%). 1l.llg (37%) of the more volatile

component was present (as estimated by g.l.c.).

The products frow four such transference reactions were
coubined and distilled ('Fischer Spaltrohr-Column MMS 200'
microdistillétion apparatus) under reduced pressure (22mm)

tc give perfluoro-1,3,5-tri-isopropyl-2-azabicycio | 2.2.0]-

hexa-2,5-diene (194), as a colourless liquid (Bpt. 66°C/

22 ¥ lww.)[Found: F,70.7%; i,619. C1uFp3N requires F,70.64:
i,619] 19 n.m.r. spectruwm No. 9, i.r. spectrum No. 8, u.v.

spectrum No. 9 and 0.41g of » wmixture (5.pt. 66.5-67°C/22mm)
containing ca. 60% (194) and 40% of a second couwponent

identified from 19¥ n.m.r. as perfluoro-2,4,6-tri-isoproryl-

l-agzabicyclo[2.2.0)hexa-2,5-d1ene (195) 19¢ n.m.r. spectrum

No. 10 [Found: i,619. CyFo3N requires r,619] with an overall
yield of Ca.2%.

(iv) Irradiation of Perfluoro-2.%,5-tri-isopro ridine

(137) at 253.7nw. Whilst Under Transference

This irradiation was carried out on wore than one
occasion. A typical experiment is described below.

Perfluoro-2,4,5-tri-isopropylpyridine (137)(2.1g,
3.3%9c.woles) was introduced into the transference apparatus
(Fig. 9. 370 x 11lCum. silica vessel) and the system
evacuated to a residual pressure of 0.3mu. snd irradiated by

253.7nn. (120 watts) for 21.© hrs. during which time all the
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material had transferred into the trap, cooled in liquid
air.

Analysis by g.l.c. (G.D.B. silicone elastouer, 78%0)
of the liquid obtained showed two major components, a
volatile component (0.87g., 41%) and unrescted starting material
(137). Separation by preparative g.l.c. ('F-21', di-iso-
decylphthalate, 60°C) gave a mixture containing perfluoro-
2,4,5-tri-isopropyl-l-azabicyclo[2.2.0]hexa-2,5-diene (196)
end perflucro—3,5,6atrieisopropyl=2=azabicyclé{2.2.0}hexa-
2,5-diene (197) 9F n.m.r. No. 12, i.r. of mixture spectrum
No. 9, in the ratio 45:55 (as determined by 19F Nn.m.r.).

The products from three such reactions were combined
and an attempt wade to separate the azaparabbnded species
(196) and (197) by distillation using a Fischer-Spaltrohr-
column HMS500 distillation apparatus, under reduced pressure
(8mm.). However the azaparabonded species (197) rearo-

natised during the course of the distillation but perfluoro-

2,4,5-tri-1sopropyl-l-azabicyclo[2.2.0]hexa-2,5-diene (196)

was obtained as a colourless liquid (Bpt. 56°C/8um.)
[Found: F,70.4%; C,27.2%; M,619. Cth23N requires F,70.6%;
C,27.15%; M,619] 19 n.m.r. spectrur No. 11, i.r. spectrum

No. 10, u.v. spectrum No. 7.

(v) Ir t P - # 6-tri- -3-m -
ridin n i Under n n
Perfluoro-2,4,6-tri-isopropyl-3-methylpyridine (191)
(3.0g., 4.48w.moles) was introduced into the apparatus shown

in Fig. 9 and the systew evacuated to leave a residual
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pressure, of air, of 1.0ww. »nd irradiated ~t 253.7nm. (120
watts) for 64.2 hours during which time all the materisl had
transferred into the cold trap. |
Analysis of the ligquid product (2.9g) by g.l.c. (G.D.B.
di-isodecylphthalate, 78°C) showed two components, the more
| volatile present as 40.2% of the mixture (38.8% yield overall)
\ whercas analysis by g.l.c. ('F-21' di-isodecylphthslste, 60°C)
[ further resolved the volatlle component into *%wo components
' _

(relative ratic ca. 8:1) and the involatile component into

=

/

o

two peaks (relstive ratio Ca. 50:50). Thé products from
three such irradiations were combined and distilled under
reduced pressure (8.5mw) on s Fischer-Spsltrohr Column HMS
20C microdistillation appsratus to give an unidentified
compound thought to be a perfluorotri-isopropylmethylaza-
prismane (E), due to the absence of either C=C or C=N stretches
in the i.r. spectrus No. 11. [ Found: F,70.8%: i,669.

C15Fo5N requires F,7C.98%; 1£,669] Y% nuw.r. spectrum No. 1k
u.v. spectrum No. 5 (Ept. 53-4°C/8.5mm). A component boiling
point S4-5¢0C/3.5um contsined the previous couponent and was
also unidentified and‘had resonances in the 19F n.w.r. at
ok.25, 65.48, 75.79, 7¢.64, 73.55, 99.95, 105.37, 179.2,
187.2, 183.1 and 1%8.7 p.p.w. snd was shown by g.l.c. wass
spec. to be isomeric with (151). The pot residue after
rewoval of volatile couponents was shown by 19F n.m.r. to

be a ulxture which contsined ca2. 507 of starting material-
(151) together with a second unidentified pyridine, with

ii = 66% (as shown by g.l.c. Lacs spectrouetry).
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(vi) Irradiation of Perfluoro-2-isopropyl-3,5-di-
wethylpyridine (150), at 253.7ni.. wWhilst

Under Transference

Perfluoro-2-isopropyl-2,5-dimethylpyridine (199)

(2.90g, ©.92w.uoles) was introduced into the transference
apparatus shown in iig. 9 (Silica vessel, 370 x 11O0mm).
The liquid was frozen, using liquid air, while the vessel was
evacuated to a pressure of 0.¢5mi.. and then irradiated at
253.70m. (120 waths) for a total of “0.¢ nre. during which
time 8ll the wmaterial Had transferred into the cold trap.
.1.c. snalysis (G.D.B. di-isodecylphthalate, 35°C)
showed three major components in the ratio ca. 34i:5.:59,
together with two very minor vola%ile components, in order
of increasing retention time. Separation bty preparative
g.l.c. ('#-21', di-isodecylphthalate, 35°C) gave an impure
sample identified as perfluoro-l-isopropyl-4,6-dimethyl-2-
azabicyclo[2.2.C)hexa-2,5-diene (202) from its 19F n.u.r.
(No. 13). Rearomatisation to (l5Q) occurred during the
separation so a pure sawple was nqt obtained and the para-
bonded species (202) was found to be extremely susceptible
to hydrolysis, even if stored at -20°C. The least volatile
component, present at 594 of the mixture, was identified as
starting material (19Q0) by cowparison of i.r. and 19F n.w.r.
spectra with those fror an authentic sample. The component
present as 54 of the mixture 2nd the two winor components

were unidentified.
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(vii) Irradistion of Perfluoro-4,6-di-isopropyl-3-

methylpyridine (152), at 293.7nm. whilst

linder Traqsference

Perfluoro-4,¢-di-isopropyl-3-wethylpyridine (132}
(2.2g, 6.26 w.zoles) was in%troduced into the “ransference
apparatus shown in Fig. 9 (Silica vessel used, 370 x 110mu).
The liquid was frozen down and the apparatus evacuated *o a
residual pressure of 0.51.. The vessel wae 2llowed %0 warw
to roow temperature and irradiated by £53.7ni.. lamps (120
watts) for 102 hours, during which time all the material had
transferred into the side trep, cooled in liquia =ir.

The liquid proauct (3.Ckg) was analysed by g.l.c.
(C.0.F. di-isodecylphthalate, 78°C) and showed one volatile
component as 46% of the wixture,and 53% starting masterial
(152). The volatile component was resolved into two major
conponents and one w'‘nor cowmponent on further g.l.c.
analysis ('i/-21' silicone elastorer, 45°C), however
resoluticn was poor and separation by g.l.c. ('F-21' Silicone
elastomer, 45°C) gave samples of the mixture which was shown
ty wass spec. to be isowmeric with starting waterial (152)

but was not identified.

(viii) Irradiation of Perfluoro-2,%-di-isopropylpyridine

Perfluoro-2,5-d'-isopropylpyridine (139)(2.15g) was
Introduced into the transference spparatus illustrated in

Fig. 2 (Silica vessel, 37C x 11Cum) and the liquid frozen

down (liquid air) whilst the vessel was evacuated to a




residuel pressure (of air) of 1l.Cuu. The vessel was
irradiated 2t 253.7nw. (120 watts) for 9¢.2 hours during
which tiwe all the waterial had transferred 1nto the cold
trap.

G.l.c. ~nalysis of the liguid product (2.1g)(%.D.3.
di-isodecylphthalate, 78°C) showed “he presence of starting
material (129), which was confirwed by i.r. and 9% n.u.r.
data.

The experiment was repeated under similar conditions
but the product was kepht frozen down and transferred under

high vacuum into an n.w.r. tube wvhich was sealed and %he

liquid exawined at -20°C, but no unstable valence isomers

were detected.

(ix) Irradiation of Pentafluor r 136) at 253.70k.

linder Transference

Pentafluoropyridine (1.02g) was introduced into the
transference apparatus shown in rig. 9 (370 x 11l0un. silica
vessel) and frozen down, using liguid air, whilst the
apparatus was evacuated to a pressure of Ce.l2m:. and the
vessel irradiated at 253.7nm. (120 watts) for 62.%5 hours
during which time all the .aterial had transferred into the
liquid air cooled ‘rap.

tuch decowposition was obtserved on the walls of the
silice vessel. The licuid product was transferred, under
vacuum, into an n...r. tube snd the lijquid examined ot

-20°C and shown %o te unchanged starting materisl (136)
19

(0.42g, 415). No new peaks were detected in the ~’F n.u.r.

of the product.
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(x) Irradiation of Perfluoro-2,4,6-tri-isopropylpyridine

(138), Under Transference at 300nui.

Perfluoro-2,4,c~tri-1sopropylpyridine (138)(3.0g)"
was introduced into the transference apraratus, illustrated
in Fig. 9 (Silica vessel, 370 x 11Cux) 2nd the systen
evacuated to a residual pressure of 1l.0mrn, of eir, and
irradiated at 30Cnw. (85 watts) for c4.3 hours during which
time a1l the waterial had transferred into *the cold %rap.
nalys’s (3.0.B. Silicone elasﬁbmer, 78°C) of the
liquid product (2.95g) cshowed tvo componen%s in the ratio
12:88, the latter of which was shown %to be starting materisl
(138). Separation by preparastive g.l.c. ('F¥21', df-1iso-
decvlphthalete, 50°C) gave the volatile couponent identified
by 1%F n.u.r. as (194), containing » %race of (193), by

comparison wlith 2n 2uthentic sazple.

7.3 Irradiation of Perfluorotetra-isopropylpyrszine (207)

(1) In_ Soluticn at 252?.7nw.

Perfluorotetra-isopropylpyrazine (207)(0.60g, 0.3
m..0les) dissolved in Freon 113 (lcwl) in a silica test tube
(capecity ca. 30il) was irradisted at 252.7nw. (120 watte)
for 191.1 hours. Feaoval of solvent by distillation gave 23
brown solid frous which unchanged starting usterial (207)
(0.44g) was sutlimed.

Fyrazine (207)(0.40g, 0.53 n.woles) was dissolved in
CKC1,Ci,Cl (10wl) in a silica Carius tuben(éo x 2CCnm.) and
secaled under high vacuum (C.0Clw...) after vigorouns degassing.

Irradiation a%t 252.7nm. (120 watts) for 163.4 hours and
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removal of solvent gave 3 trown colid 1dentified as
1zpure (2¢7).

(11) ingTransference Experiment, at 252.7nuw.
Pyrazine (207)(0.5Cg, 0.¢6 ...uole) was introduced into

the trensference zpparatus (Fig. . 76 x 37Cui., silice
vessel) which w=s evacuated fo a cressure of C.07m.. and
irradiated at ¢53.7nm. (120 watts) for 16.7.hburs. The
transferred solid (0.4Cg) was shown by i.r. ani g.l.c. to

be unchanged starting waterial (2C7).

(111) ln o Static Yapour Irradiation =t 252.7n4.
Perfluorotetra-isopropylpyrezine (207)(0.32g, 0.42 ¢.

wole) was introduced into 2 silice Carius tube (ca. 19 x
210wi.) and sesled under high vascuum (0.0003um.). Trradi-

ation at 253.7nm. (12C watts) for 292 hours caused slight

discolouration of *he solid which was identified as starting

material..
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CHAFTER 8
Properties of Valence Isomers - Experimental

8.1 Introduction
This chapter contains experimental detalls on work
carried out on valence isomers and mainly discussed in

Chapter 4.

8.2(1) Pyrolysis of Mixtures o Perfluoro-k-ethyl-2,6-

di- T 1=~ -dimethyl-1- tetrac -~
.2.0.02:6.03,5 6 p -

azatetracyclol2.2,0.02,6.03:5] hexane (159)

This pyrolysis was carried out on more than one occasion.
A typical experiment is described below.

The mixture of azaprismanes (139) and (160) (Ca 50:50
mixture, 2.0g, 2.99 m.moles) was sealed, under high vacuum,
in a thick walled pyrex Carius tube (70 x 10mm.) and heated
in a thermostated oil bath at 175°C for ca. 50 hours. The
liquid product was anslysed by g.l.c. (G.D.B. di-isodecylph-
thalate, 78°C) and shown to contain three major components
as 34%, 48% and 12.5% of the liquid product. Separation was
carried out by preparative g.l.c. ('F-21', di-isodecylphthalate,

95°C) to give, in order of increasing retention time,
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perfluoro-2-ethyl-3,6-di-isopropyl-4,5-dimethylpyridine (156)

as a colourless liquid, boiling point 190°c [ Found: F, 71.0%;
M, 6693 Cjy5F 5N requires F, 70.98%; ¥, 669) 19F n.u.r.
spectrum No. 15, i.r. spectrum No.l2, u.v. Spectrum No. 10,

perfluoro-2-ethyl-5,6-di-isopropyl-3,4-dimethylpyridine (157)

as a colourless solid, melting point 26°C [Found: F,71.1%;
K, 6695 CysFygN requires F, 70.98%; ¥, 669] '°F n.m.r.
spectrum No. 16, i.r. spectrum No.l3, u.v. spectrum No. 11,

and perfluoro-3-ethyl-2,6-di-isopropyl-4,5-dimethylpyridine

(158) as a colourless solid, melting point 71-72°C [ Found: F,
70.7%; M, €69. CicF,cN requires F, 70.98%: ¥, 669] 19F
n.u.r. spectrum No. 17, i.r. spectrum No.l4, u.v. spectrum
No. 12.

Pyrolysis of an azaprismezne wixture containing (199)
and (160) in the approximate ratio 55:45 (from 1°F n.m.r.)
in a sealed tube, at 176°C for 119 hours, gave a mixture
containing (157), (158) and (159) in the approximate ratio
38%:415:15.5% (as shown by g.l.¢. analysis. G.D.B. di-
isodecylphthalate, 78°C)., The identity of the pyridines

obtained was proved by g.l.c. mass spec.

8.2(41) Pyrolysis of Perfluoro-2,4%,6-tri-isopropyl-3,5-

dimethyl-1-szatetracyclol2.2.0.0216.0325] hexane (179)

Azaprismane (179)(0.35g.) was introduced.into a clean,
dry pyrex n.m.r. tube which wes sealed under high vacuuw
(0.C05 mm.) and heated, in an oil bath at 174-178°C, for
31.3 hours. The 1liquid product was analysed by g.l.c.
(G.D.B. di-isodecylphthalate, 78°C) and shown to contain
azaprismane (179)(17.5%), pyridine derivative (182)(79.5%)

and 3% unknowns.
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The mixture was separsted by preparstive g.l.c. ('F-21',

silicone elastomer, 100°C) to give perfluoro-2,3,6-tri-

isopropyl-t,5-dimethylpyridine (182) as a colourless solid,

melting point 41°C. [Found: F, 71.5%; V, 719; CypForN
requires F, 71.35%; ¥, 719] 19F n.ow.r. spectrum No. 18,

i.r. spectrum No. 15, u.v. spectrum MNo. 13.

2(1ii1) Pyrolysis of Perfluoro-4-ethyl-2,6-di-isopropyl-2,5-

dimethyl-l-azaticycl .2.0lhexa- -diene L)

Perfluoro-h-ethy1-2,6-d1-isoprony1-3,5fd1methyl-1-

azabicyclo[2.2.0}hexs-2,5-diene (154)(1.0g.) was introduced

into a pyrex Carius tube (ca. 6 nl. capacity) which was
sealed under high vacuum (0.003 um.) and heated at 175%2°C
for 38 hours.

The solid which appeared on cooling (0.42g.) was removed:
by filtration and shown by i.r. and '7F n.m.r. to be
perfluoro-4-ethyl-2,6-di-isopropyl-2,5-dimethylpyridine (153).
The resulting liquid (0.54g.) was analysed by g.l.c. (G.D.B.
Silicone elastomer. 78°C) and g.l.c. mass spec. and shown to
contain unchanged pars-bonded species (ca. 0.45g., 45%) end

pyridine derivative (ca. 0.09g., 9%).

2(1v) Flash Vacuum Pyrolysis of a Mixture of Azaprismanes
(159) and (160) |

A 50:50 mixture of azaprismanes (159) and (160) was
passed through a hot silics tube (300 x 1lOmm.) under high
vacuum; the products were collected in a trap cooled in
ligquid air. When the tube was at 380°C complete rearomatisation
to a mixture of pyridines (156), (157) and (158) in the ratio

36:50:1% was obtained.
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At 350°C the product contained azaprismane mixture
(199) and (160), pyridines (196), (157) and (1%8) in the
ratio 27:27:36:10%, which were identified by linked g.l.c.
mass spectrometry. There was no evidence for intermediate

para-bonded isomers.

8.3 Half-1life Determinations

The half-lives of some of the valence-isomers obtained,

in this work, were determined ‘as below.

OrQ~- Llr - -]1SODPIron

[2.2.0]hexa-2.5-dieng (196)

The diene (196) contalned in a stoppered tube was heated

8.3(1)

in an oil bath maintained at 140°C. Samples were removed at
regular intervals and examined by g.l.c. (G.D.B. di-iso-
‘decylphthalate, 78°C). The ratio of components was deter-
mined from the area under the g.l.c. trace. The half-life

of the para-bonded species (196) was determined by graphical
means as 135 ¥ 15 minutes and shown to be first order. The
product from rearomafisation was shown to be perfluoro-2,4,5-
tri-isopropylpyridine (137) by comparison with an authentic

sample.

8.3(11) Perfluoro-1,3.,5-tri-isopropyl-2-azabicyclo-
[2.2.0]hexa-2,5-diene (194) |

The diené (194) contained in a stoppered tube was heated,
at 140°C, in an oil bath. The composition of the sample was
periodically examined by g.l.c. (G.D.B. di-isodecylphthalate,
78°C). The para-bonded isomer (19%) was shown, by graphical
means, to rearrange with first order kinetics, with t% =
110 * 10 minutes. The rearomatisation product was identified
from spectra as perfluoro-2,4,6-tri-isopropylpyridine (138).
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8.3(111) Perfluoro-l,3-di-isopropyl-4,6-dimethyl-2-
ggabiéyclgjg.g.Olhexa-2.5-diene (188)

The diene (188)(Ca. 200 pl.) was sealed in a pyrex
n.m.r. tube and heated in the probe of an n.m.r. spectrometer
(Varian A56/60D) at 104°C. The rearomatisation was followed
by electronic integration of signsls obtained'from perfluoro-
methyl groups in starting materisl (188) and product (149).
The para-bonded isomer (188) was shown by graphical means to
decompose with first order kinetics t% = 36¥L mins. at 10LOC.
The rearomatisation product was shown by l9F n.m.r. to be

perfluoro-2,6—d1-1sopropy1-3,S-dimethylpyridine (149).

8.3(iv) Half-life determination nt -
tri-isopropylmethylazsprismane (B)

The azaprismane (B), formed from photolysis of (151), was
heated at 143 ¥ 29C. After 75 minutes, Ca. 91.5% rearo-
matisation had tsken place, as shown by g.l.c; (G.D.B. di-
1sodecy1phthélate, 75°C). This gave a half-1ife of 21

minutes.
In [A] = Kkt In [A]n - kt%
[A]-t [A]té
2.303 log 100 = 75.k
8.5
k = 2.303 x 1.0706
79
ti1 = 1lo . 30
% k

t1 = 21 winutes
The rearomatisation product was identified as;perfluoro-

2,4,6-tri-1sopropyl-3-methylpyridine (151).
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8.4k Irradistion of Valence Isomers

Attempts were wmade to induce rearrangement of the

valence isomers, obtained earlier, by photochemical means.

8.4(1)

The azaprismane mixture (159) and (160)(75u1.) in the
ratio ca. 40:60 was mixed with ca. 120‘p1; of CF,CICFCl5 in »
silica n.m.r. tube. Irradiation ét 253.7nm. (120 watts) for
270 hours did not alter the ratio of the azanrismanes (159)
and (160)(as shown by 19¢ n.m.r.). No other components were
detected after photolysis.

8.4(11) Irr n Perfl ~b-ethyl-2,6-d1i- -

3,5-dimethyl-1-azabicyclo[2.2.0]hexa-2,5-diene
(154), at 253.7nw.

The para-bonded isomer (154)(0.25g., 0.37 m.moles) was

dissolved in CF,CICFCl, (3 ml.) in a silica test-tube and
irradiated at 253.7nm. (60 watts) for 24 hours. Analysis of
the mixture by g.l.c. (G.D.B. di-isodecylphthalate, 78°C)
and g.l.c. linked wsss spec. showed (154)(13%), azaprismsne
mixture (159) and (160)(4%), and pyridine derivative (153)
(83%).

8.4(111) Irradiation Perfluorg-1,3-di-isooronyl-k, 6-
dimethyl-2-azabi -2,5-dien 88)
The para-bonded isomer (188)(0.51g. 0.9 m.moles) in
CF,C1CFCl, (2ml.) contained in a silica tube, was irradisted
at 253.7nm. (120 watts) for 43.7 hours after which time the
solution was examined by g.l.c. (G.D.B. silicone elastomer,

78°C) and shown to contsin one involatile component, which
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on removal of solvent was identified as pyridine derivative

(149), from i.r. spectra and g.l.c. retention fime.

8.4(iv) Irradiation of Perfluorotri-isopropylmethvlazaprismane(

The unidentified azaprismane (B)(250}11) was 1irradisted
at 253.7nu. (120 watts) in a silica n.m.r. tube for ca. 24
hours. Examination of the product by 19F n.ui.r. showed the
presence of perfluoro-2,4,6-tri-isopropyl-3-methylpyridine
(151) and a second unidentified pyridine derivative (csa.
50:50 mixture) identical to the rearranged pyridine obtained
previously from the 253.7nn. trénsference irradiation of

(151)(Section 3.3(1ii1)).

8.4(v) Irradiation of Perfluoro-l,3,5-tri-isopropyl-2-

azabicyclo[2.2.0]hexa-2,5-dlene (194) at 253.7nx.

The para-bonded isomer (194)(0.43g. 0.69 m.moles) was
dissolved in CFyCI1CFCl, (2ul.) contained in a stoppered

silica tube and irradiated at 293.7nm. (120 watts) for ca.
24 hours. Analysis of the resulting solution by g.l.c.

showed pyridine derivative (138) as the only product. This
was confirmed by comparicson of i.r. spectrs, after reumoval

of solvent.

8.4(vi) Irradiation of a Mixture Contsininz Perfluoro-2.4,6-

tri-isopr =)= =_an ro- -tri- =
r -2-3zabi . -2,5-dien )
and (194)
The mixture of para-bonded isomers (134) and (195) in
the ratio ca. 80:2C (1.0g. 1.61 u.moles) was introduced into

a large silica vessel, assembled for transference. The liquid




was frozen down (liquid air) and the vessel evacuated to a
residusl pressure of 0.1l um. of 3ir and irradiated at
253.7nm. (120 watts) for 23 hours, during which time all the
waterial had trancsferred to the side trap cooled in liouid
air. The product (0.95g.) was shown to contain pyridine
derivative (138)(60.5%) and mixture of para-bonded isomers
(195) and (194), in the approximate ratio 90110.

8.4(vii) Jrradiation of Egrglgggg-a,h,§-tr;-i§gprgpxl=l-
azabicvelol[2.2.0lhexa-2,5+dlene (196) at 252.7nw.
The para-bonded isomer (19€)(0.29g. 0.47 an.moles) was
dissolved in CF,C1CFCl, (2 wl.) contalned in a stoppered
silieca tube and ifradiated at 253.7nm. (12C watts) for ca.
48 hours. Analysis of the resulting solution by g.l.c.
showed only one component, identified as perfluoro-2,h,5-
tri-isopropylpyridine (137) by cowpasrison of spectra with

those from an authentic sample.

8.5 Thermal Analysis of the Rearomatisation of Perfluoro-

1,3-di-isopropyl-4,€é-dimethyl-2-azabicyclo[2.2.0]-

hexa-2,5-diene (188) using 5.S,C.
The rearomatisation of (188) was observed by D.S.C. on

éeveral océasions. A typical run 1is described below.

A small sawple of the para-bonded isomer (188)(14.26 mg.)
wos sealed in an sluminium ssmple pan and_placed in the 5.S.C.
machine sample holder. The reference holder contained an
empty aluminium sample pan. The sauple was heated from 3L4C-
430K at a rate of 10 degree/min. and the differential energy

recorded on a chart recorder. The sample was cooled to 2WLOK
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and then re-run under identicsl conditions. This second run
provided the baseline as it was run over the s=ame chart-paper.

Analysis of the curve by the nethod descrited earlief
(Section L.2(i1))provided the values of AH = -L47.6 k.cal.zole™!
and values of k. as below.

Temperature 377 385 397 409 417 L425 K

kp (x 16%)  7.07 18.9 6h.2 183 356 655

A plot of 1n kr against I/T (Arrhenius) gave an activa-

tion energy of 28.53 k.cal.nole™

Over a series of runs, values obtalned were:

AB = -47.7 % 0.8 k.cal.zole™ !
and  E, = 28.75 ¥ 0.5 k.cal.mole™!
8.6 Reactions of Valence Isomers

The following contains details of the reactions attempted

on the valence isomers from substituted pyridines.

8.6(1) Fluor ttack t
(159) and (1€0)

The szaprismane mixture (159) and (160)(1.2g.) was
injected into a flask containing a stirred mixture of
caesium fluoride (ca. 2g.) in tetrahydrothiopen dioxide
(25wl.) maintained at 42°C, and under a dry nitrogen atmos-
phere. After 20 hours, during which tinme 2 red colouration
appeared in the solvent, volatiles (1.04g.) were transferred
under high vacuum into a trap, imnersed in liquid air. 19g
n.m.r. and g.l.c. analysis showed recovery of starting
materisl (1%9) and (160), in the same ratio.

The solvent residue was added to water and ether extracted

but failed to yield further waterisl.
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8.6(11) ide I ttack on Per -L_ethyl-2,6-

di-isopropyl-3,5-dimethyl-l-azabicyclo-~
[2.2.0]hexa-2,5-diene (154) |
The pars-bonded isomer (154)(0.8g.) wes injected into

s flask containing a stirred mixture of KF(ca.ltg.) in
tetrahydrothiopen dioxide (25wl.), under a nitrogen atmos-
phere, and maintained at 75-80°C for 42 hours. Volatiles
(0.53g.) were transferred under high vacuum into s ligquid
alr cooled trep and identified by g.l.c. and 19% nex.r. to
be unchanged starting material (154). Dilution of the pot
residue, with water, followed by ether extréction failed

to yleld further material.

8.6.(111) Attempted Reaction of Perfluoro-2,4,5-tri-
isopr 1-1-~ bicvecl [ :2.C a- -

diene (196) with Furan

Para-bonded isomer (196)(1l.Cg, 1.61 m.ioles) and furan
(0.11g, 1.62 w.noles) were stirred at room temperature, in
a sample bottle fitted with magnetic stirrer and serum cap,
for 3 days. Furan wss sllowed to evaporate into a cold
trap leaving starting material (196)(1.0g) unreacted.

Para-bonded species (196)(1l.Cég, 1.71 w.moles) and furan
(1.12g, 12.1 m.molec) were sealed under vacvum in a pyrex
Carius tube (ca. 10ml. capacity) and maintained at 50-60°C,
with shaking, for six weeks, after which time analysis by
g.l.c. showed unreacted starting waterial (196) which had

shown a trace of rearomatisation to (137).



- 206 -

8.6(1iv) Attempted Reaction of Pe ro-1,3,5-tri- ropyl-
-azab 2.0 =2,5- 4) with B

The psra-bonded isomer (194)(1.Cg., 1.61 m.moles) and
an excess of bromine (ca. 1g.) in CF,C1CFCl, (4ml.) contained
in 2 stoppered flask was irradiated using bright light for
18 hours. Removal of solvent and bromine byldistillation
gave recovered starting material (194).

The para-bonded isomer (194)(1.0g., 1.6l m.noles),

excess bromine (

O
D

. 1g.) in 2C1CFC12 {ca. 10ul.) were
refluxed (st 46°C) for a total of 20 hours. Starting
material (194)(0.96g.), identified by g.l.c. and 1%F n.m.r.

was recovered on removal of solvent and bromine by distillation.

8.6(v) r ro- -tri- -O -

b [o.2. -2,5-diene (19%4) with Me de
Perfluoro-1,3,5-tri-isopropyl-z-azabicyclo[2.2.0]hexa-

2,5-diene (194)(lg., 1.61 m.moles) was transferred under high
vacuum 1into a Csrius tube,frozen in liguid sir, containing
MeONa (1.63 m.moles) in methanol (17ml.). The Carius tube

was allowed to warm to room temperature and then shaken for
100 minutes. The reaction mixture was added to water and the
solid (340mg.) obtained removed by filtration and washed with
cold ether. |

The solid was thought to be a tri-methoxy derivative of
(194) as it gave M*655 in the mass spectrunm [CI7P20H903N
requires: M, 655]. The n.m.r. spectra showed 'H 2.85, 3.06,
3.59 p.p.m. (downfield from external-T.M.S.)r 19F,-70.7,
72.2, 72.9, 73.5, 179.2, 185.9 p.p.m. (upfield from external

CFC13) in the ratio 3:9:3:3:1:1 and the i.r.'spectrum showed Vv

1

max 1642cm™* which indicates the presence of a double bond

(either C=C or C=N).
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8.6(vi) Attempted Re n B n -1.2.5=tri-

1sopropyl-2-azabicyclol2.2.0]hexa-2,5-diene (194

and Perfluoroisopropyl Anion

The standard polyfluoroslkylation apparztus was used for

this reaction.

The para-bonded isomer (19%4)(2.03g., 3.27 ni.moles),
caesium fluoride (ca. lg.) and a large excess of hexafluoro-
propene (5.1lg., 3% m.moles) in 2,5,8,11,14-pentaoxapenta-
decane {(10wl.) wss stirred st roou te@perature for 59 minutes
after which time the bladder had deflated.

Volatile products ($.95g.) were transferféd, under high
vacuum, into a trap immersed in liquid air. The mixture was
shown by g.l.c. (G.D.B., di-isodecylphthalate, 78°C) to
contain starting material (1394) together with dimers and
trimers of hexafluoropropene. There was no evidence for

nucleophilic substitution of (194).

8.6(vii) Reaction Ietween Perfluoro-2,4,5-tri-isopropyl-1-

azabicyclo[2.2.0]hexa-g,5-d1ene (196) and

Sodium Phenoxide

The para-bonded isower (136)(0.97g., 1.56 m.uoles) was
transferred under high vacuum into a Carius tube containing
ca. 4.1lul. of O.444t sodium phenoxide (1.82 v.moles) in D.M.F.
frozen down in liquid eir. The tube was sealed and allowed to
waruw to room temperature and shaken vigorously for 73 hours.

A dark red colouration appesred in the resction mixture.

The reaction mixture was added to water (20wl.). A lower

layer foruwed which was rewoved. [xawnlnation by g.l.c. of this

viscous liquid (0.27g.)(G.u.B., silicone elastomer, 125°C)
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showed 5 cowponents and g.l.c. mass spec. showed parent pesks
for 3 of these couponents at 633 and 767 which corresponded
to mono and di-substitution of (136) by phenoxide. The
individual components were not identified.

The aqueous layer was ether extracted but no more materisl

was isolated.

8.6(viii) Reaction Between Perfluoro-1,3,5-tri-isopropyl-2-

abicve .0 -2,5< _ Y

Sodium Phenoxide

The pars-bonded isomer (194)(1.0lg., 1.63'm.uoles) was
transferred under high vacuum into s Carius tube containing
ca. bml. of C.4hli sodiuw phenoxide (1.78 m.woles) 1in D.N.F.
which was frozen in liquid air. The tube was sealed and
allowed to warw to room temperature. The mixture was shaken
vigorously for 4 dsys. |

The reaction mixture was added to distilled wvater (ca.
20ml.) where a lower layer (0.5206g.) formed. This was shown
by g.l.c. (G.D.B. silicone elastomer, 125°C) to contsin at
least € components. Two of these were shown by g.l.c. m3ss
spec., to have M of 767 with two components having ¥ €93,
which corresponded to di and mono substitution of (194) by
phenoxlide. These coumponents were not identified.

Ether extraction of the aqueous layer fsiled to yield

more naterisl.
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8.6(ix) Reaction Between Perfl - =tris: -De
b . -2,5=-d 4) an
dium I opoxi

The para-bonded isomer (134)(2.0g., 3.24% m.uwoles) was
transferred, under high vacuum into s Carius tube containing
9.8wl. of 0.33 M sodiuw isopropoxide in isopropanol (3.23
m.noles) . B

The wixture was shaken vigorously for 10 hours at room
temperature then poured into water (30ml.) and ether extracted.
The ether was dried (igSOL) and removed on a rotary evaporator.
The residue (0.473g.) was shown by g.l.c. (G.D.B., di-iso-
decylphthalate, 100°C) to contain at least seven components.

The mixture was not investigated further.
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CHAPTER 9

erimental r Ch

This chapter contsins the experimental details of the
photolysis of a serles of perfluoroalkyl heterocycles, which

was discussed in chapter 5.

9.1 Irradiation Per ro-2,5-di-isopr -1, 4-di-
azacyclohexa-1,4-diene (213), at 253.7nu, in the

Presence of Mercury

Perfluoro-2,5-di-isopropyl-1,4k-di-azacyclohexa-1,4-diene
(213)(1.0g., 2.0% u..oles) was transferred under high vacuum
into a clean dry silica Carius tute (220 x 28mw.) which con-
tained a drop of mercury. The tute was sesled under high
vacuuan (0.00lwm.) and irradiiated hy 253.7nm. light (120 watts)
for 335 hrs. Discolouration of the liguid occurred. Volatile
products were transferred under high vacuuw: to a trap, immersed
in liguid air, connected to 2 gas storage btulb. On warming to
room temperature a gaseous product was obtained which wsas
identified frow its infrared =2nd nass spec. to be perfluoro-

isobutyronitrile (215) by comparison with data from an

authentic sample.lc6

The volatile liguid remeining after evolution of (21%),

(0.63g.) was shown by g.l.c. uass spec. (silicone elastomer,
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room temperature) to contaln three components giving parent
ions at 176, 295 and 490, with the main component present

as over 907 of the mixture, of which the minof components

were identified as (215) and starting material (213).
Separation of the mixture by preparative g.l.c. (Aerograph,
di-isodecylphthslate, 40°C) gave perfluoro-k-methyl-3-methylene-
2-azapent-l-ene (216) as a volatile liquid, which was found

to be extremely susceptible to hydrolysis. 19F n.m.r. spectrum
No. 20. The mass spectrum showed 3 parent‘ioh'nt 295 (CgxFyqN
requires ¥,295) but also a peak at 273 from the isocyanate
hydrolysis product. The i.r. spectrum also showed the

presence of hydrolysis product, and changed with time, but
peaks at 17‘32cm.'1 and 1805cm.'l were observed which were

assigned as C=C and C=}N stretches of (216).

9.2 Irradiation of Perfluoro-4,6-di-isopropyl-1,3-diaza-
cyclohexa-3,6-diene (219), at 253.7nm, in the

Presence of Mercury

Perfluoro-4,6-di-isopropyl-1,3-diazacyclohexs-23,6-diene
(219)(1.51g., 3.08 m.roles) was transferred, under high
vacuum, into a8 clean dry silica Carius tube (280 x 27mm.),
which contained 3 drop of mercury. The liquid was degassed
and the tube sezled under high vacuur (0.0003mm.) and
irradiated at 253.7ne. (12C watts) for 117.2 hours. Dis-
colouration of the liquid occurred. Volatile nroducts were
transferred, under high vacuum, into 3 trap immersed in
liquid atr. |

The ligquid product (1l.46g.) was analysed‘by g.l.c. (G.D.B.

silicone elastomer, 78°C) and showed four couponents in the
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ratio 9%, 15%, 24%, W4B% together with two minor components.

The first three components were resdily jdentified as (21%),
(216) and starting material (219) from g.l.c,‘mass svectra.
Separation by preparative g.l.c. (Aerograph, silicone elastomer,
80°C) gave samples of (219), (216) and (219) together with
perfluoro-2,8-dimethyl-7-methylene-4,6-di-azanona-3,5-diene
(220) [Found: F,69.6%; 14,490, Cy,FigN, requires F,69.8%;

M,HQO] 9% n.m.r. spectrum No. 21, i.r. spectrum No. 17.

2.3 Irradiation of Ferfluoro-4-isopropyl-i-azacyclohexa-1,3-

diene (222), at 293.7nn.,

Perfluoro-t-isopropyl-l-azacyclohexa-1,3-diene (222)
(4.3g., 12 m.uoles) was transferred, under high vacuum, into
a clean dry silics Carius tube (250 x 20mm.). The liquid was
degassed and the tube sealed, under high vacuum and irradisted,
at 253.7nm. (120 watts) for 116.7 hours. Slight decouposition
was observed on the walls of the Carius tube and the liquid
discoloured. Volatile material was transferred from the tube
under high vacuum into a trap immersed in linuid air.

Analysis by g.l.c. (G.D.B. silicone elastomer, 78°C) of

the liquid product (3.93g.) showed two major cowmponents as

ca.70% and 20% of the mixture together with three minor
components, ca. 10%. Fractional distillation of the mixture
('Fischer-Spaltrohr Column MMS 20C') gave the major component

(Bpt. 98.5°C) as a colourless liguid identified as perfluoro-

€-methyl-5-methylene-2-azahepta-1,3-diene (224)[Found: M,357.

C8F13N requires %,357] 19F n.m.r. spectrum No. 22, i.r.
spectrum No. 18. Satisfactory analysis figures were not

obtained from this compound even though the sample was further
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purified by preparative g.l.c. This was thqught to be due to
the analysis techﬁique and has occurred with other sauwples
containing C. F. and N.

The second major cowponent was not obtained pure so
could not be identified but was shown by g.l.c. wass spec.
to be isomeric with starting material (222) i.e. had M 357.
It contained resonsnces in the 9F n.u.r. at 45.4, 65.97,
78.66, 114.1, 135.9 and 181.0 p.p.m.

9.4 Irradiation of Perfluoro-2,3,4-tri-isopropyl-l-aza-

cyclohexa-1,3-diene (229) at 252,7nm.

Perfluoro-2,2,4-tri-isopropyl-l-azacyclohexa-1,3-diene
(229)(0.53g., 0.81 w.woles) was introduced into a clesn dry
silica Carius tube (290 x 28um.). The liquid was degassed snd
the tube sealed, under high vacuum, and irradiated at 253.7nm.
(120 watts) for 203 hours. Volatile products'(0.51g.) were
transferred under high vacuum into a trap immersed in liquid
air. The liquid product was shown by g.l.c. ahalysis anag i.r.

to be starting material (229).

9.5 Irradiation of Perfluoro-1,1'-bi-1,3-diszacyclohex-
2-enyl (231) at 253.7nw. in the Presence of Mercury

Perfluoro-1,1'-bi-1,3-diazacyclohex-2-enyl (231)(1.03g.,
2.46 m.moles) was introduced into a clean dry silics Carius
tube (210 x 27&m.), which contained s drop of uercury, and
degassed. The tube was seesled, under high vacuum (0.00lwu.)
and irradiated at 2953.7nu. (120 watte) for 227 hours. Volatile
products were transferred, under high vacuum, into a trap
lwwersed in liguid air.

The liquid product was shown by i.r. and g.l.c. to be

unchanged starting material (231).
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9.6 Irradiation of Perfluoro-l-azacyclohex-l-ene (230),
t o700 th nc Me
Perfluoro-l-azacyclohex-l-ene (220)(2.61g., 10.6 m.moles)

was transferred, under high vecuuw, into a clean dry silica

Carius tube (220 x 28nm.) which ccntained a drop of mercury.
The liquid was vigorously degassed and the tube sesled under
high vacuut: (0.000lmit.) and irradiated at 253.7nw. (120 watts)

for 357 hrs. The vacuum transferred product wsas exasmined by
g.l.c. (G.D.B. silicone elastoner, 60°C) and shown to contain
only one component which was identified 2s Starting material

(23Q) from its g.l.c. retention time and 1i.r. spectrum.
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AFPENDIX 1

19F Spect

Spectra Index

Perfluoio-z-isopropy1-3,s-dimethylpyridine (150)
Perfluoro-b-ethyl-2,6~di-isopropyl-3,5-dimethyl-
l1-azatetracyclo[2.2.0.0299,0395] hexane (160)
Perfluoro-2-ethyl-4,6-di-isopropyl-3,5-dimethyl-
l-azatetracyclo[2.2.C.02,6.03’5]hexane (159)
Perfluoro-b-ethyl-2,6-di-isopropoyl-3,5-dimethyl-
l-azsbicyclo[2.2.0)hexa-2,5-diene (154)
Perfluoro-2,4,6-tri-isopropyl-2,5-dimethyl-l-aza-
tetracyclo[2.2.0.02’6.03’5]hexane (129)
Perfluoro—z-ethy1-3,6-d1-isopropyl-h,S-dimethyl-l-
azatetracyclo[2.2.0.02’6.03’5]hexane (183%)
Perfluoroethyldi-isopropyldimethylazatetracyclo-
[2.2.0.02’6.03’5]hexane (&) Structure unknown
Perfluoro-1,3-di-isopropyl-4,6-dimethyl-2-aza-
bicyclo[2.2.0]hexa-2,5-diene (188)
Perfluoro-1,3,5-tri-isopropyl-2-azabicyclo[2.2.0]-
hexa-2,5-diene (194)
Perfluoro-2,4,6-tri-isopropyl-l-azabicyclo[2.2.0])-

hexa-2,5-diene (199)
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11  Perfluoro-2,4%,5-tri-isopropyl-l-azabicyclof[2.2.0]~
hexa—2,5;d1ene (196) _

12  Perfluoro-3,5,6-tri-isopropyl-2-azabicyclo[2.2.0]-
hexa-2,5-diene (137)

13 Perfluoro-l-isopropyl-4,6-dimethyl-2-azabicyclo-
[2.2.C)hexa-2,5-diene (202)

14  Perfluorotri-isopropylmethylszaprismane (B).
Structure unknown

15 Perfluoro-z-ethyi-3,6-di-isopropyl-4,5-dimethyl-
pyridine (156)

16  Perfluoro-2-ethyl-5,6-di-isopropyl-3,4-dimethyl-
pyridine (157) -.

17 Perfluoro-3-ethyl-2,6-di-isopropyl-i,5-dinethyl-
pyridine (158)

18 Perfluoro-2,3,6-tri-isopropyl-4,5-dimethylpyridine (182)

19 Perfluoro-2-ethyl-3,5-di-isopropyl-b,6-dimethyl-
pyridine (184)

20  Perfluoro-4-methyl-3-methylene-2-azapent-l-ene (216)

21  Perfluoro-2,8-dinethyl-7-methylene-4,6-d1iszanone~
3,5-diene (220)

22  Perfluoro-6-methyl-5-methylene-2-azahepts~1,3-diene (224)

The following abbreviztions have been used in the

n.mw.r. taktulations:

D = doublet
T = triplet
Q2 = quartet
S = septet

M = multiplet
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1. Perfluoro-2-i ropyl-3,5-dimeth ridin 150)

O L Coupling conetanse in hz Intensigy Assignment
52,84  D(J3 55 = 50) of 1l 3
DIy y = 29) of |
8(J5 »p = 3.4)
55.47  LWJg ) = 21.6) of 1 6
Wg .5 = 21.6)
58.06 D5, = 21.6) of 3 5
D(Jg,6 = 21.€)
72.72 AJToy 4 = 2.4) 6 2b
88.01 D(Jh,b = 21.6) of 1 L
W 5 = 21.6) of
Wy 3 = 39)
179.83  <(,, 3 = 50) 1 22
4
5 F 3 iiecorded in acetone-d6
F3C ~ (:F3 solution with internsl
6 F _ C'F 2a CFCl3 reference at

(CFj)Z 84,67 :Hz.
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2o Perf1uoro-4-ethyl—24¢-di-isODrooyl-B.5-dimethzl-;-

t z 256,03, 5] nexane (160)
Shift Fine Structure Helative -
‘ (p.p.m.) Coupling constsnts in Hz Intensity Assignuent
! €1.22 Broad (Including 6 3,5
} J5 4 = 6.50z)
73.43  Broad 12 2b,6b
82.57 Sharp singlet 3 L4b
121.2¢% Q(Jha,E = €.5Hz) 2 La
181.C9 Sharp singlet 2 23,69
La 4b
CFZCF:; Recorded as a 50:50
5 F3C CF3 3 wixture with (159) with
N internsl CrCl,4 reference
F CF(CF - i
(CF3),FC 32 at 34.67 LHz.
6b 6a 2a 2b

(160)
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3. thyl-l 6-di-{eop: -3,5-
ezatetracyclo[2.2.0.03’5.02’6lhexane (159)
(>pea.) Coupling constants in iz intemeygy ‘esignment
62.09 bBroad & 35
: 72.43  firoad 12 4b,6%
| 82.57 Sharp singlet 3 2b
14,5 D(Jpar oan = 300) of 1 2a"
U(Jza',éa = 35)
119.3  DUgu 540 = 30C) of 1 2an
D(J2e",6a = 25
183.6 T(Jéa,2a = 235) of i 1_. ba
186.7 Sycretrical & 1 _ La
La Lb
CF(CF3)2 Tecorded as a 50:50 mixture
5 F3C CF3 3 with (1&C) with ‘nternal
‘ N CFClg reference »t 24,67 Hz
CF3ICF p-Lup
6b 6a 2a F 25

(159)
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4. Frerfluoro-4-ethyl-2,6-di-‘copropyl-3,9-dimethyl-1-

2zableyelofz.2.0)hexa=-2,5-diene (154)

chift Fine siructure feletive
(pep.u:.) Coupling constants in dz In*tensity fssignment
64.€1  Broad 6 3,5
77.05  broad singlet 6 2b', 6!
783.60  Broad singlet € 2bn,Ebr
84.456  Sharp singlet 3 Lb
113.22  8(Jy, 3/5=6Hz) 2 Ya
188.2 Sharp singlet 2 2a,6a
La 4b
CFZCF3 Fecorded nert with
5 F3C ‘ ‘ CF3 3 externsl CiCly reference
N
a%t S€.4 xHz
(CF3),FC CFICF,), ’

6b 6a (154) 24 2b



- 221 -

5. Perfluoro-2,4,6-tri-isoproryl-2,5-dimethyl-1-

azatetracyelo[2.2.0.099°,0217 hex=ne (179)

shift i'ine structure Relatfve

(o.D.u.),'CouDling constante in dz Idtencity Aesignment
bo4.32  Eroad 6 3,5
7¢.26 bBroad

18 2b,hb,6b

76,68 Broad

182.4 Eroad 2 23,€a
189.¢ Liroad 1 Lg
La 4b
CF(CF3)2 necorded neat with
5 F:’.Cé‘>CF-3 3 externnl C-Z-'Cl3 reference.
N The peskes =2t 7€.26 p.p.i.
(CFEI)ZFC CF(CF3)2 and 7¢.68 p.p.m. overlsp.
6b 6a 2a 2b

(179)
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¢. Perfluoro-2-ethyl-3,0-di-isopropyl-4,5-dimethyl-1-

azgtetrecycloj;.2.o.021b.03’ilhexeng (18%)

Shift Fine structure “Felative 1
(pep.t.) Coupling constants *n Hz Intensity Afsignment
ok .ol Broad singlet 3 5
?23.23 3road singlet 2 [
76 .06 Sroad singlet 6 3t or €b
77.12 broad singlet € 3b or 6b
8.6l Zroad singlet 3 2b
112.9 broad singlet 2 2a
177.€ iroad single* 1 3a or €a
185.6 Bro=d singlet 1 12 or b3
A ,
5 CF3 3a 3b Pecorded neat with
F3C CF(CF3)2 extern2l CFCl;y reference.
N ;
Run =2t 56.4 rHz.
(CF§2CF CFZCF3
6b 6a 2a 2b

(185)
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7. Perfluorocethyldi-isopropyldimethylazatetracyclo~

[2.2.0.02’6.Q;’5]hexane (2)., Structure unknown

Shift Fine Structure Felative rasi ¢
(p.p.t.) Coupnling constants in Hz Intengity ~SSignment

6L, 29 Broad 2 -CF3

7C. 73 Sharp singlet 3 ~CFy
5.02 Eroad singlet 6 -CF(CE3)2

77.5C Broad singlet 2 -CF(CF3),

8L. 5k Sharp singlet 3 -CF,CF4

119.1 Broad 2 -CEQCF3

17€.9 Bread 2 2x-Q§(CF3)2

Fecorded neat at 56.4 :Hz with external CFCl3 reference.
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8. Perfluoro-l,3-di-isopropyl-4,6-dimethyl-2-azabicyclo-
2.2.0/hexa-2,5-diene (188)

Shift Fine Structure Relative
(p.p.i..) Coupling constants in Hz Intensity Assignment

66.38 Broad (containing 3 L
+; 33

66.86 Broad M 3 6
75.27 Broad 3 1b'
75.89 Broad 3 1p"
77.55 Brosd M (contsining 3 3b!
D(J3b|,33 = 7.5))
77.96  Broad M (containing 3 3b
D(J3bn’3a = 7.5))
81.C5 Broad (contsining 1 5
(T = 1%5))
179.14 Broad 1 la
189.45  Q(J35. 4 = 15) of 1 3a
$(J3a,3p = 7-5) |
b 3q
CF3 = _CE Recorded neat with external
S F | \CF333b CFCl3 reference at 56.4 MHz.
6 F,C N
37 G
1qFl C%
CF3 ™1p
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9. Perfluorg;;,2.S-tri-1sgprggx1-2-azabicxclg[2.2.0]Qg;a-
2,5-diene (194) |

Gopee) Counling conchents in iz ?Z%ZﬁiXiy Assignment
75.51 Broad 3 ~-CF(CF,)
77.13 SBroad 6 -CF(C§3)2
77.81 Broad M. 3 -CF(CE3)
79.4C Broad é ‘CF(CE3)2
80,43 Broad 1 6

179.€1 Sroad 1
186,72 Broad 1 3 tertiary
159.11 Broad 1 and 1 bridge-
191.27 Broad 1 head F
F Recorded neat with
(CF3)ZCF CF(CF3)2 externsal CE‘C].3 reference
F L at 56.4 hﬁz.
6 CF@F@Z

(194)

am—
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10. Perfluoro-2,4,6-tri-isopropyl-l-azabicyclo[2.2.0]hexs-

2,5-diene (193%)

(oobe.) Coupling constanss. in fiz Iotegsigy tssignaent
76 .43 Broad M. 6 Lb
792.01 Sharp Singlet 12 2b,6%b

102.75 troad 2 2,5
184.57 Broad 1 TP
191.76 Broad 2 2a,6a
La 4b
CF(CF3‘2 Kecorded neat at 56.4iHz
5 F ' | F 3 as 2 ©C:40 mixture with
(CF3)2CF N CF(CF3)2 (194). Values relative
6b 6a 2a 2b to externsl CFCl3.

(195)
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Shift - Fine Structure kelative
(pspows) Coupling congtantes in Hz Intensity Assighment

¢1l.09 Broad singlet 1 6

75.68 Broad I-. 3 —CF(C_3)

76.36 Bro=d ii. 2 -CF(Q_3)

78.85 Eroasd 6 -CF(CF )2

79.35 D(J = 10Hz) 3 -CF(CE5)

79.70 Broad ... 3 -CF(CF4)
1C2.52 Broad singlet 1 3

177.03 Broad 1 -QE(CF3)2
183.05 Eroad 1 -CE(CF3);
164%.87 S(J = 9 Hz) 1 -QE(CF3)2

| CF(CF3)2 Pecorded neat with external
(CF3)2CF F 3 CE'Cl3 reference at 56.4€ KHz.
PR
6 F CFICFy),

(196)
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12.

hexa-2,5-diene (197)

Shift Fine Structure . FRelative Assignment
(p.psi.) Coupling conctants in Hz Intengity g
76 .74 Eroad r 3 CF(CF,)
77.12 Broead .. 3 CF(qg3)
| 77 .84 Broad . 6 CF(CEq);
| 78 .85 Sharp cinglet 3. CF(CE5)
79.4 Broad singlet 3 CF(CE,)
179.61 Broad 1 | 3 'tertiary’
182.0°% Pro~d 1 and 2
186.6¢C Eroad 1 B bridgehead
183,k Eroad .. 1 fluorines
131.80¢ Zrcad 1
F Run 2s a £5:4%5 wixture with
(CF3)2CF CF(CF3)2 (13€) using CFCl3 as
(CF3)2CF N external reference at

F
(M) 56.4 Hz.
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hexa-2,5-diene (202)

(popeii-) Coupling constants in Hz Intensity Assignment
43.15 Sharp singlet 1 3
65.55 D(Jg 5 = 10.5) of 3

AUJg 1pu = 17)
66.19  5(Jy q1p = 6.5) 3 b
73.99 QU gy = 6.5) 3 1b
75.84% Broad (Containing 3 1bn
J1pu,y = 6.5,
J1bn,6 = 17)
77.35 QU5 g = 10.5) 1 5
180.9 Broad 1 la

Recorded neat at -9.5°C

A
CFS with external CFCl3 ref-
5 F F 3 erence. The trifluoro-
N methyl groups 1b' and 1b"
6 F3C “CE are non-equivalent because
A\
3
1a CF% b the C3F7 group is attached
(2 2) to an asyametric centre.
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14, Perfluorotri-isopropylmethylazspriswnne (B)

Structure unlk n

(i?éf&.) Counlgégecigg%:gggein L7 ;3%232151, ’ssignment
€2.1¢6 Septet (J = 7.5) 2 -CF,
75.25 Eroad 3 ~CF(CE4)
77.37 i 3 -CF(CE4)
78.08 Broad 6 -CF(CE3)2
7%.29 Broad 3 -CF(CE3)
79.68 Broasd 3 -CF(QE3)

179 Eroad 1 2 tertiary
183.2¢ Brecead 1 and 1
1G61.3%5 Cerzplex i 1 bridgehesad
193.22 Broad 1 F

Fecorded neat 2t 4C°C with external CFCl, reference
-
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15. Perfluoro-2-ethyl-3,6-di1-isopropyl-4,5-dimethyl-

ridine (15€6)
o coutiog cbents i e Toatilty trrtemer
: 52.08 Broad (containing 6 4,5
Jy,3a = 48 and
JS,éa = 50)
69.08 T (J3b,2a = 23) 6 3b
72.40 D (J6b,6a = 3.2) 6 6b
78.78 Singlet 3 2b
108.31 8 (Jpa 3p = 23) 2 2a
153.10  Q (J35 1 = 48) 1 3
179.9%% Q (Jgg 5 = 50) of 1 68
% 8 (Jga,6p = 3:2)
4 :
5 CF§ 20 Recorded in acetone-dg

F,.C XyC with internal CFC1
3 (CF3)2 3b 3
£ reference at 84.67 MHz.
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16. Perfluoro-2-ethyl-5.6-di-1 -3, 4-d4) -
pyridine (157)

(ﬁ?;f;.) Couplfigecgﬁggggzzein Hz ?ﬁ%igizﬁy Assignment
51.43  Broad | 3 3 or k4
53.01 Broad 3 Jork
69.04 DWsy gq = 47) 6 5b
71.75 Sharp singlet 6 6b
80.33 Sharp singlet 3 2b

108.30  Q(J,, 3 = 23.3) 2 2a
151.30 Q(JSa,h = 51) 1 5a
178.12  S(Jgq 5p = 47) 1 ba

Sa L

= CF3 3 Recorded in acetone-dg
cb (CF3’)§ NG CF3 solution with internal

6a Fo _ C'FZ 20 CFC1,3 reference at 84.67
(CF), N Ry 20 Hitz

6b (187
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17. Perfluoro-3- -2,6-di- =L 5= -
byridine (198)
Shift Fine structure Relative
(p.p.m.) Coupling constants in Hz intensity Assignment
51.88 Broad (containing 6 4,5
Js’éa = hh
Jk,3a" = 40 and
J)+,3b = 10)
71-3“ D(J3b,2a = 37) of 3 3b
ATy = 10)
72.16  Sharp singlet 12 2b,6b
80.63  D(J341 34n = 300) of 1 3a!
D(J341 05 = 100)
9001"" D(JBa"’Bal = 300) Of l 38“
Q(J3all’)+ = ""0)
178.43 D(J2a,3a’ = 100) of 1 2a
Q(J28,3b = 37)
179.61  Q(Jg, 5 = W) 1 62
& I
CE, g3a
5 3 CE. 3b Recorded in acetone-d
FCr~ XyCTHT3
3 F 3d with internal CFC1,
6a Fﬁp N// C'F 2Q reference at 84.67 MHz.
\
(CF%%Z (CFy),
6b 2b

(158)



18, Perfluoro-2,3.,6-tri-isopropyl-4,5-dimethyl-
pyridine (182)
Shift Fine structure Relative
(p.p.x.) Coupling constants in Hz 1intensity ~Ssignment
50.71  Broad D(Jh’3a = 45) of 3 L
ATy 5 = 50-60)
52.62 Broad D(JS,éa = 51) of 3 5
s | = 50-60)
69.82 D(J3b’2a = 47) 6 3b
72.69 Sharp singlet 6 2b or 6b
73.28 Sharp singlet 6, 2b or 6b
152.10 Q(JBa,h = 50) 1 3a
179.83 S(J2a,3b = 47) 1 2a
180.77 Q(J6a’5 = 55) 1 6a
A .
CFE 3a Recorded in scetone-dg
5 F.C \:i CF solution with internal
3 (CF3)2 3b CF‘Cl3 reference
6(] FC 2 CFZQ
(CF3)2 (CF3)2
6b 2b



19. Perfluoro-2-ethyl-3,5-di-isopropyl-k,6-dimethyl-
pyridine (184)

Shift Fine structure Relative

(p.p.m.) Coupling constants in Hz intensity Assignment
3.9 Broad 3 L
62.48 8(Jg, 5p = 15.2) 3 6
69.30 Broad M (containing 12 3b,5b

I5p,6 = 15:2)

79.22  Singlet 3 2b
109.61 Broad 2 28
154.87 Q(J3a’4 or Jgg 4 = 56) 1 3a or 5a
156.08 Q(J3a,4 or JEa,k = 53) 1 3a or 5Sa

4
5?: CF3 FBQ Recorded in acetone-dg

5b (CF3)2C | N C(CF3)2 3b with internal CFCl,

F.C N/ CFZ 2a reference at 84,67 )MHz.

6 3
CF3 2b

(184)
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Perfluoro-t-cethyl-2-uethylene-2-azapent-l-ene (21€)

20.

(i?éf&.) Coupl?igecgggggngein Hz. ?:%2g2¥€y Agsignment
42.€ Broad 1 la
£c. Brgcad 1 1la
78.88 Singlet 6 ‘b, 5
83.C5 D(J3a.’3é" = 29) of 1 3a’

T(J3,1 1, = 19)
92.99 D(J3a",Ha = 59) of 1 3a"
D(Tyan 390 = 29)
187.0 Broad D(Jha,3a" = 59) 1 4a
1a _ 4Lb Recorded neat at 40°C

FZ C=N (l:F3 5 with external CFCl,

C—Cl-CF:; reference.
F-%  F |
301 4LQ
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21. Perfluoro-2,8-dimethyl-7-methylene-k,6-diazsnona-
3,9-diene (220)
Shift Fine Structure Relative Agsi +
(p.p.m.) Coupling constants in Hz. 1intensity ~SS1gNMeNt
41.78 Singlet 2 3,5
76.02 Qi | 6 CF(CF3),
77.67 0(373.,73” = 26) 1 7a'
91.22 D(J7au,8a = 62) of 1 7a"
D(Jr?a":;?al = 26)
182.2 S(J2a,l and 2b = 7) 1 2a
185.9 DuSa,?a" = 62) of 1 8a
$(Jg5,8t ana 9 = ©)
2a 3 5
, T‘ f T ' Kecorded neat, at 40°C,
7a
F.C—C—C=N—-—C=N with external CFC13
3 | \ _F
CE /C:C\ reference.
3 _ F
26" gpMC 7 Fea 7¢’
C
Fé
9
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22. Perfluoro-6-methyl-5-methylene-2-azshepta-1,3-diene (22W4)

Shift

Fine Structure

Relative

(p.p..) Coupling constants in Hz. dintensity Assignment
32.9 Broad 1 1
51.2 Broead 1 1
78.19 M 6 éb,7
96.12 Broad 1 5a' or S5a"
113.8 Broad D(Jy, ; = 18) 1 L
114.3 Broad 1 5a' or 5a"
136.7 D(J3’u = 18) of
T(J3’1 = 7'5) 1 3
186.4 Brosd 1 6a
3 b Recorded at 4L0°C with
E\ /F '
1 c=¢ /F S5a external CFCly reference
~
Fs c=N" C:C\ . at 56.4 WMHz.
d F 5a
F,C—
3
7
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APPENDIX 2

In ct

Perfluoro-z-isopropy1-3,S-dimethylpyridine'(ljg).
Contact filum.
Perfluoro-k-cthyl-2,6-di-1sopropyl-3,5-dimethyl-1-
azatetracyclo[2.2.0.02’6.03’5]hexané (160) and
Perfluoro-z-ethyl-H,6-d1;1sopropy1-3,Sfdimethyl-l-
azatetracYclo[2.2.0.02’6.0395]hexane (159).

Contact film. (50:50 wixture)
Perfluoro-i-ethyl-2,6-di-isopropyl-3,5~-dimethyl-1-
azabicyclo[2.2.C]hexa-2,5-diene (154). Contact film.
Perfluoro-2,h,éftri-isopropy1-3,S-dimethyl-l-
azatetracyclo[2.2.0.02’6.03’5]hexane (179). Contact film.
 Perfluoro-2-ethyl-2,6-di-isopropyl-k,5-dimethyl-1-
azatetracyclo[2.2.0.02’6.03’5]hexane (18%). Contsct film.
Perfluoroethyldi-isoproryldimethylazatetracyclo-
[2.2.0.02:60 335)hexane (2). Contact filu.
Perfluoro-l,3-d1-isopropyl-h,6-d1methy1-2-azab1cy¢lo-
[2.2.0)hexa-2,5-diene (188). Contact film.
Perfluoro-1,3,5-tri-isopropyl-2-azabicyclo(2.2.0]-
hexa-2,5-diene (194). Contact f1ilu.
Perfluoro-3,5,6-tri-isopropyl-2-szasbicyclo(2.2.0]-
hexa-2,5-diene (127) and Perfluoro-2,4,5-tri-isopropyl-
l-azabicyclo(2.2.C]hexa-2,5-diene (196). Contact film.

(Ca. 55:45 wixture)
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17

18
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Perfluoro-2,4,5-tri-isopropyl-1-azabicyclo[2.2.0]hexa-
2,5-diene (19¢). Contact film.
Perfluorotri-1sopropylmethy1azatetracycio[2.2.0.02’6.-
0317 ]hexane (B). Contact filn.
Perfluoro-2-ethyl-2,6-di-1sopropyl-4,5-dimethylpyridine
(156). Contact filu.
Perfluoro-2-ethyl-5,6-di-isopropyl-3,4-dimethylpyridine
(157). Contact film.
Perfluorc-3-ethyl-2,6-di-1sopropyl-4,5-dimethylpyridine
(198). KBr disc.
Perfluoro-2,3,6-tri-isopropyl-4,5-dimethylpyridine (182).
Contact film.
Perfluoro-2-ethyl-2,5-di-1sopropyl-4,6-dimethylpyridine
(184). Contact film. '
Perfluoro-2,8-dimethyl-7-methylene-4,6-diazsnons-3,5~
diene (220). Contact filu.

Perfluoro-6-methyl-5-methylene-2-azshepta-1,23-diene (224),

Contact filn.
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No 16

CFy

(CFy,CF] CF(CFy,
CFy CoFg

144

3500 3000 2500 2000 180C 1600 1400 1000 800 600 400
——————————

No 17

CFICFy,
(CFL,CF-CFaN-CF=N-C=CF,

]
ro
o
o
]
3500 3000
\
No 18
F_F
\O”
F,C= N
20=N ndw CF,
C3Fy
3500 3000 2500

2000 1800 1600 1400 1200 1000 - 800 600 400
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APPENDIX 3

Ultraviolet S

Perfluoro-t-ethyl-2,6-di-isopropyl-3,5-dimethyl-1-
azatetracyclo[2.2.0.02’6.03'5]hexane (16Q) and
Perfluoro-2~ethyl-4,6-di-isopropyl-3,5-dimethyl-1-
azatetracyclo[2.2.0.02’6.03’5]hexane (159)

(£0:50 mixture)
Perfluoro-2,4,6-tri-isopropyl-3,5-dimethyl-1-
azatetracyclo[2.2.0.02'6.03’5]hexane (179)
Perfluoro-2-ethyl-3,6-di-isopropyl-4,5-dinethyl-1-
azatetracyclo[2.2.0.02’6.03’5]hexane (183%)
Perfluoroethyl-di-isopropyldimethylazaprismane (A)
structure unknown
Perfluorotri-isopropylmonomethylazaprismane (B) -
structure unknown |
Perfluoro-4-ethyl-2,6-di-1sopropyl-3,5-dimethyl-1-
azabicyclo[2.2.0}hexa-2,5-diene (154)
Perfluoro-2,4,5-tri-isopropyl-l-azabicyclo[2.2.0]-
hexa-2,5-diene (196)

Perfluoro-1,3-di-isopropyl-4,6~-dimethyl-2-azabicyclo-

[2.2.0lhexa-2,5-diene (188)

Perfluoro-1,3,5-tri-isopropyl-2-azabicyclo[2.2.0]-
hexa-2,5-diene (194)
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Perfluoro-2-ethyl-3,6-di-isopropyl-4,5-dimethylpyridine (156
Perfluoro-2-ethyl-5,6-di-isopropyl-3,4-dimethylpyridine (192
Perfluoro-2-ethyl-2,6~di-1isopropyl-4,5-dimethylpyridine (148
Perfluoro-2,3,6-tri-isopropyl-4,5-dimethylpyridine (182)

Perfluoro-2-ethyl-3,5-di-isopropyl-k,6-dimethylpyridine (184

Perfluoro-2-isopropyl-3,5-dimethylpyridine (15C)
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No 1
"
CF3 CFy cgilii:
(160) (139

\

200 225 250 275 300 328 350

No 2
CyFy
CF. CFy
214nm €520 CyFy 3p7

(1729

co. 256m2 €, 76

200 225 250 275 300 325 350

220nm € 143

325 350




No 4

AZAPRISMANE (A)

219nm €, 97

200 225 250 275 300 325 350
No §

AZAPRISMANE (8)

ca210nm € 1200

€a.280nm €, 106

200 225 250 275 300 325 350
No 6

CaFs

2180m € 2310 ik TN
C3F 3f7

(154)

260 255 250 275 300 325 350



No 7

CaF7
PG

200 225 250 275 300 325 350
No 8

C F3

NS
A

C3F7
ca. 218 nm €610 (186)

200 225 250 275 300 325 350
No ¢

F

C3F7mC3F7
F¥/ N

Cs3Fy

ca. 210nam € 1100 (194)

ca. 266nm €, 255

200 225 250 275 300 325 350




O

No 10

Ch
cs{ﬁcy,
log € 3-89 (N 2’3

)

200 225 250 275 300 325 350
No 1

&
F
217nm C2fsSNFCsFy
log € 3-90 (152

280 am
log € 3-20

200 225 250 275 300 325 350

No 12
CFQ
C"'sn/jcz”s
215am -
log € 3-85 C3Fy N7 C3Fy
(158
275 nm
log € 315

200 225 250 275 300 325 350




M

No13

CF3
CF3[TijC3F7
217nm C3F7 ~N7CsFy
log € 3-94 (182>
/ 284 nm
tog€ 3-15
. - - — ——
200 225 250 275 300 325 350
No 14
ch
219nm (184)
iog € 3-93 104

200 225 250 275 300 325 350
No 15

F
W
ACqF
284nm NZE3T7

log€ 3:90 (150)

213nm
log € 3-65

200 225 250 275 300 325 350
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