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Flﬁorinated Anions
by M. P. Greenhall
ibstract

Each of my four main areas of work is concerned with the formation

and further reactions of organic fluorinated anions.

a)

b)

c)

We have investigated the fluoride ion induced reactions of
2H-pentafluoropropene with some perfluoro-aromatic compounds,
forming a series of aryl substituted carbon acids and their
corresponding carbanions. Also included is a study of an
unusual product that was formed with pentafluoronitrobenzene as
the aromatic substrate.

Some fluorinated dienes have been generated from the fluoride
ion induced reactions of dimethylacetylenedicarboxylate with a
series of cyclic fluorinated alkenes. With
perfluorocyclohexene, a variable temperature n.m.r.
investigation indicated that one of the products was fluxional
at room temperature. Products derived from
perfluorocyclopentene were then further reacted with mono- and
bi-functional nucleophiles forming some new products including
some interesting polycyclic compounds.

We have studied the fluoride ion induced reactions of
malononitrile and phenylsulphonylacetonitrile with a range of
polyfluorinated aromatic and heteroaromatic systems. This
study has yielded a series of stable fluorinated organic
caesium salts which could be crystallised. Acidification of
these salts yielded a series of conjugate acids and some
acidity measurements were made. Analysis of n.m.r. data has
shed some light on the n.m.r. consequences of tautomerisation
which was observed in some of the conjugate acids. A highly
unusual carbon-13 n.m.r. concentration effect was studied for
several pyrimidyl salts in perdeuteroacetone solution.

The reaction of bifunctional carbon acids with fluorinated
dienes has been used to develop a route to new pentadienyl
anions, cyclopentadienes, and cyclopentadienyl anions. FAB
mass spectroscopy has proved to be an important tool in the
study of our anionic species. Some unusual thermal
isomerisation behaviour of the new cyclopentadienes has also

been observed and investigated.
-11i-
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Chapter 1 - General Introduction

The ability of fluorine to replace hydrogen in most organic
systems creates the wide ranging field of fluorocarbon chemistry.
With fluorocarbons found only rarely in nature, this relatively
new area of study is entirely synthetic. This introduction will
not discuss the foundations of fluorocarbon chemistry as these
have been extensively discussed and reviewed elsewhere, for

examples see refs. 170

.1 Fluoride Ton as a Base

The role of fluoride ion as a base in organic synthesis has been
revieved.! The base strength of an ionic fluoride is dependent on
the solvent in which it is dissolved, on the amount of water that
is present, and on the counter cation. These contributing factors
help to explain the inconsistencies of the reported basicities of
fluorides. Many early reports, based upon the use of alkali metal
fluorides dissolved in protic solvents such as alcohols or diols,
considered fluorides to be behaving as wealk bases. Conversely,
aprotic solvent solutions of tetra-alkylammonium fluorides have
been reported to be comparable to organomagnesium or even
organolithium reagents on the basis of their ability to generate
carbanions from such weak carbon acids as (CH3)2S0 , CH3CN, Cl3NO,y
and fluorene. 'S The addition of the cation complexing 18-crown-6
to KF-benzene or KF-CH3CN systems may improve the fluoride
solubility by at least a factor of ten, improving both fluorides
basic and nucleophilic pr0perties.7 Reactions involving KF or CsF
in aprotic media may be considered to involve a significant amount
of reaction at the surface of undissolved fluoride.? Thus
fluoride may be used to effect a wide range of base-assisted
reactions (For some examples see scheme 1.1.a-c). In the final
example fluoride ion presumably deprotonates the ester substrate
forming an intermediate resonance stabilised anion which then
reacts with the aromatic substrate. In principle the approach may

(TE,




KF,

_CCHa),Cl, .
SH 130°C, 4 hours S(CH,) (ret”) (Scheme 1.1.a)

(92%)
o KF, DMF,
HO{(CH)4CH,
+ NC-CHp-ON — —pm2fZ o 10
(12;) 50°C. 2.3 hours (ref™) (Scheme 1.1.b)
Michael Reaction (56%)
C(CF4),CO,CH,CH,4
(ref ')
CsF,
+ (CF3)2CHCOzEI ~ (—7 _— (58%) (Scheme 1.1.C)
75-80°C, 5hours
CN CN

be extended to fluorinated saturated systems, e.g.
monohydrofluorocarbons, which are known to be particularly strong
carbon acids [Indeed nonafluoroisobutane is the strongest »
saturated carbon acid yet discovered (pl‘\'a12 ca 11 which compares
well with species with extensive a,J-unsaturation, e.g. CH3NOy
pka 13 10)].

1.2 Fluoride Ion as a Nucleophile

It is well known that fluoride ion functions best as a
nucleophile in polar aprotic solvents,1 although much early work
used glycols as solvents. Under most conditions the general order
of reactivity of the alkali metal fluorides is
CsF > KF > NaF > MI,F > LiF,2 i.e. the fluoride with the lovest
lattice energy is the most efficient fluorinating agent.

1.2.1 Displacement of halosen at saturated carhon

Heating is often required to effect reaction between a metal
fluoride and a halogenated alkane, with best results often being
obtained in the absence of solvents, or with polar solvents such
as N-methyl-2-pyrrolidone (which dissolves approximately three
percent potassium fluoride at 190—'200°C).6 The use of silver
fluoride has the advantage of requiring relatively mild reaction
conditions for sensitive compounds such as haloaenoesters without
disturbing the ester groups (for examples scheme 1.2.a-c).
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{Scheme 1.2.a)

’ 0n y
013C-CC1a-CCl5 AF, 195°C . F30-CCly-CFy  refl
N-methyl-2-pyrrolidone (ca 69%)

(Scheme 1.2.b)

C(ClBr) 4 AE DAL ¢ cyr), ref!?
110'160 C, 200‘210 C (57_60Z)
{Scheme 1.2.¢)
T AcF , : 16
Br(CH,)gC0,CaH; "’0 « F(ClHy)6C02CaHs ref
60°C (347)

1.2.2 Displacement of halogen at sp? or sp hvbridised carbon
There are three processes that can lead to displacement of halide
ion by fluoride ion in unsaturated systems1 (Figs. 1.3.a-c), these
are: a) addition elimination; b) allylic or benzylic substitution;
c) nucleophilic substitution with rearrangement. Alternatively

N/ o

l~/ \ _/
(Fig. 1.3.a) F— + /C=C\ EE— X_?CC\ —_— C=C
F

+ X
oo

"

. v/
Fig. 1.3.b F— = —_— F X-
(Fig ) o= ;>r——=== +

(Fig. 1.3.c) F—/_\‘\

[ ] /
+ C=C_c|;_x —_— F/C_C':C\ + X—

anion (1) may be trapped by an electrophilic species yielding
fluoro- or polyfluoro- alkylated products (or vinylic products if
an acetylenic substrate is used) (See chapters two and three). In
some cases anion (1) is stable and may be observed (See section
1.3). An excellent example of perfluorination wie process (c) is
illustrated in scheme 1.4.1% llalogenated aromatic compounds may

o | (Scheme 1.4)
(iz7 KF, > 190°C - (::7
N-methyl-2-pyrrolidone

(72%)




often be fluorinated v7a nucleophilic aromatic substitution, for
example scheme 1.5.17

KF, 350°C “ ‘
—_—_ + (Scheme 1.5)
20 hours
[ (9%) (70%)
CN CN CN

1.3 Fluorinated Carbanions

.3.1 Stabhilities of fluorinated carbanions

a) Fluorine bonded directly to the carbanionic site

The effect of a fluorine atom bonded directly to a carbanionic
site can vary from modest stabilisation (compared to hvdrogen) to
strong destabilisation depending upon the geometrical situation.
The more planar the carbanion the greater is the destabilising
influence.6 This phenomenon arises through conflict between a
stabilising ¢-inductive effect (-Ir) and a destabilising
7-inductive effect (+Ir) (Fig. 1.6.a). The latter stems from

VR
C—>F Versus C—F: (Fig. 1.6.a)
-l +I
Stabilising Destabilising
0 ‘3109°2s' ‘&)-1900
/f\F C—F (Fig. 1.6.b)

Ig-Repuilsions increasing

repulsive interaction between filled p-orbitals on the halogen and
the filled outer orbital of the attached carbon. Because Ix
repulsion is at a maximum for planar systems (Fig. 1.6.b)
a-fluorinated carbanions prefer to adopt pyramidal forns. %
Maximisation of fluorine Iz repulsion in planar systems accounts
for: the observation that pare-fluorophenol is less acidic than
phenol;6 for the deactivating influence of para fluorines in
aromatic systems undergoing nucleophilic substitution;6 and the
highly unstable nature of fluorinated acetvlenes such as
fluoroethyne and especially difluoroethyne (see ref}).
Another factor which must be considered in the context of
carbanionic stabilities is B-strain18 which is the reduction in
-4-



unfavourable repulsions when an sp? carbon atom changes to an
essentially sp®> hybridisation. However work on haloforms18 has
shown this factor to be relatively small.

b) Fluorine bonded adjacent to the carbanionic site

Fluorine atoms situated - to the carbanionic site are alwavs
stabilising with respect to hydrogen.6 Indeed stabilisation
increases as the number of J-fluorines increases at the expense of
hydrogen.6 With Ir repulsions absent and steric factors
considerably diminished the dominant effect will be inductive
stabilisation (Fig. 1.7).

m.

_C—E’—[:_: . 6-—&—(:[:3
Potentially (Fig. 1.7)
destabilising Stabilising

overall

In 1950 it was proposed19 that an additional resonance effect
(negative hyperconjugation, see fig.1.8) was required to account
for the measured dipole moment and relative reactivity data of
certain trifluoromethyl substituted aromatic compounds. Molecular

(Fig. 1.8)

-
)

-
F F
= \n/ —~—— efc.
Cc

orbital calculations can be used to predict bond angles and bond
lengths of hyperconjugating species, and in the case of the
trifluoromethoxide ion (2).20 are close to the experimental X-ray
determinations. In this ion (Fig. 1.9) C-F bond lengths are found
to be exceptionally long while the C-0 bond length is unusually
short. Also each fluorine atom carries more negative charge (an
extra 0.2e) than might be otherwise be predicted. Inexplicably
the F-C-F bond angles were found to be very small at ca 102°.

0 Fig. 1.9
I ﬁ (Fig ) 0 o
\\\C-,/ .C ¢ — g B S g
F¥ A F FYa F Y K
F o2 F FAF
F F F



Recently the molecular and electronic structure of a salt of ion
(3) (Fig. 1.10) has been reported.21 The C-C bond distances to

iV (Fig. 1.10) ROF
F — F etc.
F CF, =——n CF3<*———4>
(3) F
F F F F

the planar carbanionic centre are short and the C-F bonds on the
CFy groups are long, providing some evidence for fluorine negative
hyperconjugation. Recently work by Rahman and Lema1,22 studying
the rotation-inversion barrier in e-fluoroamines using variable
temperature n.m.r., has demonstrated the effect of negative
hyperconjugation in neutral species (negative hyperconjugation
raises the barrier to C-N rotation).

Although there is little evidence from reaction kinetics studies
for the effect of negative hyperconjugation,23’24
seems to rest on a solid foundation.

the theory now

.3.2 Formation of fluorinated carbanions

a) By base induced deprotonations

A notable example of the formation of a fluorinated carbanion was
reported by Vlasov and Yakobson?? (Scheme 1.11). A correlation

Na*

(CGFS)ZCH@—R NaH (LiH), HMPL (Cst)z(—:“@'R

Where R = OCH3, CH3, H, F, CI, Br, CF3 and other variants (Scheme 1.11)

was proposed between the change in the chemical shifts of the parea
fluorine atoms upon ionisation with the pK, of the molecule (with
higher pK, values for larger chemical shift changes). When 'R’
equals fluorine a ce 24ppm upfield shift is reported upon
ionisation. From an analysis of fluorine n.m.r. data it was

suggested that in the systems where 'R' was electron donating

(OCHz, CHz) the substituted phenyl ring resides more out of the
carbanionic plane than when 'R' is of an electron withdrawing
nature.

By a comparison of reactions with hydroxide the following acidity
order for nitrile and trifluoromethyl substituted carbon acids has
been determined?S (Fig. 1.12).
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(CF3)2CHy < F3G-CHF-CN << CF3CHyCN (Fig. 1.12)

b) By reaction of an alkene with fluoride ion

The generation of perfluoroalkyl anions by the reaction of
fluoride ion with fluorinated alkenes is well known. 2! However,
such anions (4) are rarely long-lived since they promote
oligomerisation reactions of the corresponding alkene

LK | | k .
+ F @ ——— F_?_?“ ———=  Oligomers

(Scheme 1.13) (%)

(Scheme 1.13). Only in cases where K is large and / or k is small
will anion (4) be long-lived, hence observable. There are now a
number of examples of stable fluorinated carbanions including.
from these laboratories, s-complexes such as salt (5)28 (Fig.
1.14.a), cyclic anions such as salt (6)29 (Fig. 1.14.b), other
tertiary perfluorocarbanion530’31 [ For example salt (7), fig.
1.14.c] and from other laboratories species such as allyl anion
(3)32 (Fig. 1.14.d). The chemical shift data for

Fo F

+ + + e
NN Cs Cs_ f:s FsCo A\ CF,
J A, O e Ty
F *N F F.C CF
G F e (7 T
(Fig. 1.14.a) (Fig. 1.14.b) (Fig. 1.14.c) (Fig. 1.14.d)

perfluoro-¢-butyl caesium (7) are remarkable for the fact that the
carbon bearing negative charge is associated with an upfield shift
from appropriate model compounds (bromo-derivatives), but the
adjacent carbon is associated with a downfield shift. The same

downfield shift is reflected in the '°F n.m.r. spectrum for the
31,32

It is argued31 that the observed
substantial low-field shifts for positions adjacent to the

site adjacent to charge.

carbanionic centre provide some evidence for the previously
discussed concept of negative hyperconjugation (Fig. 1.15).




_ F’
C—CF; =~————— C=CF, (Fig. 1.15)

c) By reaction of an alkene with other nucleophiles

Krespan and covorkersS:3 nave employed a wide variety of
nucleophiles (including cyanide, azide, phenoxide and even
chloride) in reactions with terminal fluorinated alkenes. The
resulting carbanionic species were then trapped by carbon dioxide
or by fluorinated esters followed by methylation (For example see
scheme 1.16).

Nuc® + FoC=CF, ——s [Nuc-CFz-C_le :i) I&:SO Nuc-CF2-CF2-COMe
2 4
s 16
(Scheme 1.16) o coR (I)Me
) _ReCOMR _ Nuc-CF,-CF,-C-R
i) Meg80, o 2T
OR

d) Decarbozylation Reactions

Pyrolysis (sometimes mild) of fluorinated carboxylic acids or of
their anions will yield products derived from their respective
carbanions (either through loss of fluoride forming an alkene or
by reaction with an electr()phile)2 (See36 scheme 1.17).

620°
CoF11CFCRCOH —22C o CoFyCF=CFs + HE + GO,
(89%) (Scheme 1.17)

1.4 Fluorinated Cvcloalkenes. Dienes. and Related Svstems
.4.1 Introduction

This section discusses the syntheses and some limited aspects of
the chemistry of fluorinated cycloalkenes, dienes, and related
systems. This discussion will be restricted to the more highly
unsaturated systems, other systems have been described in the
literature (For examp1e37) and elsewhere (For examp1e138).



1.4.2 Tetrafluorocvclopropene (10)

Tetrafluorocyclopropene (10), the smallest unsaturated cyclic
fluorocarbon, was first isolated by Stuckey and Neicklen>S as an
oxidation product of 1,3-perfluorobutadiene (9). Mercury
sensitised photolysis of mixtures of dieme (9), and oxygen vielded
compound (10) as a minor product. However, compound (10) and
difluorophosgene (11) were found as the major products in the
reaction of dieme (9) and atomic oxygen (formed by in situ

photolysis of nitrous oxide) (Scheme 1.18). Mercury sensitised

F2
CF=CFCF=CF, + [0] —————= C, + OCFy  (Scheme 1.18)
(9) FC=CF )]
(10)

decomposition of compound (10) led to tetrafluorocallene,
tetrafluoromethylacetylene and tetrafluoroethene. Similar
products have recently been reported from the infrared
multiphoton-induced isomerisation of compound (10).39 Sargeant
and Krespan40 have published a more convenient dehalogenation
route to compound (10) (Scheme 1.19).

/N
Zn-EtOH F,CFC—-CF F F

CIFC—CFCI 70%  FC=CF
50-55% overall
yield
Tetrafluorocyclopropene (10) is a coloufless, flammable, toxic,
explosive40 gas (bp ca -13°C). The lower explosive limit is
approximately 3% in air. Reaction with strong Lewis acids
(antimony pentafluoride, or boron trifluoride) produced white
precipitates consistent with the salts of perfluorocyclopropenium
ion (12) (Scheme 1.20).

(Scheme 1.19)

F, I
(10) ,S\ + SbFS —_—— l,pk (12) SbFe- (SCheme 120)

CF

1.4.3 Fluorinated Cvclobutadienes
a) Tetrafluorocyclobutadiene (13)

Tetrafluorocyclobutadiene (13) like its hvdrocarbon counterpart
is predicted to be antiaromatic in nature. Gerace, Lemal, and
Ert1*! have generated what they believed to be the short lived
compound (13); its existence being revealed by its corresponding
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trapping products. Their route (Scheme 1.21) is based upon the
Dewar valence isomer (13a) of hexafluorobenzene which was itself
prepared by vapour phase photoisomerisation of hexafluorobenzene
(13b). Their procedure involved ozonolysis, hydrolysis,
dehydration, and finally, vapour phase photolysis yielding the
transient compound (13) (Scheme 1.21).

CO,H
hv | 1.03 2 PoOs
[:::J ﬂﬁlliﬂ 2. H0 i IFl_ 0

13b) (13a) CO,H

44%
Overall

| ofF]

Collision { E
Deactivation / \

0

O [lF FI]‘ _ }isation\hﬂl
(5

_ _ (14) 13l
Maximum overall yield ca 20% (Scheme 1.21)

hv

Cyclic Diene (13) may be trapped with furan, or may be allowed to
dimerise. If the activated dimer (14) is not collision
deactivated by inert gas it may ring open to
octafluorocyclo-octatetraene (15). It is also noteworthy42 that
the vapour phase photolysis of tetrafluorocyclopentadienone (16)
smoothly yields the cyclic tetraene (15). This may also involve
tetrafluorocyclobutadiene (13) as an intermediate (Scheme 1.22).

0O

[E:”4§3 585°C ho :
\( co, O 2537 R (Scheme 1.22)

o) {16) (15)

b) Tetrakis(trifluoromethyl)cyclobutadiene (17)

Several routes to diene (17) have been reported (for
exampleé3'46). In an early report47 diene (17) was formed via the
low temperature dehydrobromination of alkene (18) (Scheme 1.23).
On warming dimerisation of the diene occurs. Heating the dimers
to 300°C produces perfluoro-octamethylcyclo-octatetraene (19).

-10-



FsC CF Pl O o
3 o 3 F>—<B <——  FCF,C=CCF,),Br + others
r
100-150°C
(CFy)g trans,trans cyclises
/ Br
MelLi
Dunense 7] . - |F
(17) (18)
300°C
_/(CFa)a

(Scheme 1. 23)
—/ (19

1.4.4 Hexakis(trifluoromethvl)benzene (20)
Compound (20) was first reported as a product of the thermal

oligomerisation of hexafluorobut-2-yne (21) 48,49 (Scheme 1.24).
ca 280°C
F3CCECCF3 W b
(21) ours S-(CFy, * brown powder
(20)
(Scheme 1.24)
(8.5g, pure) (0.4g, pure)

The valence isomer chemistry of compound (20) has been reported by
Haszeldine and coworkers, 50 with three valence-bond isomers (20a,
20b, 20c) (Figure 1.25) being formed wia the room tempe1ature u.v.
irradiation of compound (20). Grayston and Lemal have reported
the final member in this the first complete set of benzene valence
isomers (20d). Although isomer (20d) was synthesised from acvclic
precursors it may be aromatised to compound (20) at 360°C, or
photolysed to give a mixture of all five valence isomers.

(20b)

(Fig. 1.25)
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1.4.5 Qctafluorocvclohepta-1.3.5-triene (22)

Octafluorocyclohepta-1,3,5-triene (22) and its hydrolysis product
hexafluorotropone (23) were first reported in 1972.92 Triene (22)
vas prepared from cyclohepta-1,3,5-triene via fluorination (cobalt
trifluoride), followed by dehydrofluorination. substitution of
fluorine by hydrogen using sodium borohydride, followed by
further dehydrofluorination. The overall yield is not quoted. but
is presumably low. Triene (22) was found to be extremely
susceptible to hydrolysis giving tropone (23) (Scheme 1.26).

o)

H
2 (Scheme 1.26)

(22) (23)
Using the valence isomer chemistry of perfluoronorbornadiene (24)

(Preparation,53 see scheme 1.27) Dailey and Lemal®* have devised

SnMe, Ci
+Me;SnC=CSnMe; ——= Gl —2 |
Cl

SnMe,

(Scheme 1.27) io' ho
2,

FCI FCi Clg

l Cl
Zn dust Cl
| +
(24)

an elegant route to triene (22) (Scheme 1.28). Ultraviolet
irradiation of triene (22) causes rapid isomerisation to the

[ih hv, -30°C ié z’é
l room (::::}
\F
22

(24) temperalure

(Scheme 1.28) (25) - hv

bicyclic diene (253). When treated with boron trifluoride etherate
in acetonitrile triene (22) yielded a species whose !°F n.m.r. was
a sharp singlet at §-99.5ppm. That this species was the
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perfluorotropylium ion (26) was confirmed by its immediate
hydrolysis to the hexafluorotropone (23) (Scheme 1.29)

BF3.Et,0 H-0
CHzCN
F

(22) (28

(Scheme 1.29)

1.4.6 Fluorinated Cvclo-octatetraenes

a) Octafluorocyclo-octatetraene (15)

The synthesis of octafluorocyclo-octatetraene (15) was first
reported by Lemal and coworkers in 197‘541 with an approximately
207 optimised overall yield (See section 1.4.3.a). In 1980 a
closely related route was reported by Lemal and coworkers
involving the photolysis of tetrafluorocyclopentadienone (16) (See
section 1.4.3.a) (yield was not quoted). Both of the above
syntheses involve two vapour phase photolyses which proved
difficult to scale up to the tens of gram scale. In 1980 Lemal
and coworkers® approached the synthesis with a view to ovércoming
scaling problems. Their route (Scheme 1.30) involved only one
photochemical step which could be conducted with hundreds of grams
of a neat liquid mixture. Under the reaction conditions initially
room

cl cl
= temperat

@ + oFc=crel —2 o (¢ TF P FIFF
\ o

(13b) (277 ©'  165°C (28) Cl

(Scheme 1.30)

Zn / AcOH
1S) ~—

formed bicyclic (27) isomerises to the tricyclic (28). The
tricyclic (28) may be almost quantitatively thermally reopened to
bicvcle (27). Reductive dechlorination of bicyclic (27) yields
tetraene (15). Also in 1980, Haszeldine and coworkers56 reported
a synthesis of tetraene (15), based on the static pyrolysis of
3,4-di-iodo-1,2,3,4—tetrafluorocyclobutene (28) (Scheme 1.31).
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cl |

IF Nal,acetoneﬁ_ G 250°C > @
c ' (15)

{28) ]
(Scheme 1.31) (58%)

Both cyclo-octatetraene and octafluorocyclo-octatetraene (15)
adopt a tub conformation, the fluorinated analog being slightly
nore flattened.”’ Lemal and covorkers®S investigated whether or
not the radical anion of tetraeme (15) can assume planarity and
become aromatic like its hvdrogen containing ana10g59 (Scheme
1.32). Attempts to observe tetraene (15) radical anion by
reduction of the neutral compound with alkali metals met with
failure. However, the radical anion (29) was observed by ESR at
145K in 2-methyltetrahydrofuran solution, following 7-irradiation
of the sample in the glassy state at 77K. The observed
equivalence of the eight fluorines suggested a planar Dgp
structure. 1,2-p and 1,2,3,6-7 complexes of tetraene (15) with
iron and platinum have been reported.

(Scheme 1.32)

1
1 (299 e

b) Perfluoro-octamethylcyclo-octatetraene (19)
(See section 1.4.3.b)

c) Perfluoropolycyclo-octatetraenes
In 1971 Camaggi reported61 the synthesis of tetraene (30) (Scheme
1.33). X-ray studies reveal that tetraene (30) again adopts a tub

| [F <)
| .
é/ C1uol(>)roogze> mixture including © (Scheme 1.33)
(F) &0

. 2 .
conformat10n.6“ [t is therefore noteworthy that tetraene (31)
(Synthesis,63 Scheme 1.34) is reported to have a planar
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Cu bronze
F —_——— e
I 135°C F

' Trace DMF

(Scheme 1.34)

(31)

conformation.64

The eight-membered ring bond lengths are all very
similar ( + 0.0364 ) indicating that the system is delocalised,
hence antiaromatic. Photoelectron spectroscopy65 suggests that
tetraene (31) retains its planar conformation in the gas phase.
Tetraene (31) is one of the most powerful organic oxidants
known,66 showing two reversible one step reductions (Scheme 1.33).

Dianion (32) is a 10z-aromatic systen.

F F F
Fl 31 F (Scheme 1.35) F (32

.5 Non-Fluorinated Pentakis Substituted Cvclopentadienes
.5.1 Introduction

This section discusses the syntheses and some of the properties
of cyclopentadienes and cyclopentadienyls which bear, usually
multiply, electron withdrawing substituents.

.5.2 Nitriles

Webster67 has reported that all of the possible
cyanocyclopentadienides have been made by the stepwise cyanation
of cyclopentadiene with cyanogen chloride. The first three cyano
groups were introduced with the aid of sodium hydride (promoting
cyclopentadienyl anion formation), the fourth and fifth with the
aid of aluminium chloride (the Lewis acid activates the cyanogen
chloride). 1In an earlier report68 Webster detailed a different
route to the tetrakis- and pentakis- cyanated anions from acyclic
precursors. Webster also reported that potassium
pentacyanocyclopentadienyl was exceedingly thermally stable,
surviving heating to 400°C in air. The
pentacyanacyclopentadienide anion is also a very weak base, with
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spectrophotometry detecting no protonation by perchloric acid in
acetonitrile. This leads to a calculated pK,, of the conjugate
acid in water, of less than minus eleven: making it the strongest
carbon acid known.69
Other workers70 have prepared tetracyanocyclopentadienide salts
which have been subsequently converted into halogeno-, nitro-, and

acetyl derivatives by the appropriate electrophilic reagents.

1.5.3 Pentamethoxvcarbonvlcvclopentadiene (33)

Cp derivative (33) was first reported by Diels.n’72 Further
work 2" has confirmed Diels' assignment and has reanalysed the
reaction intermediates (Scheme 1.36). Cp derivative (33) is a

Pyridine

(CH302C)2CHz + 3 CHz0:C=COLH; = — —==

E
E . - FE
i \ @ e—/ KOAC
(34) 0
EE g e £ E E
Eq ot {E = COCHs}
HCI E E
= (33) (Scheme 1.36)
E E

power§91 carbon acid, being at least as strong as hydrochloric
acid.” An aqueous solution of cp derivative (33) dissolves
metallic iron with the evolution of hydrogen and with the
formation of the corresponding ferrous salt. As with, for
example, the pentamethoxycarbonyl—,76 tetracyano—,70 and
dicyanodiethyoxycarbonyl- analogs,70 anion (34) is much too stable
to rearrange to the corresponding ferrocene. Cookson and
coworkers75 also report the formation and subsequent hydrolysis of
the C-methyl derivative (35) (Scheme 1.37). The formation of

5-chloro and 5-bromo dienes is reported, as is that of the
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E, H E. «CHy HiCy\  JEs
E E Ew” \E \\Cy/
CHoNo 1.NaOCHs ‘_ ]
\@/ CHa S \ |/ (Scheme 1.37)

E E
33 {35)
E (CONH,)5
E £ NH4OH
@ gmonths ____ ((O)) g+ (Scheme 1.39)
K* Room temperature
E E
(34) (36)

pentamide (36) (Scheme 1.33). A series of papers by Bruce and
coworkers (See7{ and references therein) reports the chemistry of
the pentakis(carbomethoxy)cyclopentadienyl moiety.

.5.4 Hexachlorocvclopentadiene (37) and pentachlorocvclopentadiene
38
Cp derivative (37) was reported in 1930 ° as the product of the
~ treatment of cyclopentadiene (39) with potassium chlorate(I)
(Scheme 1.39). Cp derivative (37) does not readily dimerise.

KOCI i
@ - @ —LiAH, @ (Scheme 1.39)

39 (37 |~58)
H

78

Cp derivative (37) when either: a) reduced with lithium aluminium
hydride at -50 0C; 'S b) catalytically hydrogenated;78’80 c)
reduced with stannus chloride in acetone,8 yields
pentachlorocyclopentadiene (38). Cp derivative (38) does
reversibly dimerise in a Diels-Alder fashion. All attempts to
convert the anion derived from cp derivative (38) using transition
metal halides to perchlorocyclopentadienyl complexes failed.
However, the first perhalo- and oxidatively stable metalocene,
decachloroferrocene, has been reported to be formed82 by a series
of repetitive metalation exchange-halogenation reactions of

1,1'- dichloroferrocene.
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1.5.5 Hexabromocvclopentadiene (40)

The synthesis of hexabromocyclopentadiene (40) was also initially
reported in 19307033 (Scheme 1.40).

Brg
Bro, NaOH /
(39 @ Petrol other = w0 ﬂ\ /7 (60-65%) (Scheme 1.40)

1.6 Fluorinated Cvclopentadienes and Cvclopentadienvls

1.6.1 Hexafluorocvclopentadiene (41)
The first synthesis of cp derivative (41) was reported in 19634
(Scheme 1.41). With recycling of fractions up to a 427% overall

fo) —oore @4 S (F)

37) Fe  33% W) 44%

yield is obtainable. O0Other routes have been presented.85’86’88

Lemal and coworkers86 have reported a notable route to cp
derivative (41) starting with the six membered ring of

pentafluorophenol (Scheme 1 42) (42},
OH  (Scheme 1.42)

_CFaOFor @ @ 625°C °C @
BF3/BI’2 (41)
2) Pyroly5|s 38

from pentafluorophenol
Hexafluorocyclopentadiene (41) (bp 29°C) was the first

perfluoro-1,3-diene to undergo a Diels-Alder type of dimerisation
when stored either in the vapour phase, or as a liquid under a
nitrogen atmosphere 85

(Scheme 1.41)

1.6.2 1.2.3.4.5-Pentafluorocvclopentadiene (43)
Paprott and coworkersS9 9 have prepared cp derivative (43)
starting from hexachlorocyclopentadiene (37) (Scheme 1.43). An




.@ 280 C .]
(37)
BO%)+ Dimer (49%)
Zn,
CgH43CO0H
(Scheme 1.43)
(45% crude) H

.Dlels-Alder Dimer = @(63)

isomer of cp derivative (43), most probably 1,3,4,5,5-
-pentafluorocyclopentadiene (44) has been reported92 (Scheme
1.44).

HMn(CO)s + @

)

W,

F A, 'lOOOC @
. e
Mn(CO),

(Scheme 1.44) FH -t
1.6.3 Pentafluorocyclopentadienvl Anion (45)
Metalation of the proton in cp derivative (43), preferably with
[M" N(SiR3)s] affords anion (45)50 (Scheme 1.45). Tetrahydrofuran
solutions of the metal salts are unstable. The lithium salt
decomposes within minutes at -110°C, the sodium salt within hours
at -78°C, the thallium and caesium salts decompose at -30°C.
{Na*[18-crown-6]CsF3} in tetrahydrofuran is the most stable salt
reported, being observed at 22°C for a few hours. The typical
decomposition reaction is loss of metal fluoride coupled with

polymerisation.
H

M* (NSiR3)2 M*

= (X + (HNSIR3) _
@ Tetrahydrofuran Q\FS ( 3/2 (Scheme 1.45)
(=3 (5]

1.6.4 Pentakis(trifluoromethvl)cvclopentadiene (46)
In 1980 Lemal and Laganis reported69 a low yielding synthesis of
cp derivative (46) involving tetrakis(trifluoromethyl)-
- (Dewvar)thiophene (47) (Scheme 1.46). Cp derivative (46) is an
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FsC CF,
\ / hv
F,C CF,
FiC CF,4
FsC N CF,
)
+
FsC CF,
-
FsC CF,
H YCF,
(Lb) and tautomer
+
CF3CN (Scheme 1.46)

extraordinarily powerful carbon acid (pK, less than minus two),
exceeding nitric acid in strength despite its lack of conjugating
substituents. This strong acidity is in marked contrast to
1,2,3,4,5-pentafluorocyclopentadiene (43) (pKa 12.8 to 15.5).
This large difference in acidity is a further demonstration of the
electronic dual nature of fluorine dependant on whether the carbon
atom next to fluorine is saturated (See section 1.3.1). Cp
derivative (46) is a volatile liquid, freely soluble in water, the
neat liquid attacking even silyated glass containers.

1.6.5 1.2.3.4-Tetrakis(trifluoromethvl)cyclopentadienide (48)
In 1983, Janulis, and Arduengo87

used a variant of the above
synthesis (Diazomethane was used as the 1,3-dipole, then the
corresponding cyclopentadiene was neutralised and counterion
exchanged to give the tetramethylammonium salt) to prepare salts
of 1,2,3,4-tetrakis(trifluoromethyl)cyclopentadiene (48) which
were then converted to 5-diazo-1,2,3,4-tetrakis(trifluoromethyl)
cp derivative (49) (Scheme 1.47). Although thermally stable
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(CHa)4N" N,

FC CF3 1) NoBF, FsC CF,
W (Scheme 1.47)
" us O FiC ) CFs

(unchanged after heating to 190°C in chlorobenzene), cp derivative
(49) undergoes a photochemical loss of nitrogen to give a highly
reactive electrophilic carbene. This carbene may be trapped by
conducting the photolysis of cp derivative (49) in the presence of
nucleophiles, forming ylides (for example, Scheme 1.48). The
ylide (50) was the first stable carbonyl ylide to be reported.g3

¥ S(CHy),
F.C CFy
+  S(CHa) —T\‘hl’—!> \Q/ (Scheme 1.48)
N ? F,C CF,

FsC CFy | Parial s-bondin |
N— N—
FsC' ug) CFy | ' O=<N_ TV
. N>=O ho F,C |-CF;  F4C |-CF,4
—N -No
| FiC (500 CFy F3C CFy

The chemical and thermal stability of this ylide allowed x-ray
crystallographic analysis. It appears that there is partial
7-bonding between the carbonium centre and oxygen, while the
oxygen cyclopentadienylide linkage appears as a single ¢-bond.

1.6.6 Svntheses from Hexafluorobut-2-vne (21)

Chambers and Jones94 have reported the presence of
cyclopentadienes (52, 53, and 54) (Figure 1.49) in the complex
mixtures derived from the fluoride ion induced co-oligomerisations
of hexafluorobut-2-yne (21) with hexafluoropropene,
octafluorobut-2-ene, and octafluorocyclopentene, respectively.
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(Fig. 1.49)
F4C CF, F,C CF, CF,
FC O, C.Fs VCF, CoFS CF,
(52) (53 (54)
It has been reportedg5 that the reaction between (7-CsHs)Ir(C0s)

and hexafluorobut-2-yne (21) at 160°C gives complex (55) (Fig.
1.50) in low yield. The mechanism of formation of complex (55)

(Figure 1.50)

Stereochemistry about * uncertain

may involve the initial generation of an Ir-H species followed by
insertion of three hexafluorobut-2-yne (21) units.

1.6.7 Tetrakis(trifluoromethvl)cyclopentadienone (56)

Dienone (56) was first reported by Dickson and Wilkinson® via
the reaction of hexafluorobut-2-yne (21) with
dicarbonylchlororhodium at ce 150°C under a high pressure of
carbon monoxide. The resistance of dienone (56) to dimerisation
disguises the fact that it is an extremely reactive molecule.
Dienone (56) will react with tetramethylethene, cyclohexene and
many more dienophiles in the inverse electron demand Diels-Alder
reaction.”’ The reaction of dienone (56) with triphenylphosphine
yields the ylide tetrakis(trifluoromethyl)cyclopentadienone-
-triphenylphosphorane (57)98 (Scheme 1.51).

CF, CF,
FsC F4C
+
O + PPhg — o @ 0~PPh,
FsC
* 56 CF, FsC G, 157)

(Scheme 1.51)
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1.6.8 Tetrafluorocvclopentadienone (16) (See section 1.4.3.a)

1.6.9 Trifluoromethvlcvclopentadiene (58)

01lson and Wennerstrom99 have reported the synthesis of
trifluoromethylcyclopentadiene (58) (Scheme 1.52). Cp derivative

o @

0
Ni + CF3' + 2PPh3 ether, 25 C = \ / + Ni

AN
ZZijS 58}  PhsP PPhy

(Scheme 1.52)

F,C

(58) was isolated in a 70:30 mixture of the 1- and 2- isomers.
The reaction of cp derivative (58) with alkoxide initially yields
6-fluoro-6-alkoxyfulvene (59). Further reaction gives the
6,6-dialkoxyfulvene (60) (Scheme 1.53).

CF,
F
W ‘ = .
| E
(58) F RO}, 'R

(59)
(Scheme 1.53) R =CHgz, CoHs

Bis(trifluoromethyl)ferrocene (61) has been prepared by the
reaction of the thallium salt of diene (58) with ferrous chloride
(Scheme 1.54).100 E.S.C.A. measurements on ferrocene (61)

CF, CF, {Scheme 1.54) ©/CF3
TIOC2H
@ 10 to 21;°C = TI* e 8
(58) ,462235

F,C (61

illustrate the strong electron withdrawing effect of
trifluoromethyl groups, causing an increase of the binding energy
for the iron inner shell electrons.
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1.7  The Pentadienvl-Cvclopentenv] Rearrangement
1.7.1 Introduction
Allyl, pentadienyl, and heptatrienyl anions can in principle
undergo electrocyclic rearrangements.m1 The

pentadienyl-cyclopentenyl rearrangement has particular relevance
to our route to polysubstituted cyclopentadienes and
cyclopentadienyls. The electrocyclic reaction of the

pentadienyl anion == cyclopentenyl anion is relatively
unimportant in all carbon systems, and has not yet been verified
in the case of the parent compound. However, in the heterocyclic
series, where up to five carbon atoms of the pentadienyl anion are
replaced by heteroatoms, a whole multitude of ring closures and
ring openings can be classified as 1,5-electrocyclisation
reactions.m1

1.7.2 Qverall reaction for the pentadienvl anion (theoretical)

The pentadienyl anion (62) has six electrons in 5 parallel
p-orbitals. The resonance structures (Figure 1.55) illustrate the
charge distribution over carbon atoms 1, 3, and 5. The
electrocyclic ring closure, requiring a U configuration of the
open chain species, is associated with a transformation of the
terminal sp?-hybridised centers into tetrahedral carbon atoms.

The remaining four r-electrons emerge as an allyl anion.

H
HC <1——x> ﬁ@ﬁ F|g 1 55
H

H H (62

1.7.3 QOrbital control
Woodward and Hoffmannl%? found that the inspection of the HOMO
(highest occupied molecular orbital) symmetry to be the simplest
treatment accounting for the steric course of electrocyclic
reactions. Figure 1.56 shows that the terminal bonds must rotate

Disrotation @ (Fig. 1.56)
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in opposite directions inorder to achieve phase consistent overlap
of the terminal orbitals forming the new o-bond.

.7.4 C(vclo-octadienes

Although not observed in the parent case of
pentadienyl anton == cyclopentenyl anion the base catalysed
isomerisation of [(1,3-), (1,5)]cyclo-octadienes (63) to
cis-bicyclo[3.3.0]oct-2-ene (64) has been reported103 (Scheme
1.57). Further work 104,105 led to the conclusion that this was

[:::::j (::::) KC6H5 (Scheme 1.57)
175 C
63) 50-65%

(64)

indeed the first example of the pentadienyl-cyclopentenyl inter
conversion. Bates and McCombs!9? reported the generation and
n.m.r. spectral properties of cyclo-octadienyllithium (65). The
first order cyclisation of anion (65) to bicycle (66) (Scheme
1.58) was also recorded, the half life was found to be 80 minutes

350C.

BuLi / Hexane H
-78°C
(65) 65) (64)
to room temperature Li* (Scheme 1.58) Li*

1.7.5 Known all carbon chain examples

In the cyclisation of open-chain pentadlenyl anion a ring strain
energy of ca 7Kcalmol™ is built up. 106 Furthermore, the
conversion to the rigid cyclopentenyl anion causes an 1ncrease in
entropy during the cyclisation. A single unexplained e\amplew1
of such a cyclisation is the conversion of semicarbazone (67) into

cyclopentenes (68) with 127 yield (Scheme 1.59).107 However, no

-25-

b



N=C~NH,
L ]
H H H H
I KOH
H H i H H |

(Scheme 1.59) QgiiZQ
HsCg

T
OI!II

W

68)

6 5 sce CsHs
4 : 1

reaction was observed when 1,5-diphenyl-1,4-pentadiene was heated

with butyllithium at 190°C.

Ring openings are known in non-heterocyclic systems. In scheme
1.60 we see an anionic ring opening which clearly profits from the

release of the cyclopropane ring strain.lo8
KOCsH11
H H in HOCsH11 H H
°c
118h, 145
HsC&  CeHs HC{ CgHs HsC§  CeHs

(Scheme 1.60) Q Q
HsC¢  CgHs HsC¢ GCgHs
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Chapter 2 - Reactions of 2H-Pentafluoropropene (2H-PFP) (69)

2.1 Introduction

The reactions of perfluoro-olefins with fluoride ion are
synthetically useful, and one of the applications of this process
is in the preparation of polyfluoroalkyl-substituted aromatic
compounds. Such reactions (For example scheme 2.1) proceed via
the initial formation of a perfluorocarbanion. Subsequent attack
of this nucleophilic species upon a polyfluoroaromatic substrate
vields a polyfluoroalkyl substituted product. The substrate

(Scheme 2.1) Arg-F
F' + FZC=C\ —_—— FSC—C_ = FGC—C—ATF + F—

usually requires some activation to nucleophilic aromatic
substitution. Indeed hexafluorobenzene does not normally react
with perfluoro-olefins in the presence of fluoride jon, 109,110
The reaction of hexafluoropropene (70) with

. pentafluoronitrobenzene (71) is well known!10 (Scheme 2.2). In

FoC. ,CF,

KF, Z 5 —F
S
02

F3C- = a
+ FaCCP=CF2 1535 72 hours @ *

NO, (Scheme 2.2)

NO, NO, CF,

a preliminary study M.J. Seabury (these laboratories)111 observed
the formation of an unexpected product in the analogous reaction
of 2H-PFP (69) with pentafluoronitrobenzene (71) and fluoride ion.
This reaction together with other reactions of 2H-PFP (69) with
aromatic substrates will be discussed in this chapter.
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2.2 2H-Pentafluoropropene (2H-PFP) (69)

2.2.1 Preparation
2H-PFP (69) was prepared by a literature nethod 112 (Scheme 2.3).

(Scheme 2.3) Benzoyl peroxide
(Free radical

OF3-CF=CFy + HsC0H —Mdt33tOr) | ¢ o op(h)_CP,-CH,-OH (723

(70) 100°C, 270mins D1 KaCrol, (857
ii%l NaOH

CF3-CHI=CFs + C0p + NaF —TYEOLYSIS  pog o ()-CFy-COyNa (73

(69) (91%) (70%

2.2.2 Some Known Reactions of 2H-PFP (69) with Nucleophiles

The reactions of several nucleophiles with 2H-PFP (69) have been
reported1137114 (

Scheme 2.4), with products arising from the
substitution of a fluorine atom by the nucleophile vie an
addition-elimination mechanism. Reaction of 2H-PFP (69)

) F3C nuc F3C F )
nuc” + CFCH=CF, —-Sther >c=c< N >c=c< + T
(69) H F H nuc

(Scheme 2.4) (nuc = NHRy, "SR, HPMes)

with a slight excess of caesium fluoride in moist
tetrahydrothiophen-1,1-dioxide at 75°C gave alkane (74),
presumed to be formed wia carbanion (75) (Scheme 2.5). Anion (75)

113

CF3CH=CFy —— FaC-TH-CF; —120 | F,0-Clly-CFs

(69) (75) (74)
(Scheme 2.5)

has also been observed in the gas phase115’116

(Scheme 2.6)
(CFg)aC=N, —Ciectrons  (gp y, c. Py or ClCN, -
(

(Scheme 2.6).

cu-
5)

-
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2.2.3 Reaction of 2H-PFP (69) with Antimonv Pentafluoride
It has been reported117 that the treatment of 2H-PFP (69) with a
deficiency of antimony pentafluoride yielded dimer (76). The
following rationalisation was proposed (Scheme 2.7). Subsequently

(Scheme 2.7)

F3C-Cli=CPy 5225 [CF,-CH-CFy )" 8CCH=CF2 o, oy CF, - CH(CFs ),
(69) (77 Sbfe (76)
it was reported118 that treatment of 2H-PFP (69) with an excess of

antimony pentafluoride yielded allyl cation (77) (Scheme 2.8),
observed by fluorine and carbon-13 n.m.r..

SbF f !

= 5 -

F,C=CH-CF, T excess ’)\ [San5n+1l (Scheme 2.8)
(69) FoC7(77) CF2

2.3 Some Fluoride Induced Reactions of 2H-PFP (69)

2.3.1 With pentafluoropvridine (78)

The reaction was conducted in an atmosphere of 2H-PFP (69), with
caesium fluoride, in tetraglyme, at room temperature. A mixture
of two principal products, separable only by gas chromatography,
and a brown tar were obtained (Scheme 2.9). Compound (79) is a

F.C CF F,C H
3 He 8 H (Scheme 2.9)
8 /F I CF4CHCF,, CsF, = Z (GC calcglated total
g tetraglyme, o= F | + \F I product yield ca 40%)
390 minutes SN U79) N“"(80)
ca 3 : 1

known compound, prepared using an alternative route11 (Scheme
2.10).

F,C CF, FoCo ,CF,
CO,Et H
F - = H lysi Z
Fl o+ HoeFacoEy —E——  [CF -%—ys—'i F
N7 (78) (Scheme 2.10) Ny T V2 SN
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It must be noted that our products differed from those reported
1 (Scheme 2.11) [Compound (81) is
formed by the elimination of the elements of hydrogen fluoride

in the previous investigation

from compound (79)]. We can only conclude that our system was

7 (69)
\F I CstFtCF,_C]HCR o (Scheme 2.11)
etraglyme,
N7(78 Y (81) Ny (79

16 hours N

ca 8 : 1

not as anhydrous as that of the previous investigation, which is
puzzling. The formation of compounds of the type (80) will be
discussed in section 2.6.

2.3.2 VWith pentafluorobenzonitrile (82)
Three products were isolated from the reaction between
pentafluorobenzonitrile (82) and 2H-PFP (69) (Scheme 2.12) in
addition to tar formation. Compounds (83 and 84) are analogous

F
F.C H
(Scheme 2.12) FoC y Cﬁa NZH FsC CFy4
(69) H
CsF, CF,CHCFs,
g g
+ + (GC calculated
, tetraglyme, @ total yield ca 48%)
(82" 390 minutes (83) (84) (5)
CN CN CN CN
ca 7 : 3 : 1

to compounds (79 and 80), but compound (85) is clearly formed by
the nucleophilic aromatic substitution of 2lI-PFP dimer anion (86)
into pentafluorobenzonitrile (82) (Scheme 2.13). The proton
n.m.r. spectrum of compound (85) is particularly revealing,
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F
F,C=CH-CF, ———= H
(69) F,d 175 FaC

(Scheme 2.13)

exhibiting a doublet of heptets (Fig. 2.14.a). The alkene
configuration was assigned using the large (typically cisoid119)
SJ(CFg-F) coupling constant (Fig. 2.14.Db).

E Doublet J 28.4Hz J 20.2Hz/‘ F
F.C Y \ Heptet J 7.3Hz F.C Y
. 3 H 3
(Fig. 2.14.a) CF, (Fig. 2.14.b)
CF, '

2.3.3 VWith pentafluoronitrobenzene (71)111

d111

The title reaction was reporte
the three principle volatile components being compounds (87, 88,
and 89) (Scheme 2.15). Compounds (87 and 89) are analogous to the

to yield a complex mixture,

F4C CF, FosCu _H
H 14%
( ) CF, H
CSF, tet | , o,
+ CF3CH-CFp —og oYM, R F Y - (4%)
(69 72°C, 14hours ~. 7
{71) N (+ tar)
(20%) | 187) (88
NO, (Scheme 2.15) NO, NO,

products derived in the preceding sections. However, compound
(88) was a new and unexpected product (See section 2.7). We have
repeated this reaction with similar results. Isolation of
compound (88) followed by characterisation confirmed the earlier
assignment ('9F n.m.r. data is shown in fig. 2.16. Elemental
analysis, an accurate mass measurement and carbon-13 n.m.r. were
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all consistent with the assignment). A significant number of low

111

yielding components were also observed, however this

investigation has concentrated upon the three major components

only. J ca 9.2Hz

-138.7 F/""\\

CF, -63.3
F
—

-157.0 /Q (Fig. 2.16)

E =\ (88

P -146.8 (Fluorine n.m.r. chemical shifts in ppm)

.3.4 0ther fluoride ion induced reactions of 2H-PFP (69)

Octafluorotoluene proved insufficiently active to react with
11

2H-PFP (69) under our conditions. It is interesting to note
that the corresponding 2H-hexafluoroisopropyl product was obtained
using the route outlined for pentafluoropyridine (78) in scheme
2.10. Conversely tetrafluoropyrimidine (90) proved to be too
reactive to yield useful products, with gelation occurring after
stirring for one hour, presumably as a result of polymer formation
(Scheme 2.17).

(Scheme 2.17)

= N

CsF
FJ o+ Fo=cHor, ————=
N"(90) (69)

2.4 Fluorine N.m.r. Spectra of Compounds (79. 83. and 87)

The '°F n.m.r. spectra of compounds (79, 83, and 87) illustrate
the existence of restricted rotation of the HC(CF3)a2 group leading
to the magnetic non-equivalence of the aromatic fluorine atoms

-392-




-64.5 .
FsCu_CFs FeCu CFy °*° FyCu_ CF, 640
H —H —H
“ -138.5, -140.3 -132.0, -137.6 -133.8, -135.2
F
N | -90.0, -90.0 -129.9, -130.6 -145.0, -145.2
(Fig. 2.18) N(m) [ (83) [187)
CN NO
Observed 2
Coalesence ca 360K ca 385K ca 391K
Temperature
) 7 111
Literature ref. ca 393K! — ca 393K

(Fig. 2.18). Warming induces rotation of the isopropyl group
leading to the coalescence of the aromatic fluorine resonances.

2.5 Formation of anions

Y]

.5.1 Hexafluoroisopropvl anions
Seabury reported111 that the reaction of compound (81) with
caesium fluoride in tetraglyme solution yielded the stable salt
(91) (Scheme 2.19). We have observed the formation of stable

FiC L2 FsCu_CF; 47
- cs'
& Z ™ -150
F || +csk TeMagyme o Ff (Scheme 2.19)

B SN Ny~ 101

(19F n.m.r. chemical shifts in ppm)

salt (91) by the reaction of a large excess of caesium fluoride
with compound (79). However, if a drop of water is added !°F

n.m.r. resonances consistent with compound (80) appear (Scheme
2.20) (see section 2.6 for discussion). In a similar manner we

" -48 F.O] H
FlCQ-CFs  (Scheme 2.20)  FaON%Fs 3
-~ GCs
Z Tetraglyme Z N -151 1 drop water Z
\\F | + CsF ——=— " \\F | o2 _— \\F |
N7 (79) N9 N7e0)

have used fluoride ion to deprotonate compounds (87 and 83)
yielding the anions (93 and 94) (Scheme 2.21.a,b).
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FsC | CF,

£
—————————————

30 minutes,

87}  tetraglyme

147, -150  (Scheme 2.21.a)

NO,
H
Fsc CF, FSC CFa 48
- Cs"
_—F__,> 1142, -145 (Scheme 2.21.b)
tetraglyme
[[183) ()
CN CN

The !°F n.m.r. chemical shift changes that occur upon ionisation
are illustrated in fig 2.22 (an uparrow represents an upfield
shift upon ionisation). Large downfield shifts are observed at
sites adjacent to charge (see section 1.3.2.b), with upfield
shifts for the ring fluorine atoms.

171 FeJCF F.Cl_CF X
\} 3 3 15‘5 aC~-CFs 16‘}F30 |-CF,

12} Z.

ca ‘i\ \F I ca14‘? @ ca 14% (Fig. 2.22)
12[} N ca 4‘?‘ ca 5%
(Also ref,1m ) NO2 CN

(Changes marked " ca " are mean values due to the magnetic
inequivalence of sites in the carbon acids)

The activating influence of fluorine atom substitution with
respect to nucleophilic aromatic substitution in phenyl and
pyridyl systems has been investigated.120’121 Anions such as
anion (91) (Fig. 2.23.a) could be considered as models for the
transition states of such substitution reactions (Fig. 2.23.b).

P

N (9) 3
(Fig. 2.23.a) (Fig. 2.23b)  (Fig. 2.23.c)
The influence of ortho and meta fluorine substitution in the

phenyl and pyridyl systems was reported to be strongly activating
while that of para substitution was found to be slightly
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deactivating with respect to hydrogen.111 These effects have been
rationalisedlr')'o'122 by a consideration of transition state
carbanionic stabilities (for ortho, meta, and pare) (Fig. 2.23.c)
and ion-dipole effects (for ortho). It is noteworthy that in the
pyvridyl system (91) we see a similar fluorine n.m.r. chemical
shift change for the ortho and mete sites roughly in accord with
nucleophilic aromatic substitution activating abilities. However,
lacking data for other aromatic systems this correlation can only
be regarded as tentative (See also pyridyl systems in chapter 4).

.5.2 Anion derived from compound (85)

The addition of caesium fluoride to a solution of compound (85)
in acetonitrile produced a species whose fluorine n.m.r. spectrum
was consistent with that of anion (95) (Scheme 2.24). Fluorine
atom 3 appears to couple to all three CFs groups with a coupling
constant of ca 19Hz. The '°F and !3C n.m.r. chemical shift

Jca 19Hz

,.-atom3

F

(Scheme 2.24)

changes that occur upon ionisation are indicated in fig 2.25.a and
2.25.b respectively, with downfield shifts occurring in the
potentially allylic side chain, and upfield shifts at the ring
fluorine atoms.

(Fig. 2.25.a)

CN ("°F n.m.r. changes) N} 1 ("°C n.m.r. changes)
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2.5.3 Anion derived from 2H-pentafluoropropene (69)

Using caesium fluoride as a fluoride ion source we were not
successful in our attempts to observe the salt [(CF3)aCH ] Cs*.
However, using silver fluoride we observed !°F and !3C n.m.r
resonances that were consistent with salt (96) in tetraglyme
solution (Fig. 2.26) (the proton resonance was not visible) [c.f.
caesium fluoride dimerises hexafluoropropene, but silver fluoride
forms relatively stable (CF3)2C(F)Agl2%]

-52ppm  (singlet) 130.9ppm (quartet)

FaC, Ag F.C Ag
C—H (Fig. 2.26) =
) 9. 2. FSH
FiC  (9g) F,C (95)  32.9ppm (doublet of heptet)
(19F n.m.r.) (130 n.m.r.)

2.6 Formation of Trifluoroethyl Derivatives (80. 84. and 89)

In each of the preceding reactions of 2H-PFP (69) with aromatic
substrates we have observed products of the type Ar-CH,CFs. We
have also noted the formation of compound (80) from compound (79)
in the presence of fluoride ion and water (section 2.5.1). In

addition we have observed the slow formation of salt (97) from a
pure sample of compound (87) in the presence of fluoride ion
(Scheme 2.27). Tig 2.28.a shows the fluorine n.m.r. chemical

F4Cuc_-CFy FsCu H FSCH
H0
—
(87) (93) (97) [(89)

NO, NO,
(Scheme 2. 27 (Observed by n.m.r.) (Observed by GC /MS)

I

shifts tentatively assigned to ion (97) and fig 2.28.b shows the
chemical shift changes produced upon ionisation.

-567 F3C _ H 8¢F3C _ H
-135.3, -134.9 ca 54
-147.0 ca 4%
(97)
NO, (Fig 2.28.a) NO, (Fig 2.28.b)
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111 a tentative electron

transfer process was proposed to account for the formation of a
trifluoroethyl derivative (Scheme 2.29) (This is similar to that
proposed for the substitution reactions of nitrobenzyl

In Seaburys' preliminary investigation

CH(CFy), [ CH(CFy, | £
Q) e — @ | -
[ (87)
NO, L NO, i
L (Scheme 2.29)
CH2CF3 BC(H)CFa FSC ~CF3
Cs*
Solvent _
+ CF3 Ink=
G2 193]
NO, NO, No,

halides124). It is reasonable to expect that such a process will
be enhanced by the addition of water [increasing the concentration
of electron accepter compound (87) with respect to electron donor
salt (93)]. We have demonstrated the electron transfer nature of
the conversion by the formation of compound (89) (observed by !°F

n.m.r. and GC / MS) in the electrochemical reduction of compound
(87).

.7 Investigation into the Mechanism of Formation of
Perfluoro-3-methvl-2.1-benzisoxazole (88)

.7.1 Experimental Evidence - Reactions of Compounds (87) and (89)
a) Pure compound (87) with fluoride ion

As was discussed in section 2.6 a pure sample of compound (87)
reacts with caesium fluoride to yield anion (93) and subsequently
anion (97). GC analysis of the worked up solution indicated only
a trace of isoxazole derivative (88).
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b) Effect of pentafluoronitrobenzene (71)

In the presence of pentafluoronitrobenzene (71) compound (88) is
the major GC detected product, followed by compounds (87) and
(89). Hence pentafluoronitrobenzene (71) clearly plays an
important role in the formation of compound (88).

c) Effect of pentafluorobenzonitrile (82)

Replacing the pentafluoronitrobenzene (71) impurity with
pentafluorobenzonitrile (82) had a considerable effect upon the
ratios of the products formed (see table 6.1). With
pentafluoronitrobenzene (71), compound (88) has the largest GC
integral, but with pentafluorobenzonitrile (82) compound (89) has
a GC integral nearly nine times larger than that of compound (88).
Hence pentafluorobenzonitrile (82) is clearly not enhancing the
formation of compound (88) as pentafluoronitrobenzene (71) appears
to.

d) Effect of solution concentration upon reaction of compound (87)
with fluoride ion
An intramolecular reaction would be expected to be largely
unaffected by the solution concentration. However, the relative
concentration of compound (88) in the worked up reaction mixtures
was found to be highly dependant on the mass of solvent used.
Concentrated reaction mixtures yielded high compound (88)
concentrations [relative to compounds (87 and 89)], whereas low
concentration reaction mixtures yielded lower ratios of compound
(88) relative to compounds (87 and 89) (see table 6.2). This
result suggests that the rate determining step is intermolecular
in nature.

e) Compound (89) under reaction conditions

The reaction of trifluoroethyl derivative (89) with
pentafluoronitrobenzene (71) and fluoride ion yielded no
significant volatile products. lence it can be deduced that
compound (89) is not on the mechanistic pathway to compound (88).
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f) Effect of a free radical trap

Adding 2-methyl-2-nitrosopropane dimer should inhibit a free
radical reaction by forming a stable nitroxide radical from
radical species (Scheme 2.30). Some reduction in the relative

4>_N;—.o__ﬂ__,> ->-'N'—o" (Scheme 2.30)
|
R

(Stable radical)

concentration of isoxazole derivative (88) was observed (ca 30%,
table 6.3) in the presence of the radical trap. However this
experiment can not be considered to be conclusively for or against
free radical participation in the isoxazole forming reaction.

g) Attempt to form a substituted isozazole derivative

An attempt was made to form the substituted isoxazole derivative
(98) (Fig. 2.31.a) by the reaction of compound (83) (Fig. 2.31.b)

’ CF,
. s
(Fig. 2.31.a) - e
NC N

(98)

(Fig. 2.31.b)

(83)
N

Cc

with pentafluoronitrobenzene (71) and fluoride ion. However,
compound (98) was not observed in the product mixture (Scheme

2.32). The principal product was found to be trifluoroethyl
derivative (84).

F3C<-CF3

(Scheme 2.32)

(83) (7)
CN NO,
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2.7.2 Summarv_of deductions on the nature of the cvclisation

From the experimental observations we can deduce that:
i) isopropyl derivative (87) is an intermediate but trifluoroethyl
derivative (89) is not;

ii) pentafluoronitrobenzene (71) is required (but possibly not as a
one electron accepter otherwise we might anticipate that
pentafluorobenzonitrile (82) would promote the reaction);

iii) the rate determining step is intermolecular.

2.7.3 2.1-Benzisoxazoles (Anthranils)

The formation of 2,1-benzisoxazoles has been reviewed.125

2,1-Benzisoxazoles are often formed by reduction of ortho-nitroso
or ortho-nitro benzyl carbonyls (for example see scheme 2.33).

R
R

= 0 Z N
R'—\ i,> R'—Ojgo (Scheme 2.33)
NO, -2H,0 =Y

It is reported126 that pyrolysis of compound (99) (Scheme 2.34)
yielded compound (100), believed formed by the initial elimination
of "OR. N-oxide (101) was also shown to decompose partly to
compound (100) on pyrolysis. Such a mechanism can clearly not

H
¢
[ 2N
. D OR’ o, " d
(99) ' + ?f} +\il\:’
0
L / _o fion
CGFS
(Scheme 2.34) (100) Y%
\N/

account for our apparently intermolecular reaction.
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2.7.4 Proposed Mechanism of Formation of Compound (8R)
111
Seabury

proposed an initial intramolecular rearrangement to
give an ortho-substituted nitroalkyl derivative, which then
cyclised. We have discounted this mechanism, again due to the
apparent intermolecular nature of the reaction. To account for
our observations we feel that the most likely mechanism is that
outlined in scheme 2.35. The first step is the formation of

(Scheme 2.35)

H
FSC F CF3 FGC

- 3 FsC CF,
F N ) Ar-NO,
(87 HF (+[37] or CstNOQ)
No, 187) NO, (93)

Dissociation !
B S

CFs
CF,
CF
= 3 CF,
/
/ " =
O:N e\ / R
° ON g o
& \«’wo N ~y
T %cR N0
(e + CFy0
{88) CFy
- /
NO; 4 > = F
\N
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anion (93) (ca 98% by n.m.r.). This then reacts preferentially in
the ortho-position with a nitro-aromatic. Nitro-aromatic anion
(93) will be deactivated to nucleophilic attack itself as a result
of its negative charge, hence the presence of neutral
pentafluoronitrobenzene should greatly enhance this step. Ring
closure with displacement of fluoride followed by displacement of
the aromatic group, as Ar-F, leads to the formation of the
required ring skeleton. At this point we must invoke a homolytic
cleavage yielding a CF3 radical, which migrates, combines with
oxygen, and is lost as CF30™ (CF30 will dissociate to give
difluoroPkwgene and fluoride ion). Finally at some point during
the reaction the ring nitro group must be displaced by fluoride
ion so that the final product is compound (88).
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Chapter 3 - Fluoride Ton Induced Reactions of
Dimethvlacetvlenedicarboxvlate (105)
3.1 Introduction

In the same way that fluoride ion will react with alkenes forming
alkyl anions, the reaction of fluoride ion with acetylenes may
form intermediate vinyl anions.1 The reaction of
hexafluorobut-2-yne (21), caesium fluoride and perfluorinated
aromatic substrates has been studiedm?'129 (Scheme 3.1). The
corresponding chemistry using diethylacetylenedicarboxylate (102)

) CsF, 100°C
F F3C—C=C—CF ’ :C
+ Fy . 3 solvent F3C CF:C CF3 (10y)
F &z
F F (Scheme 3.1)
FaC CF FaC N
N 3 NG oF (78)
2o0r3
“
F I + F | =
x x>
N N

as the acetylene with pentafluoropyridine (78) has also been

28, 1. : . .
reportedl“b’mo’131 (Scheme 3.2). The formation of cis and trans
(Scheme 3.2) F

= H,CH,CO,CC Z C CO, CH, CH,

Fll + §C92CHCHy  CsF, 100°C
N —

N CCO,CHCHy [ 3 hours /}I (1:1,cis : trans mixture)
(78) S

oz o, SN (40%)

products has been rationalised128 by the isomerisation of the
intermediate carbanion (103) (Scheme 3.3). No such
interconversion mechanism exists for anion (104) (Scheme 3.1)
vhich proceeds to exclusively form i¢rans products.

S
. F O§C . (Scheme 3.3)
- F
o / =
CCO,CH,CH;  HC,0,C 103)  HsC,0,C %9 Hsczo_,_c/ //\C—-OC2H5
0]

We have investigated some of the reactions of
dimethylacetylenedicarboxylate (DMAD) (105) and fluoride ion with
pentafluoropyridine (78) and also with several cyclic fluorinated
alkenes.

-43-




3.2 With Pentafluoropvridine (78)
The reaction of DMAD (105) with pentafluoropyridine (78) yielded
a mixture of tar, ggmp&unds (106 and 107; in ratio 3 : 2 by
fluorine n.m.r.) and~DMAD (105). A temperature of 80 to 90°C was
chosen in accordance with the earlier

diethylacetylenedicarboxylate work (See section 3.1). This
mixture proved difficult to separate and the impure products
(Scheme 3.4) were characterised by n.m.r. (1ll, !9F) and by mass

spectroscopy.
F
(Scheme 3.4) (S)2 HCCO, ~~ CO,CHy
Z
CsF, ,
\F[ +  H3CO,C—C=C—CO,CH, (—;7 = /Fl (106 +107)
N (cis and trans)

Mixture including tar + DMAD +

3.3 VWith Perfluorinated Cvcloalkenes
3.3.1 With perfluorocvclobutene (108) (Scheme 3.5)

(Scheme 3.5) Complex mixture including
FI| + Hcoc—c=c—co,cn, CSF. tetraglyme, il CO,CH
— 2% room temperature /C=C< :
) (105) HCCOS™ (409 F (cis or trans)

Although no products could be isolated from the reaction mixture
GC / MS indicated the presence of perfluorocyclobutene oligomers
and tentatively of a small quantity of compound (109). We can
deduce that at room temperature the fluoride ion induced
oligomerisation of cycloalkene (108) proceeds more rapidly than
the formation and reaction of a fluoro-butenylide anion.

3.3.2 With perfluorocvclopentene (110)
Perfluorocyclopentene (110) is known to be less reactive with
respect to dimerisation and oligomerisation in the presence of

fluoride ion than is perfluorocyclobutene (108). Hence it was not
surprising when reaction of perfluorocyclopentene (110) with

DMAD (105) in the presence of fluoride ion afforded a useful yield
of monosubstituted products (Up to 40% of a cis / trans mixture).
(Scheme 3.6). The minor isomer readily crystallised from the
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(Scheme 3.6) ®\ ~CO,CHy

c=0CT
H,ccos” F (m
—C=C— CsF, tetraglyme, 302
@ +  HyCO,C—C=C—CO,CH; ~== oreaie™ ) s 2 3
(10) (105)

{ca 40% combined yield)

F
-~ A
HcCoy” CO,CH,

0

mixture and has been tentatively assigned as the trans isomer
(111) based upon the lack of a possible fluorine n.m.r. F2-F2°
coupling (See fig 3.7.a in comparison to fig. 3.7.b). The major
isomer was not isolated from the mixture but based upon mass
spectroscopy and n.m.r. was assigned as the cis-isomer (112) (Fig.

3.7.b).
singlet CO, CH,
H,C O,C
TN S - eee - muitipiet
_________ mUItlpIet “12) \ F <te-meacaa-. mulllplet
(Fig. 3.7.a) (Fig. 3.7.b)

3.3.3 VWith perfluorocvclohexene (113)

The reaction of perfluorocyclohexene (113) with DMAD (105) in the
presence of fluoride ion yielded only a small quantity of a
mixture of the desired monosubstituted products (Scheme 3.8).

{ca 1% yield)
(Scheme 3.8) ~CO,CH,4

C=C.
Hy,cCcoz” G
@ + HSCOzC—CEC—COZCHa CsF, tetraglyme, '3 2

room temperature ; i
m3) (105) P @\ " Ratio ca 9: 4

c
HyeCos” " " co,cH,

The major isomer crystallised from the worked up mixture and was
assigned as the trans-isomer (114), the minor isomer was assigned
as the cis isomer (115). The assignments were based upon a
comparison of vinylic '°F n.m.r. chemical shifts of compounds
(111, 112, 114, and 115) (Fig. 3.9).
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Trans compounds Cis compounds

Fro° o3 CO, CH, CO, CH,
HyC O,C Z CO, CH, HyC O,C = co, CH3H3C 0, ~ F-102 HyC O,C _~ F99
N-F NF o F ~F
(m) (1) (12) (115)
(Fig. 3.9) (Fluorine n.m.r. data in ppm)

The trans-isomer (114) exhibited an unusual fluorine n.m.r.

spectrum with very broad difluoromethylene resonances in the 3',

4', 5', and 6' sites at room temperature (Fig. 3.10). A variable

4 CO,CH,

temperature experiment indicated that at low temperatures (-5°C)
the spectrum consisted of sharp AB type multiplets (Fig. 3.11.a)
(a highly coupled none averaged spectrum), at higher temperatures
(10-20°C) coalescence occurred (Figs 3.11.b, 3.11.c) and at higher
temperatures still (30°C) each difluoromethylene resonance became

sharp (Fig. 3.11.d). Ve have attributed the temperature

9. 3.11.8) s (Fig. 3.11.b) . 2% (Fig. 3.11.¢) . ac’c (Fig. 3.11.d)
2, :
/ 2 / 2 Hy,CCO, -7 —CO,CH,

|

.m-L)lf(-LJ ""L

rmr e ]

X

3'6’
485 5
e q

2
3

l

R i Aoy

b I

I
ki lmJ . "»,.,

- 80

- 100

b )\’
i hasioe] %\c}kiv’/ (w i’\,u.
- 80 -10
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conformations with substituents changing

equatorial sites (Fig. 3.12).
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NI S

X

. . '9_
has been observed in a series of cyclohexenes,13“ 134

although the
coalescence temperatures are typically less than -130°C (eg fig,

3.13). It may be that it is the bulky transoid 2-substituent in

CO, CH,
(Fig. 3.13)
CO, CH,
F
Coalesence

Temperature -135.5

o) -151.8 150 —= -164

compound (114) that is making the ring interconversion a much
higher energy process. At room temperature the cis-isomer (113)
gave sharp simple fluorine n.m.r. resonances indicating that the
exchange is already rapid in this system, hence the configuration
of the 1'-substituent is important in the exchange process. We
have discounted rotation of the C1'-C3 bond (Fig 3.10) as a cause
of the exchange as this would almost certainly greatly influence
the n.m.r. resonance of F2' which is observed to give a sharp
n.m.r. signal at all of the temperatures investigated.

3.4 Some Reactions of Compounds (111 and 112)
3.4.1 With methanol

No reaction was observed between neutral methanol and compounds

(111 and 112). However, addition of sodium hydrogen carbonate
yielded two products (Scheme 3.14). Compound (116) was not

F ' O CH,
H,C 0,C H,C O,C
37 72T Sco, CH, 37 TN Tco, CH, HaC 0L 7 CO, CH,
F F
X + CHaOH NaxCOs3, CHgCN,> X . X -0 CH,
3 days (116) (M7)
(1mM,12) (Scheme 3.14) (Ratio 5 :6) (ca 90% crude yield)
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isolated but was identified by mass spectroscopy and n.m.r.,
whereas compound (117) was isolated as a solid and was fully
characterised. From the product ratios we can deduce that the
endocyclic site is slightly more reactive to basic methanol than
is the endocyclic site.

3.4.2 VWith potassium sulphide

The reaction of sulphide ion with fluorinated alkenes is well
known. 1397137 The reaction of a small excess of sulphide with a
mixture of compounds (111 and 112) yielded a low melting point
solid which was identified as thiophene derivative (118) (Scheme
3.15) and a small quantity of another white solid which was
believed to be elemental sulphur. Compound (118) was fully
characterised, notably with fluorine n.m.r. showing three distinct
resonances.

@\ (mn2) (Scheme 3.15)
_CO,CH,

C=C
Hecoy”  F @—s-
+ + excess KS§ —— C=C/S-
v ~
H,CCO; CO,CH,4
_F

=C 1
H,CCOy” CO,CH, mo)

s
@\S B - Sulphur {v @' \
_Imy <

c= ~C=C
H,cCOs” CO,CH, H,CCO; 201 CO,CH,

O
!

We believe that there may be two routes to compound (118):

a) vie nucleophilic displacement of each vinylic fluorine atom by
different sulphur atoms forming dianion (119) with subsequent
oxidation yielding dithiete (120), which extrudes sulphur to
yield thiophene (118);

b) vie overall displacement of both vinylic fluorine atoms by the
same sulphur atom yielding thiophene (118) directly.



3.4.3 VWith catechol (120) and sodium carbonate
The reaction of a mixture of compounds (111 and 112) with two
equivalents of catechol (120) in the presence of sodium carbonate
produced spiro-benzodioxocin derivative (121) (Scheme 3.16). The

ann2)
— ~CO:CHy (Scheme 3.16) 002CH

=cZ
Hccoy” T F Pe
_NagCOs, H co2 —Z 0
@\ * “HsCCN,
15 days
"d (120) ! 121)
H,eCOy” CO,CH,

-

dioxocin ring is clearly formed by the nucleophilic displacement

of fluoride from both vinylic sites. The oxygen lone pairs (Fig.

3.17) can then activate the indicated methylene fluorine atoms to

nucleophilic substitution leading ultimately to the formation of

the spiro ring. The product (121) was fully characterised (13C
e T e (Fig. 3.17)

w (D/jf‘: .

nuc’
n.m.r. was not completely assigned owing to the complexity of the

molecule). It was notable that the fluorine n.m.r. spectrum
consisted of only two equal intensity singlets.

3.44 VWith 1.2-benzenedithiol (122) and sodium carbonate
Having made the catechol derived compound (121) we next attempted
to prepare the analogous 1,2-benzenedithiol derivative. After a
reaction time of three days fluorine n.m.r. indicated that the
reaction had reached completion. Analysis of the worked up
product revealed that we had lost both vinylic fluorine atoms,
indicating that we had formed a benzodithiocin ring, however we
observed a total of five fluorine atoms in each molecule. Mass
spectroscopy (including an accurate mass measurement) and
elemental analyses were consistent with the molecular formula
Ca3lli5F5S5404 corresponding to compound (123) (Scheme 3.18) where
only one of the methylene fluorine atoms has been replaced.
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CO,CH
<k (Scheme 3.18) OLH,

C=
Heccoy” F e
s
] _NayCOs, HyC0,0—¢7
@, |2 Coeys
F
< (122) SH 123

c=C
.ccos” " T co,eH,

The intra-ring fluorine n.m.r. couplings are illustrated in fig.
3.19, which clearly support the proposed substitution pattern.

(Fig. 3.19)
o Fa | F (Fluorine n.m.r.
R sl \ couplings are
258Hz éﬁsz 5.9Hz illustrated)

12-16Hz

3.4.5 With potassium hvdroxide
d138

It has been reporte that the reaction of diene (124) with
potassium hydroxide yielded perfluorotetramethylfuran (125)

(Scheme 3.20), We have attempted a similar reaction using our

CF, CF, FoC CF,
- +
—7 N\ _¢ . on —=2EH (Scheme 3.20)
FsC CF,
CF, CFy (124) o (125)

mixture of compounds (111 and 112) (Scheme 3.21). We obtained a
complex mixture, GCMS analysis of which indicated the possible

(complex mixture including)
CO, CH,

F
HiC 0,0 _~~co, CH, HaC O,C

>

(11,12) O (126) (Scheme 3.21)
( + cis isomer)

presence of compound (126) (M+, 322). There was also some
evidence for the presence of trimethoxy derivatives (116 and 117)
presumably formed by methoxide ion (displaced from esters by
hydroxide) reacting with compounds (111 and 112).
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Chapter 4 - Bifunctional Carbon Nucleophiles with Fluorinated
Aromatic Svstems

4.1 Introduction
Further to recent work on perfluorocarbanions (Section 1.3.2.b)

we have investigated some of the reactions and properties of
fluorinated aromatic and fluorinated heteroaromatic systems which
bear a negatively charged substituent.

We have paid particular attention to salts derived from

a) malononitrile (127), and b) phenylsulphonyl acetonitrile (128)

(Fig. 4.1).
02
N /S—Q Fig. 4.1
G (127) HC (Fig. 4.1)
CN cy  (128)
a) malononitrile a) phenylsulphonylacetonitrile

4.2 Procedure for Preparine the Salts and their Conjusate Acids

The overall reaction may be summarised as illustrated below.

- H+

ior v et .
[ArgC(X)CN] ™ M" —=—  AryCH(X)CN

X(ON)Clla + Arp

[Where X = CN (127) or PhSDy, M = K or Cs, and Arp = & Tluorinated,

4.2.1 Svnthesis of a salt and its conjugate acid

The preparation of malononitrile derivative (129) and salt (130)
are illustrated in scheme 4.2. 1In this example it was found

H
_ | NC.Z_CN NC._CN
\F I + CHy(CN), |) CsF, CH;CN, reflux temperature CsF., CHyCN, Cs®
N"7g) (127) ii) HCI (aq) = room temperature = |
iii) Sublime (80°C, 0.01mmH F
(Scheme 4.2) 9) \N (92%) ~\N (89%)
(129) {130}

preferable to first isolate compound (129) with a further reaction
with caesium fluoride generating salt (130).

In all cases we have used fluoride ion as a base in order to
promote a nucleophilic aromatic substitution reaction (Scheme
4.3).
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4.

H,C(CN)p + F ——= [HC(CN)aI\ + HF —— [HFo]

{127)

NC._ ON i (Scheme 4.3)
Cs' )
7 é_i;__
F | -H
N>
N"(130) I i

2.2 The choice of fluoride ion as a base

Fluoride ion has been reported7 to be a sufficiently strong base
to effect reactions of this type (For example11 see section
2.3.1). Also there can be no side products formed from the
nucleophilic substitution of fluoride ion into the aromatic rings
(fluoride ion would be both the entering and the leaving group),
which might be a problem with other nucleophilic bases. Using
fluoride ion as a base we have not observed any evidence for the
base catalysed self condensation of malononitrile (Scheme 4.4)

which often accompanies malononitrile reactions.139

CN .
/ Base
H,C, — NC-CH-CN ==—> NC-CH-CN’

\ =
CN \V/C '._—=,.:§j

(127) HyC (Scheme 4.4)
\
C=N
NH N
NG, 2 H-Base N4
/C=C—CH2CN I E— /CH'C—CHZCN
NC NC

.2.3 N.m.r. analvsis of the products

Perdeuteroacetone was chosen as the n.m.r. solvent because both
the salts and their conjugate acids dissolve well, while the salts
often had poor solubility in the more usual chloroform. Where the
quantity of the product permitted, proton, fluorine, and carbon-13
n.m.r. spectra were acquired as appropriate.
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4

H

.3 Salts and Conjucate Acids Derived From Malononitrile
4.

3.1 Substituted malononitrile salts

Using this methodology a series of substituted malononitrile
salts has been prepared and studied (See table 4.1).

.3.2 Conjncate acids

Acidification of the salts using hydrochloric acid usually
yielded the corresponding conjugate acids (See table 4.2). It may
be noted that some of the structures are written as tautomers with
protonation at nitrogen (For discussion see section 4.3i0) The
conjugate acids can be seen to be much stronger acids than
malononitrile itself [c.f. malononitrile pKy ~ 11.1 in
dinethylsulphoxide (DMSO) solution; 2 HC(CN)s pKs = 013]. The
enhancement of the equilibrium acidities of carbon acids by
polyfluoroaryl substituents has been reported (for example:
CH3CN pKa 31.3; CeFsCH2CN pKy 17.5).

140

.3.3 N.m.r. determination of the site of substitution

The site of substitution was determined using fluorine n.m.r.
involving a consideration of:

a) the number of n.m.r. resonances observed, giving an indication
of the degree of symmetry in the fluorine atom substitution
pattern;

b) the spectra of other derivatives of the substrate;

c) the spectra of the substrate;

d) characteristic coupling constants (for example: perfluoro-

-phenyl; 141 -pyr1dv114“ (19F and !3C); -pyrazyl; 143
—zso—qumyl,144 01-napthy1113)

e) (a), (b), and (d) were also considered for the !3C n.m.r.

spectra where available.

.3.4 Reactions vieldine mixtures

a) with 2,4,6-trifluoropyrimidine (155)

F NC.—~ _CN F
s H ] Cs’ H A "
)\ + CH(CN), gSF CHaCN r|\J + s CN
1N (127) oom temperature. . \N/l\p F N/‘\r_ .
(155) (Scheme 4.5) (143) (z2) ONOS
cab:6
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Table 4.1
Substrate Salt Product(s) Number Yield
F N (130) 80%
\_7" (75 °
: — cs' (132) 56%
-y
—(159) (134) 7%
Z
EN e (136) 80%
X, WN
N
NC_ _CN
¢ CFs =CFs
Cs'
F.C Z Z
3 jm (57) Q! (138) | ca 95%
N* N°
NC~—CN
= cs' |~
N Z "N
F (156) 9
\NJ \:J (140) 72%
HO A
H A \EF\l NC——CN | (142) 42%
F)' (155) N CN - st
SN “ost AN
0Q,
N
N
NC~.—CN
p CS+:§ v
N -
F N
K/N {160) \F I!\J (145) 30%
NC~.—CN
NZN KN
F en N (146) 91%
\N ™
N
@\/Fj\ F (148) 68%
16 (<]
N(162) "N ca
_| K
NC——~CN
NC
LOAD | | o
(163) NCCs
K~
s — (152) ca 96%
(163) NCCS Cs CN
(154 ca 94%
“6‘” CN ) ’
NC Cs

Yields are calculated from the parent aromatic compound

via conjugate acid
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[ et 94 vl Y4

Substrate Conjugate Acid(s) Number | Yield"
_— NC - ®o® o,
F N F N (129) 88%
= (131) 76%
F N
O=0
(159)
Z 61%
F Il (158
s N (135) pK,; 2.9
NC CN
R £5Fs |
=
F,C \F L (157) F,C | £ (137) 78%
N' N'N pKa 3-2
H N
NC | CN
N 9%
o~ | FJ NC | CN (139) o
| (156) N + H
\N ) I . No
H 141
N/) (141) ,
H
NC CN
i 68%
N7 (160) NZ

(144) pK, 3.2

K/
N N
£ o
| : | ,Nl (162) @l F,N (147) 64%

NC—{CN
H
NC 0%
” (149) 00%
(163) NC

" - 47%

PRI D G/ v IIEY
. a e 67%
154) CN (e Ka 3.0

Yields are calculated from the corresponding salt
Yield calculated from the parent aromatic compound
***pKa measured in aqueous acetone (15%) due to low solubility in water
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The replacement of hydrogen for fluorine in position five has a
dramatic effect upon the site of nucleophilic substitution.146
Similarly with tetrafluoropyrimidine (156) ( Table 4.1) we
observed substitution only at site four. However, with compound
(155) we observed over 50% substitution at site two, with the
remainder at site four. The resulting isomeric salts were

separated by recrystallisation from water.

AL
b) With 4-phenylpyridine (139)

— Cs*
CsF,CHCN NG _ =
@-—@N + CHp(CN), === }@—@N (132)

1 NC
159 127 oN
(Ratio 8 : 1) + —cN
(Scheme 4.6) (134) F N Cs
W

It is notable that substitution occurs predominantly at the pare
site of the pentafluorophenyl ring rather than at the ortho sites
of the tetrafluoropyridyl ring (Scheme 4.6). In contrast it has
been reported147 that the reaction of compound (159) with a one
molar equivalent of sodium methoxide in methanol yielded compounds
(165, 166, and 167) in the ratio 7 : 1 : 1 (Fig. 4.7). It has

OCH, OCH,

N CHO F N CH,0 F
A~ e~

70% {165 (166) 10% (Fig. 4.7) 10% (167)

also been reported that in the reaction of compound (159) with the
anions {[(7-Csll3)Fe(C0>)] and [Re(C0)s] } the only products
obtained were low yields (17 and 25% respectively) of compounds
derived from 4'-substitution into the phenyl ring.148 lence it
appears that soft nucleophiles (transition metal complexes,
malononitrile anion) preferentially attack the phenyl ring, while
harder nucleophiles (methoxide, hydroxide,147 ammonia147)
preferentially attack the pyridyl ring. TFor salt (134) and its
conjugate acid (133) assignment of the 3 and 5 position fluorine
resonances was aided by comparison with the chemical shifts and
coupling constants reported for compound (165).147
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4.3.5 Previouslv reported compounds or salts
a) (nBuyN")o analog of salt (152) '
The above salt was prepared by a less direct method by Wheland

and Martinl%? (Scheme 4.8).
9 . >
NaH l | == Loss of ;
—_— F —_—_— H—
CN |c|:N \ 7/
D+ T
CN / NaHCO,

(163) ii) NnBugN'Br’

Scheme 4.8 NC 2 -
NC

/2 2(nBugN™)

b) f-Heptafluoronaphthylmalononiirile (153) and its Na¥ salt (168)
These compounds (Fig. 4.9) were prepared by the sodium hydride
induced reaction between malononitrile and perfluoronaphthalene,
as part of an investigation into a series of f-heptafluoronaphthyl
containing carbanions. 159

Ng*
_ _CN CN (Fig. 4.9)
. H
(168) N (152) N

c) Pentafluorophenylmalononitrile

Pentafluorophenylmalononitrile was first reported151 in 1962 and
has subsequently been reported as the product of the reaction
between hexafluorobenzene and the sodium salt of malononitrile in
hexamethylphosphoramide solution.l':"‘2 We have found no evidence
for reaction between hexafluorobenzene and malononitrile under our

conditions.



d) Some notable examples of related air / water stable sysiems
Hartzler153 has reported stable sodium and potassium salts_of
[03NCsH4C(CN)2] , while more recently Dixon and co-workers™* have
reported the crystal and molecular structure of the stable charge
transfer salt [Fe(05Me5)g]+[C(CN)3]_. The stable cyclic dianions
{C5[C(CN)2]3}* and {C4[C(CN)2]4}> " have been prepared by the
sodium hydride induced reaction of malononitrile with halogenated

. 155,15
cyclic alkenes. 925190

.3.6 Effect of counter ion on n.m.r. spectra

Low concentration (ca 0.2M in perdeuteroacetone) spectra of the
caesium and potassium salts of salt (146) (See table 4.1 or scheme
4.10) were very nearly identical to each other. Hence we can
conclude that at such concentrations the metal cation has little
effect upon the observed anionic n.m.r. spectra.

.3.7 Stabilitv of the salts

The salts have been stored as dry solids for prolonged periods
without showing any signs of decomposition. The hydrolytic
stability of many of the salts has been demonstrated by the use of
recrystallisation from hot water as a purification procedure. A
notable exception is the hydrolysis of salt (146) which occurred
at approximately 60°C in aqueous solution (Scheme 4.10). After

NCs. ,2CN NC CN
I K* I (Scheme 4.10)
rxli““ll\l H0 HOAC  uN NH )
N 60°C H0 169
. 2Phe
¢" N"(1ks) o)\N/l\o
H

multiple acidic recrystallisations the hydrolysis product was
isolated as the new derivative (169). It is remarkable that an
F-triazine derivative is even stable in cool aqueous solution
given the known extreme susceptibility of F-triazine and its

derivatives to hydrolysis.
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4.3.8 Multiple substitution reactions
Multiple substitution has been observed only in the case of{127)
perfluorobiphenyl (163). With one equivalent of malononitrile; in

acetonitrile, perfluorobiphenyl (163) forms only the
monosubstituted malononitrile salt (150) after two hours at reflux
temperature. To form the disubstituted salt (152) requires
eighteen hours at reflux temperature with two equivalents of
malononitrile. The decrease in reactivity of the second site is
clear evidence for charge transmission through the aromatic rings
(Scheme 4.11). We have not found any evidence for disubstitution

- + (NC)sCHa - Cs’
2 hours, at reflux,

(163) 127) CHaCN

CN
(Scheme 4.11) _ ___

CsF NC_
18 hours, at reflux,

(127)

(163) CHaCN (152)

in any of the other systems, particular efforts being made in the
case of the triazine and naphthalene systems.

4.3.9 Stabilitv of the conjucate acids

Samples of the conjugate acids discolour if thev are exposed to
air for prolonged periods. This was particularly evident for the
pyridazine and pyrimidine derivatives (135, 137, 139, and 141)
(See table 4.2).

Although the pyrimidine derivatives (139 and 141) could be
observed by fluorine n.m.r. in aqueous hydrochloric acid solution
they could not be isolated from such solutions. Reaction with
trimethylsilyl bromide produced compounds (139 and 141) which were
isolated in low yield by sublimation (presumably traces of water
were present yielding hydrogen bromide as the acidic species)
(Scheme 4.12).
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Cs" -H
/Fj HBrl | Fj\' ] F)N
N &
4.12 N
N™ 1140) (Scheme 4.12) W 1139 and 141
H

No attempt was made to prepare the conjugate acid of triazine salt
(146) due to the previously mentioned extreme susceptibility of
F-triazine derivatives to hydrolysis.

.3.10 Tautomerism in the conjuecate acids

It may be noted that in table 4.2 some of the conjugate acids
were written with protonation at carbon, while others were written
in a tautomeric form with protonation at nitrogen (compounds 133,
137, 139, and 141). Protonation at nitrogeﬁjéasily
distinguishable from protonation at carbon due to:

a) very broad N-H infrared absorptions (2300 to 3100cm™!) compared
to relatively sharp C-H absorptions (2910 to 2945cm™!);

b) N-H 'H n.m.r. resonances are broad with § > 11ppm compared to
C-H with sharp resonances at § 4.8 to 6.6ppm;

c) for N-H there are no Overhauser enhancements or proton-carbon
spin couplings visible in the *3C n.m.r. spectra;

d) variation of !3C chemical shifts (see section 4.5).

In order to account for the tautomerism we must consider both the
acidity of the aryldicyanomethane proton (See fig. 4.13) and the
basicity of the ring nitrogens.

NC.,_-ON (Fig. 4.13)
=

~
~

T Aryldicyanomethy! carbon atom
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i) acidity of the aryldicyanomethane proton
The relative acidity of the aryldicyanomethane proton will be
influenced by the ability of the substituents to stabilise a
negative charge in the corresponding carbanion. It is known
that fluorine atoms are destabilising when adjacent to sp?
hybridised carbon atoms which bear a negative charge (Section
1.3.1.a). Hence, anions with canonical forms bearing fluorine
atoms (rather than charge stabilising ring nitrogen or
perfluoroalkyl groups) at negatively charged sites will be
destabilised (Fig.4.14).

NC CN NC CN NC CN NC CN
I I (Fig. 4.14) I I
Y7o X ~Y" X Y©_ X Yo oX—

Hence X = Y = C-F is predicted to be less stable (¢.e. the
conjugate acid is a weaker acid) than X = C-F, Y = N.

Using this somewhat simplistic criterion we have ranked some
of the compounds in order of predicted carbon acidity, along with
measured pK, values, in fig. 4.15.

NC CN NC

H
x N
I F % | F I F (Fig. 4.15)
N N N

N NZ
PKa 1.6 (hydrolyses)

We can see that there is no correlation between predicted carbon
acidity and measured aciditv. Hence we need to take into account

that some of the compounds are protonated at nitrogen rather than
at carbon.

ii) Basicity of ring nitrogens
w)
Experimental observations!®® indicate that the ring nitrogen

basicity order for some of the parent compounds is as shown

D<@

(160) (78) ang) (no data for tetrafluoropyrimidine)
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in fig.4.16. A combination of a strong carbon acid and strong
ring nitrogen basicity may lead to tautomerism (Scheme 4.17).

NCu,, ,\\%N NC CN NC CN
X
é\\ —_— F |l <——o I F | (Scheme 4.17)
NéN I\'JfN l,N(
13
\ 3%)

4.3.11 FAB mass spectra
FAB mass spectra have been obtained for some of the salts (salts
130, 138, 140, 142, 143, and 146). The anionic spectra clearly
show the parent anion mass, helping to confirm the identity of the
salts. The cationic spectra often show Cs* (n/e 133), (CsqoF)F

(m/e 285), and [Csy (Anion)]”

4.4 Salts and Conjugate Acids Derived From

Phenvlsulphonvlacetonitrile (128)
4.4.1 Salts
Several salts which are derived from the base induced reaction of

phenylsulphonylacetonitrile (128) with fluorinated aromatics have
been prepared and studied (Table 4.3).

Table 4.
Substrate Salt Product Number Yield'
F N cs' ;kf<zz> (170) 67%
\_7 (75) PRSO; W
oF CFNC SO,Ph
3 ~
F = F. 3 P CS‘
F,C
? F A (1s7) FaC F (172) 89%
X, WN S|
N N°
NG
S | o | e
(163) PhSO,

" Yields are calculated from the parent aromatic compound
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4.4.2 Conjugate Acids
Treatment of the salts shown in table 4.3 with hydrochloric acid
yielded the conjugate acids shown in table 4.4.

Table 4. 4
Substrate Conjugate Acid Number Yield
F Ny (T 53%
N N S (171) a
\_7 (75, PhSOS 1 \_+
NC._ _SO,Ph
£ CFs < CFs H
F.C7 Y Z
3>*T;FH‘1”> E (173) 77%
N* \N_N
NG
H (175) 68%
(163) PhSO,

" Yields are calculated from the corresponding sait

4.4.3 Stabilitv of the salts and the corresponding conjucate acids

Both the salts and the conjugate acids are stable and may be
stored for long periods without discolouration or decomposition.

4.4.4 Tautomerism in the conjugate acids
The three conjugate acids investigated were all found to be
carbon acids (See table 4.5 and section 4.310). It is interesting

Table 4.5
(N 13¢ glJ(C-H)]
Compound (ppm% iz)
171 6.6 149.3
173 6.9 ce 150
175 6.6 148.7

to note that compound (173) (Fig. 4.18) exists in the C-H form
while compound (137) exists in the M-l form. This may be due to
compound (173) having a lower carbon acidity than compound (137)
[c.f. PhSO2CH2CON (pKa ~ 12.0) is a weaker carbon acid than

Clly (CN)2 (pKa =~ 11.1) (in dimethylsulphoxide solution)®?].
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(Fig. 4.18)

(173) EY
H

4.4.5 N.m.r. spectra of compounds (173 and 137)

SOZCSH 02 <Hs
mean |-75. 5F30 F C
-72.6 -69.7F,C /’ "72.9 3 -73. °
Jera.cra ca 8Hz
(Fig. 4.19) (Chemlcal shifts in ppm)

It was observed that the trifluoromethyl groups in compound (173)
(Fig. 4.19) gave separate !°F n.m.r. resonances. The CF3 groups
of compounds (172 and 137) appear to be magnetically equivalent
(these species possess a plane of symmetry). The magnetic
non-equivalence leads to an intertrifluoromethyl coupling of ca
8Hz in compound (173).

4.5 Comparison of N.m.r. Spectra of the Salts and

Conjugate Acids

Carbon-13 n.m.r. spectra have been acquired for the salts and
their conjugate acids in perdeuteroacetone solution. Although
complete assignment has not proved possible in all cases,
assignment has been made of the carbon atoms that are near to the
nitrile group(s). A comparison of the changes in !3C n.m.r.
chemical shifts at particular sites between the salts and their
conjugate acids has been used to investigate the n.m.r.
consequences of tautomerisation. Considering compound (129)
(Scheme 4.20), carbon atom (4¢) must be sp? hybridised with the

- —

NCr, CN NC, CN
_’,,,/v'
- | ;\\ (Scheme 4.20)
Z 129 | W
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nitrile groups lying out of the ring plane. If after anion
formation the site becomes sp® hybridised the nitrile groups may
now lie in the same plane as atoms (4) and (4a), potentially lying
in the ring plane. Therefore the !13C n.m.r. spectra would be
influenced by both the acquisition of charge and by a geometry
change upon ionisation. The geometry of the tautomeric nitrogen
acids does not change so drastically upon ionisation, hence
acquisition of charge will be the principle influence upon their
13C n.m.r. spectra.

We have attempted to quantify the component of the !3C chemical
shift change upon anion formation that corresponds to such a
change in geometry:

7.e. we have assumed:

Total chemical _  Change due to Change due to
shift change = geometry change negative charge
_..110.4
NC CN
T H - 1215
4" <
.t =
18.9 | F e~
Z
N7{129)

(Scheme 4.21)

(130 chemical shifts

shown in ppm) 46.8 ~

Scheme 4.21 shows some of the '3C n.m.r. chemical shifts for
compounds (129 and 135) and salts (130 and 136). The chemical
shifts for corresponding sites in the anions can be seen to be
very similar. llowvever, there are much larger differences in the
case of the neutral compounds (129 and 135). We have attributed
these larger chemical shift differences to the change from
tetrahedral to planar geometry in compound (135). We have
assigned these chemical shift changes as empirical 'geometry
change terms' (table 4.6). Subtracting these chemical shift
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changes from those which occur upon the ionisation of a carbon
acid may allow the direct comparison of charge related chemical
shift changes for both the nitrogen and carbon acids.

Table 4.6 (for the malononitrile derived systems only)

Downfield correction term
gg:?%?gﬁe for sp? to sp® hybridisation
(ppm)
nitriles 5.6
carbon adjacent
to nitriles 27.9
ring substitution site 13.1

4.5.1 Comparison of '3C n.m.r. nitrile resonances

Table 4.7 lists the chemical shifts of the nitrile resonances for
the conjugate acids (-H) and for the anions (-M) that we have
investigated. It is interesting to note that upon anion formation
the nitriles move downfield, presumably due to an enhanced
electron current in the nitrile 7z-system. Also listed are the
downfield chemical shift changes of the nitrile resonances that
were observed upon anion formation [A(H » M)] (M = K or Cs).

Table 4.7 (Downfield chemical shift changes are taken as positive)

. A(H - M)
Parent svstem Conjugate -H -M

A - M) - 5.6

acld (opm)  (ppm)  (ppm)  (ppm)

Malononitrile derived compounds

F-pyridine 129; 110.4  122.2 11.8 6.2
F-pyridazine 135) 116.0 121.2 5.2
I-¢-propylpyridazine 137)  115.8 121.6 5.8
F-pyrimidine (139 & 141) 114.1  120.6 6.5
F-pyrazine 144 110.9  122.3 11.4 5.8
F-triazine ---)  ----- 119.0 ----
F-4¢-quinoline 147)  111.7  123.3 11.5 5.9
F-naphthalene 153 111.2  124.8 12.6 7.0
F-biphenyl (mono) 149 111.1 123.2 12.1 6.5
F-biphenyl (di) 151)  111.0 124.5 13.5 7.9
F-4-phenylpyridine (pare) (131) 111.0 123.3 12.3 6.7
Phenvlsulphonvliacetonitrile Derived Compounds

F-pyridine 171)  111.2  123.5 12.3
F-i-propylpyridazine 173 111.2  123.0 11.8
F-biphenyl (mono) 175§ 111.8  124.7 12.9
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a) Considering the malononitrile derived compounds
It may be noted that for the tautomeric compounds (135, 137, 139,
and 141) A(H » M) values are very much smaller than for the carbon
acids. If we subtract the geometry correction term previously
calculated for nitriles (5.6ppm) from the carbon acid values they
become similar to those of the nitrogen acids (we are correcting
for the carbon acids sp® geometry). Hence for the nitrile
resonances we can say: »
i) the model seems to work, ie the anions are rehybridised (the
dicyanomethyl carbon is sp®> hybridised);
ii) the chemical shift change due to the geometry change is ca 5 to
6ppm downfield (as in table 4.6);
iii) the chemical shift change due to anion formation is ca 5 to
8ppm downfield (as for the malononitrile derived compounds in
table 4.7).

b) Considering the phenylsulphonylacetonitrile derived compounds
Lacking a nitrogen acid in this series we cannot split the total
chemical shift change [A(H -» M)] into geometry and charge
components. However, we can say that the total chemical shift
change is similar to that of the malononitrile derived systens,

4.5.2 Comparison of '3C n.m.r. resonances for the potentially
carbanionic site
Carbon-13 n.m.r. data relating to the aryldicyanomethane carbon
atom (See fig. 4.13) is shown in table 4.8.

e) Considering the malononitrile derived compounds
For this site we see a larger spread of A(ll » M) values, with the
tautomeric compounds (135 and 137) exhibiting large upfield shift
changes [no data for compounds (139 and 141)]. Subtracting the
previously calculated geometry correction term for this site
(27.9ppm, table 4.6) from the carbon acid A(Hl » M) values brings
them into line with those of the nitrogen acids. llence we can say
that for this site:
i) the chemical shift change due to the geometry change is ca
28ppm downfield (as in table 4.6);
11) the chemical shift change due to anion formation is ca 15 to
23ppm upfield (as for the malononitrile derived compounds in
table 4.8).
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Table 4.8

ACH = ))
N AW s M) - 27.9

(ppm)  (ppm)  (ppm)  (ppm)

Conjugate 0

) § .8 .
Parent svstem acid

Malononitrile derived componnds

F-pyridine 129)  18.9 ca 30 ca 11.1 ca -16.8
F-pyridazine 135) 46.8 28.0 -18.8
F-¢-propylpyridazine 137) 62.6 40.6 -22.0
F-pyrimidine (139 & 141) ---- 41.8  -----
F-pyrazine 144)  26.1 34.7 8.6 -19.3
F-triazine ---)  ---- 481  -----
F-7-quinoline 147) 32.6  44.9 12.3 -15.6
F-naphthalene 153 18.3 24.0 5.7 -22.2
F-biphenyl (mono) 149) 18.5 23.9 5.4 -22.5
F-biphenyl (di) 151 18.5 23.4 4.9 -23.0
F-4-phenylpyridine (pare) (131 18.5 26.4 7.9 -20.0

Phenvlsulphonvlacetonitrile Derived Compounds

F-pyridine ‘ 171) 53.6  58.3 4.7
F-4-propylpyridazine 173)  55.8 64.1 8.3
F-biphenyl (mono) 175)  53.5 51.8 - 1.7

b) Considering the phenylsulphonylacetonitrile derived compounds
Again the chemical shift changes [A(H » M)] are roughly similar
to those of the malononitrile derived compounds.

4.5.3 Comparison of !3C n.m.r. resonances at the rings'

substitution site
A similar treatment for the ring carbon atom attached to the
substituent (Fig 4.22) yielded the data shown in table 4.9.




Table 4.9

- A(H - X)
Parent system Conjugate -H -M A(H- M) - 13.1

acld(pom)  (ppm)  (ppm) (ppm)

Malononitrile derived compounds

F-pyridine 129)  121.5 122.3 0.8 -12.3
F-pvridazine 135) 134.6  125.8 - 8.8
F-i-propylpyridazine 137)  138.6 136.1 - 2.5
F-pyrimidine (139 & 141) ----- 162.5  -----
F-pyvrazine (144)  123.7 143.9 20.2 7.1
F-triazine ) 180.3  -----
F-i-quinoline 147)  19.8 120.0 0.2 -12.9
F-naphthalene 153) 113.6  122.5 8.9 - 4.2
F-biphenyl (mono) §149) 109.8 125.4 15.6 2.5
F-biphenyl (di) 151)  109.9 124.5 14.6 1.5
F-4-phenylpyridine (para) (131) 109.4  123.0 13.6 0.5
Phenvlsulphonvlacetonitrile Derived Compounds

F-pyridine 171)  120.9 133.4 12.5
F-4-propylpyridazine 173)  124.7 133.6 8.9
F-biphenyl (mono) 75) 109.8  123.2 13.4

a) Considering the malononiirile derived compounds

Because we are now considering a set of resonances which are
greatly influenced by the nature of the individual aromatic rings,
and influenced less by tautomerisation, there is a less distinct
division between the tautomer (135 and 137) A(H - M) values and
the carbon acid A(H = M) values. However, subtracting the
previously calculated geometry correction term (13.1ppm, see table
4.6) moves the carbon acid A(H » M) values more into line with
those of the tautomers. Hence we can say that:

i) the chemical shift change due to the geometry change is very

approximately 13ppm downfield (as in table 4.6);

ii) the chemical shift change due to anion formation is of the

order of -3 to 13ppm upfield (as for the malononitrile derived
compounds in table 4.9).

b) Considering the phenylsulphonylacetonitrile derived compounds
Again the chemical shift changes are roughly similar to those of
the malononitrile derived compounds.
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4.5.4 Summarv of the '3C n.m.r. consequences of tautomerism
In summary we have found that we can split the A(H -+ M) values
into a component due to the acquisition of a negative charge and a
component due to geometry changes. This model seems to work
reasonably well for the resonances arising from the substituent,
but works less well for the ring carbon resonances.

4.5.5 Comparison of IJ[C-H] values with measured acidities

The one bond !'3C to proton couplings for the conmjugate acids are
listed in table 4.10. It might be expected that a low 1J C-)
coupling constant indicates a relatively weak C-H bond, hence a
relatively high carbon acidity. This is indeed what we see if we
compare compound (144 or 153) with the more strongly acidic
compound (129). 0f course the nitrogen acids (135 and 137) do not
exhibit 1J(C—H) coupling.

Table 4.10
Conjugate 1 i} (pKa)

Parent svstem anid J ggzg) in vater
Malononitrile derived compounds
F-4-phenylpyridine (pare) (131 145.4
F-pyrazine 144 144.7 3.2
F-naphthalene 153 144.6 3.0*
F-biphenyl (mono) 149 144.3
F-biphenyl (di) 151 142.4
F-pyridine 129 141.8 1.6
F-7i-quinoline 147 ca 140
F-pyridazine 135 0 2.9
F-4-propylpyridazine 137 0 3.2
Phenvlsulphonvlacetonitrile Derived Compounds
F-¢-propylpyridazine 173; ca 150
F-pyridine 171 149.3
F—Eiphenyl (mono) (175) 148.7

measured in aqueous acetone (15%) solution due to low solubility

in water




4.5.7 Effects of anion formation upon the !3C n.m.r. spectra

of the aromatic rings
The 13C n.m.r. spectra of the aromatic rings are often difficult
to assign (often highly coupled and overlapping resonances). This
section will discuss some of the systems where assignments have
been made. The spectra are presented with an up arrow
representing an upfield shift upon anion formation and with 'X'
referring to the change from hydrogen to caesium substitution.

co A ca 61
NC CN

161 14l (Fig 4.23)

NSy X NN

In fig. 4.23 we can see considerable chemical shift changes due to
changes in the 7-bonding structure (Fig. 4.24).

OO e OO
NG } A (Fig. 4.24) @

NC
(152) (large changes) eN

In the systems shown in fig. 4.25 we have upfield shifts occurring

e o
N N NC X
141
S0, Ji
1 113
5. 518 N\ 15 51 2l
10 10 (Fig. 4.25)

at the ring sites that are expected to carry increased negative
charge upon ionisation. Also there is a clear indication of
charge transmission into the phenyl ring in the
phenylsulphonylacetonitrile derivative. This may be an indication
of direct interaction between the carbanionic site and the phenyl
ring (Fig. 4.26) (c.f. Ramberg-Bicklund rearrangement160
a-halosulphones possessing a y-hvdrogen undergo a 1,3-elimination

where
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on treatment with base followed by sulphur dioxide elimination

yielding alkenes).
Covenns (Fig. 4.26)
A
af s (170)
02

In more complex systems the chemical shift changes are less easy
to rationalise (for example fig. 4.27).

NC CN c X 21 41
N
X 11l
201 11 N 50 7 f N o1
i | F\N FBFCC !
3 1
N\\\jf/J 141 (Fig. 4.27)
/
21 N

4.5.6 Effects of anion formation upon '°F n.m.r chemical shifts
For the systems that form carbon acids ionisation generally leads
to an upfield shift of the aromatic !°F n.m.r. chemical shifts
[With perfluorocarbanions successive upfield then downfield shifts
are observeds> (see section 1.3.2.b)]. This is particularly
pronounced for fluorine atoms situated parae to the site of
substitution (Fig.4.28).

(Fig. 4.28)

NC C§ (l tentative assignments 1)
\\\ 2% 91 11 121 o
3 7
F N F \\\
V// 115 — ) CN
{
NC CN
X
11 7N
B
N
7 e




Downfield shifts of aromatic fluorine atoms have been observed in
systems which form nitrogen acids (for example see fig. 4.29). By

NC X NG ON
S0, CeHg 0
F3C
21 70
(Fig. 4.29) F3C
N
(Carbon acid) (Nitrogen acid) 2 (137)

a comparison of the systems in fig. 4.29 we can conclude that
dovnfield '°F n.m.r. shifts occur upon anion formation [as for
nitrogen acid (137)], but that larger upfield shifts accompany the
geometry and 7-system changes which occur upon ionisation of
carbon acids [see compound (173)]. We find a poor correlation
between the trends in the !3C n.m.r. and '°F n.m.r. spectra, often
with upfield shifts in the !°F n.m.r. and downfield shifts in the
130 n.m.r at particular sites and visa-versa.

The '°F n.m.r. chemical shifts of pyridyl salts (91 and 130)
(Fig. 4.30) are very similar. Upon ionisation of the
corresponding conjugate acids similar upfield shifts are observed
for the aromatic fluorine atoms in both systenms.

FsCo ,CFs NG O FsC. ,CFs NG O
- st ost X X
N\ -151 153 121 N\ 141
| |
-102 -100 191 151
%4 N N 7
(91) (130) (Fig 4.30)

Similar trends are also observed for the acetonitrile derivative
(176) (Fig. 4.31) (Sections 8.6, 9.2.3)

NC H NC X H
- Cs*
2\ mean -161.8 Z 19f
F | | (Fig. 4.31)
X mean -104.7 Sy 13%

{176)



4.6 Concentration Dependence of Nitrile '3C N.m.r Chemical Shifts

4.6.1 0bservations
It was observed that at low concentrations the nitrile resonances

of salt (140) (Fig. 4.32.a) gave a single sharp !3C n.m.r. peak.
However, as the salt concentration was increased this peak split
forming a doublet with a progressively increasing line separation

(See fig. 4.33 for graph).
NC CN

/k (140) /l\ma)

(Fig. 432a W@ 432m
In an attempt to investigate possible coupling between (Fp) (Fig.

4.32.a) and a nitrile group in salt (140) a sample of salt (143)
(Fig. 4.32.b), which has a proton replacing (F,), was prepared.
Analysis of salt (143) solutions revealed that the nitrile peak
separation now decreased with increasing salt concentration (See

Fig. 4.33 for graph).

(2]
o

(Fig. 4.33)

(Solvent d6—acetone)

60 -

g Salt (143}
o Salt (140)

FaN
o
I

.

Nitrile peak separation (Hz) ——

N
o
1

y. . \
0 5 10 15
Concentration (Mx10) ——=
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4.6.2 Rationalisation of the concentration dependence
The observation of two lines corresponding to the nitriles'
resonance could be attributed to either a coupling of both
nitriles equally to a spin I = !/y nucleus [7.e. fluorine (protons
were decoupled)], or to the nitriles occupying magnetically
non-equivalent sites with no (or only slow) exchange between them.
Unexpectedly for salt (143) increasing the applied magnetic field
strength from 62.9 to 90.6MlIz (increased by a factor of 1.44)
resulted in changes in the both line separation measured in Hz
(increased by a factor of 1.30) and measured in ppm (increased by
a factor of 0.90). These observations rule out coupling as a
cause and can best be explained by there being two non-equivalent
nitrile sites (which requires the chemical shift difference to be
independent of magnetic field strength). It is unclear why the
nitrile peak separation changes in both Hz and ppm when apparently
measured at the same temperature.

a) Kith salt (140) (Fig. 4.34.&)

NC CN NC/,," CN
ol
F

Vi S p

(Fig. 4.34.a) (Flg. 4.34.b) (Fig. 4.34.c)

i) At low salt concentration the nitrile groups (a) and () (Fig.
4.34.a) will appear to be magnetically equivalent to each other
if the dicyanomethyl group is able to rotate on the n.m.r.
timescale. As the salt concentration increases first ion
pairing, and then ion stacking may occur. The effect of such
aggregation may be an increase in the rotational barrier for
the dicyanomethyl rotation (for example as in fig. 4.34.b).
This slowed rotation may allow n.m.r. to detect the
inequivalence of the nitrile groups. In a dynamic system this
would lead to the n.m.r. resonance separation increasing with
increasing salt concentration, as observed.
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i1) Alternatively, the same result will occur if at low
concentration the plane of the nitriles is perpendicular to the
plane of the ring (Fig. 4.34.c, possibly due to electron pair
repulsions between the indicated fluorine lone pairs and the
nitrile 7-system when planar), and at higher concentration ion
stacking forces the nitriles to move into plane with the ring,
hence becoming non-equivalent.

b) Kith salt (143)

(Fig. 4.35.b)

Inorder for the nitriles (a) and (b) to be non-equivalent at low
salt concentration the dicyanomethyl group must not rotate on the
n.m.r. timescale and the anion must be planar. Replacement of
fluorine by hydrogen in site five of anion (143) (Fig. 4.35.a)
will have two important effects upon dicyanomethyl rotation, these
are:

i) possible increase in the strength of the =-bond c-4, slowing
rotation [Fluorine will destabilise anion canonical forms which
have negative charge at the fluorine substitution site (Fig.
4.35.b) (See section 1.3.1.a)];

ii1) possible hydrogen bonding between the hydrogen atom and one of
the nitriles may hinder rotation (Fig. 4.35.a)

As the salt concentration increases so ion pairing and ion
stacking may occur. llovever, in this salt we have the possibility
of hydrogen bonding between anions (Ring nitrogen of one anion to
hydrogen in another anion) giving some order to the stacking (Fig.

4.36). In such a structure the dicvanomethyl groups may not be

CN Cﬁc\/CN
: H




able to rotate, but the nitrile groups may find themselves nearly
magnetically equivalent. Hence, in a dynamic system we would
expect the nitrile peak separation to decrease with increasing
salt concentration, as observed.

c) Kith salt (145)

[ j/‘\ (plane of dicyanomethyl group
[145) perpendicular to the ring plane)

(Fig. 4.37.a) F@ 4.37.b)

lIUO

In the case of salt (145) (Fig. 4.37.a) the nitrile resonance was
observed as a singlet both at low and moderate salt
concentrations. It may be that the anion adopts the conformation
indicated in fig.4.37.b in both discrete and stacked anions or
that rotation always occurs causing nitrile equivalence. In all
of the other anions investigated the nitrile resonances were
observed as a single resonance.

.7 Reactions of the Salts
.7.1 Salt (130) with pentafluoropvridine

== =
NC_ _CN new ON F ,N ne N F IN
— N X
~ | CS" CeFeN, CHiON < | 7 |
Sy 155°C, 15 hours X
” N™ (177) N"{178)
30) (Scheme 4.38) (Combined yield < 6%)

Lowv yields of compounds (177 and 178) (Scheme 4.38) were obtained
by the thermal reaction of salt (130) with excess
pentafluoropyridine (78). The presence of compound (178) is
interesting as it clearly demonstrates the loss of a nitrile group
from the dicyanomethane group (important in Chapter 5).



4.7.2 Salt (150) with perfluorobiphenvl

CN )
Lon tetraglyme /'\

(150) Cs (183)

An attempt was made to investigate possible oligomerisation
reactions using salt (150) (Scheme 4.39) and perfluorobiphenyl
(163). However, even under extreme conditions, we could not bring
about a coupling reaction [Presumably salt (150) is of low
nucleophilicity due to extensive charge delocalisation into the
aromatic rings].

4.7.3 Methvlation reactions

a) Kith salt (130)

NC. _CN “cs713ppm  NC_ _CN
. Z CS+ 6 weeks, F)J 5.4Hz
CH4CN, Z
F | + CHgl — F
N room temperature ™
N (130) N"{179)

(Scheme 4.40)

The reaction between salt (130) and methyl iodide proceeded very
slowly (Scheme 4.40) yielding the expected C-methylated product
(179) (in 53% isolated yield).

b) Kith salt (140)

NC CN

Cs*
Z
F ? CHS"CH3CN\Z No Reaction (Scheme 4.41)
N /' 5 weeks
/

N7 1140)

No reaction was observed between salt (140) and methyl iodide
over an extended period indicating the anions relatively high
stability (Scheme 4.41).



c) Fith salt (136)
PCoesappm NG cN

\/ CHS
Me2S0q4, A Z | (Complete
= \\F N conversion,

N"" 6% yield)
Cs* H36) (Scheme 4.42) (180)

Surprisingly methylation of salt (136) using dimethyl sulphate
produced C-methyl derivative (180) rather than an N-methyl
derivative [Protonation of anion (136) occurs at nitrogen (see
section 4.3.9)]. This assignment was based upon the !3C n.m.r.
resonances of compounds (180 and 179) (Scheme 4.42, scheme 4.40)
and compound (135) (Fig. 4.43) which clearly show that the
indicated carbon atom is sp3 hybridised [as for compound (179)]
rather than sp® hybridised [as for compound (135)].

3¢ § 46.8 ppm NG CN
\_/I
| F  (Fig. 4.43)
N

N" (135
H

4.7.4 Attempted cvclisation of anion (138)

There is no major loss of fluoride ion in the FAB mass spectra of
anion (138) (See scheme 4.44), nor is there a significant loss of
hydrogen fluoride in the mass spectra of the conjugate acid.

Hence the favoured 4-exo-tet (Baldwin terminology161) ring closure

(Scheme 4.44) does not appear to occur under mass spectrometry
conditions. No evidence of cyclisation was observed after heating

FC NC CN o 'c NC. .CN
] + 44
Fsc Cs (Scheme 4.44)
Y | \/ “F)
N
N (138) SN

the salt to 160°C in tetrahydrothiophen-1,1-dioxide.

Again we must assume that delocalisation of charge onto the
nitriles and into the ring has greatly diminished the
nucleophilicity of the carbanion.
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Chapter 5
Reactions of Potentiallv Bifnunctional Carbon Nucleophiles
With trans.trans-Perfluoro-3.4-dimethvlihexa-2.4-diene (124)

5.1 Introduction

Further to our investigation of the reactions of potentially
bifunctional carbon nucleophiles with fluorinated aromatic systems
using fluoride ion as a base, we have investigated some of the
corresponding chemistry with fluorinated dienes, in particular
that with diene (124). This approach had special relevance to our
longer term aim of developing a rational route to
SH-polyfluoro-pentakis substituted cyclopentadienes and related
systems (Scheme 5.1). FAB mass spectroscopy has proved invaluable
in aiding the analysis of often delicate anions.

CF, CF, XY

} F3C CF
F Base (F : 3
VF + HaCXY B \Q( (Scheme 5.1)

5.2 Stereochemistry and Conformation of Diene (124)
The trans,trans stereochemistry of diene (124) was confirmed by
5JCF3,CF3 fluorine n.m.r. coupling constant data (ca 1.9Hz) (Fig.
5.2). It has been established in related systems that

5 ; : 5 :
J(cis-CFg,CFg) is greater than 10Hz and that J(trans—CFg,CFg) is
162,163

less than 2Hz, and likewise that 4J(cis-CF3 Py >

4J(tran3—CF3,F)162 [for example in hexafluoropropene (70)119

(Fig.

5.3)]. Double bond non-planarity has been reported for some

CF;  CF, w” 22HZ
FyC F
1.9Hz FVF (Fig. 5.2) 3 .
Y =— (Fig. 5.3)
F.C CF)17.8HZ k/F
L SHz (70)

fluorinated dienes, including perfluorobuta-l,3-diene164 which has
a reported gas phase C-C-C-C dihedral angle of 47.4 + 2.4 degrees.
It might be expected that the more highly substituted diene (124)
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will possess a similar, if not a greater, non-planarity.

5.3 Potentiallv Bifunctional Carbon Nucleophiles Investicated

Diene (124) was reacted with the following potential carbon
acids: malononitrile (127); phenylsulphonylacetonitrile (128);
pentafluorophenylacetonitrile (181);
(4'-tetrafluoropyridyl)acetonitrile (182);
Ethyl-(4'-tetrafluoropyridyl)acetate (183);
4-(2',2",2'-trifluoroethyl)tetrafluoropyridine (184) (Fig.

L O DDA D
N / / CO,Et\ /

(127) (128) (181 (182) (183 (Figure 5.4) (15,

In the reactions of these potential carbon acids, usually at
least a triple excess of caesium fluoride was used to remove
hydrogen fluoride from the reaction mixtures (Scheme 5.5) and also
to ensure that there was always available fluoride ion for the
reactions.

S, —E . e+ owr —E oo+ wm
/ / /
lR-F (Scheme 5.5)

RC-R + FBE RN v —E— R s B
/ / -/

5.4 Summarv of Observed Reaction Sequences

The reactions were usually monitored throughout by fluorine
n.m.r. which enabled some of the intermediates to be observed,
trapped or isolated. The reaction of diene (124) with carbon acids
yielded four types of intermediates or products, and these were:
a) trans,trens-pentadienyl salts; b) trans,cis-pentadienyl salts;
c) cvclopentadleneb, ) cyclopentadienyl salts (Fig. 5.6).

E CF
F\C
o T \Q,c& FsC*CFa
CFa F3

{b) -81- c) (Figure 5.6) (d)



There were clearly two types of reactions occurring; those in
vhich the first intermediates observed were pentadienyl salts
[with acids (127) and (128)] and those in which the first
intermediates observed were cyclopentadienes [with acids (181) and
(182)] .

5.5 Diene (124) with Malononitrile {127
5.5.1 Acvelic anions
The reaction of malononitrile (127) with diene (124) in the

presence of caesium fluoride at room temperature, yielded a
mixture containing two acyclic salts (185 and 186) (Scheme 5.7)
which were not isolated. However, from JCF3,CF3 fluorine n.m.r.
coupling constants the major isomer (ce 75%) was assigned as

c
NG FsC CF,
NC (185)
/ CsF d
+ H,C —_— +
N\ \ CHsCN
F,C CF CN R b c
? 127) o FiC, CFs
F Temperature 2
(126) (Scheme 5.7) FiCZ \F°
{186)
NC° CN d

(185), the trans,trans isomer (JCF3 (P, 00 small to be resolved)
H
and the minor isomer (ca 25%) was assigned as the cis,trans

14Hz 1
ne T3C CF3w 16Hz('7 FaC, CFa\ fHz
NC)_\M/ i o~ N (Fig. 59)
F.C CF, -~ CF
1es) ne” Yen (e

isomer (186) [JCF3,CF3 ca 16liz for the most downfield CF3 pair (a
and b), too small to resolve for the most upfield CF; pair (¢ and
d) (Fig. 5.8)]. The assignment of the CF3 pairs was based upon an
observed coupling between fluorine atom (e) (Scheme 5.7) and
trifluoromethyl group (c) [J(CiS-CFg,F) ca 14llz for anion (185),
ca 19z for anion (186)]. It is noteworthy that trifluoromethyl
group (b) which might be expected to be the most shielded CF3
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group actually is part of the most downfield pair of resonances
rather than the most upfield (similar observations of curious
downfield shifts have been recently reported for trifluoromethyl
groups adjacent to the site of negative charge in

perfluorocarbanions31).

No evidence was found for the presence of
the c¢is,cis or of the trans,cis isomers. This nucleophilic
substitution reaction would be aided by the stability of the

intermediate allyl anion (187) (Scheme 5.9).

F3C. CFs H Fi3C CF,
(NC),CH FY/ NF — N%F 67
CF NC _
3 CF F CF, CF,
(124)
Scheme 5.9
NG F,C  CF, FiC CF, ( )
- HF
—_— =7 \F , FC—~ N\ F
NC F,C  CF, < CF;
(185) NC CN (g

Fluorine n.m.r. integrations indicated that over a period of five
hours, at 35°C, the concentration of salt (186) increased by ca
50% while the concentration of salt (185) decreased (Table 9.2,
section 9.4.7) (After six hours the ratio of salt (185) to salt
(186) was ca 3 : 1). Hence, it was inferred that at 35°C salt
(185) was slowly isomerising to salt (186). Fluorine n.m.r.
observations at 35°C also revealed the gradual increase in the
concentration of what was subsequently shown to be a
cyclopentadienyl derivative, salt (188) (Fig.5.10). An experiment

FsC CF,
Cs’
FSC CF3 (Flg. 5.10)
oy (188)

using sodium carbonate as the base produced a similar mixture of
the three salts (185, 186, and 188). Warming this mixture (55°C
for two hours) caused a decrease in the !°F n.m.r. integrals
corresponding to salt (185) and an increase in the integrals
corresponding to salts (186 and 188). Ilence it appears that the
reactions are not dependant on the nature of the alkali metal
counter ion.
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5.5.2 Cvclopentadienvl derivative (188)

Fluorine n.m.r. analysis indicated that salts (185 and 186) were
completely transformed into salt (188) by heating at reflux
temperature in acetonitrile for between 30 and 60 minutes.
Samples of salt (188) were always dark brown in colour. Repeated
attempts at purification and repeated elemental analyses proved
unsatisfactory. Characterisation was by FAB mass spectroscopy
(Strong parent anion peak: M, 362) and by carbon and fluorine
n.m.r. (see below). As impurities were not apparent in the n.m.r.

spectra the origin of the colour was puzzling. We believe that
the colour of the salt may be due to an interaction between the
caesium and the nitrile (Fig. 5.11) [Colourless solids have been

Cs' N'/\? .

N
c C") Cs
3 F.C o, (Figure 5.11)
F,C CF,
1188 F5C CF,

obtained in the absence of nitrile groups for salt (189) (Scheme
5.12, see section 5.9.2) and for 1-carboxyethyl-2,3,4,5-
-tetrakis(trifluoromethyl)cyclopentadienyl caesium (190),
the latter being fully characterised.].

168 with

N
| F (Scheme 5.12)
o
CO,Et
FyC @ CF, F,C CF,
CS+ CS+

F3C CF

gy "¢ o) O

Fluorine n.m.r. shows two close resonances (6 -52.0, -52.6ppm)
with some visible but complex fine structure which is presumably
due to inter trifluoromethyl couplings. The carbon-13 n.m.r.
spectrum clearly shows two trifluoromethyl group environments, a
nitrile, and three distinct ring positions [two of which show
couplings to a trifluoromethyl group (QJC-CFg) (Fig. 5.13)]. The
simplicity of the n.m.r. spectra support our assignment containing
two planes of symmetry.
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(Fig. 5.13)

5.5.3 Inter conversion of anions (185 and 186)
In section 5.5.1 reference was made to the isomerisation of salt
(185) (trans,trans) to salt (186) (cis,trans), we have considered
o mechanism for this isomerisation.

F (Scheme 5.14)

3
(186)

Rotational barriers have been studied in both the allyl165 and
pentadienylmb’166 systems. Activation barriers of 10.7, 16.7 and
18.0 kcal/mol have been calculated for allyl lithium, allyl

potassium and allyl caesium respective1y16°

(in tetrahydrofuran).
A proton n.m.r. coalescence temperature of 68°C for the exchange
of the terminal allyl protons in allyl caesium was reported. In
the case of pentadienyl anion it has been reported that the
exchange barrier of the terminal methylene protons increases with
the radius of the alkali metal counter ion, Li < Na < K < Rb =~
Cs.165’166 Farnham and co-workersSZ have reported the synthesis
and characterisation of tris(dimethylamino)sulphonium (TAS) salts

of allyl anion (8) (Fig. 5.15). At room temperature '°F n.m.r.

J 18.5Hz
F’—\\\

FaCasn_~CF3 _
= TAS* (Fig. 5.15)
FsC  CF, (8]

reveals two resonances in the ratio 12 : 1 in dg-THF. Exchange of
the trifluoromethyl groups wvia C-F bond dissociation to F and
(CF3)2C=C=C(CF3)» was ruled out because the couplings between CF3
and CF nuclei were maintained (18.5Hz). Upon cooling the
trifluoromethyl resonances broadened and split showing the
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formation of two distinct non-interconverting environments
(coalescence temperature -10°C). The dynamic behaviour of this
and a series of similar anions was attributed to C-C bond
rotations. It seems likely that our anions are similarly
isomerising, albeit with a very much slower rate of
interconversion at our observation temperature (35°C).

5.5.4 Acidification of salts (185 and 186)

Removal of the solvent from a filtered mixture of salts (185 and
186) yielded a brown solid. It was found (fluorine n.m.r.) that
replacing the solvent regenerated the original salt mixture.
Acidification (hydrochloric acid) and work-up of this brown solid
gave a pale yellow sublimate which has a complex fluorine n.m.r.
spectrum. This sublimate is believed to be a mixture of isomers
of diene (191) (Scheme 5.16).

F,C CF
NC 3 ne PG fFFs
— F +
7N — i
NC
FoC CF, NC
' {185) F,C CF,
+ isomer (186) f9n  (+ other isomers)
: b ¢
F,C CF, NG FsC CF, CsF time NCH02C H CF,
- * /}:_T;>—_<éw,—F H0 N F
s CF, Nne” Ne” ] 192)
cn 188) F3C (135) CFy F3Ca gFa
+ isomer (1g5) (Scheme 5.16)
The availability of three distinct protonation sites (Fig. 5.17)
in each of the four possible geometrical isomers results in a
large number of potential isomers which may account for the
complex fluorine n.m.r. spectra. Immediate addition of caesium
ne TC CFy we P LR ne TG CFy
HWF or g#—%/}: or %F (Fig. 5.17)
NC c
F,C CF, NC FiC CF, N e Hocr, 191

fluoride and acetonitrile to the sublimate followed by heating at

reflux temperature for ten minutes yielded a solution whose

fluorine n.m.r. spectrum was consistent with a mixture of acyclic

salts (185) (35%) and (186), (25%) and salt (188) (40%) (Scheme

5.16). This transformation coupled with the complex n.m.r. data
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strongly suggests that the sublimate is indeed a mixture of
isomers of the conjugate acid of anions (185 and 186). The
sublimate was observed to be very susceptible to hydrolysis
(Scheme 5.16), yielding carboxylic acid (192) (or isomer). For
this acid fluorine n.m.r. indicated the presence of only three CFj
groups and one vinyllic fluorine atom. Couplings with the
vinyllic fluorine atom (e) (Scheme 5.16) indicate that CF3 groups
¢ and d are present. Also JCFg(C),CF3(d) of c¢a 1.3Hz indicates
that CF3 groups ¢ and d are in a trans-configuration (see section
5.2). The remaining CF3 group (6 -61.2ppm) shows some coupling
possibly to CF3(d) (ca 2Hz). The presence of a carboxylic acid is
clearly demonstrated by an intense infrared absorption from 3600
to 3050(:m_1 and by a carbonyl resonance in the carbon-13 n.m.r.
The molecular formula was confirmed by an accurate mass
measurement. From the above data we cannot distinguish the site
of protonation nor whether the carboxylic acid function is at site
(a¢) or at site (b). However, a hydrogen fluoride elimination
followed by hydrolysis mechanism can be written yielding the
carboxylic acid function at site (&) (Scheme 5.18).

5.6 Diene (124) with Phenvlsulphonvlacetonitrile (128)

In the reaction of phenylsulphonylacetonitrile (128) with diene
(124) at room temperature, in the presence of caesium fluoride, a
set of resonances consistent with salt (193) were observed by
fluorine n.m.r. as a major component of the reaction mixture (ca
507 after 30 minutes) (Scheme 5.19). Fluorine n.m.r. coupling
constants (JCF3,0F3 too small to resolve) suggested a trans,trans
configuration for this anion (See section 5.2 for typical J
values). Also detected were resonances consistent with salt (188)
(ca 507 after 30 minutes) and a resonance consistent with
phenylsulphonylfluoride (194) (trace) (6 + 65.8ppm in CH3CN,
Lit. 157 1 65.3ppm in CDCl3) (See section 5.12.1 for discussion).
After heating at reflux temperature for 20 minutes fluorine n.m.r.
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analysis revealed only the resonances attributable to salt (188).

F
F.C CF
Fiea/ Fs s0,Ph PhSO, ° 2
+ FlC{ ___EEE__¢> =/ \.-F (Scheme 5.19)
N 2 \CN CH5CN NG
F.C
3 CFs  (12g) FaC g3y CFs
F122) F.C oF
4!
+ + PhSOgF
FaC CFy (154)

5.6.1 Comparison of anion (185) with anion (193)

From fluorine n.m.r. observation the lifetime of salt (193)
(Scheme 5.19) can be seen to be significantly less than that of
the bis(dicyano) analogs [salts (185 and 186)]. There is a
relatively rapid room temperature conversion of resonances
attributable to salt (193) into those of salt (188) (See above),
whereas salts (185 and 186) are only very slowly replaced by salt
(188) at room temperature (Sections 5.5.1, 5.14). From pK, values
measured in dimethylsulphoxide159 (pKa of PhS05CH2CN ~ 12.0 and
pKa of CHa(CN)2 ~ 11.1) it can be deduced that the phenylsulphonyl
group is a poorer carbanion stabilising group than nitrile. Hence
there may be a higher electron density in pentadienyl anion (193)
than in anions (185 and 186) which may promote a faster
cyclisation of anion (193) (See section 5.10). The fluorine
n.m.r. spectra of anions (185 and 193) are outlined in fig.
(5.20). Assignments for trifluoromethyl groups (c¢) and (d) '

-61.8 -60.6
F4C CF F4C CF
NG ° i -111.3 NG ° ’ -109.7
=/  \F =/ \F (Chemical shifts
PhSO in ppm)
NG F,C CF, 2 FC CF, '
— -68.1 —_— 691 (Fig. 5.20)
-57.1 or -55.1  [185) -56.9 or -60.4 (193)
b c -60.6
F,C CF, FiC CF,
NG -101.3
= 7N ey P NF
X
F4C CF,4 F4C CFs  12u)
a d -88-



are based upon the coupling constants to the vinyllic fluorine
atom (e). There is characteristically strong coupling between
resonances (¢) and (e) [*J ca 14Hz for anions (185 and 193)], with
much weaker coupling between fluorine atoms (d) and (e) [*J ca 3lz
or non-resolvable for anions (185 and 193)] (See sectlon 5.2). Ve
cannot be certain of the exact assignments for trifluoromethyl
groups (e) and (b).

The substitution of phenvlbulphonyl for nltrlle clearly does have
an effect upon the fluorine n.m.r. chemical shifts of the anions.
However, without more precise assignments it proves difficult to
rationalise this effect.

.7 Diene (111) with Malononitrile (127)

The reaction between diene (111) and malononitrile (127) produced
a soluble salt whose fluorine n.m.r. and anionic FAB mass spectra
were consistent with salt (195) (unknown configuration) (Scheme
5.21) [FAB anionic mass spectrum shows the parent ion m/e (for
further details see section 5.8) and fluorine n.m.r. shows the
loss of the exocyclic vinyllic fluorine atom resonance).
Preferential displacement of the exocyclic fluorine atom is more

F NC. _CN

-~ Na'
CH,0,C
/ (127) CH,0,C
COLHs (1o, 2" ~COo,CH,
————
NaxCO3
(m (195)

(Scheme 5.21)

pronounced with this nucleophile than it is with the the harder
methoxide ion (Section 3.4.1). Salt (195) seems to be more
thermally stable than salts (185 and 193), with heating at 53°C
for 23 hours having no observable effect upon the fluorine n.m.r.
spectrum of a solution of the salt. Cyclisation may be inhibited
by extensive delocalisation of electron density out of the
pentadienyl anion and onto a carbonyl oxvgen atom (Scheme 5.22).
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NC CN
NC _fCN __q I

CH,0.C
372V TCOCH, CH,0” COCH;  (Scheme 5.22)

B e

{195)

5.8 FAB Mass Spectra of the Acvelic Aﬁions

FAB mass spectra have been recorded for most of the acyclic
pentadienyl salts (see fig. 5.23) (for details of the salts see
sections 5.5.1, 5.7, and 5.11 respectively) (Copies of the FAB
mass spectra may be found in the mass spectroscopy appendix.)

fo o NGO SCH,Ph
- N
NG ’  CH,0,C R CR
7 \F TN COCH,
NG~ (Fig. 5.23)
185 .
1) 198) NC—{~ (206)
(and isomer) ON
(or isomer) (and isomers)

It is interesting to note that for each of the three systems the
major fragmentation peak corresponds to a loss of XCN (Fig 5.24.a)
(Table 5.1) yielding a peak with the same m/e as that expected for
the corresponding cp anions illustrated in fig. 5.24.b.

CN
R = CF3 or CO5Et

X = F or CgHsCH,S

R R
(Fig 5.24.a) (Fig 5.24.b)

Table 5.1 Peak heichts in anionic FAB mass spectra

Anion Parent anion Parent anion - XCN
(185 and 186) 14 100

(195) 28 100

(206) 100 74

It should be noted that the sample of salts (185 and 186)
submitted for FAB analysis was shown by fluorine n.m.r. to contain
salt (188) as a minor impurity (< 10%).
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We cannot distinguish between the fragment being a
cyclopentadienyl anion or it being an acyclic fragment which has
lost the elements of XCN. However, the loss of the elements of
CgHsCH2 SCN from anion (206) and isomers, where the lost moieties
must be 1,5-substituted, tends to suggest a cyclisation rather than
just fragmentation.

5.9 Diene (124) with Arv]l Substituted Carbon Nucleophiles

In the following sections acyclic pentadienyl anions were not
confidently detected, and most likely have a very short lifetime
before cyclisation.

5.9.1 Vith pentafluorophenvlacetonitrile (181)

The reaction of diene (124) with pentafluorophenylacetonitrile
(181) and caesium fluoride proceeded relatively slowly. The
limiting factor seemed to be the formation of a reactive carbanion
from the acetonitrile derivative. By following the reaction with
fluorine n.m.r.,diene (124) could be observed to be converted,
seemingly directly, into what was subsequently identified as cp
derivative (196) (Scheme 5.25) (such cp derivatives were not
observed in the previously discussed reactions involving
malononitrile etc). This remarkable diene then reacted further
under the reaction conditions (See below). After a reaction time
of 100 minutes fluorine n.m.r. indicated that all of the diene
(124) had reacted. Work-up then enabled the isolation and
characterisation of a small quantity of cp derivative (196) (For
discussion see section 5.9.4). If the reaction was not worked-up

F
F,C J CFs
+ F Y
£ 6\ H,C — = F,C O CFy, —
3 CF, CN
F (124) (181

(Scheme 5.25)

fluorine n.m.r. analysis then revealed that further reaction

occurred producing two sets of resonances. One set of resonances

was identical to that of salt (188), the other was assigned to

salt (197) (For a discussion of n.m.r. spectra see section 5.9.5)
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(Scheme 5.26).

F
F.C N
i} C A .y A
@ . CF; via diene(196) F,C @ CF, F4iC @ CF,
. oN  Fe” N == ! '
(181) F (124) F30(197) CFs RC neg) T

(Scheme 5.26)

Treatment of a stirred solution of isolated cp derivative (196)
with caesium fluoride led to an approximately 1:1 mixture of salts
(188) and (197). Unfortunately it proved impossible to separate
this mixture. Characterisation of salt (197) was by fluorine
n.m.r. and FAB mass spectroscopy [strong peak (M, 503)
corresponding to parent anion] as a mixture with salt (188).

.9.2 With 4'-tetrafluoropvridvlacetonitrile (182)

This reaction proceeded much more rapidly than that of the
pentafluorophenyl derivative (181), above. After a reaction time
of 10 minutes all of the fluorine n.m.r. resonances attributable
to diene (124) had disappeared. Immediate work up of the reaction
mixture at this time enabled the isolation and characterisation of
another remarkable cyclisation product, cp derivative (198)
(Scheme 5.27). Under reaction conditions cp derivative (198)

— N
CF F F
R\ L \A on
+ .
—— FC CF, ——=
\ H2 3 3
F3C CF5 }:N
F24) (182)

F,C  CF,198)
(Scheme 5.27)

reacted further and fluorine n.m.r. showed two new sets of
resonances. Fluorine n.m.r. analysis of the products obtained by
further reaction of isolated cp derivative (198) with fluoride ion
showed the same two sets of product resonances. 0One set was
identical to that of salt (188) (27%), the other was consistent
wvith salt (199) (73%) (Scheme 5.28). The anionic FAB mass spectra
gave the parent m/e peaks for both anions, We were not able to
separate this brown mixture. [See section 5.12 for a discussion
of the reaction of dienes (196 and 198) with fluoride ion.].
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F
# “CF, via diene(193)
—_—

F
\_/ CN F3C\03

(182) F (124)

3
(Scheme 5.28) 1199) (188)

5.9.3 With acetate (183)

In order to obviate the purification difficulties of the above
synthesis an attempt was made to prepare salt (199) free of
similar salts. Simultaneous work using diene (124) and
diethylmalonate168 had shown that under reaction conditions the

ethyl ester group was more easily displaced by fluoride ion than
was the nitrile group. A sample of ester (183) was prepared and
was reacted with diene (124) in the usual manner, ultimately
giving a very much purer sample of salt (199) (Scheme 5.29). The
white salt obtained, though free of salt (188), could still not

N\
| F
F P
— F3C CS+
2
N@—\ + gi‘"’ —GF . RC @ CF3 4+ FCO.Et
COEt F,07 N1 (200)
(183) F (124 FaC CF,
(Scheme 5.29) (199)

be completely purified to satisfy elemental analysis [This solid
shoved a very pure parent anion (M, 436) in the FAB mass
spectrum]. As the impurities did not appear in the n.m.r. spectra
we believe them to be inorganic in nature. Interestingly,
fluorine n.m.r. of the reaction solution showed a resonance (&
-18.3ppm) very close to the reported resonance (6 -17.5ppm) of
ethyl fluoroformate ('ZOO)169 [Similar resonance being observed in
the reaction of diene (124) with diethylmalonatelGS].

Small fluorine n.m.r. resonances also suggested the possibility
that both an acyclic salt and a cp derivative were present in the
reaction solution. However, the assignments were incomplete and
were not further substantiated (See section 9.3.7).
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5.9.4 Analysis of cp derivatives (196 and 198)
The n.m.r. and mass spectra of cp derivatives (196 and 198) are
wvorthy of comment. The mass spectra will be discussed in section

5.15.4. C(lear, well resolved, non-equivalent 3' and 5' fluorine
n.m.r. resonances of the phenyl and pyridyl rings indicate that
the aromatic groups have very limited rotation relative to the
cyclopentadienyl rings (Fig. 5.30). Considering the sharpness of
the resonances it seems likely that the rotation of the aromatic
substituents is blocked by the two closest trifluoromethyl groups
and also possibly by the nitrile. Thus the 3' and 5' fluorines
are not appreciably interchanging at room temperature. {n average
one of the aromatic fluorine atoms resides much closer to a
trifluoromethyl group than the other, producing a quartet
splitting in one of the 3'or 5'resonances (Fig. 5.30).

The carbon-13 spectra of these two compounds, particularly that
of the simpler pyridyl (198) are very well resolved with up to 4
levels of multiplicity observable in the locked pyridyl ring.
Interactions with the aromatic ring broaden the carbon-13 n.m.r.
resonances of atoms (e) and (d) in comparison to the resonances of
atoms (b) and (¢) (Fig. 5.30) (see n.m.r. appendix for full data).

N
\F/\CN
FF S

C CF
w2 3
FF

(198) (198)
F.C  CFy

(Figure 5.30)

5.9.5 N.m.r. spectra of anions (197 and 199)

The higher symmetry of cyclopentadienyl anions in comparison to
that of cyclopentadienes results in a simplification of the n.m.r.
spectra of anions (197 and 199) compared to those of dienes (196
and 198). We now see only three fluorine n.m.r. resonances due to
the pentafluorophenyl group in anion (197), and only two
resonances due to the tetrafluoropyridyl group in anion (199).
Fluorine n.m.r. chemical shifts are illustrated in Fig. 5.31.
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-166.3
-140.3
(ppm)
50.4 FsC CFs : 51.0
50.4 _ (Fig. 5.31) o
"¢ g OFs " gy O3

The changes in fluorine n.m.r. chemical shift between the
corresponding cyano-substituted cp derivatives (196 or 198) and
anion (197 or 199) are illustrated (Fig. 5.32), where an up arrow
represents an upfield shift upon anion formation. The

trifluoromethyl groups (which are, of course, adjacent to the

11

71 N

F
1} | A3
(changes in ppm)

CF3 . Fao CF3
\ (Fig. 5.32) q

sites of negative charge in the ring) move downfield (7 to 8ppm)
in a similar manner to those adjacent to charge in
perfluorocarbanions (See section 1.3.2.b). The aromatic fluorines
move upfield, particularly those meta and para to the point of
substitution. It is peculiar that the fluorine atoms ortho to the
point of substitution exhibit such small chemical shift changes.

A similar comparison of the carbon-13 n.m.r. spectra for the
pyridyl derivatives roughly parallels the fluorine n.m.r.
observations (Fig 5.33). The 52ppm downfield shift is almost

certainly largely due to a change of hybridisation at this site.

Again the trifluoromethyl groups move downfield. The large

upfield shift change of the pyridyl carbon meta to the point of

substitution may be evidence of charge transmission into the
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pyridyl ring. However, the unchanged ortho to the point of
substitution resonance is puzzling. It must be noted that in
addition to being charged the cvclopentadienyl fragment is also
aromatic. The effect of the resulting enhanced ring current in
deshielding substituents is difficult to assess.

5.9.6 With Componnd (184)

A small scale reaction involving compound (184) (See section
2.3.1) (Scheme 5.34) and diene (124) was investigated. After 45
minutes at room temperature fluorine n.m.r. could not detect any
nev species in solution. This was probably due to compound (184)
failing to ionise with fluoride ion as a base. Heating resulted
in a very complex fluorine n.m.r. spectrum. No products could be
isolated from this reaction mixture.

ER CsF
F\?“%’F + @—CH2 CHaON N\
124

CF, CF, (184) (Scheme 5.34)

5.10 Mechanism of Ring Closure

Two alternative mechanisms for the conversion of pentadienyl
anions into cyclopentadienes have been considered and are set out
in the following section. Both mechanisms start with the
cts,trans-pentadienyl anion (for isomerisation from trans,trans-
see section 5.5.3). Where the cis,{rans- isomer was not observed
wve must assume that it was formed but then rapidly cyclises.

5.10.1 Intramolecnlar nucleophilic displacement

F3C
3 CFa F,C.  CF, F,.C  CF,
F.C—~7 ) F_Step 1 FStep2, /@\
_ CF -ulCF3 F.C CF3
% Ny 3 F,C Ky 3 Wy
(Scheme 5.35) +F=

Step 1 (Scheme 5.33) is an intramolecular nucleophilic
displacement reaction and step 2 is a displacement of fluoride ion
from a fluorinated allylic anion. We believe this mechanism to be
unlikely for two reasons:
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a) the intramolecular nucleophilic attack (step 1) occurs at a
site which is deactivated to such attack as a result of being a
part of the pentadienyl anion;

161 classify step

b) Baldwins' rules for nucleophilic ring closure
1 as a disfavoured 5-endo-trig ring closure. Disfavoured
reactions are described as reactions requiring serious
distortion of normal bond angles or distances in order to
attain the transition state. Generally such reactions occur

with difficulty if at all.

5.10.2 Ring closure wia 1.5-electrocvelisation

If anion (201) were to undergo a 1,5-electrocyclisation reaction
(Scheme 5.36) then cyclopentadienyl anion (202) is formed, which
may then lose fluoride ion. We consider a process of this type to
be the most likely mechanism. Indeed we believe that such a
pentadienyl-cyclopentenyl rearrangement to be the first good
example for an all carbon open chain pentadienyl anion (See
section 1.7).

HOMO of anion (201}

F,C CF, F,C CF, '
Step 1 F Step 2 (Scheme 5.36)
F,C7 57 ICFy  FCT N\ ~CF,
XYy XY
(202) Y E-

5.11 Attempts to Observe a Cvclopentenvl Anion

Unfortunately, in the systems already discussed, no direct
evidence for any cyclopentenyl anions [such as anion (202), scheme
5.36] has been observed. Instead the products of a rapid loss of
fluoride ion (forming cyclopentadienes), or those of a loss of the
elements of 'XF' (forming cyclopentadienyl salts, see section
5.12.1) were observed.

We reasoned that in order to observe the intermediate
cyclopentenyl anions we had to replace the tertiary fluorine atom
in cyclopentenyl anion (202) (X = Y = CN) (Scheme 5.36) with a
poorer leaving group. In order to achieve this we first made the
mono-thiobenzyl substituted analog of diene (124) (Scheme 5.37).
The reaction of benzylthiol (203) with diene (124) in the presence
of sodium carbonate produced a mixture (ratio 85:15) of
trans,trans- and cis,trans- mono substituted dienes (204 and 205).
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F,C

F,C

F | SCH,Ph CF,

CF3 F3C / CF3 F3C / SCHZPh
.—CH SH —naCs +
2
S CF, (203) FCTN cr, FCT)—cr
F(124) (Scheme 5.37) (85%) F {204) F (205 (15%

Dienes (204 and 205) were then reacted with malononitrile (127)
and caesium fluoride in acetonitrile solution at room temperature.
Fluorine n.m.r. analysis of the reaction mixture revealed five
sets of resonances. From 5JCF CF coupling constants (See

section 5.2 for typical values) it was possible to assign four of

the sets of resonances to the four geometric isomers of salt (206)
5

(Scheme 5.38) [ J(trans—CFg,CFg) ca 3Hz or unresolved,

SCH,Ph SCH,Ph
FiC / CFs Fie / CFs
+ isomerﬂ-gs(—?j)—@—> + 3 geometrical
FCTN ce. 209 FyC CE isomers
3 3
F {204) NC—{—
NG {206)
Scheme 5.38
| | O
+
F4C (1eg) CFs

5J, . 13.9 to 16.4liz]. The fifth set of resonances was
(CZS-CFg,CFg?
identical to that of salt (188). Over time the {rans,trans- and
cis,trans- isomers seem to equilibrate to a 1:1 ratio, while the
trans,cis and especially the cis,cis-isomers seem to be less
stable (See section 9.3.3 for data). Again we failed to observe

any direct evidence for an intermediate cyclopentenyl anion (202)
(See scheme 5.39).

SCH,Ph FPhCH . gs ]
FiCf CF, FC2 N N F,C CF,
k1 3 x k2
T N1—= k¢ cF
R CF, CF; CF, ? 3
NC—{— [206) i (202) i CN“88,
CN



When stored at room temperature the salts were stable in solution
(fluorine n.m.r. indicated only 37 cyclisation after eight days).
However when the salts were heated at reflux temperature in
acetonitrile cyclisation did occur (n.m.r. indicated 377%
cyclisation after three hours), the solution having fluorine
n.m.r. resonances identical to those of salt (188). This
cyclisation is by far the slowest of all those observed which
yield salt (188). This could be due to either steric crowding in
the cyclisation step (Scheme 5.39) (k; small) or to a far more
rapid internal return than step 2 (k-; >> ko). We feel the latter
to be unlikely as this may lead to skeletal isomerisation of anion
(206) wie ring opening across a different bond to ring closure.

5.12 Conversion of Cp Derivatives to Cvclopentadienvl Anions
The substitution of tetrafluoropyridyl for pentafluorophenyl in
diene (196) has a significant effect upon the ratios of the
anionic products produced when these dienes are reacted with
fluoride ion (Sections 5.9.1, 5.9.2) [for diene (196)
salt (197) : salt (188) 1, (Scheme 5.26); for diene (198)
salt (199) : salt (188) ~ 7 : 3 (Scheme 5.28)]. The likely

12

12

mechanisms for the reaction of dienes (196, X = C-F; 198, X = N)

with fluoride ion are outlined in Schemes 5.40a and 5.40b.
(Scheme 5.40.a)

- F'
F F
A «CN «CN
FiC CF; stepib_ F,C CFy Step2b  F,C *CF;, O

(207) ('188)
(Scheme 5.40.b)

The nature of 'X' should have little effect upon step la, the
nitrile being very distant from 'X'. However, step 1b will be
enhanced by the greater anionic stabilising power of X = N over X
= C-F [para fluorine anion destabilising via lone pair repulsions
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(section 1.3.1.a)]. Hence, if as we expected, step la and 1b were
rate limiting we would have observed more salt (188) produced when
X = N, which was the reverse of the experimental observation. The
nature of the intermediates (207a and 207b) is complicated by the
presence of solid caesium fluoride which introduces the
possibility of a heterogeneous reaction. Step 2a might be
expected to be more favoured for X = N than for X = C-F due to the
relative anionic stabilising powers, but the effects of
substitution upon intermediate (207b) are less clear cut. lence
we can say only that the observed product ratios are due to step 1
(a and b) not being rate limiting.

.12.1 @bservation of eliminated groups

We may have observed phenylsulphonyl fluoride (PhSO0,F) (208) (See
section 5.6), and ethylfluoroformate (FCO2Et) (200) (See section
5.9.3) as elimination products 'XF' (Scheme 5.41) from the
conversion of cyclopentadienes to cyclopentadienyl salts.

Y 4XF
Scheme 5.41

X =PhSOs or C5F4N
F3C CF3 Y = CNor CsF4sN

5.13 Nitrile Substituted Anion (188)
5.13.1 Formation

Scheme 5.42 indicates that salt (188) is produced as one of the
ultimate products in all four reactions involving substituted
acetonitriles and diene (124). Salt (188) is also the final
product of the reaction of thiobenzyl substituted dienes (204 and
205) with malononitrile (127) (Section 5.11).

(" (NC)oCH,
n27)

PhSO.CH,CN <2 1009, o
(12¢) \ \
' —_— H ca 100% F.C
Dienel12s) + { N E 02 ca SO%ﬁ; 3 @ CF,
\ / \CN ’g_a__gg‘]g,?

(181) __— P2 (:gg) CF
N(E{:>__g2 (Scheme 5.42)
L/ Ten
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5.13.2 Acidification
The acidity of the conjugate acid of anion (188) should lie

between the acidities of the strongest carbon acid with

conjugating substituents (pentacyanocyclopentadiene,68

pka < -11)
and that of the strongest carbon acid with non-conjugating
substituents [pentakis(trifluoromethyl)Cyclopentadiene,ﬁg pka <
-2] (Sections 1.5.2 and 1.6.4). Dissolving a sample of the
caesium salt of anion (1838) in concentrated sulphuric acid
produced a light brown coloured solution. From the observation of
two sets of four fluorine n.m.r. resonances we inferred that the
solution contained a mixture of two species (Scheme 5.43) in ratio
(56 : 44). Protonation at the nitrile bearing ring position was
discounted as this would have led to only two distiact

trifluoromethyl group resonances.

CN Cs* CN CN
F,C \—CF HoS04 F,C CF; FsC WCF
: ‘ [ * Q\ ® (Scheme 5.43)
F1C F,¢” d%CF C F
*11gg) °F2 N I CF,

(2084 { 208D}

Upon protonation of salt (188) an approximately 8.5ppm upfield
shift of the mean fluorine n.m.r. resonance position is observed
(from ca -52 to ca -60ppm). For pentakis(trifluoromethyl)-
-cyclopentadienide the corresponding upfield chemical shift change
was approximately 10.4ppm69 (from a mean ca -49 to ce -59ppm).
After several hours sealed tubes of acid (208) developed pressure
(presumably oxidation is occurring producing carbon dioxide).
After work-up GC/MS [M, 338 (-H); 319 (-IIF). Parent mass requires
M, 339] indicated the possible presence of an isomer of carboxylic
acid (209) (Scheme 5.44).

st CN _H
FyC \ﬁ»CF3 H,S0, FSCQCFS HFFGCQCFS FsC ﬁ/CFS
F4C e8] CF, CF, CF, F,C° *COH
(2080b) (Scheme 5.44) (209)

5.13.3 QOther attempted reactions of salt (188)
a) Using pentafluoropyridine (78)

In order to test the reversibility of the reaction of cp
derivative (198) with fluoride ion (Section 5.12), salt (188) and
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pentafluoropyridine (78) were heated to 140°C in tetraglyme
solution and then at 190°C in the absence of solvent in a sealed
tube. However no reaction was observed in either case (Scheme
5.45). Hence we can deduce that the reaction is irreversible.

N/
st \ N\ " oCN
F3C CF3 — F3 CFy
(198)
(78)

C18g) CFa FiC
(Scheme 5.45) (nor isomers)

b) Kith borontrifluoride etherate

Following the possible hydrolysis of salt (188) (Section 5.13.2),
which may proceed vie a fulvene type intermediate, an attempt was
made to generate a fulvene derivative. However, the addition of

CN CN
FsC CF4 B&.EtA{ FsC CF» (Scheme 5.46)

CF F.C CF, (or isomers)

F3C (1gg)

boron trifluoride etherate to a solution of salt (188) (Scheme
5.46) produced no change in the fluorine n.m.r. spectra. This
approach was not pursued with stronger Lewis acids due to
inevitable complexing of such acids with the nitrile group.

.14 QOverall Reaction Mechanism and Kinetics of Cvclisation

The overall reaction mechanism is detailed in scheme 5.47. We
have calculated the half life of the cis,irans salt (186) to be ca
630 minutes at 35°C (Section 9.4.7), which compares with 80
minutes at 35°C for the cyclo-octadienyllithium anion (65)105
(Section 1.7.4). Because salt (186) is itself only slowly formed
from the trans,trans salt (185) the half life of the acyclic anion
mixture as a whole will be very much longer than 630 minutes. The
comparatively long half life of salt (186) may in part be due to
the lower probability of adopting the correct conformation for

cyclisation in an acyclic pentadienyl anion as opposed to that in
a pentadienyl anion which is constrained within an eight membered
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ring.

Prososed Mechanism For Cvelonentadienyl Formatien

F F
F,C
Z “CF, X‘C/Y CSF/CH,CN N CF,
CF
R - 3 Ha F w CFs
F 24 cs'
X Y
K apparent of 0.33
after 6 hours
for X=Y=CN
Y For X=Y=CN
N CF t, ca 630 mins
FGC g ? l2@308K
l//
F oo =
s 1,5-Electrocyclisation
F,C CF,
Not observed {and cis-cis isomer}
Fast - F
X
O "«
X ‘\\Y F3C cs' CF3
F,C CF,
Y
F,C CF
? : F.C CF,
O
(Scheme 5.47)
F3C CS‘ CFa

5.15 Attempted Diels-Alder Chemistrv of Derivatives (196 and 198)
In an attempt to investigate some of the Diels-Alder chemistry of
our new dienes we chose to use cyclohexene as a potential

dieneophile. In the reaction between cyclohexene and cp

derivative (198) a new set of fluorine n.m.r. resonances was

observed after the mixture was heated to 150°C in a sealed tube.

Subsequent heating at 190°C for several hours led to the complete

replacement of the starting material resonances by this new set.

Surprisingly elemental analysis and mass spectroscopy indicated
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that the product was an isomer of cp derivative (198) and not a
Diels-Alder adduct. Repeating the procedure in the absence of
cyclohexene gave the same product, although with much more
charring. Further analyses, as detailed below, identified the
product as cp derivative (210) (Scheme 5.48). A similar compound,
product (211), was obtained from cp derivative (196) in the same
manner.

X == (For X = N: 100% conversion,
F / 74% yield)
WCN
F.C CF 190° C F.C
3 3 2 CFa (Scheme 5.48)
FsC CF,
198, X =N 21O X= N
196, X =C-F 211 X =C- F

.15.1 N.m.r. characterisation of products (210 and 211)

Products (210 and 211) have been studied by high field fluorine
n.m.r.. Both compounds show similar spectral features. Coupling
constant data (Fig. 5.49) unambiguously assigns the indicated

103 H

CN

“
GHZ 6.9 Hz 10.

11.1 Hz (711)

trifluoromethyl substitution pattern. As with their isomers (196
and 198) the clear well resolved, non-equivalent aromatic fluorine
n.m.r. resonances indicate very restricted rotation of the
aromatic substituents. Indeed we again see coupling from one of
the aromatic bound fluorine atoms to the sp3 bound trifluoromethyl
group. In the case of pyridyl derivative (210) the existence of
this coupling was confirmed by a 2D (C.0.S.Y) n.m.r. experiment.
Although the highly coupled carbon-13 and fluorine n.m.r. spectra
of product (210) are consistent with structure (210) they do not
completely discount structure (212) (Fig. 5.50) (the orientation
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of the pyridyl ring in structure (212) required to produce the
observed couplings is, however, difficult to rationalise).

O
F
N
7 CN/ F Y
CN —
F,C CF, FC CF,
(Fig. 5.50)
FiC (210) CFy FaC (212) CF4

5.15.2 Mass spectroscopv

The negative ion mass spectroscopic fragmentation of cp
derivatives (196, 198, 211, and 210) (Fig. 5.48) (Table 5.2) is
very revealing. In the case of dienes (196 and 198) the aromatic

Tahle 5.2 Negative Ton Fraementation for the Cvclopentadienes

Compound Loss of CFj3 Loss of Aromatic Loss of CN
(196) 7.0% 100.0% 0.5%
(198) 8.9% 100.0% 5.3%
(211) 100.0% 2.47, 5.97
(210) 100. 07, 1.37% 6.87,

(Percentages refer to proportion of maximum peak height)

ring is lost relatively easily (Scheme 5.51), converting an sp3
hybridised ring site into an sp® site. However, in the case of
dienes (211 and 210) a trifluoromethyl group is almost
Arg o &CN CN
FsC CF, F4C CF,
- + [A] (Scheme 5.51)
FaC CFy FaC 1gg) CF3
exclusively lost. As aromatic groups which are attached to the
sp? carbon (at site 5 in the cyclopentadienyl ring) seem to be
readily lost, the almost exclusive loss of a trifluoromethyl group
from products (211 and 210) strongly suggests that in these
molecules the aromatic groups are not bound at site 5. llence, the
site 5 bound substituents are nitrile and trifluoromethyl, i.e.
the compounds have structures (211 and 210).
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5.15.3 Product (210) with caesium fluoride
This experiment was devised in an attempt to confirm the identity
of diene (210). It was reasoned that the reaction of diene (210)
with fluoride ion may lead to anion.formation vie the displacement
of one of the substituents at site 5 (either the nitrile, the
aromatic, or possibly even the trifluoromethyl groﬁp). FAB mass
spectroscopic / fluorine n.m.r. analysis of such a reaction

mixture might then determine which anions are present, hence the
correct assignment of product (210). Potential ionic products are
shown together with their anionic masses in Scheme 5.52, and

N
cm{E) CN,/
O e @ ~

F.C __CF CFy
Tl P ) (M, 443) sl M 362)
N
| F | F
Z CN / N
CN
FaC S CF, .’ FyC @ ~ FsC @ CFs
FoC_. CF,
2101 (Scheme 5.52) o) (M 443) “roal | o 485)

some of the measured FAB data is shown in table 5.3. If the FAB
data is compared to the ionic masses of the potential products we
see evidence for anions (199 and 213) with the detection of only a
small peak corresponding to anion (188). Thus we can deduce that
diene (210) is the most probable assignment of the starting
material. It must be noted that proposed anion (213) must be
formed by a fluoride ion induced loss of a trifluoromethyl group,
which is a most unusual reaction. The species of m/e 533 may
correspond to an ion aggregate of formula (Cs%)a [Cs(CF3)3]®7, an
artifact of the FAB process {c.f. [Cs (Anion)s]  and [Cse(Anion)]*
in FAB spectra in the mass spectroscopy appendix}. Fluorine
n.m.r. shows resonances tentatively attributable to a ca 3:1
mixture of salts (199) and (213) respectively.
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Table 5.3 FAB Mass Spectroscopv Data

Ton m/e Percentage Peak height
362 2.9
443 48.6
486 31.9
533 100.0

5.15.4 General points
Although samples of dienes (196, 198, 210, and 211) submitted for
mass spectroscopic analysis were of high purity, electron impact

ionisation often gave an additional peak 69 mass units
(corresponding to an extra CF3 group) above the expected parent
ion mass. The intensity of this peak increased from zero during
the acquisition of the spectra {An analysis of the daughter ions
derived from the additional peak [using compound (198)] revealed
the only fragmentation to be the loss of the elements of CF4}. As
we are convinced that the samples were pure we can only conclude
that the extra peaks are due to some form of CF3 group transfer
between molecules (possibly arising from weak dimerisation in the
solid state).

5.15.5 Proposed mechanism of formation of products (210) and (211)
It should be noted that isomerically pure products were obtained
(Scheme 5.53). As we do not see any evidence for an equilibrium

mixture we can deduce that the rearrangement produces an isomer
which is much more thermodynamically stable than the starting
material. The rearrangement could occur vie migration of the
nitrile group or by a migration of both the aromatic group and a
trifluoromethyl group.

Aromatic, «CN

F.C CF Aromatic
3 3
— ¢ _gCng (Scheme 5.53)
F,C CF,
F,C CF,
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a) Rearrangement driving force

The rearrangement results in the bulkiest group, the aromatic,
changing from being bound to an sp® hybridised carbon atom to
being bound to a sp? hybridised carbon centre. This will reduce
the crowding about the aromatic group especially as the aromatic
group is now only adjacent to one bulky trifluoromethyl group.
Hence, relief of crowding may be an important driving force for
the rearrangement. '

A nitrile group bound to an sp® site can easily conjugate into a
7-system, whereas the bulky aromatic groups may have problems
achieving co-planarity with the cvclopentadienyl 7-system. As the
nitrile is bound to a sp® site both before and after rearrangement
while the aromatic becomes bound to the sp® site, it seems
unlikely that the degree of conjugation is an important driving
force for the rearrangement.

b) MHigration of nitrile

A 1,2-nitrile shift could be considered (Scheme 5.54), with
transition state stabilisation from the nitrile 7-system.

(Scheme 5.54)

This is similar to the rearrangement of organometallic
cyclopentadienes first reported by Piper and Wilkinson
7-C5H5Fe(C0)a0-CsHs where the sigma-bound cyclopentadienyl group
rapidly rotates at room temperature (as observed by proton n.m.r.
signal averaging). This effect is observed in a variety of other

170 for

organometallics including silanes, germanes, and stannanes. 1’1 Tt
has been demonstrated that the rearrangement proceeds wia a rapid
series of (1,2) shifts. 172 T¢ may be that our systems are
following the same mechanism but stopping after the first
isomerisation, when much of the steric crowding will have been
released.

Alternatively reaction with a nucleophile (for example a trace of
fluoride ion from the hydrolysis of, or the thermal decomposition
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of, the cp derivative (210 or 211), or interaction of the cp
derivative with the quartz vessel) could be considered (Scheme
5.55). However, heating cp derivative (198) with small quantities

X/

F
> g
N\ WCN NC £ Nuc
F4C CFy  Nuc _
F,C CF,

(Scheme 5.55)

of added fluoride did not appear to enhance the isomerisation.
Also such a mechanism may be expected to give a mixture of
isomeric products.

c) Migration of the aromatic group

We believe migration of the aromatic group to be unlikely. If
the driving force for the rearrangement is the reduction of
crowding, then it is difficult to see how the aromatic group
moving from one sp® hybridised carbon site to another will be
energetically favourable (Step 1, scheme 5.56). There is then the
additional problem of subsequently having to migrate a
trifluoromethyl group back to the nitrile site (Step 2).

X
=
| F
F S
\CN / \\CFS CN
CF;  Step 1 3C CN F,C S CF
Step2 "3 3
=P (Scheme 5.56)
CF, F,C CF, F,C CF,
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Chapter 6 - Experimental to Chapter 2

6.1 Preparation and Purification of Starting Materials
6.1.1 Substrates
a) Pentafluoronitrobenzene (71)

Boron trifluoride was bubbled though a mixture of
tetrahydrothiophen-1,1-dioxide (40ml) and fuming nitric acid (95%,
15m1) at 0°C until a saturated solution was formed (ca 1 hour).
Pentafluorobenzene (31.2g, 186mmol) was added and the mixture was
then stirred at 62°C for 2 hours. During this time a homogeneous
vellow solution formed, this was steam distilled. The distillate
was extracted with methylene chloride (2 X 30ml) and the combined
extracts were dried (MgS0y). Removal of the methylene chloride
(Vigreux column) and fractional distillation of the residue gave
pentafluoronitrobenzene (71) (31.8g, 150mmol, 80% yield), b.p.
157-1609C (1it.173 158-161°C).

b) 2H-Pentafluoropropene (69)

i) 2,2,3,4,4,4-Hexafluorobutan-1-0l

Hexafluoropropene (70) (27.3g, 182mmol), methanol (27.3g,
853mmol) and benzoylperoxide (1.05g, 4.3mmol) were charged into a
steel autoclave (ca 100ml capacity) and rocked at 100°C for 270
minutes. After cooling, hexafluoropropene (70) (7.1g, 47.3mmol)
was removed leaving a liquid product. This was fractionally
distilled yielding 2,2,3,4,4,4-hexafluorobutan-1-01 (72) (15.2g,
115mmol, 85% yield based upon alkene) (b.p. 113-114°C) (lit.112
114-115°C).

ii) 2,2,4,4,4-lexafluorobutanoic acid (73)

Alcohol (72) (77.4g, 425mmol) was added dropwise to a stirred
solution of potassium dichromate (110g, 374mmol) and concentrated
sulphuric acid (150g) in water (100ml), maintained at 80°C, in a
flask (500ml) fitted with a reflux condenser. The solution was
stirred for 2 hours at 80°C, and was then cooled to room
temperature overnight. After ether extraction (4 X 100ml) the
combined extracts were dried (MgSOy), the ether was removed, with
fractional distillation yielding 2,2,3,4,4,4-hexafluorobutanoic
acid (57g, 291mol, 70% yield): b.p. 142-1449C (1it.112
143-1449()
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iii) Sodium-2,2,3,4,4,4-hezafluorobutanoate (73)
2,2,3,4,4,4-Hexafluorobutanoic acid (57.0g, 0.291mmol) was added
to a solution of sodium hydroxide (11.0g, 291mmol) in water
(10ml). Evaporation of the water and further drying of the ground
salt at 80°C under vacuum yielded sodium-2,2,3,4,4,4-
-hexafluorobutanocate (73) (63.4g, 291mmol, 100% yield).

iv) 2#-Pentafluoropropene (69)

Anhydrous salt (73) (63.4g, 291mmol) was deposited in a
horizontal tubular quartz vessel and slowly pyrolysed with a
Bunsen flame. Gaseous products were passed through a column
charged with Carbsord to remove carbon dioxide. The remaining gas
was then collected in a liquid air cooled trap. By comparison of
infrared spectra with an authentic sample the gas was identified
as 2H-pentafluoropropene (69) (35.2g, 266mmol, 917% yield).

.1.2 Solvents and Reagents

Tetraglyme was purified by stirring with sodium metal at 95°C for
3 hours followed by fractional distillation under vacuum. The
middle fraction was collected over oven dried molecular sieve
(Type 4A) and stored under dry nitrogen.

Acetonitrile was dried by heating under reflux over phosphorus
pentoxide for 4 hours followed by fractional distillation. The
middle fraction was collected over oven dried molecular sieve
(type 4A) and stored under dry nitrogen.

Caesium fluoride was ground in a nitrogen filled glove box, then
heated to 180°C under vacuum (0.005mmllg) for a period of 16 hours.
The salt was then stored and manipulated under an atmosphere of
dry nitrogen.

.2 Fluoride Ton Induced Reactions of 2l-Pentafluoropropene
.2.1 Standard procedure

The required quantities of dry caesium fluoride, dry tetraglyme,
and substrate were rapidly introduced, against a flow of dry
nitrogen, into a baked round bottomed flask, fitted with a gas tap
and a variable volume gas reservoir. The apparatus was cooled in
liquid air, evacuated, and filled with the required mass of
2ll-pentafluoropropene. After warming to room temperature the
mixture was stirred vigorously for the required time period.
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Volatiles were then removed in vacuo.

.2.2 With pentafluoropvridine (78)111

A mixture containing pentafluoropyridine (78) (24.5g, 145.2mmol),
dry caesium fluoride (36.3g, 238.8mmol), tetraglyme (55ml) and
2l-pentafluoropropene (69) (18.1g, 137.4mmol) was stirred at room
temperature for 390 minutes. Recovered volatiles (1.7g) were
shown by infrared analysis to mainly consist of
2H-pentafluoropropene (69). The crude product was then added to
hydrochloric acid (400ml, 10%). After ether extraction (3 X 80ml)
the extracts were combined and dried (MgS0s). Careful removal of
the ether (Vigreux column) followed by vacuum transfer of the
residue into a cold trap gave a colourless oil. Distillation of
which (Fischer-Spaltrohr) gave pentafluoropyridine (78) (b.p.
83-85°C) (4.6g, 30.7mmol, 21% recovery) and a two component
mixture [ratio ca 4 : 1 (by GC analysis)] (13.6g) (b.p. 120-140°C)
and low/none volatiles (ce 13g). A portion of the mixture was
separated by preparative scale gas chromatography (130°C, 30% SE30
column) yielding perfluoro-4-(2H-hexafluoroisopropyl)pyridine
(79) (GC calculated total yield ca 10.9g, 36mm01 327 based upon
aromatic): (Found: C, 32.2; H, 0.5; N, 4.7%; M", 301. Calc. for
CgHFoN: C, 31.9; H, 0.3; N, 4.65%; M, 301); n.m.r spectra (I,
19F) number 3a. (n.m.r. data identical to an authentic sample),
and tetraf1u0r0-4—(‘2.‘2.2-trif1u0roethv1)pvridine111 (80) (GC
calculated total yield ca 2.7g, 12mmol, 107 based upon aromatic):
(Found: C, 35.9; H, 0.9; N, 5.6%; M', 233. C;HoF:N requires: C,
36.1; H, 0.9; N, 6.0%; M, 233); mass spectrum (electron impact)
number 1; n.m.r. spectra ('H, '9F) number 3c; infrared spectrum
number 1.

2.3 Nith pentafluorobenzonitrile (82)

A mixture containing pentafluorobenzonitrile (82) (37.2g,
193mmol), caesium fluoride (39.2g, 258mmol), tetraglyme (50ml),
and 2H-pentafluoropropene (69) (93 2g, 176mmol) was rapidly
stirred at room temperature for a period of 6 hours, during which
time the gas reservoir collapsed. Collected volatiles (3.4g),
isolated by vacuum transfer, and sealed in an n.m.r. tube, were

shown by fluorine n.m.r. analysis to consist mainly of
2ll-pentafluoropropene (69). The remaining product was filtered,
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washing with dry acetone. Water (50ml) mixed with concentrated
hydrochloric acid (15ml) was then added. Ether extraction (3 X
70ml), drying (MgS04) and the removal of the ether by rotary
evaporation yielded a brown o0il (ca 35g). Distillation
(Fischer-Spaltrohr) yielded: fraction (a) (82-85°C, 37mmHg)
(15.0g); fraction (b) (107-113°C, 37mmllg) (8.7g); fraction (c)
(115-125°C, 37mmllg) (7.3g); fraction (d) (< 150°C, 0.1mnHg)
(1.5g). Fraction (a) was shown (by GC) to be
pentafluorobenzonitrile (77.7mmol, 447 recovery). By GC / MS the
remaining fractions were shown to be three component mixtures in
the combined ratio 3.1 : 1.3 : 1. The major two components were
separated by preparative scale gas chromatography (carbowax
colunn, 115°C) and were found to be
perfluoro-4-(2H-hexafluoroisopropvl)benzonitrile (83) (GC
calculated total yield ca 10.2g, 31mmol, 277 yield based upon
aromatic): (Found: C, 37.0; H, 0.3; N, 4.5%; M%, 325. C;oHF;oN
requires: C, 36.9; H, 0.3; N, 4.3%; M, 325); mass spectrum
(electron impact) number 2; n.m.r. spectra ('H, !°F) number 6a;
infrared spectrum number 2. and tetrafuoro -
4-(2'.2"'.2'-trifluoroethyl)benzonitrile (84) (GC calculated total
yield ca 4.2g, 16mmol, 14% yield based upon alkene): (Found: M,
257. Cqlif7N requires M, 257); mass spectrum (electron impact)
number 4; n.m.r. (*H, '°F) spectra number 7a. The minor isomer
crystallised from fraction (d) and was identified as
perfluoro-4-{2'-(4'H-4'-methvlpent-2-envl)]benzonitrile (85) [1.5g
isolated (3.3g calculated), 3.4mmol, 3.8% based upon initial
alkene (6.67% calculated total yield)]: (Found: C, 36.1; H, 0.5; N,
2.9%; M, 437. Cy3llFy 4N requires: C, 35.7; I, 0.2; N, 3.2%; M,
437); m.p. 141°C; mass spectra (electron impact, chemical
ionisation, negative ion) number 5; n.m.r. spectra (i, '°F, !3()
number 4; infrared spectrum number 3.

.2.4 With pentafluoronitrobenzene (71)111

A mixture containing pentafluoronitrobenzene (71) (12.7g,
59.6mmol), dry caesium fluoride (14.5, 95.7mmol), tetraglyme
(20ml) and 2H-pentafluoropropene (69) (7.2g, 54.5mmol) contained
in a flask (250ml) was stirred at room temperature for 64 hours.
Fluorine n.m.r. identified the recovered volatiles (0.93g) as
1,1,1,3,3,3-hexafluoropropane (6.1mmol, 117 based on alkene). The
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reaction mixture was poured into water (100ml), mixed, and ether
extracted (3 X 50ml). The combined fractions were dried (MgS04)
and the ether was removed by distillation (Vigreux column). The
resulting 0il was trap to trap distilled (up to 150°C, 0.0lmmHg),
leaving a tarry residue (11.1g) which was discarded and a
transferred yellow oil (10.2g). Distillation (Fischer Spaltrohr)
yielded ether (2.1g); fraction (a) (50-54°C, 10mmHg) (3.2g);
fractions (b to g) (54-94°C, 10maHg) (3.5g) and discarded residue
(1.1g). GC indicated fraction (a) to be essentially a two
component mixture. The components were separated by GC (75°C,
krytox column) yielding pentafluoronitrobenzene (0.2g) (GC
calculated total yield ca 2.4g, ca 11.3mmol, ca 19%) and
perfluoro-3-methvl-2.1-benzisoxazole (88)111 (0.4g, 1.5mmol, 37%
vield) (GC calculated total yield ca 1.1g, ce 9% yield): [Found:
C, 36.9; N, 5.8%; recorded mass: 258.98236mu. CgF;NO requires: C,
37.0; N, 5.4; (calculated mass: 258.98681mu; difference 4.5mmu.
CsF7NO is the best reasonable match)]; mass spectra (electron
impact, chemical ionisation, negative ion) number 7; n.m.r.
spectra ('H, '°F, '3C) number 1a; infrared spectra number 4.
Fraction (e) was found to have one major component which was
isolated by GC (175°C, column SE30 10%) and identified as
perfluoro-1-nitro-4-(2'H-hexafluoroisopropvl)benzene (87)
(0.2g, 0.6mmol, 1.2% yield) (GC calculated total yield ca 0.9g, ca
2.7mmol, ca 5.6%): (Found: C, 31.0; H, 0.3; N, 4.4%; M', 345.
CoHF;oNOs requires: C, 31.3; H, 0.3; N, 4.1%; M, 345); mass
spectra (electron impact) number 8; n.m.r. spectra (‘H, '9F)
number 2a; infrared spectrum number 5. Fraction (d) (complex
mixture) yielded (175°C, SE30 10%) impure
perfluoro-1-nitro-4-(2'.2"'.2"'-trifluoroethvl)benzene (89 (ca
0.06g, 0.2mmol, 0.4% based on aromatic) (GC calculated total yield
ca 0.3g, ca 1.1mmol, ca 2.27, ): (M+, 277. CgllaF7NO, fequires M+,
277); mass spectrum (electron impact) number 3. n.m.r. spectrum
(1°F) number 2c. In addition there were numerous other small
components which were not isolated.

111

111
)
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6.2.5 0Other substrates
a) Octafluorotoluene
2H-Pentafluoropropene (69) (0.6g, 4.5mmol) was transferred in
vacuo into a dry rotoflo tube containing tetraglyme (3ml),
octafluorotoluene (1.0g, 4.2mol) and caesium fluoride (0.6g,
3.9mmol). After stirring at room temperature for 3 days no

volatiles could be recovered. Following aqueous work up, ether
extraction, and vacuum transfer, GC / MS indicated that there had
been only negligible reaction involving octafluorotoluene.

b) Tetrafluoropyrimidine (156)

2H-Pentafluoropropene (69) (1.25g, 9.5mmol) was transferred in
vacuo into a dry roteflo tube containing tetraglyme (3ml),
tetrafluoropyrimidine (156) (2.0g, 13.0mmol) and caesium fluoride
(2.0g, 13.2mmol). After agitation for ome hour at room
temperature gelation occurred. No unreacted alkene could be
transferred and no products were characterised.

6.2.6 Formation of Anions
a) From 2l-pentafluoropropene (69)
i) Using caesium fluoride
2I[-Pentafluoropropene (69) (0.9g, 6.9mmol) was transferred ¢n
vacuo into a dry rotoflo tube containing tetraglyme (3ml) and
caesium fluoride (2.3g, 15.3mmol). After stirring overnight at
roonm temperature no volatiles could be recovered. Fluorine

n.m.r. analysis of the solution indicated a complex mixture.
The reaction was not investigated further.

i1) Using silver fluoride (in the dark)

2ll-Pentafluoropropene (69) (2.2g, 17.0mmol) was transferred in
vacuo into a dry rotoflo tube containing acetonitrile (10ml)
and silver fluoride (2.3g, 18mmol). The tube was agitated for
2 hours. After this time no volatiles could be recovered.
Rapid filtering through celite and a sinter under dry nitrogen
gave a yellow/brown solution (which deposited a silver mirror
if exposed to light). From its n.m.r. spectra the solution was
believed to contain 2ll-hexafluoroisopropvl silver (96): n.m.r.
spectra ('9F, '3C) number 1b.
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b) From compound (79) (See section 6.3.1)

c) From compound (83)

Compound (83) (0.1g, 0.3mmol) was added to a mixture of
tetraglyme (1ml) and caesium fluoride (0.15g, 1.0mmol) in an
n.m.T. tube. After agitation at room temperature for 3 hours
n.m.r. analysis was consistent with the solution containing the
caesium_salt_of perfluoro-4-(2H-hexafluoroisopropvlibenzonitrile (
94): n.m.r. spectrum ('°F) number 6b.

d) From compound (85)

Compound (85) (0.15g, 0.3mmol) was added to acetonitrile (2ml)
and caesium fluoride (0.3g, 2.2mmol) contained in a flask (5ml).
After stirring at room temperature the solution was examined by
fluorine n.m.r. and after a further 2 days by carbon and fluorine
n.m.r.. The n.m.r. spectra were consistent with the solution
containing the caesium salt of
perfluoro-4-{4'-(2'H-4-nethylpent-2-envl)]benzonitrile (95):
n.o.r. spectra (*°F, !3C) number 5. ‘

e) From compound (87) (See section 6.4.3)

.3 Formation of trifluorcethvl derivatives
6.3.1 Pyridine derivative (79) with caesium fluoride

Caesium fluoride (0.7g, 4.9mmol) was added to a solution of
compound (79) (0.2g, 0.7mmol) in tetraglyme (3ml) contained in a
baked round bottomed flask (10ml). After stirring at room
temperature for 3 hours fluorine n.m.r. analysis of a sample of
the solution [sample (a)] gave only resonances consistent with the
caesium_salt of perfluoro-4-(2H-hexafluoroisopropvl)pvridine
1911111 (n.m.r. spectrum (!°F) number 3b). Water (1 drop) was
then added and the mixture was stirred for a further 18 hours.
Fluorine n.m.r. analysis of a sample of the solution [sample (b)]
gave resonances consistent with trifluoroethyl derivative (§o,. A

repeat n.m.r. analysis of sample (a) at this time still gave
resonances consistent with salt (91).
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6.3.2 Electrochemical reduction of nitrobenzene derivative (87)

(In conjunction with M.W.Briscoe)

Compound (87) (2.0g, 5.9mmol) was dissolved in a solution of
tetraethylammoniumtetrafluoroborate (6.2g, 28.4mmol) in
dimethylformamide (180ml) contained in an electrochemical cell. A
constant potential difference of 1.00V was applied producing a
current of 54md together with a red colouration at the cathode.
After 10 hours the current had dropped to 10mi. Fluorine n.m.r.
analysis indicated that compound (89) was the principal product.
Water was added causing the separation of a lower layer. This
layer was collected and trap to trap distilled under reduced
pressure. GC / MS analysis confirmed compound (89) to be the
major product (M", 233)

6.3.3 Nitrobenzene derivative (87) with caesium fluoride
(See section 6.4.3)

6.4 Investigation into the Formation of Compound (88)

6.4.1 'Usual work up' of reaction mixtures
Water (3 drops) was added to the solution, which was then trap to
trap distilled ¢s vacuo. The resultant oil was then examined by
capillary gas chromatography (GC).

6.4.2 Reaction of trifluoroethvl derivative (89) with F_

Caesium fluoride (0.38g, 2.5mmol) was added to a solution of
compound (89) (50x1, ca 0.03g, ca 0.12mmol),
pentafluoronitrobenzene (71) (15xl, ce 9.3mg, ca 0.04mmol) in
tetraglyme (1ml) contained in a small vessel. The vessel was
sealed and rotated for a period of 18 hours. Usual work-up
followed by capillary GC indicated the presence of
pentafluoronitrobenzene (71) and a trace of compound (89) (GC
integral ratio 5 : 1).

6.4.3 Reaction of isopropvl derivative (87) with F~
a) Kith pure reagents

Caesium fluoride (0.20g, 1.3mmol) was added to a very pure sample
of compound (87) (30xl, ca 0.04g, ca 0.12mmol) in tetraglyme
(0.5ml) contained in a dry vessel. After agitation for 17 hours
usual work up and GC analysis indicated the presence of isoxazole
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derivative (88) (trace only), compound (87), and trifluoroethyl
derivative (89) (approximately equal quantities of last two).

The experiment was repeated under constant fluorine n.m.r.
analysis. After 30 minutes all of the resonances attributed to
compound (87) had been replaced by resonances attributed to the
caesium salt of compound (87) (93): n.m.r. spectrum (!°F) number
2b. Over the course of one day anion (83) reacted further (ca 507
reaction) yielding resonances attributed to the

caesium salt of compound (89) (97): n.m.r. spectrum number 7b.
Usual work up and analysis indicated the presence of compound (88)
(trace), compound (89), and compound (87) (GC integral ratio <1 :
8 :9).

b) KWith pentafluoronitrobenzene (71) impurity

Under identical conditions to (a) caesium fluoride (0.17g,
1.1mmol) was added to compound (82) (10xl, ca 6.2mg, ca 0.03mmol).
pure compound (87) (30gxl, ca 0.04g, ca 0.12mmol) in tetraglyme
(0.5ml) contained in a dry vessel. After agitation for 17 hours
usual work up and GC analysis indicated the presence of isoxazole
derivative (88), compound (71), compound (87), and compound (89)
in the ratio ca 3 : 2 : 1 : <1.

c) Kith pentafluorobenzonitrile (82) impurity

Two identical mixtures were prepared consisting of tetraglyme
(1.00g), compound (87) (30ul, ca 0.04g, ca 0.12mmol), and caesium
fluoride (0.2g, 1.5mmol). To the first, mixture (a), was added
pentafluorobenzonitrile (82) (51, ca 3mg, ca 0.016mmol), to the
second, mixture (b), was added pentafluoronitrobenzene (71) (5ul,
ca 3mg, ca 0.015mmol). After agitation for 18 hours at room
temperature the solutions were worked up in the usual way. G/C
analysis gave the integral ratios shown in table 6.1.

Tabhle 6.1

isoxazole , ethyl v

mixture ratio of derivative (88) ' derivative (89)
a (+ NCGCgFs) 1 : 8.5
b (+ 02NCgF5) 1 : 0.6
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d) Kith varying solution concentrations

Tetraglyme (0.31g, 0.52g, 0.87g, and 0.97g) was introduced into
four dry vessels (a), (b), (c), and (d) respectively. To each of
the vessels was added compound (87) (30gxl, ca 0.04g, ca 0.12mmol),
pentafluoronitrobenzene (71) (5xl, ca 3mg, ce 0.015mmol) and
caesium fluoride (0.20g, 0.13mmol). The vessels were sealed and
rotated for 18 hours after which time the mixtures were worked up
in the usual way. The ratios of the normalised (to total 100) GC
integrals of the products are presented in table 6.2.

Table 6.2

Relative Isoxazole Isopropyl Ethyl
Reaction Solvent Derivative : Derivative : Derivative
Mass (88) (87) (89)
a 1.0 51 : 6 : 43
b 1.7 37 : 17 : 45
C 2.8 28 : 20 : 52
d 3.1 6 : 23 : 70

e) With Pentafluoronitrobenzene (71) + a free radical trap

i) Kithout caesium fluoride
Compound (87) (30pl, ca 0.04g, ca 0.12mmol),
pentafluoronitrobenzene (71) (10x1) and
2-methyl-2-nitrosopropane dimer (0.0157g, 0.09mmol) were
dissolved in tetraglyme (0.5ml). After rotating at room
tenperature for 20 hours followed by usual work up GC analysis
detected only starting materials.

11) Kith caesium fluoride
Mixtures (a and b) were prepared containing compound (87)
(30p1, ca 0.04g, 0.12mmol), pentafluoronitrobenzene (71) (10x1,
ca 6.2mg, ca 0.03mmol), tetraglyme (0.5ml) and caesium fluoride
(0.10g, 0.7mmol) contained in small dry vessels. To mixture
(b) was added 2-methyl-2-nitrosopropane dimer (0.0140g,
0.08mmol). Both vessels were sealed and rotated for a period
of 20 hours followed by usual work up and GC analysis. The
ratios of the normalised (to total 100) GC integrals of the
products are presented in table 6.3.
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Table 6.3

Isoxazole Isopropyl Ethyl
Reaction Derivative : Derivative : Derivative
(88) (87) (89)
a (control) 69 : 24 : 7
b 32 : 32 : 36

£) Attempt to form a substituted isorazole derivative

Caesium fluoride (0.36g, 2.4mmol) was added to a mixture of
pentafluoronitrobenzene (71) (10xl, ca 6.2mg, ca 0.03mmol),
benzonitrile derivative (83) (40xl, ca 0.05g, ce 0.15mmol), and
tetraglyme (0.6ml) contained in a small dry vessel. After
rotating for 19 hours, followed by usual work up, GC analysis
revealed roughly equal proportions of compounds (83),
trifluoroethyl derivative (84), and pentafluoronitrobenzene (71),
with no significant peaks unaccounted for.
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Chapter 7 - Experimental to Chapter 3
1 Fluoride Ton Induced Reaction of Pentafluoropvridine (78) With
Dimethvlacetvlenedicarboxvlate (DMAD) (105)

Pentafluoropyridine (78) (2.65g, 15.7mmol), caesium fluoride
(4.0g, 26.3mmol), and tetrahydrothiophen-1,1-dioxide (45ml) were
introduced into a dry round bottomed flask under an atmosphere of
dry nitrogen. The mixture was maintained at a temperature of 80
to 90°C while DMAD (105) (2.3g, 15.1mmol) was added dropwise over
a period of 160 minutes. After a further three hours at this
temperature the mixture was cooled and poured onto water (200ml).
Ether extraction (3 X 40ml) with drying (MgSO4) and combining of
fractions followed by trap to trap distillation ¢n wacuwo yielded
an orange oil and a tarry none-volatile. GC / MS analysis of the
0il indicated the presence of DMAD (105),
tetrahydrothiophen-1,1-dioxide and two species in the ratio 3 : 2
which were identified as i{rans and cis isomers of
2-fluoro-3-(4'-tetrafluoropvridvl)dimethvlbut-2-en-1.4-dioate (106
and 107): (Found: M, 311. C;{HeFO.N requires M, 311); mass
spectrum (electron impact) number 9; n.m.r. spectra (‘H, '°F)

numbers 8a and 8b. Despite repeated aqueous washings pure samples
of compounds (106 and 107) could not be obtained

.2 Fluoride Ton Induced Reactions of Perfluorinated Cvclic

Alkenes With Dimethvlacetvlenedicarboxvlate (DMAD) (105)

.2.1  With perfluorocvclobutene (108)

Caesium fluoride (3.6g, 24.7mmol) was introduced against a flow
of dry nitrogen into a rotoflo tube containing dry tetraglyme
(20ml). After cooling DMAD (105) (3.45g, 243mmol) was introduced
and the mixture was immediately frozen in a liquid air bath and
evacuated. Perfluorocyclobutene (108) (10.3g, 63.3mmol) was then
condensed onto the frozen mixture in vacuo. The mixture was
alloved to thaw behind a safety screen situated in a fumes
cupboard. After stirring at room temperature for a period of 315
minutes volatiles (1.9g) were recovered. Proton n.m.r analysis of
the volatiles did not show methyl group resonances (the volatiles
wvere believed to be perfluorocyclobutene and its oligomers). The
reaction mixture was poured onto cold water (150ml) forming three
layers. The lower layer (2.6g) was trap to trap distilled in
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vacuo (2.1g transferred). Analysis by GC/MS indicated that the
layer was largely (> 80%) perfluorocyclobutene (108), and its
dimers and trimers. ' After trap to trap distillation (1.8g
transferred) of the middle layer GC/MS indicated the presence of a
complex mixture of products including a component with the correct
molecular mass to be ¢is or
trans-2-fluoro-3-(1'-pentafluorocvelobufvl)dimethvlbut-2-en-
-1.4-dioate (109) (ca 13% of GC integral): (Found: M, 304.
CioHgFe0y requires: M, 304.); mass spectrum (electron impact)
number 10.

.2.2  With perfluorocvclopentene (110)

This reaction was performed many times, a typical experiment is
detailed below. Perfluorocyclopentene (110) (bpt 27°C) was
manipulated in a vacuum system or fumes cupboard due to its
volatility at room temperature.

Caesium fluoride (11.9g, 78mmol) and tetraglyme (40ml) were mixed
in a dry rotoflo tube. The tube and contents were frozen in
liquid air and perfluorocyclopentene (110) (47.6g, 224mmol) was
introduced iz vacuo. The mixture was thawed and equilibrated in a
water bath to a temperature of 14°C. After opening the tube to an
atmosphere of dry nitrogen, a septum was fitted replacing the tap.
DMAD (105) (10.2g, 71.9mmol) was added dropwise through the septum
into the rapidly stirred solution over the course of 255 minutes.
The tube was then resealed and warmed to room temperature
overnight. Volatiles (37.7g, 178mmol) were recovered and
identified as perfluorocyclopentene (110) by the comparison of
infrared spectra with an authentic sample. The mixture was then
combined with the reaction mixture from a similar reaction (11.7g,
55.4mmol of octafluorocyclopentene (110) consumed), and then
poured onto ice water (1 litre). After mixing and standing, a
lower layer was collected. The aqueous layer was extracted with
ether (3 X 30ml), combining the ethereal fractions with the lower
layer. After drying (MgS04) with the removal of the ether by
rotary evaporation, trap to trap distillation followed by
distillation (Fischer Spaltrohr) afforded a mixture of ¢is and
trans isomers of
9-fluoro-3-(1'-heptafluorocyclopentyl)dimethylbut-2-en-1.4-dioate
(111 and 112) (cis:trans ratio ca 3:2) (b.p. 53-63°C, 0.04mnllg)
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- (14.4g, 40.7mmol, 40% based upon perfluorocyclopentene consumed).
Upon standing the trans-isomer crystallised: (Found: C, 37.6; H,
1.9; F, 42.45%; M', 354. C;,HgFg04 requires: C, 37.3; H, 1.7; F,
42.9%; M, 354.); m.p. 48°C; mass spectrum (electron impact,
chemical ionisation, negative ion) number 11; n.m.r. spectra (‘H,
19F, 13C) number 9; infrared spectrum number 6. The cis isomer
was not isolated: (Found: M', 354. CioHgFs0s requires: M, 354);
mass spectra (electron impact, chemical ionisation, negative ion)
identical to number 11; n.m.r. spectra (*H, '°F) number 10.

.2.3  With perfluorocvclohexene (113)

Caesium fluoride (9.6g, 63.1mmol) was added to a mixture of
perfluorocyclohexene 113) (11.3g, 43.2mmol) and tetraglyme (40ml)
contained in a dry rotoflo tube under an atmosphere of dry
nitrogen. DMAD (105) (6.3g, 44.4mmol) was slowly added to the
mixture over the course of 100 minutes at room temperature. The
mixture was stirred at this temperature for a further 160 minutes,
and was then poured into distilled water (1500ml). After mixing
and standing the two lower layers which formed were collected.
Distillation yielded fraction (a) (b.p. 80 °C, atmospheric
pressure) (3.7g), fraction (b) (80°C, 0.05mmHg) (0.65g) and
non-volatile residue (3.9g). Fraction (a) was subsequently
identified as perfluorocyclohexene (113) by the comparison of GC
retention times with an authentic sample. GC and GC/MS indicated
that fraction (b) was a mixture of DMAD (105) (ce 207 of GC
integration) and two principal products (ca 207 and 45% of GC
integration). Upon standing crystallisation of the major product
occurred, this product was identified as
trans-2-fluoro-(1'-nonafluorocvelohexvl)dimethvlbut-2-en-
-1.4-dioate (114): (0.25g, 0.6mmol, 1.47% yield based upon alkene):
(Found: C, 35.9; H, 1.4; F, 46.6%; M", 404. CiallsF; o0y requires:
C, 35.6; I, 1.5; F, 47.0%; M, 404); m.p. 66°C; mass spectrum
(electron impact) number 12; n.m.r. spectra ('H, '°F, !'3C) number
11; infrared spectrum number 7. The other product was assigned as
the cis- isomer (115): (Found: M+, 404. CyalgF1004 requires: M,
404); n.m.t. spectra (‘H, '9F) number 12a; mass spectrum (electron
impact) number 12.
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3  Reactions of Dienes (111 and 112)

3.1 ¥ith neutral methanol

Methanol (0.24g, 7.5mmol) was added to a solution of dienes (111
and 112) (2.65g, 7.5mmol) in acetonitrile (10ml) contained in a
round bottomed flask. The solution was stirred at room
temperature for a period of 3 days. Fluorine n.m.r. analysis of a
portion of the mixture indicated that no reaction had occurred.

.3.2  Vith methanol in the presence of sodium hvdrogzen carbonate

Sodium hydrogen carbonate (3.0g, 35.5mmol) was added to a
solution of a dienes (111 and 112) (2.1g, 6.0mmol). methanol
(1.5g, 48.1mmol), and acetonitrile (10ml) contained in a round
bottomed flask. After stirring at room temperature for 3 days the
mixture was filtered, collecting a solution and a white solid
(2.8g) which was discarded. Volatiles were removed from the
solution by rotary evaporation, and the resultant oil was trap to
trap distilled in vacwo yielding a colourless oil (2.0g). GC / MS
indicated the presence of two principal components in the ratio
6 : 5. The major component partially crystallised and was
identified as
2-f1uor0—3—[1'-(2'-methoxv-hexafluorocvclonen:;l)1dimethv1but-2-en
-1.4-dioate (117) (0.3g, 0.8mmol, 147 yield): (Found: C, 39.3; H,
2.3%; M', 366. CyialgF;05 requires: C, 39.3; H, 2.5%; M, 366);
m.p. 48°C; mass spectra (electron impact, chemical ionisation,
negative ion) number 13; n.m.r. spectra (*H, !°F, !3C) number 13;
infrared spectrum number 8. The other component was not isolated
but was identified as

2—meth0xv-3—(1'—heptaflnorocvcloDengzl)dimethvlbut-?—en—1.4-dioate
(116): (Found: M, 366. CiallgF705 requires: M, 366); mass
spectrum (electron impact) number 14; n.m.r. spectra (‘H, !°F)
number 12b. Combined crude yield: 2.0g, 5.4mmoles, ca 90%.

.3.3  With potassium sulphide

To a solution of dienes (111 and 112) (6.2g, 17.5mmol) in an
acetonitrile solution (10ml) was added freshly ground dry
potassium sulphide (2.6g, 23.5mmol) contained in a dry flask
(50ml). After an initial exotherm the solution was stirred at

room temperature for a period of 20 hours. The solvent was
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removed by rotary evaporation and was replaced with chloroform. A
solid (1.5g) was collected by filtration and discarded. The
solvent was again removed by rotary evaporation and the residue
was trap to trap distilled yielding a colourless oil (2.6g). On
standing the oil started to crystallise and also precipitated a
small quantity of a white powder. In an earlier experiment this
powder had been identified as sulphur (the powder did not dissolve
in common solvents nor give infrared absorptions). The oil was
again trap to trap distilled yielding a colourless oil which again
crystallised and was identified as
2.3-biscarbomethoxy-4.5-hexafluoropropvlhicvelo[3.3.0]thiophene
(118) (1.8g, 5.1mmol, 29% yield) (Found: C, 37.7; H, 1.6; F,
33.3%; M, 348. Cy,llgFs04S requires: C, 37.9; H, 1.7; F, 32.8Y;
M, 348); m.p. 40°C; mass spectra (electronm impact, chemical
ionisation, negative ion) number 15; n.m.r. spectra (*H, !°F, 13()
number 14; infrared spectrum number 9.

.3.4  With catechol (120) in the presence of sodium hvdrogen
carbonate

To a solution of dienes (111 and 112) (isomeric mixture) (1.15g,
3.3mmol) in acetonitrile (40ml) was added sodium hydrogen
carbonate (1.5g, 17.5mmol) and catechol (120) (0.8g, 6.9mmol).

The mixture was stirred at room temperature for a period of 15
days. Filtration yielded a white powder (1.0g) and a pale green
solution. Removal of the solvent under reduced pressure yielded a
yellow solid (1.3g). Washing with a little cold ether left a
white solid (1.05g). A small sample of this material was sublimed
(0.05mmHg, 70°C) for analysis, and was identified as
1.6-benzodioxocin derivative (121) (see scheme 3.16) (2.1mmol,
647 yield): (Found : C, 55.9; W, 2.7; F, 15.9%; M',494.

Coslly 40sF4 requires: C, 55.9; I, 2.8; F, 15.4%; M, 494); m.p.
152°C; mass spectra (electron impact, chemical ionisation) number
16; n.m.r. spectra (M, '9F, !3C) number 15; infrared spectrum
number 10.
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7.3.5  With 1.2-benzenedithiol (122) in the presence of sodium

carbonate

Sodium hydrogen carbonate (1.4g, 17.0mmol) and 1,2-benzenedithiol
(122) (1.1g, 7.75mmol) were added to diemes (111 and 112)
(isomeric mixture) (1.2g, 3.4mmol) dissolved in acetonitrile
(10ml) contained in a round bottomed flask. After stirring at
room temperature for a period of three days volatiles were removed
under reduced pressure, and then chloroform (50ml) was added.
Filtration yielded a yellow solution and a white powder (1.2g),
which was discarded. Removal of the solvent from the solution
vielded a yellow solid (1.4g). A sample of this solid was washed
with acetonitrile and then recrystallised from ethanol, and was
identified as 1.6-benzodithiocin derivative (123) (See fig. 3.18)
[2.5mmol crude, 73% yield based upon dienes (111 and 112)]:
(Found: C, 48.0; H, 2.9%; M", 578; recorded mass 577.9465mu.
CogHy5F55404 requires: C, 47.8; H, 2.6%; M, 578; accurate mass
577.9773mu, difference 30.8mmu, CagH;5F5S404 is the best
reasonable match); m.p. 138°C; mass spectra (electron impact,
chemical ionisation) number 17; n.m.r. spectra (‘H, !9F, 13()
number 16; infrared spectrum number 11.

7.3.6 Attempted reaction with potassium hydroxide

Potassium hydroxide (0.2g, 4.1mmol) was added to a solution of
dienes (111 and 112) (1.3g, 3.5mmol) in dimethylformamide (dry,
10ml) contained in a round bottomed flask. The mixture was
stirred at room temperature for a period of 25 hours. Addition of
water (30ml) and chloroform extraction (3 X 30ml) followed by
drying and removal of volatiles by rotary evaporation yielded a
red 0il (0.8g). GC / MS analysis indicated a complex mixture a
small component of which had a correct m/e for the desired furan
derivative (126): (Found: M+, 332. CyleFg0s requires: M, 332);
mass spectrum (electron impact) number 6.




Chapter 8 - Experimental to Chapter 4

8.1 Procedural note

The following two sections define phrases that are used
throughout this chapter.

8.1.1 "Calibrated flnorine n.m.r."
To assess the extent of reaction a small known mass of

hexafluorobenzene was added to the reaction mixture as an internal
19F n.m.r. standard. The mass of substrate remaining was then
easily calculable from its !°F n.m.r. integrals.

8.1.2 "Ether extraction and usual work-up"

Multiple ether extractions were performed upon aqueous
solutions/mixtures. The fractions were then combined and dried
(MgS04). Ether was then removed by rotary evaporation yielding a
solid residue.

8.1.3 Measurement of plk; values
A standard solution of the substrate in distilled water was
prepared. The pH of a known volume of this solution was recorded.

The solution was then progressively diluted with its pH being
recorded after each dilution.

) [ .
Using: HA == " + A" ad Ka = Ty (] (1it. 179y

we can calculate a value for the pK, from each acidity
measurement. For example for the pyridazine derivative (135)
(Section 8.3.3):

Molarity of standard solution (50ml) = [HA], = 1.030 X 1073M

Volume ?flyater added Measured pll Calculated pKa
m.

0 3.136 2.95
10 3.232 2.90
20 3.285 2.91
30 3.332 2.91
40 3.372 2.91
50 3.408 2.91
60 3.438 2.89
80 3.498 2.89

100 3.549 2.88
mean pk, = 2.91

i
—
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8.2 Preparation of starting materials
8.2.1 2.4.6-Trifluoropvrimidine (153)

Caesium fluoride (75.1g, 494mmol) was added to a solution of
tetrahydrothiophen-1,1-dioxide (40ml) and
2,4,6-trichloropyrimidine (24.7g, 134.7mmol), contained in a flask
(1 litre) fitted with a reflux condenser. The solution was heated
to a temperature of 125°C for a period of 3 hours. Volatiles were
removed under reduced pressure and were identified as pure
2,4,6-trifluoropyrimidine (153) (13.0g, 96.8mmol, 72% yield): b.p.
97-999C (1it.17® 98-1009C); ('H n.m.r.: 6 6.7ppm, singlet. !°F
n.m.r.: ¢ -41.0, singlet, integral 1; § -52.5, singlet, integral
2.).

8.2.2 Perfluoro-4-isopropvlpvridazine (1511177
177

a) Perfluoro-4,5-bis-isopropylpyridazine
Caesium fluoride (1.0g, 6.7mmol), tetrahydrothiophen-1,1-dioxide
(40ml), hexafluoropropene (70) (19.3g, 128.7mmol), and
tetrafluoropyridazine (158) (8.15g, 53.6mmol) were introduced into
a dry flask (200ml) equipped with an expandable gas reservoir.
After stirring for two days at room temperature a partial vacuum
had formed in the apparatus. A white solid was collected by
reduced pressure distillation of the reaction mixture. This solid
was identified as crude perfluoro-4,5-bis-isopropylpyridazine
(19.7g, 43.5mmol, 81% yield) by comparison of its fluorine n.m.r.
spectrum with that of an authentic sample.177
b) Perfluoro—4—isopropylpyridazine”7
A mixture of perfluoro-4,5-bis-isopropylpyridazine (19.5g,
43.1mmol), tetrafluoropyridazine (158) (9.5g, 62.5mmol), and
caesium fluoride (6.3g, 41.5mmol) in
tetrahydrothiophen-l,l—dioxidé (95ml) was stirred for 8 hours
while maintained at a temperature of 120°C. The volatile product
(14.0g) was collected by distillation yielding
perfluoro-4-isopropylpyridazine (157) (10.1g, 33.5mmol, 637 yield
based upon initial tetrafluoropyridazine) (b.p. 81-83°C, 7mnllg)
)

(fluorine n.m.r. in agreement with literaturel '
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8.2.3 Perfluoro- (4-phenvl)pvridine (159)

n-Butyllithium (11.0ml of a 2.5M solution in hexane, 27.5mmol)
was added to a stirred solution of pentafluorobenzene (5.0g,
30.0mmol) dissolved in dry ether (70ml) maintained at a

temperature of -78°C, under a dry nitrogen atmosphere. After 15
minutes pentafluoropyridine (78) (6.0g, 35.7mmol) was added
dropwise. After stirring for a further 15 minutes the solution
wvas allowed to warm to room temperature. Volatiles were then
removed by rotary evaporation. Sublimation of the residue (100°C,
0.01mmHg) yielded compound (159) (7.7g, 24.3mmol, 88% yield based

upon n-butyllithium). Fluorine n.m.r. was in agreement with the
literature! 'S

8.3 Reactions of malononitrile (127) with fluorinated aromatics
8.3.1 V¥ith pentafluoropvridine (78)

Malononitrile (127) (5.1g, 77.3mmol) was added to a stirred
mixture of acetonitrile (50ml), pentafluoropyridine (78) (18.7g,
110.9mmol), and potassium fluoride (27.5g, 474mmol), contained in
a dry round bottomed flask (200ml). The mixture was stirred at
room temperature for 1 hour and then at reflux temperature for 3
hours. Volatiles, which were removed under reduced pressure, were
shown, by calibrated fluorine n.m.r. (see section 8.1.1), to
contain pentafluoropyridine (78) (ca 6.0g, ca 35.5mmol, ca 32%
crude recovery) as the only fluorocarbon component. To the
residue was added concentrated hydrochloric acid (30g, 296mmol)
dissolved in distilled water (350ml), producing a green solution
containing a white precipitate. Ether extraction (4 X 50ml) and
usual work-up of this mixture (see section 8.1.2), followed by
sublimation of the residue (80°C, 0.01mmllg) yielded a white solid,
subsequently identified as 4'-tetrafluoropvridvlimalononitrile
(129) (14.7g, 68.5mmol, 83.67% yield based upon malononitrile);
(Found: C, 44.4; M, 0.5; N, 19.2; F, 35.5%; N", 215; M, 214.
CgHF4N3 requires: C, 44.7; H, 0.4; N, 19.5; F, 35.3%; M, 213);
m.p. 125°C; mass spectra (electron impact, chemical ionisation,
negative ion) number 18; n.m.r. spectra ('H, !9F, 13C) number 17;
infrared spectrum number 12; pky 1.6 + 0.1.

Caesium fluoride (20.1g, 131.9mmol) was added to a stirred
solution of pyridine derivative (129) (14.7g, 68.5mmol) dissolved
in acetonitrile. After 30 minutes at room temperature the
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solution was filtered, the solvent was then removed by rotary
evaporation leaving a yellow powder. Recrystallisation of this
powder from hot distilled water (25ml) gave a pale yellow solid
which was subsequently identified as the

caesium salt of 4'-tetrafluoropvridvimalononitrile (130) (21.6g,
62.2mmol, 80% yield based upon malononitrile). An analytical
sample was prepared by recrystallisation from ethanol: [Found: C,
27.6; N, 12.3; F, 21.9%; M, 214 (FAB). CsF4N3Cs requires: C,
27.7; N, 12.1; F, 21.9%; M, 214]; m.p. 255-260°C (decomposition);
mass spectra (FAB ) number 19; n.m.r. spectra (!°F, !3C) number
18; infrared spectrum number 13.

3.2 With perfluoro-(4-phenvl)pvridine (159)

Caesium fluoride (6.7g, 44.1mmol) was added to a stirred solution
of compound (159) (4.7g, 14.9mmol) and malononitrile (127) (0.9g,
14.1mmol) in acetonitrile (20ml), contained in a flask (100ml).
After 16 hours at room temperature fluorine n.m.r. indicated a ca
50% consumption of compound (159). Heating at reflux temper ature
for a further 30 minutes had no observable effect upon the degree
of reaction. Volatiles were then removed under reduced pressure.
Dry acetone was added to the residue, the mixture was filtered and
then the acetone was removed under reduced pressure.
Recrystallisation of the residue from distilled water yielded a
yellow solid (5.4g) and concentration of the recrystallisation
liquor yielded another yellow solid (0.5g). Recrystallisation of
the first solid from distilled water and then from acetonitrile
yielded the impure
caesium salt of {1'-{4'-(4"'-tetrafluoropvridvl)-
-tetrafluorophenyl]}malononitrile (132) (3.9g, 7.9mmol, 567%
yield): n.m.r. spectrum (!*°F, '3C) number 27. Concentrated
hydrochloric acid (6.0g, 59.2mmol) was added to a solution of salt
(132) (1.62g, 3.3mmol) dissolved in distilled water (30ml). Ether
extraction (3 X 20ml) and usual work-up, followed by sublimation
(80%C, 0.01mmllg) yielded a pale yellow solid which was
subsequently identified as
{1'-[4'-(4""-tetrafluoropvridvl)tetrafluorophenyvl]}-
-malononitrile (131) [0.9g, 2.5mmol, 76% yield based upon salt
(132)]: Recorded mass: 362.96867mu: (C; 4HIN3Fg requires:
363.00427mu; difference 35.6mmu; C;4lIN3Fg is the best reasonable
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match); mass spectra (electron impact, chemical ionisation,
negative ion) number 21; n.m.r. ('H, '°F, 13C) number 26.
Recrystallisation of the second solid from acetonitrile yielded an
impure solid identified by fluorine n.m.r. (spectrum number 23b)
as the caesium salt of {2'-[4'-(pentafluorophenvl)-
-3'.5".6'-trifluoropvridvl]}malononitrile (134) (0.95mmol crude,
ca 7} yield). Concentrated hydrochloric acid (5 drops) was added
to an aqueous solution of salt (134) (30mg, ca 0.06mmol) producing
a white precipitate. Ether extraction and usual work-up yielded
an off-white solid which was subsequently identified as
{2'-[4'-(pentafluorophenvl)-3'.5'.6"-trifluoropyridvl]}-
-malononitrile (133) [ca 10mg, 0.03mmol, ca 45% yield based upon
salt (134)]: (Recorded mass: 362.99764mu. C;4HN3Fg requires:
363.00427mu; difference 6.6mmu. C;4HN3Fs is the best reasonable
match); m.p. 1229C; mass spectra (electron impact, chemical
ionisation, negative ion) number 20; n.m.r. ('H, '°F) number 23a;
infrared spectrum number 14.

.3.3  Vith tetrafluoropvridazine (158)

Malononitrile (127) (8.5g, 128mmol) produced a red colouration
when added to a stirred mixture of tetrafluoropyridazine (158)
(20.9g, 138mmol), caesium fluoride (48.9g, 322mmol), and
acetonitrile (50ml), contained in a flask (500ml). The solution
was heated at reflux temperature for 4 hours, after which time
calibrated fluorine n.m.r. indicated tetrafluoropyridazine (158)
(1.8g, 12mmol) to be a component of the solution. The solvent was
removed under reduced pressure. The residue was recrystallised
twice, initially from distilled water, and then from acetonitrile,
yielding pale yellow crystals subsequently identified as the
caesium salt of (4'-trifluoropvridazvl)malononitrile (136) (33.8g,
103mmol, 80.17% yield based upon malononitrile): (Found: C, 25.3;
N, 16.8; F, 17.4. C;F3N,Cs requires: C, 25.5; N, 17.0; F, 17.3%.
); m.p. 2169C (decomposition); n.m.r. spectra (!'°F, !'3C) number
29; infrared spectrum number 15.

To salt (136) (5.8g, 17.5mmol) dissolved in distilled water
(100ml, 50°C) was added concentrated hydrochloric acid (10g.
98mmol) producing an instant off-white coloured precipitate.

Ether extraction (4 X 40ml) and usual work-up yielded a yellow
solid. Recrystallisation of which from ethylacetate, yielded a
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pale yellow solid subsequently identified as
3'.5".6'-trifluoropvridazvl-4'-vlidenemalononitrile (135) [2.1g,
10.7mmol, 61% yield based upon salt (136)]: (Found: C, 42.1; H,
0.4; F, 29.2; N, 28.7%; M', 198. C;lFsN; requires: C, 42.4; H,
0.5; F, 28.8; N, 28.3%; M, 198); decomposes at 150°C; mass spectra
(electron impact, chemical ionisation, negative ion) number 22;
n.m.r spectra (‘H, !°F, '3C) number 28; infrared spectrum number
16; pKa 2.9. Purification via sublimation (70°C, 0.01mmHg) led to
extensive decomposition [yield ca 307 based upon salt (136)].

.3.4  VWith perfluoro-4-isopropyvlpvridazine (157)

Caesium fluoride (7.8g, 51.3mmol) was added to a solution of
compound (157) (2.9g, 9.6mmol) and malononitrile (127) (0.5g,
8.2mmol), in acetonitrile (20ml). The mixture was stirred at room
temperature for 150 minutes. The reaction mixture was then
filtered, washing the residue with dry acetone. The removal of
volatiles, under reduced pressure, yielded a tarry yellow
hydroscopic solid which was identified as the crude
caesium salt of 4'-(perfluoro-5'-isopropvlpvridazvl)malononitrile
(138) (3.7g, 7.8mmol, 95% yield based upon malononitrile): [Found:
M, 347 (FAB). C;oN4FoCs requires: M, 347]; mass spectra (FAB %)
number 23; n.m.r. (Y0, '°F, !3C) number 31.

Concentrated hydrochloric acid (5.1g, 50mmol) was added to a
solution of crude (138) (1.1g, 2.3mmol) in distilled water (30ml),
at room temperature, producing a yellow precipitate. Ether
extraction and usual work-up yielded a yellow solid. Sublimation
of this solid (100°C, 0.01mmol) yielded a pale yellow solid
subsequently identified as
3'.5'-difluoro-(4'-heptafluoroisopropvl)pvridazvl-4'-
-vlidenemalononitrile (137) [0.6¢. 1.8mmol. 787 vield based upon
salt (138)]: (Found: C, 34.7; W, 0.4; N, 16.5%; M", 348. CyollFoN,
requires: C, 34.5; H, 0.3; N, 16.1%; M, 348); m.p. 81°C; mass
spectra (electron impact. chemical ionisation, negative ion)
number 24; n.m.r. spectra ('°F, '3C) number 30; infrared spectrum
number 17; pky ce 3.2.
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8.3.5 With tetrafluoropvrimidine (136)

o2]

Caesium fluoride (25.0g, 164mmol) was added to a solution of
acetonitrile (20ml), tetrafluoropyrimidine (156) (9.2g, 60.5mmol),
and malononitrile (127) (3.4g, 51.4mmol), contained in a flask
(100ml). The stirred mixture was maintained at a temperature of
45%C for 4 hours, after which time calibrated fluorine n.m.r.
indicated the presence of tetrafluoropyrimidine (156) (1.6g,
10.5mmol). The volatiles were removed under reduced pressure
leaving an off-white residue. This residue was recrystallised
from hot distilled water yielding a white solid which was
subsequently identified as the
caesium salt of (4'-trifluoropvrimidvl)malononitrile (140) (12.2g,
37.0mmol, 727 yield based upon malononitrile): [Found: C, 25.8; N,
17.35%; M, 197 (FAB). C;F3N4Cs requires: C, 25.5; N, 17.0%; N,
197]; m.p. 206°C (decomposition); mass spectra (FAB %) number 25;
n.m.r. spectra ('°F, '3C) number 36; infrared spectrum number 18.
To a stirred solution of crude salt (140) (2.9g, 8.1mmol) in
acetonitrile (15ml), under an atmosphere of dry nitrogen, was
added trimethylsilylbromide (2.0g, 13.2mmol) through a septum. An
instant white precipitate was produced. After 5 minutes stirring,
analysis (fluorine n.m.r.) indicated 3 species in solution (ratio
8 : 3 :1). The solution was filtered under dry nitrogen and the
solvent was removed under reduced pressure leaving a brown solid
(1.5g). Sublimation of this solid (80°C, 0.05mmlg) yielded a
white solid subsequently identified as a mixture of two isomers of
2'.6'-difluoro-1H-pyrimidvl-4'-vlidenemalononitrile (139.141)
[0.13g, 0.7mmol, 97 based upon salt (140)]: (Found: C, 42.5; I,
0.6; N, 28.2%; M*, 198. C;IF3N; requires: C, 42.45; 1, 0.5; N,
28.3%; M, 198); m.p. 125-130°C (decomposes); mass spectra
(electron impact, chemical ionisation, negative ion) number 26;
n.m.r. spectra (*°F, !3C) number 35; infrared spectrum number 19.
The minor component of the reaction mixture was thought to be a

silyl derivative but was not investigated further.

.3.6 With 2.4.6-trifluoropvrimidine (155)

Caesium fluoride (14.5g. 95.5mmol) was added to a solution of
malononitrile (3.0g, 45.3mmol), and compound (155) (6.6g,
49.3mmol), in acetonitrile (20ml). The mixture was maintained at
reflux temperature for 2 hours, and was then cooled to room
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temperature. Calibrated fluorine n.m.r. indicated the presence of
compound (155) (ce 0.5g, 3.7mmol) in solution. Volatiles were
removed under reduced pressure. The residual solid was
recrystallised from.distilled water, yielding a solid which was
identified as the

caesium salt of 2'-(4"'.6'-difluoropvrimidvlimalononitrile (142)
(6.0g, 19.2mmol, 427 yield based upon malononitrile): [Found: C,
27.2; H, 0.2; N, 18.3%; M, 179 (FAB). C7HF9N4Cs requires C,
26.9; H, 0.3; N, 17.9%; N, 179]; decomposes ca 250°C; mass
spectra (FAB %) number 27; n.m.r. spectra ('H, '°F, '3C) number
38; infrared spectrum number 20. Concentration of the
recrystallisation liquor, followed by cooling yields a yellow
solid (7.6g). Recrystallisation of which from acetonitrile and
then from ethylacetate yielded a white solid which was identified
as the caesium salt of 4'-(2'.6'-difluoropvrimidvl)malononitrile
(143) (5.0g, 16.0mmol, 357 yield based upon malononitrile):
[Found: C, 27.0; H, 0.55; F, 11.9; N, 17.6%; M, 179 (FAB).
C7HFyN4Cs requires C, 26.9; H, 0.3; F, 12.2; N, 17.9%; M, 179];
m.p. 202°C; mass spectra (FAB %) number 28; n.m.r. spectra ('H,
19F, 13C) number 37; infrared spectrum number 21.

.3.7 Vith tetrafluoropvrazine (160)

Caesium fluoride (13.4g, 8.8mmol) was added to a solution of
acetonitrile (10ml), tetrafluoropyrazine (160) (6.15g, 40.5mmol),
and malononitrile (127) (2.65g, 40.2mmol). After two days
stirring at room temperature calibrated fluorine n.m.r. indicated
only a small degree of reaction. The mixture was then heated to
80°C for four hours. Volatiles were removed under reduced
pressure, calibrated fluorine n.m.r. indicating that
tetrafluoropyrazine (2.5g, 16.4mmol) was present in the solution.
The residue was recrystallised from distilled water, yielding a
purple solid. Concentrated hydrochloric acid (40g, 395mmol) was
added to an aqueous solution of this solid. Ether extraction (3 X
10ml) and usual work-up yielded a white powder subsequently
identified as (3'.5'.6'-trifluoropvrazvl)malononitrile (144)
(3.3g, 16.4mmol, 68% based upon tetrafluoropyrazine consumed):
(Found: €, 42.7; U, 0.5; N, 28.7%; M*, 193. C;HF3N; requires: C,
42.45; H, 0.5; N, 28.3%; M, 198); m.p. 81°C; mass spectra
(electron impact, chemical ionisation, negative ion) number 29;
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n.m.r. spectra (11, '°F, '3C) number 39a; infrared spectrum number
92: pKa 3.2.

Caesium fluoride (1.9g, 12.4mmol) was added to a solution of
pyrazine derivative (144) (0.5g, 2.5mmol) in aqueous ethanol (50%,
10ml). After stirring at room temperature for 5 minutes, the
mixture was filtered, washing the residue with dry acetone.
Volatiles were then removed under reduced pressure.
Recrystallisation twice from ethanol yielded a pale yellow solid
which was subsequently identified as the
caesium salt of (3'.5'.6'-trifluoropvrazyl)malononitrile (145)
(0.36g, 1.1mmol, 447 yield): [Found: C, 25.8; N, 17.4. C;F3N4Cs
requires C, 25.5; N, 17.0%.]; decomposition ca 172°C; n.m.r.
spectra (*°F, !3C) number 39b; infrared spectrum number 23.

.3.8  With trifluoro-1.3.5-triazine (161)

Potassium fluoride (3.65g, 62.9mmol) was added to a solution of
trifluoro-1,3,5-triazine (161) (4.1g, 30.0mmol) and malononitrile
(127) (1.8g, 27.6mmol), in acetonitrile (30ml), under a dry
nitrogen atmosphere. The mixture was stirred at room temperature
for 15 hours, after which time calibrated fluorine n.m.r.
indicated complete reaction. Volatiles were removed under reduced
pressure. Dry acetone was then added to the residue and the
solution was filtered. Removal of the acetone by rotary
evaporation yielded a white solid subsequently identified as the
potassium salt of 2'-(4'.6'-difluoro-1.3.5-triazvl)malononitrile
(146) (5.5g, 25.1mmol, 917 yield based upon malononitrile). An
analytical sample was recrystallised from ethanol: (Found: C,
32.9; N, 32.27%; M, 180 (FAB). CsFaNs;K requires C, 32.9; N, 32.0%;
M, 180); m.p. decomposes ca 230°C; mass spectra (FAB =) number 30;
n.m.r. spectra (!9F, !3C) number 40; infrared spectrum number 24.

Caesium fluoride (1.8g, 11.8mmol) and salt (146) (0.3g, 1.2mmol)
were dissolved in an acetone/distilled water mixture. Volatiles
were then removed under reduced pressure. Dry acetone was added
to the residue, the mixture was then filtered to remove excess

caesium and potassium fluorides, washing with more dry acetone.
This was repeated and volatiles were removed under reduced
pressure. The resultant white powder was identified as the
caesium salt of 2'-(4'.6'-difluoro-1.3.5-triazvl)malononitrile
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(0.2g, 0.7mmol, 597 yield) : (Found: C, 23.3; N, 22.4%. GCgFaN5Cs
requires: C, 23.0; N, 22.4%); n.m.r. spectra (*°F, !3C) number 40.

.3.9  V¥With perfluoroisoquinoline (162)

Potassium fluoride (15.0g, 258mmol) was added to a stirred
solution of perfluoroisoquinoline (162) (9.5g, 37.3mmol),
malononitrile (127) (2.5g, 37.4mmol), in acetonitrile (50ml),
contained in a flask (200ml) fitted with a reflux condenser. The
mixture was maintained at reflux temperature for a period of 4
hours. The solution was then cooled and the volatiles were
removed under reduced pressure. The residue was recrystallised
from hot water, and then from acetonitrile, yielding a pale green
solid (8.7g) subsequently identified as the impure
potassium salt of [1'-(hexafluoroisoquinyl)]malononitrile (148)
(ca 25.5mmol, ca 68% yield): n.m.r. spectra (1°F, '3C) number 51.

Concentrated hydrochloric acid (3.3g, 32.5mmol) was added to
impure salt (148) (0.9g, 2.6mmol) in distilled water (20ml),
producing a yellow precipitate. Ether extraction and usual
work-up gave a pale brown solid (0.7g). Recrystallisation of this
solid twice from ethylacetate gave a pale brown solid subsequently
identified as [1'-(hexafluoroisoquinvl)]malononitrile (147) (0.5g,
1.7 mmol, 64%): (Found: C, 48.1; H, 0.3; F, 37.45; N, 14.1%; M',
301. CyoHFgN3 requires: C, 47.8; H, 0.3; F, 37.9; N, 13.95%; M,
301); m.p. 110°C; mass spectra (electron impact, chemical
ionisation, negative ion) number 31; n.m.r. spectra (1H, '9F, 13()
number 50; infrared spectrum number 25.

.3.10 Dne equivalent of malononitrile (127) with
perfluorobiphenvl (163)

Caesium fluoride (9.2g, 60.5mmol) was added to a stirred solution
of acetonitrile (40ml), malononitrile (0.5g, 7.4mmol), and
perfluorobiphenyl (2.7g, 8.2mmol), contained in a flask (100ml)
fitted with a reflux condenser. After 2 hours at reflux
temperature calibrated fluorine n.m.r. indicated the total
consumption of perfluorobiphenyl. Volatiles were then removed
under reduced pressure. The residue was recrystallised twice,
initially from distilled water and then from acetonitrile yielding
a pale yellow powder which was subsequently identified as the
impure caesium salt of 1'-(nonafluorobiphenvl)malononitrile (150)
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(3.4g, ca 6.6mmol, ce 897 vield based upon malononitrile): N.m.r.
spectra (1°F, 13C) number 43.

Concentrated hydrochloric acid (3.3g, 32.4nmol) was added to a
solution of salt (130) (0.6g, 1.1lmmol) in hot distilled water
(10ml) producing an instant white precipitate. Ether extraction
and usual work-up, followed by recrystallisation from ethylacetate
afforded a white solid which was subsequently identified as
1'-(nonafluorobiphenvl)malononitrile (149) [0.25g, 0.66mmol, 607
yield based upon salt (150)]: (Found: C, 47.5; H, 0.4; N, 7.4%;
M*, 380. CysHFeN, requires: C, 47.4; H, 0.3; N, 7.4%; M, 380);
m.p. 171°C; mass spectra (electron impact, chemical ionisation,
negative ion) number 32; n.m.r. spectra (M, !°F, !3C) number 42;
infrared spectra number 26.

.3.11  Two equivalents of malononitrile (127)
with perfluorobiphenvl (163)

Caesium fluoride (19.3g, 127mmol) was added to a stirred mixture
of acetonitrile (50ml), malononitrile (127) (2.0g, 30.3mmol), and
perfluorobiphenyl (163) (5.05g, 15.1mmol) contained in a flask
(100ml) equipped with a reflux condenser. The mixture was heated
at reflux temperature for a period of 18 hours. Volatiles were
then removed under reduced pressure, dry acetone was added, and
the mixture was filtered. The acetone was then removed by rotary
evaporation leaving a pale yellow solid which was identified as
slightly impure
dicaesium salt of 1.4'-(octafluorohiphenvl)bismalononitrile (152)
[(n-BugN")a salt ref.149] (10.0g, ca 14.5mmol, ca 967 crude
yield): N.m.r. spectra ('°F, !3C) number 47.

Concentrated hydrochloric acid (2.9g, 29mmol) was added to crude
salt (152) (3.1g, ca 4.5mmol) in distilled water (20ml) which
produced a white precipitate. Ether extraction and usual work-up
yielded a white solid
1.4'-(octafluorobiphenvl)bismalononitrile (151) [0.9g, 2.1mmol, ca
47% yield based upon impure salt (152)]: (Found: C, 50.8; H, 0.5;
N, 13.2%; M', 426. € sFsNylly requires: C, 50.7; H, 0.5; N, 13.27;
M, 426); m.p. 236°C; mass spectra (electron impact, chemical
ionisation, negative ion) number 33; n.m.r. spectra (!lI, '9F, !3()
number 46; infrared spectrum number 27.
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8.3.12  VWith perfluoronaphthalene (164)

Caesium fluoride (11.2g, 73.4mmol) was added to a solution of
perfluoronaphthalene (164) (4.9g, 17.9mmol), malononitrile (127)
(1.15g, 17.4mmol) and acetonitrile (50ml), contained in a flask
(100ml). After stirring for 42 hours at room temperature,
analysis (fluorine n.m.r.) indicated that all of the
perfluoronaphthalene had reacted. Volatiles were removed under
reduced pressure yielding a vellow solid (7.3g). A small
analytical sample was recrystallised from ethanol and was
identified as the
caesium salt of #-heptafluoronapthvimalononitrile (154) (sodium
sa1t150) (16.3mmol, 947% based upon malononitrile): (Found: C,
34.4; N, 6.6. C;3F7NaCs requires C, 34.7; N, 6.2%); m.p. ca 200°C
(decomposed); n.m.r. spectra ('°F, '3C) number 49.

Concentrated hydrochloric acid (4.2g, 41mmol) was added to salt
(154) (1.25g, 2.8mmol) in distilled water (15ml). Ether
extraction and usual work-up yielded an off-white solid (0.75g).
Recrystallisation from ethylacetate produced a white solid
identified as fg-heptafluoronapthylmalononitrile (153) (0.6g,
1.9mmol, 67% yield): (Found: C, 49.0; H, 0.4; N, 8.9%; N*, 318.
Calc. for CygHFNa: C, 49.1; H, 0.3; N, 8.8%; M, 318); m.p. 128°C
(Lit. 199 127.5-1299C); n.m.r. spectra (*H, 19F, 13C) number 48;
infrared spectrum: C-H stretch at 2910cm™!; no visible nitrile
stretch; pKa ce 3.0 [measured in aqueous acetone (15% by volume)
due to low solubility of substrate].

8.3.13 Attempted multiple subhstitution reactions
a) KHith triazine derivative (146) (see section 8.3.8)
Caesium fluoride (3.4g, 22.4mmol) was added to a stirred mixture
of potassium salt (146) (1.1g, 4.9mmol), malononitrile (127)
(0.6g, 8.8mmol), and acetonitrile (20ml), contained in a flask
(100ml) fitted with a reflux condenser. The mixture was heated at
reflux temperature for 270 minutes. A4dnalysis (fluorine n.m.r.)

indicated that no reaction had occurred. This reaction was not
pursued further.
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b) Fith naphthalene derivative (154) (See section 8.3.12)

Caesium fluoride (6.0g, 39.7mmol) was added to a stirred mixture
of salt (154) (1.8g, 4.0mmol), malononitrile (127) (0.3g,
3.9mmol), and acetonitrile (15ml), contained in a flask (100ml)
fitted with a reflux condenser. The mixture was heated at reflux
temperature for 300 minutes. Analysis (fluorine n.m.r.) indicated
that no reaction had occurred. This reaction was not pursued
further.

c) Fith biphenyl derivative (150) See section 8.3.11

4 Derivatives of malononitrile derived compounds
8.4.1 From pvridine derivative (130) (See section 8.3.1)

a) FHith methyl iodide

Methyl iodide (4.6g, 35.2mmol) was added to a solution of salt
(130) (1.8g, 5.1mmol) dissolved in acetonitrile (20ml), at room
temperature, in a darkened flask. Over several days a small
quantity of white precipitate was formed. The reaction mixture
was analysed periodically using fluorine n.m.r.. After 6 weeks
stirring at room temperature, the mixture was filtered. The
volatiles were removed under reduced pressure, leaving an orange
solid (1.15g). Sublimation (50°C, 0.01mmHg) of this solid yielded
a white solid identified as
methvl-(4'-tetrafluoropvridvl)malononitrile (179) [0.6g, 2.7mmol,
53% yield based upon salt (130)]: (Found: C, 47.2; H, 1.25; N,
18.2%; M¥, 229. CoH3FyN3 requires: C, 47.2; H, 1.3; N, 18.3%; M,
229); m.p. 82°C; mass spectra (electron impact, chemical
ionisation, negative ion) number 34; n.m.r. spectra (*H, !°F, !3()
number 21; infrared spectrum number 28.

b) Kith pentafluoropyridine (78)

Pentafluoropyridine (78) (5.3g, 31.6mmol) was added to a mixture
of acetonitrile (4.2g) and salt (130) (3.5g, 10.0mmol), contained
in a nickel tube (150ml capacity). The tube was sealed, and was
then rocked at a temperature of 109°C for a period of 7 hours.

The tube was then cooled and opened. Removal of volatiles vielded
a brown powder (ca 3.6g). Fluorine n.m.r. analysis identified
this powder as salt (130).
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Pentafluoropyridine (78) (6.0g, 3.6mmol), acetonitrile (5g). and
salt (130) (2.6g, 7.5mmol) were introduced into the nickel tube.
The tube was sealed and rocked at a temperature of 155°C for a
period of 15 hours. The tube was then cooled and opened. Removal
of volatiles under reduced pressure afforded a brown solid residue
(3.5g). Sublimation of which yielded a white solid (0.2g) which
vas subsequently identified as a mixture of
decafluoro(bis-4'-pvridv]limalononitrile (177) (major): [(Found: C,
42.9; N, 15.2%; M, 364. C;3FgNy requires: C, 42.9; N, 15.47%: V,
364); sublimes at ca 180°C; mass spectra (electron impact,
negative ion) number 35; n.m.r. spectra (!°F, !'3C) number 22a;
infrared spectrum number 29], and
decafluoro(bis-4'-pyridyl)acetonitrile (178) minor): (Found:
M+, 339. Calc. for CyoHFgN3: M, 339); n.m.r. spectra (}°F, 13()
number 22b. A pure sample of the major isomer (177) was obtained
by recrystallisation of the mixture from ethanol.

179 (

.4.2 From pvridazine derivative (136) with dimethylsulphate
Pvridazine derivative (136) (4.4g, 13.3mmol) (section 8.3.3) was
dissolved in dimethylsulphate (26.8g, 213mmol) contained in a
flask (100ml) fitted with a reflux condenser, sealed by a stream
of dry nitrogen. The solution was heated at 100°C for 60 minutes,
and was then cooled to room temperature. Distilled water (150ml)
was added followed by ether extraction and usual work-up.
Sublimation (80°C, 0.0lmmllg) of the resultant residue afforded a
vellow solid subsequently identified as
methvl-(4'-trifluoropvridazvl)malononitrile (170) (0.16g,
0.75mmol, 6% yield): (Found: C, 45.5; W, 1.45; N, 26.1%; M, 212.
Csl3F3Ny requires C, 45.3; U, 1.4; N, 26.4%; M, 212); m.p. 180°C;
mass spectra (electron impact, chemical ionisation, negative ion)
number 36; n.m.r. spectra (1, !°F, !3C) number 32; infrared
spectrum number 30. Fluorine n.m.r. analysis of the crude

reaction solution revealed only resonances attributable to
compound (133).

4.3 From alkvlpridazine salt (138) with heating
Salt (138) (1.3g., 2.7mmol) was dissolved in
tetrahydrothiophen-1,1-dioxide (20ml), contained in a flask (50ml)
fitted with a distillation head, water cooled condenser and
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receiver. The stirred solution was maintained at a temperature of
160°C for a period of 6 hours. During this time no volatiles
transferred. Analysis (fluorine n.m.r.) of the cooled solution
indicated salt (138) as the only fluorine containing constituent.
This experiment was not pursued further.

.4.4 From salt (150) with perflnorobiphenvl (163)
Perfluorobiphenyl (163) (0.2g, 0.6mmol) was added to a solution
of salt (150) (0.3g, 0.6mmol) in tetraglyme (10ml) contained in a
round bottomed flask (50ml) fitted with a reflux condenser. The

mixture was heated to 170°C for a period of 7 hours, Analysis
(fluorine n.m.r.) of a portion of the solution indicated that no
reaction had occurred.

.4.5 Hvdrolvsis of triazine derivative (146)

Salt (146) (ca 9.6g, ca 44.1mmol) (See section 8.3.8) was added
to distilled water (50ml) in a flask (100ml). The mixture was
heated, the last solid was seen to dissolve at a temperature of
50-55°C. At ca 60°C the rapid precipitation of a white solid (ca
9.0g) occurred. This solid proved to be insoluble in most common
solvents. Multiple recrystallisation of this solid from 50%
aqueous acetic acid yielded
1'.3".5"-triazv]l-4'.6"'-dione-2'-vlidenemalononitrile (169) (ca
1.5g): [Found: H, 1.4; N, 39.8%; M*, 177; recorded mass:
177.02658mu. CglzNs02 requires: H, 1.7; N, 39.6%; M, 177;
(calculated mass: 177.02867mu; difference 2.1mmu; CgH3zN502 is the
best reasonable match); m.p. (mild discolouration 300-320°C);:
mass spectra (electron impact, chemical ionisation, negative ion)
number 37; n.m.r. spectra (M, !3C) number 41; infrared spectrum
number 31.

.4.6 Concentration dependence of '3C n.m.r. nitrile resonances
for the pvrimidine and pvrazine derivatives (140. 143. and 145)
a) For salt (140)

A series of solutions of varying concentrations of salt (140)
dissolved in dg-acetone were analysed using carbon-13 n.m.r.,
running at 62.9Mllz. The peak separation of the nitrile resonances
(measured in Hertz) was noted. The data is shown in table 8.1.
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Table 8.1

Concentration of Nitrile Peak
Salt (140) (M) separation (Hz)
0.229 0.000
0.608 18.240
0.882 26.102
1.136 31.134
1.342 35.851

b) For salt (143)

A series of solutions of varying concentrations of salt (143)
dissolved in de¢-acetone were analysed using broad band proton
decoupled carbon-13 n.m.r., running at 62.9MHz. The peak
separation of the nitrile resonances (measured in Hertz) was
noted. The data is shown in table 8.2.

Table 8.2
Concentration of Nitrile Peak
Salt (143) (M) separation (Hz)
0.061 69.355
0.165 56.166
0.266 47.738
0.378 41.008
0.502 33.083
0.588 29.624
0.646 25.850
0.756 22.139
0.872 17.234
1.004 11.699
1.104 8.365
saturated 0.0

A sealed sample of a solution of concentration 0.467M, with a
peak separation of 34.40Hz (0.547ppm) at 62.9Mlz was analysed at
Edinburgh University, running at 90.6Mlz at the same operating

temperature. In this the peak separation was seen to be 44.77lz
(0.494ppm) .
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c) For salt (145)

A solution (0.06M) of salt (145) in perdeuteroacetone was
analysed by '3C n.m.r., and the nitrile resonance was observed as
a singlet. With a much higher concentration solution (unmeasured)
the resonance was again observed as a singlet.

.5 Reactions of phenvisulphonvlacetonitrile (128) with

fluorinated aromatics

.5.1  With pentafluoropvridine (78)

Caesium fluoride (29.5g, 194mmol) was added to a solution of
pentafluoropyridine (78) (13.7g, 81.1mmol) and
phenylsulphonylacetonitrile (128) (11.9g, 65.6mmol), in
acetonitrile (30ml). Vhile stirring for 2 hours at room
temperature a yellow colour developed. After this time analysis
(fluorine n.m.r.) indicated that the reaction was complete.
Volatiles were removed under reduced pressure. Dry acetone
(excess) was added, the resulting mixture was filtered, washing
the residue with more acetone. The acetone was then removed by
rotary evaporation, leaving a pale yellow solid.

Recrystallisation of which from dry ethanol yielded a white solid
subsequently shown to be the caesium
salt of phenylsulphonyl-(4'-tetrafluoropvridvl)acetonitrile (170)

(20.3g, 43.9mmol, 67% yield): (Found: C, 33.6; H, 0.85; N, 5.7.

Cy 3H5F4N2S02Cs requires: C, 33.8; H, 1.1; N, 6.1%); m.p. 204°C

(decomposition); n.m.r. spectra (*H, '°F, '3C) number 20; infrared
spectrum number 32.

Concentrated hydrochloric acid (10.0g, 98.6mmol) was added to a
solution of salt (170) (11.0g, 23.8mmol) in distilled water (50ml)
producing a white precipitate. Ether extraction and usual work-up
followed by recrystallisation from ethylacetate produced a white
solid which was subsequently identified as
phenvlsulphonvl-(4'-tetrafluoropvridvl)acetonitrile (171) (4.2g,
12.7mmol, 53% vield): (Found: C, 47.25; H, 1.6; N, 8.4.
Cy3llgF4N2S0y requires: C, 47.3; H, 1.8: N, 8.45%); m.p. 130°C;
mass spectra (electron impact, chemical ionisation, negative ion)
number 38; n.m.r. spectra (I, '°F, '3C) number 19; infrared
spectrum number 33.
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8.5.2 With perfluoro-4-isopropvlpvridazine (157)

Caesium fluoride (8.4g, 55.5mmol) was added to a solution of
perfluoro-4-isopropylpyridazine (157) (4.7g, 15.4mmol) and
phenylsulphonylacetonitrile (128) (2.6g, 14.1mmol), dissolved in
acetonitrile (20ml), producing an instant red colouration. After
stirring at room temperature for 4 hours, analysis (fluorine
n.m.r.) indicated nearly complete reaction. Removal of volatiles
under reduced pressure, followed by addition of dry acetone,
filtering, and finally removal of the acetone by rotary
evaporation, afforded the slightly impure caesium salt of
phenvlsulphonyl-[4'-(3'-heptafluoroisopropvlpvridazvl)]-
-acetonitrile (172) (ca 7.5g, ca 12.6mmol, ca 897 yield): Mass
spectra (FAB£) number 39; n.m.r. spectra (*H, '°F, '3C) number 34.

Concentrated hydrochloric acid (2.2g, 21.3mmol) was added to salt
(173) (1.25g, ca 2.2mmol) dissolved in hot distilled water (20ml),
producing an instant white precipitate. Ether extraction and
usual work-up afforded a white solid identified as
phenvlsulphonvl-{4'-(3"-heptaflnoroisopropylpvridazvl)]-
-acetonitrile (173) (0.75g, 1.7mmol, ca 77% yield): (Found: C,
38.9; H, 1.25; N, 8.7. C;5HgFgN3S0, requires: C, 38.9; H, 1.3; N,
9.1%); m.p. 184°C; mass spectra (electron impact, chemical
ionisation, negative ion) number 40; n.m.r. spectra (‘H, '°F, !3()
number 33; infrared spectrum number 34.

8.5.3 With perfluorobiphenvl (163)

Caesium fluoride (3.2g, 21.3mmol) was added to a solution of
perfluorobiphenyl (163) (1.8g, 5.5mmol) and
phenylsulphonylacetonitrile (128) (0.9g, 4.8mmol), in acetonitrile
(20ml). After stirring at room temperature for a period of 20
hours, the flask contained a yellow solution with a white
precipitate. Calibrated fluorine n.m.r. analysis indicated that
perfluorobiphenyl (0.6g, 1.8mmol) was a component of the solution.
Volatiles were removed under reduced pressure. Dry acetone was
added to the residue, the mixture was then filtered, and the

acetone was removed by rotary evaporation. The residue was then
recrystallised initially from water and then from methanol,
affording a pale yellow solid, which was identified as the impure
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caesium salt of
phenvlsulphonvl-(1'-nonafiuorobiphenvl)acetonitrile (174) (1.4g,
2.2mmol, 467% yield): n.m.r. spectra (i, !°F, !3C) number 45.
Concentrated hydrochloric acid (1.0g, 9.9mmol) was added to a
solution of salt (174) (0.35g, ce 0.56mmol) dissolved in hot
distilled water (30ml) producing an instant white precipitate.
Ether extraction and usual work-up yielded a white solid, which
was identified as
phenvlsulphonvl-(1'-nonafluorobiphenvl)acetonitrile (175) (0.19g,
0.38mmol, ca 687 yield): (Found: C, 48.8; H, 1.5; N, 2.8.
CoollgFoNSOs requires: C, 48.5; H, 1.2; N, 2.8%); m.p. 145°C; mass
spectra (electron impact, chemical ionisation, negative ion)
number 41; n.m.r. spectra (*H, '°F, !3C) number 44; infrared
spectrum number 35.

.6 4'-Tetrafluoropvridvlacetonitrile (182) with Fluoride Ton

Caesium fluoride (4.5g, 29.9mmol) was added to a solution of
compound (182) (for preparation and characterisation see section
9.2.3) (2.3g, 12.0mmol) in acetonitrile (20ml) contained in a
flask (50ml). After stirring at room temperature for a period of
2 hours fluorine n.m.r. analysis indicated the presence of the
caesium salt of 4'-tetrafluoropvridvlacetonitrile (176): n.m.r.
spectra (1H, !°F, 13C) number 25a.
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Chapter 9 - Experimental to Chapter 5

9.1 Procedural note

9.1.1 Fast atom bombardment (FAB) mass spectroscopv

Samples were prepared for FAB analysis in the following manner:

a) solvents were removed under reduced pressure followed by
drying under vacuum;

b) a sample of the residue was dissolved in the FAB matrix
medium (usually glycerol);

c) FAB spectra were obtained as soon as practicable thereafter

d) finally, in order to confirm the survival of the salt
through the drying process, a sample of the residue was
analysed by fluorine n.m.r. after dissolving in an
appropriate solvent.

9.2 Preparation of starting materials

9.2.1 Perfluoro-t{rans.trans-3.4-dimethvlhexa-2.4-diene (124)
This diene was prepared by S.J.Mullins (these laboratories) in ca
90% purity from available perfluorodimethylhex-3-ene

(tetrafluoroethylene tetramer) using a sodium amalgam route.

9.2.2 Pentafluorophenvlacetonitrile (181)
180

a) Ethylcyanopentafluorophenylacetate
~Over the course of 15 minutes ethylcyanoacetate (28.2g, 250mmol)
was added to a stirred mixture of dimethylformamide (170ml) and
anhydrous sodium carbonate (28.2g, 266mmol), contained in a round
bottomed flask (1 litre), heated by means of an isomantle to
150°C. The mixture was then maintained at a temperature of
110-120°C, while hexafluorobenzene (47.2g, 254mmol) was added
dropwise over a period of 25 minutes. After another 45 minutes at
this temperature the solution was cooled to room temperature. The
reaction mixture was then poured into ice water (1 litre) and
acidified to blue litmus with sulphuric acid (20%). A lower
fluorocarbon layer was separated. The aqueous layer was extracted
with ether (2 X 50ml). Fractions were then combined, dried
(MgS04), filtered, and the solvent was removed under reduced
pressure, leaving a dark oil. This oil crystallised upon standing,
vielding crude ethylcyano(pentafluorophenyl)acetate (fluorine
n.m.r. spectrum in agreement with 1iteratur8180) (38.9g crude, ca

139mmol, ca 567 yield based upon ethylcyanoacetate).
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b) Pentafluorophenylacetonitrile (181)180

Aqueous acetic acid (50%, 100ml) and concentrated sulphuric acid
(4ml) were added to crude ethylcyano(pentafluorophenyl)acetate
(38.9g), contained in a flask (1 litre). The mixture was heated,
at reflux temperature, until the evolution of carbon dioxide had
ceased (21 hours). Water (100ml) was then added and the mixture
was cooled in an ice bath. The lower fluorocarbon layer was
removed and combined with ether (100ml), which was then washed
with a little aqueous sodium hydrogen carbonate (10%). The
ethereal laver was separated, and the solvent was then removed
under reduced pressure. Distillation (Fischer Spaltrohr) afforded
pentafluorophenylacetonitrile (181) (15.2g, SOmmol, 32% based on
ethylcyanoacetate): (bp 137°C, 50 mmHg) (Found: C, 46.2; H, 0.7;
N, 6.4%; M, 207. Calc. for CgHoFsN: C, 46.4; H, 1.0; N, 6.7%; M,
207); n.m.r. spectra (!N, !°F) in agreement with 1it.180

2.3 (4'-Tetrafluoropvridvl)acetonitrile (182)
a) Ethylcyano(4’—Tetrafluoropyridyl)acetat6181

Over the course of 10 minutes ethylcyanoacetate (20.9g,
184.4mmol) was added to a stirred mixture of dimethylformamide
(160ml) and anhydrous sodium carbonate (22.0g, 208mmol), contained
in a round bottomed flask (1 litre), heated by means of an
isomantle to 150°C. The mixture was then maintained at a
temperature of 120°C while pentafluoropyridine (78) (31.5g,
186.4mmol) was added dropwise over a period of 20 minutes. After
an additional 3 hours at this temperature the solution was cooled
to room temperature. After addition of ice water (500ml) the
solution was acidified with sulphuric acid (20%). A lower
fluorocarbon layer was collected, which crystallised upon
standing. The aqueous layer was extracted with ether (2 X 50ml).
Fractions were then combined and dried (MgS0y). Volatiles were
then removed under reduced pressure, leaving a dark oil identified
as crude ethylcyano(4'-tetrafluoropyridyl)acetate (47.7g) [n.m.r.
spectra (11, '°F) number 24a).
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b) 4’-(Tetrafluoropyridyl)acetonitrile (182)

Aqueous acetic acid (50%, 100ml) and concentrated sulphuric acid
(4ml) were added to crude ethylcyano(4'-tetrafluoropyridyl)acetate
(44.2g), contained in a flask (1 litre). The mixture was heated
at reflux temperature until the evolution of carbon dioxide had
ceased (14 hours). Water (100ml) was added and the mixture was
then cooled in an ice bath. A lower fluorocarbon layer was
separated and the aqueous fraction was extracted with ether (1 X
50ml). Fractions were then combined, dried (MgS0,), filtered. and
volatiles were then removed under reduced pressure. Distillation
(Fischer Spaltrohr) afforded (4'-tetrafluoropyridyl)acetonitrile
(182) : (14.2g, 74.7mmol, 447 overall based upon
ethylcyanoacetate) (112°C, 7 mmlg): (Found: C, 44.0; H, 1.0; N,
14.7%; M*, 190; M7, 189. Calc for CrHaFuNo: C, 44.2; H, 1.1; N,
14.7%; M, 190); n.m.r. spectra ('H, '°F, '3C) number 24b.

9.2.4 Ethvl-(4'-tetrafluoropvridvl)acetate (183)
a) Bisethyl-2-(4’-tetrafluoropyridyl)propandioate
Over the course of 10 minutes diethylmalonate (31.9g, 199mmol)

was added dropwise to a stirred mixture of dimethylformamide
(200ml) and anhydrous sodium carbonate (23.5g, 222mmol), contained
in a round bottomed flask (1 litre), heated by means of an
isomantle to 130°C. Over a period of 5 minutes
pentafluoropyridine (78) (34.8g, 205.9mmol) was added to the
mixture which was maintained at a temperature of 130°C. After 5
more hours at 130°C the solution was cooled to room temperature
and aqueous hydrochloric acid (10%, 300ml) was added. The mixture
(brown oil with a green upper layer) was extracted with ether (3 X
100ml). Fractions were combined and dried (MgS04). Ether was
removed by rotary evaporation yielding a brown oil consistent with
crude bisethyl-2-(4'-tetrafluoropyridylpropandioate) (fluorine
n.m.r. 6 -92, int 2; & -142, int 1: 6 -146, int 1).

182

b) (4’-tetrafluoropyridyl)acetic acid
Aqueous acetic acid (50%, 300ml) and concentrated sulphuric acid
(7ml) were added to the crude bisethyl-2-
-(4'-tetrafluoropyridylpropandioate), contained in a round
bottomed flask (! litre). This mixture was heated at reflux
temperature for 20 hours and then the solution was cooled to room
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temperature. Non-fluorinated volatiles were removed by rotary
evaporation, yielding crude (4'-tetrafluoropyridyl)acetic acid.

c) Ethyl-(4’-tetrafluoropyridyl)acetate (183)

Absolute ethanol (400ml) and concentrated sulphuric acid (15ml)
vere added to the crude (4'-tetrafluorophenyl)acetic acid (as
prepared above), contained in a round bottomed flask (1 litre).
The solution was heated at reflux temperature for a period of 18
hours, and was then cooled to room temperature and neutralised
(NalCO03). Non-fluorinated volatiles were removed by rotary
evaporation. The residue was dissolved in ether (100ml), washed
with water (40ml), the layvers were separated, the aqueous layer
was extracted with ether (1 X 20ml), and then the ethereal layers
were combined, dried (MgS0;) and filtered. Ether was removed by
rotary evaporation. Distillation (Fischer Spaltrohr) yielded
ethvl-(4'-tetrafluoropvridvl)acetate (183) (110-114°C, 1SmmHg) (ca
14g, ca 30% yield based upon diethylmalonate). Recorded mass
237.03908mu; (CoH;F40,N requires 237.04129mu; difference 2.2mmu;
CoH7F4NOy is the best reasonable match.); mass spectrum (electron
impact) number 55; n.m.r. spectra ('H, '°F) number 25b; infrared
spectrum number 36.

.2.5 Perfluoro-trans.trens-3.4-dimethvlhexa-2.4-diene (124) with
benzvlthiol (203)

Anhydrous sodium carbonate (2.0g, 18.7mmol) was added to a
mixture of diene (124) (6.7g, 18.6mmol), benzylthiol (203) (2.3g,
18.6mmol) and acetonitrile (20ml), contained in a flask (100ml).
The mixture was stirred at room temperature for 6 days. After
filtration and then washing the residue with more acetonitrile,

hydrocarbon volatiles were removed under reduced pressure leaving
a yellow oil. This oil was transferred in wvacuo to a cold trap.
The now colourless oil was identified as an 85:15 mixture of
2-thiobenzvl-1.1.1.5.6.6.6-heptafinoro-3.4-bis(trifluoromethvl)
-trans.trans-hexa-2.4-diene (204) (5.6g, 11.9mmol, 647% yield):
n.m.r. spectra (', '9F, 13C) number 53; and
2-thiobenzvl-1.1.1.5.6.6.6-heptafluoro-3.4-bis(trifluoromethvl)
-cis.{rans-hexa-2.4-diene (205): n.m.r. spectra ('H, '°F) number
54. For mixture: (Found: C, 38.3; I, 1.5%; M¥, 91; M°, 375
(fragmentation). C,sl;F3S requires: C, 38.6, W, 1.5%; M, 466);
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mass spectra (electron impact, chemical ionisation, negative ion)
number 42; infrared spectrum number 37.

9.3 Reactions of Dienes With Carbon Acids
9.3.1 Diene (124) with malononitrile (127)
a) At room temperature with caesium fluoride
Caesium fluoride (7.0g, 46.1mmol) was added to a mixture of
perfluoro-trans,trans-3,4-dinethylhexa-2,4-diene (124) (4.5g,
12.5mmol), malononitrile (0.8g, 12.3mmol), and acetonitrile
(10ml), contained in a dry round bottomed flask (250ml). An
instant orange/brown colouration was produced. Adnalysis (fluorine
n.m.r.) indicated that after 30 minutes stirring at room
temperature all of the diene had reacted. Filtration and removal
of volatiles under reduced pressure yielded a brown solid suitable
for FAB analysis. The products were subsequently identified as a
mixture of caesium (perfluoro-2-cvano-3.4.5-trimethvl-{rens.trans-
hepta-3.5-dienenitrile anion) (183) (ca 75%) and
caesium (perfluoro-2-cvano-3.4.5-trimethvl-cis.{rans-hepta-3.5-
-dienenitrile anion) (186) (ca 25%): [Found for mixture: M*, 133;
M™, 407 (FAB). Cs™ (Ci;Fi3Na) ™ requires: M¥, 133; M, 407.];
Mixture mass spectra (FAB %) number 43; n.m.r. spectra (*H, '°F,
13(C) numbers 56 and 57a. By following the system (fluorine
n.m.r.) at room temperature over many hours, the slow appearance
of a new product was observed.

b) At refluz temperature with caesium fluoride

Heating this mixture for one hour at reflux temperature effected
the total conversion of salts (185 and 186) to the above new
product. Filtration, washing the residue with dry acetone,
followed by the removal of solvents under reduced pressure and
recrystallisation from dry acetone, yielded a brown solid
subsequently identified as
1-cvano-tetrakis-(2.3.4.5-trifluoromethvl)cvclopentadienvlicaesium
(188) (4.4g, 8.9mmol) (73%): (Found: M*, 133; M7, 362 (FAB). Cs*
[CioF12N]) ™ requires: N, 133; M7, 362.): mass spectra (FAB %)
number 44; n.m.r. spectra ('°F, '3C) number 58a; infrared spectrum
number 38. Repeated elemental analyses were unsatisfactory (e.g.
Found: C, 25.1; N, 4.2; Cs, 25.5. CyoF12NCs requires: C, 24.2; N,
2.8; Cs, 26.97%).
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c) Fith anhydrous sodium carbonate as base

A mixture containing diene (124) (5.6g, 15.4mmol), malononitrile
127) (1.01g, 15.3mmol), acetonitrile (20ml), and anhydrous sodium
carbonate (7.7g, 72.8mmol) was stirred at room temperature for a
period of 21 hours in a round bottomed flask (100ml). Analysis
(fluorine n.m.r.) indicated three species in solution, namely:
salt (185) (81%); salt (186) (15%); and salt (188) (4%). The
solution was then heated at 55°C for a period of 2 hours, analysis
(fluorine n.m.r.) then indicated salt (185) (67%); salt (186)
(247%); salt (188) (97%).

0.3.2 Diene (124) with phenvlsulphonvlacetonitrile (128)

Caesium fluoride (3.2g, 21.1mmol) was added to a mixture
consisting of diene (124) (0.9g, 2.5mmol),
phenylsulphonylacetonitrile (128) (0.4g, 2.4mmol), and
acetonitrile (10ml), contained in a round bottomed flask (50ml).
After stirring at room temperature for 30 minutes, analysis
(fluorine n.m.r.) revealed in solution:
caesium  [2-phenylsulphonvl-6.7.7.7-tetrafluoro-3.4.5-
tris(trifluoromethvl)hepta-2.5-dienenitrile anion] (193) (ca 507%)
[n.m.r. spectrum (!°F) number 57b.]; salt (188) (ca 50%); and
phenylsulphonyl fluoride (194) (trace) (fluorine n.m.r. chemical
shift + 65.8 ppm in Cl3CN. Lit.167 + 65.3 ppm in CDCls). After 20
minutes at reflux temperature, analysis (fluorine n.m.r.)
indicated that salt (188) was the only fluorocarbon species in
solution.

.3.3 Dienes (204 and 205) with malononitrile (127)

Caesium fluoride (0.6g, 4.1mmol) was added to a mixture of dienes
(204 and 205) (85:15 ratio) (0.4g, 0.88mmol), malononitrile (127)
(0.05g, 0.88mmol), and acetonitrile (10ml), contained in a flask
(50ml), causing an instant yellow colouration. Fluorine n.m.r.
analyses were performed after 4 hours stirring at room

temperature; after a further 15 minutes at reflux temperature;
then after another 15 minutes under reflux; finally after another
150 minutes under reflux. Five species were observed and
identified: these were (lrans.trans), (cis.trans), (cis.cis). and
(trans.cis) isomers of
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caesium [2-cvano-6-thiobenzvl-7.7.7-trifluoro-3.4.5-tris(trifluoro
methvl)-hepta-3.5-dienenitrile anion] (206): n.m.r. spectra (!°F)
numbers 53a, 55b, 55c¢, and 53d. For mixture: (Found: M+, 133; M,
511 (FAB). CygH7N2F;25Cs requires: M+, 133; M7, 511); mixture mass
spectra (FAB %) number 45. The fifth component had a fluorine
n.m.r. spectrum identical to that of salt (188).

Table 9.1 Variation of solution composition

r— Isomers of Anion (206) =
trans,trans cis,irens cis,cis trans,cis Salt (183)

4 hours 20°C 53% 347% 9% 5% 0%
8 days 20°C 387% 387% 157 8% 3%
15 min reflux 447% 37% 177% 5% 3%
30 min reflux 307% 37% 19% 5% 8%
180 min reflux 23% 247 107 6% 37%

9.3.4 2-F1n0r0-3-(1'—(heptafluorocvclopené?l))dimethvl
but-2-en-dicate (111) with malononitrile (127)

Anhydrous sodium carbonate (2.6g, 24.5mmol) was added to a
mixture of diene (111) (2.65g, 7.5mmol), malononitrile (127)
(0.5g, 7.6mmol), and acetonitrile (20ml). While stirring at room
temperature, for one hour, a deep red colouration developed. The
mixture was filtered, the filtrate was then heated to a
temperature of 55°C for a period of 3 hours; followed by
maintenance at a temperature of 55°C for a further 20 hours.
After each stage the solution was examined by fluorine n.m.r.,

with the spectra found to be similar in all cases. Filtration and
removal of volatiles from a portion of the solution yielded a
brown solid suitable for FAB analysis. The solution was
subsequently shown to contain sodium [3-carbomethoxv-4-

cvano-3-(1'-heptafluorocvclopentvl)methvlpent-2-encatenitrile
anion] (195) (90% of fluorine n.m.r. integration): [Found: M, 399
(FAD). Na* (Cy 4HgF7N204)  requires: M7, 399]; n.m.r. spectrum
(*9F) number 63b; mass spectra (FAB %) number 46.

9.3.5 Diene (124) with pentafluorophenvlacetonitrile (181)

This reaction was first performed using fluorine n.m.r. to
monitor the composition of the reaction solution, with respect to

time, in order to optimise the yield of any transient
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intermediates.

Caesium fluoride (15.7g, 103.2mmol) was added to a stirred
mixture of diene (124) (7.05g, 19.5mmol), compound (181) (4.0g,
19.4mmol) and acetonitrile (13ml). A deep green colouration was
produced. After 100 minutes stirring at room temperature,
analysis (fluorine n.m.r.) indicated the nearly total consumption
of diene (124). Filtration, washing with dry acetone (10ml), then
removal solvents under reduced pressure, followed by sublimation
(95°C, 0.1mmHg) yielded a white solid (0.5g), which was
subsequently identified as
5-cvano-5-pentafluorophenvl-1.2.3.4-tetrakis(trifluoromethvl)-
-cvclopentadiene (196) (0.95mmol, 4.8%): (Found: C, 36.0; N, 2.3%:
MT, 529, 598; M~ 460. CiFy7N requires: C, 36.3; N, 2.6%; M. 529);
m.p. 66°C; mass spectra (electron impact, chemical ionisation,
negative ion) number 47; n.m.r. spectra (!°F, !3C) number 62;
infrared spectrum number 39. Analysis (fluorine n.m.r.) also
indicated the further reaction of diene (196) yielding salt (188)
and 1-(pentafluoro-phenvl)-2.3.4.5-tetrakis(trifluoromethvl)-
-cvclopentadienv]l caesium (197) (see section 9.4.3) in solution.

.3.6 Diene (124) with (4'-tetrafluoropyridvl)acetonitrile (182)

This reaction was first performed using fluorine n.m.r. to
monitor the composition of the reaction solution with respect to
time, in order to optimise the yield of any transient
intermediate(s).

Caesium fluoride (8.5g, 55.9mmol) was added to a stirred mixture
of diene (124) (4.1g, 11.4mmol), compound (182) (2.2g, 11.4mmol),
and acetonitrile (10ml), contained in a round bottomed flask
(100ml). An instant orange colouration was produced. After
stirring at room temperature for 10 minutes the solution was
filtered, washing the residue with dry acetone (50ml). The
majority of the solvents were removed by careful distillation.
Distilled water (20ml) was added causing crystallisation. A brown
solid (2.9g) was collected. Sublimation (90°C, 0.05 mmllg) vielded
5-cvano-5-(2'.3"'.5"'.6"'-tetrafluoropvridvl)
-1.2.3.4-tetrakis(triflnoromethvl)evclopentadiene (198) (2.6g,
5.1mmol, 45%);: (Found: C, 35.4; F, 59.3; N, 5.8%; M", 512, 531.
Ci5F1gNa requires: C, 35.2; F, 59.4; N, 5.5%; M, 512); m.p. 73°C;
mass spectra (electron impact, chemical ionisation, negative ion)
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number 48; n.m.r. spectra (*°F, '3C) number 60; infrared spectrum
number 40. In reaction mixtures that were not worked-up
immediately analysis (fluorine n.m.r.) revealed the presence of,
what was subsequently identified as a mixture of salt (188) and
salt (199) (Section 9.3.7).

3.7 Diene (124) with ethvl-(4'-tetrafluoropvridvllacetate (183)
This reaction was first performed using fluorine n.m.r. to

monitor the composition of the reaction solution with respect to
time.

Caesium fluoride (5.0g, 32.9mmol) was added to a stirred mixture
of diene (124) (5.0g, 13.8mmol), acetate (183) (3.2g, 13.5mmol),
and acetonitrile (25ml), contained in a flask (250ml). The
mixture was stirred for 2 days at room temperature. After
filtration volatiles were removed under reduced pressure. The
remaining light brown oil was allowed to crystallise for three
weeks. Washing the partially crystalline oil with chloroform
yielded a white powder [3.2g, 5.2mmol, 387 based upon acetate
(183)], after recrystallisation from ethanol this solid was
identified as 1-(2'.3"'.5'.6'-tetraflnoropvridvl)-
-2.3.4.5-tetrakis(trifluoromethvl)cvclopentadienvl caesium (199):
(Found: M, 133; M7, 362 (FAB). C,4F;NCs requires M*, 133; M,
362); n.m.r. spectra (*°F, '3C) number 64a; mass spectra (FAB %)
number 49. Repeated elemental analyses were unsatisfactory (e.g.
Found: C, 25.2; N, 1.7. C;14F;¢NCs requires: C, 27.1; N, 2.3%).
Analysis (fluorine n.m.r.) after a reaction time of 45 minutes
indicated the presence of ethylfluoroformate [fluorine n.m.r. § -
18.3 ppm; 1it. 169 -17.5 ppm (5% solution in benzene)]. After a
reaction time of one day the fluorine n.m.r. spectrum of the
reaction mixture had greatly simplified. Analysis of the n.m.r.

spectra tentatively indicated the presence of an acyclic
intermediate [fluorine n.m.r. (weak resonances) § -54.3 (s, int
3); -63.0 (d, int 3, J ca 18 Hz); -66.9 (s, int 3); -69.6 (s, int
3); -111.1 (s, int 1); -92.8 (s, int 2); -143.7 (s, int 2)], and a
possible cyclopentadiene derivative [fluorine n.m.r. § -56.8 (s,
int 1); -61.8 (s, int 1); pvridyl resonances too weak for
assignment]



9.3.8 Diene (124) with 4-(2'.2'.2'-trifluoroethvl)-
-tetrafluoropvridine (184)

Caesium fluoride (2.8g, 18.6mmol) was added to a stirred mixture
of diene (124) (1.1g, 3.0mmol), compound (184) (0.7g, 3.0mmol),
and acetonitrile (5ml), contained in a dry round bottomed flask
(10ml) at room temperature. The solution became orange in colour
and was monitored by fluorine n.m.r. over the following 45

minutes, during which time no significant change was observed.
Analysis after heating to reflux temperature for 15 minutes
resulted in very complex fluorine n.m.r. spectra. No products
could be isolated and the reaction was not investigated further.

9.4 (Other Reactions

9.4.1 Salts (185 and 186) with hvdrogen chloride
a) Fith aqueous hydrogen chloride
Concentrated hydrochloric acid (2.9g) was added to a solution of
anions (185 and 186) (1.6g, 3.2mumol) in acetonitrile (20ml). The
resultant brown solution was extracted with ether (2 X 10ml).
Volatiles were removed under reduced pressure from the ethereal
solution, yielding a brown solid. Sublimation (110°C, 0.005 mmilg)
vielded a white solid which was identified as an isomer of
4-carboxy-2-cvano-6.7.7.7-tetrafluoro-3.5-bis(trifluoromethvl)
hepta-2.5-dienenitrile (192)): (0.2g, 0.5mmol, 167% yield)
(Recorded mass 383.98192mu; C;;HoF;oN20s requires 383.99577mu;
difference 13.7 mmu; C;yHaFioN202 is the best reasonable match);
m.p. ca 160°C (decomposition); mass spectra (electron impact,
chemical ionisation, negative ion) number 50; n.m.r. spectra (I,
19F, 13C) number 52b; infrared spectrum number 41.

b) Fith anhydrous hydrogen_chloride

Anhydrous hydrogen chloride gas was bubbled into a solution
(brown) of salts (185 and 186). After saturation, the solution
(red) was filtered to remove a white precipitate. Volatiles were

removed under reduced pressure yielding a brown solid which on
sublimation (50°C, 0.05 mmllg) yielded a light yellow solid
believed to be a mixture of isomers of
2-cvano-6.7.7.7-tetrafluoro-3.4.5-tris(trifluoromethvl)hepta-2.5-
-dienenitrile (191) (Complex fluorine n.m.r.). After standing for
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7 days, analysis [Mass spectra (electron impact, chemical
ionisation, negative iom); n.m.r. ('°F); and infrared] indicated
that the solid had hydrolysed to carboxyl ic acid (192).

9.4.2 Sublimate (191) with fluoride ion
Caesium fluoride (1.9g, 12.4mmol) was added to a solution of
freshly prepared sublimate (191) (0.19g, 0.5mmol) in dry
acetonitrile (10ml), contained in a round bottomed flask (100ml)
equipped with a reflux condenser. After stirring for 10 minutes
at reflux temperature amalysis (fluorine n.m.r.) indicated that
the solution contained: salt (185) (35%); salt (186) (25%); and
salt (188) (40%). After further refluxing (total of 4 hours)
analysis (fluorine n.m.r.) indicated that salt (183) was the only
fluorocarbon species in solution.

9.4.3 Dienes (196) and (198) with caesium fluoride
Two mixtures were prepared simultaneously

- Experiment a) Diene (196)
Caesium fluoride (0.7g, 4.9mmol) was added to a solution of
diene (196) (0.0489g, 0.092mmol) in acetonitrile (3ml),

contained in a dry vessel. The initially colourless solution
became green.

Experiment b) Diene (198)
Caesium fluoride (0.85g, 5.6mmol) was added to a solution of
diene (198) (0.0562g, 0.110mmol) in acetonitrile (3ml),

contained in a dry vessel. The initially colourless solution
became orange.

Both vessels were stirred for a period of 630 minutes at room
temperature. The solutions were then filtered and volatiles were
removed under reduced pressure. After adding fresh solvent the
solutions (now both orange in colour) were then examined by
fluorine n.m.r. and mass spectroscopy (FAD #).

By comparison of spectra with authentic samples solution (a) was
shown to contain principally a mixture of salt (183) (527%) and
salt (197) (48%) (proportions based upon n.m.r. integrals):
(Found: M™, 133; M7, 503. C;5F,:Cs requires: M", 133; M, 503);
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mass spectrum (FAB #) number 51; n.m.r. spectrum (!°F) number 358b.

Solution (b) was shown to contain principally a mixture of salt
(183) (27%) and salt (199) (737%).

4.4 Salt (188) with sulphuric acid

Crude salt (188) (2.3g, 4.6mmol) was mixed with concentrated
sulphuric acid (26.9g), contained in a flask (50ml), yielding a
light brown solution. Analysis (fluorine n.m.r.) indicated that
the solution contained a mixture of two isomers of
2-cvano-tetrakis-(1.2.3.5-trifluoromethyl)cvclopentadiene (208):
n.m.r. spectrum (1°F) number 59. The solution was diluted with
wvater and extracted with ether. Much of the ether was then
removed by rotary evaporation, yielded a solution which was
examined by GC/MS. The possible presence of an isomer of
2-cvano-5-carboxv-tris(2.3.4-trifluoromethvl)cvclopentadiene (209)
was indicated: Mass spectrum: Negative ion M, 338 fragmentation:
19 (F). CyoHaFgNOa requires: M, 339).

.4.5 Anion (188) with boron trifluoride etherate

Boron trifluoride etherate (0.5ml) was added to a mixture of
salts (188) and (199) (0.1g). Analysis (fluorine n.m.r.) of the
solution indicated no change in the anionic spectra.

.4.6 Attempted reaction between salt (188) and
pentafluoropvridine (78)

a) At 140 degrees centigrade

Pentafluoropyridine (78) (5.1g, 30,2mmol) was added to a solution
of salt (188) (1.4g, 2.8mmol) dissolved in dry tetraglyme (20ml),
contained in a round bottomed flask (100ml), maintained at a
temperature of 140°C. After 4 hours at 140°C analysis (fluorine
n.m.r.) indicated the presence of unchanged starting materials
only.

b) 4t 190 degrees centigrade

Salt (188) (0.09g, 0.2mmol) and pentafluoropvridine (78) (0.24g,
1.4mmol) were sealed in a quartz tube (4mm external diameter).
The tube was then heated in an oil bath to 190°C for 140 minutes.
Analysis (fluorine n.m.r.) indicated the presence of unchanged
starting materials only.
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9.4.7 Kinetics of reaction of diene (124) with malononitrile (127)
Caesium fluoride (7.5g, 49mmol) was added to a mixture of diene
(124) (2.1g, 5.7mmol), malononitrile (127) (0.4g, 5.8mmol) and
acetonitrile (3ml), contained in a round bottomed flask (100ml).
After 10 minutes stirring at room temperature, a sample of the
mixture (including a little solid caesium fluoride) was
transferred into an n.m.r. tube (5mm). The solution was then
monitored by high field fluorine n.m.r. operating in the variable
temperature mode at 35°C. The first spectrum recorded indicated
that all of the added diene (124) had already reacted. Subsequent
spectra were automatically acquired at preset time intervals.
Salts (185), (186), and (188) were observed in the solution.
Table 9.2 shows the variation of the fluorine n.m.r. resonance

integrations during the observation period.

Table 9.2 Fluorine n.m.r. intecrations chaneing with time

Time Salt Salt Salt
(mins) (185)- (186) (188)

0 160 28 8
30 158 32 10
50 156 35 12
80 156 35 16
100 152 35 16
140 152 38 18
180 147 39 21
210 144 40 21
240 139 39 22
270 143 42 23
300 141 43 25
330 138 42 27
360 133 43 27

Please note in tables 9.2 and 9.3 arbitrary fluorine n.m.r.
integrals are measured in mm. The time is measured in minutes
from the first n.m.r. observation.



In the following table the following abbreviations are used:

ty the time at the start of an arbitrary ce 150 minute
period;

to the time at the end of an arbitrary ce 150 minute
period;

At the time interval between t; and to in minutes;

A{Salt (188)] the increase in the n.m.r. integration due to salt
(188) during this period;

[(ﬁgég] the average n.m.r. integration of salt (186) during
this period;

k the approximate 1st order rate constant calculated
for this period;

K the apparent equilibrium constant between salt (185)

and salt (186) during this period.

Now from the first order rate equation:

——e

Rate = k X [(§gé§] X 12/13

Where multiplying by a factor of '2/;3 corrects for the different

number of fluorine atoms in salt (186) compared with salt (188),

allowing the use of integration data to represent concentrations.

Expressing rate as a change in concentration with respect to time:
d[Salt (188)] A[Salt (188)] —

o Salt 12
T it = kX [qgey] X P/is

2

Assuming that At and A[Salt (188)] are small.
Rearranging allows the calculation of k in table 9.3.

Table 9.3 Analvsis of data

k

IO a t 4 M ‘1 C ’4

t;  ty At A[Salt (138)] [(51861)] (X 103s71) [(81§5I§] K
0 140 140 10 34 2.28 156 0.22
30 180 150 11 36 2.21 154 0.23
50 210 160 9 37 1.65 151 0.25
30 240 160 6 33 1.07 148 0.26
10 270 170 7 39 1.14 146 0.27
140 300 160 7 40 1.18 144 0.28
180 330 150 6 41 1.06 142 0.29
210 360 150 6 42 1.03 140 0.30
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Discounting the results with t, less than 80 minutes, due to
inaccuracies caused by the small [salt (188)] values, enables the
calculation of a mean k value of ca 1.1 X 1073 min™?.

Givenl™ tl/9 = (1/k) In 2

Hence, the half life of the reaction can be calculated to be ca
630 minutes.

.4.8 Attempted Diels-Alder reaction of diene (198)

with cvclohexene

Diene (198) (0.5g, 1.0mmol) and cyclohexene (0.2g, 2.4mmol; were
introduced into a dry quartz tube (5mm external diameter), which
was then sealed. The tube vas heated enclosed in a metal jacket,
within an oil bath, to a temperature of 190°C, in the dark. for a
period of 6 hours. After this time the tube was cooled and
opened, yielding a brown solution. Removal of cyclohexene by
distillation, followed by recrystallisation of the residue, from
ether, yielded a white solid subsequently identified as
1-cvano-2-(2'.3"'.5'.6'-tetrafluoropvridvl)-1.3.4.5-
tetrakis(trifluoromethvl)cvclopentadiene (210) (0.6g, 747%) :
(Found: C, 35.1; N, 5.5%; M", 512; C,s5FgNs requires C, 35.2: N,
5.5%; M, 512; m.p. 73°C; mass spectra (electron impact, chemical
ionisation, negative ion) number 52; n.m.r. spectra (!°F, 13()
number 61; infrared spectrum 42.

4.9 Diene (198) heated with added caesium flnoride
(solvent free)

Diene (198) (0.17g, 0.33mmol) and caesium fluoride (0.04g,
0.26mmol) were introduced into a quartz tube (5mm external
diameter). This tube was heated to 110°C for 1 hour, in the dark.
Analysis (fluorine n.m.r.) showed that no change had occurred.
The tube was then heated to 150°C for 6 hours, after cooling
analysis (fluorine n.m.r.) of the resulting black solid indicated
that very little isomerisation had occurred (at least 957 of the

fluorine n.m.r. integration related to starting material).
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9.4.10 Diene (198) with caesium fluoride in acetonitrile
Diene (198) (0.08g, 0.16mmol), acetonitrile (0.5ml), and caesium
fluoride (0.5g, 3.2mmol) were introduced into a dry round bottomed
flask (5ml). The flask was sealed, and the contents were stirred
at room temperature for a period of 18 hours. Subsequent analysis
(fluorine n.m.r.) indicated a ce 3:1 mixture of salt (199) and an
ion tentatively identified as 5-cvano-1-(tetrafluoropvridvl)-
2.3.4-tris(trifluoromethvl)cvclopentadienvl caesium (213): n.m.r.
spectrum (!°F) number 64b. FAB (%) spectra number 33 was recorded
of the mixture indicating the presence of salt (199) (M, 486);
salt (213) (M, 443) and various other species, possibly including
ion aggregates.

9.4.11 Thermal isomerisation of diene (196)

Diene (196) (0.0399g, 0.075mmol) and cyclohexene (0.05g,
0.71mmol) were introduced into a dry quartz tube (4mm external
diameter). After sealing the tube was heated to a temperature of
190°C in an oil bath for a period of 3 hours, in the dark. The
tube was then cooled, and opened yielding a brown solution.
Removal of cyclohexene under reduced pressure followed by
recrystallisation, from freon-11, yielded a white solid
subsequently identified as 5-cvano-1-(pentafluorophenvl)-2.3.4.5-
tetrakis(trifluoromethvl)cvclopentadiene (211) (0.0275g,
0.052mmol, 697%):(Recorded mass 528.93881 mu; C;gFi7N requires
528.97593 mu; difference 37.1 mmu; € 6F17N is the best reasonable
match); mass spectra (electron impact, chemical ionisation,
negative ion) number 54; n.m.r. spectra ('°F, '3C) number 63a.
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la.
1Dh.
2a..
2b.
2c.
3a.
3b.
3c.

Appendix I - N.M.R. Spectra

Perfluoro-3-methyl-2,1-benzisoxazole (88)
2l-hexafluoroisopropyl silver (96)
Perfluoro-1-nitro-4-(2'H-hexafluoroisopropyl)benzene (87)
Caesium salt (93)
Perfluoro-1-nitro-4-(2',2',2'-trifluoroethyl)benzene (89)
Perfluoro-4-(2i-hexafluoroisopropyl)pyridine (79)

Caesium salt (91)
Tetrafluoro-4-(2,2,2-trifluoroethyl)pyridine (80)

4. Benzonitrile derivative (85)

. Caesium salt (94)
6a.
6h.
Ta.
7b.
8a.
8b.
. trans- compound (112)
10.
11.
12a.
12b.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22a.
22b.
23a.
23b.
24a.
24b.
5. Ethyl-(4'-tetrafluoropyridyl)acetate (183)

Perfluoro-4- (2H-hexafluoroisopropyl)benzonitrile (83)
Caesium salt (94)
4-(2',2",2"-trifluoroethyl)benzonitrile (84)

Caesium salt (97)

Pyridyl-but-2-en-1,4-dioate derivative (106)
Pyridyl-but-2-en-1,4-dioate derivative (107)

cis- compound (111)

trans- compound (114)

cis- compound (115)

Compound (116)

Compound (117)

Thiophene derivative (118)

1,6-Benzodioxocin derivative (121)
1,6-Benzodithiocin derivative (123)
4'-Tetrafluoropyridylmalononitrile (129)

Caesium salt (130)

Phenylsulphonylacetonitrile pyridine derivative (171)
Caesium salt (170)
Methyl-(4'-tetrafluoropyridyl)malononitrile (179)
Decafluoro(bis-4'-pyridyl)malononitrile (177)
Decafluoro(bis-4'-pyridyl)acetonitrile (178)
Malononitrile derivative (133)

Caesium salt (134)
Ethylcyano- (4'-tetraf lutopyridyl)acetate
4'-Tetrafluoropyridylacetonitrile (182)
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6. Malononitrile derivative (131)

. Caesium salt (132)

. Pyridazyl-ylidene-malononitrile derivative (133)
. Caesium salt (136)

. Isopropyl-pyridazyl-ylidene-malononitrile derivative (137)
. caesium salt (138)

. Methyl- (4'-trifluoropyridazyl)malononitrile (133)
3. Acetonitrile derivative (171) .

. caesium salt (170)

. Pyrimidyl-ylidene-malononitrile derivatives (139 & 141)
. Caesium salt (140)

. Caesium salt (143)

. Caesium salt (142)

. (3',5',6'-trifluoropyazyl)malononitrile (144)

. Potassium triazyl malononitrile derivative (146)
. Hydrolysate (169)

. 1'-(Nonafluorobiphenyl)malononitrile (149)

. Caesium salt (150)

. Phenylsulphonylacetonitrile derivative (175)

. Caesium salt (174)

. 1,4"'-(octafluorobiphenyl)bismalononitrile (151)

. Dicaesium salt (152)

. fB-Heptafluoronapthylmalononitrile (153)

. Caesium salt (154)

. 1'-(hexafluoroisoquinyl)malononitrile (147)

. Potassium salt (148)

. Perfluoro-trans,trans-3,4-dimethylhexa-2,4-diene (124)
. Carboxylic acid (192)

. Thiobenzyl sustituted trans,trans- diene (204)

. Thiobenzyl sustituted cis,irans- diene (205)

5. Four isomers of caesium salt (206)

. trans,trans-Pentadienyl caesium salt (185)

. cis,trans-Pentadienyl caesium salt (186)

. trans,trans-Pentadienyl caesium salt (193)

. Caesium cyclopentadienide derivative (188)

. Caesium cyclopentadienide derivative (197)

. Isomers of cyclopentadiene derivative (208)

. Cyclopentadiene derivative (193)

. Cyclopentadiene derivative (210)
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62.
63a.
63b.
64a.
64b.

Cyclopentadiene derivative (196)
Cyclopentadiene derivative (211)

Sodium pentadienvl anion (193)

Caesium cyclopentadienide derivative (199)
Caesium cyclopentadienide derivative (213)

N.m.r. spectra of salts and of their conjugate acids were recorded
in dg-acetone solution, other spectra were recorded in
d-chloroform solution. All spectra were recorded using a Briicker
AC 250 spectrometer. Reference compounds (!°F - CFCls, '3C & 'H -
Me4Si) were used internally.
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Chemical

Multiplicity
Shift (ppm)

Coupling
Constant (liz)

Relative
Intensity ment

Assign-

Compound (a) ( in CDCl3 )
19F n.m.r.
- 63.3 d ca 9.2
-138.7 m
-137.0 m (overlapping)
-146.8 m
L3¢ n.m.r.
148.7 q
113.8 q 272.4
138.3 ddd 271.3,
104.8 d
143.6 dt 261.9,
138.7 de 253.8,
132.6 ddd 258.8,
148.9 m
Compound (b) ( in CDCl3 )
98 nom.r.
- 52.0 d 13.2

13.4, 3.7
19.3
14.3
14.6
14.0, 4.9

—_ R

3a

546

'3¢ n.m.r. (Broad band proton decoupled and proton coupled)

32.9 d hept. 126.3,
130.9 q 270

3a
CF;

Spectra fla

40.3

Spectra #1b

F;(‘,\ Azt

C——1
1
F3C

Chemical Multiplicity  Conpling Relative  Assign-
Shift (ppm) Constant (llz) Intensity ment
Compound (a) (in €DCly)
n.m.r.
4.8 heptet ca & llz 4a
5P n.m.r.
- 64.0 S 6 4b
-145.0 s 1 2or6
-145.2 S 1 2o0r6
-133.8 s t 3ors
-135.2 s 1 dors
Salt (b) (in tetraglyme)
Y9F n.m.r.
- 49.1 3 6 4h
-147.1 s 2 Aromatic-F
-150.2 s 2 Aromatic-F
Compound (¢) (in CDCl3)
19F n.m.r.
- 65.0 5 3 4b
-147.2 S 2 246
-138.4 s 2 3Ls

Spectra §#2a Spectra #2b

F3C CF3 4h FiC CFy 4b
44 I ay=- cs'
4 4
5 3 5 3
6 2 6 2
1 1
N0, N

Spectra #2c

CF3

[

4 b



Chemical Multiplicity  Coupling Relative  Assign- Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (Hlz) Intensity ment Shift (ppm) Constant {llz) Intensity ment

Compound (a) (in CDCl3)

19F nmr. 'Hn.mr. .
615 S 6 o 5.1 d heptet (F3) 28.4, 7.3 (F4a,F3) 4
- 90.0 s 2 246 YF n.m.r.
-138.5 s 1 3ors - 60.0 d (F3) 20.2 3 1
-140.3 s 1 3ors5 - 91.6 s (broad) 1 3
- 63.9 s 6 4a l 5
Salt (b) (in tetraglyme) -131.6 m (4 lines) 2 2'L 6!
19F n.m.r. -135.7 s (broad) ) 3L 5
. - 47.8 s 4b '3¢ n.m.r. (Broad band proton decoupled and proton coupled)
> -102.3 s 2 2L6 121.3 q 275.3 . . 1
> -151.1 s 3L5 110.5 dm (F3) ca 38, ca 16 (F1, F34,F5') 2
156.8 d 288.0 3
Compound (¢) (in CDCly) 50.0 dm 135.8, (8+ lines in m) 4
Wonm.r. 122.0 q (broad) 285.2 42t 5
3.6 q 9.6 42 93.5 t (sharp) ca 19 (F2") 1!
107.7 t ca 3.5 (F2') 1'a
2Fnmr. 146.1 ddt 253.5, 14.7, 3.2 Aromatic C-F
- 65.8 s 3 4b 150.0 ddt 260.6, 16.4, 4.7 Aromatic C-F
- 9.8 s 2 2L6 112.7 t (broad) ca 33 (F3") 4!
-142.9 s 2 3¢5
Spectra #3a Spectra #3b Spectra #3c
F3C (F3 4b F3C CF3 b
It Ccs*
Spectra §1
5 3 5 3
6 2 6 2
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Chemical

Multiplicity  Coupling Relative  Assign-
Shift (ppm)

Constant (Hz) Intensity ment

(in CH3CN)

I9F n.m.r.
- 50.9 m (broad) 3 1
- 77.3 decet 18.8 (8+ lines visible) t 3
- 51.1 dd 18.7 6 42t 5
-137.1 m (8+ lines) 2 2% 6
-136.9 m (broad) 2 3'L 5
3¢ n.m.r.
126.3 q 267.9 1
108.7 (partially obscured) 108.7 2
168.9 d 264.4 3
ca 69.4 m (7+ lines) ca 35 4
127.6 q 265.1 42 L 5
89.7 t 19.4 1!
109.2 5 1'a
146.3 d 245.6 Aromatic C-F
47,7 dd 253.3, ca 15.3 Aromatic C-F

4' not observed nor assigued

Spectra §3

Chemical Multiplicity  Coupling

Relative

Assign-

Spectra f6a

3

Shift (ppm) Constant (llz)  Intensity ment
Compound (a) (in CDCl3)
Momr.
4.8 heptet 7.7 4a
19F n.m.r.
- 64.3 m 6 4b
-129.9 S 1 20r6
-130.6 S 1. 20r6
-132.0 m 1 3orsj
-137.6 S 1 Jorsd
13¢ n.m.r. (Broad band proton decoupled)

97.3 m 1
106.3 s la
145.6 d 261.0 2
147.2 dm 264.0 Jors
147.6 dm 2060.1 3ord
112.3 t ca 14 4

46.2 heptet 331 4a
121.5 q 983.5 4b

Compound (b) (in CDClj3)

19F n.m.r.
- 43.1 S 6 4b
-142.1 2 Aromatic-F
-145.3 1 Aromatic-F
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Chemical Multiplicity  Coupling Relative  Assign- Chemical Multiplicity  Coupling Relative  Assign-

Shift (ppm) Constant (Hz) Intemsity ment Shift (ppm) Constant (llz)  Tntensity ment
Compound (a) (Observed as an impure mixture in CDCly)
Nan.mr. 'Hn.m.r. (mixture)
3.7 q 9.1 4a 3.6 to 4.0 n 0-CHy
Trans Tsomer ( 587 ) (a)
Y9F n.m.r.
- 65.8 s 3 4b 19F n.m.r.
-132.2 m 2 - 97.0 s 1 2
-138.2 m 2 - 91.7 n 2 2t

-140.5 n 2 31

Compound (b) (tentative)
Cis Tsomer ( 427 ) (b)

19p n.m.T.
-147.0 s (obscured) ' 2 2L 6 19F n.m.r.
-134.9 s 1 Jors - 95.6 m 1 9
-135.3 s 1 Jorb - 90.7 m 9 91
- 56.7 d 131 3 4b -138.7 m ) KL
b 12
F3C it L a Me0,C
44 'Cﬂg.\lc .“Cﬂg C
st 12
4
Spectra #7a Spectra §7b 3 5 Spectra #8a, Spectra #3b
t
2 6
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Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (Hz) Intensity ment

(in CDCl3)

4.0 S 1
4.1 s (broad) 1
YF n.m.r.

- 93.1 s 1
-122.8 m 1
-119.8 d ca 14 (3] F2') 2
-129.8 s 2
-109.1 d ea 10 (F2') 2

13¢ n.m.r. (Broad band proton decoupled)

158.6 d 34.1 (2J F2)
53.8 S :
153.8 d 297.6
160.6 N
106.1 tdd (23 F5'),(F2') 48.5, 24.7, 4.2 (F2)
157.5 dtm ca 310, cad5 (2J F3')
ca 114 tm ca 257 (overlapping)

1 14
Ch,\e

Spectra 9

1a or 4a
la or 4a

2!
3!
4!

la & 4a

2

4

1'

2!
34, L5

Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (Hz) Intensity ment
(in CDCl3, as a mixture with trans-isomer)
"Wa.m.r.
4.0 S 1 1a or da
4.1 s (broad) 1 1a or da
19F n.m.r.
-101.8 m ca 17 1 2
-115.6 m | 2!
-119.0 d ca 15 (3J F2') 2 3!
-130.3 ] 2 4!
-108.0 t 12.6 (F2') 2 5!
12 1
MCU-)C
Me0,C F
aid g
Spectra §10 5!
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" Spectra gt

Chemical Multipticity  Coupling Relative  Assign-
Shift (ppm) Constant (Hlz)  Intensity ment
(Recorded in CDCl;, at 293K)
Mao.mr,
3.9 s la & 4a
Y9F n.m.r,
- 93.3 s (very sharp) 1 2
-118.8 s (sharp) 1 2!
-120.3 s (very broad) 2 3!
-134.4 s (very broad) 4 4' L 5’
-110.1 s (very broad) 2 6!
13¢ n.m.r. (Broad band proton decoupled)
158.3 d ca 21 (2] F1) 1
53.5 s la & 4a
153.7 d (sharp) 297 2
160.4 ] : 4
150.1 d (broad) 255.4 2!
100 to 113 t (broad, overlapping) 3,4',5'6'

Compound (b} (In CDCl;3 as a mixture with 2'-methoxy isomer)

3.9
4.0
4.2

19F n.n.r,
-123.5
-120.2
-131.4
-109.8

Spectra #12a

S

14.1 (3] F2) 2

10.1 (*J F27) 2

5! Mel,C
4a 4

Spectra #12b g

%13
Mel,C

Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Coustant {llz)  Intensity ment
Compound (a) (2:7 mixture with {rans-isomer in CDCls)
MNomr,
3.9 la t 4a
19F n.m.r.
- 63.8 s (very sharp) 1 2
-115.0 s 1 2!
-119.8 ] 2 3!
-134.4 s 2 4' or 5'
-134.6 s 2 4' or 5'
-109.5 s 2 6'

la or 4a
la or 4a
2a

9!
3!
4!
5|




Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (llz) Intensity ment
(in CDCl3)
'Nn.m.r.
3.9 S 1 la or 4a
4.0 s 1 1a or 4a
1.2 S 1 2'a
19p p.m.r.
-106.4 S 3 245
-114.9 S 2 3
) -130.3 s 2 4’
3
—
: 13¢ n.m.r. (Broad band proton decoupled)
139.1 d 30.8 (2J F2) 1
53.6 S la & 4da
151.0 d 286 2
111.5 d ca 35 (2J F2) 3
163.1 d 10.0 (3J F2) 4
cu 106.0 m 1'
154.2 t ca 19 (*J F3") 2!
50.6 s 2'a
112.3 tt 261, 25.6 (2J F1') 3' or 5'
115.3 t 257, 24.2 (2J F4') 3" or 5'
110.1 tp 273, 24.6 (2J F3', 2] F53') 4!
a1
Me0,C

Spectra §13

Me0:C

44

4

Chemical
Shift (ppm)

Multiplicity

Coupling
Constant (llz)

Relarive
Intensity

Assign-
nent

M n.m.r.

4.1
4.0

19F n.m.r,
-102.7
-106.8
-124.8

140.0
141.4
109 to 113
144.4
159.6
160.7
53.4
53.7
1311

Spectra #14

S
S

m

W wm W m W v ot B

(broader)
(sharp)

(overlapping)

13¢ n.m.r. (Broad band proton decoupled)

2'h

2°d 2
ClaMe

Yo b
CU:HO

2'b

31

Jors
Jors

4

1 or 2

1 or 2
3,4L5

2!

2'a or 3'a
2'a or 3'a
2'b or 3'b
2'b or 3'b
3(



: Sy : : . Chemicalﬁi Muitiblicgzcr Codplinw Relative  Assign-
Chemical Multiplicity  Coupling Relative  Assign- i - S - I SRaR >
Shift (ppm) Constant (Mz) Intensity ment Sbift (ppm) Constant (llz)  Invensity ment
Hn.m.r Hlnem.r.
3.4 s 3 2b or 3b 3.3 s 3 2b or 3b
3.8 S 3 2 or 3b 3.9 S 3 2h or 3b
.v - - I
6.9 s 4 Ar-l 5.5 s L vt
T 0 1 Ar-ll 7.1 m ( overlapping ) 7 aromatic C-lf
79 . 0 \e-l 7.2 n 1 aromatic C-ll
T.4 d 1 Ar-ll 9F n.m.r. (Some second order character)
190 nimr -121.1 s ( broad ) 1 1!
130.0 s 2 2! -111.3 dt 258.4, 16.0 1 2!
1184 S 1 3! -125.4 dt 238.2, 12.7 i 2!
' -114.7 dd 221.2, 12.0 1 3'above
'3C n.m.r. (Broad band proton decoupled) -198.6 add 223.1, 13.9, 5.2 1 3'below
161.4 s 2 or 3
163.1 s 9 or 3 '3¢ n.m.r. (Broad band proton decoupled)
AR 59 0 . 92 or 34 169.0 s % or 3a
o] 2. ¢ ¢ 167.4 s 2a or 3a
3% g 3
. 53.2 s 2a or 3a 53.8 s 2b or 3b
111.3 tt 270.6, 22.2 2'or 3' o AL
12.7 tt 250.4, 25.5 2" or 3' 51.9 s or 3b
134.6 d ca 26 4 )
Aromatic C-Il resonances at 109.1, 121.9, 122.9, 124.7, 126.0, 127.6 ppn ‘;1'9 s :”’""“fc g::
Others at 114.6, 143.6, 145.0, 146.5, 149.0, 149.3 ppn 126.7 s romatic €-
150.6 d ca 290 1!
112.2 t ca 260 2'or 3!
114.2 t ca 270 : 2'or 3!

Spectra #15 Unassigned others at 136.9, 113.3, 70.3 ppm + some obscured

Spectra 16

&b 2b  2a
MeO,C

1'b 7b

1°c




“€LT-

Chemical Multiplicity  Coupling Relative  Assign-

Shift (ppm) Constant (llz)  Intensity ment
N n.m.r.
5.4 S 4a
Y9F n.m.r.
- 84.8 S 1 2
-139.9 s 1

'3¢ n.m.r. (Broad band proton decoupled and proton coupled)

144.5 de 248.3, 15.0 (?J F3) 2
141.6 dd 252.1, 36.8 (?J F2) 3
121.5 m 4
18.9 d 141.8 4a
110.4 S 4b

Spectra §17

Spectra §18

'Presumably under acetone Dy peak at ca 30ppm

Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (liz)  Tntensity ment
'SF n.m.r.
-100.1 S 1 2
-152.7 m 1 3
13¢ n.m.r.
144.6 dt 234, 15.9 (*J F3) 2
133.9 dm 263 3
122.3 (couplings obscured) 4
(not observed)? 4a
122.2 s 4b
b xe oy



NZAN

Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (liz)  TIntensity ment
'fn.m.r.
6.6 ] 1 4a
7.8 t 7.7 2 4e
7.9 (obscured) 3 4d b 4f
19F n.m.r.
- 90.2 m 1
-139.7 m 1

13¢ n.m.r. (Broad band proton decoupled and proton coupled)

141,
141,
120.

53.
11,
135.-
130.
137.

W O e YO Ut A

Spectra §19

dtm 244.7, 15.6 (2J F3)
dd 265.5, 36.0 (}J F2)
t 12.9 (2J F3)
d 119.3

d 10.6 (2J Hda)
t small (2J I14d)
dm ra 168

dt 164.0, 7.3 (2J lte)

KL

af

2

3

4

4a

4b

4c

4d L 4e
4f

Chemical

Multiplicity  Coupling Relative

Assign-

Shift (ppm) Constant (Hz) Intensity ment
'Nom.r.
7.5 S 3 44 L 4f
8.0 s 2 Je
197 p.m.r.
- 93.2 m 1 2
-143.1 m 1 3

144,
136.
133.

58.
123.
149.
126.
129.
131.

Q= DN e U W Oy O

Spectra 20

dt 237.1, 17.8 (2] F3)
dd 218.6, 31.0 (2J F2)
m

S

s

s

d 163.7

dd 162.6. small

d 163.6

4

'3C n.m.r. (Broad band proton decoupled and proton coupled)

4a
4b
4c
4d
4e
4f



-GLT-

Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (llz)  Intensity ment
"M nm.r.
2.5 d 5.4 (J F3) 4c
19 n.m.r. _
- 89.6 m (6+ lines) 1
-130.4 m (6+ lines) 1

13¢ n.m.r. (Broad band proton decoupled and proton coupled)

145.1 (overlapping) dt
140.7 (overlapping) dd

126.1
71.3
113.8
26.6

Spectra §21

S

s
s
d

244.2, 1
263.1, 3

6.2 (2J F3)
7.2 (2 F2)

Chemical Multiplicity

Coupling

Relative

Assign-

Spectra #22a, Spectra §22b

Shift (ppw) Constant (llz)  Tntensity ment
Compound a ( X = CN )
9F n.m.r.
- 83.4 d (83 F3) 1.3 1 2
-137.8 d (3J F2) 7.8 1 3
3¢ n.m.r.
145.0 d 240.9 2
140.7 dd 266.1, ca 37 (2] F2) 3
122.6 s 4
( not observed in this weak spectrum ) 4a
109.0 S 4b
Compound b ( X = ') (as a mixture with last compound)
19F n.m.r.
- 86.3 s 1 2
-1.40.6 s 1 2
13¢ n.m.r. (Broad band proton decoupled)
ca 145 d ca 240
ca 110.7 dd cu 260, 36 (3J F2)
125.2 s
23.3 5 4a
113.1 s 4b




Chemical Multiplicity  Coupling Relative  Assign- Chemical Multiplicity  Coupling Relative  Assign-

Shift (ppm) Constant (Hz) Intensity ment Shift (ppm) Constant (llz)  Intensity ment
Compound a ( X = 1) Compound a (crude, neat)
'Hon.m.r. M n.mr.
6.5 5 2a 1.4 t 7.1 (3] Clla) 3 Cll;
4.4 q 7.1 (3J Clly) 2 Clly
19F 0 mor Y9F n.m.r,
-121.1 n 1 3 - 90.3 S 1 2orb
-130.0 m 1 5 - 90.7 s 1 20r6
- 86.2 t 7.1 (F3,F3) 1 6 -141.3 s 1 3ors
-137.4 S 2 2! -142.2 s 1 3ors
' -161.2 t 5.0 (F2iF4') 2 3!
—
35’ -149.5 t 5 (F3') 2 4! Compound b
' Mo.m.r.
4.2 t ce 1.1 (F3) 1 4a
Compound b ( X = Cs )
'9F n.m.r. (Some second order character in phenyl ring) 190 nom.r.
- 198 N . - pot — e .
1:?'3 d (F6) ‘:1'5’ 8.0 (F?’Ff') ! ‘:5 - 91.5 (complex second order) 1 2
15‘:2 j(ll gz; :;??' QZ; ((FF3_’)F" ) i ; -143.1 (complex second order) 1 3
- 02, ( : .3, 27. 5
-138.5 dm 14.3 (F3') 2 2! '3
-162.4 dd  (F4') 20.4, 14,4 (F2') 2 3! 13¢ n.m.r. {Proton coupled)
-132.5 tt (F3') 20.5, 2.8 (F2') 1 4! 1441 dt 242.9, 13.6 (2J F3) 2
141.6 ddt 259.3, 35.3, 1.5 (2J F2), (I4a) 3
125.9 m 4
' 12.9 t 140.5 4a
Spectra §23a, Spectra §213b 4 115.0 t 10.9 (2] la) 4b

ab

il
€0, Cll, Cli

NC

Spectra §2la




Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (llz) Intensity ment
Compound a
'Hnmr.
3.1 (7) S (broad) 1 4a
Y9F n.m.r.
-104.4 m 1 20r6
-101.9 m 1 2o0r6
-160.2 m ca 18.8 1 Jorb
-163.4 m ca 19 (complex) 1 Jorsd
13¢ n.m.r. (Proton coupled)
37.0 d 169.7 4a
123.6 $ 4b

-LLL-

(=

Compound

M am.r.

Spectra §25a

6.9
6.9

130-146  (Aromatic carbons, highly coupled, overlapping)

1a

1h

2

2' L 6!

3L 5!

tah
CO2CHLClly

Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (llz)  Intensity ment
' n.m.r.
6.6 S 4'a

'SF n.m.r. (Cowplex second order spectium)

- 90.2 m (6+ lines) 1 2
tentatively

-138.5 m (8+ lines) 1 3

-139.1 m (16+ lines) 1 2!

-131.7 m (10+ lines) 1 3

13¢ n.m.r. (Broad band proton decoupled and proton coupled)

141.0 dd 255.9, 35.5 (2J F2) 3
120.2 t 16.6 (*J I3) 4
111.5 t 16.6 (2J F2') 1!
109.4 t 18.8 (2J F3") 94!
18.5 d 115.4 1'a
111.0 d 13.1 (3J IHa') 4'b
tentatively
144.6 de 210.6, 15.7 2
5.1 dd 2594, 9.3 2!
146.0 dd 253.7, 15.3 3
2 3 2! 3! +'b
N
Spectra 426 ! N
CN




-8L1-

Spectra #27

Chemical Mulviplicity  Coupling Relative  Assign-
Shift (ppm) Constant (Hz)  Intensity ment
19F n.m.r. (Complex second order spectrum)
- 92.2 m (6+ lines) 1 2
tentatively
475 d 11.9 1 3
-110.3 m (14+ lines) ca 12.9 1 2!
-143.5 q 12.4 1 3!
3C n.m.r.
141.1 dd 258.7, 34.7 (2J F2) 3
26.4 S 4'a
123.3 s 4'b
tentatively
139.8 dm 241.2 2 or 2'or3'
147.7 dm ca 245 2o0r 2'ord’
127.9 t ca 19 (2] F3) 4
90.4 t ca 20 (2JF2) 1
ca 123 (weak, oveflapping) 4!

Chemical

Multiplicity  Coupling
Shift (ppm)

Constant. (llz)

Relative  Assign-
Intensity ment

12.2 s (very broad)
'9F a.m.r.
-118.6 s (broad)
-149.5 s (broad)
- 74.5 s (broad)

1
1 3
1 5
1 6

'3¢ n.m.r. (Broad band proton decoupled and proton coupled)

150.7 d 271.5
131.6 (overlapping)
46.8 $

116.0 s

155.7 d 231.8
136.7 d 253.6

Spectra §28

d4a
4h



-6L1-

Chemical
Shift (ppm)

Mulciplicity

Coupling
Constant (llz)

Relative  Assign-
Intensity ment

9P pom.r.
-108.1
-143.9
- 79.7

Hepm.r.

O
(=10« 7Y

— e e — e
[ N S -
S U e
Ll N V- = B & SR ]

Spectra §29

(F5,F6)
(F3,F6)
(F3,F5)

—
[=; I L SV )

10.9 (F6) 3
4
4a
4b
5

10.8 (F5)(F3) 6

Chemical Multiplicity  Coupling

Relative

Assign-

Shift (ppm) Coustant (llz)  Inteusity ment
M n.m.r.
11.6 s (broad) 1
190 p.m.r.
- 74.6 d 17.4 (F6) 1 3
-170.8 heptet of d (F3b),(F6) 6.1, 2.7 1 5a
- 73.0 dd (F6) 26.2, 6.1 (F3a) 6 5b
- 91.0 m ca 26 (Fsb) 1 6

3¢ n.m.r. (Broad band proton decoupled and proton coupled)

155.5 d 253.5

138.6 dd (2J F3) 20.3, 7.2 (F5a%)
62.6 s

115.8 3

91.2 m {(obscured)

93.3 d heptet  211.1, 36.0 (*J F3b)
121.1 qd 239.5, 28.0 (*J F3a)
157.4

dd 272.9, 10.2 (F3)

NC ey 4P

Spectra #30

4a
4b

Ja
5b



-081-

Chemical
Shiftv (ppm)

Multiplicity

Coupling

Constant (llz)

Relative  Assign-
Intensity ment

Chemical

Multiplicity

Coupling

Relative

Assign-

V9 n.m.r.

- T4.5
-172.0
- 73.0

- 79.5

13¢ n.m.r.
159.
136.

40,
1208
96.
9.
121.
162.

Sy =

2]

[ N

Spectra #31

d
m (6 lines)
dd (F6)

n (6 lines) ca 28 (F3),(F3a)

d 242.3

dd (2J F3) 23.5,
d

d

m (obscured)

d heptet

qd
dd

30.2
ca 4

26.8, 5.2 (F5a)

209.7, 35.5
2388.8, 23.1
.3,

232

(F6) 1 3
(F3b) 1 5a
6 5b

1 6

3

6.7 (F6) 4
6.5 4a
2.8 4b

5
(2J F3b) 5a
(23 F3a) 5b
7.9 (F3a) 6

Spectra #32

Counline ar ineaunivalenen

24

cN 4')
Cliy
4C

Shift (ppm) Constant (llz)  lIntensity ment
M on.m.r.
1.0 d 3.6 (F) dc
I9F n.m.r.
-111.8 t (broad) ca 12 (F5,6,l4c) 1 3
-148.0 dd 33.8, 11.1.(F6,F3) 1 5
- 77.2 dd 38.8, 14.2 (F5,F3) 1 6
13¢ n.m.r. (Broad band proton decoupled)
150.2 dd 274.5, 21.5 3
133.7 d ca 24.9 4
63.4 s 4a
119.9 d 16.4 2 4b
41.9 s 4c
154.1 dd 246.4, 20.6 ]
137.6 dd 251.6, 14.5 6



Chemical Multiplicity  Coupling Relative  Assign- Chemical Mulviplicity  Coupling Relative  Assign-

Shift (ppm) Constant (llz) Intensity ment Shife {ppm) Constant (I1z)  Intensity ment

Ma.m.r. Wonmr,

6.9 dd 10.1, 2.7 (F3) 1 4a 7.5 (obscured) 3 4d b 4f
8.1 d 5.6 2 4d 7.8 d 7.4 2 4e

7.8 t 7.8 (Ul 4f) 2 4e

8.0 7.5 (0 4e) 1 4f 190 0 omor.

Y9F n.m.r. - 74.4 d 30.2 (F6) 1 3
- 729 d (broad) 31.1 (F6) 1 3 -172.5 s (unresolved) 1 Sa
-170.4 q 8.0 (F5b') 1 5a - 72.9 dd (F6) 25.1, 4.1(2) F5a)6 5b
- 69.7 dq  (F6?) 33.9, 7.7 (F5b') 3 5h - 79.0 mo(6+ lines) ca 27 (F3) 1 6

‘ - 75.5 dq  (Fsa) 7.9, 7.9 (F5b) 3 5h"

a - 745 m {10+ lines) ca 16 1 6 130 nom.r.

w 13¢ nm.r. 161.6 dd 236.7, 4.5 (F6) 3
161.0 d 232.4 3 133.6 dd 30.3, 5.6 (2J F3) 4
124.7 d 26.5 (F3) 4 64.1 s 4a
55.8 d (d) ¢ca 150 (Ii/D exchange) 4a 123.0 d 4.5 4b

1.2 s 4h 147.4 ] 4c
136.9 4c 129.3 d 163.2 1d
131.0 d ca 168 4d k 4e 126.7 d 16i5.9 de
137.5 d 164.0 4f 132.0 d 167.7 4f
121.2 dil (F5a) 31.4, 22.2 (F6) 5 106.9 L 22.3 (*J Fda, 2J F6) B
91.5 d heptet  256.4, 36.5 (F5h, F5b') 5a 94.3 d heptet 218.2, 33,1 (2] Fab) Sa
120.4 qd 237.9, 27.6 (F3a) 5h & 5b 121.5 qd 289.6, 25.8 (2J F5a) 5b
161.8 d 247.0 6 163.4 d 242.0 6

b 4C . A Cs” tt
NC s, of Sty of
I P g"
st ad s€ 3 . ad iC
Spectra §33 FiC Spectra §34 F3C 3
F4C 3
sh R
N



-¢81-

Chemical

Muleviplicity
Shift (ppm)

Coupling

Relative  Assign-
Constant (llz)

Intensity ment

!19F n.m.r. Tautomer a
- 48.4 (broad) 1 2
-154.6 (broad) 1
- 74.0 (broad) 1
190 n.m.r. Tautomer h
- 57.8 (broad) 1
-165.9 (broad) - 1
- 90.2 (broad) 1 6

3¢ n.m.r. Only partial assignment possible (Broad band proton
decoupled)
114.1 {broad) 4b

Other resonances notably at 69.4, 114.1, 132.5, 136.0, 155.7 ppm

N 4P

Spectra §35a, Spectra §35h

Chemical
Shift (ppm)

Multiplicity

Coupling
Coustant. (llz2)

telavive  Assign-
[ntensity  went

Y9F a.m.r.
- 50.8
-169.3
- 92.4

3¢ n.m.r.

133.
162.

41.
120.
1
1

[S1 20
o ~1

O N Y O

[

Spectra 36

ddd 250.:

m (8 lines)
d
(2 singlets)

ddd 242.2
ddd 209,

(8
(3N

1 2
3(EGy 1 5
1

.7, 7.9 (F6),(F3) 2
4

7.1 4a

4b
L2, 4.7 (F6),(F2) 5
L2, 3.3 (F3),(F2) ©




-¢81-

Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (llz) Intensity ment
Mon.m.r.
6.0 S 5
19F n.m.r.
- 47.3 (broad) 1 2
- 69.8 (broad) 1 6

13C n.m.r. (Broad band proton decoupled and proton coupled)

163.1 dd 209.2, 22.9

175.2 dd 16.7, 9.2
43.8 d 7.4
120.9 (2 singlets)

83.6 dild 170.8, 32.1, 4.9
171.8 ddd 243.2, 18.6, small

ey 4P

Spectra §37

2
4
4a
4b
5
6

Chemical Multiplicity  Coupling Relative  dssign-
Shift (ppm) Constant (llz)  Intensity ment
Moa.mr,
5.6 t 2.7 5
9F n.m.r.
- 60.7 ] 246

13C n.m.r. (Broad band proton decoupled and proton coupled)

172.6 (weak, broad)
43.7 (weak)
121.9 S
172.5 dd 248.2, 10.8 (P! or FG)
77.4 dd 178.6, 39.4
4

Spectra #38

2

2a
2h
446



Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (Hlz) Intensity ment

Chemical Multiplicity  Coupling Relative  Assign-
: Shift (ppm) Constant (Hz)  Intensity ment
Compound (a)
Wnomr. '9F p.m.T.
6.3 s 2a - 43.5 s 5
- 82.6 dd (F6) 42.6, (F3) 7.7 1 3 '3G¢ n.m.r. for potassium salt
- 85.1 dd (F6) 19.2, 7.5 (F3) 1 5 170.8 dd 220.5, 21.0 (J F6) 2
- 92,2 dd  (F3) 42.6, 19.7 (F3) 1 6 180.3 t 15.9 (J F2) 4
13¢ n.m.r. (Broad band proton decoupled and proton coupled) 48.1 5 da
123.7 dd (3] F3) 31.3,ca 8 (F5) 9 119.0 s 4b
26.1 d 144.7 2a
' 110.9 d 12.8 (J 12a) 2b 130 n.m.r. for caesium salt
— - -Q
% 152.2 d 258.2 3 170.9 dd 220.1, 21.3 (J F6)
' 145.7 dd 252.3, 29.5 (2J F8) 5 180.3 t 15.7 (J F2) 4
146.8 ddd 265.3, 34.2, 8.8 (F3), (F3)6 48.4 S 4a
Compound (b) 119.0 5 4b
Y9F n.m.r.
ay - - - : cN 41)
- 83.4 dd  (F6) 46.7, 12,1 (F5) 1 3 ;
-116.8 dd (F6) 19.1, 12.2 (F3) 1
-101.2 dd 16.7, 19.2 (F5) 1
B3Cu.m.r, Spectra §10
1-43.9 m 2
31.7 S 2a
122.3 s 2b ) !
143.7 d 256.8 3
143.5 ddd 233.4, 27.9, 3.8 (F6).(F3) 5
133.1 ddd 240.6, 33.4, 6.1 (F3).(F3) 6
ab NC CN ab NC CN
.+
o 2 08
Nt Nt

Spectra #i3%a Spectra §30b



-G81-

Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (Nz) Intensity ment

In dg-DVSO

"Mn.m.r.
11.7 s (broad) 2

13¢ n.m.r. (Broad band proton decoupled and proton coupled)

152.3 s { or 3
162.3 s 1or3
44.3 s la
118.5 s 1b
NG ey 1h
1a

i ' /u
\\, N,

Spectra §i1 ,
0 X 0

Chemical Mulviplicivy  Coupling Relative  Assign-
Shift (ppm) Constant (llz)  Intensity ment
Mnm.r.
4.9 la
9F nom.r.
-138.1 dd (*J) 17.5. 8.8 2 2 (or 3)
-139.1 dd (3J) 17.1, 8.6 2 3 (or 2)
-136.7 m 2 2!
-161.6 dd  (F4')20.2, 14.1 (F2') 2 3!
-150.6 et (F3')20.4, 3.2 (F2') 1 4
13C n.m.r.
109.8 (overlapping) 1
18.5 5 la
111.1 d 144.3 1b
102.3 m 4
109.8 (overlapping) 1!
146.0 d 254.9 4'
139.1 dm 251.9 Ar-F2
144.0 dm 276.8 Ar-F
145.6 d ca 250 (overlapping) 2 X Ar-F
b
CN

Spectra 12

CN
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Chemical Mulviplicity  Coupling Relative  dssign- Chemical Multiplicity  Coupling Relative  Assign-

Shift {ppm) Constant (Hz)  Intensity ment Shifv (ppm) Constant (llz) Intensity ment
YF n.m.r, Hon.mr.
-144.5 d 11.7 2 2 6.6 S 1 la
-111.6 d 11.3 2 3 7.8 (overlapping) 3 d & Lf
-139.0 ddd 24.2, 8.9, ¢ca 2.1 2 2! 8.1 t 7.1 2 le
-157.5 dd 20.6, 14.9 2 3! 19F n.m.r.
“154.3 t 20.5 1 4! -137.4 (no visible coupling) 1 2,3,2
-133.0 (no visible coupling) 2 2,3,2'
3¢ n.m.r. (Broad band proton decoupled) -161.6 m 2 3!
125.4 t (broad) 1 -150.6 tt (F3'y 20.5, 3.5 (F2') 1 4!
23.9 § la Y3¢ n.m.r. (Broad band proton decoupled and proton coupled)
123.2 s 1b 109.8 (overlapping) 1
9.2 t 18.3 4 53.5 d 1487 1a
103.9 t 18.7 v 111.8 d ca 7 (2] Hia) 1b
141.5 dm 248.6 4' 1359 3 ic
135.9 d 167.6 1k le
137.9 de 1.4, 13.6 Ar-F 137.2 dt 163.8. 7.1 1f
139.1 dn 242.4 Ar-F 139.0 dt 253.5, cu L Ar-F
L1 dt 237.1,ca 10 Ar-F 145.3 d ca 250 (2 overlapping) 2 X Ar-F
1.7 dd 2-17.3,!‘(1 10 Ar-F 146.4 dd 259.9 1-3._) Ar-F
102.3 t ca 13 4
109.8 (overlapping) 1
143.8 dm 253.5 4!
Spectra #4143 4
Speetra #14
i 1 X lh
3 2 3 2 7




A

Chemical Mulviplicity  Coupling Relative  Assign- Chemical Multiplicity  Coupling Relative  Assign-

Shift (ppm) Constant (llz)  Intensity ment Shift (ppm) Constant (ll2)  Intensity ment
Hln.mr. ‘Mon.m.r.
7.4 (overlapping) 3 1d & 1f 4.9 la
7.9 3 2 le
1°F n.m.r. (Approximate multiplicities due to 2nd order nature) 19F p.m.r,
-143.3 dd 21.6, 9.9 2 2 -136.3 dd 16.5, 8.0 1 2,6,3' L5
-138.3 dd 21.2, ca 8 2 3 -1338.8 dd (broad, overlapping) 1 3,5,2' L6
-138.8 m 2 2!
-162.8 dd - (F4') 20.5, 14.4 (F2') 2 3! 13¢ n.m.r. (Broad band proton decoupled and proton coupled)
-133.6 vt (F3') 205 1 4! 109.9 t ca 13 1(') or 4(")
13C n.m.r. (Broad band proton decoupled and proton coupled) ca 110.5 (obscured) 1(") or 4(')
123.2 t 16.0 1 145.3 dd 254.6, 13.9 Ar-F
51.8 s la 146.2 dd 255.0, 13.9 Ar-F
124.7 s ib 18.5 d 142, 7o0r 7'
150.4 t small 1lc 111.1 d ca 9 (2J la) 8 or 8'
128.8 d 165 1d
126.1 d 171 le 8'
130.9 dt 161.1. 7.4 1f NC
96.9 t 20.5 (2J F3) 4 Spectra #46
104.3 t 20.0 (2J F2') 1
142.8 d 253 4! Ne
133.8 dm 218.8 Ar-F
143.4 d 2 Ar-F
44,7 d 37.3 Ar-F
145.5 d 252.2 Ar-t
Spectra #15
1 d 1 €
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Chenical Muleiplicity  Coupling Relative  Assign- Chemical Mulviplicity  Coupling Relative  Assign-
Shifttgppm) pHpen Congtag? (llz) Intens;ty m::tcn Shifr (ppm) Constant (llz) [utensity ment
190 nomor. Uonm.r.
-144.4 dn 12.0 1 Aromatic F 6.6 2a
14707 dm 16.7 1 Aromatic F
19 nom.r.3
130 nmor. -116.8 dd (F8) 68.8, 18.2 1 1
124.5 (OI)SCllI'Cd) 1 L4 -138.4 ddd 15.9, 79, ca 3.8 1 3
140.0 dn 234.9, 11.7 (3+ lines) 2,6,3' &5 -146.1 ABtt  (F5) 38.8, 16.1, ca 2.3 1 4
145.3 dd 246.5, 10.9 3,5,2' L6 -147.3 ABtt (F4) 53.8, 17.2, ca 4.2 { 5
04.1 t 17.5 (2] F3) 441 -151.5 tt 17.9, ca 3.8 1 6
23 .4 s 767 -154.8 m 1 7
121.5 s St 8 -113.8 dte (F1) 63,9, 16.5, ca 1.2 ! 8
5' 5! N 3 ” 8 13¢ p.m.r. Only a partial assigument was possible
NC 113.6 t (broad) 2
Spectra 8147 18.3 d 14.1.6 2a
111.2 d 7.0 I
NC
5 4

Spectra £13

Nost. probable assignments for 1 and 5.
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Chemical Multiplicity  Conpling Relative Assign- Clhemical Multiplicity  Coupling Relative  Assign-

Shift (ppm) Constant (1z) Intensity ment Shift (ppm) Constant (llz)  Tntensity ment
Y9F 0 om.r. 9 " n.m.r. Spectrum run in CDCl; as solvent
S127.7 (-128.2) dv (FS) 66.9, 13.2 1 1 6.2 s (broad) 1a
-137.2 (-136.1) m 1 3
-153.1 (-154.0) dt (F3) 55.2, 11.5 1 4 19 nom.r.
S149.6 (-130.6) dv  (F4) 33.5, 16.4 1 5 - 064 d 18.9 1 3
-161.9 (-166.2) t 18.4 1 6 1477 ddd 53.1, 10.5, ca 4 1 4
-160.1 (-160.5) m 1 7 -144.9 dtt 53.4, 16.6, ca 3 1 3
-150.2 (-150.6) dt  (F1) 66.8, 15.9 1 8 1472 n 1 6
-152.6 t (broad) 138.3 1 7
3¢ n.m.r. Ouly a partial assignment was possible -139.4 d 18.1 ! 8
122.5 s 2
24.0 5 2a 3¢ n.m.r. Only a partial assignment possible (Broad band proton
124.8 3 2h decoupled)
103.0 4a or 8a 119.38 t ca 10 1
105.4 4a or 8a 32.6 s (broad) 1a
111.8 s 1b
5 4 137.9 s (broad) 4a
114.9 d 14.6 8a
Spectra 19 Unassigned peaks
1438.3 dd 237.2, 15.5
139.5 d 258.38
EIN di 236.8, 16.2 6 or 7
142.3 d 261.2
143.42 d ca 260 (overlap of 2 resonances)

Speetra £30

1Shifts in brackets for sodium salt in HMPA
See refl. number 150
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Chemical Multiplicity  Coupling Relative  Assign-

Shifr (ppm) Constant (llz)  Intensity ment
Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (llz) Intensity ment Compound (a)
19F n.m.r.
9F n.m.r. -101.3 m 1 1
- 97.5 d 25.3 1 3 - 68.5 dq (2T F1) 4.0, ca 1.9 (F2a) 3 la
-173.6 dddd 19.6, 25.3. 3.5, 2.2 1 4 - 60.6 dqy  (F1) 17.8, ca 1.8 (Fla) 3 2
-151.5 dm 490.6 (20+ lines) 1 5 13C n.m.r.
-154.6 m (19+ lines) 1 6 154.7 dq 200.1, 41.8 (2J Fla) 1
-164.7 tq 20.1, 4.0 ! 118.9 qd 275.0, 33.4 (3] F1) 1a
-127.2 n (15+ lines) 1 8 109.5 0 5
121.9 q 275.8 2a
BComr. Compound (b)
120.0 s (broad) 1 Yonomr.
4.9 s la 4.1 s (broad) 2a
123.3 s 1h TR
154.2 dm 16.3 4a or 8a —
103.2 d 1.5 42 or Sa - 61.2 q ca 2.1 (Fda?) 3 la
1484 dd 295.8, 13.5 Ar-F - 61.0 dn{ (4] F4) 17.4, ca 1.3 (F4a) 3 3a
128.1 dd 216.6. 33.6 Ar-F -110.9 m(S+ lines) ¢a 7.5 1 4
144.9 d ca 260 Ar-F - 68.8 ddd (33 F4) 8.0, 2.0,ca 1.3(F3a)3 4a
142.2 dt 253.8, 15.0 Ar-F 3¢ n.m.r. (Spectrum weak, notable features only) (Broad band Iy
133.0 dt 247.6, 17.0 Ar-F decoupled) .
110.6 d ca 250 Ar-F 113.0 s Ic
67.2 S 1b
121.8 q cu 230 CFy's
95.1 5 2
169.7 S 2a

Spectra §51

F3C CF;

Spectra £32a
F

Spectra #52ch

Byl ¥y NC
14 1€




Chemical

Mulviplicity

Shifv (ppm)

Coupling Relative
Constant, (llz)

Intensity

Assign-
ment

N nm.r.
7.
4.

IOF

3
4

(Recorded in 15% cis,trans

: 854 trans,trans mixture)

(Coincident with 7Z,E-isomer)

n.m.r.

-161-

Spectra #53

57.
38.
60.
108.
69.

[ - S |

4

<

[ e e R " & I = B -

9

(V.Weak)

3

m

]

S

s (Overlapping)

d
m

q
q
q
t

dt
de
q

qd
qd
dq
qd

15.3
ca 7

5
2
3
3
(F4) 3
(Fda,F3) 1
3

33.3 (2J Fla)

277.2
277.8
146.4
159.3
153.6, small
161.5, small

ca 35 (%] [2a)

(*J F3a) ca 35, ca 13 (2J Fi)

277.1, 4.8 (BJFD
286.7, 39.8 (1) Fila)
275.6. 33.8 () F1)
2a

Aromatic I
1h

la or 2a
la or 2a
3a

4

4a

3¢ n.m.r. (Broad band proton decoupled and proton coupled)
145.
121.
122,
40.
135.
129,
130.
129,
126.:
14t
121.
1510
1.

la or 2a
1a or 2a

Chemical Multiplicity  Coupling Relative
Shifv (ppm) Constant (llz)  Intensity

Assigu-
ment

(Recorded in 13% cis,trans £ : 834 trans,{rars mixture)

M n.m.r. (Coincident with E,E-isomer)

7.3 m
4.4 m
'9F n.m.r.
- 57.3 m  (Broad)
- 583.4 (Obscured)
- 59.4 d 15.5 (1)
-109.2 qq 16.0, 7.8 (¥F3a,Fia)
- 69.7 d 7.6 (3J F1)
3a 2d
F3C CF3
Spectra #54 1a
F CF3
F3 y — (Il — Phenyl
14 b

Aromatic Il
1b

1a or 2a
la or 2a
Ja

4

4a



Chemical Multiplicity  Coupling Relative  Assign- I o N : ; o
Shifv (ppm) Constant (llz)  Intensity ment Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (liz) Intensity ment

{ Recorded as a mixture in CH3CN )

(Reaction sclution at 298K)

'Y n.m.r. trans, lrans - Isomer { Spectra §33a ) (ClI3CN solvent)
- 54.0 heptet ca 3.4 1 CF3
- 57.5 heptet ca 3.1 1 CFy
- 57.7 S 1 CF;; 190 n.m.r
- 58.6 1 CF. T
’ " ’ - 57.1 s 3 1a or 2a
19¢ n.m.r. trans, cis - Isomer ( Spectra #355b ) - 55.1 s 3 2a or la
- 38.2 m ca Fla or F2a) 1 la or 2a - 61, d 13.3 (F4 3 3a
- 33.6 q cal Fla or F2a) 1 la or 2a 61.8 . (3 )
- 57.2 q 14.3 (F3a or Fia) 1 3a or 4a -111.3 q 8.0 (3J Fia) 1 4
ca- 57.9 (obscured) 8q) ca 15 (F3a or F4a) cal 3a or 4a - 6.1 m (4+ lines) ca 3 3 4a
19p n.m.r. cis, trans - Isomer ( Spectra #55¢ )
| - g?-g gm .y }g-q gi% g? Egg; i %i g; gi 13¢ n.m.r. (Incomplete assignment)
= - 53.0 s 1 32 or 4a ca 117.3 (weak, obscured) Crs
© - 61.0 s 1 3a or da 190.7 q 2738.2 CPy
122.4 279.8 CF
"9F n.m.r. cis, cis- Isomer ( Spectra #55d ) ) q i ’
- 53.4 q 16.0 (F2a 1 la 123.2 q 270.8 CFy
- 50.7 qm ca 15.9 (Fla 1 2a 84.9 d -eak 1,2,0r 3
- 57.6 an ca 13.9 (Fda 1 3a (veak) \
- 56.2 q 14.3 (F3a 1 da ca 142 m (weak) 1,2, 0r 3
b 36.9 5 1b
3a - 14 119.8 s 1c
S—Clta—Phenyl  F3C CFy 149.5 dq 234.8, 37.9 (2J MMa) 4
ClFy NC S — Cll a— Phenyl
4
N/ Cs CFy
1a NC
A1
d Spectra #36
3a = 4Q
§—(Clly —Phenyl  F3C CFy NC

1 ¢

F3C
2d

CFs a
441 F3C

NC CN
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Chemical

Shifv (ppm)

Muttiplicity  Coupling Relative  Assign-
Constant (Hlz}) Intensity ment

Compound (a)

'9F nom.r.

- 32.3 q 16.3 (F1la or 2a) 3 la or 2a
- 59.9 q 16.0 (F1a or 2a) 3 la or 2a
- 62.2 d 19.3 (F4) 3 3a
-110.7 m ca 9 1 4
- 71.2 S 3 4a
Compound (b) (CH3CN solvent)
19F n.m.r.
- 60.4 s 3 la or 2a
- 56.9 S 3 2a or la
- 60.6 d 14.4 (F4) 3 3a
-109.7 m 1 4
- 69.1 $ 3 4a
Spectra §57a Spectra #37b
3a
F3C F
F3C
2 2a CFy PL0,S
F3C 48
NC
1C

Chemical Multiplicity  Coupling Relative  Assign-

Shift (ppm)

Coustant (llzy  Tntensity ment

Compound (a)

19F n.m.r.
- 52.0
- 52.6

3¢ n.m.r.
90.2
116.4
111.
115.
124.
124,

o W

d O

Compoundd (b) (s a

19¢ p.m.r.
- 50.4
- 51.1
-159.2
-166.3
-1.10.3

Spectra

m >3 1 2a or 3a
m 1 2a or 3a
S 1

S la

q 43.5 (?J F2a or F3a) 2 o0or 3

q 36,4 (2 F2uoor Fiu) 2 or 3

q 271.2 2a or 3a
q 266.2 2a or 3a

ca 50:50 mixture with the above cowpound)

5 6 2a or 3a
§ 6 2a or 3a
t. 20.5 { 1!
td 21.4, ca 6.6 2 2!
dd 231 6.6 2 3!

Spectra §5%b

FiC
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Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (llz)  Intensity ment
YF n.m.r.,  ( Major isomer 56% )  ( Solvent conc S0, )

- 38.3 q ca 9.2 1

- 60.7 pentet 10.3 1

- 60.9 q 9.7 1

- 62.9 q 8.0 (coincident) 1
Y9F n.m.r. ( Minor isomer 447% )  ( Solvent conc H.S0y )

- 58.5 pentet 8.7 1

- 61.0 q 7.t 1

- 62.0 q 7.4 1

- 62.9 q 8.0 (coincident) 1
B3¢ n.m,r. ( Complex )

Tentative structures of isomers :-

CN

Spectra #3%a, ¥59b FiC

Fy

CN
CF3
CF; and F3 C
CFs Il
It F3C CFs

Chemical

Multiplicity  Coupling
Shift (ppm)

Constant. (liz)

Relavive  Assign-
[ntensity ment

Y9F n.m.r.
- 56.1 m (fine) 6
- 60.3 n (fine) 6
- 85.7 ddd 28.7, 20.1, 13.0 1
- 87.7 ddd 23.7, 21.7, 13.6 1
-139.3 tdg (95thor) 24.8, 6.4, 3.2 (Fla) |
-141.5 ddd 28.2, 21.7, 6.7 1
In above J ca 28 Hz are para, ca 20 lz are ortho, ca 13 or
P3¢ n.m.v.
139.7 q (20 CFy) 39.3 (broad)
120.0 q 271.0 (2 close resonances)
119.4 q 271.5
52.1 S
107.0 s
{For below C-F couplings (ortho) (pare) (meta))
145.0 dddd 244.9, 16.9, 12.5, 3.9
146.5 dddd 245.8. 17.6, 12.3, 3.3
130.8 dddd 263.0, 31.0, 6.8. cu 2.0
142.6 ddd 263.¢4, 31.0. 6.9
113.6 te 9.3, cu 2.5

Spectra §6o

{d

2 X CF;
2 X CF;
2! or 6'
2" or 6'
3'or
3'or
6 llz are meta.

3
5'

1 &2
la & da
2a & 3a
5

5a

2'or 6'
2'or 6'
3'or 3
3'or s
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Chemical Mulriplicity  Coupling Relative  Assign-

Shift (ppm) Constant (Hz)  Intensity ment Chemical Multiplicity  Coupling Relative  Assign-
Shift (ppm) Constant (llz)  Intensity ment
19F n.m.r.
- 61.0 q {F3a) 10.9 3 2a '°F n.m.t.
- 59.9 heptet 10.9 (F2a, F4a) 3 3a - 56.9 m (fine) 6 1a or 2a
- 53.9 aq (F3a) 10.8, 7.0 (Fsa) 3 4a - 60.8 n (fine) 6 la o1 2a
- 65.6 dq (F5') 9.8, 7.0 (Fia) 3 5a -148.6 tt  (ortho) 21.0, 5.7 {meta) 1 1
{para, ortho, meta for belouw} -158.1 td (ortho) 20.7, 5.9 (meta) 1 2' or 6
- 83.0 ddd 20.7, 20.6, 13.3 1 92" or 6' -159.8 td (ortho) 21.2, 7.1 (meta) ! 2'or 6'
- 88.9 ddd 29.7, 20.5, 13.3 1 2'or 6' -139.4 dm ca 16 ca 3.5 1 3'or 3
-131.5 ddd 29.7, 20.7, 4.0 1 3! -142.5 dq 21.2, ca 7 (Fla) 1 3'or 5!
-139.4 (>> 8+ lines) m (F3a) ca 10 1 5! Tn above J ca 21 llz are ortho and / or para, J ca 6 llz are meta.
3¢ n.m.r.
133.4 s (hroad) 1 BCumr.
136.3 a1 (F2a) 39.3, 3.7 (F3a) 2 140.2 q (2] Fla or F2a) 37.8 (broad) 1,2,3 & 4
120.0 G 273.5 923 or 3a 119.4 q 274.5 (2 close resonances) la kb 4da
119.6 q 273.4 2a or 3a 120.0 271.2 2a & 3a
141.7 q (F3a/Fia) 37.2 (broad) 3L4 51.8 S
119.2 q 273.2 (broader than 3a,3a,2a) da 107.4 s 5a
61.1 q 32.6 (F3a) 5 144.6 dtt 253.3, 13.3, 5.5 1
121.4 q 239.4 5a 139.4 dtm 252.7,ca 15 2' or 6'
106.9 S 5h 140.7 dtm ca 148, ca 15 . 2'or 6'
145.2 dm 244.2 (2nd order resonance) 2'& 6’ 144.9 du ca 242 3'ors
140.0 did 268.9, 29.4, 6.7 (2J),(para)3' or 3' 146.0 dm ca 260 3'or 3'
1H .4 ddd 265.9, 30.4, 6.7 (2J),(pare) 3' or 5' 100.4 td 11.3, 5.1 4!
121.6 wm (partially obscured) 4!
o b 54
etra 3G N Cky st 6!
Spectra §61 . 5\/ |

FyC e Spectra §62

3d 3
FyC CF;
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Chemical Multiplicity  Coupling Relative  Assign- Chemical Multiplicity  Coupling Relative

Assign-

Shifr (ppm) Constant (llz)  Iutensity ment Shift (ppm) Constant (llz)  Intensity ment
Compound (a) Compound (a)
9F n.m.r. ISF n.m.r.
- 61.0 q (F3a) 11.1 3 2a - 51.0 n (fine) 6 2a or 3a
- 59.8 heptet 10.7 (F2a, F4a) 3 3a - 51.4 m (fine) 6 2a or 3a
- 55.8 qq (F3a) 10.8, 6.9 (Fsa) 3 4a - 95.0 n (2nd order, 6+ lines) cu 15 2 2!
- 65.7 dq (F6') 10.3, 6.9 (F4a) 3 5a -143.3 m {2nd order, 5+ lines) ca 14 2 3!
-133.6 did 19.3, T.1, 4.4 1 2! 130 1 omr
-159.9 td 21.3, 7.6 1 3' or 5' 104.5 .
-160.3 td 21.3, 7.6 1 3 or 5' 110.1 n 9 or 3
-7 tt (ortho) 20.7, 8.6 (mela) 1 q' 115.0 n 2 or 3
-13s.4 m ! 6’ 125.4 q 270. 4 2a or 3a
121.9 q 269.9 2a or 3a
124.9 dt 241.1, 16.2 (2J F3') 208 6!
Compound (b) 141.5 dd 252.3, 32.9 (21 F2') 3'L 5
19F nom.r, 134.7 t 18.5 (2J F3') 4!
-126.4 s 1 2 '
-115.7 L -118.3 4B 255.8 2 3 Compound (b) (tentative)
-127.6 & -128.8 AD 231.6 2 4 199 n.m.r. (of impure ion)
-107.3 & -100.5 4B 230.4 2 5 - 52.0 s 3 CF,
- 52.7 (2 close resonances) 6 2 X CF4
Spectra §G63a Spectra §63b - 93.2 n 2 214 6
N -141.6 m 2 3L s
CN
Mol C Na
0, Me
1
41 5 N ] '
Spectra §G1a Specrra §oth ll cs* i N
1

; F3C




Appendix IT - Infrared Spectra

All solids were recorded in KBr disk form, liquids were recorded
as thin films between KBr plates.

1. Tetrafluoro-4-(2,2,2-trifluoroethyl)pyridine (80)
2. Perfluoro-4- (2H-hexafluoroisopropyl)benzonitrile (83)
3. Benzonitrile derivative (85)
4. Perfluoro-3-methyl-2,1-benzisoxazole (88)
5. Perfluoro-1-nitro-4-(2'H-hexafluoroisopropyl)benzene (87)
6. Cyclopentyl derivative (112)
7. Cyclohexyl derivative (114)
8. Compound (117)
9. Thiophene derivative (118)
10. 1,6-Benzodioxocin derivative (121)
11. 1,6-Benzodithiocin derivative (123)
12. 4'-Tetrafluoropyridylmalononitrile (129)
13. Caesium salt (130)
14. Malononitrile derivative (133)
15. Caesium salt (136)
16. Pryidazyl-ylidene-malononitrile derivative (135)
17. Isopropyl-pryidazyl-ylidene-malononitrile derivative (137)
18. Caesium salt (140)
19. Pyrimidyl-ylidene-malononitrile derivatives (139 and 141)
20. Caesium salt (142)
21. Caesium salt (143)
22. (3',5',6'-trifluoropyrazyl)malononitrile (144)
23. Caesium salt (145)
24. Potassium salt (146)
25. 1'-(hexafluoroisoquinyl)malononitrile (147)
26. 1'-(nonafluorobiphenyl)malononitrile (149)
27. 1,4'-(octafluorobiphenyl)bismalononitrile (151)
28. Methyl-(4'-tetrafluoropyridyl)malononitrile (179)
29. Decafluoro(bis-4'-pyridyl)malononitrile (177)
30. Methyl-(4'-trifluoropyridazyl)malononitrile (135)
31. Hydrolysate (169)
32. Caesium salt (170)
33. Acetonitrile derivative (171)
34. Isopropyl-pyridazyl-acetonitrile derivative (172)

-197-



35.
36.
37.
38.
39.
40.
41.
. Cyclopentadiene derivative (211)

Acetonitrile derivative (175)
Ethyl-(4'-tetrafluoropyridyl)acetate (183)
Thiobenzyl substituted dienes (204 and 205)
Caesium salt (188)

Cyclopentadiene derivative (196)
Cyclopentadiene derivative (198)

Carboxylic acid (192)

-198-
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Appendix ITI - Mass Spectra

The ionisation mode(s) used are stated on the individual spectra,
the following abbreviations have been used:

EI - Electron impact ionisation

CI - Chemical ionisation (immonia reagent gas)

C1- - Negative ion

FAB - Fast atom bombardment with positive and negative modes

. Tetrafluoro-4-(2,2,2-trifluoroethyl)pyridine (80)
Perfluoro-4- (2H-hexafluoroisopropyl)benzonitrile (83)

. Tetrafluoro-1-nitro-(2',2',2"'-trifluoroethyl)benzene (89)

. Tetrafluoro-4-(2',2',2'-trifluoroethyl)benzonitrile (84)

. Benzonitrile derivative (85)

. Furan derivative (126)

. Perfluoro-3-methyl-2,1-benzisoxazole (88)

. Perfluoro-1-nitro-4-(2'H-hexafluoroisopropyl)benzene (87)

. Pyridyl-but-2-en-1,4-dioate derivatives (106 and 107)

O o0 =1 O Ot = 0N

10. Cyclobutyl-but-2-en-1,4-dioate derivative (109)

11. Cyclopentyl-but-2-en-1,4-dicate derivatives (111 and 112)
12. Cyclohexyl-but-2-en-1,4-dioate derivatives (113 and 114)
13. Cyclopentyl derivative (117)

14. Cyclopentyl derivative (116)

15. Thiophene derivative (118)

16. 1,6-Benzodioxocin derivative (121)

17. 1,6-Benzodithiocin derivative (123)

18. 4'-Tetrafluoropyrimidylmalononitrile (129)

19. Caesium salt of 4'-Tetrafluoropyrimidylmalononitrile (130)
20. Malononitrile derivative (133)

21. Malononitrile derivative (131)

22. Pyridazyl-ylidene-malononitrile derivative (135)

23. Caesium salt (138)

24. Isopropyl-pyridazyl-ylidene-malononitrile derivative (137)
25. Caesium salt of (4'-trifluoropyrimidyl)malononitrile (140)
26. Pyrimidyl-ylidene-malononitrile derivatives (139 and 141)
27. Pyrimidyl caesium salt (142)

23. Pyrimidyl caesium salt (143)

29. (3',5',6"-trifluoropyrazyl)malononitrile (144)

30. Potassium triazylmalononitrile derivative (146)

31. [1'-(hexafluoroisoquinyl)]malononitrile (147)
-208-
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. 1'"-(Nonafluorobiphenyl)malononitrile (149)

. 1,4"-(octafluorobiphenyl)bismalononitrile (152)

. Methyl-(4'-tetrafluoropvridyl)malononitrile (179)

5. Decafluoro(bis-4'-pyridyl)malononitrile (177)

. Methyl-(4'-trifluoropyridazyl)malononitrile (135)

". Triazyl-ylidene-malononitrile derivative (169)

. Phenylsulphonyl- (4'-tetrafluoropyridyl)acetonitrile (170)
. Caesium salt (172)

. Acetonotrile derivative (172)

. Biphenyl-malononitrile derivative (175)

2. Thiobenzyl substituted dienes (204 and 205)

. Pentadienyl caesium salts (183 and 186)

4. Cyclopentadienyl caesium salt (188)

5. Thiobenzyl substituted pentadienyl salts (206a to 206d)

. Pentadienyl sodium salt (195)

. Cyclopentadiene derivative (196)

. Cyclopentadiene derivative (198)

. Pyridyl substituted cyclopentadienyl salt derivative (199)
. Carboxylic acid (192) '

. Phenyl substituted cyclopentadienyl salt derivative (197)
. Cyclopentadiene derivative (210)

. Caesium salt (130) (very impure)

. Cyclopentadiene derivative (211)

5. Ethyl-(4'-tetrafluoropryidylacetate (183)
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AiPGRSB

Mass Speec. Number 1

188 184 o—logs of CFy y
90 J FiC H
88. C/MO‘M\W 0n
78] 233 7
68 | F
x>
58 . N
(9
By 0 RMM 233
3] &3 .
28 | loss of Fluor:Ja
“»
16 ] 214
B el boatd Wl dy 1 - _ , '
58 188 158 e 58 309 »358 488 458
El+ Data
Mass 7 Base
51.00 4.88 81.01 1.27 105.01 1.24 144,03 6.49
55. 00 1.20 82.01 1.586 106.01 1.45 164. 03 100. 00
56.01 1.58 86. 00 1.18 113.02 2.28 165. 04 2. 65
57.02 1.93 87.01 1.55 114,02 7.89 182. 03 4 96
64.03 3.48 88.02 1.45 117.01 2.63 183. 04 1 53
68.02 2.41 93.00 4.96 118. 02 1.80 194. 04 5. 50
€s.01 30.03 94.01 1.36 119.02 9.33 213.04 2.69
74.01 1.44 95.02 1.66 133.03 3.3t 214,04 10.72
75.01 4.83 99.01 6.51 137.02 5.02 233.05 69.64
76.02 1.85 100.01 4.07 138. 02 6.69 234. 06 5 53
APGTSA hMass Spec. Number 2 El
199, 2%
] 3%
1 B3 256 |
] CN
237 fi
] 18 318 RMM 325
8 Amul)l'A | A 1'“~l ..lLLv PR . v v L . —y
133 158 200 258 30 Fil) 4060
El+ Data ’
facos 1 Base
31,08 0 sz 130.15 0.77 Mass 7. Base .
68 09 2 79 136.14 1.18 217 22 2.02
€3 05 32.61 137. 15 3.72 218 22 0.85
70.08 0.63 141.14 1.82 224.23 3.39
74 08 i 21 148 16 2.48 236. 24 2.15
74. 18 1 09 155. 16 1.13 237.25 17.62
75,15 277 156.17 1.09 23826 2 43
79.0¢% 1.58 160.16 0.63 255. 2€ 52.60
€0.10 0 70 161.17 2.21 257. 27 8.11
1.09 0.71 162.17 0.79 253 26 0.61
82 19 0 56 167.18 0.99 285.28 2.15
86 1o 1.64 168.19 10.50 287 28 0.64
B7.11 1.55 169.19 1.00 305 31 3.05
2.11 0.71 174.18 0.58 306 31 14.88
93. 10 5.26 175 19 1.26 307. 31 1.59
98. 11 1.47 179.18 1.74 325 33 6492
99.12 3.11 180.19 0.60 32634 g 95
100. 12 2 51 186.20 7.92 27 32 0.54
103.12 0.67 187.20 5.00 394. 42 1 43
105.12 1.80 188. 22 6.97
106.13 2.43 189. 21 0.57
110.12 0.87 193.20 1.92
112.12 0.51 199. 20 0.66
113.12 0.81 205.20 0.95
117.13 4.74 206.22 100.00
118.14 t.38 207.22 9.10
122.13 0.53
123.14 1.01
124. 14 4.82
129. 14 0.65
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El+ Data

HASS

27.
28,
28,
29.
3.
31.
36.
44,
45,

53

58

74

52
53
57
53
55
55
63
77
74

.82
S5.
57.

88
94

.96
49,
L-1:B
&8,
&9,
71,

94
95
03
24
9

.18
75.
79.
ee.
-3
83.
87.
8.
99.
92.
?3.
98.
99.

22
33
37
a9
35
31
39
32
24
22
15
14

2,11
5. 69
2. @2
55, 65
15. 79
99
26
19
71
a3
99
19
8a
31
v
a5
15
15
88
s8
&3
20
a0
32
ea
o5
58
15
&6
93
.28

o

5

PN R UNGSPUNLRENDENLNE NS N WS

[ B

=

[

&

9'9 9’9’9 O = oo p’F’p’Q oo N’? MOO0OOOOOOOONOOLHHHLOOOONDOO
= . .
o2

HASS
180,
111,
112,
117
118.
119.
123.
139.
131,
137.
142,
143,
133,
148.
149.
i150.
161
162,
153,
148,
164,
167,
1469,
177.
189.
181,
182.
191,
192.

15
¢9
09
06
26
87
07
08
87
87
27
28
88
°7
®7
°8
o8
o8
o8
o8
o8
08
o8
o8
08
e9
o9
29
09

X BASE
4.

n

-
SRR NNRENNWIG D

290,

Mass Spec. Number 3

MASS
18 199, 39
48 299, 97
41 204, 47
23 205, 97
3t 207.13
54 298,99
o7 299. 09
85 219, 99
78 211. 99
33 212, 08
17 213. 19
65 218, 19
37 217. 96
LT 218. 12
.23 219. 07
18 222, 7
88 228,12
39 224, 14
.48 224.18
-1t 224. 98
-89 227. 99
.17 228, 97
.92 229. 95
98 230. 09
278 231. 19
.27 232. 11
-51 233,18
.33 242. 08
- 86 24110
7 Base

1.54

2.21

0.29

0.19

0.98

1.06

0.15

0.41

0.57

0.31

1.22

0.72

1.48

0.13

0.69

1.86

0.12

0. 42

Q.18

0.08

1.48

0.06

- 1.49

0.69

0.68

0.83

0.53

0.11

0.47

0.35

0.14

0.87

4.90

5.14

0.37

0.12

5.62

0.70

0.27

0.22

0.28

0.45

1.19

o

186,
187.
188.
189.
192.
204.
205.
206.
217.
236.
237.
238.
254.
256.
257.
258.

Pr 9000 0RR0DOE PO OONNEEENSDSS

7 GASE
24

48
39

MASS 7 gase
243.27 ®.258
243. 37 Q. 29
243. 88 0.28
243.79 3. 26
244,27 Q.49
244.81 G. 29
245 . @4 0.20
245. 446 0.17
245,22 8. 15
2854. 21 9. 18
247.19 0. 34
258. 69 0. 85
25%9.97 ©. 283
259. 15 ©.13
259.58 ®. a9
259. 82 @.59
262. 89 £9.4%9
261. 19 b, 11
2862. 09 8. 44
274. 84 9. 286
277.11 17.88 <&—mt
277. 39 Q. 2%
277.45 0.20
278.12 1.88
279.13 Q. 36
281.13 0. 29
H
F3C H
NO,
RMM 277
0.74
100.00 o- -(‘%
8.75 F.C H H
0.37 3
0.35
0.41
4,08
0. 32
0.34
0.99 -
§.15 -=F
0.44 CN
0.37
34.44 a—m? RMM 257

3.15
0. 11

Mass Spec. Number 4



HPGF 20 ¥l Bgd=1 Ele
Bph=0 [=2.8v  Ha=507
H.GREERHALL ' _
168, 63 Molecular ion { M"}
Mass Spec. Number 5 N
] Loss of Fluoride
1 238 28R 385
| Loss of CFo,CHCF; 418
~fem—
] PR RTE TR l,'LLrhl AAh d NUEWNWE R Lo Jll T S |.| l
108 289 308 400
RPGF 070 %l Bgd=6 LS
BpAi=0 I=18y  Ha=44?
H.GREENHALL
1ea. 32
117
| 78 '
279
163 18t
] L u 88 162 l J L 247
B 1 l" Al“ld_('dll u"--l--lhl siglrs gl .Iu La [l l { I | b r n
168 288 480
APGFBide xl  Bgd=1l F.C c1-
BpA=8 [=3.2v  Ha=58] Vs '
f.GREENHALL
188. 348
437
- Loss of HF.
] RN
] . 417
] RMM 437 ] l
El+ Data 188 288 30 480
Mass 7 Base
41,08 3.12 181.17 1.86 255. 24 0.67 349.34 2.07
43,06 2.49 186. 17 4.70 256. 23 0.23  350.31 0.23
43.10 2.65 192.18 1. 46 256. 32 0.18  350.41 0.16
44. 04 2.61 193. 18 3.04 260.25 1.414 368. 37 2.66
51.06 1.51 199.19 2.52 261.26 2.96 369. 38 0.59
55. 05 2.44 200.17 0.18 262.26 0.36 398.38 6.81
55.11 2.81 200. 20 0.26 267.25 0.56 399. 39 1.22
56.12 2.58 200. 24 0.14 268. 26 2.97 417. 40 5.07
57.12 3.15 203. 18 1.13 269. 28 0.31 418. 41 18.79
61.07 2.48 204.19 0.54 272.27 0.27 419. 42 2.84
64.11 2.46 205. 18 0.45 273.25 0.36 436. 23 0.21
69.06 100. 00 206.20 1.35 279.27 3.71 437. 42 76.39
70.07 2.73 207.23 0.19 280. 27 19. 41 437.91 0.17
71.16 2. 62 210.19 3.29 281.28 2.76 438. 43 10.88
74. 08 2.51 211,20 2.36 285.28 0.27 439. 43 0.74
75.08 1.46 212.21 0.55 285. 33 0.14 446.61 1.53
79.09 2.66 213.21 0.14 285. 93 0.27 447.62 0.43
83.17 2.65 216.20 0.15 285.98 0.17 448_54 0.18
93.08 4.57 217.20 4.14 286. 02 0.09
98.09 1.03 218.21 0.69 . 286.27 33.62
99.10 1.45 222.17 0.20 287.28 4.44
100. 10 1.32 222.27 0.14 288.28 0.14
105.10 3.22 223,22 1.01 291.29 0.09
106. 11 1.01 224. 21t 3.99 292.29 0.24
110,12 3.04 225.21 0.34 298.29 7.03
111,11 2.73 229.21 2.14 299.30 4.16
112.10 2. 88 230.22 31.95 300. 30 0 a4
113.11 6.20 231.23 3.17 304.91 0.11
117.11 3.22 232.23 0.3 304.98 0.10
123.13 3.05 236.22 5. 72 305. 30 35.72
124.12 3.36 237.23 2.70 306.30 4.17
130.13 1.30 241.23 0.98 307. 31 0.27
136.13 3.08 242.20 0.19 310.31 2.37
141.13 2.17 242. 25 0.19 311.31 0. 44
142.14 2.80 242.29 0.16 317.29 0.33
148. 14 2.69 248. 24 8.95 318.32 2.51
149.16 1.60 249. 24 3.40 319.33 0.43
161.16 3.30 250.19 0.17 323.34 0.12
167.16 1.37 250. 27 0.45 329.31 2.40
179.17 2 81 253.29 0.15 330.33 1.77.
254. 19 0. 26 331.32 0.23
254.27 0. 34834 8.02



gal

o8

k]

12

Mass Spec. Number 6

371
Loss of OCH,
MeO,C CO,Me
. — El+
& 0
1 RMM 332
28
i Molecular ion {
271
2
T \AAM ML LEALS 0 TrreeTY llaa T T T T Tz“aa 388 400
El+ Data )
Mass % Base 131. 90 1. 08 301. 00 100. 00
28. 00 47. 25 189. 04 1.03 302. 01 18. 24
29. 00 2. 45 195. 00 0. &0 303. 01 1. 68
31. 99 10. 96 243. 00 4. 30 313. 02 5. 66
43. 99 8.73 243. 99 0. 45 316. 99 2. 393
59. 02 4, 68 266. 99 3.55 332. 02 5. 21
114. 00 2.38 270.98 11. 06 '
128. 91 1.13 286. 798 1. 20
WPGISOREIDe xI A i
BpRz8  1=3.9
H.P.GREENHALL Mass Spec. Number 7
tea, 83
l Molecular ion { M*}
7 \ RMM 259
] 259 :
1 9 1y 162 209
3 OO T VR T O —_ L ,
58 190 158 288 250 369 359
108, ©oOEse
Cl+
] s
b 117 194
8 kln' B M}‘M““‘N‘“‘. SRR Y A-L'_M > Il [V
1] 186 158 288 258 3 3%
188,
138 Loss of CFj
R Ct-
171
8 v A L l A A A
1y Data 168 158 260 258 390 350
Mass Y% Base
69. 05 25. 64 136. 11} 1.92
74 06 1.16 162 14 a.19 259. 21 9.05
93.08 2.76 209.16 3.20
117.10 2.72 240.19 2. 40
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RPGG18

gaW 3

El-

Mass Spec. Number 8

3
1 H
| F,C CF4
1 s
5-1
.l
5.
B NO,
3 RMM 354
B ]
5]
B‘ .
3&5 Q/ MQ \Qc.ulc.l’ Len
5 o CF.’,
7 69
8]
]
8]
243
5]
8 238
c 4§ 161
y 158 133 315
8- .
5
3 Jul )LLJJFAJAJ\}\J\JL' Lol pon LAt LI -~ ! J[" — i .
58 188 158 208 258 Joe 358 488 450 588
1+ Dato : S
HASS X BASE
2g9. 1’1, ®.54 ;:: :: :. ;: 306, 14 -
z81-12 o- 11 : ' 345. 89 o.e8
288, 56 0. 95 313.37 .08
345, 84 8. 96
286. 61 9.9 313. 65 0. 05
387.13 .54
286. 71 °. 26 314. 16 )
364. 06 0.94
287. 13 1. 29 314.a3 e. 05
387. 14 9. 05
289, 92 °.11 314.56 2. 05
372.14 0. 06
289. 21 0. 96 313. 76 0. 14
391.12 0.25
289. 33 Q. ¥4 315, 11 12. 99 a15. 12 o 16
289. 36 .95 315. 49 e. 05 . .
289. 98 .08 315. 83 .06
299.53 0.0 316,12 1.39
299. 75 e. 98 318.77 6. 05
290. 99 .08 317. 12 1.7%
291. 25 Q.08 317.71 ®. 05
291.77 o 09 318.17 0. 14
292. 32 0. 05 22.12 ©. 24
292.91 ®.08 325.19 é.24
294. @2 0. 05 325.77 0. 09
294. 09 0.4 328.190 8. 89
295. 19 e.54 327. 11 .81
295. 68 ©. 04 328.13 6.e7
295.73 8. 08 329.18 1.58
295, 11 o 12 330. 09 0. 19
297. 11 0. 09 337. 30 0. ®6
297. 21 .08 381,16 .98
297. 84 .06 381,22 °. @b
298. 10 1. 18 381.93 .98
298. 79 0. 980 3a1.98 ®. 08
299. 10 2 3a 342,28 .08
209, 10 ® a2 342, g0 6. 08
305. 09 0.33 333.18 0.8
397. 12 0. 07 343.01 0.08
309, 08 o o7 333. 85 0.08
3. 11 o 72 383,76 0.06
311.53 0. 05 383,54 ©.51
312,99 0. 05 345. 14 6. &5
335, 78 .99
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F CO,Me
Meozc\?/?i\co v MeOC 2 i
_ e
Mass Spec. Number 9 2
F + F
N
N N
RMM 311 RMM 311
go '
fa : 240 Loss of OCHj

Loss of CO,Me

~\2§?52

Molecular ion { M"}

368
28. 21 27.70 220. 89 0.32
32.17 &. 20 221.86 5. 16
40. 09 2.30 222. 86 0. &6
41. 16 1.35 223. 86 0.32
43. 16 .34 224. 89 0.12
99. 03 17. 44 226. 23 0.153
78. 92 2. 39 226. 72 0. 30
92. 93 2. 57 227. 26 0.13
97. 91 3. 55 230. 86 0. 11
116. 90 &. 58 231. 86 1. 64
123. 91 9. 88 232, 87 0.31
i28. 90 1.87 233. 87 0. 62
130. 90 1.11 234, 86 0. 20
142 88 2. 65 235, 86 0. 39
143. 89 2.97 236. B4 0.78
147. 90 6.73 237.85 0.33
148. 90 1. 55 239. 85 0. 25
149. 89 1. 16 243. 88 0. 82
164. 89 5. 36 245. 82 0.15
163. 90 2.19 247. 84 1.10
173. 89 4,23 248. 85 . 0.45
174. 88 i.31 249. 83 0.15
175. 89 2. 17 250. 84 0. 52
177.88 2. 83 251. B4 100. 00
180. 688 2.86 252, 85 10. &1
i81. 89 1. 85 253. 85 0.93
187.89 2. 94 261. 83 0. 26
189. 91 1.10 262. 86 i.01
192. 88 23. 40 263. 87 1. 086
193. 90 11. 62 264, 84 0. 28
194. 89 1.19 265. 85 0. 40
201.85 6. 05 267. 86 0. 14
202. 87 0. 70 276. 82 0.19
203. &0 0.14 279. 55 0. 09
203. 95 3.75 279.83 84. 38
204, 62 0.14 280. 83 9. 91
204. 86 0.78 281. 82 1.05
205. 84 0. 30 262. 84 0.81
204. 68 i.23 284. 89 0. 27
207.88 5. 28 291. 86 1.68
208. 86 2.27 292. 86 0.22
209. 83 0. 44 295. 82 1.28
210.83 0. 22 310.84 63.90
211. 87 0. 26 311.27 0.11
213.87 0.18 311.85 8. .15
217.83 11. 21 312, 84 0.99
218. 84 0. 99
219. 83 0.14

-215-



Mass Spec. Number 10

I3

]
\QR\\ Els
COQMG
o
L8]
@ Loss of OCHj
()
245 273
RMM 304
S LOSS Of CHS
® 44 117 L
0ss of CO,Me 2?5
o
1 2 i 217 Molecular ion { M"}
136 193 2 /
h | o4
o ,",ll rrrn"-'] l, mir.,l I _.l ey
- o0 20 T T
El+ Data’
Mass 7 Base
28. 01 15. 54 131. 01 1. 42 209. 02 0. 27
29. 01 9.74 131. 91 0. 32 210. 03 0. 14
30. 02 2.70 132. 03 0. 61 210.98 10. B84
31. 00 8. 85 133. 00 4. 34 211.99 0.88
31.03 3. 98 134. 00 0.14 214. 00 0. 45
32. 00 3. 30 1356. 00 10. 09 215. 00 1.83
32. 03 1. 64 137. 01 5. 28 217. 01 18. 08
43. 03 1.59 138. 02 0.30 218. 02 2. 50
44,00 34. @2 139. 03 127 223. 01 1.13
45 02 L a1 141. 94 1.56 206, 02 0. 53
50. 01 1.89 143.01 2.92 226. 99 0.83
55. 01 1.53 145. 01 0. 53 229. 04 1. 64
59. 03 100. 00 148. 00 0. &2 230. 00 0. &4
&0. 03 1.98 149. 01 0.30 231. 00 0. 67
&7. 01 1. 05 150. 02 0. 45 233. 01 2.93
21. 00 e 152. 01 0.37 239. 00 2. 90
74. 01 1. 64 155. 00 8. .12 240. 01 0.15
75. 02 1.67 156. 60 0. 66 245. 01 53. 73
79. 01 1.91 157. 01 0.32 246. 02 6.87
g1.02 17.86 158. 99 0.25 247. 02 0.52
86. 01 8.79 160. 99 0.23 254. 97 0.18
87. 01 1.0t 163. 02 0.17 257.03 3. 60
padee 15 14 144. 00 0. 54 2s8. 02 0.39
93. 95 4.55 165. 00 0.39 261.01 4. 22
95. 00 2. 59 166. 99 7.97 262. 00 0.23
95. 95 4.20 167. 99 3.159 270. 02 0. 16
o8 01 2. 83 169. 00 1. 11 273. 01 53. 26
99 01 1. 97 170. 01 0.21 274. 01 5. 42
100. 01 0.72 170. 98 1.53 275.02 0. &b
101. 03 2.15 173.99 4. 09 2756. 03 8. &8
102. 00 0.23 175. 01 1.91 277. 03 0. 69
102. 02 0.23 176. 02 0.21 285. 03 4. 47
105. 01 2. 68 179.03 0.37 286. 04 0.37
106. 01 0. 41 181. 02 0.65 289. 00 33. 07
109. 00 1.20 183. 00 10. 24 290. 01 3.31
112. 02 0.25 184. 00 0.83 291. 02 0.137
113.01 0. 54 186. 00 7.32 304. 02 4. 40
114. 00 0.14 187. 01 3.87 305. 03 0. 67
117. 01 36. 46 188. 01 0. 30
118. 01 2.26 189. 00 0. 45
119. 02 1. 49 150. 01 0. 14
120. 03 0. 32 193. 00 0.20
121. 03 1. 42 195. 01 3.81
1243. 00 3.14 196. 02 0. 56
125. 01 0.7& 197. 01 0.37
126. 01 0.32 198. 02 0.39
126. 92 0. 47 199. 00 1.23
127.03 0.10 202. 00 5. 50
128. 92 0. 45 203. 01 1.07
130. 91 0.32 205. 02 2. 64
207.02 0. 23



1393 Mass Spec. Number 11 Eﬁiﬁ Loss of CO2CH3
1 e El-
o 0,
] 323 Lossof OCHg
53 )
g Molecular ion { M™}
] :.? 1\? fge 217 281 3i4 MRES
E] j 1 uul.AL.,L-'.-!‘. }T.h- h:.uLm-‘(.l .\.:. : - Ln;-.“.n : ; L . L ) W
Bl 163 154 i 25 363 35 46
1408 R
] CO,Me Cl-
1 MeO,C .
Ny +
B Molecule plus H
J ) N~ F
] \ 336 355
: RMM 354 i
8] — TR W ST | -
L ¥ T L ] r T T T L T ks 1
55 (M 180 @0 20 3 3 40
laue il
4 F 9
1 | MeO,C Ct-
= . .
CO,Me L Molecular ion { M™ }
£ ] F .
Identical Loss of CHy
| Spectra ) \\2§
1 RMM 354 333
N UV U MASS
160 189 209 220 249 260 230 390 320 348 360 380 444
El+ Data
Mass 7. Dase
28. 98 3. 05 323. 90 4.15
30. 99 1. 65 324. 91 0. 50
58. 98 71.11 325. 91 3. 26
59. 98 1.58 306. 92 0. 40
&8. 96 3.74 334. 91 5. 04
80. 96 2. 01 335, 92 0. 69
g5. 95 1.58 338. 68 0.338
92. 97 8. 31 353. 91 9.79
97.93 1.37 354. 92 1.25
115.93 11.22 355 91 0.16
12¢. 97 z. 34 368. 90 0.38
12093 1. 74
135 73 2. 32
147,92 1. 80
154. 92 1.99
146. 92 3.58
167. 92 2. 48
185. 90 7.09
186 %0 2.13
204 90 3. 00
2186 21 5. 42
217.91 1.27
232. 89 3.98
235. 90 4.55
236. 91 1.62
244. 90 2. 34
260. 88 7.67
264. 90 3. 59
2a8. 88 1.57
294. 90 100. 00
295. 90 10. 00
1303. 89 0. 11
306. 91 2.78
307.92 0.38
310. 89 0. 20
22. 89 40.05

-217-
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=
@ Mass Spec. Number 12

F r CO,Me 7

MeO,C « N\
o F
< > El+
ldentical
Spectrum
s RMM 404 \ RMM 404 S
Loss of COMe : : Loss of OCHj4
&
345 373
Molecular ion { M*}
o
(] /
117 404
- ‘ Illl Llnllu l-lllllll: '.l ﬂthL l.Llll III T | | ] L
188 288 388 408
El+ Data _

Mass % Base Mass % Base Mass 7. Base
27.75 3.35 136. 10 1.98 210. 14 2.94 276.19  0.25 336.22 0.20
27.77 4 22 137. 10 0. 61 211. 14 1.77 277.19 0.09 338.23 0.04
28. 77 11. 29 138. 11 0. 07 212. 15 0.21 278. 20 0.07 339.19 0.60
29.78 2.96 141. 09 2. 69 213. 16 0. 39 279.19 0.53 341.23 0.1é
30.77 3.59 142. 06 0. 43 214. 15 0.15 280. 21 0.11 344.27 0.08
30. 79 4.75 143. 10 0.57 216. 16 0. 07 281. 17 0.10 345.21 33.35
31.77 1.21 145. 09 0. 18 217. 13 5. 33 281. 23 0.13 346.22 4.07
31.81 1. 68 148. 09 2,19 218. 14 1.2 283. 17 0.58 347.23 0.43
42. 87 1.28 149. 10 0.37 219. 14 1. 08 284. 22 0.10 351.22 0.41
43. 85 4 47 150. 11 0. 20 - 220. 16 0.14 285. 18 1.93 354.20 0.11
44.90 1. 68 151. 12 0. 25 221. 14 0.27 287.19 0.28 355.23 0.43
50. 91 1.34 155. 12 2.13 223.13 0.10 289.17 .0.20 357.24 2.47
58. 96 100. 00 156. 14 0.2 224,15 0. 07 291. 18 0.29 358.25 0.3
59. 97 2.53 157.13 0.04 225. 16 0.20 292. 20 0.07 361.24 0.14
&9. 01 8. 07 160. 12 1. 66 226.15 0.09 293. 20 0.2 366.26 1.78
71.01 1.56 161.13 1.23 227. 16 0.07 2943. 20 0.08 3&7.25 0.40
81. 06 2.92 162.13 0.15 . 229.15 0. 61 294. 51 0.11 373.24 34.03
86. 05 1. 51 163. 14 0.73 230. 16 0.156 294. 74 0.13 374.25 3.89
93. 06 3.77 16412 0.10 231. 17 0. 30 294. 83 0.09 375.25 0.45%
93. 10 5. 62 167.12 2.81 "232. 1% 0. 06 293. 91 0.09 376.27 0.23
%8. 0& 1.76 16812 1.23 233. 13 0. 45 295. 19 1. 59 385.27 2.82
9. 07 1.13 169. 12 0.14 235. 153 0.16 295. 34 0.09 386.27 0.50

100. 06 1. 41 174. 12 0. 30 225. 15 1.87 295. 54 0.07 389.24 0.32
101. 09 0. 37 175. 14 0.23 237. 16 0.84 296. 18 0.39 404.23 8.37
102. 07 0. 12 176. 11 0. 07 238. 18 0. 06 297.19 4.73 405.23 1.0t
103. 07 0. 34 179. 12 3. 08 239. 15 0.73 2938. 20 0. 50 406.22 0.13
104. 09 0. 10 180. 13 0. 47 243.15 0. 61 299. 19 0.13
105. 07 1.01 181. 14 1.09 245. 15 1.04 300. 21 0. 32
106. 08 0. 30 182.15 0. 29 246.17 0.18 302. 17 0. 15

109. 07 0.18 183. 12 0.29 247.17 0.32 306. 21 0.71

110.07 0.80 186. 12 4.91 248. 16 0. 47 307. 20 1.22

111. 08 0. 64 187.13 1.02 249. 16 0. 44 308. 22 0.22

112. 08 0.28 188. 10 0. 08 250. 18 0.15 309. 23 0. 09

113. 08 0. 56 188. 14 0. 09 251. 18 0. 50 310. 2 0. 46

114. 08 0.08 189, 13 0.11 254, 16 0.10 311,17 2.8t

117. 09 10. 89 191.13 0. 14 255. 16 2.20 312.17 0.22

118. 09 0. 85 192.13 0.96 256.17 0.15 313. 20 0.17

119. 10 0.27 193.12 0. 70 257.18 0.19 314. 2 0. 10

121.13 3. 44 194. 15 0. 10 258. 18 0. 14 315. 19 1. 63

122. 10 0. 50 195. 12 0. 66 261.15 0.22 316. 21 0.2

123. 10 0. 34 198. 12 1.77 262,19 0. 10 317. 22 0. 11

124. 10 0.93 199. 13 2. 468 264,15 0. 19 319.2 0.17

125. 12 0.23 200. 14 0.35 265. 16 0. 34 320. 26 0. 08

1246. 10 0. 10 201.15 0.17 267. 16 2. 32 323. 21 0. 63

127. 01 0.13 202. 12 0.19 268.17 0. 61 324. 23 0.10

129. 10 1.01 203. 12 0. 07 249. 18 9. 04 325. 19 0. 03

130. 11 0.27 205.13 1.89 270. 18 1.3t 326. 21 0.33

131.10 2. 52 206. 14 0.23 271.17 0. 45 327. 21 0. 50

132.12 0.28 207. 13 0.18 273. 18 0.22 328. 23 1.38

133. 10 0. 45 208. 14 0.18 274,18 0. 06 329. 23 0. 54

209. 16 0. 07 275. 18 1. 52 335. 21 1.48



fiPGelIBL1g xl  Bgd=1834 18-APR-89 El-
Bph=4 1=429qv He=366 TIC-18183880

168, Loss of CO,CH, m
15
] 33[’ ~ RMM366

8 AP Y B lx..'.| I TR lnl I Laa p L sl A sy, N i A [ ] —

188 200 389 - 489 588

PGBIBLAo al  Bgd=6  38-HAR-89 Cle Mol .
BpH=B  1=3.8v Ho=427  TIC=27599868 olecule + NH,
H.GREENHALL '

19

Mass Spec. Number 13

9 it A i

59 180 150 208 258 T
WPGBIB0Ide k1  Bgdsll  38-HAR-ES -
BoH=B  I=2.1v He=413  TIC=19351888 Loss of CHy
H.GREENHALL
108, 351
1

2 ra

58 168 158 coe 258 309 350
El+ Data
Mass 7 Base

§5.14 1.07 183. 20 2.84 336. 26 6.47
59.10 39.01 186.22 1.92 337.29 1.35
60.11 1.78 187. 20 1.35 347.26 4.33
68. 04 1.07 193. 29 1.07 351.26 1.78
69.10 2.49 199. 16 1.35 366. 30 4.08
69.17 1.21 205.17 3.62

78. 11 1.92 211.17 1.35

79.12 1.39 214.13 0.82

81.1¢ 5.33 215. 13 1.35

86.11 1.78 217.17 3.06

93. 1% 7.50 218.15 3.48

95.10 1.92 219. 26 1.21

97.20 1.21 222,39 1.71

99.15 1.07 228.19 1.35

101.15 1.14 229 21 1.95

105.13 2.77 230.18 1.78

112.14 1.71 233.20 2.31

114.16 1.63 234. 20 0.64

117.13 5.90 241.25 1.35

118.15 1.39 243.18 1.21

121.16 2.52 '245. 20 1.92

121.21 0.82 246. 20 2.49

129. 05 2.52 249 .24 1.78

130. 01 1.35 257.28 2.84

131. 06 2.13 258. 23 0.92

132. 06 2.34 258. 30 1.3S

133.15 0.78 261.19 ‘7.60

136.05 0.78 273.21 4.19

136. 08 1.49 277.25 4.05

136. 15 1.78 278. 31 1.35

137. 14 1.21 287.24 5.75

143. 15 2.49 289.28 3.06

148. 10 1.35 301.27 2.52

148. 16 1.07 307.27 100.00

148. 22 1.79 308. 27 8.74

151. 24 1.78 309.32 2.20

155.14 7.89 319,23 1.7¢

167.17 3.98 319.34 1.78

168.19 1.07 335.28 26.36

169.19 1.07
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23 88 aat
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Mass Spec. Number 14

Els
Loss of CO,Me
387
RiMM 366
133 (cis eff’mns) as a
mixkure with 2. ;seme,.) Loss of OCHj
K& Molecular ion { M’
335 /
J 366
'n'll ' ] il II !L ]# | Dok il'rll '1! Al 'l ln} lﬁ . ]L rerferer ||l — H T — l
. 188 288 s ey
El+ Data B . 308 488
Mass 7% Base
28. 00 4. 14 185. 04 0. 39 237. 03 0. 41 a15. 02 0
29.01 3.73 186. 00 3. 09 238. 99 0. 467 319. 04 1
30. 01 1. 02 187. 01 0. &5 241. 04 0. 05 320. 05 0.
31.01 1.27 188. 03 0. 05 242, 01 0.04 1321.01 0.-
43. 02 2. 29 189. 03 0.21 242. 06 0.04 a23. 03 0.
43. 99 2.35 193. 00 1.17 243. 01 0.12 328. 05 0.
45. 03 7.05 194. 01 0. 05 245. 00 4. 11 331. 01 0.
59. 02 100. 00 193. 00 2. 57 2446. 01 0. 63 334. 01 0.
&0. 03 2. 44 196. 00 0. 40 247. 01 0.87 335. 02 15
&69. 00 3.83 197.01 0. 38 248. 02 2.33 336. 03 1.
81. 02 1. 89 198. 01 0.17 249. 02 0. 55 337. 03 0.
93. 02 3. 16 199. 01 0.76 251. 03 0.30 a38.05 1.
95. 00 2. 45 200. 01 0.32 as57. 02 0.29 339.05 0.
101. 03 2. 45 201. 02 0. 39 258. 01 0.13 347.05 1.
105. 00 3.01 202. 00 0.22 259. 02 0.08 248.05 0.
106. 01 1.30 203. 01 0. 04 260. 98 8. 81 151. Ot 0.
117. 01 & 12 204. 99 4.70 261,98 0.79 352. 03 0.
121. 03 1.682 204. 00 0. &4 263. 00 0.15 354. 04 &.
131. 01 3. 01 207. 02 0. 67 267. 03 0. 18 2367. 04 0.
133. 05 as. 34 208. 02 0.11 269. 03 0.05 368.04 0.
134. 05 1. 99 209. 01 0. 05 273. 00 2.16
134. 00 1.50 210. 02 0. 07 273. 99 0. 27
137. 01 1.18 211. 00 0. 58 274. 99 0.82
143. 00 1. 54 212. 01 0. 08 276. 01 0.17
150. 02 0.82 213. 03 0.09 277.02 1.27
151. 03 3 14 213. 99 3. 68 278. 02 0.23
152. 02 0. 23 215. 00 0. 63 279. 03 0.25
155. 00 5.28 217.01 1.17 280. 04 0. 09
154. 01 0. 61 218. 01 0.34 281. 10 0.09
157. 01 0. 37 219. 01 0. 54 281. 37 0.08
161. 01 0. 10 220. 02 0. 63 281. 62 0. 08
162. 01 0. 11 220. 99 1.62 281. 87 0. 07
163. 03 0. 39 221. 40 0. 02 281. 99 0. 06
164. 014 1. 21 221. 54 0. 06 282. 05 0. 04
1565. 02 0. 14 221.76 0. 07 285. 03 0. 22
167. 01 1. 12 221.87 0.05 286, 02 0. 05
168. 02 0. 51 222. 01 0.16 287. 02 0. 32
162. 02 0.74 222. 15 0.04 291. 04 0. 22
170. 03 0. 93 222. 21 0. 04 292. 00 0. &5
171.00 0.57 223. 01 0. 10 293. 01 0.72
174. 00 0. 32 226. 01 0.11 294. 02 0.07
175. 01 0. 49 227. 00 0.25 295. 03 0. 20
176. 01 0. 04 228. 01 0. 26 297. 03 0. 03
177.01 0. 06 229. 02 1. 58 301. 01 0. 07
179. 03 0. 29 230. 02 0.19 302. 00 0.12
180. 02 0. 09 231. 01 0. 09 305. 02 0. 27
181. 02 0. 67 232. 99 4.12 306. 03 0.14
182. 03 0.11 234. 00 1.89 307. 03 73.87
183. 00 1. 30 235. 01 0. 21 308. 03 8.17
184. 01 0. 26 236. 01 0. 05 309. 04 0. 82
314. 01 0.13



S Loss of OCH,
2 | El-
23! Mass Spec. Number 15
&
7
F;G MeO?_C
48
4
RMM 348
2R
Molecular ion { M"}
18
0 Ll TR [ PTTTUTUR
138 RS R 48 5ea Y
1840 343
] Molecule plus H”, i+
-
60 Loss of OCH,
1 ,
; 317
0 e e LTRSS
16 154 2in il KAl 356 469
16t 343 Molecular ion { M"}
] c1-
4
5A ] Loss of CO,Me
) 2e3
: |
0 DR V| o mss
15 i ¢hn 39 353 499 450
El+ Data
Masg A Base
107. 93 3.79
110. 93 4. 42
117. 93 2. 66
129. 93 7.95
130. 94 3. 40
258. 92 6. 58
282. 91 2.11
286. 90 10. 50
317. 00 100. 00
317. 94 13. 08
318. 94 6.19
328. 97 12. 40
347.97 9. 27
348, 98 12.14
349. 97 2.06

L]

-221-



2 |5
7 Mass Spec. Number 16
Ed. Molecular ion { M}
E R
9 RMM 494 43
44 G4 4F
Lossof CO,CHy;  'T”
151

: 7
m 7 e
W, .LA nl.L L B

R er 180 0 B W0 W 4 450 5o
N, GREEHHRLL RS

1590 483
98
8@ i+
L) Loss of OCHj3
68
54
48
Molecular ion { M*}
| 1
Lt ) .
333
28 393
18]
A UsmiilLl, ) ” MA33
-l AR A LA AN ek e adiih M A8 L ANy g s ,l. lr = At j“.A* ',"‘F \,: "‘A“TLL'A ey folu]
El+ Data 198 207 399 495 509 6 750 £50
' Mass % Base Mass 7 Base Mass Y Base Mass v Base Hasg % Base Mass’ % Base
60.03 3.97 91.05 2. 94 135.04 93.43 179.02 19.32 225.00 2.65 277.97 1.29
61.02 .19 2.03 22.05 136.02 D63 180.02 2.84 227.99 2.73 279.00 2. 06
62.03  3.47 93.03 2. 42 137.02 1.32 181.02 1.88 229.00 1.29 280.97 1.01
63.03 31.56 95.03 3.07 138.03 1.41 182.01 1.27 231.00 1.49 283.00 1 03
64.04 39 39 97.11  1.93 139.03 12.85 184.02 1.48 231.51 1.11 283.98 1.g5
65.05 4.07 $8.00 1.24 141.07 .19 185.01 1.34 23501 2.58 284.98 1 55
&6. 03 1.14 99.01 2,93 143.02 1.59 187.02 3.43 237.00 2.48 285.99 1. 11
67.07 1.55 100.03 1.73 144,02 3. 51 188.02 1.73 239.01 1.47 2846.98 14 78
49. 01 1.42 101.03 1.78 145.03 . 3.33 191.01 2.40 241.00 1.65 287.99 2 08
6. 08 3. 99 102. 00 1.80 149.02 &.26 192.03 1.23 243.00 2.86 =294.99 1.26
70. 09 1. 41 104.03 5.84 150. 02 &. 88 193.02 1.88 243.99 2.30 296.96 .37
71.10 3. 24 105. 03 1.19 151.03 30. 37 194. 01 3. 48 245.99 2.17 297.99 2.27
72.06 1.45 107.05 3.53 15003 2 .94 195.01 2.34 248.00 1.10 298.98 &.03
73.06 13.45 109. 01 1. 49 157.01 1.47 200.01 3.42 249.00 1.93 326.97 14-‘2‘1
74.02 3.33 110.04 20.89 159.03 1. .49 201.01 2,22 249.97 262 334.99 1.72
74. 06 1.03 1i1.03 1.57 160.00 2 03 =203.01 2.99 251.00 1.59 336.97 6.85
75.03- 3.82 112. 04 1.42 161.00 1.83 204.02 1.85 253.00 1.42 342.96 9.350
76.08 9. 43 114.00 4. 12 162.02 2. 88 204.00 2.68 255.98 3.15 370.92 11.39
77.04 11.05 115.01 1.19 163.03 3.§7 =207.01 3.42 256.98 2.12 371.93 203
78.05 1.90 11506 2 73 164.04 1.63 208.02 1.50 258.94 5.3&6 406. 96 13.07
79.02 2.32 117.00 1. 064 166.01 1.81 209.01 2.53 264.00 1.75 407.97 3.68
79. 06 2.57 119.01 1.83 167.01 1.21 209.99 1.50 264.99 . 5. 62 434.93 37. 64
80. 03 5. 30 120. 02 4, 54 168.03 1.49 212.01 1.40 266.01 1.50 435. 93 10. 82
81.03 248 121.03 3.87 169.02 1.70 213.01 1.81 266.99 1.13 436.93 1. 16
81.07 1.37 123.03 1.06 170.01 B8.29 214.04 1.52 267.97 1.06 446.05 6.52
2.05 1.31 126. 00 1.73 171.02 1.v8 215.99 1.01 268.98 1.06 462.91 9.79
83.02 2 04 128.03 1.83 172.00 2. 50 219.01 4.67 269.98 2.40 443.92 3.25
83. 09 1.72 129.03 2. 08 173.02 t1.27 220.02 S5.28 270.96 3. 11 464.92 0.51
85. 11 1.81 130. 04 1.03 175.02 2. 40 221.02 2.65 271.95 2.42 474.94 1.95
85. 01 1. 05 133.02 1.68 176.05 1. 60 222.00 2.593 272.96 1.37 493.91 S50.39
88.03 2,62 134.05 1.49 9 223.03 1.91  276.01 1.73 494.93 13.83



(G032 il

i

S
2
7
£H
Bl
4 RMM 578
Kl
ca] & .
Molecular ion { M"}
1. 134 @\
| [ b MAsS
8-' i ‘ Iﬂ[ llr! L' Hrl ll' k ‘f‘ 1.] |[| lr ) . ; - v - . .- v A 1 T
’ 169 e K] 43 s g
M. GREENHALL ,
1840 il
l.
#- e
78
g ]
A
. +
4A Molecular ion { M" }
38
¢y
18 .
153
8 L R _ TN, i MASS
e, LA oo ¥ AL
18a - i ; 358 748
El+ Data ’
Mass % Base
68. 91 4.35 218. 90 0.27
69. 00 3. 09 224. 92 0.57
71.02 11. 52 225.93 0.22
75.99 2. 22 237. 90 0.32
83. 05 2.08 238. 89 1. 68
85. 06 7.99 256. 88 2.18
95.97 2. 09 257. 88 0.37
97. 06 2. 39 269, 88 0.35
99. 08 2.57 274.90 0.24
107. 96 5. 53 275.90 1. 69
133. 98 8. 35 288. 88 2.47
139. 93 2.76 306. 86 1.59
151. 92 4. 43 318. 86 0. 91
152. 94 6. 21 347. 84 0.72
201. 50 5.70 486. B2 7.28
202. 90 0.33 4g7.83 1.37
206. 93 0. 52 488. 82 0. 98
207. 90 1.03 518. 74 0. 84
210. 91 100. 00 977. 80 0. 62
211. 91 11. 90
212. 90 9.37
213. 91 1. 14 -223-
213. 90 1.30



HPGECE2Be xl gl-
Bph=9 1=5.4y H
AP .GREENHALL
180, 215 NC,, JJ wCN
| Molecular ion { M*}
\ =
4 F l
1 19 Loss of HCN N
' “i‘ N RMM 215
B h,.,l KT PRI Y A bagnare Lok h.4 N '\J. dan "1 ILl i . -
108 158 288 258 388
RPGEICERSe x! Cl«
BpA-8 [=18v
f.P.GREENHALL
180, 216
] Molecule plus H*
1 162 83
16 7 9339 13 150 t 1“
A 1 1 P 0 O 1 I A
188 159 ces 258 388
APGEICERTe xl C1-
BpA-=8 I=3.1v
f.P GREENHALL
108 ' 214
] Loss of . +
HF Molecule minus H
] Loss of HCN\ 195
]
ﬂ 1 r v 1 b L' . 1, .
168 150 08 250 380
El+ Data
Mass 7 Base
62.15 3.53 108. 25 1.62 139.30 2.03 175.
63.16 2.02 16935 0.05 139. 39 0.06 176.
69.15 8.01 110.22 1.29 139. 41 0.03 176.
74.17 3.69 110.25 0.06 139. 42 0.06 177
75.18 3.13 112.25 2.73 139. 44 0.04 177.
76.17 2.39 11326 2. 84 140.32 1.51 177.
81.19 3.37 114 28 L 0.61 143. 30 4.80 177,
82. 20 2.36 115. 27 1.31 144.31 1.88 177.
86.20 2.43 117.25 1.91 145. 32 1.16 177.
88. 21 2.07 118. 26 0.70 146. 32 0.28 177.
93.21 6.34 119 26 2.04 149. 34 0.29 178,
94. 22 2.90 120. 21 1. 23 150. 31 €.43 178.
100. 11 0.03 120. 27 1.27 151.32 4.37 183
100. 22 19.59 121 28 0.19 152.33 0.67 12
101.23 1.50 124. 27 4.08 155.33 1.30 198
102. 24 0.11 125.2 0.91 157. 33 0.21 199
105. 23 4. 45 126. 28 0.29 158.34 0.69 129,
105. 29 0.05 126. 64 0.05 159. 34 0.08 190
106. 11 1.28 126.72 0.04 160. 19 0.07 13t
106. 13 0. 05 127.00 0.05 162.33 9.47 135
106. 17 0.07 127.04 1.29 163. 34 1.92 196
106. 24 1.34 127.09 0.05 164.35 1.58 197,
106. 29 0.06 127. 29 0.13 164. 49 0. 06 198
106. 32 0.07 130. 27 0.08 164,53 0.05 213
106. 34 129 130. 30 0.04 164.59 0.09 214
106. 36 0.05 131. 22 0.05 164. 65 0.06 5,4
106.39 0.05 131.29 1.43 164.74 0.08 5,4
106. 40 0.05 132.29 0.35 164. 80 0.06  oy4
106. 43 0.07 133.29 1.33 164.83 0.05 25
106. 44 1.27 136. 24 0.05 164.87 0.06 215
106. 48 0.04 136. 29 0.63 164. 89 0.06 215,
106.52 0.05 137.30 0.17 164. 97 1.28 215.
106. 54 o 06 138. 30 7.22 165. 02 0.08 216
106.56 1.29 139. 04 0.07 165.14 G.04 216.
107. 24 1 33 139.06 0.05 165.35 7.35 216
107.70 1 28 139.08 0.06 166. 386 0.73 21€.
107.75 0.79 139. 14 0.06 167.37 0.13 217
139. 18 0.06 169.35 2.32 :

000000~ O+~

OmOOOO*-OO-—oOOOoo]..h)Obl_tDOUlOQQQ

TV DI FRL NN = ST
Gyt N W
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Mass Spec. Number 19

APGE12CHd o xl FB+
Bpii=8 [=18y
11 .GREENHALL
168, 133
Parent cation { M"}
90 | e NC.__CN
89 | ) -
286 +
78 ] ~Z Cs
60 | F
59 | . Y
48 -Anion M, 214
38 ~ Cation M, 133
28 . [Csz (Parent Anion)]*
wl | l/
g . _1__['. o ‘L . — xL.l‘_v_f . 1 . - ’
188 248 389 408 568 539 76d
APGE12CE8e xl FB-
Bpi=8  I=1Bv
i .GREENHALL
180, 214
98 | Parent anion { M’}
89 |
20 ]
60 |
5[]W
40
|
30 ]
28 153 [(Parent Anion),Cs]
lB 2
; BUY SUOVT SN S N - .
188 288 389 400 RLL 688 708
FAB Positive ion data o
Mass % Base FAB Negative ion data
88. 99 10.35 165. 98 1.33 Mass % Base
90. 00 7.22 166.97 1.75 as.91 5.77
91.01 5.94 180.02 2.55 121.88 2.54
92.00 1.65 205.04 1.21 135. 88 1.20
93. 00 1.83 284.77 1.82 136.88 1.22
94.00 1.32 285. 81 72.22 137.86 1.45
95.01 2 24 286. 82 10.00 149. 85 1. 44
103.99 1.14 287.84 1. 44 150.87 7.57
104.99 3.24 288. 94 3.35 151.87 8.83
105. 99 2.96 306. 94 5. 28 152. 88 15.52
107.00 10.02 307. 90 1.04 153. 88 2.79
108. 00 3.20 311.65 3.63 165. 83 3.08
113.06 1.03 311.90 1.37 167. 84 3.47
115.00 1.93 391.10 1.28 168.84 1.07
119.00 2.14 410.89 1.57 194. 78 1.66
119.99 5.02 417.67 1.90 195.78 1.69
121.00 2.74 418.67 5. 44 198. 83 3.83
122.00 1.59 438. 81 7.27 210.77 1.45
123.01 1.96 439.82 1.61 213.77 100. 00
123.99 3. 97 479.61 12.78 214. 78 13. 39
125. 00 1.17 480. 62 1.24 229.76 1.30
132.88 100. 00 522.97 4.26 304.81 4. 06
134.99 3.8! 523. 99 1.13 305. 82 448
135. 98 31. 48 601.65 0.04 366. 79 1.45
136.99 24.08 601.77 0.05 4939. 7% 1. 42
137.99 12,12 602.87 0.04 560. 65 5.20
139. 00 4.07 602. 96 0.04 561.65 1.09
148. 96 5.71 603.02 0.04 '
149.97 1.73 603.07 0.04
150.37 1.00 606.94 0.04
151.98 2.94 607.88 0.04
152 98 2.131 612.65 0.03
153. 98 41.33 612.80 0.04
154. 98 5. .63 612.86 0.05
155. 99 1.67 612.94 0.04
164.99 1.42 613.96 0.04




NPGRIOHE170 £l
Bofizd 1180 Mass Spec. Number 20
H.P .GREENHALL . .
8. 149 Molecular ion { M }\
1 363
| 136
83 127 1% 218 243 o263 266
| LTS N T R 1 ¢
B ot | NN l.x.; e .I A | Jr.l baargle IAL sl | »«Il l\’ [V 5} ] | U.' A L 1 LA .
50 198 158 268 258 308 358
NPGA10HER 3+ i Cl-
Bpn=@  I=18v
.PGREENHALL
180, 52
59
77 183 215
] [ J 8994 190 116 139138 33
3} I lll.,‘n WL EET R CEY: T

58 168
RPGRIOHE2Be  xl Ct-
Bpfi=h  1<6.5 Loss of HF
H.P.GREERHALL
108. 343
35 L
8 . . , . , sy .L.IJL 1 ; .
58 188 158 08 58 340 350
El+ Data
Mass 7 Sase
27.00 1.90 203.12 30. 16 338. 18 2.51
29.03 2 29 210.14 6.60 344.19 4.51
31.00 10.02 217.15 3.95 345,20 2.63
43.07 1.71 218.17 30. 14 352.30 0.26
51.08 1.80 222.15 2.55 362.02 0.21
57.13 1.83 223.16 2.96 362.19 1.80
§59. 11 1.66 224.16 1.52 362. 69 0.33
63.10 30.23 229. 15 3.40 362.73 0.33
69. 06 6.76 237.19 14.63 363. 19 75.58
74.07 1.83 241.15 8..86 364. 20 12.83
77. 11 3.68 243.17 30.35 365. 19 1.40
79.08 1.84 248 16 19. 41 396.21 0.39
93. 08 6.88 249. 17 2.48
a8. 09 2. 48 253. 15 2.82
100.10 1.80 261. 18 1.93
110. 10 1.86 268.17 2.48
115. 16 177 269.14 30.08
117 10 8 30 272 16 2.70
122 11 1 68 279.17 15.76
124 11 o 76 280.19 30. 29
127. 14 30.17 281 .17 14.54
136.09 61.12 286.16 34.37
141 13 6 69 286. 24 2.54
148.12 3. 46 287.18 30.64
149.15 100. 00 291.17 30.97
153 12 1. 85 29217 2.11
155. 15 14.93 253. 17 1.68
160, 12 5 78 298. 18 8.86
172 13 294 299.]6 8.14
179.13 4. 00 310.17 2.08
181.64 1.98 313.19 1.78
184 21 14.69 317.17 1238
186. 14 1.60 318.19 3.14
196.17 30.97 324.18 2.40
198. 14 1.72 336.17 3.00
337.18 7.50

]
(3%
Y -
(@)}

1



APGAZPHER:  xl - Mass Spec. Number 21 El+

BpncB  1:9.9 Molecular ion { M*}
180, 363
1 RMM 363
] 238313 3y
g | N S i rLu..tn.,..J.lhl.ly_.L 1LL LL . R
168 288 388 488 569
fPGOZPHEB. x! [+
BpR=8 1=838av
. +
Molecular ion { M" }
198,
] 363
B DU W s et b ‘ i
109 268 388 488 508
APGE2PHE14s x1 C1-
Bpf-B  [=2.v Loss of HF\
108 343 ) .
] / Molecule minus H
] 362
Loss of HCN \
* |
B l T T Y N l' ¥ L‘ »
88 ELL 488 . 508
ElyData 1O e
Mass 7 Base
41.08 1.18 248. 25 9.23 344.35 513
43. 06 5.51 249. 26 1.88 345. 36 1.64
69.07 8.71 253. 24 1.11 362.35 2.29
75. 08 1.02 254. 26 1.52 363. 28 40.89
93. 09 4.06 255. 26 1.75 363.39 100. 00
98. 10 1.43 260. 26 1.25 364.30 6.79
100. 10 218 261.27 2.00 364. 40 17.33
105. 11 1.37 262. 26 1.21 365. 38 1.61
117,12 3.95 267.27 2.03 465. 45 1.07
122.12 1.06 268. 27 4.52 491.50 1.01
124.13 2.43 272.27 2.33 §11.53 6.09
129.13 1.11 279. 27 8.67 512.53 1.35
141.14 2.93 280. 28 1.60
143. 14 1.17 286. 29 4.90
148. 15 2.80 287.29 1.97
160. 16 1.33 291.29 1.48
165. 17 1.37 292. 30 2.67
172.17 1.85 293. 30 2.22
179.18 1.99 294. 30 1.16
181.68 1.01 298. 29 2.81
186.19 1.54 299. 24 7. 41
192. 20 1. 46 299 32 19.03
193. 20 1.33 300. 30 2.44
198. 20 1.09 310.30 2.61
203. 20 3.47 313.25 6.71
210.21 2.82 313.34 15. 96
213. 22 3.30 314.32 2.37
217.22 2.63 317.25 4.66
222.22 112 317.33 12.67
223. 23 1.74 318.32 2.56
224. 22 2. 46 324.32 4.77
229. 22 2.64 325.33 1.02
230. 23 2.81 336.33 1.66
234. 23 1.03 337.26 7.24
236. 24 1.26 337.34 16.55
237.25 2.78 338.33 3.76
241.24 3.00
242.25 1.45



NMass Spec. Number 22

APGG21 70 3| El-
BDH:G 1=3.0¢ . +
A.P.GREERHALL Molecular ion { M }
108, 66
198
. 98
31
1 38 185
- 49 57 128 RMM 198
' du e ot L " I_ el
58 188 150 208
APGGR90 1l Cl+
BpA-4 [=18v
f.P.GREENHALL
188, 4] 5
2 Molecule plus H"
199
] I
B i phsd - T 4 e
58 108 156 269
cl- .
gzg[jsn“" - SUXI Molecule minus H*
H.P.GREENHALL
100 197
1
1 Loss of HF
|- ~
. 178
) Loss of HCN
B , . 1, L I y 1
' 59 160 158 268
El+ Data
Hass 7 Bese 93.97 9.65
61 00 1.89 95. 01 2.84
61.9%9 412 96. 04 1.57
62.99 2.83 97.03 3.63
63.98 6.25 98. 03 1.73
€5 00 9.29 99. 00 1.76
66 00 1090.¢0 99. 96 4.59
67.01 4.63 100. 98 2.61
68.01 2.61 104, 95 25. 42
69 37 12 o2 105. 96 2. 22
69. 04 14 28 106. 99 .30
70.03 3.75 108. 99 3.37
71.05 6.83 111.04 2.02
73.00 7.64 113.00 1.486
73.97 5.70 115.01 1.52
74. 98 6.58 117.95 2.82
75. 98 3.20 118.9¢ 2.24
77.00 3.80 119. 96 10.17
78. 00 1.00 120.98 1.33
.78.88 21.02 123.03 1.21
78.99 1.23 123. 96 4.51
79.89 55. 27 124. 98 4.40
80.87 20. 27 125. 97 1.76
80. 96 6.33 129.03 2.54
81.03 5.90 132.95 5.35
81.88 55.07 13706 1.46
81.97 7.38 141. 00 1.02
B2.04 2. 59 142. 94 7.29
83.03 5.43 143.94 4.47
84.03 1.69 148. 96 5.24
85. 06 4.31 149. 96 1.32
85. 97 2.43 150. 96 1.82
86.99 1.56 152. 99 1.13
87.97 1.74 168. 94 1.439
88. 98 1.41 171.95 2.01
91.01 1.09 197.92 85.93
92.96 7.56 198. 93 7.92
-228-



APGPICSE5e %l Bod=3

B-H0v-88

Fs

BpA-8 1=786ny Hn=1635 TiC=16336609
f.P,GREENHALL
o, 1 Spec. Number 23
, eCc. Numager
9 | Parent cation { M} Mass oD ———
8 |
79 |
6 4 [CsoF) Anion M;347
58 | Cation M'133
48 | 285
30 |
20 |
18 ]
B TS BTV | " Lr.ur il . 1 . L i l — 1 ; ’
189 cas 3840 488 088 668 788 889 924
APGP3CSE8a x| Bgd=6 B-NOV-88 FB-
BpA=8 [=591av Hn=1858 T1C=17397888
fi.P .GREENHALL
180 347
% Parent anion { M’}
60
78 ]
68 |
56 .
48 | 497
38 | .
Loss of Fluoride
28 N 729
18 |
g 1 Q.LAL .1 patdat g pabaa L N b e .
188 26éd 3840 408 088 668 708 808 984
FAB Positive ion data FAB Negative ion data
; M % Base
Mass % Base Tor 268. 41 2.01 496.27 37.87
125.83 1. 19 101. 70 3. 28 2.0 ’-8
132.65 100. 00 127. 66 1.47 270. 45 .91 497.29
277. 43 3.97 579.24 2.0l
134. 70 1.40 130. 65 1.14
149.70 1.08 130.67 1.14 280. 41 2.37 626.27 1.63
224.56 162 137.63 1.37 282. 42 4.67 709.35  1.75
266. 60 1.04 149. 61 1.01 285. 41 2.48 728.24 14.99
280. 66 1.08 154. 64 1.08 296. 41 1.23 729.24  5.11
284. 39 36. 96 156. 60 1.03 gg; :g ;-g;
291. 41 6.83 158. 62 1.99 298.49 2.22
354. 60 1.17 161.57 .32 299.35 2. o4
355. 44 1.10 168.57 2. 43 301-40 e
436. 30 1.88 170.57 1.37 3o@. 41 2.84
612.42 5.08 175.55 3.686 311, 48 1. 03
714.34 1.02 178.585 1.86 320 42 1‘34
762. 46 3.00 180. 53 4.67 L3
187.52 4.39 322. 40 '
189.52 3.17 327.38 10.58
194.53 1.86 328.39 3.38
199.50 2.27 329.43 1.55
206, 47 1 a2 330.35 2. 24
. : 332 38 1.57
208. 48 4'02 335. 37 1.52
gi;-:; :~é9 346.35 100. 00
Calibration error - 218 48 1 24 33; g; 15.22
220. 48 1.03 :
353, 33 1.14
All masses should be rounded up ggg- 32 i g'-é 354. 35 5 93
: : 355. 36 1.19
RS B
236. 45 1.55 399.32 2.32
237. 47 1.24 412.29 1.03
s 2 &8 413. 32 2.04
232445 1.37 427.33 1.14
S 75 448. 31 2.84
253. 42 1.34 443. 36 1.60
e aa 2 17 477.32 3.64
258. 45 1.96 478.32 1.60
261. 43 1.16
263. 45 6.04
266. 42 1.08



APGP3HOSs x| Bgd=l  24-OCT-g8 El+
BpR=B  [=4.3v  Ha=473  TIC=174138080
P ,GREENHALL

16e, 63 Mass Spec. Number 24
A
] Molecular ion { M"} i
1 3 117 148 193 %] RMM 348
I N RN X LI%.LAL' Ly L&kL Lk, [L' R SO L Ve | R, i . .
58 198 158 208 259 300 358 408 456
APGP3HE18a i1l Bgd=b 24-0CT-88 Cl+

BpA=8 I=18v  Ha=398 TIC=73937680
H.P.GREENHALL

188, 52 133
Loss of CFj
122
8 188
] 27 % 1ee | 279
8 ,Jﬂ JﬁhUMInmjll BTN R I .L I . —_ .
58 188 158 209 258 388 358 488 458
APGPIHEL 42 xl  Bqgd=11  24-0CT-88 {1-
Bph=6 Is1.3v  Ha=478 TIC=35628008
fi.P .GREENHALL
168_ el
2/1 327
8 i . , ! arelL s ALJAéﬂ, L, | L b — .
98 168 159 208 258 308 358 488 4548
El+ Data
Mass % Base
25. 96 3.07 154. 82 2.56 327.75 0.31
26.96 7.14 161.82 5.01 328.67 0.12
27.95 2.79 166. 82 4.46 328.77 0.11
30.94 35.88 185.78 15.53 329 45 0.04
37.94 1.30 186. 78 1.31 329.76 0.51
40. 97 1.21 192.79 16.09 330.73 0.19
42. 94 1.42 193.80 1.48 330.79 0.11
42. 98 1.30 194.80 2.33 332.76 0.12
43. 92 7.84 211.79 7.55 341.78 0.06
44.93 2.18 213.79 2.00 342.74 0.36
49. 92 2.44 216.78 5.13 347.62 0.06
54.92 2.14 220.79 6.64 347.75 3.41
56. 98 1.27 230.78 2.19 348.75 0.32
61.91 2.38 235. 77 6.18 354.73 0.05
€8.89 100. 00 244.78 €.90
69.89 1.36 245.78 1.01
73.89 4. 45 258.77 1.27
75.89 2.13 263.76 1.12
78. 89 3 82 289.76 35. 66
g80. 89 4.65 290.77 4.45
85. 88 7.57 301.78 0.38
87.89 1.08 302.11 0.07
92.87 13.96 303.78 0.16
'97.87 5.14 304.72 0.06
99. 87 8. 24 304.78 0.05
102. 86 1.70 308.75 0.18
104.87 6.06 308. 96 0.09
106. 86 1.17 310.77 0.12
109. 86 1.53 311.75 0.13
111.86 3.06 313.786 0.32
116.85 15.77 314.77 0.07
118.85 1.14 316.70 0.06 -
121.85 1.15 316.74 0.26
123.85 9. 136 317.75 0.05
128.84 1.98 319.73 0.07
$30.85 3.79 320.73 0.07
135. 84 3.71 322.73 0.03
140.83 2.53 a22.77 0.04
142.83 3.96 323.78 0.11
147.83 12.13 325.71 0.04
148. 85 1.36 325.74 230- 0.07




Mass Spec. Number 25

PGJIBEIZe  x1  Bgd=11  7-0CT-88 Fa+
Bpi=6 1=18v  Hn=2836 TIC=2541288986
il GREENHRLL
190_ 133
. + .
98 | Parent cation { M™) NC cN
9 | ~
. . Cs*
58 | [Cs (Principal Fragment)] /F %\;
50. {I 285 \N)
+
0 225 o [Cs2F] 463 Anion M, 197
3 - Cation M;133
fg 9 [Cs, (Parent Anion)]”
ﬂ Ll L Ly ‘ ytvind s J " ' 1N r ot —
108 08 300 488 508 608 2068
1PGJ1BH84 %l Bgd=b 2-0C7-88 FB-
Bpit=0 [=18v  Ha=1817 TIC=1440822000
fi.GREENHALL
IBBW 197
98 |
8g | Parent anion { M’}
78 ]
60
50 |
40,
30 [(Parent Anion),Cs]
20 |
" . 527
8 Lbvmpied ’ Ly Ll LL r s, . ;‘ r ’
108 208 300 480 568 608 78y
FAB Positive ion data FAB Negative ion data
Mass 7 Base Mass % Base
27.00 1.82 " 25.93 3.13
28.98 1.98 58. 93 1.30
29.01 a.26 63.93 1.27
30.99 a.84 89. 90 3.09
41.02 1 54 90.93 2.16
43.00 1.92 106. 90 2.40
45.02 B8 49 113.89 2.21
57 02 8.68 151.88 2.99
61.02 115 158.87 3.44
75. 02 8.98 170.85 1.48
93.03 11.72 171.86 2.11
132. 92 100.00 177.84 5.33
185. 06 1.63 178.84 7.62
224.89 33.99 196. 91 100. 00
225.91 1. 16 197.85 15.83
282.75 2.14 198. 85 1.55
284.74 46. 49 355. 82 1.04
291.75 14.26 526. 72 10. 16
307.75 1.06 §27.72 1.99
316. 92 112
324.76 1.63
330. 83 1.13
356. 78 9.17
436. 64 2.65
443. 69 1.48
44476 1.34
462.75 33.50
463.75 3.72

-231-



Mass Spec. Number 26

APGK4ESe xl  Bgd=l 1-AUG-88 El+ Mol . .
Bpri=2 [=5.8v  Hn=567 TIC=334446080 ecular ion { M }
AP GREENHALL AN
108, 85 198
133
Loss of HCN\
1 88
: 57 53 l 168 128 II? 12
B L u‘th. Ll IL ll 1 FHVR TO0N FOV i 1ﬂ PV (PO oL 1 11 1, RIN
48 60 188 120 148 168 188 208
APGK4 490 | Bgd=7 1-AUG-88 ’
BB I=lBv  He=522 TIC=128486089 NC.~CN NC._-CN
f.P.GREENHALL I I
168, 5 g N N"H
b | F ) and | F )
4 78
=z
J 96 T N
] 5 5 b RMM 198
] | 4 8 ] 116 122 1394 155 ” 213
B | tinf, [ l. R .lhhl ™ ;.llmlul ll hllll hl Wy |nl|”mm|| “I"ll]lluLl“l““ l Lllhhnlmh.llunl Jhu,llmll | [!.mluu.uj[d
48 68 88 160 128 148 168 160 288
APGK48116 xl  Bgd=11  1-AUG-68 1-
BpH=0 [=18v  Ha=432 TIC=171632800 Loss of Fluoride
f.P.GREENHALL
100, 1% Molecule plus H*
] Loss of HCN\ %
] 197
] 127 " L
B " v . . ] . 1 rI i L. o L A 1 .
4 68 a9 188 128 148 168 198 cae
El+ Data
Mass 4 Base . -
40. 99 11.39 86. 90 3.78 197.08 0.05
41.99 2. 30 86.98 4.75 197.14 0.09
42. 97 4.38 87.93 31.56 197.37 0.08
43.01 10.32 94.94 . 6.64 197.87 100.00
43.95 4.75 99.93 5.83 198. 06 0.06
44. 95 3.44 100. 93 2.27 198. 49 0.08
44.99 2.86 101.93 2.02 198. 68 0.06
45. 97 6.00 106.93 5.0t 198. 88 11.10
49 .96 4.93 107.93 15. 46 199,03 0.15
50. 98 3.86 113.05 2.02 199.10 0.09
54.97 2.58 118.92 5.54 199. 88 0.71
55. 01 8.11 120.94 2.50
55.97 2. 09 125. 91 6.74
56. 02 3.37 126.81 8.63
56. 97 4. 69 126. 92 2. 16
57.03 13.55 127.82 14.38
57.97 223 132.90 7548
61.96 15. 90 133.91 5.73
€2.97 2.17 144. 90 3.54
63 97 2 48 148. 92 23.57
64. 98 3 29 149.92 2.72
68 95 7 o8 152. 90 2. 15
€9.02 5.37 158.89 3.96
69.96 2.35 166.91 5. 40
70.03 4. 25 170.88 21.47
70. 95 3.33 171.89 5.14
71.03 6.68 177.89 6.60
73.94 3.04 178.89 4.83
73.98 7.94 190.04 0.09
75. 95 11.95 190.88 0.09
76.96 4.11 191.05 0.09
80. 93 18.92 191.69 0.09
81.95 6.38 192.05 0.05
82.91 6. 81 192. 68 0.12
82.94 17.25 193.08 0.09
83.02 3.89 194. 07 0.10
84. 90 96. 03 194.89 0.17
85.91 5. 62 196.87 1.07
196. 97 0.13

-232-



Mass Spec. Number 27

APGA32E30 ¥l Bgd=] 72-0CT-98 FB+
Bphi=8 =18y Ha=B68 TIC=348988392
H.GREENHALL

108 43 H
sa? Z e N cs*
8 | 1 \NJ\—(CN
78 ] [Cs (Principal Fragment)]
68 | Parent»cation N CN
58 . { M} 25 Cation M,133
i M'179
48 | 73 Anion )
133 .

84 5 /
igi [Cs, (Parent Anion)]®
B B y Lot .}—L y " L . Ll Y r ahe I\ + v

106 260 368 488 588 608

HPGR3ICES xl Bqd=6 7-0CT-89 FB-

Bpri-4 [=6.4v  Ha=714  TIC=132486088
H,GREENHALL

189, 19 Parent anion { M}

68 |

i [(Parent Anion);Cs]

NN | CESE

128 208 R 48 568 508

FAB Positive ion dat
ala FAB Negative ion data

Mass 7 Base
27.00 1.60 273.03 1.11 Mass % Base
28.01 1.45 277.10 8.98 57.92 1.33
28. 98 2.29 312.87 3.48 58.93 4.99
29.02 9.11 316.94 9.81 70.92 4.34
31.00 4.07 369.13 1.50 72.93 1.20
41.03 1.08 404. 91 1.05 87.90 1.93
43.01 3.34 408. 96 1.81 88.91 5.15
44.01 1.55 44476 2.54 89.91 4.74
45. 02 25. 48 80.93 33. 44
47.01 1.68 91.93 1.30
55.02 1.19 150. 90 1.60
56. 02 2.75 153.86 1.34
57.02 28. 64 159.87 3.11
58. 03 1.63 160.87 3.50
61.02 2.45 162.90 1.02
73.02 2.33 163.91 1.41
74.02 4.84 164.91 1.23
75.03 41.21 178.83 100.00
76.03 .41 179.83 12.94
90. 02 1.27 180. 89 6.84
93. 06 100.00 182.91 36.05
94.04 4.80 183.91 2.83
132.89 33.99 196. 82 1.20
149.05 2.23 270.86 5.18
181.00 1.65 271.87 1.12
185. 06 84.02 272.91 1.05
186. 06 5.60 274.92 5.67
187.07 1.21 362.89 1.27
223.90 1.26 366.95 1.09
224.90 49.2] 402.73 1.96
225.90 1.83 490.68 2.85
494.75 1.05

-233-



Mass Spec. Number 28

PG nl Bgd=1 7-0CT-88 Fge
BpHi=8 1=5.5¢ Hn=1822 TlC-283838808
f.P.GREENHALL
188, 133 Parent cation { M"}
SBT NC CN
88 | [Cs (Principal Fragmem)l* - .
78 ] H ay Cs
225 F
68 / ~ /IJ
58 | 93 N
48 Anion M,179
3] ‘Cation  M;133
281 575 185 45 _ [Cs, (Parent Anion)]*
10 ] /
B = PSP SPS Ry P »,.._{'_-,_«r_.-'anJl_MuﬁlrM PR TP TS SO - VA
108 FLL 380 468 568 668 708
fiPG x! Bgd=6 7-0CT-88 -
Bpii=8 [=18v  Hn=2143 TIC-232819088
P .GREENHALL
100 128 .
% Parent anion { M }
88 .
78 ]
68 |
58
43:1
384
%T [(Parent Anion),Cs]
18 |
e a4 I»J_,.lj_l. | Al = V. . gia, . 1.‘ r R
109 268 3688 408 988 688 768
FAB Positive ion data FAB Negative ion data
Mass % Base Mass % Base
27.01 1.67 279. 21 1.31 25. 94 1.49
28.02 1.014 281.02 1.75 58. 95 2.74
28.99 1.65 282. 86 1.42 €3. 94 1.19
29.03 4.05 284. 85 2.82 70.93 2.15
31.01 4.54 291. 85 1.67 87.92 1. 48
41.04 1.03 312.97 2.64 89.93 2.60
43.02 2.60 314.88 1.27 89.93 2.62
44.03 1.01 315.02 1.01 90. 95 8. 96
45.04 6.23 317.04 5.72 113.92 3.19
47 02 1 08 324, 87 1.14 130 90 2 24
55. 06 1.63 337.87 1.02 133. 91 1.05
56. 03 1.66 356.91 4.81 152. 90 1.14
57.04 15. 12 383. 20 1.24 153. 90 2. 286
58. 05 1.09 396.88 2.03 158. 89 1.76
61.04 1.58 405.06 1.21 159. 89 2.80
69.05 1.29 406. 10 1.33 150. 90 5.12
73.05 1.09 409.12 1.18 178. 92 100. 00
74.05 1.70 444.91 15.50 179.89 13.91
75. 05 16. 92 445.92 2.74 150. 80 3 64
76.06 1.04 448.99 1.7 182, 95 a.93
93.07 47.89 333.81 1.27
84.07 2.19 402.83 1.60
115.06 1.02 450.76 5.66
118.08 1.28 491.78 1.28
131.06 1.03
132.93 100. 00
177.00 1.07
181.05 1.13
183.08 1.27
185. 12 17.36
186. 13 1.38
223.96 1.35
224.97 60.20
225.97 2.19
226.98 1.09
264.94 1.32
277.17 1.08 -234-



Mass Spec. Number 29

APGJ1 4280 1l 7 £l
Bpi-8  I=2.6v " Molecular ion { M*
H.P GREENHALL (M) SN H
168, 138 NC,, [ WCN
Loss of CN
. Lossof HCN., 172 “e ?’
] 133 \\n\ N§§y/J
153
1 s 88 RMM 198
8 -H“‘M ' Lo Bt L Ii I IL 1 lll_.;l__

58 188 158 2o8 258

APGJ1 8250 sl Ll-

Bpii=8 [=2.6y

A.P.GREERHALL

198, 38 . .
Loss of CN Molecular ion { M"}
] 162 138
LA 88 139
oLl 4 [ | | |
58 188 158 coB 258

APGJ1£150 xl o 1-

BpA=8 I=1.3v Loss of HF.

H.P .GREENHALL \ Molecule minus H*

188_ 178
197
Bl . S A .
58 188 158 288 250

El+ Data .

Mass 7/ Base ] o )
26.08 1.73 100. 23 4.07 215. 39 0.76
27.09 1.02 101.24 3.85 286. 48 0.59
28.09 41.5%6 102. 24 2.55 - 298. 48 0.84
31.09 85.05 103.25 0.61 305. 49 0.54
32.08 9.64 107. 24 5.21
36.10 0.65 108. 25 3.20
37.11 0.66 114.25 0.77
38.11 7.85 115.26 0.82
39.12 2.24 119. 25 2.77
40.07 0.74 120.27 0.58
45,12 0.85 121.26 4.08
46.13 2.31 122. 27 0.80
50.13 2.56 126. 28 13. 43
51.15 3.60 127.28 2.83
55.14 1.39 133. 28 35.21
56.15 2.28 134. 29 7.01
87.15 4.76 145.30 5.66
58.16 2.11 146. 31 3.32
62.15 11.51 152. 31 1.38
63.17 1.33 153.32 20.19
64.17 1.84 154.33 1.69
85.18 3.61 164,32 0.67
66.18 1.17 171.33 34. 40
€9.17 5.89 172.34 §6. 21
70.18 3.09 173.35 4.60
75.19 0.61 178.35 17.07
76.19 9.44 179.35 3. 84
77.20 4.88 180. 36 0.57
81.19 15.12 183.35 0.68
82.21 8.66 184. 36 4.79
83.20 9.58 185. 36 0.50
84.21 0.56 197.37 6.65
88. 21 15.91 198. 38 100.00
89.22 1.29 199. 39 15.80
93.21 0.87 200.39 1.08
95. 22 5.60 202.38 2. 73
86. 23 1.33 209. 38 2.18



PGK1 1KMo

Fg-
o= Mass Spec. Number 30
JGREERHALL
131
NC CN
K+
7
N N
F
s,
. +
ESBﬂ[Ka (Parent Anion)] Anion m/e 180
Cation m/e 39
185
l 223
)ﬂj\l | -y LL A '_'- l. ry 1 v 3 l + A -
] 288 309 488 568 680 268 888 998 1888
PGK11KE30 FB-
pi=8
.GREEHHALL
180
Parent anion { M}
339
Sk ‘ll'\.A“l'Am LA h L g J\ .
] ) 268 308 480 568 688 268 fee 988 1600
Positive ion data o
55 7 Base FAB Negative ion data
2. 96 0.30 166.88 0.45 Mass 4 Base’
39. 96 0.91 167. 85 1.20 79. 89 0.64 206.78 0.67
90. 96 0.62. 168.89 11.53 80 79 0.56 210. 83 0.31
31.96 0.45 169,89 0.47 86. 84 0.64 212.92 0.58
92. 98 79.86 170.89 1.66 88. 86 0.79 215.75 0.62
93. 98 3.43 174.81 1.06 83.84 19.02 218.75 0.67
94. 86 1.16 181.94 0.76 90. 86 3. 48 220. 80 0.34
95. 00 0.73 182.98 0.39 s1.86 0.73 225.77 0.43
96. 85 8.04 163.97 0.67 96. 81 0.55 244.70 0.98
38. B6 1.43 185.02 15.27 99. 98 0.55 250.75 0.73
98. 95 1.02 186.02 0.99 110.86 0.82 251.75 0.68
59. 83 0.81 186.96 2.79 116.85 0.71 269.74 0.64
03. 86 4.93 188.91 0.86 133. 88 0.52 270.73 0.95
05. 86 1.06 150.95 0.71 134.82 2.76 289.70 0.42
07.87 0.68 195.91 0.39 135. 83 0.50 294. 69 1.05
10.01 0.55 202.94 0.32 141.82 1.76 308.68 0.70
11.92 0.42 204.95 0.46 142. 82 0.54 309. 67 0.59
12. 85 0. 46 206. 89 0.41 151.79 3. 25 310. 68 0.84
13.94 0.65 212.76 0.77 153 81 1.34 312.68 0.66
14.97 1.21 219.89 1.96 154. 80 122 318,70 0.31
16.98 0.74 220.92 1.08 155. 83 0.55 332.68 1.47
18. 98 0.62 221.32 0.94 157. 81 0.68 333.68 0.91
19.86 0.52 222.95 10.27 160. 81 1.38 352. 66 0. 40
20. 88 0.55 223.94 0.62 161.81 218 353.67 0.34
28.94 1.76 224.94 0.97 164.87 0.59 357.66 1.6€8
29.94 3.74 231.90 0.56 165. BO 0.55 358. 66 22.84
30.84 100. 00 238. 86 0.92 166. 84 0.55 359. 66 4.02
31.95 5.81 239.84 0.75 172. 81 0.61 360. 69 1.13
32.984 12.91 241.87 0.47 175. 80 0.58 361.65 0.57
33.96 0.54 257.82 27.80 176. 81 0. 67 370.69 0. 45
35.88 0. 42 258. 83 4.54 177.79 0 29 376. 63 0.43
36. 88 1.28 259.B82 4.31 179.78 100. 00 380. 66 0.35
38. 88 0.34 349. 84 4.32 180.78 13.22 396.59 1.34
41.87 0.36 350. 87 0.94 181. 80 1 58 397.61 0.33
42.89 0.45 351.87 0.79 182. 84 0.96 398. 60 6.66
48.98 1.39 352.89 0.33 191. 80 1.71 399.60 1.56
49.88 0.51 387.80 0.35 192. 80 0.71 400. 62 0.96
50.89 0.31 400. 88 0.31 198. 82 0.68 410.63 0.37
57.98 0.42 430. 85 0.30 203. 81 0.33 484.57 0.39
60. 95 0.65 436. 80 1.22 205.77 0.80 502.56 0.64
577.72 0.35
-236- €17.86 0.34



Mass Spec. Number 31

APGKEHE 180 xl  Bgd=17  $-SEP-88
BpA=8 [=4.4v  Ha=375 TI(=157786088
AP .GREENHALL

188. 381
1 £53
186 237 275
RMM 301
8 VR TUNS WIS U UL SO L. . ‘
160 208 338 488
APGKGRED4 xl  Bgd=b 9-SeP-a8 Cl»
Bph=2 I=1By  Hn=449  TI1C=163494088 . +
R.P.GREENHALL Molecular ion { M" }
188, 237 s -
81 186 o83
i 78 J 217 275
g llh..ll.l.,-h_u bt it ! nl; L LJILFLJ\ILLIJLJHILAJI buohia | A } .
188 240 380 428
HPGKEHE! 35 x1  Bgd=11  9-GEP-88 (1-
Bph=9 1=7.2v  Hn=982 TIC=99833890
fl.P.GREENHALL
18% ol Loss of HF
; Molecule minus H*
| 388
: 255 ‘\
8 . i o da '
108 208 308 408
‘El+ Data
Hass 7 Base
30.97 5.11 223.88 11.97
38. 92 1.06 224. 89 1.76
€8.92 2.51 228. 88 2.67
78.93 1.08 229, 89 4.39
92.92 7.47 230. 89 1.39
97.92 1.48 235. 88 26. 45
98. 92 1.13 236. 88 39.68
99. 92 2.30 237.89 4.79
104. 92 1.06 247.88 13.36
109. 91 1.55 248. 88 1.77
116.91 7.11 250. 89 1.40
121.91 1.93 254. 88 50.75
122.92 1.27 255. 89 7.17
123.91 4.92 256. 90 1.45
128.91 2.15 261.89 1.13
129.91 1.41 273.88 10.29
135. 90 1.31 274.89 39.79
140.90 7.72 275.89 5.59
147.90 7.31 281.89 3.39
148. 91 1.02 282.90 6.22
154. 90 2.32 283. 9! 1.48
159. 89 2.94 286. 89 > a8
160.90 1.52 299. 88 2.29
166. 90 1. 67 300.89 100. 00
167.90 2.88 301.89 20.52
178.88 5.25 302. 90 1.67
185.89 38. 46 304. 88 0.67
186. 89 3.96 305.88 0.07
191.89 1.07 331.90 1.59
192 .89 1.24 332.90 0.13
197.88 1.30 379.89 0.08
198. 89 2.05 393.89 - 0.25
202.89 1.06
204. 88 1.70
205. 89 3.74
209.88 4.62
216.89 6.82 _ -
217.89 2.73 231
1.74



APGKBHE 3. x!

Mass Spec. N r El .
BofsB 127 . Number 32 Molecular ion { M*}
. GREENHALL N
188. 388
] Loss of CN
316 33g 354
1 RMM 380 265 J
8 i Loa l..' i POTPPY SUUPI VR0 FHUOY BSOS Loda tod IL‘,kL J&rh‘n " _LL'LJ\ A
59 188 158 20 258 380 358
HPGKBHEG | Ct-
Bpi=0 1=1Bv
H.GREENHALL
1886, 316
3 29 334 38
1 265
] 2 285 354
185 l [ |
B iy T, R | {4 LA'.;.[ " biabeng s FEe PN P P R | L’l_l J- AL ”.u.( 'lkul ul ‘ln“ .1|_.|J J‘l e
59 188 158 cae 258 388 350
MPGKBHECTs xl cl- ) .
Bphi=0 1=1.1v Molecule minus H
}.GREEHHALL
180 : Loss of HF\ 33
7] 368
Loss of HCNX
: 353
ol . . | . | I
59 ~1ag 158 200 258 300 358
El+ Data :
Mass 7. Base
29.05 1.26 203.10 3.64 310. 16 3.36 343.17 0.31
31.01 6.23 210.10 2.43 311.17 2.15 343. 30 0.18
41.06 1.27 213.11 3.82 312.17 0.58 348. 20 0.24
43.04 2.59 215.10 1.64 312.26 0.14 353.17 0.99
43.08 1.59 216.11 1.97 313.19 0.11 353.30 0.15
55. 08 1.17 217.10 1.24 315.16 1.79 as3, 77 0.10
57.10 2.00 222.10 1.30 315.72 0.11 354.19 24.32
69.02 5.00 227.10 3.09 316.16 26.83 355. 19 4.23
71.11 1.29 234.11 3.89 316.47 0.12 356. 19 0.35
74.03 1.09 235.13 1.25 316.82 0.13 358. 16 0.11
79.04 1.28 241.11 q. 45 317.17 3.69 360. 05 0.15
86. 04 1.01 246. 11 2.95 317.952 0.17 360.19 1.22
93. 04 7.10 247.12 3.29 318.18 0.28 360.69 0.10
98.04 2.24 253. 11 1.84 322.11 0.22 361.20 7.13
99.05 1.07 254.12 4.22 322.14 0.14 362.20 2.03
100.05 1.09 258.12 1.64 322.21 0.39 363.21 0.44
110.05 1.50 261.13 1.56 322. 49 0.10 378.31 0.13
117.05 5.26 265.12 10. 86 323.07 0.13 378.58 0.20
122.06 1.40 266.13 2.10 323.19 1.18 378.93 0.14
124.06 1.42 272.12 2.89 325.23 0.11 379. 19 3.39
129.06 1.90 277.12 1.20 327.16 1.76 180. 20 100. 00
139.07 1.02 278. 14 2.24 328.16 0.48 380. 45 0.11
141.086 4.08 279.14 2.36 328. 47 0.08 380.55 0.14
144.07 1.12 284. 14 2.13 328 71 0.12 380. 65 0.14
146.07 1.25 285. 15 7.52 329.19 0.41 380. 76 0.15
148.07 2.19 286. 14 1.30 32948 0.12 380. 89 0.10
149.09 1.78 292. 16 1.85 329.77 0.10 380. 98 0.23
151.57 4.23 296. 14 9.42 330.19 25.23 g1, 21 17.62
153.07 1.06 297.15 2.25 331.19 4.05 381.82 0.13
158.07 1.93 300. 07 0.08 332.19 0.39 382. 21 1.73
160.07 2.08 302. 20 0.17 332.78 0.13 382. 35 0.07
163.57 1.67 302. 67 0.10 333. 20 0.20 383. 23 0.22
165. 08 3. 66 303.15 7.01 333.26 0.10 390. 27 0.16
167.08 1.77 304. 15 2.37 334.17 14.73
172.08 2.74 305.11 0.26 334. 96 0.10
177.08 4.23 305. 18 0.43 335, 18 3.04
179.10 2.29 308. 06 0.19 336.19 0.63
190. 09 3.42 308.17 0,73 341.18 6.83
196.09 2.20 309.16 2.06 342.19 1.18
- 342.50 0.21



fIPGHBHEE 18 3 El-
Bpfi=8 1=785qy
R.P.GREEHHALL
188, 163 Mass Spec. Number 33
53
i
H
% 147
{1 e 9 M3 ' 35
r] | l«u f”m ‘Jr Al 1! Lbe . iy [_ PR Loy
1 158 208 258 s
FPTIBHCR 1 Be x1
Bp3=0 =18
1.2, GREENHALL
159, X
75
283
R N : L N . i _
100 158 06 258 388 358 408 458 <F
orhiibHENEDe x1 -
B0 175
.P.LREEKHALL
198, 389
4§‘S
8 . . e NN - b v
168 158 208 250 300 358 I 458 St
EV¢ Dot
A333 2aze
ERRS P17 373.51 0.43 e S21a
3iz2.56 g a7 373.55 0.39 3 g 70
313 33 133 374.57 1.15 52 3 72
313.5§ 0 41 375.55 3.98 373 40 z 14
315.59 5 44 376.58 0 45 S3¢ 27 3 33
316 S8 1.30 378. 43 1.19 501,37 1 5S
317. 890 ¢ 58 379.53 7.52 508, 02 0 33
322.58 1 &1 380.52 0 83 Sis 34 5 33
323.39 2.58 381.54 0.74 S56. 35 1.17
326. 55 0.39 384,47 0.84 €18.30 0 3t
326 58 0.54 399.52 3.94 555. 24 0.7¢
328. 60 0 4t 400.51 4.82 €32 29 0 sz
329.59 1.53 401.50 117 849 45 o 47
330. 952 0 37 406 54 1.07 ’
333.58 0.95 407.55 0.54
334. 10 0.64 408.53 0 70
334.54 22.77 a12.54 0 33
335 55 2.06 424 a8 0 84
336.02 0.43 425.51 34 37
336.58 0.95 426 52 519
340. 56 1.79 427.51 0.84
341.59 0.41 428 45 0 a5
342 .58 0.54 43748 0 a3
350. 62 0.64 445 61 0 82
353.55 1.26 A46. 60 0 75
354. 56 0.87 446.65 0.3%
355. 60 0.49
356.55 0 68
359.55 0.37
360.54 2.18
361.55 3.40
362.51 0.64
362.55 0.43
368. 42 0.31

-239-°



HPGJGEL 74 1l

Mass Spec. Number 34

Bgd=1 26-AUG-88 CH, Ef-
BpA-8 1=4.9v Ha=1825 TIC=185338088 NC,, || «CN
R.GREERHALL A
166, 223
,/; l Loss of CHj
J NS
N"Loss of HCN 214
69 188 RMM 229 18 282
I s At
] |J| TR A | W WA |x|. et Lo by o RTTRORTINUE [TOON VRR [V R PR l | .[ .
58 188 158 che 258
RPGJBEBY xl  Bgd=b 26-AUG-88 tl+
BpH=8 [=3.4v  Hn=528 TIC=79852068
A .GREENHALL
188, 223
Molecular ion { M’}\
b 168 282 ¢t
;I W wlit PRPOR WPV PR FUSN PPN Lyl o ST [ ‘Il. I. YN r
59 168 158 coe 258
APGJBE1C xl  Bgd=11  26-AUG-88 Ci-
BpH-8 [-9.50 Hn=411 TIC-08/570086 Loss of HCN
H.GREERHALL
188, o
1
8 L — ; AL \ i
58 188 158 208 258
El+ Data
Mass 7 Base
26. 06 1.19 165.23 1.21
28.07 1.32 169.22 1.57
31.05 15.29 176. 23 1.81
42.10 1.86 177.24 1.17
51.08 1.43 183. 25 2.05
52.09 4. 43 188. 24 5.82
§3.10 2.45 200. 26 0.15
85.07 1.72 201.26 0.95
58.11 1.77 202.27 7.72
§9.13 1.56 203.28 4. 84
€2.08 1.57 204.29 0. 46
69. 08 7.08 205. 28 0.04
74.09 2.05 208. 27 0.23
75.10 2.06 209.29 0.31
76.10 2.10 210.29 0.86
81.11 2.45 211.30 0.08
82.12 1.64 214.27 15.12
36. 11 2.07 215.28 1.71
88.13 1.81 216.29 0.07
93.12 3.28 219.30 6.30
88.13 3.05 228. 30 0.70
89.14 1.36 228. 42 0.08
100.13 9.74 228. 85 0.05
105. 14 2.81 228. 96 0.04
106. 15 2.79 229.32 31.49
107.15 1.31 229 .64 0.05
112. 14 1.50 230. 33 4.21
113. 16 1.38 231.33 0.25
124. 16 2.38 237.35 0.06
131.17 1.54 244. 36 0.17
138.18 3.19
143.18 1.09
150.19 1.0t
151. 20 1.15
157. 21 1.04
162. 20 1.00
163.22 2.43
164. 22 1.18

-240-



Mass Spec. Number 35

-241-

APGJS5210 %l Bod=l 12-JUL-88 El+ .
Bph=9 [=7.8v  Ha=1187 TIC=25829370808 Molecular ion { M }
H.P. GREENHALL ~
188, 364
98 |
86 | NC, CN
eo
76
60 |
N
50
49 RMM 364
A Loss of CN
» 89 108 269
10 l 158 | [ %
B b Aot ls “ , ]Lul ] ] ILLLIln__LL A, JL_L_: W FRTN Y .l.nLL‘LI LL JLI\LL JLli 2 I\' h
58 188 156 298 258 38 358
APGJS521190 gl Bgd=12  12-JUL-88 1-
BpA-=8 [=8.5v  Hn=646 TIC=159853868
A.P.GREENHALL
189_ 214
98 Molecule minus CsF, N
80
78.
60 Molecular ion { M*}\
5 ~ Loss of Fluoride 345 1684
40 Loss of FCN\
38 > 319
20 |
18 ]
B r r v i ' L . 41‘. ~ L L l'
58 188 158 208 256 308 358
El+ Data
Mass 7 Base
30.98 17.37 230. 92 1.53
54.97 2.27 237.92 4.03
61.97 1.33 242. 91 1.43
68.96 20.71 243.91 1.31
73.96 2.28 247.90 1.04
75.96 2.38 254. 80 1.71
80.96 2.24 261.90 16.91
85.96 2.33 262. 90 1.82
92.95 5.25 268. 91 22.34
94.95 3.99 269. 91 3.28
99. 96 25. 88 273.90 4.19
100. 96 1.20 274.91 111
104.95 5.93 275.91 2.78
106. 96 1.06 287.90 3.17
111.95 1.95 292. 89 7.50
113.95 1.52 293.90 1.04
116.95 2.37 294. 91 2.68
123.985 4.47 299. 90 12.74
130.94 2.76 300.91 1.80
137.94 4.69 311.90 1.22
140.94 1.28 313.90 8.85
142.94 1.90 314.91 1.33
147.94 2.08 318.90 1.64
149. 93 10.15 325. 90 1.08
154.93 1.13 327.89 1.36
161.93 2.44 337.88 17.13
168. 93 1.93 338.88 15.54
177.92 1.36 339.89 2.0t
187.93 4.08 344.90 9.65
188. 94 1.61 345. 91 1.48
192.93 2. 46 363.91 100. 00
199.92 1.01 364.92 15.70
211.92 1.05 365.93 1.22
213.92 14.16
214.92 1.35
216.91 1.10
218.91 1.39
223.91 2.79



HPGKSE160 xl  Bgd=4  9-sep-88 Mass Spec. Number 36
BpH=d  1=2.8v  Hn=414  TIC=74827008 : CH
3

f.P.GREERHALL
162, g NCsWCN  Ele
Molecular ion { M"} L

g8 72 81 197
8 S l;._.La ._,L._AA,.,J.K-L}‘_.' L . L}LA. " . Rwi.i\./_i1212.' -
58 168 158 200 250 308 358
RPGKSE21e x!  Bgd=6  9-SEP-08 Cle

BpA=8 [=18v  Hn=786 TIC=281476332
A.P.GREERHALL

238
188, Molecule + NH,"
Molecular ion { M* }'\
gie
8Ll IR FUSo b Lo b o ——
58 188 158 c88 258 308 358
HPGKSE144 1l Bgd=1!1  8-SEP-88 - £1-
BpR-8 [=3.4v  He=483 TIC=184251808
fi.P .GREEKHALL Loss of CHj3
188, 13
165 212
of
152
“ l
8 . L i 1L J._u» l' 0 WO , . —
58 108 158 268 258 368 358
El+ Data
Mass 7. wase
25. 98 6.20 71.01 1.54 145.91 1.21
26.98 30. 28 71.96 15.18 146.95 1.78
27.99 8.37 72.97 12. 28 147.92 1.23
28. 97 2.04 73.92 2.30 148.9) 5.48
29.00 2.40 74.93 1.94 150. 93 1.37
30.97 19.63 75.93 5. 14 151.89 5.85
32.98 5.43 76.94 3.61 155 92 1.20
37.96 1.81 77.94 1.29 156. 90 3. 56
38.97 1.05 80. 92 16.02 157.90 1.57
39.98 3. 09 81.92 3.58 158. 91 1.23
40. 99 3. 139 84.89 4.82 165. 91 1.09
41,99 2.41 87.93 3.60 166.91 2.10
42.99 9. 44 88. 93 2.43 168. 89 1.52
43.95 1.24 90.94 2.02 171.89 1.02
44.01 1.24 92.92 4.66 175.90 2.81
44. 96 2.50 93.82 1.36 182.88 4.15
45. 96 2.97 94.92 2.28 183.89 2.56
46.93 2.12 95.93 1.71 184.90 4.89
49. 95 1.36 99. 91 6.57 193. 90 1.30
50. 95 1.80 100. 92 1.43 194. 90 1.05
51.96 2.37 101.92 2.16 195. 90 2.92
54.94 1.48 104.92 1.17 196.87 11.64
54.99 1.36 106. 91 7.45 197. 88 1.38
55. 95 1.96 107.92 1.16 20488 112
56. 95 2.20 108. 93 1.02 205. 90 0. 23
57.01 2.87 111.90 1.61 206. 90 2.58
57.97 2.32 112,91 2.65 207.91 0.89
58.95 3.96 113.92 2.37 208. 90 1.65
59. 96 13.69 118. 91 2.26 209. 91 0.95
61.93 3.29 123,90 1.21 210.89 2.78
62.94 1.84 125 .90 3.09 211.89 100.00
63.94 1.59 132 90 1.23 212.90 13.07
66. 96 1.00 136. 91 1.31 213.89 0.93
68.92 8.78 137.89 2.23 217.92 0.10
69.93 1.30 138. 90 2.13 220.94 0.95
70.00 1.12 133. 91 1.02 222.91 1.65
70.93 1.05 144, 90 1.36 223,92 6.68
224.91 4.30



Mass Spec. Number 37

fiPGK11HA5¢ xl  Bgd=! 23-FEB-09 El- NC CN
Bpi=8 [=2.2v  Ha=386 TIC=1238350088
H.GREENHALL |
168, 44 3l 172 HN” “NH
] - Molecular ion { M*} 2\ /g
O N O
i 6478 H
| 134 RMM 177
8 ﬂl :n‘-u A 'I. el PRNERETY Ae 5 Lt 5 _—" e it Lt gibn
58 100 156 208 258 380
APGKI1HB18e x  Bgd=6 23-fIB-83 - Cl»
Bphi-8 I=18v  Ha=d61 TIC=122438008
A.GREENHALL
188. 188
52 25 78 137 166 199
AN
8 LMLJ lh[ sbaa AaJlJl'L‘l T | Jl Luasnlapdit Loanet i 1 . 1 N ;
58 168 150 208 258 309
APGK11HB142 xl  Bgd=1l  23-FED-89 Cl-
Bpfi=8 [=1.8v  Ha=2B3 TIC=15259809
11.GREENHALL
190, Molecule minus H* !B
L S . L ' " , .
58 188 198 0o 258 308
El+ Data
Mass % Base
41.02 5.99 86. 00 1.18
41.05 3. 86 87.01 3.57
42.02 6.74 88.01 2.33
43.01 23.57 90.00 3.34
43.06 3. 74 91.00 100. 00
44.02 95. 62 92.01 6.90
45. 03 17.55 89. 00 1.86
50.01 2.22 100. 00 1.40
51.01 2.56 101.00 1.23
52.01 1.84 102.01 1.03
53.01 7. 91 105. 03 1.35
53.99 2.10 105. 98 2.90
55.01 1.01 106. 06 2.15
55. 05 2.54 109. 01 1.76
57.06 2. 44 110.99 1.47
60.02 1.43 112. 00 2.51
61.01 1.47 113.00 1.84
62.00 2.76 123.99 2.29
63. 00 1.61 125. 00 1.01
63.99 50.84 126. 00 1.21
65. 00 8.73 134. 00 21.27
66.01 3.73 135. 00 1.93
68, 99 16.63 139. 00 2.70
€9.05 1.17 148. 99 2.55
69.97 53.24 149. 99 1.66
70. 98 1.48 151.00 2. 44
71.07 1.02 152. 00 2.25
73.01 1.44 175.99 1.61
74. 00 2. 186 176.99 94. 89
75. 00 3.70 177.99 22.74
76.00 3.12 179.00 2.37
77.0¢1 1.25 180.01 1.24
78.00 3.34 202.97 1.05
78. 90 1.98 203.98 2.88
79.91 5.39 204. 98 1.10
80. 90 2. 49 238.95 1.17
81.91 4.43 255.86 1.44



Mass Spec. Number 38

HPGOSHL18s xl  Bgd=16  5-DEC-88 18 H
BpR=8  1=PESav Hn=44?  TIC=17132808 NC;, [ wSO,CeHg
S0,CeHs )"
1, » [
~
] 141 F H
198 ~
1 N
3l RMM 330
] | 119 162
B - N . .
50 160 158 coe 258 388 358
APGOSHEZT® xl  Bgd=b 5-DEC-88 €l
BpA=0 =18y Hp=451  TIC=93568808
188, St o
pii Molecule + NH,"
]
144 38
. l 61
50 188 158 288 258 380 350
HPGASHECGe xI  Bgd=t!  5-DEC-88 {1-
BpA-=8 1:9.20  Ha=758  TIC=176482808
168, N 83 Loss of SO.CeMs
] Loss of F + 50,C¢Hs
‘\2\178
] 147
168 L
) - S Y SN TR N . i . ,
58 180 158 . 200 258 380 358
El+ Data
Mass 7 Base
28.95 3.05 93.00 6.50
2899 3.45 94.02 6.39
30.96 11.57 97.03 3.45
31.94 3.28 97.11 3.57
36.99 5.12 100. 00 4.37
38.00 3.74 109. 00 11.68
39 01 8.98 110.01 17.84
41.02 4.37 113. 00 11.05
4a1.03 6.21 115. 06 3.22
43.02 3.28 124. 00 3.05
43. 05 5. 64 124. 98 8.17
44. 98 3.74 125. 02 7.08
47.97 4.37 126. 01 4.66
50.01 17.26 130. 00 11.57
51.02 39.18 140. 99 8l1.47
52.02 9.03 141.97 5. 41
55.05 4. 26 142. 96 5.29
56.01 3.51 143. 97 3.74
57.07 5.47 144. 02 5.98
63.01 6.96 148. 99 5.93
65. 04 8.11 149 04 5.06
66.03 5. 58 162. 00 12.77
67.05 4. 03 162.97 4.83
€8. 00 3. .68 163.02 3.74
68. 98 9.15 163.99 4.37
69. 06 6.73 166. 96 3.68
71.08 3.34 170. 99 9. 21
74.00 6.33 189.01 10.59
75.01 6. 44 . 189 99 €7.26
76.00 3.39 190.97 5.06
76.03 4.32
77.03 100. 00
78.04 19. 28
81.05 4.26
81.09 3. 68
81.99 3.62
82.02 3.68

-244-



APGPICSE 14

Mass Spec. Number FBe
Bpfi-8 .
fl.P.GREENHALL
133 .
1881 Parent cation { M"}
99 | ’
B8 |
20 ]
60
[CSzF]+
58 |
0. 285
0 ] Anion M7, 462
0 Cotion M% 133
18 |
] , . o b Al . . et b , —h
148 208 309 440 508 680 pur! 588 978
HPGRINS#1 94 fB-
Bpfi-A
11.P.GREENHRLL
198, 462
99 _
;| Loss of SOxCeHs Parent anion { M}
28
32!
60 |
59
48 |
38 ] 740
2] 252 4
19 | 1688 || Jl
E i Llld\ .lxulU.Ll.!ﬂ'ilL: nn sk FETV RN L]L..\...L 1 mplbad g it on Lh)\. PRTIPIY NV} v >
108 208 300 400 568 689 260 86O 360
FAB Negative ion data: : FAB Positive ion data
Mass % Base Mass 7 Base Mass % Base
56 8o 4 27 263.79 12. 11 132.83 100. 00
113 90 2 89 268.80 2.24 284. 64 37.6:
'130.87 2.28 275.82 2.17 291 65 P
132 a8 3 63 282.79 10.14 336. 96 6.76
137 88 4. 98 283. 80 3 2a PR e
"140.87 7.25 284.72 2.5 436. 48 2 64
141 2.54 285.76 2.89 728.91 4.08
141.88 . 287.78 2.70
149. 86 2.20 289. 80 2.20
151.86 7.06 293 81 2.65
152. 88 2. 01 258 37 5 19
154. 87 2. 45 S0 > 56
156.86 3.0l 301.76 32 90
161.86 2.38 302.76 3. 68
163. 86 2.13 309.80 2.96
168.84 4.35 320.75 €3.51
180.83 4.50 322.76 4.27
187.83 10. 49 344.78 2.0l
189.84 2.55 346.77 2.27
194.84 2.91 35577 2.02
199. 83 7.28 373.73 a.7
201.83 3.07 377.79 4.22
206. 81 4.33 379. 75 2. 15
208.81 4.03 406. 72 2.30
211.82 4.86 429,74 2.03
213.82 6.73 443.75 2.75
214.83 2.05 448. 71 16.79
218.81 4.49 449.75 2.95
223.80 5.23 451.70 2.82
225. 82 2.83 460. 70 2.33
230.79 3.28 461.73 100. 00
232. 82 B.43 . 455 73 22. 91
233.80 2.07 463.74 6.28
237. 82 3.19 612 02 g 22
239.78 4.22 613.02 3.05
244.80 6.04 730.08 27.75
251.79 18.55 731.08 7.72
252. 81 2.75 : o
252.81 > 2o 761.59 2.1
256. 80 10. 48

-245-



APGP3HDS: Mass Spec. Number 40 £l

BpA-8
e, 7
] 125
141
1 ?EL 9
g J, Jvl_,\,..ul? b I iens | ,L"Jk . . ;
168 260 380 460 568
RPGPSHETe w! 1+
BpH=8
198. ‘447

] Molecule + NH,"

268
: l 481
a 1.0y L.L.A.!ﬁl__Au_._L L ") I N — ia. oty L . I.L — IJ i L -
100 cod 348 400 533

APGPIHE14e C1-

Bpi= '

pR=8 Loss of SO.CeHs

168, 322
<
1 2b4
] 214 245 283
1 ]
8 L L P JL a P ' —
160 280 369 448 : 589

El+ Data : -

Mass 7. Base 141.00 22.38 427.95% 0.11
20.01 7.58 144.01 9.86 430.99 0.12
27.03 4.34 149.02 2.49 442.98 0.34
31.00 S.84 159.99 5.21 443.93 0.15
37.01 2.14 166.99 2.03 444.08 0.06
38.02 3.03 206.00 4. 28 446. 14 0.59
39.02 7.96 218 02 2. 32 447. 14 0.4l
41.04 2.77 234.01 7.08 447. 24 0.11
43.02 3.87 250.01 2.57 463 96 0.46
43. 05 3.78 285.01 5 31 465. 00 0.07
43 .92 6.04 302.99 8. 24 489. 06 0.11
44.98 4.49 323.00 3.69 521.95 0.10
47.97 2. 38 354.00 0.28 526. 16 0.09
50.02 12.68 355. 04 0.12 547.95 0.14
51.03 38.27 356.08 0.08
53.04 €.33 359.00 0.08
55. 05 2.11 359.96. 0.18
§7.07 4.394 360.05 0.16
63.03 2.19 360.93 011
65.04 11.93 362. 04 0.65
€8.99 23.85 363.01 0.1t
€9.07 2.02 368. 34 0.13
71.05 3.28 368.92 0.14
74.01 4.83 371.99 0.12
75.02 4.42 373.03 0.16
76.03 4.08 373.98 012
77.04 100.00 379.02 0.34
78.05 7.69 380.06 0.29
82.01 2.85 381.01 0.16"

6. 00 2.00 387.04 0.14
93.02 4.17 391.92 0.10
56. 04 3.47 391.97 .10
87.02 11.99 392.03 0.08
99 01 2.07 399.00 0.27
109. 01 9.53 399. 08 0.10
110.02 5.62 400.02 0.30
117.00 3.75 409.99 0.43
124.00 2. 38 410.98 0.18
125.01 45. 26 a15. 03 0.10
126. 02 5.25 ° 415.09 0.09
127.01 3.02 416.02 0.13
-246-



APGPSHE1 7+

Mass Spec. Number 41 £l
Bpit=8 .
fi.GREENHALL
+
. 74 [ SO2C6Hs]
141
51
L] I L . b kA i |
169 8 388 480 568
RPLPSHIZ2s L1+
don-9 Molecule + NH,*
H.GPEERHALL
g 513
193
14k 94 15‘3 l
J: | ..!. A4 I WX | JA a gl .l il .l A d i |' 1 1 . N L . L 2
196 cog 308 438 548
-
i Loss of SO,C¢H
HISHSYSSTHINY / 2veiis
354
T ‘ |
180 208 380 400 568
El+ Data ,
Mass ‘Y% Base
27.02 1. 44 141,04 £3.29 334.13 6,12
29.04 0.43 132,04 4,71 335.13 0.54
3t. 00 0. 39 122, 04 3.1 336. 15 2,55
It, 02 0.35 144, 05 0.72 354.12 16,89
39,03 1.92 155,04 3,28 355.13 9.78
30, 03 ¢, 20 179,65 0.2% 356. 14 6.42
41,908, D, 27 183, 07 0,47 431 . 24 4,12
33.03 5.79 203.02 2,39 432, 24 6.14
11,08 0. 29 212.05 0, 26 496. 26 0.35
44,33 0,43 23,C5 2,23
45,04 c.18 227,92 2.28
37.98 0. 42 232,07 0.72
53.G3 3,72 235,07 944
51,03 i5,83 24¢ 0.2
52,04 1.04 24 0,79
53.05 0.585 247 S,77
55,08 5,865 z5 ¢, 38
57.08 0.37 254,09 t.92
63,03 0.44 -§ 3 U_‘:'j
63,97 0.72 =2z, 0% 0,27
65.05 0.67 25 3 0‘3]
€9.00 5 81 Z8Zy el 0. 24
71.10 0.23 235,19 0,37
74.03 0.89 267,12 0.20
75.03 1,11 272,10 0, 27
76 04 1.4} 273,10 .10
77.06 100. 00 254,03 ¢, 3!
78.06 9 35 283 1! 3438
93.02 0.76 285.0% 0, 27
34.07 0 25 296,15 055
94 08 0.15 282 12 0,88
97.04 6 13 303 18 0.92
109 03 0.73 304,13 0,70
110 04 0.51 305,14 3,16
117.02 0.49 3C6, 14 0,42
117.09 o 22 309,12 2,23
125 ¢4 8 73 310,12 0,27
126 04 0 54 316,12 2.69
127 04 0.359 317,15 0.33
137 09 0 28 327,11 1.17
139 02 0.27 329,13 1.28

]
Do
o~
-3

1



Miass Spec. Number 42

HPGCL48Ss xl  Bgd=l 28-HAR-83
BpR=4 1=18v  Hm=4B5 TIC=133726868 CF
A .GREENHALL 3
186, 9t FsC, ) F
] CHchHs + /
] / CF, CF,
CF sSC
]  (85%) HoCeHs  (159) -
] 85 RMM 466 Molecular ion { M+}\
8 bae . Jll I-L r i v - L r 1 r r r .
58 180 158 Ll 250 348 358 499 450
APGCL488e %l Bod=6 20-HAR-09 L1+
BpA-=0 I=18v  Ha=285 TIC=91585888
f.GREEHHALL
180, 108
4
146 5B 91
. I 247
B 1 oLk . | absresan N e L,. o . . . ;
58 180 198 288 258 388 358 488 458
HPGCL4B1de xl  Bgdsll  2B-AAR-83 cl-
Bpii=0 1=3.2v  Hn=4B4 TIC=29335008
A.GREENHALL
108. Loss of CH,CgHs5 375
]
8 . . . , . , ahh . —_—
59 168 158 268 250 308 358 489 438
El+ Data
Mass Z Base
41.08 1.70 193.05 0.33 288. 96 0.19
43.06 1.39 193.12 0.04 292. 96 0.09
45. 02 1.92 194.05 0.04 305. 94 0.88
51.06 2.58 195. 06 0.05 306.97 0.11
63.06 3.43 199.01 0.23 307.95 0.03
65.07 14. 78 202.12 0.04 318.94 0.09
69.03 7. 49 205. 03 0.60 324.94 0.09
77.08 1.22 206. 03 0.05 336.80 0.03
89. 09 3. 39 218.00 0.18 336.88 0.32
90. 09 1 86 219.01 0.07 337.90 0.05
91.11 100. 00 223.04 0.08 342.85 0.07
92 11 9.53 224. 05 0.04 355. 90 0.16
113.02 1.36 225.02 0.05 388.91 0.04
121.07 1.64 233.10 0.08 426.75 0.03
150.03 0.09 235.14 0.28 426. 86 0.36
155. 04 0. 69 236.14 0.11 427.88 0.08
155 10 0. 04 236.98 3.85 464.83 0.08
155. 15 0.04 238. 00 0.44 465. 84 0.11
159. 10 0.04 238.99 0.27
159. 14 0.04 243.01 0.36
167.05 0.09 243.09 0.05
168. 02 0.66 244.02 0.086
169.02 0.08 245.07 0.05
170. 02 0.05 247. 14 0.71
174.05 0.09 248. 14 0.26
175 03 0 13 249.12 0.07
178, 13 0 10 255.01 0.14
179 13 0 05 255. 99 0.32
181. 04 0 12 256. 98 0.08
182. 06 0.06 263.13 0.19
186. 04 0.08 264. 12 0.14
187.02 0.59 265.13 0.05
187.09 0.06 274. 98 0.05
189. 03 0.05 286. 96 3.15
189.07 0.06 287. 96 0.32

-248-



HPGY1H 14 xl  Bgd=l  4-APR-BY o fB- Mass Spec. Number 43
BpA=a 1=6.8v  Hn=896 )

A.GREENHALL CF, CN
188, 285 F.C .
133 : _ Cs +alile FaC=
98 | CN o
(< 10%)
88 F CF4 V407
Anion F.C
76 | . 3
CFa Cation 133
68 . Parent cation .
58 | {M*) And other geometrical
48 | isomers , Anion  M,362
1 [CsoF]” Cation M'133
20 |
18] | » [Csz (Parent Anion)]*
8 N . TS B " . 1 v 1 v s r —
190 208 380 468 508 688 708
HPGV18170 x!  Bgd-8 4-APR-89 F8-
BpH=0 1=3%9av Ha=486  TIC=4398800
f.GREENHALL
198. e
98 _
88 Loss of FCN + a little cyclised impurity
78 |
£8 |
58 J
48
36 Parent anion { M}
20 269 407
: L]
1) . | : . :
188 208 368 408 560 668 768
FAB Positive ion data h FAB Negative ion data
Mass * % Base Mass 7l Base
132.94 91.48 268. 85 15.67
282 89 1.53 299. 80 2.87
284.89 100. 00 311.72 1.15
231.91 15.17 311.82 6.61
304.87 0.06 318.81 9.67
304.90 0.13 356. 85 2.22
304.94 0.25 361.81 100. 00
304.99 0.19 362.82 13.68
306.84 0.07 387.81 1.91
306. 91 0.23 406.81 14. 29
307.91 0.77
308. 98 0.08
310.84 0.16
310.88 0.19
310.93 0.15
310.95 0.15
310.99 0.19
315.86 0.14
315.90 0.23
315.95 0.16
323.97 0.07
324.94 0.55
329. 93 0.30
356. 98 0.83
434.83 0.18
434.91 0.14
436.87 13.94
443.89 3.13
450. 86 0.29
450. 96 0.17
456. 94 0.13
459. 94 0.08
588. 83 2,07
595. 85 0.47
602.83 0.14
673.25 0.88
741.67 0.94
748.79 0.24 -249-



RPGA2F 150 xl  Bgd=l  18-FEB-B9 ' FBe
Bpi=8  I=l.lv  Has634  TIC-21994808
H.P .GREENHALL

186 193 Mass Spec. Number 44
98 |
. +
88 | Parent cation { M }
78
68
58
48 [Cs,F]"
3 ] ' )
2 285 Anion M 362
Cation M,133
18]
8 anplh \ALLIL\LJ 2 L P | IJIm PEFTPUTINY, TP YOS r..l by e gy " ad -
188 288 389 409 508 600 788
HPGA?F 18 ¥l Bgd=6 18-FEB-09 FB-
Bpf=8 [=1.3v  Ha=982 TIC=75425880 , -
P GREENHALL Parent anion { M}
198. 362
98 |
80 .
20 |
68 |
98 |
48 | .
38 ] 338
20 |
10
) !
188 288 308 408 500 668 708
FAB Positive ion data FAB Negative ion data
Mass % Base Mass 7. Base
92.08 2. 46 89.96 3.02 320. 90 3.70
93. 06 1.81 108. 96 4.96 323.94 1.83
116.09 2.15 128. 97 1.81 327.96 2.58
120.01 2.15 144.94 2.31 330.92 2.64
132,91 100. 00 149.27 1.61 332.95 2.64
141.03 2.25"° 153. 98 2.99 333.89 1.67
149, 02 10. 39 154.94 1.64 334. 96 2.31
162.93 1.90 156. 95 2.10 337.92 27.19
167.19 3.30 199,93 2.96 338. 95 3.42
175.01 1.66 223.93 5.07 339.98 3.77
190.01 2.35 230.95 1.62 342.93 7.68
191.06 2.45 232.96 2.33 343.83 2.00
224.92 8.95 244.96 2.24 344.98 2.43
225.98 4.63 249,92 3.63 346.94 2.11
278.97 1.83 261.93 1.71 349. 96 4.07
284.78 22. 60 263. 99 1.92 351.94 2.48
291.80 6.01 265. 92 2.31 354.96 1.64
411.07 3.49 266. 96 1.71 -356. 96 1.99
609.92 1.94 268. 96 3.09 358. 98 3.26
i 269.94 2.80 360. 95 1.93
361.93 100. 00
g;g'gg 2.29 362. 94 9 96
275 98 3 21 363.93 2.62
278 94 2 04 364. 98 1.68
280 95 1 63 366. 97 1.92
287 93 5 67 368. 94 2.25
288 92 L 75 369. 95 1.94
289 95 2 02 370. 96 5.67
292.93 5 39 373.95 2. 99
293,94 > 53 376. 00 2.16
294. 95 5.38 382. 96 2.86
299. 93 2.99 385. 90 1.87
302. 96 2.62 388.02 4.85
306. 96 3.74 390. 03 3.66
308 98 2 24 397.87 2. 28
310 s6 3 33 399. 87 2.16
311.94 5.54
313.97-250- 1.75
318.92 9.99



188_
90 |
88
78
68
58 ]
48
38
28
18 |

Mass Spec. Number 45

APGU?132e ul

Bpit=0 [=2.4v

Al GREERHALL
133

Bad=21
Hr=781

3-APR-89
T1C=33169888

Parent cation { M"}

285

(CsoF]"

[

Aads s, A bl !

Cs'

isomers

Anion = M'511
Cation M 133

D/ [CsBFJ*
L,

198

188

208 388

3-APR-89
110=7837908

iPGUZ828e k1 Bgd<6
Bpr=8 [=385rv  Ha=512
H . GREENHALL

li iy ) 1

raatll

.Lllll“n
! +

490

688 788

Loss of the elements of CSH5CHZSCN

Parent anion { M’}

511

268 388

FAB Positive ion da;g_

Mass % Base
89. 15 2.78
91.16 22.65
133. 06 100. 00

285. 07 81.15
292.08 12.61
437.11 5.65
780. 18 2.41

-251-

488

568 588 788

FAB Negative ion data

Mass % Base
123.07 3.90
125. 00 3.60
224. 05 2.20
237.01 3.25
269. 08 3.75
282. 06 2.65
287. 00 6.19
293. 07 2.45
300. 06 2.55
306. 05 2.40
319.05 58. 24
320.07 5.49
325. 04 3.00
332.01 2.20
332. 14 2.10
343.07 2.35
351.04 52.45
352. 06 6.29
353. 02 2.60
356.04 2.95
362. 05 100. 00
363.08 10.99
369. 06 3.85
401, 05 3.75
Si1.36 27.87
512. 31 q4.40

And other geometrical



M

ec. Number 46

HPGUBE1Se xl  Bgd=5 4-APR-89 fa+
BpH=0 [=3.lv Ho=878  TIC=80207880
A, GREENHALL
18 115
98
88 |
28]
68 .
98]
48 |
38 Anion M399
28 ] Cation M* 23
18
8 i Lo 3} o AL , ' .
188 208 388 488 580 628 P 888
HPGUBEIs xI  Bqd=b 4-APR-89 FB-
BpA=0 1=815nv  Ha=829 TIC-43127888
H.GREERHALL
108, 393 Parent anion { M}
98 | Loss of FCN\
%, 354
78
68 |
58
|
48 |
30
29 | Py
236 32!
18
| ...x...ul\nlllr - ..J'xLxJL. - . bk N n“,«\kl.b + 1
188 208 388 480 5e8 68d 788 8oa
FAB Positive ion data FAB Negative ion data
Mass 7 Base Mass 7. Base
93. 05 16. 71 166. 84 2.77 310.76 2.24 398.70 100. 00
94. 98 2 08 173. 84 2.06 311.74 2.62 399.71 17.62
97.02 2.14 192.81 7.54 313.72 8.17 401.68 2.21
106. 98 5. 55 193.82 2.32 314.74 2.17 406. 69 7.52
111.97 2.20 197. 81 4.19 315.75 7.41 '423.64  4.00
115. 05 100. 00 204. 80 5.52 318.74 3.96 424.70  3.68
116. 04 3 61 209.80 2.28 320.73 14.23 745.48  3.10
132 92 8 78 211.80 5.29 321.74 2.69 747.51 2.1l
137 03 6 36 213. 80 2.62 330.75 5.46 757.64  5.14
146 97 4 a9 216.79 3.96 331.73 7.97 759.70  5.16
185 11 3 49 217.80 4.79 334.74 6. 21 779.97  2.60
207. 08 & 71 230.79 2.26 335.72 3.22 806.38  2.39
245 13 4 68 232.77 3.80 336.74 2.28 822.76  3.65
367,05 2 75 235.76 14.33 338.74 3.44 828.82 4.62
421 06 5 43 236.77 6.83 339.74 2.45
423 06 4 21 237.76 2.02 340.74 3.25
441 07 6 26 239.79 2.17 341.71 2.97
445 05 7 22 242.77 .04 352. 69 3.82
459 09 4 81 244.79 3.65 353.72 73.50
254.77 3.72 354.73 12. 66
257.77 2.23 355 72 3.52
261.77 5.95 357 74 2.21
262.78 2.00
361. 12 20
263.76 2.97 362.32 2 60
264.78 4.68 363.71 2.19
268. 77 3.65 364.72 3. 98
270.77 2.62 366.74 2.09
275.78 2.75 375.74 B.53
280.75 8. 40 376. 72 19.81
281.76 2.67 377.74 3.65
290.77 2.23 378.70 4.49
295.75 6.13 379.74 5.05
297.77 2.32 380.73 2.34
298.75 4.06 381.73 2.02
_ 299.76 2.08 383.72 2.38
-252- 301.76 2.26 384.72 6.12
303.74 2.02 385.70 4.83



Mass Spec. Number 47

fiPGS4318e %l Bgd=1
BpR=8 1=3.8v  Ha=636
H.GREENHRLL

°X5 49
X540 ° .
18 63 Loss of Fluoride
. +
Molecular ion { M™ }
518529
133 RMM 529
‘ l 598
B . ! l WPNREN ; At N, S U P EV e Mg Beracpiad | N Loha. ; l[
168 208 388 488 588 688
APGS4 1244 %! Bgd=6 3-FEB-89 Cl+
Bph=8 I=18v  Ha=7B4 TIC=98632080
A.GREENHALL
188. 133
152
188 288 394 488 508 588
APGS48260 x!  Bgd=l1  3-FEB-83 Cl-
Bpi=A 1=3.2v  Ha=787 TIC=27684888
H.GREENHALL
198, 362 Loss of CgFs
] Loss of CFy
8 . ’ . NS b , ,
100 200 309 408 508 688
El+ Data
Hass 7 Base
49. 99 0.69 223.99 4.29 342.86 0.61
68. 98 100.00 225. 01 0.51 345.89 1.33
69.98 1.23 226. 99 1.41 352. 95 2.01
78. 99 0.65 228. 99 0.52 359. 96 0.91
85.99 0.54 233.99 1.35 364.94 1.41
92.99 4.89 240.98 2.33 371.95 4.72
97.99 1.39 242,98 1.56 372.95 0.87
100. 00 0.82 245. 98 0.65 383.93 0.72
105. 00 0.74 247.97 1.27 389. 94 0.60
116.99 11.91 252, 97 1.52 390. 94 4.20
118,00 0.75 253. 98 0.54 391. 94 1.29
124. 00 1.88 257.97 0.75 395. 94 0.57
129. 00 0.55 264. 96 1.61 402. 95 0.55
130.99 0.60 266. 95 0.62 409.93 0.86
132.90 36. 23 271.95 3.88 411.94 1.13
135.99 1.16 272.97 0.79 414.93 1.27
140. 99 1.68 273.96 4.10 418.92 1.93
142,99 0.52 274.97 0.54 421.93 2.88
147.99 2.13 276.96 0.78 422.93 0.56
154. 99 t1.45 278.96 0.69 433.92 0.83
159. 99 0.54 290. 95 0.77 440.93 7. 40
164.99 0.96 292.95 0.83 441.93 1.35
166. 99 3.28 295. 95 1.72 459. 93 2.00
168. 00 1.44 297.95 0.51 464.93 0.61
172.00 0.94 301.95 0.91 483.93 0.91
178.99 1.35 302. 95 3.85 509.92 9.84
181.00 0.58 303.96 0.60 510.92 1.85
185. 99 1.63 309. 95 0.60 528. 90 8.00
189,00 0.58 314.94 0.93 529.91 1.61
193.00 0.86 320. 96 0.78 549,94 0.54
196. 00 0.62 321.96 2.82 597.89 12.38
202. 99 1.57 322.96 0.61 598. 90 2.30
204. 99 0.80 323.96 1.06
205. 99 0.58 326.95 1.20
2039.99 1.23 333. 94 1.26
216.99 3. 14 340. 88 2.26
221.99 0.51 341.88 0.65



F'G':'Bili'de M E]‘
1D 1o ass _Spec. Number 48
BEEHHRLL .
Molecular ion { M }\5 ?
501
Ipd
8 ss s
| 4Ty ,
Lot l\l.i!'“.il.’.-l,"ul. nl!-l i l . . ’ .
7 ina 4it 560 643 760 851 Gie {idd tiod
EANN {1
v .'L'P}‘lv'l
509
73 .
g ';4/'
i |
! !
; 30 453 549 640 260 218 Su8 1526 1188
PGS3B14e Cl-
pil=362  [=2.4v
GREENHALL
352/ Loss of 05F4N
Loss of CF;
|
| 360 40 569 600 200 884 908 ' 3
El+ Data ] 1800 1186
ass 7/ Base
FR ISR ERaa 223 01 G 99 443 .03 3.43
2L 0 2 14 3¢3 ¢O 2.86 444.03 0.68
203 0o 4 3& 364 2t o A8 448.01 0.75
205 G 23 305 ¢z 9 36 a474.01 0.91
210 0: 5 a7 308 Gz 1 30 486. 03 0.98
2:i1 g2 G 50 EER AR 3 00 493. 04 53.78
2172 a1 1 33 3v oo L2 494. 05 9.62
215 o1 S oda 314 0 L 38 512.02 100. 00
217 ¢ .83 317,350 4 39 513.02 16.77
222,91 o 9 3:8 Ci 199 514.03 1.49
274, ¢1 21,41 353 o2 T 52 543.02 0. 44
225 0! 1.35 323 oz 12054 543.10 0.61
223 53 S 02 325 ¢z 1 €8 550. 04 1.30
230 o2 5 72 <o oz 7 380 581.02 56.18
231 02 3 05 320 o2 1 1€ 582.03 9.88
234.01 1. 26 326 01 2.87 563.02 0.72
233 02 a.56 330 99 0 2 583. 97 0.39
237. 01 0.865 343 a1 S. 8z
241 01t 3.31 324 0t 0.51
243. 01 g.55 322 0! € 63
248 01 9 02 342 03 0 So
249.02 1.10 353 61 10z
253 09 1 61 385 01 21 72
255 01 14.19 358 02 3 1
256.¢1 1 58 369. 00 3. 42
2¢£0.01 3.9¢ 367. 00 307
262.01 1.52 371 57 0 49
2¢5.02 1.12 372 03 0.139
267.01 3.80 374 02 15.58
272.01 3 73 375 G2 1.84
274 01 22 06 379.01 1.63
275.02 2 4s 383 02 2.58
279.02 12 25 393. 01 5 40
220.02 1 05 392 00 0.51
221.01 1.09 405 02 14 66
286 02 12 58 406. 04 2.84
237.03 1.52 417.02 2.26
231 01 3. 40 424 02 29 61
223 oz 7 25 25.02 4.43
2249 Q2 ! 1A 431. 04 0.58
228 01 8 57
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xl  Bgdel

HPGPYRRE124 J-APR-83 FBe
BpA-4 [=6.8v  Ha=583 TIC=6637,888
H.GREENHALL Mass Spec. Number 49
18e, 13 Parent cation { M"}
98 |
88 |
70 ] [Cs,F* —CFa
e 85 ~
55 e
48 |
38 ]
28 .
18 4
B -t . i . i — — l r —
188 158 csa 258 308 358 489 458 568
HPGPYRRESe #l  Bgd=8 J-APR-89 FB-
Bpii-9 I=1.3v  Ha=518 TIC=14364808 Parent anion { M }
A, GREENHALL \
188 486
98 |
88
70 |
68 .
58 ]
48 |
38 .
28 |
18 .
B —_— . . —— i ), l\' Iy bt I.r h booly Il T
168 158 208 238 308 358 400 450 568
FAB Positive ion data FAB Negative ion data
Hasé 7 Base Mass 7 Base
132.98 100.00 150. 01 1.20 429. 00 0.28
225 02 1.36 259 98 0.30 429.04 0.48
265. 88 0.07 267.01 0.61 436..00 1.78
282. 86 0.64 278. 99 0.61 436. 99 0. 45
284. 85 52.66 290. 99 0.80 a42. 04 0.44
291. 87 0.89 291.04 0.37 443.03 0.47
295. 89 0.11 297.99 0.83 443. 07 0.32
304.84 0.26 309. 98 1.64 448. 03 2.07
307.82 0.07 316.99 0.43 449. 07 0.45
307. 86 0.08 322 01 0.54 450,10 0.31
308. 86 0.08 326. 05 0.46 463. 83 0.39
308. 93 0.07 328.98 1.46 464. 01 0.80
310.86 0.19 329.94 0.39 467.04 4.59
323.87 0.14 336.02 0.73 468. 03 5.76
324.84 0.27 347.98 3.99 469. 07 0.4l
345. 80 0.12 348. 99 0.69 4B6. 07 100. 00
356. 86 0.79 360. 00 1.68 487. 09 15.71¢
374.01 0.10 361.01 0.53 488. 10 0.90
374.07 0.07 379. 00 2 g9 498. 15 0.28
390.80 1.61 379. 96 0.73 498. 21 0.44
391.91 0.08 . 385.96 1.09 502.17 0.30 .
392. 01 0.09 391.07 0.31 505. 16 0.41
392. 94 0.11% 397.99 9. 16 518. 15 0.43
425. 97 0.18 399. 01 0.84 518. 21 0.37
436. 69 5.20 410,02 0.77
443, 64 0.07 416. 97 1.85
444. 99 0.08 417.19 0.31
494.76 0.20 ‘a418. 01 0.86
542.89 0.25 428. 97 0.30
589. 03 0.34
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HPGRIES

[l Mass Spec. Number 50

#l  Bad=1 ¢3-FER-8S
B [=4B6nv He387 TIC=24184088 o
N
H GREENHALL CFy c
199, 63 F3C H or isomer
CN
1 %
F CO,H .
) e 2 Molecular ion { M* }
C
11 g 3 Loss of CO 358 \
124 RMM 384 - Ny 384
B . b L |l-qy(')\4._LlnL\4)‘J\JI\J; n Al b ..i.k r(_r'\ﬂL!L a, A ol - Jl " .
58 168 150 208 £59 308 358 480
HPGRY480 x]  Bgd=6  23-FEB-89 Cle '
8pA-9 [=18v  Ha=487 TIC=1271290880
H.GREEKHALL
188, 77
] 60
146 96
8 Ll - R, ) . —— . .
58 188 158 208 250 398 358 488
APGRIE1 4o xt  Bgd=1t  23-FEB-BY c1-
BpA=0 I=l.lv  Hn=469 TIC=44382800 Loss of HF
H.GREENHALL
168, j4¢ 364
J 384
251 £39
] 38
B y 1 v . 1 ’ -l. 'l A el b M&Ll Jl” -
58 180 158 208 258 388 358 408
El+ Data
Mass 7 Base
40. 00 8.12 70.02 2.65 125. 94 1.31 250. 88 6.94
41.01 11.88 71.03 4.22 128. 93 1.41 251.87 4.29
42. 00 12.73 72.97 1.1 130.93 2.00 266. 86 6.58
42.99 25. 00 72.99 1.37 131.93 1.01 267.86 2.00
43.03 9.29 73.94 1.31 135. 92 3.24 268. 86 3.89
43, 98 53. 27 74.95 €.09 136.94 3.30 269. 86 0.62
44. 03 3.30 75.94 1.51 137.92 1.64 270.87 2.95
44. 95 3.93 75.97 1.18 139.94 1.37 271.85 3.04
44.97 3.70 76.97 3.47 142.91 3.50 273.86 1.37
45. 01 1.93 77.96 5.33 143. 43 1.41 274.88 0.98
45. 03 1.41 78.95 5.53 143.92 2.68 282. 86 0.72
47.93 1.34 79.95 1.87 144. 92 111 286.86 12.86
49. 9¢ 1.83 80. 95 2.23 147.91 3.73 287.85 2.00
49, 98 1.3t 81.01 1.05 148.94 9.95 293.86 1.21
50. 97 3.30 81.95 2.23 154. 91 1.96 294. 84 3.08
53. 00 1.24 83.03 1.90 155. 92 1. 11 311.83 1.08
53. 99 1.05 85.04 1.47 166.91 1.57 312. 80 1.01
54. 00 1.15 85.95 3.08 173.91 1.24 314. 86 1.57
55.01 8.05 g;-gg 2.62 174. 92 1.87 315.84 1.15
56. 02 3.08 55 90 3.08 181.92 1.28 316. 83 1.64
57.03 12. 60 o5 oo 4.55 182. 83 0.59 318.83 3.66
58. 03 5.37 53 0 1.05 189. 92 1.83 319.83 3.73
58. 99 31.51 93'93 1.93 192. 91 0.92 320.84 1. 41
59. 03 2.09 99 94 1.54 193. 90 2.26 321.85 1.08
§0. 00 2.23 o3 3.08 199.91 1.01 336.78 2.13
60.97 1.77 103.97 1.21 201.90 0.95 343,72 1.70
62.94 9.52 104.94 3.27 204.87 2. 42 344. 74 2. 45
64. 99 1.44 105.94 1.87 205. 88 1.28 355.82 34.03
65. 96 1.57 1o6.01 1.41 211.89 1.24 356.82 5.01
66. 95 1.93 109.03 1.44 212.90 0.85 363.79 1.51
67.00 2.26 112.93 1.34 216.89 .83 364. 80 10. 14
€7.96 1.90 :ig~93 3.57 218.89 4.81 365.79 2.78
68. 01 1.08 119~33 1.77 219. 90 0.79 383.78 22.94
68.94 100. 00 123 93 1.57 220.91 1.80 384. 79 5. 46
€9.01 3.73 124 93 14.89 223.89 3.08 385. 81 0.62
€9. 95 1.18 9 . 4.06 224.90 1.08 387.78 1.15



‘53840 Mass Spec. Number 51 fBe
= -

REENHALL
133

—~+— Parent cation { M"}

[CsoF]"
’d [Cs,r]* Anion m/e 503 Anion m/e 362
245 e 3f3] Cation m/e 133 ' Cation m/e 133
- . ] |‘J . | . 1. . . . . . .
288 L) 408 589 668 788 8@ 388 1888
154180 Parent anion { M) FB-
=8 1=784av nt anion
iREEHHALL N

583

Parent anion { M’}

662 454
‘nl|.| " nJ-“M e, - = > -:'_;‘: } ! ' 3 Y 1}-—- AaMAAN e r Loals ukw{u& | W,
28 a8 408 589 688 788 a8 908 1888
‘AB Positive ion data FAB Negative ion data
Mass 7 Base Mass 7 Base

97.94 0.33 92.84 11.83 412.61 5.07
132. 90 100. 00 97.85 . 7.20 413.63 5.90
140. 96 0.60 111.84 7.24 414.61 19.12
224. 88 4.67 132.82 9.15 415.63 6.35
284. 68 10.87 166. 80 8.11 416.61 18.01
291.71 7.04 230.74 5.72 419.60 5.94
300.70 0.35 259 72 5. 29 422.62 5.583
304.73 0. 40 265.72 9. 54 428.57 8. 47
306.72 0.70 266.73 6.135 430.58 25.21
307.70 2.44 268.72 6.35 431.61 7.65
308. 75 0.34 271.71 6.13 432.59 23.49
309.77 0.42 273.72 .85 433.59 10. 27
310.72 0.34 275.72 7.69 434, 60 9. 86
324.73 0.82 278.72 8.43 435.59 9.69
356. 74 3.80 279.73 5.77 436. 62 5.66
436. 60 2.05 284.69 12. 48 437.59 23.21
443, 61 0.72 285.71 8.93 438.61 8.84
290.71 5.55 440.60 11.94
304. 69 g9.138 441.59 11.18
309.67 12.18 442.59 12.79
314. 66 &. 44 444 58 10. 81
316.69 5.18 445 .61 11.10
318.68 18.14 447.61 12.70
321.68 13.07 448.59 5.07
325.69 5.68 449.61 6.59
326. 65 6.20 459.57 10. 88
328. 66 18.57 480. 59 16. 28
347. 65 . 8.30 483. 56 14.61
356. 64 5.22 484.56 8.21
359. 65 20.35 487.56 5.53
361.64 46.62 499.56 7.87
362. 65 9. 49 502.54 100.00
363.67 7. 41 503. 55 26.81
364. 63 6.13 504. 55 9.30
371.64 11.60 511.60 6.96
391.64 5.61 513.60 5.96
394.62 5. 85 532.56 5.55
397.63 5.57 533.64 8.45
402. 65 5. 48 662.19 13. 44
404.61 6. 42 954. 07 11.18

406. 63 13.18

409.61 9.95



Mass Spec. Number 52

APGT40850 xl 23-FEB-83 El-
Bph-8 [=0.5v
. GREEKHALL
18 83
|
RMM 512 493 T
Bl o - NE TSNS 1 . e i | .
168 268 388 468 5ed
RPGT40880 3 23-f£3-89 -
Bpicd  [=18v
R.GREERRALL
108 583
[Lu'.u.ll P IR : , A ok — . : . lL
183 289 338 408 Se3
HPGT40412¢ ul 23-FED-89 c1-
BpfB  I=4.5v Loss of CFy
HLCRECHHALL N
168 443
Loss of CSF4N\
8l T T r - r 1 [ 1 .
188 289 388 480 563
El+ Data
Mass 7 Base
68.97 100. 00 302. 84 0.32 373.77 3.56 470. 64
69.98 1.22 303.85 0.04 374.77 0.65 473. 65
92.97 1.71 304. 84 1.91 375.73 0.03 485. 63
99. 98 1.06 305.85 0.34 375.81 0.03 492. 62
116.97 1.15 309. 84 1.68 378.77 0.28 493.62
123.97 1.14 310.84 0.23 379.76 0.07 494. 63
140. 96 1.07 316.83 1.05 379.81 0.05 510.58
223.91 1.22 317.84 0.14 382.76 0.08 510.68
247.89 1.51 321.82 0.27 385. 74 0.07 510.89
254. 89 2.66 323.83 2.56 392.74 0.40 511.59
260. 88 0.13 324.83 0.31 393.72 0.05 512.59
261.89 0.11 328.82 1.48 393.78 0.05 513.60
264. 88 0.11 329.83 0.17 397.74 0.84 5 §o- S0
266, 87 0. 40 333.76 0.03 398.75 0.14 8l. S0
267.87 0.05 335.78 0.66 401.74 0.41
271.87 0.44 336.78 0.13 402.73 0.10
272.87 0.04 340.73 0.13 404.75 2.93
273.87 0.63 342.71 0.33 405.75 0.48
274,87 0.09 347.74 0.77 416.71 0.27
278.86 1.79 348.76 0.10 417.72 0.05
279.86 0.25 351.80 0.04 423.71 7.34
280.87 0.07 352.78 0.16 424. 71 112
283.87 0.08 353.81 0.03 425. 71 0.14
285. 86 2.63 354. 80 5.40 442. 69 0.82
286.87 0.37 355.80 0.81 443.70 0.17
290. 85 0.34 356.81 0.06 444. 69 6.05
291.87 0.05 359.79 0.47 447.67 0.18
292,85 0. 49 360.79 0.10 454. 67 0.04
293.86 0. 05 366.78 0.34 466.66 0.33
297.84 1.14 367.77 0.05 467.67 0.04
298.85 0.13 37L.77 0.10 ) '
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FBe

H.GREENHALL
maT 133
3. Mass Spec. Number 53
88 ]
78 285
68 |
58 |
e 203 <+ otherg
381
28 |
18 |
B ot Sery . Aad l n r e P r .
148 209 gL 4g8 588 668
fg-
A.LREENHALL
ma1 53
98 |
88 |
78 |
68 | 395 -
58
48 ]
486
3 418
c8 15
1 8 35
18]
B . N ﬁ!_:f,\hh ‘n POt > M
188 220 308 460 588 688
Mass 7 Base Mass 7 Base
93. 15 8.34 87.00 3.83 388. 99 5.15 488. 09
133.10 100. 00 150.02 15.73 390. 00 6.18 510.21
225. 14 35.61 155. 03 2.48 390.98 2.22 511.19
285. 03 65. 49 157.02 2.39 391.99 3.21 514. 19
292. 04 19. 05 174. 02 2.25 392.97 l0.58l 515. 21
357.11 6.50 200. 00 2.27 393. 99 2.61 - 5B31.24
267.0!1 2.10 . 394.98 61.12 533. 21
269.01 2.01 395.99 12.70 534. 26
273.99% 2.05 397.97 5.11
281. 00 4. 30 399. 03 2.12
286.01 3.0t 399.99 23.64
289. 99 3.51 400.99 - 4.83
292.99 3.65 404,98 2. .42
300. 01 3.74 414,02 2.89
304. 98 5.69 415.98 6.20
306.99 2.82 416.98 3.18
311.99 3. 44 417.99 25.57
313.99 2.25 418.99 6. 29
319.00 3.78 420.02 4.13
328.98 2.89 420,98 4.06
331.01 2.99 424.00 4. 25
332.00 2.20 425. 00 3. 66
336. 01 3.36 426 . 06 2.39
337.99 3.10 438. 00 55. 43
342.98 3.14 439. 01 9.15
347.98 2.89 442 .99 48. 61
349.98 9.09 444. 00 g8.61
350. 98 2.86 445, 00 33.56
354.99 5.90 446.02 7.29
356. 99 8. 08 448. 01 2.25
361.99 2.89 450. 06 2.29
366. 99 2.05 461. 04 2.67
370.99 6.60 464 . 04 4.40
372.99 3.01 465. 03 5.32
373.97 2.93 466. 05 2.186
375. 00 13.51 467. 05 2. B6
375. 99 5.05 468. 04 2.57
377.00 3.78 486. 07 31.94
380. 99 2.33 487. 09 8.55

'
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iMlass Speec. Number 54

HPGCLINSe xl

Bpi=8 [=2.4v El+
Fi GREENHALL
leg, 63 CF
FaC Vi
/ ““CN
/o Molecutar ion { M"}
J )
o1 F,C  CF, Loss of Fluoride_
RMM 529 441 slg3 i
B ton | R N 'u.l..lk;__/\k N L;-l.-..lJ'NL l I - N .
169 a8 - 380 408 588 688
APGCL3E90 xl  Bgd=6 28-fAR-93 Lie
BpA=8 [=18v  Ha=1813 TIC=151589688
H.GREENHALL
180, 247
182 265 526
8 Lln ||LLL‘AJ¢.L‘ R patmsatian B Al ny " - . o . A
108 208 368 428 588 688
HPGCL3BLde il Bgd=ll_ 2B-fIAR-89 {1- .
Bpfi=d  [=4.5v Ha=787 TIC=41502868 Loss of CF4
H.GREENKALL
198, 468
Loss of CgFs x
| . . . bt L iN .
108 268 380 468 568 668
El+ Data
Mass % Base
41.08 2.17 24912 4.26
43. 06 2.17 253. 03 2.43
47.01 1.98 263.13 1.90
55.09 1.69 264. 14 3.59
57.11 2.93 265.09 1.82
66.00 1.92 272.02 5.71
67.09 2.93 303. 00 5.18
69.03 100. 00 321.99 5.06
77.08 1.75 333.96 1.80
81.12 4.07 340. 90 3.69
82.13 2.67 352.95 2.05
84.11 4.76 371.95 8.50
85.12 2.75 372.95 1.56
91.10 1.63 390. 92 6.38
93. 05 3.39 391,92 1.90
100.99 32.81 421.88 3.71
102.99 21.20 440.87 13.66
104. 99 3.90 441.87 2.95
10S. 09 5.16 459. 85 2.85
117.05 3.12 509. 79 17.39
141.05 2.00 510.79 2.94
169.12 1.63 528.77 20.74
203. 05 1.98 529.77 4.48
217.04 3.09 597.66 20.12
234.04 1.67 598. 67 3.70
241.03 2.84
246.13 4.98
247.15 7.17
248.11 1.95
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Mass 7 Base
146. 98 0.16
150. 96 0. 15
160. 96 1.58
161. 95 0.44
162. 95 2.87
163.78 0.786
163. 96 100.00 ¢ ac%c%uf\;
164.71 0.10
164.82 0.49
164.97 63.58
165.97 4.20
166. 96 0.23
171.98 0.10
173.98 0.1t
177.97 1.22
179. 96 0.24
180.97 0.74
188. 95 0.41
189. 96 0.15
190. 94 2.66
191.77 0.22
191.95 32.55 & - oerCHy
192. 96 3.10
193. 96 0.24
201.95 0.12
208.93 €.33
209.94 0.97
210.94 0.10
217.96 0.61
221.94 0. 46
236.75 0.16
236.97 20.41 o= pA¥
237.97 3.04
238.97 0.22

€0, CH, Cli3

RMM 237
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APPENDIX IV

RESEARCH COLLOQUIA. SEMINARS. LECTURES
AND CONFERENCES

The Board of Studies in Chemistry requires that each
postgraduate research thesis contains an appendix
listing:

(A) all research colloquia, seminars and lectures
arranged by the Department of Chemistry during the period

of the author's residence as a postgraduate student;

(B) lectures organised by Durham University Chemical
Society;

(C) all research conferences attended and papers
presented by the author during the period when research
for the thesis was carried out;

(D) details of the postgraduate induction course.
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(those attended are marked *)

29.10.

5.11

26.11

3.12.

8.12.

28.1

11.2.

17.2.

11.3.

17.3.

18.3.

36

.86

.86

86

86

.87

.87

87

87

87

Prof. E.H. Wong (University of New Hampshire,
U.S.A.), '"Coordination Chemistry of P-0-P
Ligands'.

Prof. D. Dopp (University of Duisburg),
"Cyclo-additions and Cyclo-reversions Involving
Captodative Alkenes'.

Dr. N.D.S. Canning (University of Durham),
"Surface Adsorption Studies of Relevance to
Heterogeneous Ammonia Synthesis'.

Dr. J. Miller (Dupont Central Research),
"Holecular Ferromagnets: Chemistry and Physical
Properties'.

Prof. T. Dorfmuller (University of Bielefeld),
'Rotational Dynamics in Liquids and Polymers'.

Dr. W. Clegg (University of Newcastle-upon-Tyne),
"Carbozylate Complexes of Zinc: Charting a
Structural Jungle'.

Prof. A. Thomson (University of East Anglia),
"Hetalloproteins and Magnetooptics'.

Dr. T. Shepherd (University of Durham), 'Pteridine
Natural Products: Synthesis and Use in
Chemotherapy' .

Prof. E.H. Wong (University of New Hampshire,
U.S.A.), 'Symmetrical Shapes from Holecules to Art
and Nature'.

Dr. R. Newman (University of Oxford), 'Change and
Decay: A Carbon-13 CP/UHAS NIR Study of
Humification and Coalification Processes'.

Dr. R.D. Cannon (University of East Anglia),
"Electron Transfer in Polynuclear Complezes'.

Prof R.F. Hudson (University of Kent), 'dspects of
Organophosphorus Chemistiry'.

Prof. R.F. Hudson }pniversity of Kent), 'Homolytic
Rearrangements - Free Radical Stability'.

Dr. R. Bartsch (University of Sussex), 'lLow
Co-ordinated Phosphorus Compounds'.

Dr. M. Harmer (I.C.I. Chemicals & Polymer Group),

'"The Role of Organometallics in Advanced
Hlaterials'.
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11.5.

27.5.

24.6.

26.6.

4.11

19.11

10.12.
*

16.12.

16.3

13.4.

18.4.

25.4.

27.4.

27.4.

28.4.

11.5.

11.5.

87

87

87

87

.87

.87

87

87

.88

.88

88

88

88

83

88

88

88

88

Prof. S. Pasynkiewicz (Technical University,
Warsaw), 'Thermal Decomposition of Methyl Copper
and its Reactions with Trialkylaluminium'.

Dr. R.M. Blackburn (University of Sheffield),
'Phosp@onates as Analogues of Biological Phosphate
Fsters'.

Prof. S.M. Roberts (University of Exeter),
"Synthesis of Novel Antiviral Agents'.

Dr. C. Krespan (E.I. Dupont de Nemours), 'Nickel
(0) and Iron (0) as Reagents in Organofluorine
Chemistry'.

Mrs. M. Mapletoft (Durham Chemistry Teachers'
Centre), 'Salters' Chemistry'.

Dr. J. Davidson (Herriot-Watt University), 'Netal
Promoted Oligomerisation Reactions of Alkynes'.

Dr.C.J. Ludman (University of Durham),
"Fxplosives'.

Mr. R.M. Swart EI.C.I.), 'The Interaction of
Chemicals with Lipid Bilayers'.

Mr. L. Bossons (Durham Chemistry Teachers'
Centre), 'GSCE Practical 4ssessment'.

Prof. M.P. Hartshorn (University of Canterbury,
New Zealand), 'dspects of Ipso-Nitration'.

Mrs. E. Roberts (SATRO Officer for Sunderland),
Talk - Durham Chemistry Teachers' Centre, 'links
Between Industry and Schools'.

Prof. C.A. Nieto de Castro (University of Lisbon
and Imperial College), 'Transport Properties of
Non-polar Fluids'.

Prof. D. Birchall (I.C.I Advanced Materials),
"Environmental Chemistry of Aluminium'.

Dr. J.A. Robinson (University of Southampton),
"spects of Antibiotic Biosynthesis'.

Dr. R. Richardson (University of Bristol), 'I-Ray
Diffraction from Spread Monolayers'.

Prof. A. Pines (University of California,
Berkeley, U.S.A.), 'Some Nagnetic Homents'.

Dr. W.A. McDonald (I.C.I. Wilton), 'Liquid Crystal
Polymers'.

Dr. J. Sodeau (Unive;sity of East Anglia), Durham

Chemistry Teachers' Centre Lecture, ?Spray Cans,
Smog and Society'.
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8.6.

29.6.

18.10.

18.10.

18.10.

16.11

2.12.

14.12.

12.

25.1

13.2.

15.2.

22.2

1.3.

88

88

83

88

88

.88

.88

88

2.88

88

88

.89

.89

89

89

.89

89

Prof. J.-P. Majoral (Universite Paul Sabatier),
'Stabilisation by Complezation of Shori-Lived
Phosphorus Species'.

Prof. G.A. 0lah (University of Southern
California), 'New dspects of Hydrocarbon
Chemistry'.

Dr. J. Dingwall (Ciba Geigy),
"Phosphorus-containing Amino Acids: Biologically
Active Natural end Unnatural Products'.

Mr. F. Bollen (Durham Chemistry Teachers' Centre),
"The Use of SATIS in the classroom'.

Dr. C.J. Ludman (Durham University), 'The
Energetics of Fzplosives'.

Dr. G. Singh (Teesside Polytechnic), 'Towards
Third Generation Anti-Leukaemics'.

Dr. K.A. McLauchlan (University of Oxford), 'The
Effect of Hagnetic Fields on Chemical Reactions'.

Dr. G. Hardgrove (St. 0laf College, U.S.A.),
"Polymers in the Physical Chemistiry Laboratory'.

Dr. C. Jaeger (Friedrich-Schiller University GDR),
"NIR investigations of Fast Ion Conductors of the
NASICON Type'.

Dr. C. Mortimer (Durham University Teachers'
Centre), 'The Hindenberg Disaster - An Ezcuse for
Some Ezperiments'.

Dr. G. Hardgrove ﬁSt. 0laf College, U.S.A.),
"Polymers in the Physical Chemistry Laboratory'.

Dr. L. Harwood (University of Oxford), 'Synthetic
Approaches to Phorbols Via Intramolecular Furan
Diels-Alder Reactions: Chemistry Under Pressure'.

Nr. T. Cressey and dr. D. WHaters (Durham Chemistry
Teachers' Centre), 'GCSE Chemistry 1988: A
Coroner's Report'.

Prof. R.R. Schrock (M.I.T.), 'Recent Advances in
Living Netathesis'.

Dr. A.R. Butler (St. Andrews University), 'Cancer
in Linziam: The Chemical Dimension'.

Dr. G. MacDougall (Edinburgh University),
"Vibrational gpectroscopy of Nodel Catalytic
Systems'.

Dr. R.J. Errington (University of Newcastle-upon-

Tyne), 'Polymetalate Assembly in Organic
Solvents'.
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14.

15.

20.

27.

10.

11.

16.

17.

4.89

4.89

.5.89

5.89

5.89

5.89

5.89

23.5.

14.

15.

28.

11

6.89

6.89

6.89

.7.89

Dr. I. Marko (Sheffield University), 'Catalytic
Asymmetric Osmylation of Olefins'.

Mr. P. Revell (Durham Chemistry Teachers' Centre),
"Implementing Broad and Balanced Science 11-16'.

Dr. R. Aveyard (University of Hull), 'Surfactants
at your Surface'.

Dr. M. Casey (University of Salford), 'Sulphozides
in Stereoselective Synthesis'. _

Dr. D. Crich (University College London), 'Some
Novel Uses of Free Radicals in Organic Synthesis'.

Mr. A. Ashman (Durham Chemistry Teachers' Centre),
'The Chemical Aspects of the National Curriculum’'.

Dr. P.C.B. Page (University of Liverpool),
'Stereocontrol of Organic Reactions Using
1,3-dithiane-1-ozides'.

Prof. P.B. Wells (Hull University), 'Catalyst
Characterisation and Activity'.

Dr. J. Frey (Southampton University, 'Spectroscopy
of the Reaction Path: Photodissociation Raman
Spectra of NOCL'.

Dr. R. Stibr (Czechoslovak Academy of Sciences),
"Recent Developments in the Chemistry of
Intermediate-Sited Carboranes'.

Dr. C.J. Moody (Imperial College), 'Reactive
Intermediates in Heterocyclic ?ynthesis'.

Prof. P. Paetzold (Aachen), 'Iminoboranes XB==NR:
Inorganic Acetylenes 7'.

Dr. M.E. Jones (Durham Chemistry Teachers'
Centre), 'GCSE and A-level Chemistry 1989'.

Prof. J. Pola (Czechslovak Academy of Sciences),
"Carbon Dioxide Laser Induced Chemical Reactions -
New Pathways in Gas-Phase Chemistry'.

Dr. M.E. Jones (Durham Chemistry Teachers'
Centre), 'GCSE and A-level Chemistry 1989'.

Dr. D. Nicholls (Durham Chemistry Teachers'
Centre), 'Liquid Air Demonstration'.
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(B) Lectures organised by Durham University Chemical

Society 1986-1989

(those attended are marked *)

16.10.86 Prof. N.N. Greenwood (University of Leeds),
* "Glorious Gaffes in Chemistiry'.

23.10.86 Prof. H.W. Kroto (University of Sussex),
"Chemistry in Stars, between Stars and in the
Laboratory'.

30.10.86 Prof. D. Betteridge SB.P. Research), 'Can
Holecules Talk Intelligently'.

6.11.86 Dr. R.M. Scrowston (University of Hull), 'From
Hyth and Nagic to Hodern Medicine'.

13.11.86 Prof. Sir G. Allen (Unilever Research),
'"Biotechnology and the Future of the Chemical
Industry'.

20.11.86 Dr. A. Milne and Mr. S. Christie §International
Paigt§), "Chemical Serendipity - 4 Real Life Case
Study'.

27.11.86 Prof. R.L. Williams (Metropolitan Police Forensic
Science), 'Science and Crime'.

22.1.87 Prof. R.H. Ottewill (University of Bristol),
"Colloid Science: A Challenging Subject'.

5.2.87 Dr. P. Hubberstey (University of Nottingham),
"Demonstration Lecture on Various Aspecis of
Alkali Netal Chemistry'.

12.2.87 Dr. D. Brown (I.C.I. Billingham), 'Industrial
Polymers from Bacteria'.

19.2.87 Dr. M. Jarman (Institute of Cancer Research), 'The
Design of Anti-Cancer Drugs'.

5.3.87 Prof. S.V. Ley (Imperial College), 'Fact and
Fantasy in Organic Synthesis'.

9.3.87 Prof. F.G. Bordwell (Northeastern University,
* U.S.A.), "Carbon Anions, Radicals, Radical Anions
and Radical Cations'.

12.3.87 Dr. E.M. Goodger (Cranfield Institute of
Technology), "Alternative Fuels for Transport'.

15.10.87 Dr. M.J. VWinter (University of Sheffield),
* "Pyrotechnics (Demonstration Lecture)'.

22.10.87 Prof. G.W. Gray (University of Hull), 'Liquid
* Crystals and their Applications'.
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29.10.
*

5.11

12.11

19.11

26.11.

3.12.

21.1

28.1

11.2

87

.87

.87

.87

87

.88

.88

.88

88

.88

.88

.88

.88

.88

.88

Mrs. S. van Rose (Geological Museum), 'Chemistry
of Volcanoes'.

Dr. A.R. Butler (University of St. Andrews),
"Chinese Alchemy'.

Prof. D. Seebach (E.T.H. Zurich), 'From Synthetic
Hethods to Mechanistic Insight'.

Prof. P.G. Sammes (Smith, Kline and French),
"Chemical Aspects of Drug Development'. |

Dr. D.H. Williams (University of Cambridge),
‘Holecular Recognition'.

Dr. J. Howard (I.C.I. Wilton), 'Liquid Crystal
Polymers'.

Dr. F. Palmer (University of Nottingham),
"Luminescence (Demonstration Lecture)'.

Dr. A. Cairns-Smith (University of Glasgow), 'Clay
Hinerals and the Origin of Life'.

Prof. J.J. Turner (University of Nottingham),
"Catching Organometallic Intermediates'.

Dr. K. Borer (University of Durham Industrial
Research Laboratories), 'The Brighton Bomb - 4
Forensic Science View'.

Prof. A. Underhill, (University of Bangor),
"Wolecular Flectronics'.

Prof. W.A.G. Graham éUniversity of Alberta,
Canada), 'Rhodium and Iridium Complezes in the
Activation of Carbon-Hydrogen Bonds'.

Prof. R. Schmutzler (University of Braunschweig),
"Fluorophosphines Revisited - New Contributions to
an 0ld Theme'.

Prof. P. von Rague Schleyer (University of
Erlangen), 'The Fruitful Interpley DBetween
Calculational and Experimental Chemistry'.

Prof. W.C. Rees (Imperial College), 'Some Very
Heterocyclic Compounds'.

Prof. J.I.G. Cadogan (B.P. Research), 'From Pure
Science to Profit'.
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24.11

1.12.

26.1

2.2.

9.2.

16.2.

23.2.

.88

88

.89

89

89

89

89

Dr. R.¥W. Walker and Dr. R.R. (University
of Hull), 'Combustion - Some Burning Problems'.

Dr. R. Snaith (University of Cambrldge), "Egyptian
Hummies - What, Fhere, Khy and How ?

Prof. K.R. Jennings (University of Warwick),
"Chemistry of the Hasses'.

Prof. L.D. Hall (Addenbrookes' Hospital), 'NIR -
A Findow to the Human Body'

Prof. J. Baldwin (University of Oxford), 'Recent
Advances in the Bioorganic Chemistry of Penicillin
Biosynthesis'.

Prof. J.B. Aylett (Queen Mary College),
'Silicon-based Chips: The Chemists Contribuiion'.

Dr. B.F.G. Johnson (University of Cambridge), 'The
Binary Carbonyls'.
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(C) Conferences attended and papers presented

The following conferences have been attended:

R. S. C. Review Symposium, University of Salford, July 1987;

Postgraduate Heterocyclic Symposium, Keele, July 1987;

Graduate Symposium, Durham, April 1987;

21st Sheffield Symposium on 'Modern Aspects of
Stereochemistry', Sheffield, December 1987;

Graduate Symposium, Durham, April 1988;

22nd Sheffield Symposium on 'Modern Aspects of
Stereochemistry', Sheffield, December 1988.

In addition work has been presented by the author at:

Postgraduate Heterocyclic Symposium, Nottingham, July 1988;
12th. International Symposium on Fluorine Chemistry,

Santa Cruz, California, U.S.A., August 1988;

Graduate Symposium, Durham, April 1989.

(D) First year induction course. {ctober 1986
This course consists of a series of one hour lectures on the
services available in the department.

Departmental organisation: - Dr. E. J. F. Ross.

Safety matters: - Dr. M. R. Crampton.

Electrical appliances: - Mr. B. T. Barker

Chromatography and microanalysis: - Mr. T. F. Holmes.

Atomic absorptiometry and inorganic analysis: - Mr. R. Coult
Library facilities: - Mr. R. B. Woodward.

Mass spectroscopy: - Dr. M. Jones.

Nuclear magnetic resonance spectroscopy: - Dr. R. S. Matthews.
Glassblowing techniques: - Mr. R. Hart and Mr. G. Haswell.
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12.

13.

14.
15.

16.

17.

18.

19.

20.

21.
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