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SUMMARY

The orientating effects of fluorine, chlorine and hydrogen in
polyhaloaromatic systems unqérgoing nucleophilic attack, are compared by
measuring the rates of substitution by ammonia in polyhalopyridines at 250,
the solvent system being 60/40 dioxan/water. |

Rate constant measurements indicate that the activating influence of
fluorine, with respect to the point of nucleophilic attack, is in the order
ortho > meta >> para:- 31:23:0.26 respectively, relative to hydrogen at the
same position. These results, together witﬁ rate constants for the reactions
of a series of hydrofluoropyridines with sodium methoxide in methanol at 500,
which had been measured previously, lead to tﬁe conclusion that substitution
in polyfluorcaromatic coﬁpoﬁnds occurs at a position where the number of
ortho and meta fluorine atoms (the activating fldorines), is maximised._ The
activating effect of a meta fluorine is attributed to tha inductive
stabilising effect of the negative charge, by fluorine, in the transition
state, That of an ortho fluorine is accounted for by the hard/soft acid/base
theory.

The activating influence of chlorine with respect to the point of-
nucleopiiilic attack is found to be in the order ortho > meta > para:- 77:24:
6.9 regpectively, relative to hydrogen at the same posi?ion. The explanation
for the high activating effects of the ortho and meta chlorines is similar
to that given for fluorine in the same.positionms.

Relative to the para position, the activating influence of fluorine
is thus determined as ortho:meta:para:- 199:88:1, while that.of chloripg is
determined as ortho:meta:parat- 13:3.5:1. Hence, for the chlorine series,
the effects at each of the three positions are very similar, much more so

than for the fluorine series.
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Measurement of rate constants of various mono-substituted fluorobenzenes

in the ammonia/dioxan/water system at 25° and at 90°, are in accordamce with

' what was expected from considerations of charge distribution in the transition

state. Noz, CN, pentafluorophenyl, Cl, and Br are all activating with respect

to fluorine in hexafluorobenzene and hydrogen in pentafluorobenzene.
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INTRODUCTION

Mechanism of Nucleophilic Attack in Polvfluoroaromatic Compounds

Nucléophilic aromatic substitution reactions in 'activated’
systems appear to occur mosé coﬁmonly.by a bimolecular process.' When
thé aromatic nucleus contains electron withdrawing groups,-nucleophilic
substitution reactions occur fairly readily, and frequently show second

. order kinetics, which is indicative of a bimolecular mechanism, The

reaction probably proceed5 as a two-step proces;;.in which the
#ttacking nucleophile forms a .fully bﬁnded intermediate with the
‘arnmatic system, the negative charge being delocalised in the ring, as
in (1), |
| X Nvc, X | ';’“c

| N -
Nuc + (——-_> - Jr\) + X

Q
The éentral carbon atom.is sp3 hybridised, and hence structure (I)
is an intermediate, nmot a transition'étate. Therefore, the mechanism is

a two-step addition-elimination process, with two.transition states

(T.S.1 and T.S.2), one on each side of the intérmediate complex, 7This

can be represented by an energy profile diagram (Figure 1.1),

Energy T.S.1.
: . T.5.2

- ¥,8, - Initial State

I.C, ~ Intermediate Complex

I.s. . F.'S. - Final State

F.S.

\
Reaction Co-orfﬁndl‘o

<~ ONVERBIT
Q\\ﬁ\\h‘:‘“i.\ 3 !

& JAN9TT

38 pon

L= add

L ot S PUIPINP RN S
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" The structures of T.S.1 and T.S.2 may be represented as (I1) and (III)

- respectively,

&-

MUC\‘

\ g

(11)

reaction. The rate-determining step is formation of the intermediate,

if the energy'of_T.S.l is greater than that of T.S.2. However, if the

(111)

: The relative energies of the two transition states depend upon the’

‘energy of T,5.,2 is greater than that of T.S,1l, then the dissociation

of the intermediate is the rata-limiting step,

Evidence for the two-step addition-elimination mechanism

(1) 1Isolation of'intermediaﬁes.

Intermediate‘complexes of similar structure to (I) have been

isolated.

-potassium'ethoxide to 2,4,6{rinitroanisole, and assigned the foflowing

structure to it (IV),

CHO

Meisenheimerl

isolated.a red salt on the addition of

0C, Hs

- (Iv)

.2.-

In favourable cases, the intermediates in substitution reactions

may be observed spectroscopically, Thus, in more recent work, the IH
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nuclear magnetic resonance specérum of a complex represented as (V),

) has beén reported in the reaction of 2,4,~dinitro-l-naphthyl ethyl

" ether with piperidine in dimethyl 3“1Ph°xide'2

NCs Hpo

v)

S - S

The visible,specﬁra of l-fluoro;z,4-dinitrobenzene,in reaction
with the sodium salt of diethyl malonate in dimethyl sulphoxide
indicate iﬂitial fast formation of an intermediate, thought to have

structure (VI), and slower formation cf products; a kinetic analysis

has been made.3

CH(COOEL),
- NOQ_

NO, 1)

-

(11) Leaving group mobilities

In nucleophilic aromatic substitution reactions, the observed ease
of displacement of halide is in the order F>>Cl >Br >I., This is the
Yeverse order of the carbon-halogen bond strengthé.ﬁ Therefore, the
reactions cannot be accounted for by a concerted one-step mechanism,

-as in aliphatic SN2 substitution, in which bond breaking in the

transition state results in the reaction rate being proportional to

the carbon-halogen bond strength. The order of mobility in such a

case is I >Br >Cl>F°, - S

e vEmy et g b
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If the rate determining step does not involve the breakage of
* any carbon-halogen bonds, the reeetiph must be occurring as am
addition-elimination process, in.which the rate of formation of the

intermediate is the rate-limiting step.6

If the rate of formation of the intermediate is rate determinlng,
the overall rate of reaction will depend upon the rate of formation
of the carbon—nucleophile bond This would be expected to be greater
for fluotlee than for“the other halide compounee;—as fluorine is more
electronegative,7 and in the initial state of the molecule, it
polarises the carbon-ﬁalogen bond to a greeter extent than do the

" other halogens, The increased positive charge on the carton-atom

will increase the rate of mucleophilic attack. 8, 9

Position of Substitution By Nucleopailes in Polyfluorovarcmatic

' Comgounds

Nucleophilic substitution in hexafluorobenzene has been investigated,

and monosubstituted products were obtained with methoxide ions,w’11

12,13 14 15

- hydroxide icns, amines,”  and ammonia,

In mohoeubstituted pentafluorobenzenes, (CSFSXS, substitution has

been found to occur almost exclusively at the position para to X when

14, 16 17,18 19 20 21 22 :
; was H CH3 . CF3* *, CN CZFS’ CGHS’ SCGHS’ Cl, Br or
19 -23

I, Attack occurred at the meta position, when X was NH, or O
'

Ortho attack occurred when X was Noz4 or N0225’26 and the nucleophile was

ammonia or an amine,

Rationalisation of Position of Substitution in Terms of the In effect

In order to explain the position of nucleophilic attack in poly-

fluoroaromatic ccmpounds, the charge distribution in the transition
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state, and the effects on that charge by suﬁstituants, have been

27,28

considered, The transition state is represented by structures

VII),. (VIII) and (IX).

F Nuc _F' Nuc F Nsc
F F F F F F
& —
F F F F F F
F F ~ F
(1X)

(VIII)

it has been, proposed that the transitioﬁ state of the rate of _
limitipg step in nucleophilic substitution, has a structure in wﬁich.
the charge is almost totally.on the atom para to the position of
attack. (ViI) and (IX) contribute only a small part tuwards.this

structure, in which (VIII) is most significant,

The evidence for this charge distribution has beem obtained from

molecular orbital calculations,29 and from the orientation of attack

- in pentafluorobenzene and the three tetrafluorobenzenes.27 Nucleophilic

afﬁack in these four compounds occurs in the positiore arrowed,

) .

M
il
mn
n
x
m
n
T

o]
n
= 3
=
-
n
n
.

o F F -
(x) (xI) . (X11) ' (XI11)

.Attack occurs only para to a hydrogen atom, in compounds (X), (XI) and
-(XIi). It has been suggested that fluorine is less capable of stabilisiﬂg
-a negative ;harge on an a-carbon, than is hydrogen, Substitution does
not occur at the ortho position, indicating that there is a non-equal
distribution of charge in the transition state, at the positions ortho _

and para to the point of attack.

S e me—— = sede e ws mmane s




Effects of substituents

Substituents in polyfluoroarématics, which are more effective .
than fluorine in stabilising negétive ch#rge, would be expected to
direct the attacking nucleophile para to themselves, if the assumption
is made that most of the charge in the transition state is on the
carbon atom para to the position of substitution. This orientation is
14,16,17,18,21,22 '

generally found, Ortho replacement occurs to a

lesser extent, and diminishes in the order:- CéFSCI > CF Br >
' 19

-“;C6F31 ~ C.F_H, This is rationalised in terms of the electronic

6 5
effect which involves elecﬁron repulsion by halogens in_u-electron
syétems. The fairly high percentage of ortho substitution for the
reactionS'oi pentafluoronitrobenzene with amines has been
attributed to hydrogen bonding between the nitro group and the amine,

when attack occurs at the ortho position.26

Halogen substituents often destabilise a negative charge on an
a pérbon atom in the order:~ F >Cl >Br >1I _~H,30 especially when.
the geometry of thie carbanion is planar, This order has been
attributed to the Ix effect,30 which occurs in a 5 eystem, and is a
measure of the repulsion between the lone pair electrons of the halogens,
and the negative charge on the carbon atom, The Ir effect for halogens
is in the opposite direction to the -Io effect, which results from
their electronegativities, It is, however, in the same direction as

‘their M effects, but has not the same magnitude,

Ix repulsion occurs as a result of coulombic interaction between
the electrons on an a carbon atom, and the non-bonded electron pairs on
the halogen, This interaction occurs more readily for fluorine than

for the other halogens, as the fluorine atom is small, and hence the

i R R St g
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Ix effect is greater for fluorine than for the other halogens. As the

halogen size increases, the interaction decreases, so therefore the -

“in effect is diminished,

. Figure 1,2 represents the Ix effect in the transition state for

a hucleophilic substitution reaction, It is at a maximum in aromatic

' gystems, as planar spz geometry is enforced. The greater the amount

of charge on the carbon, the greater is the In effect.

BRI

Figure 1,2,

The order of stability in the transition states, (XIV) to (XVIII)

has been postulated from consideration of Ix interactions:-

edegelelen

(x1v) ) (xv:) (XvI1) (XVIII)

This explains why substitution in the compounds leading to the

transition states éhown, occurs at the para position,
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PRESENT WORK

2a.

;&F The rate constants of the éompounds studied, considered together
with work done earlier by J.S. Waterhouse at Durham University,31 and
studies on fluorobenzenes at Birmingham University, allow an
alternative rationalisation to be built up;32 This will be
summarised later, but the following results have been obtained in
the present study,

TABLE (i)
Substrate. - Position of Substitution =~ k(1 mole'lmin"l)
a . * ) ‘ «
F H :
_ ‘ 6" | (2.55%0.01)x10™%
F E . . |
N | R . "
I o 4 (4.26~0,01)x10
e
N
4 (1.47%0.02)x10"
(2. 72%0.02)x10"%b
4P (5.09%, 09)x107
%8 - ~(1:19%0. 04)x10”"
. , - - -
A (1.25%0.01)x107%
¥ F
ct
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. . Substrate Position of Substitution k(1 mole-lmin-l)
“r : |
. " F F ; ’ . |-
: 4° (s.88%0. 15)x10™>
F F :
Br
E
F F -
4° very slow
F F
#

a Reactjion with ammonia in 60/40 dioxan/water at ~25°%C
b Reactioﬁ with ammonia in 80/20 dioxan/water at ﬁ,25°c

¢ Reaction with ammonja im 80/20 dioxan/water at ~ 90°C

Activating Influence of Fluorine in folyfluoropyridinesz. im Nucleophilic

Substitution Reactions with Ammonia

. Rates of nucleophilic substitution in various polyfluoropyridines
have been studied to compare the positional effects of fluorine relative

33 Rate constant measurements for the reactions of various

to hydrogen,
hydrofluorcpyridines with ammonia in dioxan/water (60:41), v:v) at 25°C,

indicate that the activating influence of fluorime, with respect to the

position of nucleophilic attack, is in the oxder ortho > meta >> para:

31:23:0.23, respectively, rélative to hydrogen at the same position,

Table 1 shows the ratios of the measured rate constants for

‘reactions of some fluoropyridines with ammonia in aqueous dioxan

"7 7(60:40) at 25°, the positions of attack being arrowed,




10,

TABLE 1

$ 0 J S R 2
F F - B A et F
F £ F HF FF F F HH H
F F W, F F_F FF F
FNGGE A NF A p, .
(A) (B) (c) (D) (B) (F)
. LT -2 -3 -3 -3¢
Rate constants 1 3.26x10 4,.31x10 2.28x10 8. 70x10 ~0
relative to (A) 3b ] :

8.63x10
a = Rate constant for attack in 4-position

b = Rate constant for attack in 6-position

¢ = Approximate value due to slowness of the reaction

The effect of an 6rtho-f1uorine, relative to the p~ini of
nucleophilic attack, in comparison with hydrogen at fhe 3ame position,
_can be obtained by comparing the rate constants for attack at the 4-
position in compounds (A) and (B), Similarly, the influence of a
meta—flﬁérine is obtained by comparing the rate constanis for'attack
at the 4-positio; in compounds (A) and (C), and comparison of rate
constants for attack at thé 6-position in compounds (D) and (E), gives
the para-effect, The raﬁiés of the three pairs of rate constants, and

the overall ortho:meta:para ratio is shown below:-

k(A)/k(B) = “p/KH (ortho) = 31
K(A)/K(C) = KF/kH (meta) = 23

k(D)/K(E) = Xp/uH (para) = 0.26




11.

Rationalisation of Rate and Orientation of'Substitution in

Hydrofluoropyridines

When the results given in fable 1 are interpreted, the
agsumption is made that reaction occurs in tw6 stages, with the formation
of the intermediate delocalised anion (9) as the rate-limiting steg.
This usually occurs when fluorine is displaced from aromatic systems
apd furgher_gvidenqe that»addition.is_the rate determining stage, is__
the fact that attack in (D) occurs with displaéemcnt of fluorine, even
thouéh attack occurs exclusively at the 47positioh in (A), If the
second stage were rate-determining, chlo?ine would be expected to be

displaced from (D)

-
Fo OXYF |

' + NHy——>
F ZF

(®)

Effect of fluorine para- to position of attack’

That a para-fluorine is slightly deacfivating with respect to
hydrogen at the same position, is attributed to the fact that in the

transition state the inductive electron withdrawal by fluorine is

strongly offset by .electron-pair repulsion, as in (H),

(8)

Effect of fluorine meta- to position of attack

Fluorine in the position meta- to the point of substitution is
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activating with respect to meta;hydrogen, because of the inductive
aﬁabilising effect of the negative charge, by fluorime, in the

transition state (I).

Effect of fluorine ortho- to position of attack

It would be expected that in the transition state, inductive
electron withdrawal by an ortho- fluorine atom, would be balanced
by electron pair repulsions, as in the case of a para-fluorine, and
hence the éffects of an ortho fluorine and a para~fluoriae would 5e_
expected to be very similar. However, this is not the case, as ortho-
fluorine is fpuhd to be more activating than meta-, Therefore, there
must be some non-conjugative effect arising from fluorine at the ortho-
positioﬁ.- An earlier explanation of the activating cffect of an ortho-
fluorine,. was tha; it was due to an initial-state polaxriesation of the
gigma electrons by fluorine, resulting in enhanced-positive charge at |
the point of substitution, thereby allowing easier approach of the

"nucleophile.32

(J)

Howecver, the effect is probably accounted for by the hard/soft

34

acid/base theory,” the carbon atom under attack being made harder, so
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that attack by'é relatively hard nucleophile, such as ammonia, is made
easier, This could be described as a tiansition-statg effect, as

- represented by (K).

(K)

The order of activating influence os substigueﬁt fluorine atoms
with respect to.the poéition of nucleophilic attack, ortho >meta >> parﬁ,
1ead§ fo an explantion of the controlling influence of those substituents
-on the orientation of pucleophilic substitution in pentafluoéopyridine.
The ring nitrogen atom activates the system to a significant extent,
and discriminates between the 2~ and the 4- pésition. Evidence for this
18 provided from attack on 4-chloropyridine and 2-ehloropyridiﬁé by

methoxide ion. Although 4-chloropyridine is more reactive than 2-
35

- chloropyridine, the ratio of the rate constants at 50°C is 26.9.

Therefore, tﬁe effects . both of fhe fiuorine substitﬁemts, and
of the ring nitrogen, goverh the positidﬁ of nucleophilic
aubstitutiﬁn.in polyfluorcpyridines, the number of activating. fluorire
atoms being maximised, Hence, attack by nucleéphiles on pentafluoro-
~ pyridine, (A), results in substitution exclusively at the 4-position,
as the number of activating fluorine atoms, two ortho- and two meta-,

1s at a maximem,

Nucleophilic attack occurs at both the 4~ and the 6~ ﬁositions in
2,4;5,6-tetraf1uoropyridine (B), as opposed to exclusive 4-attack in
(A). The explanation for this dividgd.actack is that there are the

same number of activating fluorine atoms for each of the two positioms,

e tem - v wte omm——t
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§ ’ : J,,“ aetivating. ¥ atoms . - " - - Q@ aeravating r avoms

F F

F F
<

~
~

.S-acélvating 3 activating
(A) F atoms . ‘ f atoms ) _ (B)

Substituent effects of fluorine were exgmined earlier, at
Birmingham University, by measuring rate constants of a ser%ea.of hydro-
flvuorobenzenes reacting with sodium methoxide in methanol at 50°C.
Comparison of these rateé constants, indicate that in this system, the
pctivating influence 6f fluorine with respect to“the point of nucleophilic

attack, is meta >ortho >> para.2

Table 2 shows the ratios of the rate constants for some’ fluoro~
" benzenes, reacting with sodium methoxide in methanol at 50°C, arrows
indicating the points of attack,

TABLE 2

H H - H ;
F F F F F F H F F
JF F F F W F F F F
' F F F 4 H
ot 1 1 _ |
w (O R . @ ®

2 2 10-4

Relative rate

constants . 0.75 1 2.35x10° 0.8x10

The effect of fluorine ortho- to the position of attack, in

comparison with hydrogen at the same position, can be obtained by
comparing the rate constants for atéack at'the‘ﬁ-posit;on in (M) and
.(N), The comparison shows that ortho fluorine has a significant
ictivafing effect. A similar comparison of the rage constants for
attack in compounds (M) and (0) 1ndic;te that fluorine is activating
with regpect to hydrogen, at the position meta-~ to the point of
nucleéphilic attack, The effect of a bara-fluorine can be obtainea
‘ by comparing the rate constanﬁs for attack in compounds (L)'and (M). The

results imply that a para fluorine is almost equivalent to a para hydrogen.
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In this system, it can be concluded that the activating influence

of fluorine atoms is meta >ortho >> para, the overall ratio being

1167:56:1, respectively.

Therefore, the ortho/meta ratio differs for the methoxide/methanol
and the ammonia/dioxan/water systems, the activating influence of

fluorine atoms in the latter system being in the order ortho > meta >>

para; 119:8§:1, respéctively. However, it is very important that in
both systems the ortho;fluorine has ailarg; ;ctivatiné effecg;-gﬁéreas
the pﬁra—fluoriﬁe has an effect which differs little from that of
hydrogen. Hence, it can be concluded that the positions of nucléophilic

substitution in polyfluorobenzenes, are &ontrolled by the necessity to

maximise the number of activating fluorine atoms. This is exemplified

-in the compounds (Q) and (R) below, the positions of attack being

arroved,
./
i F F
F F ‘;’F ‘\\\ H
W F
(@ . S (R)
28

It was formerly postulated, that para-fluorine had an.important

controlling effect, but the results from both the polyfluoropyridines

‘and the polyfluorobenzenes indicate that this position is the least

36 anticipated the present resuits by extrapolation

from o~ values, although no value was availaple for fluorine in the

oxrtho- position,




Orientating Influenqp_of Chlorine Substituents in Nucleophilic Aromatic.

Substitution Reactions

Rates of nucleophilic'éubstiéution 15 various pdlyfluoropyridines
containing chlorine substituents, have been compared, iﬁ order to
separate the orientating effects of chlorine atoms when ortho-, meta-
and para- to the position of attack, relative to hydrogen in the same

37

position, Rate constant measurements for the reactions of various

ch?bfine-conéaining polyfluoropyridines with ammonia in dioxan/water
(60:40 v:v) at 25°C, indicate that the activating influence of
chlorine with respect to the point of nucleophilic attack, is in the

- -order ortho > meta > para; 77:24:6,9, respectively, relative to

hydrogen at the same position,

Table 3 shows the measured rate constants for reactions of soms
chloro-£fluoro-pyridines with ammonia in aqueous dioxan at 25°c; the

positions of attack being arrowed,

TABLE 3

I v
E
o H C
F F
1) (11) (111) 3
k(gmole Ys™1): ~1x107% (4. 75%0.04)x1073 (2.22%0. 1)x107> (1.92‘-*0.02)::10'
: (5,870, 3)x1075"
! J
. e ) . <A
pl X E _ FE:ETJF F' X H Fﬂ::ijcw
NG r (N/)c" "‘F(/f »;'F< /;&' |
: v vi vii viii d
k(2 moie~Ys™1y: (2.93%0.03)x1073(7. 12%-0. 04 x16% (5. 92%0. 02)x107° (t..zn‘-‘o.zmo""c
: (4.10%0,2)x107°

a = approximate value for k, owing to the slowness of the reaction
b = Rate constant for attack in 4- poaition ’ : e . .
¢ = Rate constant for attack in 6~ position

d = Rate constant for attack in 2~ position
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. The effect of an o;tho-chlorine relative to the point of
nucleophilic attack,'in comparison with.hydrogen at the same ppsition,
canbe obtained ﬁj comparing the rate constants for attack at the 4-
position in compounds (i) and (ii), and compounds (iii) and (iv).
Similar comparison of the rates of attack at the 4- position in
: compounds.(v) and (vi), leads to the effect of chlorine meta- to the
point of attack, while the effect of chlorine para- to the position of
attack is obtained by comparison of the rate constants for attack at __
the 6- position in compounds (vii) and (viii), fhé ratio of each pair.

of rate constants under consideration is given below:-

- k(ii)/k(1)

= kC1/kH (ortho) = 4.7x103 ie. 69 per ortho chlorine atom
k(iv)/k(iii) = kC1/kH (ortho) = 86 per ortho chlorine atom
k(vi)/k(v) = kCl/kH (meta) = 24 per meta chlorine atom

k(viii)/k(vii) = kC1/kH (para) = 6.9 per para chlorine atom

Therefore,. the order of the activating influence of chlorine,
- relative to the position of nucleophilic attack is:- ortho:meta:para;
~ 77:24:6,9, relative to hydrogen at the same position., -Relative to

the para position, the ratio is ortho:meta:para; 13:3.5:1, respectively.

Comparison of the Activating Effects of Chlorine Relative to Fluorine

in Nucleophilic Aromatic Substitution Reactions

The order of the activating influence of fluorine relative to the
_ position of nucleophilic attack in, the ammonia/dioxan/water system at

25%c, is:

F ortho : meta : para
31 : 23 : 0,26 (relative to hydrogen)

(119 : 88 :1 ) (relative to the para- position)
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The activating influence of chlorine for the same.system is:

Cl ortho : meta : para

~17 : 24

6.9 (relative to hydrogen)

(13 : 3.5: .1 ) (relative té the para- position)

For the chlorine series, the effects at each of the three positions
are very similar, much more so than for the fluorine series, The rate
- constants shown in Table 4 were obtained under exactly the same  ~

conditions as those in Table 3, and comparison of some of the rate

constants included in the two tables lead to direct chlorine/fluorine

ratiob.
TABLE 4
d'
cl F -
A NN R NN
F F F F
N’/, (N hr/’
: (ix) (x)
. Rate + -4 + -4 + -6 ., -4
Constants: (1.30-0.01)x10 = (6.80-0.03)x10 = (1.55-0.01)x10 =~ (6.47-0.01)x10
(ziwle'ls-l)

Attack at the 4~ position

k(i1)/k(x) = kC1l/kF (ortho) = 7.0 ie, 2.6 per ortho chlorine atom
k(iv)/k(x) = kC1/kF (ortho) = 2,8 per ortho chlorine atom
k(vi)/k(x) = kC1/kF (meta) = 1.05 per meta chlorine atom
"k(vi)/w(xii) = kC1/kF (meta) = 0,91 per meta chlorine atom

T Rt /k(x) =

kC1l/kF (meta) = 0.97 per meta chlorine atom

Attack at the 6- (or 2-).position

k(viii) (6-)/k(xi) = kC1/kF (para) = 26.4 per para chlorine atom }
k(ix)/k(viii) (2-) = kC1/kF (para) = 26,7 per‘para chlorine atom

k(ix)/k(viii) (6-) = kC1l/kF (ortho) = 3.2 per ortho chlorine atom
k(viii) (2-)/k(xi) = kC1/kF (ortho) = 3,1 per ortho chlorine atom

S e e o g kR § W A o s g
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The ratios of pairs of rate constants for the ortho, meta and

para positioné, are very similar for any one position, leading to the

.‘conclusion that in the ammonia/dioxan/water system, steric effects are

negligible, otherwise the ortho ratio determined from nucleophilic

attack at the 4~ position, where there are two adjacent halogenated ' :

positions, would be very different from the ratio detemined by 2- or

6-attack, where nitrogen occupies one of the adjacent positions.
The results also indicate that the effects of the halogens are additive,

otherwise the values would not be ifi such close agreement,

Rationalisation of Rate and Orientation of Substitution in Chloro-

- £luoropyridines

When interpreting the results given in Tables 3 and 4, it is

assumed that the transition state has the structure previously chown,

‘4n the section where the results of Table 1 are rationalised. This

‘structure is repeated below:-

Nue

N
g

Effect of éhlorine para- to position of attack

That a para- chlorine is only approximately 7 times more activating

" than hydrogen at the same position, is attributed to the fact that in

the transition state the .normal carbanion stabilisation by inductive

electron withdrawal by chlorine, is offset by electron pair repulsion,
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However, in the case of chlorine, the lone pair repulsion does not
offset the inductive electron withdrawal to such a great extent as in -

“'the case of fluorine,

Effect of chlorine meta- to position of attack

Chlo¥ine, in the position meta- to the point of nucleophilic
attack, is activating with respect fo meta- hydrogen, as the non-
- bonded electron-repulsion is insignificant, so that the negative . ..__
charge is stabilised by inductive electron withdrawal, as indicatrqd

below.

Chlorine and fluorine have a very similar activating effect at
" the meta- position, with.reSpect to hydrogen.: The stabilising
influences of fluorine and chlorine on éarbanions such as ~C-C-X
(whexre X=F, Cl) in a saturated system, cannot be effectively
compared, as chlorine is eliminated. readily, howéver, in an aromatic
. system such as -C=C-X, it has been established that fluorine and |

chlorine have a similar acidifying influence on adjacent hydrogen;z8

‘Bffect of chlorine ortho- to position of attack

A“éhlgrine atoﬁ in the position ortho to the position of
nucleophilic attack is aétivating with rcspect to hydrogen, and is
comparable with a fluorine in the same position, An explanation of
this ﬁigh ortho- effect has been prOpbsed previously, in the section.

containing a rationalisation of the rate and orientation of

B e - megpar -



21.

substitution in hy&rofl&oropyridines.: In this case, the b;nd being
formed between the substrate and the nuéleophile would depend mrtly

on the e1ectrophiiic nature of the carbon being attacked, this being
increased by the presence of ortho-chlorine atoms, The transition state

43'30méwhere_between the two structures (xiii) and (xiv) shown below,

hll-
: -
. (xiii)

This explanation accounts for the fact that chlorine énd fluorine in
. the ortho- position, have a similar effect, If the.transition staﬁe
ﬁés like (xiii) alone, ortho and para-halogens would have a similar

effect, but the results in Tables 3 and 4, show that this is no* sé.'

The effects described, iead to a rationalisation of the
orientation.of nucleophilic substitution in poly chlorpvaromatic
compounds, In pentachloxobenzene, éxv), nucleophilic subﬁtitution
occurs para- to Ehe hydrogen atém, as para-. attack maximises the
activating influence of the chiorine atoms, the order of activation

‘being ortho > meta > para,

| | 4
L

_ L
o L ' ct | Xy et
i ol AN
- ) H
(wv) (xvi)

When pentachloropyridine, (xvi), undergoes nucleophilic attack, the
activating influence of the chlorine atoms is maximised in a gimilar

way, attack occurring at the 4~ position.
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- Some Consequences of Orientating Influence of Fluorine in Nucleophilic

Substitution of Polyfluoro Aromatic Compounds

Rate constants for the reactions of various mono-substituted
pentafluorobenzenes, compounds of the type cstx, with methoxide .- ion
in methanol at 60°c, wete‘measured, at Birmingham,38 Some of the

results are shown in Table 5, below, the position of attack in each

case, being arrowed,

TABEE TABLE 5
Relative rate 6
constants 0. 90 1 - 4,6 4, 5x10 2 3x10

a Actual relative value = 5,4

Reactions for a further set of C6F5X.Eompounds have been perfo-rm.ed,39

and Table 6 below shows the observed rate comnstants, group I for the

. reaction with methoxide ion in dioxan/methanol (5:1v/V) at 50°G, and

group II for the‘reaction with methoxide ion in methanol at 50°C.

. TABIE 6
cnoup 1
k( mole"ls )3. 50x10™> 4, 00x10 6. 42x1o 3, 85x10
| GROUP 11
¥
F F )
F F F F
F F F )F
F :
-1 _~1 -58 -5 2
k( mole "8 ) 5.02x10 8.66x10 3.45x10

a = Agtual value divided by 6
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From the tables it can be seen that the substituents Cl, Br, I,

CN, No2 and CF3

of nucleophilic attack, para to themselve#. This is in agreement with

, all of which are electrophilic, direct the position

the postulation in the previous sections, that in nucleophilic attacR; .
the number of ortho and meta fluorines is maximised, as they have a |
significa;t activating effect, unlike para- fluorine, The tables;

show that the CF,, CN and No, groups are ﬁuch more activating than
fluorine, The present work, involved reaction of the mono substituted
pentafluorobenzenes with ammonia in 60/40 dioxan/water at 25°%C. ‘ihe

results were given previously in Table (i). 'The NOZ, CN and penta-

fluorophenyl groups are all activating with respect to hexafluoro-

benzene and pentafluorobenzene, which react in this system, at a rate
wﬁich is too slow to measure. The Noz and CN groups were expected to

be activating, from considerations of charge distribution in the

'transition state, and this is in agreement with the results in Tables

-5 and 6.

" . Pecafluorobiphenyl, represented.as (xvii), is observed to react

-more slowly than pentafluorobenzonitrile (xviii) by a factor of 534,

and more slowly than pentafluoronitrbbenZene (xixf by a factor of 2338,

FE_F ‘F__F E
F F F F F F
F F F F
F F F F
. CN NO,
-(xvii) (xviii) (xix)

The rate constants observed for the reaction of (xvii), during each rum,
show no shift, so it seems likely that mono-substitution at the position
para to one of the pentafluorophenyl groups is taking place, and that

4,4 di-substitution is unlikely..

R -— e A - ot g o -
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Solvent effects

When the concentration of dioxan in the solvent was increased from
607 to 80%, the rate constant for the reaction of (xviii) with ammonia,

was- approximately doubled,

It has been proposed40

that an increase in polarity of the

-medium makes possible an inc&ease in reaction rates for those reactions
in.which a larger charge separation. occurs in the transition state ._.
than in the initial state., This situation would be expected to occur
in the nucleophilic substitution reactions with ammonia, but in fact, .
_the r;aaction occurs faster in the less polar medium, This could be

due to the initial protonation of ammonis in dioxan/water,

o ot
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KINETIC METHODS AND RATE CONSTANT CALCULATIONS

Rate constants for the reactions were determined either at 25°C

->qr 9Q°g! using gmmbnia as a nuclgéphile in 60/40 dioxan/water, The

reactions at 25°C were followed by periodically removing a fixed wvolume
from th; geaction solution, 'freezing' the sample in 100 ml, of distilled
water, and titfating this against standard hydrochloric acid, thus
determining -the concentration .of nucleophile remaining., The reactions
at-90°C were followed by sealing samples of the reaction solution in "glass
iﬁpoules, which were plunged into ice/water to 'freeze' the reactiou, and

broken below the level of 100 ml. of distilled water, This was then

. titrated against standard hydrochloric acid, as for the reactions at

25%.

The second order rate constants (%n? were obtained from equation 1,

1 b/a-2x
ot = am g (555) b

where a = initial concentration of nucleophile

b = initial conentration of substrate

x = concentration of substrate reacted at time t,

Equation 1 implies that ammonia is extensively protonated in 60/40

dioxan/water. Two molecules of ammonia are required for the reaction of

o one molecule of substrate, meaning that the equilibrium constant of the
- reaction below lies far to the right, resulting in the formation of the

ammonium halide salt,

i+ NH, — +
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Errors quoted are the 'standard errors of the mean' (r), and are
calculated from.the standard deéviation (o), by the expression:

.r = '9; where n = number of readings
n ' :

o is obtained from the expression:-
| szi.-i)z g
g = [_nT'f—"]
whére ki = the ith value of the rate constant for a run.
k = the mean rate constant for a rum;
Values of ki for which (ki - k) >'2f5 g are rejected, and new values of

k and o are calculated.

o

EXPERIMENTAL

INSTRUMENTAT TON

1) For preparative work

Infra-red spectra were recorded on a Grubb-Parsons 'Spectromaster'
spectrometer. Liquid samples were in the form of thin contact films
between éotassiu%lbtomide plates, ané solid sampleé were pressed into
homogeneous thin discs with éotassium bromide.

Proton (IH) and fluorine (19F) nuclear'mégnetic resonance spectra
were recorded on either a Varian A56/60D spectrometer, or a Bruker
at a temperature of about 40°C, the standard t;mperature of the probe,

Preparative scale vapour phase chrométography was achieved using a
.Varian 'Aerograph Autoprep instrument using columﬁ TXP. Analytical vapour
-phase chromatography was performed on either a Pye 104 Chromsatograph, or
a Oriffin ;ﬁd George, D6, Gas Density Balance, using column 'O' in both,
column 'TXP' on the Gas Density Balance, and column 'DNP' on the Pye 104.

Carbon, hydrogen and hitrogen analyses were obtained using a.Perkin- i

Elmer 240 Elemental Analyser.




Mass spectra and molecular weights were obtained using an A.E.I,

M.S.9 spectrometer,

(11) Rate measurements

All rums weré carried out in thermostatted tanks, which were heated
eleétriéally by filament-type heaters, thg temperature being ccntrolled
to t'O.OIOé by contact thermomefer. Water was used as liquid in the bath
at 25°C, and lissapol was used for the bath at 90°C. The accurate

.. temperature of each bath was measured by thermometers standardised to_.

¥ 0.02% by the National Physics Laboratory.

PREfARATION AND PURIFICATION OF STARTING MATERIALS

-Solvents

41

(a) Dioxan. The method adopted was that of Vogel Commercial dioxan

(2.1 £) was refluxed for 8 hours with concentrated hydrochloric acid (30 mg)

and water (168 mf), with a steady stream of nitrogen bubbling through the
solution to remove acetaldehyde as it was férmed. Sodium hydroxide pellets
were then added, with vigorous shaking, until no more dissolved, and the
.aquepus layer was separated off. The dioxan layer was left standing over
fresh potessium hydroxide pellets for a further 20 hours. The aqueous

layer was separated off, and the dioxan was refluxed with excess sodium

for about 24 hours, until.the surface of the sodium was bright. A small
sample was tested for peroxide by ad&ing potassium iodide solution,
acidified with dilute hydrochloric acid. No iodine was detected, so
peroxide-was not present. .The dioxan was distilled into an oven-dried

"flask under dry nitrogen. The fraction boiling between 101 - 102°C was

collected. - The residue was destroyed by the addition of methylated spirit . .

under nitrogen. When not in use, the dioxan was stored under nitrogen in

a refrigerator at -5%¢, ) : .

27.



(b) Water, Distilled water was used as a sblvent; and its neutrality
was checked prior to use, by the addition of methyl red indicator.

' Substrates

Methods of preparation are given for combounds not pfeviously

synthesised. Those compounds which were commercially obtained, were

checked for impurities by analytical v.p.c.

(a) 3-hydro-4-chlorotrifluoropyridine

This was obtained by a two stage preparation, tﬁe first stagé béin@
the preparation of 3-hydro-4-hydrazinotrifluoropyridine.

(1) 3-hydro-tetrafluoropyridine (16.6 g. 0.1l mole) was added dropwise

‘to a stirred solution of hydrazine hydrate (9 g) in methanol (30 mf),

The reaction was allowed to proceed at room temperature and.ﬁas left
;vérnight, resulting in the formation of an orange sdlid around the edges
of the flask, and an orange liquid. This was poured into excesa water
k150 mf). Diethyl ether (150 mg) was added, dissolving the soiid, and

the two layers were separated. The aqueous layer waé extracted with

'ether (5 x 30 mf), and the ether extracts were added tbgether. The

ethereal solutiom was washed several times with water, and dried over
anhydrous magnesium sulphate, The ether was removed using a rotary

evaporator, and the resulting yellow solid was dried using a vacuum line.

The yield of 3-hydro-4-hydrazinotrifluoropyridine was 13.5 g (75%).

(i1) 3-hydro-4-hydrazinotrifluoropyridine (13 g. 0.08 mole) was added

slowly to a stirred solution of copper(II) chloride (80.4 g. 0.60 mole)

“in concentrated hydrochleric acid (550 mg). The mixture was stirred at

room temperature for two hours, then refluxed for 30 minutes, after which
nitrogen ceased to be evolved. The mixture was distilled, and a pale
yellow liquid came over. The organic layer, which was a deep yellow oil,

was separated from the water in the distillate., The water layer was



extracted with ether (3 x 15 mf). The ether extracts were added to the
_organic layer, and the resulting mixture was washed with water and dried

over anhydrous magnesium sulphate; As the product was expected to be

quite volatile, ether was not removed using a rotary evaporator, but was
distilléd off, using a Vigreux column, leaving a_pale yellow liquid.
Qﬁantitative v.,p.c. (Griffin Gas Density Balance. Column '0'), showed
that an impurity was present (~ 10%). An attempt wasmade to separate
the impurity from the desired product using a concentric tube column,
but complete separation was not achieved, as the two components had very

similar boiling points. g ana ¥?

F n.m.r. spectra showed that the
"impurity was 6-chloro-3-hydro-trifluoropyridine, an isomer of the
desired pfoduct. Separation was acﬁieved by preparative v.;.c.
(Aerograph, Column TXP, 140°C). The purity of the 3-hydro-4-chloro-_.
trifluoropyridine was checked at intervals by analytical v.p.c.

(Pye 104, Column DNP, 100°C). The yield of compound was 1.032 g (8%).

. It was shown to be 3-hydro-4-chloro-trifluoropyridine by 1H and 19F

n.m.r. spectra. B. pt. 128°C. (Found: C 35.9%; N, 8.5%; H, 1%; M, 167.
CSCIHFaN requires.c 35.9%; N, 8.4%; H .U.6%.
(b) 2-chlorotetrafluoropyridine

This was prepared in five stages, the fi?st being the preparation of.
4-hydrazinotegraflhoropyridine.

(1) Hydrazine hydrate (18 g) dissolved in ethanol (125 m{), was added to
‘; quickfit flask, into whi?h pentafluoropyridine (25 g) was addéd dropwise,
" at room temperature, with stirring, over a period oi 30 minutes, Stirring
was continued overnight, ‘resulting in the formation of a white precipitate.
The mixture was poured into ice-water, and ether extracted. The extracts

were combined and dried over anhydrous magnesium sulphate, and ether was
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removed{ using a rotary evapoéator, lehv#ng:4-hydrazinotetrafluoropyridine.
(11) 4~hydrazinotetrafluoropyridine (3 g) was added slowly to a stirred
solution of copper(II) bromide (29 g) iﬂ aqueous (50%) hydrogen bromide
(80 mL). After addition was complete, the mixture was stirred for 30

minutes, then steam distilled, and the aqueous distillate was eiher

.:.extrac;ed.' Tﬁe ether extracts were combined and dried, and ether was

removed, leaving 4-bromotetrafluoropyridine (2.9 g 76%).
(111) 2-hydrazino-4-bromo-trifluoropyridine was prepared by the same -
procedure as stage (i), 4-bromotetrafluoropyridine being added slowly

to a mixture of hydrazine hydrate in ethanol.

(iv) Copper(II) chloride (70 g) was dissolved in concentrated hydrochloric

‘acid (650 mf), and the solution was stirred at room temperature while

2--hydrazino-4-bromo-trifluoropyridine was, added, batchwise, over a period
of 30 minutes. After addition was complete, the mixture was refluxed for

2 hours, and distilled. The distillate was ether extracted, the combined

‘extracts were dried and ether was removed. The product was analysed by

.v.p.c. (Pye 104, Column ‘0!, 150°C),_and showed one major component with

some lower boiling impurities. These lower-boiling components were removed

using a concentric tube column. The residue was amalysed by v.p.c. and

found to be 95% 2—ch1oro-4-bromotrif1uoropyri&ine.

(v) 2-chloro-4-bromotrifluorepyridine (5 g), sulpholan (30 m4), and caesium

3.

fluoride (10 g) were added to a quickfit flask fitted with a Teflon follower,

‘and under nitrogen. The mixture was stirred at 100°C and checked hourly by

and the product was transferred from the reaction flask. It was purified by

preparative scale v.p.c. (Pye 105, Column '0', 125°C). The yield of product

o “v.p.c. (Pye 104, Column '0', 200°C). After 5 hours the reaction was complete,

was 1 g (27%). This was shown to be 2-chlorotetrafluoropyridine by comparison

of its i,r. spectrum with that of an authentic samp1e31.



¢) Pentafluorobenzonitrile

. The purity of a commercial sample was checked by analytical v.p.c.

" (Pye 104, Column '0', 122°C).

d) Decafluorobiphenyl"

The purity of a commercial sample was checked by analytical v.p.c.

(Bye 104, Column '0', 200°C).

e) Pentafluoronitrobenzene

The purity was checked by #nal&tical Q.ﬁ.é: (fye-104;.061dﬁﬁ-'0',

200°C).

f)  Bromopentafluorobenzene
The purity of a commercial sample was checked by analytical v.p.c.

(Pye 104, Column '0', 200°C).

g) Chloropentafluorobenzene
The purity of a commercial sample was checked by analytiéal V.p.C.

(Pye 104, Column '0', 200°C)

h) . Pentafluorobenzene

The purity df a sample was checked by analytical v.p.é. (Pye 104,

Column '0', 125°C). : S

Reagent

Ammonia, Analytical grade ammonia was used without further treatment.

METHODS OF RATE MEASUREMENT

. (1) Reactions at 25°C..

Stock sclutions of ammonia in water and substrate in dioxan were
prepared, usually being approximately 3.0 moles £! and 0.5 moles £71
respectively. 1.5 M ammonia did not react at a sufficiently fast rate

to enable ‘accurate rate constants to be determined, with such compounds
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as 3-hydro-k-chlorotrifluoropyéidine, and:decafluorobiphenyl.

Dioxan and water (either 60 mf{ and 40 mf respectively, or 30 m{
and 20 m{ respectively), wéré pipetted into a conical'flask which was
stoppered and immersed in a thermostat bath at 24.98°C. The substrate
solution was also placed in a stoppered flask in the thermostat bath;
These solutions were allowed approximately 15 minutes to attain the
temperature of thc bath., 5 mf{ of stock ammonia solution were pipetted
into the flask containing the dioxan/water mixture, and the contents of
the flask were mixed. Two 5 m{ aliquot; of the solution were removed
sep;rately, quenched in distilled water (100 mg), and titrated against
standard hydrochloric acid (usually approximately 0.05 M, but 0,025 M,
if the concentration of the ammonia solution used was 1.5 M), using -
methyl red as indicator. Stock‘solﬁtions-of hydrochloric acid had been

prepared by diluting commercial 0.1 M hydrochloric acid, and these were

standardised against standard sodium hydroxide solution. The molarity

of these stock solutions was checked periodically, by titration with

standard sodium hydroxide solution.

Froﬁ the two titrations of the samples removed from the reaction
flask, an initial Eitration'reading for the reaction was calculated,
allowing for subsequent dilution by the substrate solution. From this,
the initial ammonia concentration was found.

The reaction was initiated by the addition of 5 mf of substrate

solution to the reaction flask, the reaction being timed from the first

“drop of substrate solution to enter the ammonia/dioxan/water mixture,

The reaction was followed, by periodically removing 5 mf aliquots from

the reaction solution, quenching in distilled water (100 mf), the time

being noted as the last drop was added, as the water 'froze' the reaction.

Titration of these solutions, against standard hydrochloric acid, using
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methyl red indicator, en;bled the amount of nucleophile still remaining
to be calculated.

The initial substrate conéegtration was obtained from a knowledge of
the weight dissolved in a certain volume of dibxan, 5 mf of which were
diluted to a total volume of 100 mf or in some cases 50 mf, in the
reaction fiask. The second order rate constants were calculated as
described previously.

. Decafluorobiphenyl and bromopentafluorobenzene were insoluble in

' 60/40 dioxan/water, so in reactions where these compounds were used as

substrates, the solvent was initially prepared from 40 m{ of dioxan and
10 m4 of water. The.reaction of pentafluorobenzonitriie with ammonia
Qas performed in both solventisystems in order to check if there was any
significant-changé in &ate constant in changing from one solvent system
to the other. |

In the reaction with pentafluoronitrobenzene the reaction solution

. was bright yellow and the end point in the titration of the residual

ammonia against standard hydrochloric acid could not be distinguished
using methyl red as indicator. Phenol red was found to be suitable, as

indicatof.

(iiz Reactions at 90°C

Stock solutions of ammonia in water and substrate in dioxan were
?tepared, the concentrations being approximately 6.0 moles 5-1 and
2.0 moles z’l respectively.

Dioxan (80 mf) and water (20 mf) were pipetted into a flask and
5mf oéistqck ammani; solution were added. After mixing, two 5 mj aliquots
were removed and were titrated againsé standard hydrochloric acid |
(aﬁproximately 0.1 M), using methyl red indicator.

5 m4 of the substrate solution were pipetted into the flask, and



the solution was mixed. 5 m{ aliquots of the reaction solution were
sealed in glass ampoules and immersed simultaneously in the thermostat
bath at 88.24°C. After 15 minutes an ampoule was removed, and plunged

into an ice/water mixture to stop the reaction. Zero time for the
reaction-was taken as thg instant of immersion in ice water. The ampoule
was removed, washed, and brokem using a thick glass rod, under the surface
of 100 m{ of water in a stout glass jar. The residual ammonia was
‘titrated against standard hydrochloric -acid, using methyl red as indicator.
This titre was taken as thé initial reading for the run and the initial
ammonia concentration calculated from it. The reac;ioq was followed by
removing tubes periodically, plunging them into an ice/water mixture

(this time being taken as the time of the-reading), washing,.then breaking
theﬁ under the surface of 100 mf{ of water and titrating agaimst standard
hydrochloric acid. The initial substrate concentration ﬁas calculated,
inowing the weight dissolved in a certain volume of diloxan, 5 mi of which

were diluted to 100 mf in the reaction flask. The second order rate

.constants.Were calculated as previously described.

IDENTIFICATION OF' PRODUCTS

After 'infinify time' the remainder of reaction solution for each run
was added to excess water (150 m#) and this solution was-ether extracted
(3 x 20 mg). The ether extracts were combined, washed with water, dried
over anhydrous magnesium sulphate and ether was removed using a rotary
evaporator, leaving the product.

Thg_melting.point of the produét was determined and its mass spectrum,

19

infra-red and "°F n.m.r. spectra wera obtained.
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Products from reaction with Ammonia in Dioxan/Water

a) with 3~hydro—~4-chloro~trifluoropyridine.

After recrystallisation from ethanol, the product was a white solid, shown
to be 3-hydro—4-chloro-é-aﬁinodifluoropyridine by itg mass spectrum, 19f N.M.R.
spectrum, and by élemental analysis.
M.pt. 103-104°C (Found C, 37.2%; N, 17.2%; H, 2.2%; M (>°C1), 164.
CSB3CIF2N3 requires C, 36.6%; N, 17.0%Z; H, 1.8%Z; M, 164). I.R. spectrum -

No. 3. N.M.R. spectrum No. 2.

b) With 2-chlorotetrafluoropyridine.

After'recrystallisation from ethanol, the product was a white solid, shown
to be 2-chloro-4-aminotrifluoropyridine by its mass spectrum, 19F N.M.R. spectrum,
" and by elemental analysis. - -
M.pt. 118°C (Found C, 33.2%; N, 15.3%; H, 1.0% M (°°c1), 182. C5H,C1F N,
requires C, 33.0%Z; N, 15.4%; H, 1.1%; 'M, 182). I.R. spectrum Nc. 5. N.M.R.

- spectrum No. 4.

c) With pentafluorobenzonitrile.

After rec%ystallisafion from ethanol, cream crystals were obtained.
M;yc. 75°C (Found C, 44.1%; N, 14.62; H, 1.1Z; M, 190. C,HF N, requires
C, 44.2%; ' N, 14.7%; H, 1.1%Z; M, 190). I.R. spectrum No. 7. N.M.R. spectrum

No. 5.

d) With pentafluoronitrobenzene.

After recrystallisation from eﬁhanol, dull red crystals were obtained.
M.pt. 108-109°C (Found C, 34.1%; W, 13.2%; H, 1.2%; M, 210. C.H)O,F/N
requires C, 34.3%; N, 13.3%; H, 1.0%; M, 210), I.R. spectrum No. 9.

N.M.R. spectrum No. 6.
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¥

Run}l

1

0

" q

a

T NS T

] [§ubstrate]°

k

omy),

e

Run 1‘ [uu?]o :

TﬁméfcﬂiP) Titre (m4) 104k(z mole”

25.93

"24.75

23.66

22.10

21.49

20.92
20.40

18.15

X ,'Sntlgte-]o-—-_'—="'°='—0'.65033 M=

3.51
3.52
3.54
3.50
3.50
3,54
3.61
3.57

0.2593 M

0.05006 M

(3.54 Y 0.01) x 10

0.2168 M

4

3-hydro~4~chlorotrifluoropyridine + ammonia in 60/40 dioxan/water at 24.,98°¢

0
1,391
5,640
7,o}5
8,512
9,956
.11.477.
15,716
17,173
. 18,656

L mole lmin~?

(3.55 ¥ 0.01) x 10”

(3.55 ¥ 0.01) x 10~

4

4

& mole-'l'mzl.n-1

L mole lmin~!

21,57

20.57

18.30

17.72

17.12

16.69 .

16.23

15.22

15.00
14.76

3.54

3.53

- 3,51

3.56
13,58

3,60

3.53

Run 2 )
-1 ' 4 -1 . -1
min ) Time (min) Titre (m£) 10 k(4 mole  min

3.61 .

3.5 !

)
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2-chlorotetrafluoropyridine: + ammonia in 60/40 dioxan/water at 25.00°C

a1 : - Run 2

=
o
=

ijne (min) Titre {mL) 102k(£ mole_lmin_l) Time (min) Titre (mg) lOzk(E mole_lmin_l)

0 19.40 : )] 19.38

17.38 . . 18.10 4,29 16.5 18.14 .. 4.32
§4.72 16.54 4,26 44.58 16.55 4.25
74.08 - 15.33 4.2 70.5 15.40 4,28
191.23 14.44 4.22 | 95.83 14.57 4. 24
136.25 13.54 4.26 125.1 13.83 | 4.18
147.5 12.94 4.25 148.67 - 13.25 | 4.28
194,25 12.50 4.29 - 233.67 . 11.99 4,29
© 220.03 12.21 421 264.45 11.70 " 4.26
270.97 11.68 4,22 307.42  11.38 4,22

.. ‘ 7 1 - o
Run| 1 [1\,1310 0.2070 M
ESubstrafe]o = 0.05003 M B
+ -2 -1 . -1
k = (4.25 - 0.01) x 10 © £ mwole min
Run| 2. [NH3]0 = 0.2068 M
[Spbstrate] = 0.05004 M
ko = (4.26 T0.01) x 1072 4 mole tmin”!

Mean k

(4.26 ¥ 0.01) x 10°2 2 mole ‘min~}




Pentafluorobenzoniitrile + Ammonia in 60/40 bjoxan/Water at 24.98°C

|

;'D--lé Run 2 Run 3
o . 2, -1 . -1 . 2 . 2
Tim2{min) Titre{ml) 10°%k( g mole "min ) Time Titre 107k Time Titre 107k
(o} 11.27 4] 21,93 0 21,92
40,05 10,94 1.43 15,07 21,47 1.43 28,00 21,10 | 1.43
I
70, 68 16, 70 1.45 38.03 20,80 1.48 55.92 ' 20,29 1.50
98,83 .10.49 1.48 67.27 20.02 1,50 123.30 18.84 1,48
154, 53 10. 09 1,52 122,1 18,90 1.46 231,78 17.16 1,46
182,82 9.95 1.43 262,25 16,76 1.47 286,53 16. 44 i.49
206|, 13 9,76 1,50 320.2 16,13 1.47 315,53 16.20 1.46
229}, 62 9.62 1.47 352,27 15.81 1.48 347.27 15.88 1,46
.313.42- 9,17 . 1.49 383.08 15,57 1.47 371.12 15.66 1.47
" 331,30 9,006 1,49 ® - 12,67 K 12.63
357.05 " 8.94 1.47
380, 82 8.81 1.49
1390, 37 5.85 1,43
1458, 35 5. 70 1,44
1511, 45 " 5.62 1.43
1764|, 00 5.18 1.45
L 2,47
-
un 1 [NH3]<> = 0.05570M
[Substrate] =  0.02497M
' + -2 , =1 -1
k = (1.46~0.02) x 10 gmele “min
:_ = 2 BM
un_2| [NH,] 0.21984
iS_vbJs__t;a_!:el o — -t - 0.0499%4 _ e -
_ -9 - -1
k = (1.47t0.01)):10 T g mole Tmin T
wn 3l [NH,] = 0.2196M
[Substrate]o = 0.04994M
k = (1.47%0.01) x 1077 £ mole tmin~l
Mean| Kk _ = (l,é?t0.0Z)-x 10—2 glnolenlmin_}
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L
\ " Pentafluorobenzonitrile + Ammonia in 30/20 Dioxan/Wate% at 24.9800
Ii@e:(min) Ti;re (ml) 102k (gnmle-lmin—l) Time (min) Titre (ml) 102k (anﬂﬁ-lmin—l)
o0 21.74 | 0 20,85
43,97 19. 52 2,78 40,25 18. 85 2.77
64.53 18. 74 2,75 72.00 17.66 2,76
84,37 - 18.04 2,78 94,75 16,94 - -2.78
110,27 17.36 2,71 124,83 16.25 . 2.68
Jas.20 16.55 2.69 169. 28 15.32 2.67
47L.50 . 16.05 2,67 194, 42 14,87 2.68
400. 73 15,48 2,73 222.25 14.45 2.67
M45.45  14.85 272 242,92 14.16 2.67
. 288,20 14.30 2,78 287,17 13.61 2,70

Run 1 [NH3]o = Q,2163M
. AN
[Substxate]o = 0,04994M
K = (2.73 ¥ 0:01) x 10°% g mole ‘min~t
Ren 2 [NH,]_ = 0.2061¥ '
[Substrafe]0 = C,05020M
1k = (2.71%0.02) x 1072 ¢ mole min~t
= (2,72 ¥ 0.02) x 1072 y) mole-lmin-l

Mean k
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i‘ ; Decafluorobiphenyl + Ammonia in 80/20 Dioxan/Water at 24,98°¢C

Run| 1 ' \ ' ' Run 2

Time (min) Titre (m}l) 105k (2 mole-lmin—l) Time (min) Titre (ml) 105k (y,mole—lmin-l)

0 21,71 0 21.40
1,284 21,57 4,72 2,747 21,10 4,87
2,769 21.43 4.67 4,257 20,93 | 5,25
5,079 © - 21.15 5.09 8,501 - 20,58 - 4,69
7,037 20.95 5.13 10,007 20. 44 4,76
. F,463 ©20.83 4,96 11,477 20.25 5.04
9,930 . 20.68 4,96 13,010 20,05 5.30
11,345 20,49 5.30 14,505 19,92 ' 5.27
15,690 20,03 5.43 20,009 19,40 5.42
17,125 : 19.92 5,34 21, 554 19.27 5.41
Ruil 1 [NH,] = 0.2171%
[Spbstrate] = 0.051504
k = (5.07 ¥ 0:00) x 107> g mole lmin™h)
|
339“__2_ [NH,] = o0.21l0M -
[Substlate]o-‘ = 0,05036M
k = (5,11 * 0.09) x 10"5 ,({.mole"lmin_1
‘Mean k = (5.09 T 0.09) x 107> 4 mole lmin™
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Pentafluoronitrobenzene + Ammonia in 60/40 Dioxan/Water at ZS.OOOC

|
{7 .
uﬁ 1 . . g Run_ 2

?ime (min) Titre (ml) 10k ( # molenlminml) Time (min) Titre (ml) 10k ( gmola—lmin_l)
0 20,28 | - 0 20. 30 |
515 18.98 1.39 5.5 18.96 1.34
| }2.05 17.70 1.28 1433 17,58 - 1,19
4177 - 16,41 1.27 23,53 16.25 1.25
‘ 42,03 15.91 1.03 33.67  15.72 1.06
41,01 15,20 1.03 40,2 15,04  L.12
40.83 1448 1.07 50.27 14.48 1,08
59,03 13.26 1.40 6. 05 13.40 1.31
60.45  13.24 1,20 68.15 13,35 1,18
76.53 13,22 1.07 78,73 13.15 110

Run| 1 [NH3]c = 0,21784

[E:ubstrafe]o = 0.05005M
Kk = (1.19 ¥ 0,05) x 10”Y 4 mole tmin™}

Ren{ 2 [NH,] == 0.2180M

[Substrate]o = 0,05005M
ok = (1.18 ¥ 0.03) x 10'1 zmole-lmin—l
Meah Kk = (1.19 T 0.04) x 107} g mole lmin~!

.
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Chloropentafluoropyridine 4+ ammonia in 80/20 dioxan/water at 88.24°¢C

Run| 1 Run 2

Ry - . ——————

- - ¢ ‘ - -
Time (min) Titre (ml) 104k (2 mole 1min 1) Time (min) Titre (ml) 10k (g mole 1min 1)

0 10. 58 | 0 10,60
1,402 10. 22 1.27 2,765 9.90 1.18

6,356 9,65 1.19 5,651 9,24 1,29

7,158 9,03 1.19 8,523 8.72 i.26
10,060 8.4 1.26 11,395 8.23 1.30
1p,958 -~ 8.00 1.24 14,255 7.90 1.23
15,856  7.60 1,24 17,148 152 L.20
16,634 7.22 1.28 19,939 7.18 1.19
9,520  6.84 1.30 22,821  6.75 1,25
24,384 6.52 .29 " 25,695 6.48 127

Run|1 [NH3] o

= 0,2116M
[Substrate]o = 0,10004 *.
% = (1,25 t 0.01)}:10-4 ) mole“]'m:i.n-1 e
Runi2 [NH,] = 0.2120M
[Substrate 1 o = 0.lo00M
k = (1,24 ¥ 0,01)}{10-4' ﬂ,mo].e-lminnl

Meanp k - (1.25 ¥ 0.01) x 10-4 g molemlmi.n.“1

e e e i amm el




Bromopentafluoropyridine + ammonia in 80/20 dioxan/water at 88. 24°¢C

Run 1 Run 2

Timﬁ (min) Titre (ml) lOSk (£ mole min_l) Time (min) Titre (ml) lgsk (zlnole_lmin-l)

0 10. 70 0. © 10,66

1,422 10. 35 9.85 1,452 10, 24 9.57
77,90 - "9.58 8.28 4,377 9.82 8.33

8,606 9.32 8. 74 7,272 9.33 9,08
W,512° 8,92 8.51 10,115 8.98 8.93
16,405 848 8.87 13,055 8. 70 8. 51
17,271 8.10 9.22 15,937 8,42 8,40
20,424 7.83 9.17 18,726 8.05 8.81
28,014 7.60 8.82 21,610 7,74 8.50
25,908 7,44 8.65 24,480 7.32 9.44

I . .-
Rur, 1 [NHB]O. 0.21311

[SPbstrate]o = 0,029 -
! k = (8.90 ¥ 0,15)x10™° g mole lmin"t
|
Runl2 [NH3]o = 0,2132
[Substrate]o = 0.0999M™
| k - = (8.85 + O.15)x10-5~z molemlm:i.n“1
Mee_nll k =..(8,88 -

0.15)):10—5 zxnolenlmin-}
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19F NUCLEAR. MAGNETIC RESONANCE SPECTRA
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Spectrum Number Compound
1 o ‘3~hydro-4-chloro-trifluoropyridine
2 3-hydro-4-chloro~6-aminodifluoropyridine
3 2—chloro£etrﬁfluoropyridine
4 2-chloro—-4~amino-trifluoropyridine
5 Para-amino-tetrafluorobenzonitrile
6 Para-amino—tetrafluofoniérobenzene

Chemical shifts are in p.p.m. relative to intermal CFCl3.
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. ~Shift Assignment
cl 72.1 (Broad §) a
2 Fa H 85.1 (Broad S) e
F, \W P 149.1 (D.D.D.) b

Jab = 24 ch = 20 .

Spectrum run as solution in cc1,

A}

Cl
2. F, - |;H 74.6 (D) a
BN Ny 2 150.7 (D) b
I, =2
Spectrum run as solution in CDCI3
3, 84.8 (Broad §) a
137.0 (T.D.) c
140-1 (D.D.Do) d
© 159.3 (D.D.D.) b
I ™ 23 T ™ 16 Jd = 26 Jpe = }6 de = 4 Jed
" Spectrum run as pure liquid.
NHZ ‘
4 N 91.0 (T.D.) a
F.\\ JCi - 141.8 (.D.) e
N ‘ 162.3 (.D.)’
Jab = 23 Jac = 18 ch = 14
Spectrum run as solution in CDC1,
NH,)
5 F o 135.9 a
' F Fa 160.9 b
CN
Jab =12

Spectrum run as solution in CDCl3




IR S

6.

Shift
N,
F F | 98,7
F F, . 112.7
No,
J., =14

ab

Spectrum run as solution in CD613

6.

Assiggment



INFRA-RED SPECTRA
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Speétrum Number

1

N

wmn W

_‘Compound
3-hydro~4~hydrazinotrifluoropyridine
3~hydro-4-chloro~trifluoropyridine
3-hydro-4~chloro-6~amino difluoropyridine
2-chlorotetrafluoropyridine
2-chloro~4-amino-trifluoropyridine
Pentafluorobenzonitrile
Para-amino-tetrafluorobenzonitrile
Pentafluoronitrobenzene

Para—-amino-tetrafluoronitrobenzene

(liquid) - sample as contact film between potassium bromide discs.

47,

(solid) - sample compressed intc thin disc with potassium bromide.

(solid)

(liquid)
(solid).
(liquid)
(solid)

(liquid)-

(splid)
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13.
14.

-15.

" 16.

17.

19,

20.

18,

32,
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