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CHAPTER ONE 

INTRODUCTION 



1.1. The R e a c t i o n s o f Aromatic Nitrocompounds w i t h 

N u c l e o p h i l e s . 

Aromatic systems are i n g e n e r a l u n r e a c t i v e towards 

n u c l e o p h i l e s o However? t h e r e are c e r t a i n c i r c u m s t a n c e s 

under which t h i s s tatement does not h o l d . One such case 

i s i n t h e r e a c t i o n o f c e r t a i n a r o m a t i c compounds* u s u a l l y 

a r y l h a l i d e s , w i t h a s t r o n g base such as potassium amide 

i n l i q u i d ammonia. The mechanism o f these r e a c t i o n s 

i n v o l v e s t h e f o r m a t i o n o f a benzyne i n t e r m e d i a t e * i n t h i s 

i n s t a n c e by l o s s o f t h e h a l i d e i o n and an a d j a c e n t p r o t o n 

from t h e r i n g . 

More commonly* r e a c t i o n w i l l occur when t h e r i n g 

system c o n t a i n s s u i t a b l y p l a c e d e l e c t r o n - w i t h d r a w i n g 

groups which a c t i v a t e t h e r i n g towards n u c l e o p h i l e s - t h e 

most common such group b e i n g t h e n i t r o group. For 

n u c l e o p h i l i c s u b s t i t u t i o n t o occur* t h e r i n g must a l s o 

c o n t a i n a good l e a v i n g group. The r e a c t i o n proceeds by 

c o v a l e n t bond f o r m a t i o n between t h e n u c l e o p h i l e and t h e 

carbon c a r r y i n g t h e l e a v i n g group X* t o g i v e an i n t e r m e d i a t e 

complex* f o l l o w e d by l o s s o f X t o g i v e t h e s u b s t i t u t i o n 

producto I f * however* t h e a r o m a t i c compound does n o t 

c o n t a i n a s u i t a b l e l e a v i n g group* t h e r e a c t i o n may s t o p a t 

t h e i n t e r m e d i a t e complex* which i s g e n e r a l l y known as a & ™ 

or Meisenheimer complex 0 The e x i s t e n c e o f s t a b l e complexes 

o f the t y p e ( 1 . 1 ) has been ta k e n as evidence f o r t h e 

RO OR' 

NO 

V s e e n 

rary 
1.1 



a d d i t i o n - e l i m i n a t i o n mechanism i n t h i s t y p e o f r e a c t i o n , 

and s u c h c o m p l e x e s have been used as m o d e l s f o r t h e 

i n t e r m e d i a t e o R e c e n t work u i t h f l o w NFIR s y s t e m s has a l l o w e d 

t h e i d e n t i f i c a t i o n o f s u c h i n t e r m e d i a t e s i n n u c l e o p h i l i c 

s u b s t i t u t i o n r e a c t i o n s o 

O t h e r modes o f i n t e r a c t i o n b e t w e e n n u c l e o p h i l e s and 

a c t i v a t e d a r o m a t i c compounds a r e p o s s i b l e o P a r t i a l 

e l e c t r o n t r a n s f e r f r o m t h e n u c l e o p h i l e t o t h e r i n g r e s u l t s 

i n t h e f o r m a t i o n o f a c h a r g e = t r a n s f e r c o m p l e x , w h i l s t 

c o m p l e t e e l e c t r o n t r a n s f e r g i v e s a r a d i c a l i o n . P r o t o n 

a b s t r a c t i o n may a l s o o c c u r , p o s s i b l y f r o m t h e r i n g b u t more 

p r o b a b l y f r o m a s i d e chain.. 



1.2. G e n e r a l A s p e c t s o f M e i s e n h e i m e r Complex C h e m i s t r y . 

The a d d i t i o n o f base t o s o l u t i o n s c o n t a i n i n g e l e c t r o n -

d e f i c i e n t a r o m a t i c compounds p r o d u c e s b r i g h t l y - c o l o u r e d 

s o l u t i o n s , a f a c t u h i c h has been o f i n t e r e s t t o c h e m i s t s 
i 

f o r some c o n s i d e r a b l e t i m e . V a r i o u s s u g g e s t i o n s u e r e made 

as t o t h e n a t u r e o f t h e s e c o l o u r e d s p e c i e s : i o n i s a t i o n o f t h e 
2 

r i n g p r o t o n s , a d d i t i o n o f base a t a c a r b o n c a r r y i n g a n i t r o 
3 

g r o u p , and a d d i t i o n o f base a t a c a r b o n c a r r y i n g a 
4 

d i f f e r e n t s u b s t i t u e n t , e . g . ( 1 . 2 ) . 

RCX .OR' ROV ,On! 
0 ? N - v ^ \ ^ N 0 2 0 2 N ^ > * N 0 2 

• - i 
i 

i f 

NOi N 0 2 

1.2 1.3 

M e i s e n h e i m e r ^ p r o d u c e d s t r o n g c h e m i c a l e v i d e n c e f o r t h i s 

q u i n o i d a l s t r u c t u r e when he showed t h a t r e a c t i n g m e t h o x i d e 

i o n u i t h 2 , 4 , 6 - t r i n i t r o p h e n e t o l e gave t h e same p r o d u c t as 

r e a c t i n g e t h o x i d e i o n u i t h 2 * 4 , 6 - t r i n i t r o a n i s o l e . 

C o n f i r m a t i o n o f t h i s s t r u c t u r e came u i t h t h e a p p l i c a t i o n o f 

p r o t o n m a g n e t i c r e s o n a n c e t o t h e s t u d y o f t h i s a r e a ^ . 

G e n e r a l l y , t h e c o m p l e x e s a r e r e p r e s e n t e d by t h e s t r u c t u r e 

( 1 . 3 ) , u i t h t h e n e g a t i v e c h a r g e d e l o c a l i s e d a r o u n d t h e r i n g 

and t h e e l e c t r o n - u i t h d r a u i n g s u b s t i t u e n t s , a l t h o u g h Pl.O. 
7 13 8 9 c a l c u l a t i o n s and C NMR s t u d i e s ' s u g g e s t t h a t t h e p a r a 

n i t r o g r o u p c a r r i e s more o f t h e n e g a t i v e c h a r g e t h a n t h e 

o r t h o s u b s t i t u e n t s . 

V a r i o u s t e c h n i q u e s have been used i n t h e s t u d y o f 

n e i s e n h e i m e r c o m p l e x e s , t h e most u s e f u l i n s t r u c t u r a l 

d e t e r m i n a t i o n b e i n g p r o t o n m a g n e t i c r e s o n a n c e s p e c t r o s c o p y 



( p m r ) . F i r s t used i n t h e s t u d y o f M e i s e n h e i m e r c o m p l e x e s 

i n 1 9 6 4 6 , i t s a p p l i c a b i l i t y has been e x t e n d e d t o s h o r t - l i v e d 

s p e c i e s by i t s i n c o r p o r a t i o n i n t o f l o w and s t o p p e d - f l o u 

s y s t e m s ^ . 

A number o f c o m p l e x e s have been i s o l a t e d as c r y s t a l s , 

and s t u d i e d by X-ray c r y s t a l l o g r a p h y . These s t u d i e s show 
11 

t h a t i n t h e d i a l k o x y c o m p l e x e s , t h e o r t h o m t c o g r o u p s 

a r e c o p l a n a r w i t h t h e r i n g , w h i l e t h e two a l k o x y g r o u p s a r e 

i n a p l a n e p e r p e n d i c u l a r t o i t . The c a r b o n - n i t r o g e n bond 

l e n g t h f o r t h e p a r a n i t r o g r o u p i s s h o r t e r t h a n f o r t h e 

o r t h o g r o u p s , a g a i n i n d i c a t i n g t h e g r e a t e r n e g a t i v e c h a r g e 

c a r r i e d by t h i s g r o u p . 

M e i s e n h e i m e r c o m p l e x e s show i n t e n s e a b s o r p t i o n bands 

i n t h e U V / v i s i b l e r e g i o n , w i t h e x t i n c t i o n c o e f f i c i e n t s f o r 
4 = 1 - 1 

1:1 c o m p l e x e s t y p i c a l l y i n t h e r e g i o n o f 2x10 1 m o l . cm . 

The use o f t h e s e s p e c t r a i n s t r u c t u r a l d e t e r m i n a t i o n i s 

l i m i t e d by t h e i r g e n e r a l s i m i l a r i t y . However, t h e i r 

i n t e n s i t y a l l o w s k i n e t i c and e q u i l i b r i u m work t o be c a r r i e d 

o u t i n d i l u t e s o l u t i o n s . K i n e t i c m easurements can be made 

a t a s u i t a b l e w a v e l e n g t h u s i n g c o n v e n t i o n a l s p e c t r o ­

p h o t o m e t r y f o r f a i r l y s l o w r e a c t i o n s , and s t o p p e d - f l o w o r 

t e m p e r a t u r e - j u m p s p e c t r o p h o t o m e t r y ( o r a c o m b i n a t i o n o f t h e 

t w o ) f o r f a s t e r p r o c e s s e s . E q u i l i b r i u m d a t a can be 

o b t a i n e d f r o m measurements o f t h e o p t i c a l d e n s i t y a f t e r 

r e a c t i o n u s i n g d i f f e r e n t base c o n c e n t r a t i o n s , a g a i n a t a 

s u i t a b l e w a v e l e n g t h . T h i s i s u s u a l l y done u s i n g t h e B e n e s i -
1 2 

H i l d e b r a n d method , o r a m o d i f i c a t i o n o f i t . 

1 . 2 . 1 . Examples o f S t r u c t u r e s o f o* - C o m p l e x e s . 

a. Complexes w i t h o x y g e n b a s e s : 
The a d d i t i o n o f s o d i u m m e t h o x i d e t o a m e t h a n o l i c 



s o l u t i o n o f 1 , 3 , 5 = t r i n i t r o b e n z e n e (TNB) produces (1.4,R=l Yle) , 

uhi.cn has been c h a r a c t e r i s e d by NMR^. At h i g h e r methoxide 
1 3 

c o n c e n t r a t i o n s , a d i a d d u c t (1 »5,R=lyle) i s formed . A 

s i m i l a r 1 i 1 adduct (1.4,R=Et) i s formed u i t h e t h o x i d e i o n 

i n e t h a n o l 1 ^ . 

H OR 
0 2 N < ^ s ^ N 0 2 

i — i 

N 0 2 

1.4 

K ,OR 
- N 0 2 0 2 N 

OR 

N 0 2 

H 

1.5 1.6 

Hydroxide i o n r e a c t s u i t h TNB and o t h e r n i t r o a r o m a t i c s i n 

a s i m i l a r uay t o a l k o x i d e i o n s , a l t h o u g h s u b s t i t u t i o n 

p r o d u c t s form a t a someuhat g r e a t e r r a t e . The 1:1 adduct 

from TNB (1.4,R=H) has been i s o l a t e d 1 4 from DTISO s o l u t i o n s , 
15 

and t h e 1:2 adduct observed (1.5,R=H). U i t h some 1-X-2,4,6-

t r i n i t r o b e n z e n e s , t h e second i n t e r a c t i o n u i t h h y d r o x i d e i o n 

i n v o l v e s i o n i s a t i o n o f t h e added h y d r o x y l group .(1.6) 

U i t h 2 , 4 , 6 - t r i n i t r o a n i s o l e (TNA)there are tuo p o s s i b l e 

s i t e s f o r a d d i t i o n . I n t h e case o f methoxide i o n , t h e 

r e a c t i o n i n v o l v e s i n i t i a l a d d i t i o n a t C=3 t o g i v e ( 1 . 7 ) , 

f o l l o u e d by i s o m e r i s a t i o n t o t h e t h e r m o d y n a m i c a l l y 
1 7 

p r e f f e r e d C-1 adduct ( 1 . 8 ) . The d i a d d u c t (1.9) i s formed i n c o n c e n t r a t e d s o l u t i o n s by a d d i t i o n a t both p o s i t i o n s 18 

OoN 
OMe 

1.7 

MeO x / OMe MeO.XDMe 

0 2 N Y > * N 0 2 0 2 N v ^ ^ N O " 2 

• - i 

N 0 2 

1.8 

•OMe 
i, H 

N 0 2 

1.9 
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19 20 21 E t h o x i d e , n-propoxide and i s o p r o p o x i d e shou a s i m i l a r 

p a t t e r n t o methoxide i n t h e i r r e a c t i o n s w i t h t h e correspond­

i n g 1 ~ a l k o x y = 2 , 4 , 6 - t r i n i t r o b e n z e n e - t h e adduct a t 0 3 i s 

formed more r a p i d l y s but t h a t a t C=1 i s t h e more s t a b l e 0 

b<, Complexes u i t h n i t r o g e n basess 

I n s o l v e n t s such as DM50, NMR and conductance measure-

ments have shown t h a t TNB forms n e g a t i v e l y charged adducts 

o f t y p e ( 1 o 1 0 ) u i t h ammonia and u i t h p r i m a r y and secondary 
2 2 23 

amines ' . The mechanism i n v o l v e s a d d i t i o n o f t h e amine 
t o g i v e t h e z u i t t e r i o n ( 1 0 1 1 ) , f o l l o w e d by p r o t o n l o s s 23 

H NRR 

i - " 

N 0 2 

1.10 

4 + , 
H NRR 

0 2Nv^vN0 2 
i — 

NO-
1.11 

H N H 2 

0 2 N < > ^ s ^ N O . 

X 

N 0 2 
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H 2N MeO N X 

0 2 N v ^ £ > NO O N 0 2 

H NH NH 
H H H 

NO NO NO 
1.13 1.14 1.15 

K i n e t i c s t u d i e s u i t h secondary amines have i n d i c a t e d 

t h e e x i s t e n c e o f hydrogen bonding t o t h e o r t h o n i t r o group 

i n t he z u i t t e r i o n . 

The r e a c t i o n s o f a number of 1 ~ X ~ 2 , 4 , 6 - t r i n i t r o b e n z e n e s 
2 5 

u i t h potassium amide have been s t u d i e d i n l i q u i d ammonia. 
The amide i o n a t t a c k s p r e f e r e n t i a l l y a t an u n s u b s t i t u t e d 
p o s i t i o n t o g i v e ( 1 . 1 2 ) . The s t r u c t u r e o f t h e d i a d d u c t 

depends on the n a t u r e o f t h e X, uhen X i s a l k y l , s t r u c t u r e s 

o f t y p e (1.13) are r e p o r t e d , w h i l s t uhen X i s an amine or 



a l k o x y group, t h e s t r u c t u r e i s (1.14) „ 

Azide i o n s r e a c t w i t h TNA a t low t e m p e r a t u r e s t o g i v e 
(1.15)a 

c. Complexes u i t h carbon basess 

26 

Ketones u i t h a c t i v e hydrogens r e a d i l y form c a r b a n i o n s 

u i t h bases, and as such can form complexes u i t h n i t r o a r o m a t i c s . 

Thus i f t h e TNB-methoxide adduct i s formed i n acetone s o l u t i o n , 

u i t h t i m e t h e methoxide i o n i s d i s p l a c e d by t h e a c e t o n a t e 
13 i o n t o g i v e ( 1 . 1 6 ) . The r e a c t i o n o f d i - and t r i - n i t r o 

a r o m a t i c compounds u i t h a c e t o n a t e i o n i s knoun as t h e 
27 

Janovsky r e a c t i o n . 

OoN 

4 2 
H x ,COCH 3 

i - i 

N 0 2 

1.16 1.17 

R CN 

i - i 

NO 2 

1.18 

H C N 

0 2 N Y ^ Y N 0 2 

^ ^ O M e 
N 0 2 

1.19 

Uhere t h e ketone has tuo a c t i v e methylene groups, a 'meta= 

b r i d g i n g ' r e a c t i o n can o c c u r , l e a d i n g t o a c y c l i c p r o d u c t 
28 such as cun) 

29 Cyanide i o n s u i l l r e a c t u i t h TNB t o g i v e a 1:1 adduct 
(1O18,R=H)O Complexes u i t h cyanide i o n have a l s o been 

o q 
r e p o r t e d u i t h 2 , 4 , 6 - t r i n i t r o b e n z a l d e h y d e (1.18,H=CH0) and 

TNA ( l . U t , K = 0 l Y l e ) 2 9 , u h i c h a l s o forms an adduct a t C-3 ( 1 . 1 9 ) 3 0 

Alky I. complexes of TNU have been prepared u s i n g 



t e t r a a l k y l boron s a l t s . 

d o Complexes u i t h s u l p h u r bases: 

S u l p h i t e i o n s w i l l r e a d i l y form 1s1 and 1s 2 complexes 
32 

u i t h TNB and 1-X-2,4„6-trinitrobenzenes o U i t h t h e 
e x c e p t i o n o f those from t r i n i t r o b e n z a l d e h y d e * where a d d i t i o n 

33 
o c c u r s a t C-1 (1» 20»1»21) 9 these adducts are formed by 
a d d i t i o n a t u n s u b s t i t u t e d r i n g p o s i t i o n s (1.22 j 1 . 2 3 ) . 

3 4 35 36 K i n e t i c and NMR * evidence has been found f o r c i s -

t r a n s isomerism i n t h e 1:2 adduct u i t h TNB (1„23,X=H). 
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H SEt 
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H Tf _H 
N 0 2 

1 . 2 4 

T h i o a l k o x i d e i o n s r e a c t u i t h TNB t o g i v e 1 : 1 and 1 : 2 

complexes analogous i n s t r u c t u r e t o t h o s e formed u i t h 
3 7 3 8 a l k o x i d e i o n s . I n a d d i t i o n s evidence has been found f o r 

t h e 1 : 3 adduct ( 1 . 2 4 ) i n mixed s o l v e n t s u i t h a h i g h u a t e r 

c o n t e n t o 

1 . 2 . 2 . The S t a b i l i t i e s o f Meisenheimer Complexes. 

The v a r i o u s f a c t o r s a f f e c t i n g complex s t a b i l i t y are 

c l o s e l y r e l a t e d , though here f o r convenience they u i l l be 



b r i e f l y d i s c u s s e d under t u o headings - t h e s t r u c t u r e of t h e 

r e a c t a n t s , and medium e f f e c t s , , 

a. S t r u c t u r a l e f f e c t s : 

The major i n f l u e n c e on t h e s t a b i l i t i e s o f Meisenheimer 

complexes i s the presence o f a number o f e l e c t r o n -

w i t h d r a w i n g groups o r t h o and/or para t o t h e s i t e o f a t t a c k , 

u h i c h both a c t i v a t e t h e r i n g towards n u c l e o p h i l i c a t t a c k 
3 9 

and s t a b i l i s e t h e adduct t h u s formed . The most commonly 

met group i s the n i t r o group, though compounds c o n t a i n i n g 

o t h e r groups have been s t u d i e d . The g r e a t e r t h e number of 

groups, t h e more r e a c t i v e i s t h e compound towards 
3 9 

n u c l e o p h i l e s , though t h e i r e f f e c t s are not a d d i t i v e . The 

group para t o t h e s i t e o f a t t a c k i s the most i m p o r t a n t -

n u c l e o p h i l e s w i l l g e n e r a l l y a t t a c k para t o a n i t r o group 

r a t h e r than t o l e s s e l e c t r o n - w i t h d r a w i n g s u b s t i t u e n t s ^ 

T h i s i s i n accord w i t h t h e o b s e r v a t i o n t h a t t h e para 
s u b s t i t u e n t c a r r i e s more charge t h a n those o r t h o t o the 

7 8 9 

s i t e o f a t t a c k ' ' . T h i s i s m a i n l y an e l e c t r o n i c e f f e c t , 

as s t e r i c e f f e c t s due t o t h e o r t h o groups should o n l y be 

i m p o r t a n t when the s u b s t i t u e n t and/or t h e n u c l e o p h i l e i s 

l a r g e ^ ^ . 

Uhen t h e s u b s t r a t e i s not s y m m e t r i c a l l y s u b s t i t u t e d , 

t h e r e are a number o f d i f f e r e n t s i t e s f o r a d d i t i o n . The 

para e f f e c t mentioned above w i l l be i m p o r t a n t here -

however, o t h e r f a c t o r s may come i n t o p l a y . I n the case of 

methoxide a d d i t i o n t o TNh^'^^, a d d i t i o n a t an u n s u b s t i t u t e d 

carbon occurs much more r a p i d l y than a t t a c k a t C-1, but the 

adduct produced by t h e l a t t e r process i s more thermo-

d y n a m i c a l l y s t a b l e , a l t h o u g h both s i t e s are para t o n i t r o 

groups. The d i f f e r e n c e i s p r o b a b l y best e x p l a i n e d by s t e r i c 

e f f e c t s , u h i c h should be n e g l i g i b l e i n a t t a c k ot 



11. 
4 3 u n s u b s t i t u t e d carbon . Another f a c t o r c o u l d be ground 

s t a t e s t a b i l i s a t i o n o f t h e a n i s o l e , which i s l o s t on 

f o r m a t i o n o f the C-1 adduct, but r e t a i n e d when a d d i t i o n 

o c curs a t C-3 

S t e r i c f a c t o r s may a l s o p l a y a p a r t i n t h e g r e a t e r 

s t a b i l i t y o f the C-1 adduct. Any s t e r i c s t r a i n between the 

methoxy group and t h e a d j a c e n t n i t r o groups i n t h e p a r e n t 

compounds w i l l be r e l e a s e d on complex f o r m a t i o n , when t h e 
11 

s u b s t i t u e n t s are r o t a t e d out o f t h e plane o f t h e r i n g 
3 

Another f a c t o r w i l l be t h e s t a b i l i s a t i o n o f t h e sp 
4 5 

h y b r i d i s e d carbon by m u l t i p l e a l k o x y s u b s t i t u t i o n 

The s t a b i l i t i e s o f t h e complexes of a g i v e n s u b s t r a t e 

w i l l depend on t h e n a t u r e o f t h e a t t a c k i n g n u c l e o p h i l e . 

I n some cases such as t h a t o u t l i n e d above, s p e c i a l f a c t o r s 

are r e s p o n s i b l e . However, i n g e n e r a l , t h e s t a b i l i t y w i l l 

depend on t h e carbon b a s i c i t y o f t h e n u c l e o p h i l e , as 

d i s t i n c t from t he Bronsted or p r o t o n b a s i c i t y . A s c a l e 

of t h e carbon b a s i c i t i e s o f a range o f n u c l e o p h i l e s can 

be o b t a i n e d from t h e e q u i l i b r i u m c o n s t a n t s f o r complex 

f o r m a t i o n u i t h a g i v e n s u b s t r a t e i n a p a r t i c u l a r s o l v e n t ^ . 

From such a s c a l e , t h e o r d e r o f t h e carbon b a s i c i t i e s o f 
methoxide and t h i o e t h o x i d e i s t h e r e v e r s e o f t h e i r p r o t o n 

37 
b a s i c i t i e s 

Uhen the r i n g has more than one type o f s i t e , t h e 

p o s i t i o n of a t t a c k may be governed by t h e n a t u r e o f the 

n u c l e o p h i l e . Thus, t h e s t a b l e adducts of TNA u i t h a z i d e 

i o n and d i e t h y l a m i n e i n v o l v e a d d i t i o n a t C-1, w h i l s t those 

w i t h s u l p h i t e and a c e t o n a t e i o n s are adducts at C-3. 

T h i s presumably r e f l e c t s t h e g r e a t e r s t e r i c r e q u i r e m e n t s 

of these g r o u p s ^ . 



b o Medium e f f e c t s : 

Most s t u d i e s on Weisenheimer complexes have been 

done e i t h e r i n p r o t i c s o l v e n t s , such as water and a l c o h o l s , 

or i n d i p o l a r a p r o t i c s o l v e n t s , such as DMSOc The main 

d i f f e r e n c e between these t u o t y p e s o f s o l v e n t l i e s i n t h e i r 

a b i l i t y t o s o l v a t e i o n s . S m a l l , p o l a r i o n s such as 

hy d r o x i d e and methoxide are w e l l s o l v a t e d i n p r o t i c 

s o l v e n t s , but l e s s u e l l so i n DMSO. Large, p o l a r i s a b l e 

i o n s such as rr -complexes a r e , on th e o t h e r hand, u e l l 

s o l v a t e d by t h e d i p o l a r s o l v e n t s and l e s s u e l l so by th e 

p o l a r ones. Thus DMSO uo u l d be expected t o f a v o u r complex 

f o r m a t i o n , and t h i s i s i n f a c t uhat i s found f o r 1:1 adducts 

The g r e a t e r r e a c t i v i t y o f s m a l l n u c l e o p h i l e s i n 

a p r o t i c s o l v e n t s , due t o t h e i r poor s o l v a t i o n , should l e a d 

t o t h e f o r m a t i o n o f d i a d d u c t s . Houever, such spe c i e s are 

much more s t a b l e i n p r o t i c s o l v e n t s : i t has been suggested 

t h a t t h i s i s due t o t h e i r g r e a t e r resemblance t o i n o r g a n i c 

s a l t s , u h i c h i n c r e a s e s t h e i r s o l v a t i o n i n such solvents 4"^,, 

The i o n i c s t r e n g t h of t h e s o l u t i o n can a f f e c t the 

s t a b i l i t i e s o f sp e c i e s by s a l v a t i o n e f f e c t s s i m i l a r t o 

those above. I n a d d i t i o n , s p e c i f i c i o n - p a i r i n g e f f e c t s 
9 -1 

have been observed between c a t i o n s and both n u c l e o p h i l e s 
M ^ 4 5 and complexes . 

The e f f e c t s o f m i c e l l e s on t h e f o r m a t i o n of cr -complexe 

have been i n v e s t i g a t e d ^ , a n i o n i c m i c e l l e s r e d u c i n g 

s t a b i l i t y , n e u t r a l m i c e l l e s having l i t t l e e f f e c t and 

c a t i o n i c m i c e l l e s i n c r e a s i n g s t n b i l i t y . 



13. 

1.3. The Re a c t i o n s o f 2,4»6°Trinitrotoluene u i t h 
N u c l e o p h i l e s o 

A number o f p o s s i b l e r o u t e s e x i s t f o r t h e i n t e r a c t i o n 

o f 2 , 4 , 6 - T r i n i t r o t o l u e n e (TNT) w i t h n u c l e o p h i l e s , depending 

on t h e n a t u r e o f t h e n u c l e o p h i l e , and t o some e x t e n t on t h e 

c o m p o s i t i o n o f t h e s o l v e n t . A weak i n t e r a c t i o n may g i v e 

r i s e t o cha r g e s - t r a n s f e r complexes? whereas a s t r o n g e r 

i n t e r a c t i o n may l e a d t o t h e f o r m a t i o n o f a tr -complex, by 

a d d i t i o n a t C-1 or 0 3 . A l t e r n a t i v e l y , t h e n u c l e o p h i l e 

may a b s t r a c t a p r o t o n from t h e m e t h y l group t o g i v e t h e 

t r i n i t r o b e n z y l a n i o n . There a l s o e x i s t s t h e p o s s i b i l i t y 

o f e l e c t r o n t r a n s f e r t o g i v e r a d i c a l i o n s . 

A l l o f t h e above i n t e r a c t i o n s have been p o s t u l a t e d 

t o e x p l a i n t h e c o l o u r s formed when TNT r e a c t s w i t h a l k o x i d e 
3 

i o n s . I n 1899, Hantzsch and K i s s e l r e p o r t e d t h e 

p r e p a r a t i o n o f a p u r p l e s o l i d from t h e r e a c t i o n of TNT w i t h 

potassium m ethoxide, which from t h e i r a n a l y s i s they 

f o r m u l a t e d as a monohydrated a d d i t i o n complex. A s o l i d 

a d d i t i o n p r o d u c t was a l s o r e p o r t e d from t he r e a c t i o n o f 
47 

TNT w i t h sodium n - b u t o x i d e . 
48 

I n 1955 C a l d i n and Long suggested t h a t t h e p u r p l e 

c o l o r a t i o n produced i n t h e r e a c t i o n o f TNT u i t h e t h o x i d e 

i o n s was due t o t h e t r i n i t r o b e n z y l a n i o n (1.25) 
CH 

NO 

N 0 2 

1.25 

F u r t h e r evidence f o r t h i s assignment came from t he 
49 

o b s e r v a t i o n o f a l a r g e p r i m a r y i s o t o p e e f f e c t uhen 



14, 

TNT-d^ ( d e u t e r i a t e d methyl group) was used i n p l a c e o f TNT s 

u i t h 0-01 PI base, t h e observed r a t e c o n s t a n t f o r t h e 
_ i 

r e a c t i o n u i t h TNT uas 1 e35 s , w h i l s t t h a t u i t h TNT-d 3 was 

••195 s o The anion has a t h r e e peak U V / v i s i b l e spectrum, 

u i t h A 371nm ( 8 3 0 0 ) , 514nm ( 1 3 , 5 0 0 ) , and a shoulder at 
ffl 3 X 

620nm ( 7 5 0 0 ) . 
At h i g h e r base c o n c e n t r a t i o n s (0*1 M e t h o x i d e ) and u i t h 

_ 3 
10 M TNT t h e r a p i d f o r m a t i o n o f a t r a n s i e n t brown c o l o u r 

uas observed, which was i n i t i a l l y a t t r i b u t e d t o a charge-

t r a n s f e r c o m p l e x ^ . However, i n a l a t e r s t u d y ^ t h i s 

i n i t i a l process was a s c r i b e d t o t h e f o r m a t i o n o f a 

er -complex, p r o b a b l y coupled t o a r a d i c a l f o r m i n g r e a c t i o n 

(scheme 1.1). 
(CH3)H OR 
0 2Nv^VN0 2 

k i 
k 

CH 3 (H) 
NO 2 

TNT+RO" Scheme 1.1 

f a ^ t ^ C H 3 

0 2N>^k^N0 2 

NO' 

The p o s s i b i l i t y o f a r a d i c a l - f o r m i n g process was r a i s e d 

because NMR s p e c t r a o f t h i s system uere wiped o u t , a 

problem commonly due t o r a d i c a l s . Bernasconi o b t a i n e d 

k i n e t i c and e q u i l i b r i u m data f o r t h i s r e a c t i o n , and f o r t h e 

f o r m a t i o n o f t h e anion ( 1 . 2 5 ) , b o t h s e t s being o b t a i n e d 

w i t h base i n excess over p a r e n t . Uhen TNT was i n excess 



oyer t h e base he observed a t h i r d process of i n t e r m e d i a t e 

r a t e , which he a s c r i b e d t o Janovsky complex f o r m a t i o n , i . e . 

a d d i t i o n of t h e t r i n i t r o b e n z y l a nion t o a n e u t r a l TNT 

m o l e c u l e . T h i s process predominates under these c o n d i t i o n s 

The r a t e and e q u i l i b r i u m data f o r these r e a c t i o n s are i n 

t a b l e 1.1. 

Table 1.1 K i n e t i c and e q u i l i b r i u m data f o r TNT and e t h o x i d 

i n e t h a n o l ( r e f . 50) 

— 1 — 1 —1 —1 
Process k ^ / l mole s k r / s K / l mole 

•--complex 1500-3000 80-200 37«5-7»5 

anion 82 4«5x10" 2 1820 

Oanovsky 700 34*5 20*3 
The p o s i t i o n o f a d d i t i o n i n each of t h e two complexes was 

not d e t e r m i n e d , due t o t h e f a i l u r e t o o b t a i n NFIR s p e c t r a 

o f the s p e c i e s . 

A s i m i l a r s e r i e s of r e a c t i o n s was observed by 

B e r n a s c o n i ^ 0 w i t h methoxide i o n i n methanol. Here t h e 

i n t e n s i t y of t h e f i r s t process was too low t o a l l o w 

measurements t o be made, and t h e r e a c t i o n was not i n f a c t 

assigned t o cr -complex f o r m a t i o n . The r e l e v a n t data are 

i n t a b l e 1.2. NMR s p e c t r a uere a l s o wiped c l e a r h e r e . 

Table 1.2. K i n e t i c and e q u i l i b r i u m data f o r TNT and 

methoxida i n methanol ( r e f . 50) 

- 1 - 1 =1 -1 Process k^/1 mole s k f / s K/l mole" 

anion 13°3 1°07 12-4 

Danovsky 442 24 19*9 

I n bU,.', d i o x a n , 50% water the p a t t e r n war. arja.in t h u 



sanies i n i t i a l f o r m a t i o n o f a cr =adduct f o l l o w e d by 

i o n i s a t i o n o f TNT 8 when t h e h y d r o x i d e c o n c e n t r a t i o n was i n 

excess o f t h e p a r e n t , and f o r m a t i o n o f t h e anion and t h e 

Danovsky complex when t h e p a r e n t was i n excess, 

The problem o f t h e s i t e o f a d d i t i o n o f t h e methoxide 
51 

i o n was s o l v e d by Fyfe and c o - u o r k e r s , who used a f l o u 

system t o o b t a i n p.m.r. s p e c t r a o f t h e sp e c i e s produced. 

U i t h TNT and methoxide i o n i n equ i m o l a r amounts, i n 87'5% 

DMSO, 12*5% MeOH, tuo s i n g l e t s a t 66*18 and 68*45 were 

observed. These correspond t o t h e adduct a t C-3 (1.26) 

H 3 C H 3 

NO 2 
1 OoN H 

1 H H H OCH 
NO 

s 6°18 

s 8*45 

1.26 

T h i s s p e c i e s uas produced r a p i d l y and decomposed q u i t e 

s l o w l y - t h e r e uas l i t t l e change i n t h e spectrum from 

0 0 3 s t o 1s a f t e r m i x i n g e 

I f t h e f l o u uas stopped, a neu s p e c i e s began t o appear, 

u h i c h a f t e r 80s shoued tuo s i n g l e t s o f equal i n t e n s i t y 

a t §5 a53 and 6 8 8 1 8 p c o r r e s p o n d i n g t o t h e t r i n i t r o b e n z y l 

a n ion ( 1 . 2 7 ) . 

H 1s 8*18 

H 2s 8°18 

=CH2s 5°53 

uas 2s1 or g r e a t e r , a 

C H 2 

1 .27 

When t h e basesparent r a t i o 



17 
s i n g l e s p e c i e s was formed i n a r a p i d r e a c t i o n , showing f o u r 

equal peaks a t 68°45, 66°18, 66°42, 66 e52o T h i s was 

assigned as t h e d i a n i o n ( 1 . 2 8 ) . 

H - C - H 4 H 1s 6*18 
H 2s 8°45 

H 3,H 4s 6*42, 6-52 

1.28 

( u n s p e c i f i e d ) 

When t h e f l o w was stopped, a f t e r ~ 3 m i n , t h e two l i n e s 

a t 66°42, 6*52 had become an AB m u l t i p l e t , i n d i c a t i n g 

t h a t r o t a t i o n around t h e c a r b o n - r i n g bond i s r e s t r i c t e d . 

A simu l t a n e o u s U V / v i s i b l e study p r o v i d e d s u p p o r t 

f o r these assignments. The i n i t i a l l y produced s p e c i e s 
43 had A 433nm, 505nm, t y p i c a l o f a Meisenheimer complex , max 

w h i l s t t h e second spe c i e s produced had ̂ m a x 520nm,~64Qnm, 
49 

s i m i l a r t o those s p e c t r a observed by Buncel e t a l . The 

d i a n i o n showed one a b s o r p t i o n a t 55Qnm. 

The r e a c t i o n was a l s o i n v e s t i g a t e d by ESR, and l a r g e 

q u a n t i t i e s o f r a d i c a l s were fo u n d . The c o n c e n t r a t i o n o f 

r a d i c a l s reached a maximum a f t e r ~ 2 4 0 s , and the n decreased, 

a t a s i m i l a r r a t e t o t h e disappearance o f t h e t r i n i t r o b e n z y l 

a n i o n . I t was suggested t h a t a number of d i f f e r e n t r a d i c a l s 

were formed, one of which may be t h e r a d i c a l anion o f TNT. 

The r a p i d f o r m a t i o n o f a brown c o l o u r , f o l l o w e d by 

the slower f o r m a t i o n o f a p u r p l e species was a l s o 

observed i n t h e r e a c t i o n o f TNT w i t h sodium i s o p r o p o x i d e 
52 

i n i s o p r o p a n o l 0 Spectra recorded a t low te m p e r a t u r e 

a l l o w e d t h e i n i t i a l p r o d u c t t o be i d e n t i f i e d as a c -complex, 

w i t h A m a x 435nm, 495nm. A pr i m a r y i s o t o p e e f f e c t o f 8°4 

( a t 30°C) was observed u s i n g TNT=d„ 0 showing t h a t i n t h e 
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f o r m a t i o n o f t h e t r i n i t r o b e n z y l a nion t h e r a t e - d e t e r m i n i n g 

s t e p i s p r o t o n t r a n s f e r . The r a t e data i n t h i s case do not 

f i t t h e s i m p l e two r e a c t i o n scheme^ and c a t i o n p a i r i n g 

TNT + OR" === TNT.OR" 

TNT + OR" TNT" + ROH 

u i t h b o t h a l k o x i d e i o n and p r o d u c t s uas i n v o k e d . The 

a u t h o r s deduced t h a t i n t h e f o r m a t i o n o f t h e an i o n t h e f r e e 

i s o p r o p o x i d e i o n uas more r e a c t i v e t h a n t h e i o n p a i r , 

uhereas i n t h e f o r m a t i o n o f t h e adduct t h e tuo sp e c i e s uere 

o f s i m i l a r r e a c t i v i t y . T h i s uas r a t i o n a l i s e d i n terms o f 

p o s s i b l e c a t i o n s t a b i l i s a t i o n o f t h e t r a n s i t i o n s t a t e : i n 

t h e case o f t h e cr -complex a six-membered ' r i n g 1 (1.29) 

can be formed, uhereas i n p r o t o n a b s t r a c t i o n t h e ' r i n g ' 

u o u l d be eight-membered ( 1 . 3 0 ) . 

R 

V No. 
C H 2 o 
• T o v 

NO-

1.29 1 .30 

The a d d i t i o n o f s a l t s (NaClO^, NaBPh^) at c o n s t a n t 

base c o n c e n t r a t i o n i n c r e a s e d k , f o r anion f o r m a t i o n 
obs 

by an i n c r e a s e i n t h e r a t e o f t h e r e v e r s e r e a c t i o n . T h i s 

uas t h o u g h t t o be due e i t h e r t o an i n c r e a s e i n t h e a c t i v i t y 

o f the cr -complex, or perhaps t o a s p e c i f i c i n t e r a c t i o n 

i n v o l v i n g t h e c a t i o n . 
The p r e p a r a t i o n o f a s o l i d a d d i t i o n p r o d u c t from t h e 

r e a c t i o n o f TNT u i t h sodium n - b u t o x i d e uas r e p o r t e d i n 
47 5 3 . 5 4 1919 . Subsequent s t u d i e s * o f the r e a c t i o n o f TNT 
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u i t h sodium t e r t - b u t o x i d e have shown t h a t t h e main process 
53 

i s p r o t o n a b s t r a c t i o n . I f crown e t h e r i s added t o 
54 

p r e v e n t i o n p a i r i n g , t h e r a t e o f r e a c t i o n a t a g i v e n 

base c o n c e n t r a t i o n i n c r e a s e s up t o a 1:1 r a t i o o f crown 

e t h e r t o tert~butoxide» where t h e r e a c t i o n p r o d u c t now 

c o n s i s t s o f a 60:40 m i x t u r e o f cr -complex and a n i o n . 

T h i s e f f e c t i s a l s o seen uhen tetra-n-butylammonium t e r t -

b u t o x i d e i s used, t h e r a t e c o e f f i c i e n t a t a g i v e n base 

c o n c e n t r a t i o n b eing t h e same as t h a t w i t h more t h a n one 

e q u i v a l e n t o f crown e t h e r . Thus t h e f r e e i o n here i s more 

r e a c t i v e t h a n t h e i o n p a i r . The r a t e enhancement i s due 

i n p a r t t o t h e f a c t t h a t i n t h e t r a n s i t i o n s t a t e t h e 

charge i s l e s s l o c a l i s e d t h a n i n t h e r e a c t a n t s , and hence 

i o n p a i r i n g i n t h e t r a n s i t i o n s t a t e w i l l be l e s s e f f e c t i v e . 

T h i s e f f e c t should be more pronounced i n t h e case of t h e 

complex, where e x t e n s i v e d e l o c a l i s a t i o n occurs i n t h e 

t r a n s i t i o n s t a t e , than i n t h e more l o c a l i s e d t r a n s i t i o n 

s t a t e l e a d i n g t o t h e a n i o n , and hence t h e r a t e o f complex 

f o r m a t i o n i s a f f e c t e d more th a n t h a t o f i o n i s a t i o n . 
55 

I n 1924, Muraour r e p o r t e d t h a t TNT would d i s s o l v e 

i n aqueous s o l u t i o n s o f sodium s u l p h i t e , a l t h o u g h i t d i d 

not do so as r e a d i l y as TNB. A l a t e r study of t h i s r e a c t i o n 
•= 2 

i n more d i l u t e (~10 M) aqueous s u l p h i t e s o l u t i o n s 

c o n f i r m e d t h i s o b s e r v a t i o n , and determined the s t o i c h i o m e t r y 

o f t he r e a c t i o n as 1:1. The v i s i b l e spectrum of t h e 

p r o d u c t showed A a t 465nm, and a value f o r t h e 
max 

= 1 
e q u i l i b r i u m c o n s t a n t f o r t h e r e a c t i o n o f 5°6 1 mole was 

o b t a i n e d spectrophotometrically„ K i n e t i c and e q u i l i b r i u m 

data f o r t h i s r e a c t i o n s , and t h a t o f 2 , 4 , 6 - t r i n i t r o b e n z y l 

c h l o r i d e w i t h s u l p h i t e , w i l l be p r e s e n t e d i n a l a t e r 
c h a p t e r . 



20, 

A number of s t u d i e s have been r e p o r t e d on t h e 

i n t e r a c t i o n s o f TNT u i t h carbon n u c l e o p h i l e s 0 Tuo NHR 

s t u d i e s o b t a i n e d t h e spectrum of a 1:1 cyanide:TNT adduct 

i n CDC1 3, at -30°C 2 9 and 3 0 ° C 3 ° o They shoued t h a t a d d i t i o n 

t a k e s p l a c e a t C=3 (1.30) . 

CH 3 H g H b ( f i v a l u e s ) 

-30°C 2°74 5°76 8»65 

30°C 2«68 5°67 8°52 

1 .31 

57 
A s t o p p e d - f l o u k i n e t i c and e q u i l i b r i u m study of t h i s 

r e a c t i o n i n i s o p r o p a n o l shoued t h e complex t o have A m g x 

a t 437nm (1*69 x 1 0 4 ) and 535nm (1»11 x 1 0 4 ) . The 
e q u i l i b r i u m c o n s t a n t f o r t h e f o r m a t i o n o f t h i s s pecies uas 

4 -1 
2*01 x 10 1 mole and f o r t h e f o r u a r d r a t e c o n s t a n t 

-1 =1 
32°6 1 mole s , k^^ be i n g too s m a l l t o measure d i r e c t l y . 

K a m i n s k i i e t a l ^ r e p o r t e d t h e f o r m a t i o n o f a 1:1 

adduct i n t h e r e a c t i o n o f TNT u i t h acetone i n an a l k a l i n e 

medium, by a d d i t i o n o f t h e acetonate i o n a t C-3 ( 1 . 3 2 ) . 

^ ^ C H 2 C O M e 
N 0 2 

1 .32 

59 

Strauss and T a y l o r s t u d i e d t h e r e a c t i o n s of a number 

of 1 - s u b s t i t u t e d - 2 , 4 , 6 - t r i n i t r o b e n z e n e s i n 1,3-dicarbometh-

oxyacetone on the a d d i t i o n of excess t r i e t h y l ami no. I n the 

case of TNT, a dark red s o l u t i o n uas o b t a i n e d , t u r n i n g 

dark n/. onge on s t a n d i n g . Urange c r y s t a l s uerc i s o l a t e d , 



2 1 . 

which analysed f o r a 1:1:1 m i x t u r e o f t h e t h r e e r e a c t a n t s . 

The pmr spectrum o f these c r y s t a l s d i s s o l v e d i n 

d e u t e r i o c h l o r o f o r m showed t h e s p e c i e s t o be a c y c l i c 

d i a d d u c t ( 1 . 3 3 ) . 

+ 
C H 3 C 0 2^d^X-7u H N E t 3 

CH3CO2-

1.33 

The s t r u c t u r e o f t h i s adduct r u l e s o u t t h e p o s s i b i l i t y o f 

f o r m a t i o n o f t h e f i r s t adduct by a d d i t i o n a t C-1, a t l e a s t 

on t h e r e a c t i o n c o o r d i n a t e . 

I n 1959, M i l l e r and Wynne-Jones61"1 d i s s o l v e d TNT i n 

p y r i d i n e , and observed a s t r o n g c o l o r a t i o n and an i n c r e a s e 

i n e l e c t r i c a l c o n d u c t i v i t y . Exchange experiments i n 

p y r i d i n e - D 2 0 m i x t u r e s showed t h a t p r o t o n t r a n s f e r took p l a c e 

i n t h i s system, i n c o n t r a s t t o TNB where o n l y e l e c t r o n 

t r a n s f e r was observed. However, i n carbon t e t r a c h l o r i d e 
61 

s o l u t i o n , 1:1 complexes are r e p o r t e d as being formed between 

TNT and p y r i d i n e and v a r i o u s methyl d e r i v a t i v e s . These 

were i d e n t i f i e d as n = IT c h a r g e - t r a n s f e r complexes, i n 

which t h e aza a r o m a t i c compound i s t i l t e d towards t h e TNT 

m o l e c u l e , t h e n i t r o g e n atom be i n g c l o s e s t t o t h e a c c e p t o r 

m o l e c u l e . S i m i l a r l y , c h a r g e - t r a n s f e r complexes were 
6 2 

observed i n t h e r e a c t i o n s o f TNT w i t h a s e l e c t i o n o f 

N - a l k y l p=phenylenediamines. 

TNB w i l l r e a c t w i t h p h e n y l h y d r a z i n e t o g i v e a 

o- -complex . However, t h e r e i s no evidence f o r complex 

f o r m a t i o n i n the r e a c t i o n o f TNT w i t h t h i s compound? i n s t e a d , 



a t t a c k o c curs a t one o f t h e n i t r o groups o r t h o t o t h e 

meth y l group,, t o g i v e (1«34). 

Qkaraoto and Wang r e p o r t e d a study o f t h e e f f e c t o f 

m i c e l l e s on t h e r e a c t i o n o f TNT w i t h amines, i n aqueous 

s o l u t i o n * Comparing t h e r a t e o f r e a c t i o n u i t h a s u r f a c t a n t 

amine ( 4 - d o d e c y l d i e t h y l e n e t r i a m i n e * I ) t o t h a t u i t h a non-

s u r f a c t a n t amine (3*3 = d i a m i n o - N = m e t h y l d i p r o p y l a m i n e s I I ) 

they found i d e n t i c a l r a t e s up t o 5 x 10~^M amine* u h i c h i s 

th e c r i t i c a l m i c e l l e c o n c e n t r a t i o n o f L Above t h i s , t h e 

r a t e o f r e a c t i o n u i t h I i n c r e a s e d more r a p i d l y s t o l e v e l 

o f f a t a r a t e enhancement by a f a c t o r o f 55,, A c a t i o n i c 

m i c e l l e i n c r e a s e d t h e r a t e o f r e a c t i o n o f I I u i t h TNT by 

up t o a f a c t o r o f 130* w h i l s t a n e u t r a l m i c e l l e enhanced 

t h e r a t e by a f a c t o r o f 8» They assumed t h a t t h e r e a c t i o n 

they uere o b s e r v i n g uas t h e f o r m a t i o n o f t h e t r i n i t r o b e n z y l 
65 

anions However p a l a t e r study u s i n g a c a t i o n i c m i c e l l e 

and a s i m i l a r amine t o I I (3,3 = d i a m i n o d i p r o p y l a m i n e ) 

showed t h e spectrum o f t h e p r o d u c t t o be t h a t o f a 
Meisenheimer-type adductp u i t h X 445nm and 530nm o , r max 
An i d e n t i c a l spectrum uas o b t a i n e d u i t h potassium h y d r o x i d e 

as t h e base c u h i c h l e d t o t h e c o n c l u s i o n t h a t t h e species 

produced uas t h e Danovsky complex formed by a t t a c k o f t h e 

TNT = anion on a n e u t r a l TNT moleculeo 
25 

TNT d i s s o l v e s i n l i q u i d ammonia t o g i v e a dark red 

s o l u t i o n * The NMR spectrum i n i t i a l l y shous t u o d o u b l e t s 

0 2 N C H 3 

p- N=NNHC 6 H 5 

O 
>2i 

1 .34 

64 



of equal i n t e n s i t y a t 5 8 ° 31 and 65*36 ( t h e p o s i t i o n and 

s p l i t t i n g v a l u e s being s i m i l a r t o those u i t h TNB) . T h i s 

species was assigned the s t r u c t u r e ( 1 . 3 5 ) . 

C H 3 

02 N <Y^V > I M 0 2 

H 
NH 2 

N 0 2 

1 .35 

The methyl p r o t o n s appear as a s i n g l e t a t 62°33> r e l a t i v e 

i n t e n s i t y 3 - thus t h e r e i s no evidence f o r anion f o r m a t i o n 

U i t h t i m e the spectrum changes. Tuo p a i r s o f peaks 

appear a t 55°20, fi4»90 and 6 8*48, 6 8 » 4 4 , u i t h the former 

i n each p a i r h a v ing t w i c e the i n t e n s i t y o f the l a t t e r . I n 

a d d i t i o n , t h e methyl resonance i s now found at 61°62, 

which suggests a t t a c k a t C-1. Consequently the d i a d d u c t 

s t r u c t u r e ( 1.36) was assigned t o t h i s s p e c i e s . 

The tuo s e t s o f peaks correspond t o the tuo g e o m e t r i c a l 

isomers, u i t h the amide groups c i s or t r a n s ( s i m i l a r 
34 

isomers see observed u i t h TN8 and s u l p h i t e j . The t r a n s 

isomer uas assigned the bands at 6 5 ° 2 0 and 6 8 °48, and i s 

hence the more s t a b l e . 

a study o f th e r e a c t i o n between TNT and a number o f 

a l i p h a t i c amines and diamines suggested the f o r m a t i o n o f 

1:1 ch.'irgp-transfer coinpl exes . Huui.'V/e.r, a .study^7 u - i n y 

o2u 

H 2N 

H 

H CH 
N NH 

NO 
1 . 36 
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1 , 5 - d i m e t h y l = 2 , 4 , 8 - t r i n i t r o n a p h t h a l e n e and d i e t h y l - and 

t r i e t h y l a m i n e showed t h e f o r m a t i o n o f a b e n z y l - t y p e 

a n i o n (scheme 1.2.). 

N 0 2 C H 3 

N 0 2 

+ Base 

C H 3 N 0 2 

N 0 2 C H 2 

+ BaseH 

C H 3 N 0 2 

Scheme 1.2. 

A study o f t h e r e a c t i o n s o f TNT and TNBC1 w i t h a number o f 

a l i p h a t i c amines, showing b o t h complex f o r m a t i o n and 

p r o t o n a b s t r a c t i o n , w i l l be r e p o r t e d i n a l a t e r c h a p t e r . 

The r e a c t i o n o f TNT w i t h h y p o c h l o r i t e i o n i s o f 

commercial i m p o r t a n c e , as i t s major p r o d u c t i s 
i i i . . 2,2 ,4,4 ,6,6 - h e x a n i t r o s t i l b e n e (HNS). The a d d i t i o n o f 

a c h i l l e d s o l u t i o n o f TNT i n t e t r a h y d r o f u r a n / m e t h a n o l 
t o 5/fc sodium h y p o c h l o r i t e a t 0-15 C l e a d s t o a dark r e d -
brown s o l u t i o n , from which a c r y s t a l l i n e s o l i d appears -

6 B 
t h i s i s HNS . Th i s compound can a l s o be made by t h e r e a c t i o n 

69 
of potassium h y d r o x i d e w i t h t r i n i t r o b e n z y l c h l o r i d e <, 

TNBC1 can i t s e l f be i s o l a t e d i n h i g h y i e l d from t h e TNT = 

h y p o c h l o r i t e r e a c t i o n m i x t u r e by quenching w i t h d i l u t e 

a c i d i n t h e i n i t i a l s t a g e s * ^ . 
6 8 

The mechanism suggested f o r t h e r e a c t i o n i n v o l v e s 

t h e f o r m a t i o n o f TNBC1 from TNT, f o l l o w e d by a t t a c k o f t h e 

TNBC1 anion on a n e u t r a l TNBC1 moleculeo (Scheme 1„3) GH 
PiCH., 

0C1 
PiCH -5—^j-e-PiCH Ul 

L I 

Scheme 1,3 
Pi = 2 , 4 , 6 - t r i n i t r o -

UH 
PiCH 2Cl 

PiCH„Cl T 1 

PiCHCl —*»PiCHCH 2Pi 

phenyl 
-HC1 

*-PiCH=CHPi 



The i n v o l v e m e n t o f r a d i c a l s or carbenes i n t h e r e a c t i o n 

mechanism was r u l e d o u t on v a r i o u s grounds,. 



CHAPTER TUO 

EXPERIMENTAL 



2.1. M a t e r i a l s . 

2.1.1. S o l v e n t s ; 

U a t e r : d i s t i l l e d water was b o i l e d f o r 15 minutes t o exp e l 

d i s s o l v e d C0 2» and th e n p r o t e c t e d from t h e a i r by a 

soda-lime guard t u b e . 

Methanol: AnalaR grade* used w i t h o u t f u r t h e r t r e a t m e n t . 

Methanol-d^: Commercial sample, used as s u p p l i e d . 

E t h a n o l : AnalaR grade, used w i t h o u t f u r t h e r t r e a t m e n t , o r 

b o i l e d and s t o r e d as f o r wa t e r . 

I s o p r o p a n o l : AnalaR grade, t r e a t e d as e t h a n o l . 

D i m e t h y l s u l p h o x i d e : Koch-Light p u r i s s . grade, used w i t h o u t 

f u r t h e r t r e a t m e n t . 

•MSO-d^: commercial sample, used as s u p p l i e d . 

1,4-dioxan: s p e c t r o s c o p i c grade, used i n making up sto c k 

s o l u t i o n s o f p a r e n t compounds. R e a c t i o n s o l u t i o n s 

c o n t a i n e d l e s s t h a n ^io d i o x a n . 

T e t r a h y d r o f u r a n : AnalaR grade, d r i e d over sodium. 

2.1 . 2 . S u b s t r a t e s : 

1.3.5- T r i n i t r o b e n z e n e : d r i e d reagent grade, m.p. 123°C ( l i t 

122'5°C) 

2.4.6- T r i n i t r o t o l u e n e : sample s u p p l i e d by P.E.R.M.E., 

Ualtham Abbey* and d r i e d i n a i r . NMR s p e c t r a showed 

no i m p u r i t i e s . M.p. 82°C ( l i t . 7 2 82°C) 

2 j > 4 , 6 - T r i n i t r o b e n z y l c h l o r i d e : samples s u p p l i e d wet by 

PoEoR.M.E., Ualtham Abbey, and d r i e d i n a i r . P u r i t y 

o f samples t e s t e d by NMR. Those found impure 

( c o n t a m i n a t e d w i t h TNT) were r e c r y s t a l l i s e d t w i c e from 

benzene/pentane - subsequent NMR s p e c t r a showed no 

t r a c e o f i m p u r i t i e s . M.p. 85°C ( l i t . 8 85°C) 
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2 . 1 . 3 . N u c l e o p h i l e s ; 

Sodium methoxides prepared by d i s s o l v i n g sodium m e t a l i n 

AnalaR methanol under n i t r o g e n . Samples o f t h e 

s o l u t i o n t h u s prepared ( u s u a l l y around 3M) were 

d i l u t e d u i t h methanol and t i t r a t e d w i t h s t a n d a r d a c i d . 

S o l u t i o n s o f sodium methoxide-d^ i n methanol-d^ were 

made i n t h e same uay. 

Sodium e t h o x i d e , sodium i s o p r o p o x i d e s prepared i n t h e same 

uay as sodium methoxide. 

Tetraethylammonium i s o p r o p o x i d e s prepared by d i l u t i o n o f 

25% aqueous tetraethylammonium h y d r o x i d e u i t h 

i s o p r o p a n o l , and t i t r a t e d u i t h s t a n d a r d a c i d . R e a c t i o n 

s o l u t i o n s c o n t a i n e d l e s s t h a n \% u a t e r . 

Sodium s u l p h i t e : AnalaR grade h e x a h y d r a t e , oven d r i e d . 

Benzylamine, n = b u t y l a m i n e , i s o p r o p y l a m i n e and p i p e r i d i n e s 

commercial samples, used as s u p p l i e d . 

1 , 4 ~ d i a z a b i c y c l o - [ 2 , 2 , 2 ] - o c t a n e (DABCO): reagent grade, 

used as s u p p l i e d . 

Sodium h y p o c h l o r i t e s commercial s o l u t i o n (10-15)6 a v a i l a b l e 

c h l o r i n e ) uas d i l u t e d 1 i n 6 t o g i v e an approx 0 e5M 

s o l u t i o n . Samples uere s t a n d a r d i s e d a g a i n s t sodium 

t h i o s u l p h a t e a f t e r t h e a d d i t i o n o f excess potassium 

i o d i d e . 

Sodium phenoxides s t o c k s o l u t i o n s uere made by t h e a d d i t i o n 

of t h e r e q u i r e d amount of 1M sodium h y d r o x i d e s o l u t i o n 

t o a s o l u t i o n o f AnalaR phenol ( u e i g h e d o u t ) i n wa t e r . 

Potassium cyanides AnalaR s o l i d s used as s u p p l i e d . 

D i e t h y l m a l o n a t e 1 commercial specimens used as s u p p l i e d . 

To generate t h e malonate a n i o n , sodium methoxide uas 

added t o t h e s o l u t i o n s . 



2.1.4. S a l t s s 

Sodium s u l p h a t e ; AnalaR grade, oven d r i e d . 

Sodium t e t r a p h e n y l b o r a t e : commercial sample, used as 

s u p p l i e d o 

Amine p e r c h l o r a t e s ( a l l amines except p i p e r i d i n e ) : s t o c k 

s o l u t i o n s were prepared by m i x i n g t h e a p p r o p r i a t e 

w e i g h t s of t h e amine and 60% aqueous p e r c h l o r i c a c i d 

i n a known volume of DMSO. 

P i p e r i d i n e h y d r o c h l o r i d e : a commercial 'pure' sample, used 

as s u p p l i e d . 
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2.2. Measurement Techniques. 

2.2.1. Rates. 

a. Stopped-flow s p e c t r o p h o t o m e t e r s The i n s t r u m e n t s used were 

c o n d i t i o n s uere m a i n t a i n e d by h a v i n g t h e base c o n c e n t r a t i o n 

i n l a r g e excess over t h a t o f t h e parento R e a c t i o n s were 

f o l l o w e d b y m o n i t o r i n g t h e change o f absorbance w i t h t i m e 

a t a chosen wav e l e n g t h . For s m a l l changes i n absorbance, 

t h e measured d i f f e r e n c e i n v o l t a g e can be assumed t o be 

d i r e c t l y p r o p o r t i o n a l t o t h e change i n o p t i c a l d e n s i t y (and 

t h u s t o t h e change i n c o n c e n t r a t i o n ) . Hence, f o r r a t e 

measurements, a p l o t o f ln^ U versus t g i v e s a s t r a i g h t l i n e 

o f s l o p e k Q b s , where A\l= l ^ " " ^ ! ° 

I n t h e cases where a r e l i a b l e ' i n f i n i t y ' r e a d i n g c o u l d 

n o t be o b t a i n e d , Guggenheim p l o t s were used? I n most 

systems s t u d i e d , two processes uere observed. Where k i n e t i c 

measurements uere d e s i r e d f o r t h e f i r s t p r o c e s s , e i t h e r a 

s u i t a b l e wavelength uas chosen t o a v o i d i n t e r f e r e n c e by t h e 

second p r o c e s s , or t h e processes were separated by v i s u a l 

e x t r a p o l a t i o n . The r a t e c o e f f i c i e n t s quoted are t h e mean 

of 4=6 i n d i v i d u a l r u n s , and are g e n e r a l l y a c c u r a t e t o 

b o Slouer r a t e s s These uere measured e i t h e r on a Beckmann S = 2 5 

r e c o r d i n g s p e c t r o p h o t o m e t e r , or a Unicam S P = 5 0 0 i n s t r u m e n t . 

I n e i t h e r case, s o l u t i o n s were t h e r m o s t a t t e d a t 2 5 Co 

2 o 2 o 2 o E q u i l i b r i a . 

E q u i l i b r i u m o p t i c a l d e n s i t y measurements were made a t 

2 5 ° C , u s i n g e i t h e r a Unicam 5 P 5 0 0 i n s t r u m e n t , w i t h a 

p a t h l e n g t h of 1cm, or t h e s t o p p e d - f l o u s p e c t r o p h o t o m e t e r o 

I n t h i s case, t h e o p t i c a l d e n s i t i e s were c a l c u l a t e d from 

' c a n t e r b u r y ' SF-3A or SF=3L i n s t r u m e n t s , each w i t h a 2mm 

p a t h l e n g t h c e l l , t h e r m o s t a t t e d a t 25°C. F i r s t o r d e r 
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e q u a t i o n 2<>1o 

O o D o = l o g 

V 
E q o 2 o 1 

where V o background v/oltage ( g e n e r a l l y 5 W ) 

V 

c v o l t a g e i n t h e absence o f t h e a b s o r b i n g 
s p e c i e s 

s v o l t a g e i n t h e presence o f t h e a b s o r b i n g 
s p e c i e s 

2 o 2 . 3 o V i s i b l e s p e c t r a . 

These were e i t h e r r e c o r d e d on a Unlearn 5P8000 P Unicam 

SP8-1Q0 or Beckmann S - 2 5 r e c o r d i n g i n s t r u m e n t ? or measured 

p o i n t by p o i n t on t h e s t o p p e d - f l o u s p e c t r o p h o t o m e t e r 

2 o 2 o 4 o P r o t o n magnetic resonance s p e c t r a . 

These were measured on: 

a 0 A Marian EM 360L i n s t r u m e n t o p e r a t i n g a t 60 MHzo 

b o A Bruker HX 90E i n s t r u m e n t o p e r a t i n g a t 90 MHzp 

m o d i f i e d f o r F o u r i e r t r a n s f o r m o p e r a t i o n and u s i n g a 

de u t e r i u m l o c k o S h i f t measurements are quoted as '6' v a l u e s 

r e l a t i v e t o i n t e r n a l t e t r a m e t h y l s i l a n e p w i t h t h e e x c e p t i o n 

o f those i n w a t e r s which were measured r e l a t i v e t o i n t e r n a l 

dioxanj, assigned a s h i f t o f 3 ° 7 ppm D 
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CHAPTER THREE 

SULPHITE ADDITIONS TO 2,4,6-TRINITROTOLUENE 

AND 2»4 B6-TRINITRQBENZYL CHLORIDE IN WATER 
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3.1. I n t r o d u c t i o n . 

The r e a c t i o n s o f s u l p h i t e i o n s u i t h a number o f 

p o l y n i t r o a r o m a t i c compounds have been s t u d i e d , adducts a t 
33 32 b o t h s u b s t i t u t e d and u n s u b s t i t u t e d p o s i t i o n s hawing been 

observed. Evidence has a l s o been found f o r c i s ~ t r a n s 

isomerism i n t h e d i a d d u c t o f 1,3,5-trinitrobenzene^^c°^^. 

I n t h e case o f TNT» t h e r e l a t i v e l y low a f f i n i t y o f t h e 

s u l p h i t e i o n f o r p r o t o n s s h o u l d make p r o t o n a b s t r a c t i o n a 

minor p r o c e s s , and s i m p l i f y t h e a n a l y s i s o f t h e k i n e t i c 

d a t a . A p r e v i o u s s t u d y ^ o f t h i s r e a c t i o n r e p o r t e d t h e 

f o r m a t i o n o f a spec i e s o f u n s p e c i f i e d s t r u c t u r e * u i t h 

A 465nm, and e q u i l i b r i u m c o n s t a n t 5-6 1 m o l e " 1 . 
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3 . 2 . E x p e r i m e n t a l . 

K i n e t i c measurements uere made a t s u i t a b l e wavelengths 

u s i n g t h e s t o p p e d - f l o w s p e c t r o p h o t o m e t e r . T y p i c a l runs are 

shown i n t a b l e 3.1. V i s i b l e s p e c t r a were r e c o r d e d on a 

Pye-Unicam SP8000 sp e c t r o p h o t o m e t e r a t 31°C. 1H NMR 

measurements were made a t 90 MHz on a Bruker HX 80E 

i n s t r u m e n t m o d i f i e d f o r F o u r i e r t r a n s f o r m o p e r a t i o n and 

u s i n g a d e u t e r i u m l o c k . Chemical s h i f t s i n media 

c o n t a i n i n g DMSO were measured r e l a t i v e t o i n t e r n a l 

t e t r a m e t h y l s i l a n e : those i n water were measured r e l a t i v e 

t o i n t e r n a l d i o x a n , assuming a d i f f e r e n c e o f 3°70 ppm 
73 

between t h e two r e f e r e n c e s . n i x e d DMSO-uater s o l v e n t s 

uere made by m i x i n g measured volumes of each component. 



Table 3.1. 

T y p i c a l r e s u l t s from k i n e t i c measurements. 

( i ) Sodium s u l p h i t e (0°Q4 M)» TNBC1 (5 x 10~ =Vl) 

F i r s t p r o c e s s , measured a t 460nm 0 

( i i ) Sodium s u l p h i t e (0»1 P\)» TNT (1 x 10° 4M) 

Second p r o c e s s , measured a t 560nm e 

( i ) ( i i ) 
t A\ia k b t A\la 

(ras) ( s - 1 ) ( s ) 

5 5*70 0*1 4*75 

7«5 4«50 95 0*2 3»85 2*10 

10 3»50 100 0*3 3-15 2*00 

12*5 2*80 89 0»4 2»55 2»11 

15 2*15 106 0*5 2»05 2»18 

17'5 1 «70 94 0»6 1 «65 2*17 

20 1 «30 107 0»7 1 «35 2-01 

mean 98*5 0-8 1.10 2»05 

0»9 0»90 2»01 

mean 2*08 

as AM = w t = u O D 

bs k = I n 

( t - t ) Z7 
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3.3. R e s u l t s and D i s c u s s i o n . 

3.3.1. 2 , 4 , 6 - T r i n i t r o b B n z v l c h l o r i d e . 

I n aqueous s o l u t i o n , v i s i b l e s p e c t r a i n d i c a t e t h e 

presence o f tuo e q u i l i b r i a between TNBC1 and s u l p h i t e . A 
-5 

s o l u t i o n c o n t a i n i n g 0*01 M sodium s u l p h i t e and 2x10 M 

TNBC1 shows two maxima a t 460nm and 540nm. T h i s p i n k s p e c i e s 

i s a t t r i b u t e d t o 1:1 i n t e r a c t i o n . At h i g h e r base 

c o n c e n t r a t i o n s a new peak appears i n t h e r e g i o n o f 480nm 

as t h e i n i t i a l peaks decrease, u n t i l w i t h 1M s u l p h i t e 

t h e r e i s one broad peak a t 450nm. T h i s i s i n t e r p r e t e d as 

f o r m a t i o n o f a 1:2 addu c t , b e g i n n i n g b e f o r e complete 

c o n v e r s i o n t o t h e 1:1 adduct has o c c u r r e d . I n DPISO-uater 
m i x t u r e s , where t h e 1:1 complex i s s t a b i l i s e d r e l a t i v e t o 

7 
th e 1:2 , t h e spectrum shows a peak a t 466nm, w i t h a 
pronounced s h o u l d e r a t 530nm. 

1 

H NMR data f o r these r e a c t i o n s , g i v e n i n t a b l e 3.2, 

c o n f i r m t h e above assignments. 

The spectrum o f t h e p a r e n t compound i n DPISO-d^ shows 

two bands, a t 65*00 ( C ^ C l p r o t o n s ) and 69*08 ( r i n g p r o t o n s ) . 

On t h e a d d i t i o n o f sodium s u l p h i t e i n O2O* these bands 

disappear and are r e p l a c e d by two new bands a t 66*13 and 

58*52 and a group o f bands around 65*10. The o b s e r v a t i o n 

of t h e two bands due t o t h e r i n g p r o t o n s i s evidence f o r 

the f o r m a t i o n o f an adduct a t C-3 ( 3 . 1 ) , one p r o t o n ( H b a t 

66*13) showing a l a r g e u p f i e l d s h i f t due t o t h e change i n 

h y b r i d i s a t i o n o f t h e carbon atom t o which i t i s a t t a c h e d , 

w h i l s t t h e o t h e r (H a t 68°52) remains i n a l a r g e l y a r o m a t i c 

environment. The s i d e c h a i n resonance does not move g r e a t l y , , 

but i s s p l i t i n t o f o u r bands due t o non-equivalence o f t h e 

p r o t o n s . T h i s i s presumably due t o r e s t r i c t e d r o t a t i o n o f 

t h i s group i n t h e adduct. 



Table 3.2. 

1H NMR data f o r TNT and TNBC1 and 

t h e i r adducts u i t h sodium s u l p h i t e . . 

37, 

Species 

TNBC1 

'(3a!) 

( 3 j 2 ) 

TNT 

(3.3) 

S o l v e n t 

DMSO 

70s30 v/v 
DMSO-uater 

Water 

DMSO 

70 s 30 
DMSO-water 

6* ( r i n g ) 

9»08 

8-50 ( H a ) 
6-13 ( H b ) 

6-0 (H a,H b) 

9»04 

8°50 c (H ) 
6-14 c ( H b ) 

{ ( s i d e c h a i n ) 

5°00 

5«05 

4»80 k 

5»1 b 

2°56 

2"41 

(3-4) Water 6-0 (H a,H b) 2 »48 

a. A l l s o l v e n t s uere f u l l y d e u t e r a t e d 

b. D o u b l e t s , J = 11 Hz 

Co D o u b l e t s , J = 2 Hz 
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HoCL 
NO OoN 

Hb H H 
H SO O^S so Q 

NO NO 

D i s s o l v i n g TNBC1 i n a 1M s o l u t i o n of sodium s u l p h i t e 

i n c o n t a i n i n g a s m a l l amount of d i o x a n g i v e s r i s e to 

a spectrum w i t h a band a t 66«00 and a group of f o u r bands 

s i m i l a r to t h o s e above* c e n t r e d around 5 5 * 0 . The s i n g l e 

band due to r i n g p r o t o n s i s e v i d e n c e f o r s t r u c t u r e ( 3 . 2 ) , 

where a g a i n t h e s i d e c h a i n p r o t o n s a r e n o n - e q u i v a l e n t due 

to h i n d e r e d r o t a t i o n , 

S t o p p e d - f l o u s p e c t r o p h o t o m e t r y showed t h e p r e s e n c e 

of two p r o c e s s e s whose r a t e s were w e l l s e p a r a t e d . The 

f i r s t was c o l o u r forming a t a l l w a v e l e n g t h s s t u d i e d , 

w h i l s t the second was c o l o u r forming or f a d i n g depending 

on both t h e w a v e l e n g t h of measurement and the c o n c e n t r a t i o n 

of base u s e d . These two p r o c e s s e s were a t t r i b u t e d to t h e 

f o r m a t i o n o f 1:1 and 1:2 a d d u c t s , t h e e q u i l i b r i a c o n c e r n e d 

b e i n g e q u a t i o n s 3.1 and 3.2 r e s p e c t i v e l y : 

(3.1 ) Eq„ 3.1 

( 3 . 2 ) Eq 0 3.2 

E f f e c t s due to the i o n i c s t r e n g t h o f t h e medium a r e 

l i k e l y t o be i m p o r t a n t f o r the second p r o c e s s , b u t l e s s so 

f o r the f i r s t . C o n s e q u e n t l y t h e f i r s t p r o c e s s uns s t u d i e d 

a t l o w b.iuu c o n c e n t r a t i o n s , w i t h o u t addod s a l t . W.itu and 

e q u i l i b r i u m ilat.-.i f o r t h i s r e a c t i o n were m e j a u r u t l a t 460nm s 

2= k 1 P a r e n t + 50^ TT -1 

(3.1) + sen - L . 
-2 



39, 

and a r e p r e s e n t e d i n t a b l e 3 . 3 „ As t h e c o n c e n t r a t i o n of 

base i s i n l a r g e e x c e s s o v e r t h a t of t h e p a r e n t , e q u a t i o n 

3 . 3 o a p p l i e s to t h e o b s e r v e d r a t e c o e f f i c i e n t s 0 

k o b s = k = 1 + k 1 [ S 0 3 = ] E q ° 3 ° 3 

A p l o t of k Q ^ s v e r s u s s u l p h i t e c o n c e n t r a t i o n was 
-1 -1 

l i n e a r , and y i e l d e d v a l u e s of 4000 1 mole s and 
k=1» 77 s " o Combining t h e s e v a l u e s gave K 1 (= k ^ / k ^ ) , , 

-1 
5 2 1 mole , i n good agreement w i t h t h e v a l u e o b t a i n e d from 

_1 

t h e o p t i c a l d e n s i t y measurements* 5605 1 mole 

The, second p r o c e s s was a l s o f o l l o w e d a t 460nm, the 

s o l u t i o n s i n t h i s c a s e b e i n g made up to 0 ° 3 M i o n i c s t r e n g t h 

w i t h sodium s u l p h a t e 0 Rate d a t a f o r t h i s r e a c t i o n a r e i n 

t a b l e 3 . 4 o F i r s t o r d e r k i n e t i c s w i l l a g a i n apply» t h e 

o b s e r v e d r a t e c o e f f i c i e n t s (kg^g) i - n t h i s c a s e b e i n g g i v e n 

by e q u a t i o n 3„4<, 

k o b s = k = 2 + k 2 K 1 t S Q 3 ~ I 2 E q * 3 * 4 

2 -1 + K 1 [ S 0 f ] 

E x t r a p o l a t i o n of t h e o b s e r v e d r a t e s to ze r o s u l p h i t e 
_ i 

c o n c e n t r a t i o n gave a v a l u e f o r k = 2 of 1°7 ± 0°2 s „ T h i s 

v a l u e ? and t h e known v a l u e of 9 were used to c a l c u l a t e 
v a l u e s of k 2 u s i n g e q u a t i o n 3 , , 4 0 - t h i s p r o c e d u r e gave a 

r r . i - ^ v a l u e o f 55 i 4 1 mole s f o r k o S> and hence a v a l u e of 

K 2 (= k 2 / k = 2 ) of 3 2 1 m o l e = 1 o V a l u e s f o r the r a t e 

c o e f f i c i e n t c a l c u l a t e d from t h e s e r e s u l t s were i n good 

agreement u i t h the e x p e r i m e n t a l v a l u e s 0 

3 0 2 o 2 o 2„4P6-Trinitrotoluene» 

The v i s i b l e s p e c t r a o b t a i n e d u i t h T N T and s u l p h i t e 

i n u a t t i i a r e s i m i l a r to t h o s e u i t h T N B C l o I n d i l u t e 

s u l p h i t e s o l u t i o n s ( b e l o u U°01 M) a pink s p e c i e s i s 



T a b l e 3.3. 

K i n e t i c and e q u i l i b r i u m d a t a f o r t h e r e a c t i o n of TNBC1 
u i t h sodium s u l p h i t e i n water a t 25°Cs f i r s t p r o c e s s 

;Na 250 3] obs D.D.3 < 
( A ) 460nm (1 mole 

0*002 86 0*013 61 

0*004 98 0*021 54 

0*006 110 0*030 56 

0*008 110 0*037 56 

• •010 118 0*043 55 

0*015 1 26 0*054 54 

a. A f t e r c o m p l e t i o n of f i r s t p r o c e s s . Measurements r e f e r 

to a 2mm p a t h l e n g t h c e l l , u i t h 5 x 10~*Y[ s u b s t r a t e . 

b e C a l c u l a t e d u s i n g Q.D. v a l u e s and a v a l u e of 0*120 f o r 

complete c o n v e r s i o n s o b t a i n e d from a B e n e s i - H i l d e b r a n d 

p l o t „ 



T a b l e 3 « 4 o 

K i n e t i c d a t a f o r t h e r e a c t i o n of TNBCl ( 5 x 1 0 = 5 M ) w i t h 

sodium s u l p h i t e i n water a t 2 5 ° C : second p r o c e s s o 

N a 2 5 0 3 ] [ N a 2 S 0 4 ] obs 
k a 

c a l c 

( n ) in) ( a " 1 ) ( s - 1 ) 

0 - 0 1 Q'09 1 - 9 4 1 » 9 0 

0 » 0 2 0 « 0 8 2 » 2 7 2 * 2 7 

0 - 0 4 0 * 0 6 3 * 1 0 3 * 2 0 

0 ' 0 6 0 - 0 4 4 * 0 5 4 » 2 0 

0 - 0 8 0 ° 0 2 5 » 3 2 5 « 2 5 

0 * 1 0 6 - 3 3 6 = 3 5 

_ 1 
a« C a l c u l a t e d from e q u a t i o n 3 * 4 . w i t h k 2 = 1 * 7 s , 

= 1 - 1 - 1 k 2

= 5 5 1 mole s and K^= 5 5 1 mole 0 



produced, u i t h A a t 460nm and 550nm ( s h o u l d e r ) , a g a i n 
max 

a t t r i b u t e d to 1:1 i n t e r a c t i o n . Above 0*1 M s u l p h i t e , an 

orange s p e c i e s p r e d o m i n a t e s , uhose spectrum has a broad 

peak a t 420nm. T h i s i s t h e pr o d u c t of a 1:2 i n t e r a c t i o n . 

DMSO i s a g a i n found to s t a b i l i s e t h e 1:1 adduct r e l a t i v e 

to t h e 1:2. 
i 

H NMR s p e c t r a c o n f i r m t h e p r o d u c t s of the r e a c t i o n s 

as t h e a d d u c t s ( 3 . 3 ) and ( 3 . 4 ) . 

CH 
NO OoN NO O 

H Hh 
SO OqS so 

NO NO 
3.3 3.4 

The spectrum of t he p a r e n t compound shous tuo s i n g l e t s , 

a t 6 2 . 5 6 ( C H ^ p r o t o n s ) and 69*04 ( r i n g p r o t o n s ) . A s o l u t i o n 

of TNT and s u l p h i t e ( b o t h 0*07 M) i n 70:30 v/v DM50-d 6-D 20 

shous tuo s p i n - c o u p l e d bands ( J = 2 Hz) a t 66*14 and 6 8 * 4 7 , 

u i t h t h e methyl p r o t o n r e s o n a n c e a t 62*41 i n d i c a t i n g no 

a d d i t i o n a t C-1. These d a t a a r e c o n s i s t e n t u i t h ( 3 . 3 ) , 

u i t h H, a t 6 6 * 1 5 . b 

On d i s s o l v i n g TNT i n a s o l u t i o n of sodium s u l p h i t e 

i n D^O, a g a i n u i t h a s m a l l amount of added d i o x a n , the 

spectrum o b t a i n e d shoued tuo pea k s : t h e methyl p r o t o n 

r e s o n a n c e uas found a t 6 2 * 4 8 , w h i l s t t h e r i n g p r o t o n s o c c u r 

a t 6 6 * 0 , s h o u i n g a d d i t i o n a t both C=3 and C-5, ( 3 . 4 ) . 

U n l i k e t h e d i a d d u c t from 1 , 3 , 5 ~ t r i n i t r o b e n z e n e " 9 , t h e r e 

u as no e v i d e n c e h e r e f o r c i s - t r a n s i s o m e r i s m . The d a t a 

a r e summarised i n T a b l e 3 . 2 . 

S t o p p e d - f l o u i n v e s t i g a t i o n of t h e s e r e a c t i o n s shoued 

t h e p r e s e n c e of tuo p r o c e s s e s , a g a i n u i t h w e l l - s e p a r a t e d 



r a t e s . I n t h i s c a s e , t h e f i r s t p r o c e s s , a r a p i d c o l o u r -

f o rming r e a c t i o n a s s o c i a t e d w i t h t h e f o r m a t i o n of ( 3 . 3 ) , 
-1 

had r a t e c o e f f i c i e n t s i n e x c e s s of 250 s i n the most 

d i l u t e s u l p h i t e s o l u t i o n s u h i c h gave m e a s u r a b l e a b s o r p t i o n , 

and was hence too r a p i d f o r measurement u s i n g t h e stopped-

f l o w method. I n view of t h e s t a b i l i s a t i o n of t h e 1:1 

adduct by d i m e t h y l s u l p h o x i d e , r a t e measurements u e r e made 

i n mixed DMSQ-uater media. Rate and e q u i l i b r i u m d a t a f o r 

t h e f i r s t p r o c e s s a r e p r e s e n t e d i n t a b l e s 3.5 (3Q> DM50 by 

vol u m e ) , 3.6 ( 2 0 % ) and 3.7 ( 1 0 % ) . As f o r TNBC1, f i r s t 

o r d e r c o n d i t i o n s were m a i n t a i n e d , and hence e q u a t i o n 3.3 

a p p l i e s to each s e t . P l o t s of k Q b s v e r s u s s u l p h i t e 

c o n c e n t r a t i o n f o r each s o l v e n t c o m p o s i t i o n u e r e l i n e a r , 

( f i g u r e 3 . 1 ) , a l l o w i n g v a l u e s of k^and k_^ to be 

o b t a i n e d . O p t i c a l d e n s i t i e s a t t h e end of the f i r s t 

p r o c e s s were a l s o measured i n each c a s e , and u e r e used to 

c a l c u l a t e v a l u e s of . The v a l u e s o b t a i n e d f o r t h e s e 

p a r a m e t e r s a r e i n t a b l e 3.8. P r e v i o u s u o r k e r s have found 
74 

t h a t p r o p e r t i e s such a s r a t e c o n s t a n t s and a c i d i t y 
75 

f u n c t i o n s v a r y u i t h t h e DMSQ c o n t e n t of mixed media i n 

s u ch a way t h a t p l o t s of th e l o g of the p r o p e r t y v e r s u s 

t h e mole p e r c e n t a g e of DMSQ a r e l i n e a r . I n agreement u i t h 

t h i s , p l o t s of l o g and l o g k_^ a g a i n s t the mole 

p e r c e n t a g e of DPISQ uere l i n e a r , and a l l o u e d e x t r a p o l a t i o n 

to pure u a t e r . 

The g r e a t e r s t a b i l i t y of t h e 1:1 adduct i n media 

c o n t a i n i n g DMSO p r o b a b l y d e r i v e s from t h e l o u e r s o l v a t i o n 

by OMSO of th e p o l a r s u l p h i t e i o n , and th e i n c r e a s e d 

s o l v a t i o n of th e p o l a r i s a b l e O" -adduct by t h i s component. 

The v a r i a t i o n i n t h e v a l u e of u i t h t h e change i n 

s o l v e n t c o m p o s i t i o n can be seen to d e r i v e from changes i n 



T a b l e 3<>5c 

K i n e t i c and e q u i l i b r i u m d a t a f o r the r e a c t i o n o f TNT and 
s u l p h i t e ( f i r s t p r o c e s s ) i n 7U:30 v/v watersUhSO a t 2 5 ° C 

[ s u l p h i t e ] obs 0 „D. a K. b 

I 
( n ) 460nm ( 1 mole 

0*0025 16*97 0*012 77*4 

0*0050 19*29 0*021 79 * 2 

0*0075 21-96 0*028 81*2 

0*010 25*01 0*033 80*5 

0 = 020 45*13 0*048 92*3 

0-030 47*42 0*050 69*4 

0*040 58*03 0*055 72*4 

O p t i c a l d e n s i t i e s a t end of f i r s t p r o c e s s . Measurements 

r e f e r to a 2mm p a t h l e n g t h c e l l , w i t h 2*5 x 10~5M 

s u b s t r a t e o 

C a l c u l a t e d from 0„D. v a l u e s and a v a l u e of 0*074 f o r 

complete c o n v e r s i o n ( B e n e s i - H i l d e b r a n d p l o t ) 



T a b l e 3.6<. 

K i n e t i c and e q u i l i b r i u m d a t a f o r t h e r e a c t i o n of TNT and 
s u l p h i t e ( f i r s t p r o c e s s ) i n 80:20 v/v uater:DMS0 a t 25°C 

s u l p h i t e ] obs 0.D. a 

K , b 

en) 460nm (1 mole" ) 

0*005 49-5 0-012 21-2 

0-010 52-1 0-021 20-2 

0-015 58-4 0-031 22-0 

0-020 63-9 0-038 21-8 

0-040 82-9 0-057 21 -0 

0-060 99-3 0-068 19-9 

0-080 115-2 0-074 18-1 

O p t i c a l d e n s i t i e s a t end of f i r s t p r o c e s s . Measurements 

r e f e r to a 2mm p a t h l e n g t h c e l l , w i t h 5 x 10"5£l 

s u b s t r a t e . 

C a l c u l a t e d from O.D. v a l u e s and a v a l u e of 0-125 f o r 

complete c o n v e r s i o n ( B e n e s i - H i l d e b r a n d p l o t ) 



T a b l e 3.7. 

K i n e t i c and e q u i l i b r i u m d a t a f o r t h e r e a c t i o n of TNT and 
s u l p h i t e ( f i r s t p r o c e s s ) i n 90:10 v/v uate^DMSQ a t 25°C 

[ s u l p h i t e ] k o b s 0 . D o 3 

(fl) 460nm (1 mole 

0-02 157 0-022 6-20 

0-04 171 0-040 6-25 

0-06 187 0-072 9-37 

0-08 218 0-068 6-44 

0-10 229 0-082 6-95 

O p t i c a l d e n s i t y a t end of f i r s t p r o c e s s . Measurements 

r e f e r to a 2mm p a t h l e n g t h c e l l , u i t h 1 x 1Q~ 4H 

s u b s t r a t e o 

C a l c u l a t e d from 0 . 0 . v a l u e s and a v a l u e of 0-20 f o r 

complete c o n v e r s i o n ( B e n e s i - H i l d e b r a n d p l o t ) 



4 7 , 

T a b l e 3 o 8 0 

V a r i a t i o n u i t h s o l v e n t c o m p o s i t i o n of r a t e and 

e q u i l i b r i u m p a r a m e t e r s f o r f o r m a t i o n of 

(3.3) from TNT and sodium s u l p h i t e a t 2 5 ° C . 

\Iol% Plole/o 
'=1 

QFISO DMSQ (1 m o l e ~ 1 s ~ 1 ) ( s = 1 ) (1 mole"* 1) (1 m o l e " 1 ) 

3 0 

2 0 

1 0 

0« 

9'6 

5 ° 9 

2 - 7 

0 

1 1 0 0 ± 5 0 

9 2 0 + 7 0 

9 0 0 ± 1 0 0 

8 0 0 + 1 0 0 

1 4 ± 0 ° 5 

4 5 ± 2 

1 3 5 1 1 0 

3 0 0 + 3 0 

8 Q ± 5 

21 + 2 

7 + 1 

2 ° 6 * 0 ° 5 

7 9 ± 7 

2 1 ± 2 

7 + 1 

2 ° 6 + 0 ° 5 

a. From k i n e t i c d a t a , K^= k^/k 

b 0 From o p t i c a l d e n s i t y d a t a 

Co E x t r a p o l a t e d v a l u e s 



48. 

F i g u r e 3.1. 

P l o t s o f k o j _ ) s v e r s u s s u l p h i t e c o n c e n t r a t i o n f a r t h u r e a c t i o n 

o f TNT u i t h sodium s u l p h i t e i n m e t h a n o l - u a t u r f i x t u r e s 

( f i r s t p r o c e s s ) . 

A % I K 'J'.-'^'U 

B : 7 0 ; , )":-.,L 

C : 'W. DPI 50 
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F i g u r e 3.1 

200 
A 

150 

1 

B 100 

50 

1 
0 0 5 0-10 

[ s u l p h i t e ] ( i f ) 



50. 

k ^ r e m a i n i n g r e a s o n a b l y c o n s t a n t . As found i n p r e v i o u s 

s t u d i e s , t h i s i n d i c a t e s t h a t t h e t r a n s i t i o n s t a t e f o r 

t h e f o r m a t i o n of t h e 1:1 complex i s • r e a c t a n t - l i k e 1 . 

The second p r o c e s s , c o r r e s p o n d i n g to the f o r m a t i o n 

of ( 3 . 4 ) , was much s l o w e r , and r a t e measurements were 

c o n v e n i e n t l y made i n w a t e r . Measurements were made a t two 

d i f f e r e n t i o n i c s t r e n g t h s , u i t h added sodium s u l p h a t e , t h e 

r a t e c o e f f i c i e n t s v a r y i n g markedly u i t h i o n i c s t r e n g t h a s 
7 6 

e x p e c t e d f o r t h e f o r m a t i o n of a m u l t i - c h a r g e d s p e c i e s . 

Rate d a t a a r e i n t a b l e 3.9. These were t r e a t e d i n a 

s i m i l a r f a s h i o n to t h o s e of the second p r o c e s s u i t h TNBC1, 
-1 

u s i n g K^= 2 e 6 and gave the v a l u e s k _ 2 = V 1 6 s , 
— 1 — 1 

k 2 = 42 1 mole s , K 2 ( = k 2 / k c _ 2 ) = 36 ( f o r i o n i c s t r e n g t h 

0*3 M) and k_ 2=0°85 s = 1 , k 2 = 160 1 m o l e " 1 s " 1 , K 2= 188 ( f o r 

i o n i c s t r e n g t h 1*5 M). 
3.3.3. Comparison w i t h o t h e r compounds. 

Rate and e q u i l i b r i u m p a r a m e t e r s f o r the two compounds 

a t i o n i c s t r e n g t h 0*3 M i n water a r e p r e s e n t e d i n t a b l e 

3.10, a l o n g w i t h t h e c o r r e s p o n d i n g v a l u e s f o r 1 , 3 , 5 - t r i n i t r o -

benzene (TNB) and 2 , 4 , 6 - t r i n i t r o a n i s o l e (TNA). As u i t h 

o t h e r compounds ( w i t h the e x c e p t i o n of 2 , 4 , 6 - t r i n i t r o b e n z -
33 

a l d e h y d e ) t h e r e was no e v i d e n c e f o r s u l p h i t e a d d i t i o n 

a t a s u b s t i t u t e d p o s i t i o n - t h i s may r e f l e c t t h e a d v e r s e 

s t e r i c e f f e c t s of t h e two bulky groups a t t a c h e d to t h e 

same carbon atom. 

The g r e a t e r s t a b i l i t y of the 1:1 adduct of TNBC1 over 

t h a t of TNT i s due to t h e g r e a t e r e l e c t r o n - w i t h d r a w i n g 

a b i l i t y of t he c h l o r o m e t h y l group i n t h e former over the 

methyl group i n the l a t t e r . The d e c r e a s e d s t a b i l i t y of 

t h e s e a d d u c t s compared w i t h t h a t from TNB may be due to s t e r i c 

e f f e c t s . The p r e s e n c e of a bulky group i n the 1 - p o s i t i o n 



51. 

T a b l e 3.9. 

Rate d a t a f o r t h e second r e a c t i o n between TNT 

and s u l p h i t e i n water a t 25 °C. 

[ s u l p h i t e ] k a 
K o b s ^ c a l c k C 

K o b s ^ c a l c 

(M) ( a " 1 ) 

0-01 1 «19 1-17 

0*02 1-20 1-20 1 -01 1 -01 

0-04 1-27 1-32 

0-05 1-79 1 -77 

0-06 1-49 1-50 

0-08 1-74 1-74 

0-10 2-10 2-03 4-00 4-13 

0-20 11-3 11-7 

0-30 22-3 21 -9 

0-40 34-3 33-6 

d 

a. I o n i c s t r e n g t h 0-3 PI w i t h sodium s u l p h a t e . 

b. C a l c u l a t e d from e q u a t i o n 3.4 w i t h k = 2 = 1-16 s 

k 2 = 42 1 m o l e = 1 s = 1 and K^= 2-6 1 m o l e " 1 . 

c . I o n i c s t r e n g t h 1°5 M w i t h sodium s u l p h a t e . 

d. C a l c u l a t e d from e q u a t i o n 3.4 w i t h k = 2 = Q°85 s 

k = 160 1 m o l e ~ 1 s = 1 and K = 2-6 1 m o l e " 1 . 



52. 

T a b l e 3.10 

K i n e t i c and e q u i l i b r i u m d a t a f o r Some s u l p h i t e a d d i t i o n s 

i n water a t 25°C u i t h i o n i c s t r e n g t h 0°3 Mo 

k 1 k-1 K 1 k 2 k - 2 K 2 

( 1 -1 -1 
mol e s ) ( s = 1 ) ( 1 mol e 1 1 =1 ) ( 1 mole s ) ( s " 1 ) ( l mole ) 

TNB b 3.5 x 1 0 4 125 290 1 » 2 a 0«13 9«2 
195 21 9°3 

TNA C 4-8 x 1 0 3 35 1 40 170 0'12 1°4x10 3 

TNT 800 300 2°6 42 1 '16 36 

TNBC1 4 x 1 0 3 77 55 55. 1*7 32 

a. Data r e f e r to f o r m a t i o n of cis° and t r a n s - i s o m e r s 

b o R e f o 34. 

C o R e f o 76o 



u i l l h i n d e r p l a n a r i t y of t h e a d j a c e n t n i t r o groups* which 

i s an i m p o r t a n t f a c t o r i n c h a r g e - s t a b i l i s a t i o n i n t h e 

a d d u c t s o 
77 

I t has been s u g g e s t e d t h a t t h e e x t e n t of s o l v a t i o n 

of a d d u c t s may p l a y an i m p o r t a n t p a r t i n d e t e r m i n i n g t h e i r 

r e l a t i v e s t a b i l i t i e s , , I n t h i s c a s e , t h e p r e s e n c e of t h e 

hyd r o p h o b i c methyl group i n t h e TNT ad d u c t s may h i n d e r t h e 

s o l v a t i o n of t h e a d j a c e n t n i t r o groups to some e x t e n t * 

t h i s b e i n g i m p o r t a n t p a r t i c u l a r l y i n t h e a d d u c t s 0 

No k i n e t i c or NMR e v i d e n c e was found f o r c i s - t r a n s 

i s o m e r i s m i n t he d i a d d u c t s = a s w i t h o t h e r compounds i t 

seems l i k e l y t h a t one iso m e r ( p r o b a b l y t h e t r a n s ) i s 

f a v o u r e d 0 



CHAPTER FOUR 

THE REACTIONS OF 2,4,6-TRINITROBENZYL CHLORIDE 

WITH ALKQXIDE IONS 



5 5 0 

4 . 1 . I n t r o d u c t i o n . 

I f t h e r e a c t i o n o f 2 , 4 , 6 - t r i n i t r o t o l u e n e and sodium 

h y p o c h l o r i t e i s quenched w i t h d i l u t e a c i d s h o r t l y a f t e r 

i t s i n i t i a t i o n , a h i g h y i e l d o f 2 , 4 , 6 = t r i n i t r o b e n z y 1 
68 

c h l o r i d e (TNBCl) i s o b t a i n e d . T h i s compound i s l i k e l y 
& 1 t 

t o be an i n t e r m e d i a t e i n t h e f o r m a t i o n o f 2,2 ,4,4 ,6,6 ,-

h e x a n i t r o s t i l b e n e (HNS) by t h e above r e a c t i o n and HNS 

can i n f a c t be made by t h e r e a c t i o n o f TNBCl w i t h p o t a s s i u m 

h y d r o x i d e ^ . The c o n v e r s i o n o f TNT i n t o HNS i s a c c o m p a n i e d 

by t h e p r o d u c t i o n o f i n t e n s e l y c o l o u r e d s p e c i e s i n s o l u t i o n , 

w h i c h may r e s u l t f r o m p r o c e s s e s , such as complex f o r m a t i o n , 

n o t on t h e r e a c t i o n p a t h w a y . I n o r d e r t o o b t a i n 

i n f o r m a t i o n on s p e c i e s p o s s i b l y r e s p o n s i b l e f o r t h e s e 

c o l o u r s , t h e r e a c t i o n s o f TNBCl w i t h a number o f a l k o x i d e 

i o n s were s t u d i e d . 
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4.2. L x p a r i m e n t a l . 

V i s i b l e s p e c t r a were measured on Unlearn 5P5C0 o r 

SP8000 i n s t r u m e n t s , o r measured p o i n t by p o i n t on t h e 

s t o p p o r i - f l i UJ. 
1 

hi f4N:{ measurements wore made u s i n g a O r u k e r HX 9DC 

i n s t r u i . - n t , m o d i f i e d f o r F,T. o p e r a t i o n and u _ l n g a 

d e u t e r i u m l o c k . A l l s h i f t s a r e r e l a t i v e t o i n t e r n a l 

t e t r a r n e t h y 1 a i 1 a n e. 

K i n e t i c measurements f o r t h e s l o u e s t p r o c i ...a i n t h e 

T N B C l - e t h o x i d e s y s t e m were made u s i n g a U n i c a ^ SPS'JU 

i n s t r u m e n t , . O t h e r r a t e s u e r e measured by t h e .,toj,.,ed-f lc'_. 

t e c h n i q u e . I n most c a s e s , t h e v a r i o u s p r o c e s s r ; s ha- u e 11 -

s e p a r a t e d r a t e s , so t h a t r e a s o n a b l e ' i n f i n i t y ' v a l u e s 

c o u l d be o b t a i n e d . However, t h e second p r o c e ^ i i n t h e 

r e a c t i o n o f TNBC1 w i t h e t h o x i d e i n t e r f e r e d w i t h 

f n e a s u r e i ' i f n t s on t h e f i r s t . I n t h i s c a s e , i t was assumed^ 0 

t h a t i n t h e e a r l y s t a g e s t h e o p t i c a l d e n s i t y change due 

t o t h e second r e a c t i o n uas a p p r o x i m a t e l y l i n e a r u i t h t i r o ; . . 

C o n s e q u e n t l y , t h e f i r s t p r o c e s s c o u l d be seen an 

e x p o n e n t i a l s u p e r i m p o s e d on a s t r a i g h t l i n e ( t h e second 

p r o c e s s e x t r a p o l a t e d back t o z e r o t i m e ) and hence i t s r a t e 

c o u l d oe e v a l u a t e d . T y p i c a l r e s u l t s a r e shown i n 

t a b l e 4 . 1 , u h e r e t h e r a t e c o n s t a n t s a r e c a l c u l a t e d f r o m 

t h e i n t e g r a t e d f o r m o f t h e r a t e e x p r e s s i o n . 
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T a b l e 4 . 1 , 

T y p i c a l r e s u l t s f r o m r a t e measurements„ 

( A l l measured a t 430nm o) 

i . TNBC1 = 1 x 1Q~5F1 i i • TNBC1 = 1 x 1 0 ~ 5 

NaOMe = 0° 01 M NaOEt = 2 x 1 0 " 3 

D a t a r e f e r t o k , med Da t a r e f e r t 0 km 

t A\la k b t A\la k b 

(ms) (ms) ( a " 1 

20 3-60 100 5°75 

40 2°9Q 10*0 125 5»00 5°6 

60 2 "40 10-1 150 4° 30 6-0 

80 1-95 10 = 2 175 3°75 5«5 

100 1 «55 10-1 200 3»25 5*7 

120 1 -30 10" 2 225 2»85 5*3 

140 1 «05 10-3 250 2*45 6»0 

160 0-90 9-9 300 

350 

1 «90 

1 «45 

5*1 

5°4 

llea n 10° 1 Mean 5»6 

( c o n t i n u e d ) 

a, A\l = V -V 

bo k = 1 I n ZW' 
( t - t ' ) A\l 



T a b l e 4 . 1 . (cont») 

i i i . TNBC1 = 1 x 10~5£2 

N n e 4 0 1 P r = 3 x 10~ 4M 

t k 

(ms) ( s 

10 4»60 

20 3»65 23 

30 2«95 21 

40 2«35 23 

50 1 -95 19 

60 1 °60 20 

70 1 »35 17 

80 1 '10 20 

Clean 20 

a 0 = V -V 

bo k = 1 I n A/' 
( t - t ' ) A/ 
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4 . 3 . R e s u l t s and D i s c u s s i o n . 

4 * 3 . 1 . G e n e r a l C o n s i d e r a t i o n s . 

The k i n e t i c and s p e c t r o s c o p i c r e s u l t s p r e s e n t e d b e l o w 

p r o v i d e e v i d e n c e f o r t h r e e t y p e s o f 1:1 i n t e r a c t i o n 

b e t w e e n TNBCl and a l k o x i d e i o n s , t h o u g h n o t a l l a r e 

o b s e r v e d w i t h e v e r y a l k o x i d e . These a r e a s s i g n e d , i n 

o r d e r o f d e c r e a s i n g r a t e , t o a d d i t i o n a t C-3 t o g i v e ( 4 . 1 ) , 

a d d i t i o n a t C-1 t o g i v e ( 4 . 2 ) and r e m o v a l o f a p r o t o n 

f r o m t h e s i d e c h a i n t o g i v e ( 4 . 3 ) . The o b s e r v e d r a t e 

c o e f f i c i e n t s f o r t h e s e t h r e e p r o c e s s e s a r e d e s i g n a t e d as 

k f a s t * kmed a n t ^ k s l o w r e s P e c t i v e l y • The r a t e d a t a i s 

i n t e r p r e t e d i n t e r m s o f t h r e e c o m p e t i n g e q u i l i b r i a , as 

shown i n scheme 4 . 1 . 

As t h e base c o n c e n t r a t i o n was k e p t i n l a r g e e x c e s s 

o v e r t h a t o f t h e p a r e n t , f i r s t - o r d e r c o n d i t i o n s a p p l y . 

The v a r i a t i o n s o f t h e o b s e r v e d r a t e c o e f f i c i e n t s w i t h base 

c o n c e n t r a t i o n a r e t h u s g i v e n by e q u a t i o n s 4.1-4.3. 

k f a s t = k 3 [° R~l + k - 3 ^ * 4 - 1 ' 

k
m e d = k 1 [ o R ~ ] + k ^ Eq. 4.2. 

1 + K 3 [ 0 R = ] 

k s l o w = k p [° R°3 + k - p Eq. 4 ° 3 ° 
1 + K 1 [ 0 R = ] 

The d e r i v a t i o n o f 4.3. assumes t h a t t h e v a l u e o f K̂  i s much 

l a r g e r t h a n t h a t o f K 3, w h i c h was f o u n d t o be t h e case f o r 

a l l t h e a l k o x i d e s s t u d i e d . When K^ [ 0 R ~ ] » 1 , e q u a t i o n 

4.3. r e d u c e s t o e q u a t i o n 4.4. 

k , = k + k a l u u _£ -p Lq. 4.4. 
K 1 
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Scheme 4 . 1 . 

CH2CL 
NO v. 

( 4 . 1 ) H 
OR 

NO 

3 

1 NO O NO 
4.2) 

1 

NO NO 

p CHCL 
2 N v v N O OoN 

A. 2 

v. 

NO 



4 . 3 , 2 . i - l . B t h o x i d e i o n i n m e t h a n o l . 

U i s i u i e s p e c t r a o f s o l u t i o n s c o n t a i n i n g TN3 i_:l ( 5 x 10 ^ 
- 3 - 2 

and sodium m e t h o x i d e (10 IV 1 0 M) showed t u o peaks a t 

A430nm and SOOnm, i n i t i a l l y o f r o u g h l y s i m i l a r i n t e n s i t i e s , 

w i t h t u o s h o u l d e r s , t h e more p r o n o u n c e d a t A 370nm and t h e 

o t h e r a r o u n d 650nm. The r e l a t i v e i n t e n s i t i e s o f t h e t u o 

main peaks v a r i e d w i t h b o t h t i m e and base c o n c e n t r a t i o n , 

i n d i c a t i n g t h e p r e s e n c e o f more t h a n one s p e c i e s . S p e c t r a 

r e c o r d e d p o i n t by p o i n t on t h e s t o p p e d - f l o u c o n f i r m e d 

t h i s : w i t h 1U~ 5M TNBC1 and 1Q~2M b a s e , t h e s p e c i e s p r o d u c e d 

i n i t i a l l y has A 430nm and 51Unm, t y p i c a l o f a c r - a d d u c t . 
' max 7 

The s p e c t r u m o f t h i s s o l u t i o n changes w i t h t i m e , e v e n t u a l l y 

h a v i n g maxima s i m i l a r t o t h o s e above ( f i g u r e 4 . 1 . ) . T h i s 

s p e c t r u m i s due t o a m i x t u r e , i n a p p r o x i m a t e l y e q u a l 

p r o p o r t i o n s , o f t h e i n i t i a l l y p r o d u c e d cr - a d d u c t and t h e 

c o n j u g a t e base ( 4 . 3 ) , whose s p e c t r u m i n t h i s i n s t a n c e was 

g e n e r a t e d by a d d i n g 0*01 M DABC0 t o a s o l u t i o n o f TNBCl 

i n DMSO. 

The 1:1 a d d u c t a p p e a r s t o be s t a b i l i s e d r e l a t i v e t o 

t h e c o n j u g a t e base by DMSO, t h e s p e c t r u m o f a s o l u t i o n 

o f TNBCi ( 2 * 5 x 1 0 " 5 n ) and sod i u m m e t h o x i d e (1Q~ 2M) 

i n 80: 20 v/v DMSO: FleOH s h o w i n g o n l y t h e w a v e l e n g t h maxima 

( a t 430nm and 520nm) c h a r a c t e r i s t i c o f t h e a d d u c t . 

P r o t o n m a g n e t i c r e s o n a n c e measurements a l l o w e d t h e 

i d e n t i f i c a t i o n o f t h e s i t e o f a d d i t i o n i n t h e cr - a d d u c t 

( i . e . a t C-3 ( 4 . 1 ) o r a t C-1 ( 4 . 2 ) ) . Measurements were 

made i n m e t h a n o l , DMSO and two m i x e d s o l v e n t s , a l l s o l v e n t s 

b e i n g f u l l y d e u t e r a t e d . 

The s p e c t r u m o f t h e p a r e n t compound i n m e t h a n o l 

showed t u o p e a k s , a t 69*05 ( r i n g p r o t o n s ) and 55°08 (CH 2C1 

p r o t o n s ) . W i t h one h a l f e q u i v a l e n t o f sodium m e t h o x i d e - d ^ . 
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F i g u r e . 1 . 

- 5 V i s i b l e s p e c t r a o f TNBCl ('•< x 10 M) i n t h e p r e s e n c e o f 
u n s e 

A : s p e c t r u . i l , measured by s t o p p e d - f l o w , o f t h e rr - a d d u c t 

( 4 . 2 , ••i= l v ,ii) i n i t i a l l y p r o d u c e d i n t h e prtssi-m.-e o f 

1G Fl sodium m e t h o x i d e i n m e t h a n o l . 

B : s p e c t r u m o f t h e same s o l u t i o n a t e q u i l i b r i u m . 

C: s p e c t r u m o f t h e c o n j u g a t e base ( 4 . 3 ) p r o d u c e d by t h e 

a d d i t i o n o f 1 3 ~ 2 M DABCO i n DH50 s o l u t i o n . 

http://spectru.il
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t h e s e peaks were r e d u c e d i n i n t e n s i t y , and t h r e e neu p e a k s 
o f r o u g h l y e q u a l i n t e n s i t y a p p e a r e d . These were a s i n g l e t 
a t 6 6 * 9 4 , and t u o d o u b l e t s a t 58*17 and 68*56: t h e s e d a t a 
a r e c o n s i s t e n t w i t h t h e f o r m a t i o n o f t h e c o n j u g a t e base 
(4.3) i n w h i c h r o t a t i o n a b o u t t h e C-CHC1 bond i s r e s t r i c t e d 
due t o i t s p a r t i a l d o u b l e bond c h a r a c t e r . S i m i l a r s p e c t r a 
were o b t a i n e d w i t h up t o one e q u i v a l e n t o f b a s e , and no 
s i g n a l s u h i c h c o u l d be a s s i g n e d t o a c r - a d d u c t u e r e observ/ed. 

The r e v e r s e s i t u a t i o n was f o u n d i n DMSO, where c o n j u g a t e 

base f o r m a t i o n uas n o t o b s e r v e d ( f i g u r e 4 . 2 ) . i n t h i s 

s o l v e n t , t h e p e a k s due t o t h e p a r e n t a r e f o u n d a t 59*09 and 

65*00. The a d d i t i o n o f one h a l f e q u i v a l e n t o f base 

r e s u l t e d i n t h e a p p e a r a n c e o f t u o neu b a n d s , a t 64*70 and 

68*68. The absence o f a band i n t h e a r e a a r o u n d 66*0 

a r g u e s a g a i n s t a d d i t i o n a t an u n s u b s t i t u t e d c a r b o n , and 

t h e a d d u c t i s t h u s a s s i g n e d t h e s t r u c t u r e ( 4 . 2 , R=Me). 

These t u o peaks i n c r e a s e i n i n t e n s i t y , a t t h e expense o f 

t h o s e o f t h e p a r e n t , w i t h i n c r e a s i n g base c o n c e n t r a t i o n , 

c o n v e r s i o n a p p e a r i n g c o m p l e t e u i t h 1*5 e q u i v a l e n t s o f 

b a s e . U s i n g u n d e u t e r i a t e d m e t h o x i d e , a band uas o b s e r v e d 

a t 63*0, u h i c h uas a t t r i b u t e d t o t h e methoxy p r o t o n s i n 

t h e a d d u c t o 

I n 50:50 DM50:Methanol, o n l y f o r m a t i o n o f t h e c o m p l e x 

(4o 2, R=tv)e) uas o b s e r v e d , w i t h peaks a t 64*73 (CH C I ) and 

68*75 ( r i n g p r o t o n s ) . 

B o t h s p e c i e s u e r e o b s e r v e d i n 25:75 v/v DIM 5 0 : m e t h a n o l 

s o l v e n t m i x t u r e , u p t o a b a s e s p a r e n t r a t i o o f 1 : 1 . The 

c o n j u g a t e base p e a k s u e r e f o u n d a t 6 6 * 9 0 , (CHC1 p r o t o n s ) 

and 68*20, 68*50 ( r i n g p r o t o n s ) , t h e s e l a s t t u o b e i n g s p i n -

c o u p l e d u i t h 3 2*3 Hz. The peaks due t o t h e cr - c o m p l e x ' 

u e r e f o u n d a t 68*75 ( r i n g p r o t o n s ) and 54*70 (CH _ CI p r o t o n s ) . 
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F i g u r e 4. 2 . 

N!\R s p t ' c t r r , o f TN8C1 (0»2 M) and sodium i i : r , t h a x i d i , - d 3 i n 

D n S G - r l . 

A : u i t h D•5 e q u i v a l e n t s o f m e t h o x i d e . 

3 : u i t h 1 • P a q u i v a l e n t s o f m e t h o x i d e . 
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F i g u r e 4.2 

3 
i n 



I n t h e p r e s e n c e o f more t h a n one e q u i v a l e n t o f b a s e , two 

neu d o u b l e t s , u i t h 3 3 Hz, a r e o b s e r v e d a t 6t'• • and B°68, 

t o g e t h e r w i t h a s i n g l e t a t 7*55. These i n d i c a t e t h e 

f o r m a t i o n o f t h e d i a n i o n ( 4 . 4, R=l1e) a n a l a g c u s t o t h a t 
5 1 

f o r m e d f r o m TNT U . ( f i g u r e 4,3) 

i - OR 
H 

N 0 2 

The Nf'i1-. d a t a a r e s u m m a r i s e d i n t a b l e 4.2. 

I n a g r e e m e n t u i t h t h e s p e c t r a l d a t a , s t o p p e d - f l o u 

s p e c t r o p h o t o m e t r y r e v e a l e d t h e p r e s e n c e o f two ^ r e c e s s e s 

i n m e t h a n o l , w h i c h were a s s i g n e d t o t h e f o r m a t i o n o f ( 4 . 2 ) 

R=Me} ( r a t s c o e f f i c i e n t k .) and ( 4 . 3 ) ( k . The v rued' v ' x s l o w 

r e l e v a n t r a t e and e q u i l i b r i u m d a t a a r e i n t a b l e 4.3. The 

r a t e c o e f f i c i e n t s o f t h e f a s t e r p r o c e s s a r e i<- a c p c n d e n t 

o f t h e p . r e n t c o n c e n t r a t i o n , b u t i n c r e a s s w i t r t h e base 

cone j n t r a t i o n . A p l o t o f k . v e r s u s s o dium .• • t h o x i d e 
mec 

c o n c e n t r a t i o n i s l i n e a r w h i c h i n d i c a t e s t h a t e . t i u n 4.2 

r e d u c e s i n t h i s case t o e q u a t i o n 4.5, and t h u s t h a t 

K 3 [0Pie"]«1. 

kmed = k 1 t 0 , ' e " ] + k - 1 E H' '.5 

The v a l u e s o b t a i n e d f r o m t h i s p l o t were k„= 7?;j + 30 1 mol 
i _ 

_ i 

and k _ 1 - 2*2 + 11 • 2 s , w h i c h combine t o g i v e p - k ^ k \ = 

350 ± 50 1 mole . T h i s i s i n good agreement w i t h t h e 

v a l u e s o b t a i n e d f r o m o p t i c a l a e n s i t y measurement ̂  a t 430nm 

(33U + 3b 1 m ole" ) and 500nm (370 ± 35 1 i n o h " ) . 
I'pi i c 11 d e n s i t y m easurements a t 51.10 nm a t t h u end o f 
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F i g u r e 4 . 3 . 

|\IP!R i 3 f . . • . ? t rum o f TNBCl ( 0 - 2 M) w i t h 1°5 e q u i v a l e n t s o f 

sodium m e t h a x i d e - d . , i n 75/25 CLUOD/DKiSO-d . 
-> j b o 
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* 

03 



7Q„ 

T a b l e 4,2. 

C h e m i c a l s h i f t s 3 f o r p r o d u c t s o f r e a c t i o n s 

o f TNBC1 u i t h m e t h o x i d e o 

S o l v e n t 

M e t h a n o l 

DMSO 

75:25 
MeOHiDNSO 

S p e c i e s 

TNBC1 

( 4 . 3 ) 

TNBC1 

TNBC1 

R i n g 

9°Q5 

8°17 C 

B«56 C 

9°09 

(±0^^=00^) 8 = 68 

9»06 

(4^2,R=CD 3) 8»75 

(4j;2,,R==CH,) 8°70 

( 4 . 3 ) 8°20 ( 

8»50 l 

( 4 ^ 4 9 R = N e ) 6»22 ( 

S i d e c h a i n 

5°08 

6°94 

5-00 

4»7Q 

5-07 

4°70 

4°68 

6*90 

7°55 

Methoxy 

3«>00 

8.68' 

a. fivalues, r e l a t i v e t o i n t e r n a l TP1S 

b. F u l l y d e u t e r i a t e d . 

c. D o u b l e t s . 

d. D o u b l e t s , J = 2°3 Hz. 

e. D o u b l e t s , J = 3 Hz. 



T a b l e 4,3 

K i n e t i c and e q u i l i b r i u m d a t a f o r t h e r e a c t i o n o f 

2 , 4 , 6 - t r i n i t r o b e n z y l c h l o r i d e u i t h s o d ium 

m e t h o x i d e i n m e t h a n o l a t 25°C. 

le
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t h e second p r o c e s s a l l o w e d c a l c u l a t i o n o f an u v u r d l l 

e q u i l i b r i u m c o n s t a n t s K-j-o C o m b i n i n g t h e v a l u e f o r K 1 , 

350 1 m o l e " 1 , w i t h t h a t o b t a i n e d f o r K j t 600 + 50 1 m o l e - 1 , 
_ i 

g i v e s > v a l u u f o r K p, 250 1 mole , f r o m e q u a t i o n 4.6. 

K T = K. + K Eq. 4.6 
T i p 

R-itb measurements ( s e e t a b l e 4.3) on t h e s l o w p r o c e s s 

showed t h a t i n t h e r a n g e o f m e t h o x i d e c o n c e n t r a t i o n Q°01 V\-

0*1 n t h e r a t e c o e f f i c i e n t i s i n d e p e n d e n t o f bass 

c o n c e n t r a t i o n : hence e q u a t i o n 4.4 a p p l i e s . U s i n g t h e 
_ 1 

l i m i t i n g r a t e , 0-11 s , t o g e t h e r w i t h t h e v a l u e s f o r 
-1 -1 - 1 

and K , gave v a l u e s o f k = 16 1 mole s , and k ~ 0*065 s . 
P P -P 

No e v i d e n c e was f o u n d f o r t h e f o r m a t i o n o f ( 4 . 1 , R=f vle) 

i n t h e s o l u t i o n s used i n t h i s w o r k . T h i s can be 

a t t r i b u t e d t o t h e l o w s t a b i l i t y e x p e c t e d f o r t h i s a d d u c t . 

The v a l u e s o f t h e e q u i l i b r i u m c o n s t a n t s f o r m e t h o x i d e 

a d d i t i o n a t an u n s u b s t i t u t e d c a r b o n a r e , f o r 1 , 3 , 5 - t r i n i t r o -
44 -1 17 benzene 20 1 mole , f o r 2 , 4 , 6 - t r i n i t r o a n i s o l e 2*1 1 mole 

78 „ i and f o r 2 , 4 , 6 - t r i n i t r o t o l u e n e 0*07 1 m o l e " . A l s o , by 

a n a l o g y t o t h e s u l p h i t e a d d i t i o n s d e s c r i b e d i n t h e 

p r e v i o u s c h a p t e r , t h e r a t i o o f t h e e q u i l i b r i u m c o n s t a n t s 

f o r TIMBC1 and TNT s h o u l d be o f t h e o r d e r o f 25. Thus t h e 

c o n c e n t r a t i o n s o f t h e C-3 a d d u c t i n e q u i l i b r i u m u i t h TNBC1 

and base i n t h e s o l u t i o n s used a r e l i k e l y t o be s m a l l . 

The v a l u e o b t a i n e d f o r t h e r a t e c o n s t a n t f o r m e t h o x i d e 

d e p a r t u r e , k_^, p r o v i d e s f u r t h e r e v i d e n c e f o r a d d i t i o n a t 

C-1. T y p i c a l l y , v a l u e s f o r m e t h o x i d e e x p u l s i o n f r o m a 
-1 

r i n g - c a r b o n c a r r y i n g h y d r o g e n a r e o f t h e o r d e r o f 300 s , 
_ -i 

s i g n i f i c a n t l y h i g h e r t h a n t h e v a l u e o f 2•2 s f o u n d 

h e r e . 
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T a b l e 4o4«. 

Rate c o e f f i c i e n t s f o r e q u i l i b r a t i o n o f (4c 2) 

and (4o 3) i n m e t h a n o l a t 25°C<> 

[NaUMe] 

(J!!) 

• •01 

0-02 

0-04 

0-07 

0-10 

s l o u 
( a " 1 ) 

0-116 

0» 1 18 

0-113 

0-107 

0-108 
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4 o 3o3. L t h o x i d e I o n i n E t h a n o l o 

V i s i b l e s p e c t r a ( s e e f i g u r e 4«>4) o f s o l u t i o n s c o n t a i n i n g 

s o d i u m e t h o x i d e ( 1 Q ~ 3 N - 1 0 = 2 M ) and TNBC1 ( 4 x 10" 5M) 

shoued t h e r a p i d f o r m a t i o n o f an o r a n g e species» w i t h ^ m a X 

430nm and 510nm, f o l l o w e d by t h e a p p e a r a n c e o f a second 

s p e c i e s h a v i n g A m a x 370nm, 500nm and 65Qnrns, b o t h s p e c i e s 

b e i n g p r e s e n t s t e q u i l i b r i u m - These d a t a a r e i n t e r p r e t e d 

i n t e r m s o f t h e f o r m a t i o n o f a cr - a d d u c t , u i t h s u b s e q u e n t 

e q u i l i b r a t i o n u i t h t h e c o n j u g a t e base ( 4 0 3)„ 

U i t h 0°1 M b a s e ; t h e i n i t i a l o r a n g e c o l o r a t i o n uas 

r e p l a c e d f a i r l y r a p i d l y by a c r i m s o n - p i n k c o l o u r , u i t h 

A a t 516nm„ T h i s i s l i k e l y t o be due t o a 1s 2 max 7 

i n t e r a c t i o n , f o r m i n g e i t h e r a d i a n i o n s i m i l a r t o t h a t w i t h 

m e t h o x i d e , o r a d i a d d u c t by a d d i t i o n o f t u o e t h o x i d e i o n s 0 

1 

H NMR s p e c t r a were i n a g r e e m e n t u i t h t h e s e r e s u l t s , , 

On t h e a d d i t i o n o f one h a l f e q u i v a l e n t o f base t o a s o l u t i o n 

o f TNBC1 i n DMSO-dg, t h e peaks due t o t h e p a r e n t d e c r e a s e d 

i n i n t e n s i t y * u h i l s t t u o new bands a p p e a r e d a t 64°68 and 

68 ° 6 8 0 T h i s i s i n a c c o r d u i t h t h e f o r m a t i o n o f a cr - a d d u c t 

by a d d i t i o n a t C-1 (4o 2, R=Et)„ The m e t h y l e n e p r o t o n s 

i n t h e a d d u c t were a l s o o b s e r v e d , as a peak a t 63°09 

s e p a r a t e f r o m t h e b u l k r e s o n a n c e a t 63<>37. 

A s i m i l a r p a t t e r n uas o b s e r v e d u i t h one and t u o 

e q u i v a l e n t s o f b a s e D A l s o , a peak d e v e l o p e d u i t h t i m e a t 

67°25 i n t h e s e s o l u t i o n s , p o s s i b l y due t o f o r m a t i o n o f 

t h e c o n j u g a t e b a s e , H o u e v e r , no c o r r e s p o n d i n g r i n g p r o t o n 

p e a k s u e r e o b s e r v e d , 

5 t o p p e d - f l o u s p e c t r o p h o t o m e t r y r e v e a l e d t h e p r e s e n c e 

i n d i l u t e base s o l u t i o n s o f t h r e e p r o c e s s e s i n t h i s s y s t e m , 

w h i c h u e r e i n t e r p r e t e d i n t e r m s o f scheme 4 01„ At e t h o x i d e 

c o n c e n t r a t i o n s g r e a t e r t h a n 0°002 N, a r a p i d c o l o u r - f o r m i n g 



F i g u r e 4.4. 

V i s i b l e s p e c t r a o f TNBC1 (5 x 10" M) and sodium e t h o x i d 

( 1 x 10 M) i° e t h a n o l j t a k e n a t 2 m i n u t e i n t e r v a l s 

(A - D ) , s h o w i n g t h e e q u i l i b r a t i o n b e t u e e n ( 4 . 2 , R=Et) 



F i g u r e 4.4 

76 

•H >> 
(0 -4-> 
U • H 

., -i (/) 
- P U 

l 1. 111 
t . i n 



77. 

r e a c t i o n uas o b s e r v e d , whose s p e c t r u m , as o b t a i n e d f r o m 

measurements on t h e s t o p p e d - f l o u had A 430nm j n d 510nm. 
^ r max 

I n v i e w o f t h e s u b s e q u e n t e q u i l i b r a t i o n o f t h i - s p e c i e s , 

w h i c h uas a l s o q u i t e f a s t , and t h e s t a b i l i t y o f t h e C-1 

a d d u c t as deduced Prom t h e NPIR m e a s u r e m e n t s , t h i s p e c i e s 

uas a s s i g n e d t h y s t r u c t u r e ( 4 . 1 , R = E t ) . The e q u i l i b r a t i o n 

r e a c t i o n means t h a t t h e v a l u e s o f t h e r a t e c o e f f i c i e n t f o r 

t h i s f i r s t p r o c e s s , ^-fas^ ( s e e t a b l e 4.5) a r e s u b j e c t t o 

q u i t e l a r g e e r r o r s - c o n s e q u e n t l y , a p l o t o f k v e r s u s 
f as t. 

e t h o x i d e c o n c e n t r a t i o n gave a s t r a i g h t l i n e , as e x p e c t e d 
4 - 1 -1 

f r o m e q u a t i o n 4 . 1 , w i t h a s l o p e ( k ^ ) o f 10 1 mole s , 

b u t w i t h an u n c e r t a i n i n t e r c e p t ( k ^ ) • 

The second p r o c e s s i s a l s o c o l o u r - f o r m i n g , and c o r r e ­

sponds t o t h e f o r m a t i o n o f ( 4 . 2 , R = E t ) . T h i s i s t h e 

s p e c i e s r e s p o n s i b l e f o r t h e o r a n g e c o l o u r o b s e r v e d i n t h e 

v i s i b l e s p e c t r a , and has an a l m o s t i d e n t i c a l v i s i b l e 

s p e c t r u m t o t h a t o f ( 4 . 1 , R = E t ) . The s i m i l a r i t y o f t h e 

s p e c t r a o f such i s o m e r i c a d d u c t s i s n o t u n e x p e c t e d , 

h a v i n g been o b s e r v e d i n t h e case o f t h e m e t h o x i d c a d d u c t s 
1 7 

o f 2 , 4 , 5 - t r i n i t r o a n i s o l e . Rate d a t a f o r t h i s u c c e s s were 

measured a t 430nrn, and a r c a l s o i n t a b l e 4.5. The 

v a r i a t i o n o f t h e r a t e c o e f f i c i e n t s , k i j : ! t : . c r i btiri by 
med 7 

e q u a t i o n 4.2, and an i t e r a t i v e p r o c e d u r e war. used t o 
c a l c u l a t e v a l u e s f o r t h e r a t e and e q u i l i b r i u m ;.... a m e t e r s . 
The e q u a t i o n i s w e l l f i t t e d w i t h K.7 700 1 o"\ ' , 

-1 -1 
k^ 700(1 1 mole s and k 1 n e g l i g i b l y s m a l l . i.-...j.:>g t h i s v a l u e f a r K_, and t h e known v a l u e o f k, . a v. 1 v, f a r a a' 
k_3» ( = k 3 / K 3 ' o f V t s " 1 u a s o b t a i n e d . The o, t i c , ! d e n s i t y 
v a l u e s measured a t t h e end o f t h i s second p r o c e s s ^ r t 

i n d e p e n d e n t o f t h e base c o n c e n t r a t i o n down t o t h e l o w e s t 
_ 3 

c o n c e n t r a t i o n s used ( 1 0 |*) . T h i s i n d i c a t e s . v/tvry h i g h 
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T a b l e 4„5o 

K i n e t i c d a t a f o r t h e r e a c t i o n o f 2»4j6-trinitrobenzyl 

c h l o r i d e u i t h s odium e t h o x i d e i n e t h a n o l a t 25°Co 

[NaOEt] k f a s t ^rned 
k a 

med 0.D„ b 

s l o w 

(Q) c a l c ( s 1 ) 430nm I s " 1 ) 

0-001 3-8 4-1 0-Q29 

0-0013 4-4 4-8 0-032 

0-0015 5-0 5-1 0-029 0-0071 

0-0017 5-3 5-4 0-031 

0-002 5-7 5-8 0-030 

0-0026 6-4 6-5 0-031 

0-003 35±10 6-8 6-8 0-029 0-0067 

0-005 60 7-4 7-7 0-029 0-0074 

0-0075 85 8-7 8-8 0-030 0-0079 

0-010 117 

C a l c u l a t e d f r o m e q u a t i o n 4o 2 u i t h K 3 700 1 m o l e = 1 s> 

k 1 7000 1 , -1 =1 mole s and k = 1 0o 

A f t e r c o m p l e t i o n o f t h e s e c o n d r a t e p r o c e s s , k 
med 

o 



v a l u e f o r K^ : 90>c c o n v e r s i o n t o c o m p l e x a t 10 " H base 
_ i 

w o u l d r e q u i r e a v a l u e f o r K 1 o f 9000 1 mole , .a t h e 

a c t u a l ./alue i s l i k e l y t o be g r e a t e r t h a n 10 * 1 mole 1 . 

The t h i r d p r o c e s s o b s e r v e d uas s l o w enough t o f o l l o w 

by c o n v e n t i o n a l s p e c t r o p h o t o m e t r y . The r a t e c o e f f i c i e n t s 

f o r t h i s r e a c t i o n , e q u i l i b r a t i o n b e t w e e n ( 4 . 2 , A • \ t.) and 

( 4 . 3 ) a r e .independent o f lo c o n c e n t r a t i o n , a:, o x o a c t e d 

f o r t h b c u s s where [OR ] i s v e r y much g r u a t e i t h a n u n i t 

4.3.4. I s o p r o p o x i d e i o n i n i s o p r o p a n o l . 
V i s i b l e s p e c t r a i n d i c a t e t h e r a p i d f o r m a t i o n o f a 

rr - a d d u c t . w i t h \ 430nm and 505nm, when s o l u t i o n s o f ' max 
TlMBCl o l d s o d ium i s o p r o p o x i d e a r e m i x e d . Over a p e r i o d 

o f t i m e , a s m a l l peak d e v e l o p s a t 380nm, and t n o l o w e r 

w a v e l e n g t h peak due t o t h e complex d e c r e a s e s i r . i n t e n s i t y 

i n d i c a t i v e o f t h e f o r m a t i o n o f t h e c o n j u g a t e ; baoo. 

However, as t h i s r e a c t i o n was s o . s l o w , and was a c c o m p a n i e d 

by i r r e v e r s i b l e d e c o m p o s i t i o n r e a c t i o n s , i t was n o t 

q u a n t i t a t i v e l y s t u d i e d . NHR measurements on t h i s s y s t e m 

d i d n o t a l l o w t h e unambiguous i d e n t i f i c a t i o n o~ any o f 

t h e s p e c i e s p r o d u c e d . 

'l a t e m easurements were made a t 430nm, and o r e i n 

t a b l e 4. b • The e f f e c t s o f t h e h i g h d e g r e e o f i -n 

a s s o c i a t i o n i n sodium i s o p r o p o x i d e (K., +„ r. - - 1*9 x 10^ 1 
K 1 x Na PrO 

mole ; can be seen i n t h e p l o t o f r a t e c o e f f i c i e n t 

a g a i n s t s o d i u m i s o p r o p o x i d e c o n c e n t r a t i o n ( f i g u r e 4.5) 

w h i c h shows o b v i o u s c u r v a t u r e . The use o f t e t r c-.^ethyl-

ammonium . i s o p r o p o x i d e g r e a t l y r e d u c e s t h e e x t e n t o f i o n -

p a i r i n g i n d i l u t e s o l u t i o n s . For t h e s e s o l u t i o n s , a p l o t 

o f t h e o b s e r v e d r a t e c o e f f i c i e n t s v e r s u s i s o p r e p o x i d e 

c o n c e n t r a t i o n was l i n e a r , g i v i n g a s l o p e o f 1(" I mole s 

and p a t s.iny t h r o u g h t h e o r i g i n . To o b t a i n dat. f o r t h e 



T a b l e 4 06« 

Rate c o e f f i c i e n t s f o r t h e a d d i t i o n o f i s o p r o p o x i d e i o n 
t o TNBC1 ( 1 x 1 0 = 5 m ) i n i s o p r o p a n o l a t 25°C. 

1Q 4 [ N a l / P r ] 10 4 [ N M e 4 0 i P r ] [ N a B P h 4 ] ^ f a s t (n) (n) (n) ( a " 1 ) 

4°0 1 1 
7»0 20 

10 32 
20 46 
40 73 
70 118 

100 162 
5 0°01 5 

20 Q°01 20 
35 0-01 33 
50 0°01 54 

3 20 
3°8 35 
4-5 40 
6-0 54 

7-5 76 
10 93 
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F i g u r e 4 D 5 , 

P l o t o f k . v e r s u s base c o n c e n t r a t i o n f o r t h e complex-
obs 

f o r m i n g r e a c t i o n b e t w e e n i s o p r o p o x i d e and TNBC1 i n 

i sop r o p a n o l o 



F i g u r e 4.5o 
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o p p o s i t e l i m i t , s o d ium t e t r a p h e n y l b o r a t e uas added t o 

e n s u r e c o m p l e t e i o n = p a i r i n g - h e r e a g a i n a s t r a i g h t l i n e 
4 - 1 - 1 

uas o b t a i n e d , i n t h i s c a s e w i t h a s l o p e o f 10 1 mole s 

and a g a i n u i t h a n e g l i g i b l e i n t e r c e p t . These v a l u e s 

i n d i c a t e a much g r e a t e r r e a c t i v i t y f o r t h e f r e e i s o p r o p o x i d e 
i o n t h a n f o r t h e i o n p a i r , a s i t u a t i o n w h i c h has been 

21 

o b s e r v e d i n t h e a d d i t i o n o f i s o p r o p o x i d e i o n t o 

1 , 3 , 5 - t r i n i t r o b e n z e n e . 

O p t i c a l d e n s i t y measurements a t t h e end o f t h e 

r e a c t i o n i n d i c a t e t h a t c o n v e r s i o n t o t h e complex i s 

v i r t u a l l y c o m p l e t e i n a l l s o l u t i o n s used,, T h i s i s t o be 
21 

e x p e c t e d f r o m t h e v e r y h i g h c a r b o n b a s i c i t y o f t h e 

i s o p r o p o x i d e i o n , w h i c h l e a d s t o l a r g e v a l u e s f o r t h e 

e q u i l i b r i u m c o n s t a n t s w i t h , as f o u n d , a h i g h v a l u e f o r t h e 

f o r w a r d r a t e c o n s t a n t s and v e r y l o w v a l u e s f o r t h e 

r e v e r s e r a t e c o n s t a n t s . Thus t h e e q u i l i b r a t i o n o f t h i s 

s p e c i e s , w h i c h i s k i n e t i c a l l y f a v o u r e d , w i t h t h e 

t h e r m o d y n a m i c a l l y p r e f e r r e d s p e c i e s w i l l be v e r y s l o w . 

The n a t u r e o f t h e com p l e x f o r m e d i n t h e s e r e a c t i o n s c a n n o t 

be u n e q u i v o c a l l y d e t e r m i n e d , b u t i s more l i k e l y t o be 

t h e C-3 a d d u c t . The f o r w a r d r a t e c o n s t a n t f o r ( u n p a i r e d ) 

i s o p r o p o x i d e a d d i t i o n t o 1 , 3 , 5 - t r i n i t r o b e n z e n e i s 
5 _ i _ 1 21 

2°6 x 10 1 mole s , o f t h e same o r d e r o f m a g n i t u d e 
as t h a t o b t a i n e d i n t h i s c a s e . 
4.3.5. C o m p a r i s o n w i t h o t h e r s u b s t r a t e s . 

The d a t a f o r t h e r e a c t i o n s d i s c u s s e d above a r e 

c o l l e c t e d i n t a b l e 4.7, t o g e t h e r w i t h c o r r e s p o n d i n g d a t a 

f o r 2 , 4 , 6 - t r i n i t r o t o l u e n e and 1 , 3 , 5 - t r i n i t r o b e n z e n e . The 

TNT d a t a f o r m e t h o x i d e a d d i t i o n a r e t a k e n f r o m t h e n e x t 

c h a p t e r , and a r e i n c l u d e d h e r e f o r t h e sake o f c o m p l e t i o n . 

The most o b v i o u s d i f f e r e n c e b e t w e e n TNT and TNBC1 i s 
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t h a t t h e t h e r m o d y n a m i c a l l y - p r e f e r r e d a l k o x i d e o d d u c t f r o m 

TNBCl i s f o r m e d by a d d i t i o n a t C-1, r a t h e r t h a n C-3 as i n 
5 1 

t h e case o f TNT . I n a s i m i l a r p a t t e r n t o m e t h o x i d e a t t a c k 
1 7 

on 2 , 4 , u - t r i n i t r o a n i s o l e , t h e a d d u c t a t C-3 i s f o r m e d 

more r a p i d l y , b u t i s n o t as s t a b l e as t h e C-1 a d d u c t . 

However, i n t h i s case t h e r e a s o n s f o r t h i s b e h a v i o u r w i l l 

be d i f f e r e n t t o t h o s e i n t h e a n i s o l e c a se- The g r e a t e r 

i n d u c t i v / e w i t h d r a w a l o f t h e c h l o r o m e t h y l g r o u p i n TNBCl 

compared w i t h t h e m e t h y l g r o u p o f TNT i s one f a c t o r u h i c h 

w i l l f a v o u r a l k o x i d e a t t a c k a t t h e 1 - p o s i t i o n . H o u e v e r , 

t h e m a j o r i n f l u e n c e i s l i k e l y t o be s t e r i c . R e l i e f o f 

s t e r i c s t r a i n b e t w e e n t h e o r t h o n i t r o g r o u p s and t h e 

1 - sub-':. I t u e n t w i l l be g r e a t e r i n t h e c a se o f t h e b u l k y 

CH^Cl g r o u p t h a n f o r t h e l e s s - s t r a i n e d TNT m o l e c u l e s 

The v a l u e o f t h e e q u i l i b r i u m c o n s t a n t f o r a d d i t i o n a t 

C-1 i s g r e a t e r t h a n t h a t f o r C-3 a d d i t i o n as a r e s u l t o f 

t h e c o n s i d e r a b l y l o w e r r a t e o f e x p u l s i o n o f a l k o x i d e 

i o n f r o m t h e f o r m e r a d d u c t , t h e f o r w a r d r a t e c o n s t a n t f o r 

C-1 a d d i t i o n b e i n g s m a l l e r t h a n t h a t f o r C-3. 

The e t h o x i d e a d d u c t o f 1 , 3 , 5 - t r i n i t r o b e n z e n e i s 

s l i g h t l y more s t a b l e t h a n t h e C-3 a d d u c t o f TNBCl, b o t h 

adduces i n v o l v i n g a d d i t i o n a t an u n s u b s t i t u t e d c a r b o n . 

Here t h e i n d u c t i v e e f f e c t o f t h e CH^Cl g r o u p i s p r e s u m a b l y 

o f f s e t by i t s s t e r i c e f f e c t , u h i c h w i l l h i n d e r t h e a b i l i t y 

o f t h e a d j a c e n t n i t r o g r o u p s t o a c c e p t n e g a t i v e c h a r g e . 

A c o m p a r i s o n o f t h e v a l u e s o f K , t h e e q u i l i b r i u m 

c o n s t a n t f o r t r a n s f e r o f a s i d e - c h a i n p r o t o n , f o r TNT and 

TNBCl shows t h a t t h e e l e c t r o n e g a t i v e c h l o r i n e atom enhances 

t h e a c i d i t y o f t h e a d j a c e n t p r o t o n . However, t h e 

enhancement h e r e i s by a f a c t o r o f a p p r o x i m a t e l y t w e n t y , 
8 0 

whereas t h e r e p o r t e d enhancement f o r 4 - n i t r o o e n z y l c h l o r i d e 
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over 4 - n i t r o t o l uene i s a p p r o x i m a t e l y 70u„ As the NflR 

data show, the CHCl-ring carbon bond i n the c o n j u g a t e 

base (4 o 3) has some double bond c h a r a c t e r , and hence t h e 

c h l o r i n e atom u i l l be h e l d t o some e x t e n t i n the plane o f 

the r i n g . I n t h i s p o s i t i o n i t u i l l i n t e r a c t u n f a v o u r a b l y 

w i t h the a d j a c e n t n i t r o group, and hence i t s ac i d - e n h a n c i n g 

p r o p e r t i e s u i l l be reduced, no such i n t e r a c t i o n s o c c u r r i n g 

i n the t r i n i t r o b e n z y l a n i o n . 



CHAPTER FIVE 

THE INTERACTIONS OF 2,4,6-TRIIMITROTOLUENE UITH 

SODIUM flETHOXIDE, AND THE REACTIONS OF 

2,4,6-TRINITROTOLUENE AND 1,3,5-TRINITROBENZENE 

UITH SODIUM HYPOCHLORITE 
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5.1. I n t r o d u c t i o n . 

The r e a c t i o n s of 2 , 4 , 6 - t r i n i t r o t o l u e n e w i t h sodium 

methoxide have been the s u b j e c t o f a number of i n v e s t i g a t i o n s 

B e r n a s c o n i ^ " observed tuo processes i n methanol under 

c o n d i t i o n s o f excess base, t h e s l o u e r of which 'u .s assigned 

t o p r o t o n t r a n s f e r t o g i v e t h e c o n j u g a t e base (5.2) 

(scheme 5.1). Measurements on the f a s t process were not 

made, however, because the e q u i l i b r i u m c o n c e n t r a t i o n of 

th e s p e c i e s produced was too s m a l l . 

A flou-NMR study i n DFlSU-rich media i d e n t i f i e d t h e 

pr o d u c t o f the f a s t r e a c t i o n as the C-3 adduct ( 5 . 1 ) . 

I n t h e uork r e p o r t e d i n t h i s c h a p t e r use uo.s made o f 

the s t a b i l i s a t i o n o f t h e adduct by 0^50 t o o b t a i n k i n e t i c 

and e q u i l i b r i u m data f o r i t s f o r m a t i o n i n •MSG/r'luQH 

m i x t u r e s . These data were then e x t r a p o l a t e d t o o b t a i n 

v a l u e s i n pure methanol. 

The i n t e n s e c o l o u r s produced i n the r e a c t i o n of TNT 

w i t h sodium h y p o c h l o r i t e t o g i v e h e x n n i t r o s t i l b c n c c o u l d 

be due t o sp e c i e s such as (5.1) and ( 5 . 2 ) . I n j r d e r t o 

asses; t h i s p o s s i b i l i t y , and the n u c l e o p h i l i c i t y of the 

H 
OMe CH 

NO 
cheme 5.1 

CH 
NO 

CH3 

0 2N^L^N0 2 

NO 2 

51 



h y p o c h l o r i t e i o n , t h e r e a c t i o n o f sodium h y p o c h l o r i t e w i t h 

1 , 3 p 5 - t r i n i t r o b e n z e n e i n m e t h a n o l / u a t e r was s t u d i u d , and 

compared u/ith r e s u l t s o b t a i n e d u i t h TNT under the same 

c o n d i t i o n s o 



5.2o Experimental<• 

V i s i b l e s p e c t r a were re c o r d e d on a Unlearn 5P800Q 

i n s t r u m e n t * or measured p o i n t by p o i n t on t h e st o p p e d = f l o w 

s p e c t r o p h o t o m e t e r o 

K i n e t i c measurements were made a t s u i t a b l e wavelengths 

u s i n g t h e s t o p p e d - f l o u spectrophotometer„ 

M e t h a n o l / d i m e t h y l s u l p h o x i d e s o l v e n t m i x t u r e s were 

made up by m i x i n g measured volumes o f each component. 

H y p o c h l o r i t e s o l u t i o n s were b u f f e r e d a t pH 10 u s i n g 

borax/sodium h y d r o x i d e b u f f e r s o l u t i o n s . 
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5.3. R e s u l t s and Discussion., 

5.3.1. 2 , 4 , 6 - T r i n i t r o t o l u e n e and Sodium Methoxide. 

S t o p p e d - f l o u s p e c t r o p h o t o m e t r y r e v e a l e d t h e presence 

i n d i l u t e methoxide s o l u t i o n s of two processes a t t r i b u t a b l e 

t o 1s1 i n t e r a c t i o n , i n m e t h a n o l : d i m e t h y l s u l p h o x i d e m i x t u r e s 

c o n t a i n i n g 40,50 and 60% DMSO by volume. The f a s t e r o f 

these gave a sp e c i e s whose spectrum, o b t a i n e d from 

s t o p p e d - f l o u measurements, showed A 430nm and 495nrn, r ^ max 
w h i l s t the second gave r i s e t o a sp e c i e s w i t h A 370nm, 

3 ^ max 
525nm and 650nm ( F i g u r e 5 . 1 ) . These are a t t r i b u t e d t o t h e 

f o r m a t i o n o f t h e cr -adduct (5.1) and t h e c o n j u g a t e base 

(5.2) r e s p e c t i v e l y . 

K i n e t i c measurements were made under f i r s t o r d e r 

c o n d i t i o n s w i t h t h e c o n c e n t r a t i o n o f sodium methoxide i n 

l a r g e excess over t h a t o f t h e p a r e n t . As the r a t e s o f the 

two processes were w e l l s e p a r a t e d , e q u a t i o n s 5.1 and 5.2 

a p p l y . 

k f a s t = k 3 t ^ 0 " ] + k = 3 Ecf° 5 o 1 ° 

k s l o w = k - p + k p [ " e 0 " 1 ^ - 5 ° 2 ° 
1 + K 3 [ MeO~ ] 

Measurements on t h e f i r s t process were made a t 430nms, 

and t h e r a t e and e q u i l i b r i u m data are i n t a b l e s 5.1-5 03 0 

For each s o l v e n t c o m p o s i t i o n p l o t s o f k ^ a s ^ versus 

methoxide c o n c e n t r a t i o n were l i n e a r , as expected from 

e q u a t i o n 5.1, and y i e l d e d values o f k^, k 3 and K 3 ( f r o m 

k r j / k _ 3 ) o O p t i c a l d e n s i t i e s measured at t h e end of t h i s 

process uere used t o c a l c u l a t e v a l u e s f o r K 7, which i n each 



F i g u r e 5.1. 

V i s i b l e s p e c t r a , o b t a i n e d by s t o p p e d - f l o w s p e c t r o p h o t o m e t r y , 

o f A, t h e cr -adduct (5.1) and 8, the c o n j u g a t e base (5.2) 

i n 60/40 ( v / v ) DFiSO/methanol. 
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F i g u r e 5.1 
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Table 5»1 0 

K i n e t i c and e q u i l i b r i u m data f o r t h e 1s1 i n t e r a c t i o n 
o f 2 , 4 , 6 - t r i n i t r o t o l u e n e and sodium methoxide 

i n 40s60 ( v / v ) DMSO-methanol a t 25°Co 

[iMaOMe] ^ f a s t 0 .D.a 

^ s l o u 
k C 

c a l c 0.D.d 

( f i ) ( = - 1 ) 430nm ( 1 m o l e " 1 ) 600nm 

0*005 122 0*0126 23 1 *00 1 '00 0*045 

0*010 124 0*0241 25 1 *61 1 »79 0*045 

0*015 138 0*0355 28 2*68 2*43 0*045 

0*020 142 0*0407 26 3*39 2*96 0*045 

0*025 171 0*0464 25 3*37 3-41 0*044 

0*030 180 

0*040 207 

0*050 244 

a. A f t e r c o m p l e t i o n o f f i r s t process* 4 x 10 pi p a r e n t ; 

2mm p a t h l e n g t h c e l l o 

b o C a l c u l a t e d from O.D. va l u e s and a value o f 0*120 f o r 

complete c o n v e r s i o n ( B e n e s i - H i l d e b r a n d p l o t ) 
-1 -1 

C o C a l c u l a t e d from e q u a t i o n 5.3 u i t h k p 225 1 mole s 

and K 3 26 1 m o l e - 1 , 

do A f t e r c o m p l e t i o n o f second p r o c e s s . 



Table 5.2. 

K i n e t i c and e q u i l i b r i u m d ata f o r t h e 1s1 i n t e r a c t i o n 
of 2 , 4 , 6 - t r i n i t r o t o l u e n e and sodium methoxide 

i n 50;50 ( v / v ) DMSO-methanol a t 25°C<> 

[NaOMe] 

( n ) 
k f a s t O.D.a 

430nm ( 1 mole ) 
^ s l o u k . c 

c a l c 0.D.d 

600nm 

0-0024 46 0-0174 170 0-90 0-92 0-022 

0-0048 63 0*0258 157 1-44 1 -44 0-021 

0-0071 73 0-0331 173 1 -75 1 »76 0-021 

0-0095 86 0-0363 161 2-02 2-02 0-021 
0-0119 99 0-0415 189 2-27 2-17 0-022 

a D A f t e r c o m p l e t i o n o f f i r s t p r o c e s s ! 2 x 10~ M p a r e n t ; 

2mm p a t h l e n g t h c e l l o 

bo C a l c u l a t e d from O.D. va l u e s and a v a l u e o f 0-060 f o r 

complete c o n v e r s i o n ( B e n e s i - H i l d e b r a n d p l o t ) 
— 1 «• 

C o C a l c u l a t e d from e q u a t i o n 5»3, w i t h k p 530 1 mole s 

and K 3 160 1 m o l e " 1
0 

d o A f t e r c o m p l e t i o n o f second p r o c e s s 0 



Table 5 o 3 o 

K i n e t i c and e q u i l i b r i u m data f o r t h e 1:1 i n t e r a c t i o n 
o f 2 j , 4 S 6 - t r i n i t r o t o l u e n e and sodium methoxide 

i n 60:40 ( v / v ) DHSO-methanol a t 2 5 ° C o 

NaOMe] k f a s t 0oD. a K b 
K 3 k s l o u k C 

c a l c 0.Dod 

( f l ) ( s " 1 ) 430nm ( 1 m ole" 1) ( a ' 1 ) 600nm 

Q°002 35 0°0199 990 0*51 0°60 0°010 

0°006 34 0»0243 1070 0°78 0«75 • ••10 

0°Q08 84 0°0254 920 0»79 0°78 Q°010 

0°010 138 0»0273 1010 0»86 0°84 0"010 

a 0 A f t e r c o m p l e t i o n o f f i r s t p r o c e s s j 1 x 10 M p a r e n t j 

2mm p a t h l e n g t h c e l l s 0 

b o C a l c u l a t e d from O.D. val u e s and a v a l u e o f 0°030 f o r 

complete c o n v e r s i o n ( B e n e s i - H i l d e b r a n d p l o t ) 
_ i 

C o C a l c u l a t e d from e q u a t i o n 5o3 s u i t h k^ 1000 1 mole s 

and K 3 1100 1 m o l e ~ 1 . 

d o A f t e r c o m p l e t i o n o f second processo 
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case were i n good agreement w i t h those o b t a i n e d from 

k i n e t i c measurements. Measurements i n media of o t h e r 

c o m p o s i t i o n uere n o t made due t o t h e u n a v o i d a b l y h i g h 

u n c e r t a i n t i e s i n t h e va l u e s o f k^ ( i n media c o n t a i n i n g l e s s 

t h a n 40> DM50) and k _ 3 ( m e d i a c o n t a i n i n g more than 60% DMSO). 

Measurements on t h e second process uere made a t 600nm, 

where t h e r e was no o p t i c a l d e n s i t y change due t o t h e f i r s t 

p r o c e ss: these data are a l s o i n t a b l e s 5.1-5.3. The 

o p t i c a l d e n s i t y a t c o m p l e t i o n o f t h i s process uas 

independent o f the c o n c e n t r a t i o n o f methoxide f o r each 

s o l v e n t system, i n d i c a t i n g a very h i g h v a l u e f o r K p i n 

each system used. Consequently, i n t h e a n a l y s i s o f t h e 

k i n e t i c d a t a , k = p was assumed t o be n e g l i g i b l e , and hence 

e q u a t i o n 5.2 reduced t o 5.3. R e c i p r o c a l p l o t s a c c o r d i n g 

k , = k [ MeO" ] c , slow p L J Eq. 5.3. 

1 + K 3 [ MeO"] 

1 / k s l o w = Vk p[MeO-] + K 3 / k p Eq. 5.4. 

t o e q u a t i o n 5.4 uere used t o o b t a i n v a l u e s f o r k . 
P 

Values f o r t he r a t e c o e f f i c i e n t s f o r t h i s process were 

c a l c u l a t e d from t h e d e r i v e d p a r a m e t e r s , and are presente d 

i n t a b l e s 5.1-5.3. 

A t h i r d p r o c e s s , which was very slow on the stopped-

f l o w t i m e s c a l e , was a l s o observed, c o n s i s t e n t w i t h t h e 
51 

f o r m a t i o n o f t h e d i a n i o n ( 5 . 3 ) . Q u a n t i t a t i v e measurements 

CH 2 

H 
OMe 

N02 

5.3 
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were not made on t h i s r e a c t i o n . 
Rate and e q u i l i b r i u m parameters f o r the f i r s t two 

processus are c o l l e c t e d i n t a b l e 5.4. As b e f o r e ( c h a p t e r 

t h r e e ) , p l o t s of k^ and k ^ versus t h e mole f r a c t i o n of 

DMSO al l o w e d e x t r a p o l a t i o n t o pure methanol (see f i g u r e 5 . 2 ) , 

and t h e d e r i v e d v a l u e s are a l s o i n t a b l e 5.4. 

An a c i d i t y f u n c t i o n approach uas a l s o used, as an 

a l t e r n a t i v e r o u t e t o t h e d e t e r m i n a t i o n of K^o A a c i d i t y 

f u n c t i o n , d e f i n e d by e q u a t i o n 5.5, had p r e v i o u s l y been 

determined i n r n e t h a n o l - d i m e t h y l s u l p h o x i d e m i x t u r e s 

c o n t a i n i n g 0*098 M sodium methoxide, u s i n g c -complex 
75 

f o r m a t i o n from 1-X-3,5-dinitrobenzenes 

Jm = P^ K3 K( vleOH^ + l O 9 1 0 I c o m P l e x ] / [ p a r e n t ] Eq. 5.5. 

T h i s f u n c t i o n uas a p p r o p r i a t e f o r t h i s case, s i n c e , as 

w i t h TNT, base a d d i t i o n o ccurs at an u n s u b s t i t u t e d r i n g 

p o s i t i o n i n these compounds. S t o p p e d - f l o u s p e c t r o p h o t o m e t r y 

uas used t o measure va l u e s of o p t i c a l d e n s i t y at t h e 

c o m p l e t i o n of the f i r s t p r o c e s s , and these were used t o 

c a l c u l a t e i n d i c a t o r r a t i o s . The data are i n t a b l e 5.5. 

Using the known values of 3 , v a l u e s o f p ( K 7 K m ,,,,) were 

c a l c u l a t e d . S u b t r a c t i o n o f t h e v a l u e o f P K ^ ^ ('! 6 ° 9 2) 

gave a val u e f o r pK 3 o f 1•26 ± 0*1, l e a d i n g t o a v a l u e 

f o r K 3 of (5-5 ± 1 - 5 ) x 1 0 " 2 1 m o l e " 1 . 

These r e s u l t s g i v e an o v e r a l l v a l u e f o r of 
- 1 

0°07 ± Q°03 1 mole 9 which can be compared w i t h a value 
_ -] 

o f 20 1 mole f o r methoxide a d d i t i o n t o 1 , 3 , 5 - 1 r i n i t r o -

benzene a t an u n s u b s t i t u t e d p o s i t i o n . The p o l a r e f f e c t 

o f t h e methyl group i n TNT w i l l be a f a c t o r i n r e d u c i n g 

complex s t a b i l i t y , as w i l l i t s s t e r i c e f f e c t . The presence 

o f t h e m e t h y l group w i l l i n t r o d u c e s t e r i c s t r a i n around 
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1 0 0 , , 

V a r i a t i o n u i t h s o l v e n t c o m p o s i t i o n o f k i n e t i c parameter! 
f o r the f o r m a t i o n o f ( 5 . 1 ) . 

A s k . 

B : k -3 
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F i g u r e 5.2 
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Table 5.5. 

C a l c u l a t i o n o f t h e v a l u e o f u s i n g J a c i d i t y f u n c t i o n . 

Volume % O.D. l o 9 1 0 [complex] J m P( K3 KNeOH 
DMSO 430nm [parent ] 

25 0*0048 -0*73 17*46 18*19 

30 0*0083 =0*43 17*82 18*25 

35 0*0150 -0*01 18*15 18*16 

40 0*0232 +0*50 18*53 18*03 

50 0*0281 +1*07 19*35 18*28 

60 0*0302 

70 0*0307 

a. For 1 x 10 M p a r e n t , w i t h a 2mm p a t h l e n g t h c e l l 

b. From r e f e r e n c e 75 
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t h e I m p o s i t i o n * h i n d e r i n g t h e p l a n a r i t y o f t h e a d j a c e n t 

n i t r o groups and hence r e d u c i n g t h e i r a b i l i t y t o accept 

n e g a t i v e charge. The reduced s t a b i l i t y o f t h e TNT adduct 

compared w i t h t h a t from TNB d e r i v e s from both a s m a l l e r 

v a l u e f o r t h e f o r w a r d r a t e c o n s t a n t (280 1 mole s a g a i n s t 

7300 1 mole s ) and a h i g h e r v a l u e f o r t h e r a t e c o n s t a n t 
— 1 -1 

f o r t h e r e v e r s e r e a c t i o n (3000 s a g a i n s t 330 s ) . 

I n c o n t r a s t t o 2 , 4 , 6 - t r i n i t r o b e n z y l c h l o r i d e , where 

a t e q u i l i b r i u m both t h e o~ -adduct and t h e c o n j u g a t e base 

are p r e s e n t , t h e t h e r m o d y n a m i c a l l y s t a b l e p r o d u c t o f t h e 

r e a c t i o n o f TNT w i t h methoxide i s t h e c o n j u g a t e base ( 5 . 2 ) . 
-1 -1 

The v a l u e f o r k o f 20 + 5 1 mole s o b t a i n e d here can 
P 

be compared u i t h a p r e v i o u s v a l u e ^ i n methanol o f =1 =1 -1 13*3 1 mole s , where t h e v a l u e o f K was 12*4 1 mole 
P 

5.3.2. 1 , 3 , 5 - T r i n i t r o b e n z e n e and Sodium H y p o c h l o r i t e i n 

50:50 ( v / v ) methanol:water. 

The v i s i b l e s p e c t r u m , measured on a c o n v e n t i o n a l 

s p e c t r o p h o t o m e t e r , o f a s o l u t i o n c o n t a i n i n g 1 , 3 , 5 - t r i n i t r o -

benzene (2 x 10~*JM) and sodium h y p o c h l o r i t e ( 0 a 0 5 M) 

showed two peaks, a t A430nm and 480nm, s i m i l a r t o those 

of a l k o x i d e complexes,. Examination by s t o p p e d - f l o w 

s p e c t r o p h o t o m e t r y r e v e a l e d t h e presence of two w e l l - s e p a r a t e d 

c o l o u r f o r m i n g r e a c t i o n s a t 480nm. 

The f a s t e r o f these two was t o o r a p i d f o r measurement 

on t h e s t o p p e d - f l o w t i m e s c a l e , w h i l s t t h e second had a 

h a l f - l i f e o f ^ 0 ° 1 s . These were f o l l o w e d by a much 

slower i r r e v e r s i b l e f a d i n g p r o c e s s . The r e l e v a n t data 

i s i n t a b l e 5.6. 

The p o s s i b l e n u c l e o p h i l e s i n t h i s system are h y d r o x i d e ^ 

methoxide and h y p o c h l o r i t e i o n s , t h e data being i n accord 
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Table 5»6 a 

R e a c t i o n o f 1 , 3 s 5 = T r i n i t r o b e n z e n e w i t h Sodium H y p o c h l o r i t e 

i n 50s50 ( v / v ) methanol: water a t 25°C<> 

[TNB] [NaOCl] 

( f l ) ( f i ) 

5x10 0*025 
= 4 5x10 0*063 

5 x 1 0 " 4 0*125 

490nm 

0*00524 

0*00877 

0*0182 

O.D. 

490nm 

0*00745 

0*0132 

0*0292 

K o b s 

8*1+0*5 

7*3±1 

7*5±1 

a. B u f f e r e d a t pH 10 

bo A f t e r c o m p l e t i o n o f f i r s t process = 2mm p a t h l e n g t h c e l l 

Co A f t e r c o m p l e t i o n o f b o t h c o l o u r - f o r m i n g processes - 2mm 

p a t h l e n g t h c e l l 

do Refers t o t h e slower o f t h e two c o l o u r - f o r m i n g processes 
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u i t h a d d i t i o n by t h e f i r s t t u o o n l y . Data p u b l i s h e d by 
81 

Bernasconi and Bergstrom on methoxide and h y d r o x i d e 

a d d i t i o n s i n d i c a t e t h a t , under these c o n d i t i o n s , t h e r a t e 

c o n s t a n t a s s o c i a t e d u i t h methoxide a d d i t i o n t o TNB has a 
=• 1 

v a l u e o f ~ 300 s , u h i l e t h e c o r r e s p o n d i n g valu e f o r 
-1 

h y d r o x i d e a d d i t i o n i s ̂ 1 0 s . Consequently, t h e f a s t e r 

p r o c e s s , too r a p i d t o measure by s t o p p e d - f l o w , was a t t r i b u t e d 

t o methoxide a d d i t i o n , and t h e second, measured, process 

t o h y d r o x i d e a d d i t i o n . F u r t h e r evidence f o r these a s s i g ­

nments comes from t h e f a c t t h a t t h e o p t i c a l d e n s i t i e s 

a t t h e end of t h e tuo processes are i n a c o n s t a n t r a t i o . 

T h i s i s i n accord u i t h a d d i t i o n by n u c l e o p h i l e s p r e s e n t i n 

s o l u t i o n i n a c o n s t a n t r a t i o , uhereas i f one of t h e processes 

uere due t o h y p o c h l o r i t e a d d i t i o n , t h e r e l a t i v e magnitude 

o f t h e change due t o t h a t process u o u l d be expected t o 

i n c r e a s e u i t h i n c r e a s i n g h y p o c h l o r i t e c o n c e n t r a t i o n . 

Thus i t appears t h a t t h e h y p o c h l o r i t e i o n , t he anion o f 

hypochlorous a c i d (pK 7*53), i s t o o ueak a n u c l e o p h i l e 

t o form cr -adducts u i t h TNB i n t h i s s o l v e n t . 

5.3.3. 2 , 4 , 6 - T r i n i t r o t o l u e n e and Sodium H y p o c h l o r i t e i n 

m e t h a n o l - u a t e r . 

V i s i b l e s p e c t r a o f s o l u t i o n s o f TNT (10° 4- 10° 3 M) and 

sodium h y p o c h l o r i t e ( 0 8 1 M) i n 50s50 ( v / v ) m e t h a n o l ; u a t e r 

shoued tuo peaks a t 430nm and 510-520nm, t h e orange-red 

c o l o u r f a d i n g q u i t e r a p i d l y . 

I n c o n t r a s t t o t h i s , s o l u t i o n s c o n t a i n i n g TNT and 

sodium methoxide i n 70;30 ( v / v ) m e t h a n o l s u a t e r had the 

p u r p l e c o l o r a t i o n t y p i c a l of t h e c o n j u g a t e base ( 5 . 2 ) , 
u i t h A 365, 510 and 650nm, i n agreement u i t h p r e v i o u s max 

. 50,51 uork 
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These s p e c t r a i n d i c a t e t h a t t h e c o n j u g a t e base (5o2) 

i s n o t t h e major c o l o u r e d s p e c i e s produced from TNT i n 

th e presence o f h y p o c h l o r i t e s , a l t h o u g h i t i s p r o b a b l y 

an i n t e r m e d i a t e i n t h e f o r m a t i o n o f TNBC1 from TNT» I n 

view o f t h e evidence i n t h i s c h a p t e r which shows TNT t o be 

l e s s s u s c e p t i b l e t o a d d i t i o n t h a n T N B , i t seems u n l i k e l y 

t h a t t h e process o c c u r i n g i s d i r e c t a d d i t i o n o f h y p o c h l o r i t e 

i o n t o t h e TNT r i n g , as t h i s does not occur w i t h TNBo 

Another p o s s i b i l i t y as t h e source o f t h e c o l o u r i s t h e 

Janovsky complex formed by a t t a c k o f t h e t r i n i t r o b e n z y l 

a n i o n on a n e u t r a l TNT m o l e c u l e , but t h i s t o o i s u n l i k e l y 

as t h i s complex i s r e p o r t e d t o absorb a t 450nm and 550nm 

i n a l c o h o l i c I n view o f t h i s e v i d e n c e , i t seems p r o b a b l e 

t h a t t h e orange-red c o l o u r r e f e r r e d t o above d e r i v e s from 

tr =adducts formed by methoxide and/or h y d r o x i d e a d d i t i o n 

t o TNBC1 (formed from TNT by t h e a c t i o n o f h y p o c h l o r i t e ) , 

perhaps t o g e t h e r w i t h t h e c o n j u g a t e base o f T N B C l o 
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CHAPTER SIX 

THE REACTIONS OF 2,4,6-TRINITRQTOLUENE AND 

2,4,6-TRINITROBENZYL CHLORIDE UITH 

ALIPHATIC AMINES IN DIMETHYLSULPHOXIDE 
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6 0 1 . I n t r o d u c t i o n o 

The r e a c t i o n o f 1 , 3 , 5 - t r i n i t r o b e n z e n e w i t h a l i p h a t i c 
2 2 23 82 

amines has been s t u d i e d by a number o f methods ' ' # 

and k i n e t i c s t u d i e s o f t h e r e a c t i o n s o f amines w i t h o t h e r 

s u b s t r a t e s have p r o v i d e d i m p o r t a n t evidence i n s u p p o r t o f 

t h e i n t e r m e d i a t e complex mechanism i n a r o m a t i c n u c l e o p h i l i c 
39 42 

s u b s t i t u t i o n r e a c t i o n s ' , There has been l i t t l e work 
on the r e a c t i o n s o f t h e t i t l e compounds w i t h amines, 

1 25 a l t h o u g h H NOR evidence i n d i c a t e s t h a t , i n l i q u i d 

ammonia, TNT forms a 1s1 adduct u i t h amide i o n by a d d i t i o n 

a t t h e 3 - p o s i t i o n , and a 1:2 adduct by a d d i t i o n at C-1 
67 

and C-3e A study has a l s o been r e p o r t e d o f p r o t o n 

a b s t r a c t i o n by d i e t h y l - and t r i e t h y l - a m i n e s from a 

c l o s e l y - r e l a t e d compound, 1 , 5 ~ d i m e t h y l ~ 2 , 4 , 8 ~ t r i n i t r o = 

n a p h t h a l e n e , i n d i m e t h y l s u l p h o x i d e . I n t h i s c h a p t e r , 

k i n e t i c and e q u i l i b r i u m d a t a are r e p o r t e d f o r t h e r e a c t i o n s 

o f TNT and TNBC1 u i t h n - b u t y l a m i n e , i s o p r o p y l a m i n e , 

benzylamine, p i p e r i d i n e and d i a z a b i c y c l o - [ 2 , 2 , 2 ] - o c t a n e 

(DABCO). 
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6.2. E x p e r i m e n t a l . 

V i s i b l e s p e c t r a uere recorded u s i n g a Unicam SP8000 

or Beckman 525 s p e c t r o p h o t o m e t e r , or measured p o i n t by 

p o i n t u s i n g t h e s t o p p e d - f l o u s p e c t r o p h o t o m e t e r . 
1 

H NMR measurements were made us i n g Bruker H X 9 0 E and 

V/arian EM360L i n s t r u m e n t s . S h i f t s are quoted r e l a t i v e t o 

i n t e r n a l t e t r a m e t h y l s i l a n e , and t h e s o l v e n t used uas 

d i m e t h y l s u l p h o x i d e - d g . A n i o n i c s p e c i e s uere generated 

by t h e a d d i t i o n o f amine t o Q°1 M s u b s t r a t e s o l u t i o n , or 

by t h e a d d i t i o n o f amine t o s o l u t i o n s c o n t a i n i n g t he 
8 3 

s u b s t r a t e and sodium methoxide i n a 1s1 mole r a t i o 0 

Rate measurements uere made u s i n g t h e s t o p p e d - f l o u 

s p e c t r o p h o t o m e t e r or t h e Beckman S25 i n s t r u m e n t . O p t i c a l 

d e n s i t y v a l u e s uere o b t a i n e d from s t o p p e d - f l o u measurements, 

or d i r e c t l y u s i n g t h e Unicam SP500 s p e c t r o p h o t o m e t e r . 
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6.3. R e s u l t s , 

6.3.1. S p e c t r o s c o p i c Studies,, 

The a d d i t i o n o f 2 , 4 , 6 - t r i n i t r o t o l u e n e t o s o l u t i o n s 

o f v a r i o u s amines (1 x 10 M) i n DMSO r e s u l t e d i n the 

f o r m a t i o n o f a p u r p l e s p e c i e s , uhose spectrum ( A m a x 377nm, 

530nm and 640nm) was t h a t o f t h e c o n j u g a t e base ( 6 . 1 , X=H) 

CHX 

6.1 

RRN CH 2 X CH 2 X 

02N<Y^fN02 0 2 N > y ^ i ^ N 0 2 

Y NRR 
N 0 2 

6 . 2 o 6.3. 

Uhen h i g h e r c o n c e n t r a t i o n s (up t o 0°1 M) o f t h e 

p r i m a r y and secondary amines were used, a t r a n s i e n t r e d 

c o l o u r i n g was observed, p r e c e d i n g f o r m a t i o n o f t h e 

c o n j u g a t e base. Under these c o n d i t i o n s , t he v i s i b l e 

s p e c t r a measured a f t e r t h e a t t a i n m e n t o f e q u i l i b r i u m 

shoued o n l y t h e presence o f t h e c o n j u g a t e base. O p t i c a l 

d e n s i t y measurements u s i n g t he s t o p p e d - f l o u s p e c t r o p h o t o ­

meter shoued the red sp e c i e s t o have a spectrum u i t h maxima 

a t 450nm and 510nm, t y p i c a l o f a o--adduct ( F i g u r e 6.1). 

The two peaks had an i n t e n s i t y r a t i o o f 1°1, t h e former 

being t h e more intense,, 
1 
H NMR s p e c t r a o f TNT i n DNSO-d^ c o n t a i n i n g amines 

were n o t p a r t i c u l a r l y c l e a r , even uhen sodium methoxide-d^ 

uas added t o generate t h e amide i o n . However, s p e c t r a 

u i t h excess n_~butylamine and benzylamine shoued bands a t 

65 < >54 and 68»2, a t t r i b u t a b l e t o the s i d e - c h a i n and r i n g 

p r o t o n s r e s p e c t i v e l y i n t h e c o n j u g a t e base. No peaks uere 

observed due t o cr - a d d u c t s . 
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F i g u r e 6.1» 

V i s i b l e spectrum, measured by s t o p p e d - f l o u s p e c t r o p h o t o m e t r y 
of t h e o- -adduct r a p i d l y produced from TNT (1 x 1 0 ~ 5 M) 
i n the presence of p i p e r i d i n e (0°5 M) and p i p e r i d i n e 
h y d r o c h l o r i d e (0°1 M)» 



F i g u r e 6.1. 
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A more c o m p l i c a t e d s i t u a t i o n was found when TNBC1 

was used i n p l a c e o f TNT. U i t h t h e t e r t i a r y amine DABCO, 

as e x p e c t e d , t h e spectrum produced uas t h a t o f t h e 

co n j u g a t e base ( 6 . 1 , X=C1), u i t h A m a v 373nm„ 490nm and 
1 MI 3 X 

600nm. The t h r e e p r i m a r y amines ( n - b u t y l a m i n e , i s o p r o p y l -

amine and benzylamine) r a p i d l y gave s t r o n g r e d c o l o u r s u i t h 

TNBC1, t h e v / i s i b l e s p e c t r a showing peaks a t 452nm and 540-

550nm c h a r a c t e r i s t i c o f a d d i t i o n complexes. The va l u e s 

o f t h e e x t i n c t i o n c o e f f i c i e n t s f o r these s p e c i e s a t these 

t u o wavelengths were i n t h e r a t i o 1*7 1*8:1, t h e low e r 

wavelength peak ag a i n t h e s t r o n g e r . As u i t h TNT, these 

bands decreased u i t h t i m e , and t h e i n t e n s i t y i n t h e r e g i o n 

o f 370nm and 650nm i n c r e a s e d , i n d i c a t i v e o f t h e f o r m a t i o n 

o f t h e c o n j u g a t e base. However, i n these cases b o t h 

s p e c i e s uere p r e s e n t a t e q u i l i b r i u m - f i g u r e 6.2 i l l u s t r a t e s 

t h i s f o r i s o p r o p y l a m i n e . The secondary amine p i p e r i d i n e 

a l s o gave an immediate r e d c o l o u r u i t h TNBC1. Houever, 

t h e spectrum o f t h i s adduct shoued maxima a t 450nrn and 510nm 

( t h e i n t e n s i t y r a t i o a t these u a v e l e n g t h s b e i n g 1*1) and 

s p e c t r a r e c o r d e d a t e q u i l i b r i u m shoued o n l y a s m a l l amount 
of t h i s s p e c i e s p r e s e n t , 

i 

H NMR s p e c t r a o f s o l u t i o n s c o n t a i n i n g TNBC1 and 

amine uere someuhat c l e a r e r t h a n those u i t h TNTo The 

spectrum o f t h e p a r e n t compound i n DMSO-d, showed t u o 
b 

s i n g l e t s a t 59•1 and 65°0. U i t h one mole e q u i v a l e n t o f 

n - b u t y l a m i n e , t h e s p e c t r a showed,, i n a d d i t i o n t o t h e 

pa r e n t bands, a s i n g l e t a t 67°10 a t t r i b u t a b l e t o t h e 

co n j u g a t e base ( t h e s i d e c h a i n p r o t o n i n t h e c o n j u g a t e 

base uas found a t 66*9 i n uork u i t h methoxide i o n r e p o r t e d 

i n c h a p t e r f o u r ) . Houever, t h e r i n g p r o t o n s o f t h i s 

s p e c i e s uere n o t observed. U i t h t e n e q u i v a l e n t s o f t h e 
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F i g u r e 6.2. 

- 5 v i s i b l e s p e c t r a o f TNBC1 (4 x 10 M) u i t h i s o p r o p y l a m i n e 

(0°2 M) and isopropylammonium p e r c h l o r a t e (0*1 M) i n 

•P1S0 re c o r d e d a t 2 minute i n t e r v a l s , A - showing 

th e i n i t i a l f o r m a t i o n o f o* -adduct f o l l o w e d by e q u i l i b r a t i o n 

w i t h t h e c o n j u g a t e base. 
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same amine, t h e spectrum ( F i g u r e 6.3) showed bands a t 

68*48 and 6 4 * 5 7 , c o r r e s p o n d i n g r e s p e c t i v e l y t o the r i n g 

p r o t o n s and s i d e c h a i n p r o t o n s i n t h e adduct ( 6 . 2 , X=C1, 
' 83 R=n-Bu, R =H). I n view o f t h e evidence t h a t c l e a r NFIR 

s p e c t r a of amide adducts can be o b t a i n e d by t h e g e n e r a t i o n 

of amide i o n s from amines u s i n g sodium methoxide i n DMSO, 

t h i s t e c h n i q u e uas used here. The NaOCD^ s o l u t i o n was 

added t o t h a t o f t h e p a r e n t i m m e d i a t e l y b e f o r e t h e 

a d d i t i o n o f t h e amine. As t h e amount o f n- b u t y l a m i n e 

added t o a 1:1 mole r a t i o o f TNBC1:NaOCD^ uas i n c r e a s e d 

t h e bands a t 58*70 and 54*70 due t o t h e methoxide adduct 

a t C-1 were r e p l a c e d by bands a t 68*48 and$4*57 due t o 

th e amide adduct ( F i g u r e 6.4). The appearance of t h e 

bands due t o the amide adduct s l i g h t l y t o h i g h f i e l d o f 

tho s e due t o t h e methoxide adduct i s i n accord u i t h 
23 83 

p r e v i o u s o b s e r v a t i o n s ' on r e l a t e d adducts u i t h 

1 , 3 , 5 - t r i n i t r o b e n z e n e . 

Spectra r ecorded w i t h i s o p r o p y l a m i n e as t h e base showed 

s i m i l a r f e a t u r e s . U i t h up t o one mole e q u i v a l e n t o f 

amine, a peak was observed a t 67*12, due t o t h e s i d e c h a i n 

p r o t o n o f ( 6 . 1 , X=C1). Again t h e r i n g p r o t o n s were not 

observed, though here t h e broad amino p r o t o n resonance 

o c c u r r e d i n t h e area where they would be expected t o 

appear 0 U i t h a t e n f o l d excess o f amine, t h e spectrum 
showed bands a t 68*48 and 54*54, c o n s i s t e n t w i t h ( 6 . 2 , X=C1, 

» 
R = i s o p r o p y l , R =H). Other bands appeared f a i r l y r a p i d l y 

i n these s o l u t i o n s , a t 68*32, 68*03, 67*5, 55*32 = these 

are p r o b a b l y due t o de c o m p o s i t i o n p r o d u c t s . 

Spectra o f TNBC1 i n t h e presence o f p i p e r i d i n e or 

benzylamine gave l e s s c l e a r r e s u l t s . At low amine 

c o n c e n t r a t i o n s , bands i n d i c a t i n g t h e presence o f t h e 
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F i g u r e 6.3. 

NMR spectrum o f TNBC1 (0°2 M) w i t h 10 e q u i v a l e n t s of 

r i - b u t y l a m i n e i n DPlSO-dgo 
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K 3 

OH ^ 
e a a. 
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NMR spectrum of TNBC1 (0°2 M) w i t h 1 e q u i v a l e n t o f sodium 

methoxide-d^ and 2 e q u i v a l e n t s of _n-butylamine i n DMSO-d^, 
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c o n j u g a t e base were observed; but t h e r e was no d i r e c t 

evidence f o r adduct f o r m a t i o n a t h i g h e r c o n c e n t r a t i o n s * . 

However? i n some s o l u t i o n s a band was observed i n t h e 
8 3 

p o s i t i o n r e p o r t e d f o r t h e r i n g p r o t o n s o f t h e benzylamide 

group i n adducts w i t h v a r i o u s p o l y n i t r o a r o m a t i c compoundso 

S o l u t i o n s c o n t a i n i n g methoxide and amine showed o n l y 

bands due t o t h e methoxide adducto T h i s p r o b a b l y r e f l e c t s 

t h e l ower thermodynamic s t a b i l i t i e s o f t h e adducts 

formed from these amines. 



6,3.2, K i n e t i c and E q u i l i b r i u m Data 
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a. General, 

Measurements were made w i t h amine c o n c e n t r a t i o n s i n 

l a r g e excess o f t h a t o f t h e parent? and u i t h a c o n s t a n t 

c o n c e n t r a t i o n ( u s u a l l y 0*1 N) of t h e c o r r e s p o n d i n g 

ammonium s a l t . T h i s had t h r e e e f f e c t s : i t b u f f e r e d t h e 

s o l u t i o n s so t h a t t h e adverse e f f e c t s o f t r a c e s o f a c i d 

or base were a v o i d e d , i t a l l o w e d data t o be c o l l e c t e d 

a t c o n s t a n t i o n i c s t r e n g t h , and l a s t l y i t s i m p l i f i e d t h e 

k i n e t i c a n a l y s i s . 

The two e q u i l i b r i a p r e s e n t i n these systems i n v o l v e 

t h e c o n v e r s i o n o f t h e p a r e n t compound (P) i n t o e i t h e r 

t h e tr -adduct (P.NRR ) or t h e c o n j u g a t e base (6.1) and 

are d e s c r i b e d by e q u a t i o n s 6.1 and 6.2. The c o r r e s p o n d i n g 

e q u i l i b r i u m c o n s t a n t s , K c and Kp r e s p e c t i v e l y , are d e f i n e d 

by e q u a t i o n s 6.3 and 6.4, The r a t i o o f t h e c o n c e n t r a t i o n s 

o f t h e tuo p r o d u c t s a t e q u i l i b r i u m i s g i v e n by e q u a t i o n 

6,5, and i n agreement u i t h t h i s e x p r e s s i o n i t uas found 

e x p e r i m e n t a l l y t h a t t h e f r a c t i o n o f t h e p a r e n t compound 

p r e s e n t as t h e c -adduct a t e q u i l i b r i u m i n c r e a s e d u i t h 

t h e amine c o n c e n t r a t i o n . 

I n a l l cases, t h e f o r m a t i o n o f t h e cr -adduct uas a 

much f a s t e r process t h a n t h e removal o f t h e s i d e - c h a i n 

p r o t o n . I n t h i s u o r k , k i n e t i c measurements uere not made 

on t h e f o r m a t i o n o f t h e cr =adduct, b u t i t i s l i k e l y t h a t 

t h e r e a c t i o n i n v o l v e s a t u o step process v i a a 

z u i t t e r i o n i c i n t e r m e d i a t e , as i n t h e r e a c t i o n o f 
B 2 

1 , 3 , 5 - t r i n i t r o b e n z e n e u i t h amines . U i t h t h e f o r m a t i o n 

o f a cr -adduct p r e c e d i n g p r o t o n a b s t r a c t i o n , t h e f i r s t 

o r d e r r a t e c o e f f i c i e n t , k . , f o r t h e l a t t e r process i s 
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P + 2 R ' R N H ^ £ P . N R R ' " + R ' R N H * 

P + R ' R N H J j ^ ( 6 . 1 ) + R ' R N H * 

E q . 6 . 1 

E q . 6o2 

K = [ P . N R ' R " ] [ R R ' N H * ] 

[ p ] [ R R ' N H ] 2 

Eq e 6 o 3 

K P = [ ( 6 . 1 ) ] [ R R ' N H ? ; ] 

[ p ] [ R R ' N H ] 

E q . 6 . 4 

[ P . N R ' R " ] _ K C [ R ' R N H ] 

[ ( 6 ° 1 ) ] K D 

E q . 6 . 5 

k o b s = k
P t R R N H ] 
1 + K C [ R R ' N H ] 2 

[ R R ' N H * ] 

+ k = p [ R R ' N H + ] 

E q . 6 . 6 

k o b s = K

P [ R R ' N H ] + k = p [ R R ' N H * ] E q . 6 . 7 



124. 

g i v e n by e q u a t i o n 6.6. I n cases where l i t t l e C -adduct 

i s formed i n i t i a l l y , o r w i t h t h e t e r t i a r y amine DABCO, 

t h i s reduces t o e q u a t i o n 6.7. D i f f e r e n t i a t i o n o f 

e q u a t i o n 6.6 r e v e a l s a t u r n i n g point,, which i s a maximums 

t h e p r e d i c t e d maximum v a l u e o f k Q^ swas i n f a c t observed 

f o r a number o f amines. Equat i o n 6.6 a l s o p r e d i c t s t h a t 

t h e r a t e o f f o r m a t i o n o f t h e c o n j u g a t e base should decrease 

w i t h d e c r e a s i n g c o n c e n t r a t i o n o f t h e ammonium s a l t . T h i s 

t o o was observed, v i s i b l e s p e c t r a o f TNBC1 (4 x 10"^P1) 

i n DFISO c o n t a i n i n g a p r i m a r y or secondary amine but 

w i t h o u t added s a l t i n d i c a t e d t h a t e q u i l i b r a t i o n between 

t h e o* -adduct and t h e c o n j u g a t e base i s a very slow 

p r o c e s s . 
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b. Data f o r TNT. 

The s i m p l e s t system i s t h a t w i t h t h e t e r t i a r y amine 

DABCO, where o n l y one process ( p r o t o n a b s t r a c t i o n ) was 

observed. Rate and e q u i l i b r i u m d a t a , measured by stopped-

f l o w s p e c t r o p h o t o m e t r y , are i n t a b l e 6.1. A p l o t o f 

versus amine c o n c e n t r a t i o n uas l i n e a r , and y i e l d e d v a l u e s 

o f k p , 20*6 1 m o l e " 1 s " 1 , and k_ p, 230 1 m o l e " 1 s ~ 1 . 

Combination o f these v a l u e s gave a v a l u e f o r K p o f 

(8°B + 0*4) x 10 » i n agreement w i t h v a l u e s c a l c u l a t e d 

from e q u i l i b r i u m o p t i c a l d e n s i t i e s . 

F ormation o f t h e c o n j u g a t e base uas t h e o n l y process 

observed w i t h p i p e r i d i n e a t amine c o n c e n t r a t i o n s l e s s than 

0"1 M ( w i t h 0*1 M p i p e r i d i n i u m c h l o r i d e ) . Above t h i s 

c o n c e n t r a t i o n , a f a s t e r c o l o u r - f o r m i n g process was 

observed, g i v i n g a s p e c i e s w i t h a spectrum t y p i c a l o f a 

cr -adduct ( f i g u r e 6.1). Rate c o e f f i c i e n t s f o r t h e slower 

p r o c e s s , and o p t i c a l d e n s i t i e s a t t h e end o f each p r o c e s s , 

were measured and t h e data are i n t a b l e 6.2. The observed 

r a t e c o e f f i c i e n t s pass t h r o u g h a maximum v a l u e , as 

p r e d i c t e d by e q u a t i o n 6.6, and g i v e a good f i t t o t h i s 
- 1 - 1 - 1 = 1 e q u a t i o n w i t h k 20 1 mole s , k 2*0 1 mole s , and P -P 

K c 3»5 1 m o l e " 1 . 

S i m i l a r b e h a v iour t o t h a t of p i p e r i d i n e was observed 

w i t h benzylamine i n t h e presence o f 0*1 M benzylammonium 

p e r c h l o r a t e . Above Q»Q5 M amine, t h e f o r m a t i o n o f t h e 

c o n j u g a t e base was preceded by cr -complex f o r m a t i o n , 

w h i l s t below t h i s v a l u e o n l y t h e former process was 

observed. O p t i c a l d e n s i t y measurements a t 450nm a t t h e 

end o f the more r a p i d process a l l o w e d t h e c a l c u l a t i o n 
-1 

o f a value f o r K c of 0*19 1 mole . Using t h i s v a l u e , 

t h e observed r a t e data were f i t t e d t o e q u a t i o n 6.6, g i v i n g 



=1 -1 =1 =1 v a l u e s o f k p , 1*5 1 mole s , and k = p , 1°2 1 mole s 

The data are i n t a b l e 6.3. 

U i t h n - b u t y l a m i n e , i n t h e presence o f 0°1 M s a l t , 

two processes were observed a t amine c o n c e n t r a t i o n g r e a t e r 

t h a n 0°01 M ( t a b l e 6.4). O p t i c a l d e n s i t y v a l u e s measured 

a t t h e end o f t h e f a s t c o l o u r - f o r m i n g process gave a 
_ i v a l u e f o r K o f 20 1 mole . U i t h K i n t h i s range, t h e c c 

K c term i n e q u a t i o n 6.6 i s s m a l l f o r amine c o n c e n t r a t i o n s 

up t o 0*02 Hence a p l o t o f versus amine c o n c e n t r a 

t i o n uas l i n e a r , y i e l d i n g v a l u e s o f k p , 8*9 ± 0*4 1 mole 
-1 =1 

and k p , 0*33 ± 0*05 1 mole s . Combination o f these 

v a l u e s gave a v a l u e f o r K p o f 27 ± 5, i n agreement u i t h 

t h a t o b t a i n e d from o p t i c a l d e n s i t y measurements. 

At i s o p r o p y l a m i n e c o n c e n t r a t i o n s beloo 0 ° 1 M, u i t h 

0*1 PI s a l t , t h e r e was l i t t l e i n i t i a l f o r m a t i o n o f t h e 

(T - a d d u c t , and con s e q u e n t l y a p l o t o f kQ^s versus amine 

c o n c e n t r a t i o n uas l i n e a r , as expected from e q u a t i o n 6.7. 
-1 -1 

T h i s p l o t gave v a l u e s o f k p , 3*2 1 mole s and k p , 
-1 -1 

0*23 1 mole s , and hence by c o m b i n a t i o n K p, 14, which 

uas i n agreement u i t h t h e v a l u e o b t a i n e d from e q u i l i b r i u m 

o p t i c a l d e n s i t y measurements a t 650nm„ U i t h h i g h e r amine 

c o n c e n t r a t i o n s , a f a s t e r c o l o u r - f o r m i n g process uas 

observed, and o p t i c a l d e n s i t y measurements a t t h e end of 

t h i s process l e d t o a v a l u e o f 0°11 1 mole f o r Kc<> 

The data are i n t a b l e 6.5. 
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Table 6.1. 

Rate and e q u i l i b r i u m d ata f o r t h e r e a c t i o n o f 
2 , 4 , 6 - t r i n i t r o t o l u e n e w i t h DABCO i n d i m e t h y l s u l p h o x i d e 

c o n t a i n i n g 0*05 PI DABC0H+C10 ~ a t 25°C. 

[ D A B C O ] obs 0 . D . A 

(n) 500nm 

0*005 11*6 ± 0*2 

0*010 11*7 

0*020 12*0 

0*040 12*9 0*0143 0*11 

0*200 15*9 0*0417 0*08 

0*300 18*0 0*0557 0*08 

0*400 19*8 0*0722 0*09 

a. At e q u i l i b r i u m : 1 x 10 PI TNT; 2mm p a t h l e n g t h c e l l 

A B e n e s i - H i l d e b r a n d p l o t g i v e s a v a l u e f o r complete 

c o n v e r s i o n o f 0*174. 

b. C a l c u l a t e d u s i n g * 

O.D. (500nm) [DABCO H + ] / ( 0 * 1 7 4 - O.D. (500nm)) [DABCo] 
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Table 6.2. 

Rate and e q u i l i b r i u m data f o r t h e r e a c t i o n s o f 
2 , 4 , 6 - t r i n i t r o t o l u e n e u i t h p i p e r i d i n e i n 

d i m e t h y l s u l p h o x i d e c o n t a i n i n g 
0*1 f j p i p e r i d i n i u m c h l o r i d e a t 25°C. 

[ P i p e r i d i n e ] k o b s k 3 

c a l c 0.D.b K C 

c 0.D.d 

( f i ) ( s " 1 ) 525nm ( 1 m o l e " 1 ) 525nm 

0*01 0*40 0*40 0*0114 

0*02 0*58 0*59 0*0151 

0*05 0*97 1*10 0*0178 

0*10 1 '75 W O 0*0083 3-7 0*0202 

0*20 2*0 1 *9 0*0178 3*5 0*0241 

0*30 1 *8 1-7 0*0240 4*1 0*0250 

• •40 1-5 1 *4 0*0258 3*4 0*0243 

0*50 1*3 1 *2 0*0283 0*0255 

C a l c u l a t e d from e q u a t i o n 6.6 u i t h k 20 1 
n 

, -1 -1 mol e s t 

k 2*0 1 mole" 
-P 

V 1 and K 3 c 
r* 

•5 1 mole 

b. A f t e r c o m p l e t i o n o f f i r s t p r o c e s s ! 2mm c e l l s ? 1 x 10 M 

TNT. A B e n e s i - H i l d e b r a n d t y p e p l o t g i v e s a v a l u e f o r 
4 — 1 — 1 

complete c o n v e r s i o n o f 0*0305 ( e1°52 x 10 1 mole cm ) 

c. C a l c u l a t e d u s i n g : 

O.D.(525nm) [ p i p H + ] /(0*0305-0.D.(525nm)) [ p i p ] 2 

d. A f t e r c o m p l e t i o n o f second pr o c e s s . 
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Table 6 . 3 . 

Rate and e q u i l i b r i u m d a t a f o r t h e r e a c t i o n s o f 
2 , 4 . 6 - t r i n i t r o t o l u e n e w i t h benzylamine i n d i m e t h y l s u l p h o x i d e 

c o n t a i n i n g 0*1 M benzylammonium p e r c h l o r a t e a t 25°Co 

[Benzylamine I k o b s k c a l c 
a 0.D.b 

" 0 ° 0.D.d 

( f l ) 450nm ( 1 m o l e " 1 ) 640nm 

0*005 0-11 0*13 

0*010 0« 13 0-14 

0*030 0*18 • •17 

0*050 0*20 0*20 0*043 

0*070 0*23 0*23 0*0017 0*22 0*053 

0*090 0*26 0*26 0*0026 0*20 0*061 

0*15 0*35 0*34 0*0070 0*20 0*080 

• •20 0*40 0*40 0*011 0*20 0*09 

0*30 0*51 0*51 0*022 0*19 0*10 

0*40 0*60 0«59 0*036 0*19 0*11 

0*50 0*61 0«64 0*048 0*19 0*11 

0*70 0*69 0*68 0*069 0*18 0*12 

a. C a l c u l a t e d from e q u a t i o n 6.6 u i t h k 
• 

_ i 
1°5 1 mole s 

-1 

k 1 • 
°P 

2 -1 -1 1 mole s and K 0*19 1 m o l e " 1 . 
c 

b. A f t e r c o m p l e t i o n o f f i r s t p r o c e ss; 2mm c e l l s ? 4 x i o ° 5 r i 

TNT. A Be n e s i - H i l d e b r a n d p l o t g i v e s a v a l u e f o r 

complete c o n v e r s i o n o f 0° 15 ( d *9 x 1 0 4 1 mole = 1cm - 1 ) 
C o C a l c u l a t e d u s i n g ; 

0oD.(450nm) [Amine H +]/(0°15 - 0oDo(450nm)) [ A m i n e ] 2 

d o A f t e r c o m p l e t i o n o f bo t h processes w i t h 1 x 10 = TNT. 
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c. Data f o r TNBC1. 

As w i t h TNT, t h e most s t r a i g h t f o r w a r d r e a c t i o n uas 

t h a t i n v o l v i n g DABCO, uhere o n l y p r o t o n a b s t r a c t i o n o c c u r r e d 

A l i n e a r p l o t o f k ^ versus amine c o n c e n t r a t i o n , 

a c c o r d i n g t o e q u a t i o n 6.7, gave v a l u e s o f k p , 16-4 1 mole s 
-1 -1 

and k_p, 4*1 1 mole s , whi c h , combined, gave a value 

f o r Kp o f 4*0 i n agreement w i t h t h a t o b t a i n e d from 

o p t i c a l d e n s i t y measurements. The data are i n t a b l e 6.6. 

Data f o r t h e r e a c t i o n o f p i p e r i d i n e u i t h TMBC1 i n 

s o l u t i o n s c o n t a i n i n g 0°1 M p i p e r i d i n i u m c h l o r i d e are i n 

t a b l e 6.7. U i t h p i p e r i d i n e c o n c e n t r a t i o n s g r e a t e r than 

0»005 M two processes were observed u s i n g s t o p p e d - f l o u 

s p e c t r o p h o t o m e t r y , t h e f a s t e r o f t h e two c o r r e s p o n d i n g t o 

f o r m a t i o n o f an adduct, and t h e s l o u e r t o f o r m a t i o n o f 

t h e c o n j u g a t e base. O p t i c a l d e n s i t y measurements a t 

600nm i n d i c a t e d t h a t a t e q u i l i b r i u m c o n v e r s i o n t o t h e 

c o n j u g a t e base uas complete u i t h amine c o n c e n t r a t i o n s 

from 0*005 M t o 0*2 M. Measurements o f t h e o p t i c a l 

d e n s i t y a t t h e end of t h e f i r s t process a t 450nm and 

490nm l e d t o v a l u e s f o r K of 225 1 mole" 1 and 170 1 mole" 1 

c 
r e s p e c t i v e l y . A p l o t o f t h e v a l u e s o f k Q b s , which 

passed t h r o u g h a maximum as t h e base c o n c e n t r a t i o n 

uas i n c r e a s e d , versus t h e parameter [Am]/1 + K [Am "P , 
[AmH ] 

_ i 
u s i n g a v a l u e o f 200 1 mole f o r K , uas l i n e a r and 

c 
= 1 =1 

gave a v a l u e f o r k of 42 1 mole s s Houever, k 
P -P 

c o u l d not be determined a c c u r a t e l y from t h i s p l o t as 

th e i n t e r c e p t uas too s m a l l . A s e r i e s o f o p t i c a l d e n s i t y 

measurements ( t a b l e 6.8) uere made on s o l u t i o n s c o n t a i n i n g 

l o u p i p e r i d i n e c o n c e n t r a t i o n s , where t h e amount o f 
complex p r e s e n t a t e q u i l i b r i u m was assumed t o be n e g l i g i b l e . 
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These gave a v a l u e f o r K p o f 420 ± 40* and hence a v a l u e 
o 1 = . 1 f o r k (=k /K ) o f 0»1 1 mole s was o b t a i n e d . -P P P 

O p t i c a l d e n s i t y measurements a t t h e end of t h e 

complex-forming r e a c t i o n u i t h j i - b u t y l a m i n e gave a value 

f o r K of (2°0 ± Q°2) x 1 0 4 1 m o l e " 1 , showing t h e c 
C -complex t o have h i g h s t a b i l i t y . The subsequent 

e q u i l i b r a t i o n r e a c t i o n uas slow enough t o be f o l l o w e d 

u s i n g a c o n v e n t i o n a l s p e c t r o p h o t o m e t e r . The observed 

r a t e c o n s t a n t s decreased u i t h i n c r e a s i n g amine c o n c e n t r a t i o n , 

approaching t h e l i m i t i n g v a l u e o f k_p [ r i - B u t N H ^ * ] . 

E q u a t i o n 6.6 uas w e l l f i t t e d u i t h t h e above v a l u e o f K c# 
-1 -1 =1 =1 k 17 1 mole s and k 0*02 1 mole s . Data are i n p -P 

t a b l e 6.9. 

Tuo processes uere observed a t a l l i s o p r o p y l a m i n e 

c o n c e n t r a t i o n s used ( t a b l e 6.10). 

O p t i c a l d e n s i t y measurements a t t h e end of t h e r a p i d 

c o l o u r - f o r m i n g process gave a v a l u e f o r K o f 

1230 * 100 1 m o l e " 1 . A n a l y s i s o f t h e r a t e data 

a c c o r d i n g t o e q u a t i o n 6.6 gave a v a l u e f o r kpOf 
-1 =1 

9»5 + 0«5 1 mole s , u i t h t h e c o n t r i b u t i o n t o t h e r a t e 
due t o k t o o s m a l l t o a l l o u t h e c a l c u l a t i o n o f t h i s -P 
parameter. 

E q u i l i b r i u m o p t i c a l d e n s i t i e s uere measured a t 

450nm and 640nm f o r a number o f s o l u t i o n s ( t a b l e 6.11). 

The e x t i n c t i o n c o e f f i c i e n t s o f t h e cr -complex a t these 

u a v e l e n g t h s were determined from s o l u t i o n s c o n t a i n i n g no 

added s a l t s w h i l s t those f o r t h e c o n j u g a t e base uere 

determined i n t h e presence o f DABC0. These e x t i n c t i o n 

c o e f f i c i e n t s uere used t o c a l c u l a t e t h e r e l a t i v e 

c o n c e n t r a t i o n s o f t h e a n i o n i c s p e c i e s p r e s e n t a t 

e q u i l i b r i u m s , and t h u s a v a l u e f o r t h e r a t i o K /K o f 
c p 



1*3 ± 0*1 was c a l c u l a t e d from e q u a t i o n 6.5. Using t h e 

v a l u e f o r K above. K uas found t o have a v a l u e o f 950, c p 
— i =i 

and hence k_p ( ~ ^ p ^ p ^ ' l a d ^ n e u a ^ u e 0*01 1 mole s , 

A s i m i l a r approach uas adopted w i t h benzylamine, 

b o t h p r o d u c t s being p r e s e n t a t e q u i l i b r i u m , , Here, t h e 

amount o f p a r e n t p r e s e n t uas a l s o c a l c u l a t e d , a l l o w i n g 
v a l u e s f o r K , 22 ± 2, and K , 300 ± 100 1 mole*" 1, t o be p c 
o b t a i n e d ( t a b l e 6.12)« \/alues f o r K c i n reasonable 

agreement w i t h t h i s were o b t a i n e d from o p t i c a l d e n s i t y 

measurements, from s t o p p e d - f l o w s p e c t r o p h o t o m e t r y , a t 

th e c o m p l e t i o n o f t h e r a p i d r e a c t i o n . The measured r a t e 

c o e f f i c i e n t s f o r f o r m a t i o n o f t h e c o n j u g a t e base 
( t a b l e 6.13) were f i t t e d t o e q u a t i o n 6.6, u s i n g a v a l u e 

= 1 

o f 300 1 mole f o r K c» and y i e l d e d v a l u e s f o r k , 

1"25 1 m o l e " 1 s " 1 , and k , 0-055 1 mole" 1 s" 1 . 



Table 6»6<, 

Rate and e q u i l i b r i u m d ata f o r t h e r e a c t i o n o f T N B C I w i t h 
DABCO i n d i m e t h y l s u l p h o x i d e i n t h e presence o f 

0°05 M DABCO p e r c h l o r a t e a t 25°Co 

[DABCO] k o b s 0.D« A K 
P 

(£1) <.- 1) 500nm 

0-005 0-30 0-08 3-6 

0*010 0-36 0-12 3-6 

0-020 0-1B 3-8 

0-025 0-61 

0-040 0-22 3-5 

0-050 1 -03 

o Pleasured u i t h [TNBCl] 1 = 4 
x 10 M u s i n g a 2mm c e l l o 

For complete c o n v e r s i o n t o c o n j u g a t e base, a Benesi-

H i l d e b r a n d p l o t g i v e s a v a l u e o f 0-295 
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Table 6.8. 

E q u i l i b r i u m data f o r p r o t o n t r a n s f e r from TNBC1 t o 
p i p e r i d i n e i n DMSO c o n t a i n i n g 0*1 M p i p e r i d i n i u m c h l o r i d e 

a t 25°C. 

r T 3 b 

[ P i p e r i d i n e J O.D. K 

(M) 50Qnm 

0*0005 0*350 460 

0*00075 0*382 430 

0*0010 0-405 430 

0*0020 0*442 380 

a. For [TNBCl] 4 x 10° PI w i t h 1cm c e l l . 

b. C a l c u l a t e d assuming no o* -adduct f o r m a t i o n w i t h O.D. 

0*50 f o r complete c o n v e r s i o n . 
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Table 6.9,, 

E q u i l i b r i u m and r a t e data f o r t h e r e a c t i o n o f TNBC1 u i t h 
n - b u t y l a m i n e i n d i m e t h y l s u l p h o x i d e c o n t a i n i n g 

0«1 M £-butylammonium p e r c h l o r a t e a t 25°Co 

n-BuNH 0l O.D.a 10 = 4K — 2 J c obs k . b 

c a l c 
(N) 450nm ( 1 mole" 1) 

0*002 0*031 2*0 

0*005 0*058 1*9 0*017 0*016 

0*0075 0*065 2*1 

• •010 0*0096 0*010 

0*020 0*0065 0*0063 

0*030 0*0051 0*0050 

0*039 0*0041 0*0042 

0*049 0*0038 0*0037 

A f t e r c o m p l e t i o n o f f i r s t p r o c e s s , u i t h 2 x 10° 5 n 

TNBC1 I 2 mm c e l l . A B e n e s i - H i l d e b r a n d p l o t g i v e s a 

val u e o f 0*071 f o r complete c o n v e r s i o n . 

C a l c u l a t e d from e q u a t i o n 6.6 u i t h k 17 1 mole" 1 =1 

k 0°02 1 m o l e " 1 s ~ 1 and K 2 x 1 0 4 1 m o l e " 1 , -p c 
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Table 6.10. 

Rate and e q u i l i b r i u m d a t a f o r t h e r e a c t i o n o f TNBCl u i t h 
i s o p r o p y l a m i n e i n d i m e t h y l s u l p h o x i d e u i t h 
0*1 M i s o p r o p y l a m i n e p e r c h l o r a t e a t 25 0C» 

[ i s o p r o p y l a m i n e ] 

(n) 

0*005 

0*0075 

0*010 

0*015 

0*020 

0*050 

O . D . 3 

450nm 

0*019 

0*038 

0*050 

0*067 

0*074 

0*084 

( 1 m o l e " 1 ) 

1100 

1300 

1300 

1 300 

1 200 

obs 

0*037 

0*040 

0*044 

0*035 

0*032 

0*014 

c a l c 
( a " 1 ) 

0*037 

0*043 

0*044 

0*039 

0*033 

0*016 

a. A f t e r c o m p l e t i o n o f r a p i d c o l o u r f o r m i n g r e a c t i o n . 

TNBCL, 2 x 10 = 5 N. Pleasured u i t h 2mm c e l l o Benesi-

H i l d e b r a n d p l o t g i v e s v a l u e o f 0*0893 f o r complete 

c o n v e r s i o n . 
-1 b. C a l c u l a t e d from e q u a t i o n 6.6 u i t h K 1230 1 mole , c 

= 1 -=1 
k 9*5 1 mole s and k n e g l i g i b l y smallo 
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Table 6.13. 

Rate and e q u i l i b r i u m d ata f o r t h e r e a c t i o n o f TNBC1 w i t h 
benzylamine i n d i m e t h y l s u l p h o x i d e i n t h e presence of 

0-1 M benzylammonium p e r c h l o r a t e a t 25°C. 

[Benzylamine] 0.D.a 
K c obs ^ c a l c 

(n) 450nm ( 1 mole"" 1) ( s - 1 ) ( a " 1 ) 

0*01 0*0083 340 0-015 0-015 

0*02 0-0224 530 0-020 0-017 

0*04 0*0284 380 0-012 0-014 

0-06 0-0297 250 0-012 0-012 

0-10 0-0317 240 

. A f t e r c o m p l e t i o n o f f i r s t p rocess ; 1 x 10" 5 n TN8C1 J 

2mm c e l l . O.D. f o r complete c o n v e r s i o n i s 0-033. 

o C a l c u l a t e d from e q u a t i o n 6„6 w i t h k 1 • p 25 1 mole" 1 -1 s , 
k 0-055 1 = 1 -1 mole s and K 300 1 mole c 

-1 
a 

b 
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6 . 4 . D i s c u s s i o n . 

6 o 4 o 1 e Proton T r a n s f e r . 

The r a t e and e q u i l i b r i u m parameters f o r t h i s process 

are summarised i n t a b l e 6.14. I n view o f t h e h i g h d i e l e c t r i c 

c o n s t a n t o f DM50, and t h e f a c t t h a t i t shows good s o l v a t i n g 

p r o p e r t i e s f o r p o l a r i s a b l e i o n s , e x t e n s i v e i o n a s s o c i a t i o n 

o f t h e charged spe c i e s p r e s e n t i n these systems would not 

be expected. Hence t h e v a l u e s o f Kp f o r a g i v e n s u b s t r a t e 

s h o u l d g i v e a measure o f t h e b a s i c i t i e s o f t h e amines 

used i n t h i s s o l v e n t . These v a l u e s i n c r e a s e i n t h e o r d e r 

DABCD <benzylamine < p i p e r i d i n e < i s o p r o p y l a m i n e , n_~butylamine. 

T h i s o r d e r i s s i m i l a r t o t h a t i n w a t e r , as d e f i n e d by t h e 

pKa values o f t h e amines, a l t h o u g h p i p e r i d i n e i s t h e most 

b a s i c of these amines i n aqueous s o l u t i o n . However, a 
8 5 

r e c e n t study has shown t h a t i n t r a n s f e r from water t o 

DMSO, th e b a s i c i t y o f secondary and t e r t i a r y amines i s 

decreased, w h i l s t t h a t o f p r i m a r y amines i s enhanced. 

These e f f e c t s p r o b a b l y account f o r t h e d i f f e r e n t o r d e r of 

b a s i c i t y found h e r e . 

A comparison o f t h e v a l u e s of K ,k and k f o r 
P P -P 

TNT and TNBCl w i t h each amine i s p r e s e n t e d i n t a b l e 6.15. 

As expected, t h e c h l o r i n e atom i n t h e s i d e - c h a i n of TNBCl 

has an a c i d - s t r e n g t h e n i n g e f f e c t . Again, t h e enhancement 

i s by a s m a l l e r f a c t o r t h a n t h a t found w i t h 4 - n i t r o b e n z y l -
8 D 

c h l o r i d e and 4 - n i t r o t o l u e n e , which i s 700 0 The s t e r i c 

e f f e c t o f t h e two a d j a c e n t n i t r o groups, which w i l l 

i n t e r a c t u n f a v o u r a b l y w i t h t he c h l o r i n e atom i n t h e 

c o n j u g a t e base, i s t h e p r o b a b l e cause o f t h i s r e d u c t i o n 

i n t h e a c i d - s t r e n g t h e n i n g e f f e c t . 

I t can be seen from t h i s t a b l e t h a t t h e r j r n . - i t e r a c i d i t y 
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Table 6 . 1 5 o 

Comparison of e q u i l i b r i u m and r a t e c o n s t a n t s f o r 
r e a c t i o n s o f TNBCl and TNT w i t h amines i n DMSQ 

K (TNBCl) 

DABCO 

P i p e r i d i n e 

Benzylamine 

n-Butylamine 

I s o p r o p y l a m i n e 

K p (TNT) 

45 

42 

18 

31 

66 

k p (TNBCl) 

k p (TNT) 

0 - 8 

2»1 

0 ° 9 

1 - 9 

3 ° 0 

k _ p (TNBCl) 

k_ p(TNT) 

0 - 0 2 

0»05 

0 * 0 5 

0 ° 0 6 

0 ° 0 4 
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of TIM3C1 i s due l a r g e l y t o t h e s l o u e r r a t e of p r o t o n a t i o n 

of t h j c o n j u g a t e base (as i n d i c a t e d by k _ p ) , t h e r a t e 

c o n s t a n t s f o r p r o t o n a t i o n of the two s u b s t r a t e s being 

s i m i l a r i n v a l u e f o r a g i v e n amine. T h i s may be 

i n d i c a t i v e o f a t r a n s i t i o n s t a t e which i s r e a c t a n t - l i k e , 

i n which p r o t o n t r a n s f e r from t h e p a r e n t compound t o t h e 

amine has not progressed very f a r , ( r e a c t a n t - l i k e 

t r a n s i t i o n s t a t e s have been p o s t u l a t e d f o r complex 
7 6 

f o r m a t i o n r e a c t i o n s i n v o l v i n g n i t r o - a r o m a t i c compounds ) . 

F u r t h e r s u p p o r t f o r t h i s i d e a comes from the values o f 

kp and ( t a b l e 6.14) ; f o r a g i v e n s u b s t r a t e , the v a l u e s 
of k vary much l e s s w i t h t h e n a t u r e of the amine th a n do P 
the c o r r e s p o n d i n g v a l u e s . T h i s p o i n t i s a l s o 

i l l u s t r a t e d by B r o n s t e d - t y p e p l o t s ( f i g u r e 6.5) ; p l o t s of 

l o g kp versus l o g Kp have s m a l l s l o p e s , w h i l s t those o f 

l o g k versus l o g Kp have slopes c l o s e t o u n i t y . The 

values f o r benzylamine, however, d i d not f i t such p l o t s , 

t h e v a l u e s of k and k b o t h b e i n q w e l l below the l i n e 
P -P y 

d e f i n e d by t h e o t h e r p o i n t s . T h i s may i n d i c a t e t he 

presence o f some u n f a v o u r a b l e i n t e r a c t i o n i n t h e t r a n s i t i o n 

s t a t e f o r p r o t o n removal from t h e p a r e n t compounda w i t h 

t h i s p a r t i c u l a r amine. Another p o s s i b i l i t y i s t h a t t h e r e 

i s c h a r g e - t r a n s f e r i n t e r a c t i o n between t h e a r o m a t i c r i n g s 

of t he s u b s t r a t e and t h e amine, which s t a b i l i s e s t he i n i t i a l 

and f i n a l s t a t e s , but not t h e t r a n s i t i o n s t a t e . 

6.4.2. Complex F o r m a t i o n , 

Formation o f a (f -complex, which i n v o l v e s t he 

f o r m a t i o n uf a c o v a l e n t bond between t h e amine :mJ a r i n y -

carbon atom, i s more l i k e l y t o be s u s c e p t i b l e t o s t e r i c 

e f f e c t s than the p r o t o n t r a n s f e r r e a c t i o n . 
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F i g u r e 6.5. 

B r o n s t e d - t y p e p l o t s f o r p r o t o n a b s t r a c t i o n from TNBC1 

by amines. 

+ : l o g k versus l o g K -> p y p 
O! l o g k versus l o g K 

y -P y P 

The numbers r e f e r t o t h e d i f f e r e n t amines as f c l l o u s : 

1 % DABCO 

2 : P i p e r i d i n e 

3 : Benzylamine 

4 : n_- B u t y l amine 

5 : I s o p r o p y 1 amine 



F i q u r e 6.5. 

152. 

1 
1-0 

1 l o g k 

V0 
l o g K 

1-0 

o 
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A d d i t i o n may occur a t the 1 - p o s i t i o n , t o g i v e ( 6 . 2 ) , 

or a t t h e 3 - p o s i t i o n t o g i v e (6.3) o NPIR s p e c t r a w i t h 

TNT as t h e s u b s t r a t e do not a l l o w t h e s i t e o f a d d i t i o n 

t o be d e t e r m i n e d . The 1:1 adducts o f TNT which have 
51 * 

been observed up t o nou ( w i t h a l k o x i d e s , s u l p h i t e and 
25 

amide i o n i n l i q u i d ammonia ) have a l l r e s u l t e d from 

a t t a c k a t t h e 3 - p o s i t i o n , and so i t seems l i k e l y t h a t 

amine a d d i t i o n o ccurs a t t h e same p o s i t i o n . There i s 

a l s o a c l o s e s i m i l a r i t y between t h e spectrum, o b t a i n e d 

from s t o p p e d - f l o u measurements, o f t h e p i p e r i d i n e adduct 

( f i g u r e 6.1) and t h a t o f t h e 3-methoxy adduct ( c h a p t e r f i v e , 

f i g u r e 5.1) o b t a i n e d i n a s i m i l a r manner,although t h i s i s 

not c o n c l u s i v e evidence as i s o m e r i c complexes are known 
32 43 

t o have very s i m i l a r s p e c t r a ' . The s h i f t o f t h e 

peaks i n t h e spectrum t o l o n g e r wavelengths on changing 

from an oxygen t o a n i t r o g e n base i s expected on t h e 
32 43 

b a s i s o f past r e s u l t s ' . I t t h u s seems p r o b a b l e 

t h a t t h e amine adducts o f TNT have t h e s t r u c t u r e 

( 6 . 3 , X=H) 

The va l u e s o f K ( i n t a b l e 6.14) e x h i b i t a s i m i l a r 
c ' 

o r d e r t o the va l u e s o f K , u i t h t h e e x c e p t i o n of 

i s o p r a p y l a m i n e which has a much lower v a l u e o f « c than 

t h a t expected from t h e Kp v a l u e . T h i s depressed v a l u e 

may be due t o u n f a v o u r a b l e s t e r i c i n t e r a c t i o n s i n t h e 
g 

c r - a d d u c t ( 6 . 3 , X=H, R = i s o p r o p y l , R =H). A s i m i l a r 
8 2 

e f f e c t has been observed i n t h e adduct formed from 

1 , 3 , 5 - t r i n i t r o b e n z e n e and i s o p r o p y l a m i n e , a l t h o u g h here 

t h e r e d u c t i o n i n s t a b i l i t y was not as g r e a t as t h a t found 

w i t h TNI. 
5e»j ch a p t e r t h r e e 
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I n t h e case o f T N B C 1 , d e f i n i t e NMR evidence was 

o b t a i n e d f o r t h e a d d i t i o n o f n- b u t y l a m i n e and 

i s o p r o p y l a m i n e a t 0 1 t o g i v e adducts o f s t r u c t u r e 

( 6 . 2 , X = C 1 ) . The v i s i b l e s p e c t r a o f these adducts, and 

t h a t formed u i t h b e n zyl amine, have s i m i l a r f e a t u r e s , w i t h 

maxima a t 452nm and 540-550nm, t h e former having much 

th e h i g h e r i n t e n s i t y i n each case. T h i s suggests t h a t 

th e benzylamine adduct has t h e s t r u c t u r e ( 6 . 2 , X = C 1 , 

R=Bz, R ' = H ) . I n c o n t r a s t t o t h i s , t h e spectrum of t h e 

adduct formed between T N B C 1 and p i p e r i d i n e has maxima 

at 45Gnm and 510nm, t h e peaks i n t h i s case being o f 

s i m i l a r i n t e n s i t y . The spectrum i s i n f a c t very s i m i l a r 

t o t h a t o f t h e p i p e r i d i n e = T N T adduct. T h i s perhaps 

i n d i c a t e s a d i f f e r e n t mode of i n t e r a c t i o n i n t h i s case, 

u i t h p i p e r i d i n e a d d i t i o n o c c u r r i n g a t t h e 3 - p o s i t i o n t o 

g i v e an adduct o f t y p e ( 6 . 3 , X = C 1 ) . 

The two f a c t o r s most l i k e l y t o encourage a t t a c k a t 

the 1 - p o s i t i o n i n TIMBCl r e l a t i v e t o TNT are t h e i n d u c t i v e 

e f f e c t o f t h e c h l o r o m e t h y l group r e l a t i v e t o the methyl 

group, and t h e s t e r i c s t r a i n a t t h e 1 - p o s i t i o n caused by 

the b u l k y c h l o r o m e t h y l group which u i l l be r e l i e v e d on 

complex f o r m a t i o n as t h i s group i s bent out of the r i n g 

p l a n e . The h i g h e r r a t i o of K t o K f o r n - b u t y l a m i n e 
c p — 

and bor./yLamine can be r a t i o n a l i s e d i n t h i s way. However, 

the presence; o f two bu l k y groups a t t h e 1 - p o s i t i o n i n the 

adduct u i l l a l s o cause s t e r i c s t r a i n a t t h i s p o s i t i o n . 

I t has a l r e a d y been shown i n ch a p t e r t h r e e t h a t a d d i t i o n 

of t h e bu l k y s u l p h i t e i o n occurs a t t h e 3 - p o s i t i o n o f 

TNUL'l, rjnd not a t the 1 - p o s i t i o n . Thus t h i s e f f e c t may 
roduee U i e K /K r a t i o f o r i:.upropylaminc , and i n h i b i t c p 
a t t a c k of p i p e r i d i n e a t t h e 1 - p o s i t i o n . 
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THE REACTIONS OF 1,3,5-TRINITROBENZENE WITH 

SULPHITE, PHENOXIDEt CYANIDE AND 

DIETHYLMALQNATE IONS 
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7.1. I n t r o d u c t i o n . 

The r e a c t i o n s of 1 , 3 , 5 - t r i n i t r o b e n z e n e w i t h a number 

of n u c l e o p h i l e s t o form 1:1 a d d i t i o n complexes f o l l o u 

a s i m p l y , one-step e q u i l i b r i u m as i n e q u a t i o n 7.1. 

- k f 
TNB + Nu TNB . Nu t q . 7.1 

k , = k + k, [Nu" 1 Eq. 7.2 obs r f L J 

The observed r a t e c o e f f i c i e n t , k i s g i v e n by 

e q u a t i o n 7.2 under f i r s t o r d e r c o n d i t i o n s . 

The v a l u e of the f o r u a r d r a t e c o n s t a n t , kp, i s a 

measure of t h e n u c l e o p h i l i c i t y of the p a r t i c u l a r base 

i n q u e s t i o n , and the v a l u e of k » t h e r e v e r s e r a t e 

c o n s t a n t , i s a measure of i t s l e a v i n g group a b i l i t y . 

I n an attempt t o e s t a b l i s h a s c a l e of these tua p r o p e r t i e s 

f o r a number of n u c l e o p h i l e s , the k i n e t i c s of t h e i r 

r e a c t i o n s u i t h TNB i n a number of mixed s o l v e n t s were 

observed. 

The n u c l e o p h i l e s used ( s u l p h i t e , phenoxide, cyanide 

and d i e t h y l m a l o n a t e i o n s ) are a l l known t o form complexes 
86 7 3 

u i t h TNB. Sodium s u l p h i t e forms 1:1 and 1:2 complexes 
u i t h TNB, the 1:2 complex e x i s t i n g as both c i s and t r a n s 

34-36 
isomers 

The phenoxide i o n has been shoun t o form complexes 

u i t h TNB i n u h i c h bonding occurs v i a t h e carbon atom 
87 88 

para or o r t h o t o t h e hydroxy group. Bond f o r m a t i o n 
89 

v i a the oxygen atom has been observed as the k i n e t i c a l l y -

f a v o u r e d p r o c e s s , on t h e temperature-jump t i m e s c a l e . 

Cyanide i o n has been knoun t o r e a c t u i t h TNB t o 
3 5 

form b r i g h t l y c o l o u r e d s p e c i e s f o r some t i m e ' , and a 



<r -complex s t r u c t u r e f o r t h e p r o d u c t has been c o n f i r m e d 
90 

by NMR . 

The r e a c t i o n o f d i e t h y l m a l o n a t e w i t h TNB has not 

p r e v i o u s l y been s t u d i e d but t h e analagous compound 

d i m e t h y l m a l o n a t e forms a cr -complex u i t h TNB i n t h e 
91 

presence of a base t o generate the c a r b a n i o n „ 



7.2. E x p e r i m e n t a l . 

V i s i b l e s p e c t r a were recorded u s i n g a Unicam SP8000 

i n s t r u m e n t . 

O p t i c a l d e n s i t y measurements were made u s i n g t he 

s t o p p e d - f l o u s p e c t r o p h o t o m e t e r or a Unicam 5P500 

i n s t r u m e n t . 

R e a c t i o n r a t e s were measured u s i n g t h e s t o p p e d - f l o u 

s p e c t r o p h o t o m e t e r . 
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7.3. R e s u l t s . 

7.3.1. Sodium S u l p h i t e . 

The r e a c t i o n between sodium s u l p h i t e and TNB was 

s t u d i e d i n methanol c o n t a i n i n g 50%, and 25% water by volume. 

I n both s o l v e n t s o n l y one c o l o u r - f o r m i n g process was 

o b served, c o n s i s t e n t w i t h the f o r m a t i o n of (7.1) 

K .SO V 3 

N0 2 

Oil) 

Rate and o p t i c a l d e n s i t y data f o r t h i s r e a c t i o n are i n 

t a b l e 7.1. I n a l l cases, t h e s u l p h i t e c o n c e n t r a t i o n was 

i n l a r g e excess over t h a t of t h e p a r e n t compound, and so 

f i r s t - o r d e r k i n e t i c s were observed. The v a r i a t i o n o f 

^obs u : ^ n 3 L ) l p h i t e c o n c e n t r a t i o n i s g i v e n by e q u a t i o n 7.2, 
2-

w i t h I\lu = 30^ » and t h e a p p r o p r i a t e p l o t s were l i n e a r . 
The v a l u e s o b t a i n e d from these p l o t s were : i n 50/50 

4 — 1 — 1 
( v / v ) m ethanol/water, k^ 2°83 x 10 1 mole s~ , and 
k r 12*25 s ', and i n 75/25 ( v / v ) methanol/water, 

k p 4«34 x 1 0 A 1 m o l e = 1 s " 1 and k 2*15 s" 1. T h i s l a s t r r 
f i g u r e i s s u b j e c t t o q u i t e a l a r g e e r r o r , as the i n t e r c e p t 

o f the p l o t was s m a l l . The values,and t h e d e r i v e d v a l u e s 

o f the e q u i l i b r i u m c o n s t a n t K 9 are i n t a b l e 7.2, where 

they are compared w i t h v a l u e s o b t a i n e d " ^ i n pure w a t e r 0 

The v a l u e of k^ does not vary a g r e a t deal w i t h s o l v e n t 

c o m p o s i t i o n , t h e i n c r e a s e i n t h e s t a b i l i t y of the complex 

(as mensurod by K) w i t h i n c r e a s i n g methanol c o n t e n t being 



due t o t h e d e c r e a s i n g v a l u e of k f . Th i s i s a g a i n 
7 6 

i n d i c a t i v e o f a r e a c t a n t - l i k e t r a n s i t i o n s t a t e , i n 

which changes i n s o l v a t i o n and c h a r g e - d i s t r i b u t i o n have 

not proceeded very f a r . The r e s u l t s a l s o show t h a t t h e 

p o l a r i s a b l e complex i s b e t t e r s o l v a t e d by methanol than 

by water and/or t h a t t h e s u l p h i t e i o n i s p o o r l y s o l v a t e d 

by methanol. 



Table 7.1. 

K i n e t i c and e q u i l i b r i u m data f o r s u l p h i t e a d d i t i o n t o 
1 , 3 , 5 - t r i n i t r o b e n z e n e i n m e t h a n o l - u a t e r m i x t u r e s . 

i* MeOH [ s u l p h i t e ] k o b s O.D.3 

(volume) (pq) ( s " 1 ) 460nm 

75 0-0005 20-1 0-025 

75 0-0010 46-8 0-030 

75 0-0015 65-1 0-029 

75 0-0020 90*1 0-030 

75 0-0030 89-6 0-028 

50 0-0005 25-5 0-017 

50 0-0010 40-2 

50 0-0015 53-8 0-026 

50 0-0020 67-6 0-028 

50 0-00j30 104-4 0-028 

a. O p t i c a l d e n s i t y a t end of r e a c t i o n , f o r a 2mm 

p a t h l e n g t h c e l l . 



Table 7.2. 

K i n e t i c and e q u i l i b r i u m parameters f o r s u l p h i t e 
a d d i t i o n t o 1,3,5-trinitrobenzene<> 

% NeOH k 1 k = 1 K a 

1 1 1 1 
(volume) ( 1 mole s~ ) ( s ~ ) ( 1 mole 

0 3*50 x 1 0 4 125 290 

50 2"83 x 1 0 4 12°25 2310 

75 4°34 x 1 0 4 2°15 20200 

a. K = k./k 
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7.3.2. Sodium Phenoxide. 

The a d d i t i o n o f aqueous sodium phenoxide (0*125 M, 

u i t h 0*125 M phenol) t o a m e t h a n o l i c s o l u t i o n o f 

1 , 3 , 5 - t r i n i t r o b e n z e n e (4 x 1 0 ~ 4 M), t o g i v e a 50/50 ( v / v ) 

me t h a n o l / u a t e r m i x t u r e , r e s u l t e d i n t h e p r o d u c t i o n of an 

orange c o l o u r a t i o n w i t h A a t 425nm and 490nm. Th i s i s a max 
8 7 

i n c o n t r a s t u i t h t h e r e s u l t s r e p o r t e d f o r t h i s r e a c t i o n 

i n 80/20 DMSO/uater, where t h e spectrum o f the complex 

formed (b o n d i n g o c c u r r i n g v i a C-4 i n t h e phenoxide 

r i n g ) having peaks a t 468nm and 570nm. A s e r i e s of 

v i s i b l e s p e c t r a r e c o r d e d on a c o n v e n t i o n a l s p e c t r o p h o t o m e t e r 

showed a decrease i n t h e i n t e n s i t i e s o f t h e peaks as t h e 

amount of f r e e phenol uas i n c r e a s e d , u i t h t h e phenoxide 

c o n c e n t r a t i o n kept c o n s t a n t . T h i s evidence suggests 

t h a t the phenoxide i o n i s not l i k e l y t o be a c t i n g as a 

n u c l e o p h i l e i n t h i s system, t h e more l i k e l y source of t h e 

c o l o u r being a t t a c k by methoxide and/or h y d r o x i d e i o n . 

S t o p p e d - f l o u s p e c t r o p h o t o m e t r y r e v e a l e d the presence 

o f t h r e e processes i n t h i s system. The f i r s t uas a 

r a p i d c o l o u r - f o r m i n g p r o c e s s , u i t h a h a l f - l i f e t oo sm a l l 

t o a l l o u measurement by t h i s t e c h n i q u e . The second uas 

a l s o c o l o u r - f o r m i n g , h a v i n g a h a l f - l i f e o f around 25ms, 

and uas accompanied by a s m a l l e r change i n o p t i c a l 

d e n s i t y than t h e f i r s t . The f i n a l process uas a s l o u 

c o l o u r - f a d i n g r e a c t i o n , and uas not s t u d i e d . K i n e t i c and 

o p t i c a l d e n s i t y v a lues are i n t a b l e 7.3. The r a t i o of 

the o p t i c a l d e n s i t y v a l u e s at the end of the tuo c o l o u r -

f o r m i n g processes i s rea s o n a b l y c o n s t a n t f o r a l l phenol 

c o n c e n t r a t i o n s , a s i m i l a r s i t u a t i o n t o t h a t found u i t h 

sodium h y p o c h l o r i t e and TIMU ( c h a p t e r f i v e ) . Consequently, 

i t appears thrat i n t h i s s o l v e n t system the a t t a c k i n g 



s p e c i e s are methoxide and h y d r o x i d e i o n s , g i v i n g r i s e t o 

the t uo c o l o u r - f o r m i n g p rocesses. 

The spectrum o f a s o l u t i o n c o n t a i n i n g sodium 

phenoxide (5 x 1 0 ~ 3 n ) , phenol (2°5 x 1Cf 3 M) and TNB 

(2 x 10 _ : J n) i n 90/10 ( v / v ) DMSO/uater shoued tuo peaks, 

at 435nm and 510nm. Again, t h e i n t e n s i t i e s of these 

a b s o r p t i o n s decreased as t h e c o n c e n t r a t i o n o f the phenol 

uas i n c r e a s e d . The p o s i t i o n s o f the peaks agree u i t h 

t hose observed f o r a s o l u t i o n o f sodium h y d r o x i d e 

(1 x 1 0 ~ 3 N) and TNB (1*8 x 10" 5 M) i n t h e same s o l v e n t . 

Tuo processes uere observed a t 480nm uhen t h i s 

system uas s t u d i e d by s t o p p e d - f l o u s p e c t r o p h o t o m e t r y , 

t h e more r a p i d b e ing c o l o u r - f o r m i n g and the second 

c o l o u r - f a d i n g . Data are i n t a b l e 7.4. The p h e n o l -

phenoxide e q u i l i b r i u m i s d e s c r i b e d by e q u a t i o n 7.3. 

K 
PhOH + Ohf PhO" + H 20 Eq. 7.3 

Frorn t h i s , 

[OH -] = K fPhQ'l [ H 2 0 ] 
[PhOH ] 

As t h e amount of u a t e r i n the system i s i n l a r g e excess 

over t he o t h e r s p e c i e s , then t he h y d r o x i d e c o n c e n t r a t i o n 

i s p r o p o r t i o n a l t o t h e phenoxide/phenol r a t i o . A p l o t 

o f k Q t 3 s versus t h i s r a t i o uas reasonably l i n e a r , u i t h 

an i n t e r c e p t ( c o r r e s p o n d i n g t o k r f o r h y d r o x i d e a d d i t i o n ) 
_ i 

o f 0°75 s o Thus i t seems l i k e l y t h a t i n t h i s s o l v e n t , 

h y d r o x i d e a d d i t i o n i s r e s p o n s i b l e f o r the f o r m a t i o n of 

the observed ar - a d d u c t , and t h a t t h e phenoxide i o n i s 

not s u f f i c i e n t l y r e a c t i v e ( i n comparison u i t h h y d r o x i d e ) 

f o r i t s r e a c t i o n u i t h TNB t o be observed. 
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Table 7 a 3 0 

Rate and e q u i l i b r i u m data f o r 1 , 3 , 5 - t r i n i t r o b e n z e n e 
and sodium phenoxide i n 50/50 ( v / v ) m e t h a n o l / u a t e r 

[ T N B ] [PhOH ] [Ph0~ ] k o b s U . D a 

( f l ) (n) (n) 1 s t 2nd 

5 x 10~ 5 0-01 0-01 22-8 0-0117 0-0141 

5 x 10 = 5 0-02 0-02 20 = 3 0-0088 0-0102 

5 x 10" 5 0 -03 0*01 37-1 0-0058 0-0066 

a« O p t i c a l d e n s i t i e s ( a t 480 nm) f o r 2mm p a t h i e n g t h c e l l a 

1st and 2nd r e f e r t o t h e ends o f t he tuo c o l o u r -

f o r m i n g processes. 

Table 7.4„ 

Rate and e q u i l i b r i u m data f o r 1 , 3 , 5 - t r i n i t r o b e n z e n e 

and sodium phenoxide i n 90/10 ( v / v ) DMSO/uater. 

[ T N B ] [PhOH] [Ph0~] obs 0.D.a 

( n ) (n) (n) ( a " 1 ) 480nm 

6-5 x 10" 5 0-025 0-05 3-07 0-019 

6-5 x 10" 5 0-05 0-05 2-01 0-019 

6-5 x 10~ 5 0-10 0-05 1 -31 0-018 

a. O p t i c a l d e n s i t y a t end of c o l o u r - f o r m i n g p r o c e s s , 

f o r /inn p a t h l e n g t h c e l l o 
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7.3.3. Potassium Cyanide. 

The r e a c t i o n o f potassium c y a n i d e w i t h TNB uas s t u d i e d 

by s t o p p e d - f l o u s p e c t r o p h o t o m e t r y i n a number of methanol-

water m i x t u r e s . I n a l l cases two processes were observed, 

a r a p i d c o l o u r - f o r m i n g process f o l l o w e d by a slower 

f a d i n g p r o c e s s . The spectrum o f t h e p r o d u c t of t h e 

c o l o u r - f o r m i n g p r o c e s s , as measured u s i n g t h e s t o p p e d - f l o w 

i n s t r u m e n t , showed two peaks i n a l l s o l v e n t m i x t u r e s . 

I n 50/50 ( v / v ) methanol/water the peaks were at 420nm and 

525nm, w h i l s t i n 80% methanol they were found at 420nm 

and 510nm. The wavelength maxima r e p o r t e d f o r t h e TNB-
9 2 

cyanide complex i n methanol are 428nm and 540nm 

A p r e l i m i n a r y s e r i e s of k i n e t i c runs i n 50/50 ( v / v ) 

methanol/water i n d i c a t e d t h a t the v a l u e o f k f would be 

s m a l l . A c c o r d i n g l y , t o o b t a i n the most a c c u r a t e v a l u e 

p o s s i b l e , sodium h y d r o x i d e (1 x 10 was added t o 

suppress t h e f o r m a t i o n o f HCN i n t h e s o l u t i o n s . T y p i c a l 

k i n e t i c runs are i n t a b l e 7.5, and t h e r a t e and e q u i l i b r i u m 

data are i n t a b l e s 7.6-7.10. 

I n a l l cases, the c o n c e n t r a t i o n o f cyanide was i n 

l a r g e excess over t h a t o f TNB, and so e q u a t i o n 7.2 

a p p l i e s , w i t h CI\Tas Nu~. P l o t s o f k Q t 3 S versus cyanide 

c o n c e n t r a t i o n were re a s o n a b l y l i n e a r i n each case, 

a l t h o u g h t h e i n t e r c e p t o f t h e p l o t f o r t h e 30/70 ( v / v ) 

methanol/water m i x t u r e was s u b j e c t t o a l a r g e u n c e r t a i n t y . 

Values d e r i v e d from t h e p l o t s and t h e o p t i c a l d e n s i t y 

data are i n t a b l e 7.11. 

The v a l u e s o f , a r | d those of the e q u i l i b r i u m 

c o n s t a n t K, are not c o n s i s t e n t w i t h a t t a c k by e i t h e r 

methoxide or h y d r o x i d e i o n s . The v a l u e s o f k„and k 
f r 

i n c r e a s e w i t h i n c r e a s i n g methanol c o n t e n t up t o 60> methanol 
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by volume, beyond which p o i n t the v a l u e s appear c o n s t a n t . 
The magnitude of t h e change i s somewhat l o u e r than t h a t 
observed f o r the v a r i a t i o n o f t h e same parameters f o r 
methoxide and s u l p h i t e a d d i t i o n s t o TNT w i t h the DMSO 
co n t e n t of t h e s o l v e n t ( c h a p t e r s t h r e e and f i v e ) . These 
changes i n and t< r balance i n such a way t h a t the complex 
has s i m i l a r s t a b i l i t y i n each of t h e s o l v e n t systems used. 



Table 7 . 5 . 

T y p i c a l k i n e t i c runs f o r t h e r e a c t i o n o f 

1 , 3 , 5 - t r i n i t r o b e n z e n e and potassium c y a n i d 

i n m e t h a n o l - u a t e r m i x t u r e s . 

5 x 1D~ 5 M TNS 
0-01 M KCr-J 

( i ) 60/40 I. v //v) r n e t h a n o l / u a t e r 

( i i ) 80/20 ( v / v ) methanol/water 

( i ) ( i i ) 
t A\Ja k b d v £ k b 

(s) ( s " 1 ) I s " 1 

1 4°30 5«05 

2 3°55 «19 4-10 »?1 

0 2-35 °22 3«3G -22 

4 2»3Q °21 2'60 »24 

5 1»80 "25 2°05 -24 

6 1°45 -22 1°60 «25 

7 1-10 -28 1-20 -29 

8 0"85 "26 0=90 °/9 

Mean °23 °25 

a. zw = vt - ^ 
b. k = 1 I n ? 



Table 7 a 6 o 

K i n e t i c and e q u i l i b r i u m data f o r t h e r e a c t i o n o f 
1 , 3 , 5 - t r i n i t r o b e n z e n e w i t h potassium cyanide i n 

50/50 ( v / v ) m e t h a n o l / u a t e r o 

[ K C N ] 

( f l ) 

0-0023 

0-0025 

0-0046 

0-0092 

0-010 

0-0139 

0-0185 

0-020 

obs 
( s ) 

0-055 

0-076 

0-088 

0-148 

0-167 

0-194 

0-191 

0-257 

0.D.a 

500nm 

0-0101 

0-0099 

0-0123 

0-0168 

0-0193 

0-0192 

0-0213 

0-0240 

K 

( 1 mole 

295 

264 

211 

221 

339 

238 

311 

1200 

a„ O p t i c a l d e n s i t y a t end of c o l o u r - f o r m i n g p r o c e s s , 

f o r 2mm c e l l , 2-5 x 1 0 - 5 M TNB„ 

b o C a l c u l a t e d from O.D. values and a v a l u e o f 0-025 

( B e n e s i - H i l d e b r a n d p l o t ) f o r complete c o n v e r s i o n . 
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Table 7.7. 

K i n e t i c and e q u i l i b r i u m data f o r t h e r e a c t i o n o f 
1 , 3 , 5 - t r i n i t r o b e n z e n e w i t h potassium cyanide i n 

70/30 ( v / v ) r n e t h a n o l / u a t e r . 

[ K C N ] 

(n) 
0*0025 

0»005 

0-010 

0-01!5 

0 «020 

obs 
( a " 1 ) 

9«21 

13»3 

22«2 

26-9 

36-0 

O.D. 

500nm 

0«0155 

0*0224 

0°0297 

0«0370 

0°0407 

( 1 m o l e " 1 ) 

218 

207 

208 

352 

617 

a. O p t i c a l d e n s i t y a t end of c o l o u r - f o r m i n g p r o c e s s , f o r 

2mm c e l l , 5 x 10~ 5 M TNB. 

b. C a l c u l a t e d from O.D. va l u e s and a va l u e of 0-044 

( B e n a s i - H i l d e b r a n d p l o t ) f o r complete c o n v e r s i o n . 
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Table 7.8. 

Rate data f o r the r e a c t i o n of 1 , 3 , 5 - t r i n i t r o b e n z e n e u i i t h 
p otassium cyanide i n 30/70 (v/\/) methanol/uater» 

[ K C N ] 

(n) 
0-0025 

0-005 

0-010 

0-015 

0-020 

obs 

0-039 

0-040 

0-073 

0-122 

0-158 

Table 7.9. 

Rate and e q u i l i b r i u m data f o r the r e a c t i o n o f 

1 , 3 , 5 - t r i n i t r o b e n z e n e u i t h potassium cyanide i n 

60/40 (v//v) methanol/uater» 

[ K C I J 

( n ) 

0-0025 

0-005 

0-010 

0-015 

0 °02U 

obs 

10-5 

13-9 

22-6 

29-9 

31 -2 

D.D. 

500nm 

0-0124 

0-0186 

0-0254 

0-0304 

0-0336 

(1 m o l e " 1 ) 

170 

1 55 

1 40 

150 

1 60 

i . O p t i c a l d e n s i t y a t end o f c o l o u r - f o r m i n g r u c t i o n , f o r 

2mm c o l l , 5 x 10 -5 PI TNU. 
b. L.-jlculntud from CD. v a l u e s ;md a value uf n.053 

( B e n e s i - H i l d e b r a n d p l o t ) f o r complete c o n u u r j i o n . 
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Table 7.10. 

Rate and e q u i l i b r i u m data f o r t h e r e a c t i o n of 

1 • 3 , 5 — t r i n i t r o b e n z e n e w i t h potassium cyanide i n 

80/20 ( v / v ) m e t h a n o l / u a t e r . 

[ K C N ] k o b s 0 o D . a K b 

( n ) 500nm (1 mole 

••00 25 11*7 ••0192 227 

0*005 15*6 0*0272 21 1 

• ••10 24-4 ••0363 217 

0*015 30* 1 0*0407 221 

n •()'/• 29-9 0*0473 415 

a. O p t i c a l d e n s i t y a t end of c o l o u r - f o r m i n g r e a c t i o n , f o r 

2mrn c e l l , 5 x 10 = 5 'A TNB. 

b. C a l c u l a t e d from O.D. val u e s and a value o f 0*053 

( B e n e s i - H i l d e b r a n d p l o t ) f o r complete c o n v e r s i o n . 



Table 7.11. 

V a r i a t i o n o f k i n e t i c and e q u i l i b r i u m parameters w i t h 
s o l v e n t c o m p o s i t i o n , f o r t h e r e a c t i o n of 

1 , 3 , 5 - t r i n i t r o b e n z e n e and potassium c y a n i d e . 

jOH:H?0 k f 1 0 2 k 
r 

K b 

( v / v ) ( 1 mole' -1 -1 s ) ( s " 1 ) ( 1 m o l e ~ 1 ) ( 1 mol -1 
e 

30:70 7°5 + 1 «0 1 • 5 ± 0*7 500 + 250 

50:50 10-7 ± 0-5 4« 6 ± 0'7 233 i 26 268 ± 48 
60:40 15-7 ± 0-8 6» 4 ± 0»7 245 ± 13 155 ± 11 
70: 30 15*2 ± 0«8 5« 8 ± 1 °4 262 ± 50 246 ± 71 
80:20 15°6 ± 1 °0 7» 8 ± 0*4 200 ± 3 219 ± 7 

a. K - k„/k 
f r 

b. K from e q u i l i b r i u m measurements 



1 7 4 . 

7 0 3 a 4 o D i e t h y l m a l o n a t e . 

The v i s i b l e spectrum o f a s o l u t i o n c o n t a i n i n g TNB 

( 4 x 10**^ M) , d i e t h y l m a l o n a t e (0-1 M) and sodium methoxide 

(0-01 n) i n methanol showed two peaks, a t 453nm and 540nmJI 

t h e former b e i n g t h e more intense,, The i n t e n s i t i e s o f 

t h e tuo peaks i n c r e a s e d w i t h i n c r e a s i n g d i e t h y l m a l o n a t e 

or methoxide c o n c e n t r a t i o n . The methylmalonate adduct of 
91 TNB has A 455nrn and 555nm , whereas t h e methoxide max 

9 3 adduct has A 425nrn and 495nm „ Thus these s p e c t r a max r 

i n d i c a t e t h e f o r m a t i o n of a d i e t h y l m a l o n a t e - T N B adduct. 

The d i e t h y l r n a l o n a t e i o n (DEM*") i s produced from the 

p a r e n t compound (DEM) by p r o t o n a b s t r a c t i o n * a c c o r d i n g 

t o t h e e q u i l i b r i u m i n e q u a t i o n 7 0 4 . 

K 
Ode" + DEM DEM" + MeOH Eq. 7 o 4 

Before any u s e f u l k i n e t i c work c o u l d be done, t h e v a l u e 

of K uas needed so t h a t t h e c o n c e n t r a t i o n of DEM~ i n t h e a 
s o l u t i o n s c o u l d be c a l c u l a t e d . Measurements o f the 

o p t i c a l d e n s i t y a t 260nm ( t h e absorbance maximum of t h e 

d i e t h y l m a l o n a t e i o n ) were made on a s e r i e s of s o l u t i o n s 

c o n t a i n i n g d i e t h y l m a l o n a t e and sodium methoxide at 

v a r i o u s c o n c e n t r a t i o n s * The data are i n t a b l e 7.12. 

Values f o r K were c a l c u l a t e d assuming t h a t c o n v e r s i o n 

t o anion uas complete a t t h e h i g h e s t methoxide c o n c e n t r a ­

t i o n used. 

V a r i a t i o n i n the v a l u e of K , i n l i n e w i t h an 
a 

a c i d i t y f u n c t i o n dependence, would be expected at h i g h 

methoxide c o n c e n t r a t i o n s . However, t h e v a r i a t i o n observed 

here i s t o o g r e a t , and occurs a t too low c o n c e n t r a t i o n s , 

t o be accounted f o r s o l e l y i n t h i s way. The p r o b a b l e 

cause i s a s s o c i a t i o n between the d i e t h y l m a l o n a t e i o n s 



Table 7.12 

O p t i c a l d e n s i t i e s a t 260nm of d i e t h y l m a l o n a t e - m e t h o x i d 
m i x t u r e s i n methanol at 25°C. 

NaOPIe DEM O p t i c a l d e n s i t y K 
a 

( f l ) (n) a b ( 1 mole 

0*0218 2*0x10" 3 0*217 0*011 • •230 

0*0545 1*0x10~ 3 0*297 0*030 0*254 

0*105 3*8x10~ 4 0*361 D • 094 0*431 

0*160 2*0x10" 4 0*310 0*158 0*490 

0*214 2*0x10" 4 0*484 0* 247 t) • 601 

0*495 1*0x10° 4 0*850 0*858 1*319 

0*694 7*9x10" 5 1 •310 1 «650 3*256 

0*971 2*9x10" 5 0*438 1 *498 2*289 

1 *941 2*9x10~ 5 0*613 2* 106 16*44 

2*913 2*9x10" 5 0*590 2*027 4*80 

3*690 2*9x10~ 5 0*632 2*172 

-1 

a. As measured 

b. For [ D E M ] s t o i c h = 1 x 1 0 " 4 M 
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and sodium i o n s , a c h e l a t i o n e f f e c t which has been shown 

9 4 95 
t o occur w i t h a number of p - d i c a r b o n y l compounds ' 

That t h i s was t h e case here was demonstrated by t h e 

a d d i t i o n of s o l i d sodium bromide t o one o f the s o l u t i o n s -

t h i s caused an i n c r e a s e i n t h e o p t i c a l d e n s i t y by a f a c t o r 

o f two, showing the i n c r e a s e d f o r m a t i o n of the i o n - p a i r . 

In an a t t e m p t t o remove t h i s i n t e r a c t i o n , 

tetramethylammonium methoxide was used t o generate the 

a n i o n . However, here t h e f o r m a t i o n o f t h e anion appeared 
t o t a ke p l a c e a t a reduced r a t e - w i t h 0°1 PI methoxide 

-4 
and 4 x 10 M DEM, t h e absorbance at 260nm took 

6°5 minutes t o reach a maximum v a l u e , and then decreased 

s l o w l y . A c c o r d i n g l y , i t was f e l t t h a t t h i s system 

would not be s u i t a b l e f o r k i n e t i c measurement:: on the 

TNB-malonate r e a c t i o n , , 

A number o f k i n e t i c runs were performed u s i n g sodium 

methoxicie t o generate t h e d i e t h y l m a l o n a t e i o n . I n one 

s e r i e s , the methoxide and d i e t h y l m a l o n a t e s o l u t i o n s were 

mixed t o g e t h e r i m m e d i a t e l y b e f o r e measurements and t h i s 

s o l u t i o n put i n one s y r i n g e w i t h t h e TNB s o l u t i o n i n t h e 

o t h e r . I n t h e o t h e r s e r i e s , one s o l u t i o n c o n t a i n e d both 

TNB and OEM, w i t h the methoxide s o l u t i o n k e p t s e p a r a t e 

u n t i l t he s o l u t i o n s were mixed. I n both cases o n l y one 

( c o l o u r - f o r m i n g ) r e a c t i o n was observed. 

Unure the methoxide and d i e t h y l m a l o n a t e uere mixed 

b e f o r e the r e a c t i o n was s t a r t e d , the v a l u e of the observed 

r a t e c o e f f i c i e n t , , i n c r e a s e d w i t h the l e n g t h of time 

t h a t the methoxide-DEM s o l u t i o n had been made up, u n t i l 

i t reached ;j l i m i t i n g v a l u e . An example i s g i v e n i n t a b l e 

7.13. I n t h e o t h e r case, where t h e methoxido was added 

t o t h e o t h e r two r e a c t a n t s , the r.;te c o e f f i c i e n t showed 



Table 7,13 

V a r i a t i o n o f r a t e c o e f f i c i e n t w i t h t i m e a f t e r m i x i n g 
of methoxide and d i e t h y l m a l o n a t e s o l u t i o n s i n the 

r e a c t i o n o f t h i s m i x t u r e u i t h TNB*3. 

Time Rate C o e f f i c i e n t 

rnin) ( s - 1 

5 152 

7 188 

8-5 222 

10 197 

12 208 

14 240 

16 256 

20 255 

25 270 

30 254 

35 250 

40 260 

45 245 

0°01 M, DEM = 0*2 M, t o g e t h e r i n one s y r i n g e 

2 x 1 0 ~ 5 M, 

from o n l y one o s c i l l o s c o p e t r a c e . 

a 0 OMe = 

b. TNB = 

C o Taken 
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no tendency t o vary w i t h t i m e 0 The v a l u e o b t a i n e d f o r 

t h e same c o n c e n t r a t i o n s as t h e above example was 
-1 

128 + 6 s f t o o low a v a l u e t o be due t o methoxide 

a t t a c k . 
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APPENDIX ONE 

D e r i v a t i o n o f Rate Expressions 

i . Formation of 1:1 complex 

k 1 

P + B C 
k l [ P ] [ B ] - k.Jc] 

[p]0 =[ pM c] 
Hsnco 

^ P - k , H a [ B ] - k j c f e ] - k . , [ C ] 

At E q u i l i b r i a ; . ; 

o = k l [ p ] 0 [ B ] - k . j d j B ] - k . 1 [ c ] e 

S u b t r a c t i n g ( 2 j from 

TP= 0<JB] + k - 1 ) ( [ c ] e - [ c ] ) 
Observed r a t e = d 00 = k . (OD - OD) 

d t ° B 

To r e l - ' t e t h i s t o t h e change i n c o n c e n t r a t i o n 

oo = e c c (3) 
At e q u i l i b r i u m 

OD = £ C 
e c e 

Henc e 

ooe - OD - ec{ [ c ] e - [c]) 



D i f f e r e n t i a t i n g (_3) 

= , d£c] 
d t "c dt 

H e n c i 

d OD d t 'TTiD - OD) "dlT ' ( |C 1 - |C I) 

Hence 

k . [ B ] 4- k _ . 

i i . Formation of a 1:2 complex 

C + B 
-7 

For t he p r e - e q u i l i b r i u m 

1 M ] 
H e n c e 

d t 

S u b s t i t u t i n g 

i k L ^K^B]2 C [P ] 0 - [ • ] ) 
d t 

At E q u i l i b r i u m 

421= n - k 2 K l [ B ] 2 1 + K l [ B ] (Mo " CQ]S> " k-



S u b t r a c t i n g ( 2 ) f r o m (1_) 

By a s i m i l a r method t o t h a t above i t can be shown t h a t 

d OP 1 _ dJJDj o 1 
d t ( 0 D p - 00) d t ( [ D j - [D\) 

Hence 

,2 
k ^ = k o + 

k 2 K j B ] ' 
obs -2 1 + 

i i i . P r o t o n a b s t r a c t i o n by a l k o x i d e i o n f o l l o w i n g complex 

f o r m a t i o n . 

k 
P + B" -JB— P" + B 

B h e r e i s t h e s o l v e n t , and does n o t t h e r e f o r e a p p e a r i n 

t h e r a t e e x p r e s s i o n . 

[ P ] 0 = [ P ] + [C] + [ P " ] ( 2 ) 

For t h e p r e - e q u i l i b r i u m 

K c = [ P ] [ B - ] 

S u b s t i t u t i n g i n (2_) 

M y = W + K c [ p ] [ H - ] + [ p - ] 



and hence i n 

a z 1 + K [B J M 

183. 

(2) 

At e q u i l i b r i u m 

D = 
1 + K B c 

( M o " t P " ] e > - k - p [ p " ] e 

S u b t r a c t i n g 

oz p 1 + K [B J 

d t ( [ p ' ] P - [ p = ] ) 

_ d OP 

Hence 

k . = k + -= 
obs -p i + K [ET] 

i v . P r o t o n a b s t r a c t i o n by amine f o l l o w i n g c o m p l e x 

f o r m a t i o n o 

P + Am i L P~ + AmH + 

Sip, k [ A m J p ] - k . n [ p - ] [ A m H + ] (1) 

[P]„ = [ p l + [ c ] + [ P i (I) 

For t h e p r e - e q u i l i b r i u r n 



S u b s t i t u t i n g i n ^_2) 

[ p ] r - [ P ] + K c [ p ] f c J l + M 
|AmH J 

And h i n ( 1 ) 

d f p " 1 . _ 
d t 1 + K [ A m ] 2 

" k„ p[ P'][A^H +] 

[AmH +] 

At e q u i l i b r i u m 

0 = 
' h W o - [ p " ] a ) 

1 + K c [ A m ] 2 

[ AmH +] 

- k . p [ P ' ] e [ A m H + ] 

S u b t r a c t i n g 

d [ p " 1 
d t ( k _ p [ A n , H + ] + k p [ A m ] ) ( [ p " ] ( 

1 + K c [ A m ] 2 

[AmH +] 

d f p ' l 1 
- d t ( f p u i - r p - i ) 

d OD 
d t JOO - OD) 

Hanc '? 

obs 
k [Ami 

1 + [Am Y 
[ ~ ] 



APPENDIX TUQ 

a. L e c t u r e s and S e m i n a r s o r g a n i s e d by t h e D e p a r t m e n t o f 

C h e m i s t r y d u r i n g t h e p e r i o d 1 9 7 8 - 1 9 8 1 . 

(* d e n o t e s t h o s e a t t e n d e d ) 

15 September 1978 

P r o f e s s o r U. S i e b e r t ( U n i v e r s i t y o f M a r b u r g , Uest Germany), 

" B o r o n H e t e r o c y c l e s as L i g a n d s i n T r a n s i t i o n M e t a l 

C h e m i s t r y " . 

22 September 1978 

P r o f e s s o r To F e h l n e r ( U n i v e r s i t y o f N o t r e Dame, USA), 

" F e r r a b o m n e s : S y n t h e s e s and P h o t o c h e m i s t r y " . 

12 December 1978 

P r o f e s s o r C.H.M. S t i r l i n g ( U n i v e r s i t y o f B a n g o r ) 

" ' P s r t i i M j i s such s u e e t s o r r o w ' - t h e L e a v i n g Group i n 

O r g a n i c R e a c t i o n s " . 

14 F e b r u a r y 1979 

P r o f e s s o r B. D u n n e l l ( U n i v e r s i t y o f B r i t i s h C o l u m b i a ) , 

"The A p p l i c a t i o n o f NMR t o t h e s t u d y o f M o t i o n s i n 

M o l e c u l e s " . 

16 F e b r u a r y 1979 

Dr. 3. T o m k i n s o n ( I n s t i t u t e o f L a u e - L a n g e v i n , G r e n o b l e ) , 

" P r o p e r t i e s o f A d s o r b e d S p e c i e s " . 

14 March 1379 

Dr. J.C. J a l t u n ( U n i v e r s i t y o f L i t . Andrews) , 

"I ' n n t . ' i d i i . - n y i i{. i l i c - i l s " . 



1 86, 
20 March 1979 

Dr . A. R e i s e r (Kodak L t d . ) , 

" P o l y m e r P h o t o g r a p h y and Mechanism o f C r o s s - l i n k 

F o r m a t i o n i n S o l i d P o l y m e r M a t r i c e s " . 

25 March 1979 

Dr . S. L a r s s o n ( U n i v e r s i t y o f U p p s a l a ) , 

"Some A s p e c t s o f P h o t o i o n i s a t i o n Phenomena i n I n o r g a n i c 

S y s t e m s " . 

* 25 A p r i l 1979 

Dr . C.R. P a t r i c k ( U n i v e r s i t y o f Birmingham)., 

" C h l o r o f l ' j o r o c a r b o n s and S t r a t o s p h e r i c Ozone : /-,n A p p r a i s a l 

o f t h e E n v i r o n m e n t a l P r o b l e m " . 

1 May 1979 

Dr. G. Uyman ( E u r o p e a n R e s e a r c h O f f i c e , US A r m y ) , 

" E x c i t e d S t a t e C h e m i s t r y i n I n d i g o i d Dyes". 

* 2 May 1979 

Dr. 3.0. Hobson ( U n i v e r s i t y o f B i r m i n g h a m ) , 

" N i t r o g e n - c e n t r e d R e a c t i v e I n t e r m e d i a t e s " . 

8 May 19 79 

P r o f e s s o r A. S c h m i d p e t e r ( I n s t i t u t e o f I n o r g a n i c C h e m i s t r y , 

U n i v e r s i t y o f M u n i c h ) , 

"Five-mpmbered P h o s p h o r u s H e t e r o c y c l e s C o n t a i n i n g 

D i c o o r d i n s t e n h o s p h o r u s " . 

* 9 May 1979 

Dr . A . j . K i r b y ( U n i v e r s i t y o f C a m b r i d g e ) , 

"StruL- 1. : j r u . i n J R e a c t i v i t y i n I n t r a m o l e c u l a r j :nd I n /ymic 

l . u t . - i l y,\ 
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9 May 1979 

P r o f e s s o r G. M a i e r ( L a h n - G i e s s e n ) , 

" T e t r a - t e r t - b u t y l t e t r a h e d r a n e " . 

* 10 May 1979 

P r o f e s s o r G. A l l e n , F.R.S. ( S c i e n c e R e s e a r c h C o u n c i l ) , 

" N e u t r o n S c a t t e r i n g S t u d i e s o f P o l y m e r s " . 

16 Hay 1979 

Dr. 3.F. N i x o n ( U n i v e r s i t y o f S u s s e x ) , 

" S p e c t r o s c o p i c S t u d i e s on P h o s p h i n e s and t h e i r 

C o o r d i n a t i o n Complexes". 

23 Play 1979 

Dr. B. ' J a k e f i e l d ( U n i v e r s i t y o f S a l f o r d ) , 

" E l e c t r o n T r a n s f e r i n R e a c t i o n s o f M e t a l s and Crg-ino-

m e t a l l i c Compounds w i t h P o l y c h l o r o p y r i d i n e D e r i v a t i v e s " . 

13 June 1979 

Dr. C. Heath ( U n i v e r s i t y o f E d i n b u r g h ) , 

" P u t t i n g E l e c t r o c h e m i s t r y i n t o M o t h b a l l s - (Redox P r o c e s s e s 

o f M e t a l P o r p h y r i n s and Phthalocyanines)"„ 

* 14 June 1979 

P r o f e s s o r I . Ugi ( U n i v e r s i t y o f M u n i c h ) , 

" S y n t h e t i c Uses o f Super N u c l e o p h i l e s " . 

* 2 0 3 u n e 1 9 7 9 

P r o f e s s o r 3.D. C o r b e t t ( I o u a S t a t e U n i v e r s i t y , Ames, I o u a , USA), 

" Z i n t l I o n s : S y n t h e s i s and S t r u c t u r e o f Horno-poly.-itomic 

A n i o n s o f t h e P o s t - T r a n s i t i o n E l e m e n t s " . 

27 June 1979 

Dr. H. Fuess ( U n i v e r s i t y o f F r a n k f u r t ) , 

" S t udy o f E l e c t r o n D i s t r i b u t i o n i n C r y s t a l l i n e S o l i d s by 

X-ray and M e u t r o n D i f f r a c t i o n " . 
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21 November 1979 

Dr . 3. d u l l e r ( U n i v e r s i t y o f B e r g e n ) , 

" P h o t o c h e m i c a l R e a c t i o n s o f Ammonia"* 

* 28 November 1979 

Dr . B. Cox ( U n i v e r s i t y o f S t i r l i n g ) , 

" M a c r o b i c y c l i c C r y p t a t e Complexes, Dynamics and S e l e c t i v i t y " , 

5 December 1979 

Dr. G.C. Lestmond ( U n i v e r s i t y o f L i v e r p o o l ) , 

" S y n t h e s i s and P r o p e r t i e s o f some M u l t i c o m p o n e n t P o l y m e r s " . 

* 1 2 December 1979 

Dr . C . I . R a t c l i f f e ( U n i v e r s i t y o f L o n d o n ) , 

" R o t o r M o t i o n s i n S o l i d s " . 

19 December 1979 

Dr . K.E. Newman ( U n i v e r s i t y o f L a u s a n n e ) , 

" H i g h P r e s s u r e M u l t i n u c l e a r NI'IR i n t h e E l u c i d a t i o n o f t h e 

Mechanisms o f F a s t , S i m p l e R e a c t i o n s . " 

30 J a n u a r y 1980 

Dr. F1.J. B a r r o w ( U n i v e r s i t y o f E d i n b u r g h ) , 

"The S t r u c t u r e s o f some S i m p l e I n o r g a n i c Compounds o f 

S i l i c o n and Germanium - P o i n t e r s t o S t r u c t u r a l T r e n d s i n 

Group I V " . 

6 F e b r u a r y 1980 

D r . 3.M.E. U u i r k e ( U n i v e r s i t y o f D u r h a m ) , 

" D e g r a d a t i o n o f C h l o r o p h y l l - a i n S e d i m e n t s " . 

23 A p r i l 1930 

B. G r i e v s o n U . S c , ( U n i v e r s i t y o f Durham) 

"Ha l o g e n ',{adio(> hnrmaceu t i c a I s" . 



14 nay 1980 

Dr. R. H u t t o n ( U a t e r s A s s o c i a t e s , USA), 

"Recent D e v e l o p m e n t s i n M u l t i - m i l l i g r a m and m u l t i - g r a m 

S c a l e P r e p a r a t i v e H i g h P e r f o r m a n c e L i q u i d C h r o m a t o g r a p h y " 

21 Play 1980 

Dr. T.J. B e n t l e y ( U n i v e r s i t y o f Swansea), 

"Medium and S t r u c t u r a l E f f e c t s i n S o l v o l y t i c R e a c t i o n s " . 

10 J u l y 1980 

P r o f e s s o r P. des M a r t e a u ( U n i v e r s i t y o f H e i d e l b u r g ) , 

"New D e v e l o p m e n t s i n O r g a n o n i t r o g e n F l u o r i n e C h e m i s t r y " . 

7 O c t o b e r 1980 

P r o f e s s o r T. F e l h n e r (Notre-Dame U n i v e r s i t y , USA), 

" M e t a l l o b o r a n e s - Cages o r C o o r d i n a t i o n Compounds ? ". 

15 O c t o b e r 1980 

Dr. R. A d l e r ( U n i v e r s i t y o f B r i s t o l ) , 

" D o i n g C h e m i s t r y I n s i d e Cages - Medium R i n g B i c y c l i c 

M o l e c u l e s " . 

12 November 1980 

Dr. M. G e r l o c h ( U n i v e r s i t y o f C a m b r i d g e ) , 

" M a g n e t o c h e m i s t r y i s a b o u t C h e m i s t r y " . 

19 November 19BG 

Dr. T. G i l c h r i s t ( U n i v e r s i t y o f L i v e r p o o l ) , 

" N i t r o s o O l e f i n s as S y n t h e t i c I n t e r m e d i a t e s " . 

3 December 1980 

Dr. 3.A. Connor ( U n i v e r s i t y o f M a n c h e s t e r ) , 

" T h e r m o c h e m i s t r y o f T r a n s i t i o n M e t a l Complexes' 1. 



* 18 December 1980 

Dr. R. r v r t s ( U n i v e r s i t y o f B r i s b a n e , A u s t r a l i a ) , 
"Some Recent C o m m u n i c a t i o n s t o t h e E d i t o r o f t h e 
A u s t r a l i a n J o u r n e l o f F a i l e d C h e m i s t r y " . 

* 18 F e b r u a r y 1981 

P r o f e s s o r 3.F.A. K e t t l e ( U n i v e r s i t y o f E a s t A n r j l i a ) , 

" V a r i a v i o n s i n t h e M o l e c u l a r Dance a t t h e C r y s t a l B a l l " . 

* 25 f i : : ; — .ry 1981 

Dr. K. •"'uurien ( U n i v e r s i t y o f S u s s e x ) , 

"The T r a n s m i s s i o n o f P o l a r E f f e c t s o f S u b s t i t u e n t s " . 

4 March 19M1 

Dr. 5. Cv.--ddock ( U n i v e r s i t y o f E d i n b u r g h ) , 

" P s e u d o - l i n e g r P s e u d o h a l i d e s " . 

11 March 1 n 8 i 

Dr. .1.1". S t o d d g r t ( T . C . I . L t d . / U n i v e r s i t y o f S h e f f i e l d ) , 

" S t e r e o c h e m i c a l P r i n c i p l e s i n t h e D e s i g n and F u n c t i o n o f 

S y n t h e t i c M o l e c u l a r R e c e p t o r 1 ; " , 

17 March 1981 

P r o f e;;r.-c- v U. J e n c k s ( B r e n d e i s U n i v e r s i t y , Me: .s i h u s e t t s ) 

"Linen i s an I n t e r m e d i a t e n o t an I n t e r m e d i a t e ? ". 

18 March 1901 

Dr. P.J. S m i t h ( I n t e r n a t i o n a l T i n R e s e a r c h I n s t i t u t e ) , 

" O r y e n e t i n Compounds - A V e r s a t i l e C l a s s o f r r - j ; Ho­

rnet a i 1 i e Compounds". 

9 A p r i l 1981 

. ! l . Meyer (RCA / u r i c h ) , 
IT P r o p e r ! i. •••s :>t' A l i e n e d PH.! ) i. y 1 e n e , i t 
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* 6 nay 1981 

P r o f e s s o r M. 5 z u a r e, F . R . S ., 

" I o n s nc I o n P a i r s " 

10 June 1931 

Dr. 3. Rose ( I . C . I . P l a s t i c s D i v i s i o n ) , 

"New E n g i n e e r i n g P l a s t i c s " . 

17 June 1981 

Dr. P. More-'an ( U n i v e r s i t y o f M o n t p e l l i e r ) , 

"Recent R e s u l t s i n P e r f l u o r o o r g a n o i n e t a l l i c C h e m i s t r y " . 

_b. C o n f e r e n c e s a t t e n d e d d u r i n g t h e p e r i o d 1973-1981 

i . A n n u a l C o n g r e s s o f t h e C h e m i c a l S o c i e t y and t h e R o y a l 

I n s t i t u t e o f C h e m i s t r y , Durham U n i v e r s i t y , A p r i l 1980. 

c_. F i r s t y e a r i n d u c t i o n c o u r s e ( O c t o b e r - N o v e m b e r 1978) 

A s e r i e s o f one h o u r p r e s e n t a t i o n s on t h e s e r v i c e s 

a vn i J. - i b ! P i n t h e d e p a r t m e n t . 

i . D e p a r t m e n t a l o r g a n i s a t i o n 

i i . S a f e t y m a t t e r s 

i i i o E l e c t r i c a l a p p l i a n c e s 

i v . C h r o m a t o g r a p h y and m i c r o a n a l y s i s 

v. L i b r a r y f a c i l i t i e s 

v i . A t o m i c a b s o r p t i o n and i n o r g a n i c a n a l y s i s 

v i i . Mass s p e c t r o m e t r y 

v i i i . "1 sic 1.1 • , i l a g n e t i c r e s o n a n c e s p e c t r o s c o p y 

j X . f,!..'_, :̂  b !. 1 > U j n rj t (.; o i l ! ) J . I., U 
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