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ABSTRACT 

1,1-difluoro-2,2-diphenylethylene and its para-phenyl 

substituted analogs have been synthesised and their reactions 

with piperidine in acetonitrile have been studied. The subs

trates are reactive only with primary and secondary amines. 

Tertiary amines do not react with the substrates directly, 

but they catalyse reactions with primary and secondary 

amines. Reactions with primary and secondary amines give 

1-amino-l-fluoro-2,2-diarylethylenes as the initial products. 

The kinetics for the formation of 1-amino-l-fluoro-2,2-

diarylethylene have been studied. The reaction proceeds via 

both amine catalysed and uncatalysed paths. The rate 

constants and the activation parameters for both amine 

catalysed and uncatalysed routes have been obtained and the 

rate constants show good correlation with the substituent 

constants, <r. 

The rate constants and the activation parameters for 

the reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene 

with various amines have been obtained and the catalysed rate 

constants show a good correlation with the pK, values of the 

conjugate acids of the amines in acetonitrile. 

The catalytic rate constants of tertiary amines for 

the reaction of l,l-difluoro-2,2-di(4-cyanophenyl)ethylene 

with piperidine in acetonitrile have been obtained and 

correlated with the pK, values of the conjugate acids of the 

amines. Based on the results, a mechanism for the formation 

of 1-amino-l-fluoro-2,2-diarylethylene has been proposed. 

In order to obtain the Bronsted relationship, the 

pK, values of the conjugate acids of the amines have been 

measured in acetonitrile using a potentiometric method. 
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1 . INTRODUCTION 

1 



1.1 General. 

2 

In 1925, Lapworth recognised that polar reagents 

can be classified into two groups depending on their 

properties, and he termed them as "cationoid" and "anionoid" 

(1). Later, in 1933, Ingold termed these two classes as 

"electrophilic" (electron seeking) and "nucleophilic" 

(nucleus seeking) respectively (2) . According to Ingold, 

nucleophiles are reagents which donate their electrons to, or 

share them with, another atomic nucleus (3). This definition 

fails to distinguish reducing agents from nucleophiles. In 

order to eliminate this confusion, Bunnett defined a nucleo-

phile as a reagent which supplies a pair of electrons to form 

a new bond between itself and another atom (4). 

From the definition for a nucleophile, it is 

reasonable to believe that nucleophilic attack on an unsatu

rated carbon atom would be difficult, due to the presence of 

w-electrons. This may be the reason why nucleophilic 

substitution at aromatic or vinylic carbon did not receive 

much attention until the 1950's while the intensive work on 

the nucleophilic substitution at saturated carbon atom began 

in the 1930's. 

Nucleophilic attack on carbon-carbon double bonds 

has not been studied or systemized as much as that of 

electrophilic addition. Nucleophilic attack on a carbon-

oxygen double bond is rather common and it is used widely for 
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synthetic purposes. This is due to the electronegativity 

difference between two atoms which are involved in the double 

bond formation. This difference in electronegativity causes 

a polarization of the double bond and facilitates attack of 

nucleophiles on such double bonds. That is, the contribution 

of structure 2 in Scheme 1 directs the nucleophile towards the 

carbon atom. 

Scheme 1 

\ V -
XC = 0 <• • N C — 0 

/ / 

Nucleophilic substitution reactions at saturated 

carbon atoms are among the most studied and best understood 

of chemical reactions and occupy an important place in 

mechanistic organic chemistry. Nucleophilic substitution at 

aromatic carbon is also well known. The mechanisms of these 

reactions have been studied extensively and there are well 

recognised similarities between aryl halides and vinyl 

halides. It might therefore be reasonable to suppose that 

nucleophilic attack at an olefinic carbon atom will be 
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favored by the structural factors which favor nucleophilic 

aromatic substitution and these reactions will become as 

important as those of aromatic nucleophilic substitution in 

synthetic organic chemistry. 

1.2 Factors favoring nucleophilic attack on vinylic 

carbon. 

Although nucleophilic attack on vinylic carbon does 

not take place under normal conditions, some structural 

factors activate vinylic carbons towards nucleophilic attack. 

The presence of groups which diminish electron density in the 

carbon-carbon double bond either by an electron-withdrawing 

inductive(-I) or by a mesomeric(-M) effect is the most 

common factor among those which facilitate nucleophilic 

attack on the vinylic carbon atom. Michael addition to an a, (3-

unsaturated ketone is an example of nucleophilic attack on a 

carbon-carbon double bond that is activated by the carbonyl 

group. Systems activated by nitro(5-6), cyano(7-9), alkoxy-

carbonyl(10-12) and arylsulphonyl(13) groups are also known. 

Substitution of such a group on a carbon-carbon double bond 

develops a positive charge on the 0-carbon atom by its 

mesomeric(-M) effect, and hence directs the nucleophile 

towards this carbon atom. In other words, the contribution of 

structure 4 of Scheme 2 aids nucleophilic attack. 



Scheme 2 
5 

y \ / \ 
R 2 R J «2 »3 

X - -CN, - N 0 2 , -COR. -C02R or -SOjAr 

with electron-withdrawing substitutents, the polarization of 

the double bond is lowered and causes a decrea 

se in reactivity. However, multiple substitution, (eg: as in 

tetracyanoethylene) increases the overall reactivity. 

Nucleophilic attack on fluoro olefins (14) is a good example 

where the olefin is activated by the inductive effect of the 

substituent. 

In addition to the presence of electron-withdrawing 

substituents, there are some other factors which could 

facilitate nucleophilic attack at vinylic carbon. There is 

some evidence that in a system activated by ground state 

strain, nucleophilic attack occurs even in the absence of 

electron-withdrawing substituents (15). It is also reported 

that phenolate oxygen adds rapidly to a neighboring monoalkyl 

ethylene when the groups are brought together in a system 
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exhibiting high effective molarity (16,17). Some enzyme 

catalysed nucleophilic attacks are also known to occur in the 

absence of other activating factors (18). 

In more recent studies, it was also found that 

nucleophilic attack by thiolate and selenide anions occurs 

even on unactivated vinyl halides such as j3-bromostyrene under 

mild conditions in aprotic solvents such as HMPA and DMF (19, 

20) . When HMPA was the solvent reaction occurs at room 

temperature with complete retention of configuration and the 

yield reported was above 9 0%. 

In the nucleophilicity scale established for 

nucleophilic substitution at saturated carbon atom, thiolate 

and selenide anions have been given high nucleophilic 

constants (21). According to a qualitative nucleophilicity 

scale established by Rappoport for nucleophilic substitution 

at vinylic carbon atoms, thiolate ion was one of the strongest 

nucleophiles (22) . Moreover, the reactivity of these 

nucleophiles is enhanced in HMPA by specific solvation of the 

cation. Hence HMPA facilitates nucleophilic attack on 

unactivated vinyl halides. 



1.3 Possible products fron the nucleophilic attack on 

vinylic carbon 

The reaction between an olefin and a nucleophile can 

lead to various products depending on the nature of the 

substrate, nucleophile, solvent and the experimental 

conditions. A carbanion or a zwitterion is formed by the 

initial attack of a negatively charged or a neutral 

nucleophile on the activated olefin (Scheme 3). 

Scheme 3 

V / • 
/ \ 

"•> Ri 

Nu: 

*3 

R ' \ 

, ' 1 
x2 Nu: 

. < " 

\ 

eg: Nu = -OR, -SR etc-

; C = c ' + Nu: •> ^C — CK 

/ \ / | \ 
R2 R3 R2 Nu:+ R3 

eg: Nu = amines-
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This carbanion or zwitterion can undergo several 

reactions as shown in Scheme 4. Among these reactions, 

addition, substitution, fragmentation and cis-trans 

isomerization reactions are the most frequently observed. 

Competition between these reactions often leads to a mixture 

of two or more products and hence complicates the kinetic and 

mechanistic investigation and limits the synthetic 

applications. However, careful selection of nucleophile, 

substrate and solvent may help to simplify the situation. 

Scheme 4 

(i) addition : 

R/| \R3 R^I |\R3 2 N U 3 2 
Nu H 

(ii) internal cyclization 

\ 



(lii) substitution: 

C C 

\ 
Nu 3 

Si 
v y c = c, 

/ " — \ 
Nu 

(iv) fragmentation: 

K2 NuH 

K ' \ 
C = Nu + 

(v; cis-trons isomerization: 

C — c ' 

2 Nu R 3 

C = C / 

(vi) polymerization: 

R , \ - / " 
C — c ' 

R/I \R 
R2 Nu R : 

-»• Nu — C - C — C — - C 

X R, 

I . 

R 3 R
2 

to 
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In the presence of a proton source, such as a protic 

solvent, nucleophilic addition across the double bond is the 

common reaction. Michael addition and the cyanoethylation 

reaction are well known examples of such addition reactions 

(23,24). Numerous examples of nucleophilic vinylic 

substitution can be found in the literature (25-28). Since we 

are mainly interested in nucleophilic vinylic substitution, 

the mechanism of the substitution reaction will be discussed 

in detail. Attack of hydroxide ion or water on the activated 

carbon - carbon double bond often leads to a fragmentation 

reaction (10). Bernasconi and co-workers have reported a 

considerable number of such fragmentation reactions (29-31). 

For example, base catalysed hydrolysis of benzylidene 

malononitrile gives benzaldehyde and malononitrile anion as 

products (32), as shown in equation [1]. 

ArCH = C(CN)2 "OH > ArCHO + CH(CN)2 [1] 

Some data are also available on nucleophile assisted 

cis-trans isomerization of an activated olefin (33). In a few 

cases, nucleophilic attack on carbon - carbon double bonds 

leads to cyclic dimers, trimers and short chain polymers 

(34,35). 

i' 
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1.4 Mechanism of nucleophilic vinylic substitution. 

Any factors which stabilize the intermediate 

carbanion (or zwitterion) allow more opportunity for expulsion 

of the leaving group. Since there are similarities between 

aryl halides and vinyl halides, nucleophilic substitution at 

vinylic centres could be merely a further chapter of aromatic 

nucleophilic substitution. However, reactions of ethylenic 

substrates are mechanistically more diverse. Vinyl halides 

undergo ^-elimination to acetylenes with greater ease than 

aromatic compounds form arynes. The competition between 

substitution and elimination is, indeed, one of the most 

intriguing features of the reactions of vinylic compounds 

with nucleophiles. Cis-trans isomerism of substituted 

ethylenes makes available substrates of known configuration 

for the study of mechanisms of ^-elimination. Moreover, a 

vinylic substrate necessarily carries an a-substituent with 

respect to the leaving group. This a-substituent may exert a 

steric and an electronic effect on the reaction rate and may 

itself be attacked by the nucleophile, thus opening new 

reaction pathways. Ethylenic substrates of suitable structure 

may undergo an SN1 type reaction even at room temperature 

(36). 

In fact, nucleophilic substitution on a vinylic 

system can take place via mechanistic routes that operate both 

in nucleophilic substitution at saturated carbon atoms and at 
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aromatic carbon atoms. Therefore, nucleophilic substitution at 

vinylic carbon is richest in mechanistic possibilities in 

comparison to saturated and aromatic systems. 

The mechanisms of nucleophilic substitution in the 

vinylic systems have been reviewed from time to time by 

different authors during the last forty years. As time went 

on, the number of mechanistic routes on the list increased. In 

fact, 38 theoretical mechanistic variations have been 

suggested in the latest review published by Rappoport (37). 

Although all these 38 routes are theoretically possible, only 

a few of them are experimentally supported. These observed 

routes are summarized in Scheme 5. 

The mechanism of a particular nucleophilic vinylic 

substitution depends on the substrate, nucleophile, solvent 

and the leaving group. The most important routes in Scheme 5 

are (i),(ii) and (iii) while (iv) and (v) are observed only 

in special cases. 
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Scheme 5 

(i) addition-elimination: 

Nu:" - -LG~ 
R ^ L G ^ C X R J »• RfCCLG) — CXRj • R ^ N u ^ C X R j 

Nu (type a) 

| H + 

* -HLG 
RfCCLG) — CXR2 *• R1C(Nu) = CXR2 

NU H (type b ) 

(ii) eliminotion-oddition: 

-HLG NuH 
R1C(LG)=CHX *• RjCss CX • R,C(Nu) = CHX 

(iii) substitution with primary rearrangement of substrate: 

R^CHCdG) = CXR3 *- R^jCsss C(LG)CHXR3 

I 
R , R 2 C = C(Nu)CHXR3 
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(iv) Sjjltype vinylic substitution: 

*}<m-<*fy*£* R , C + = C R 2 R 3 - ^ ; R,C(N t,)= CRjR, 

(v) substitution involving a vinylic corbonion: 

R,C(LC) = CR2R3 .. R,C = C R 2 R 3 - C R,C(E) = CR..R, 

(i) The addition - elimination mechanism. 

Most of the substitution reactions take place via 

the addition - elimination route. Therefore, this is the most 

studied one in Scheme 5. In fact this is the only route which 

involves direct attack of the nucleophile on a vinylic carbon 

atom. 

In the elimination-addition route the primary step 

is the attack on the vinylic H-atom not on the vinylic 

carbon. These two mechanisms can be distinguished by 

isotopic studies. Deuterium exchange will take place if the 

primary attack take place on the vinylic hydrogen. In the 

addition - elimination mechanism, the product configuration 

will be determined by the path of attack and by the 

configuration and the life time of the carbanion (or 
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zwitterion) intermediate. Since it involves the direct attack 

of a nucleophile on the vinylic carbon atom, it is also the 

one which, in actual fact, is most correctly described as a 

nucleophilic vinylic substitution. 

If we consider the addition-elimination mechanism, 

the attack of the nucleophile could lead to three types of 

reactions, as shown in Scheme 6. 

Scheme 6 

RfCCUS) =0X1*2 Nu: 

(0 
R,— C-—C' 

LG. X 

» R — c — C • R,C(Nu) = CXR, 

Nu Ro 

LG X 

en) L \ / x 

• r p r R,— C — C — R, V \ 2 
Nu H 
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In the first one(i), which involves no 

intermediate, bond breaking and bond forming take place 

simultaneously. In the second one(ii), bond breaking takes 

place after the bond formation and the intermediate is a 

carbanion(or a zwitterion) and in the third one (iii), the 

a,/?-addition product is formed as the intermediate. That is, 

the first reaction is a single step reaction and the second 

and third ones are multistep reactions. The stereochemistry 

and the element effect can give information about the type of 

intermediate. Most of the experimental evidence points to 

a short lived carbanionic intermediate, but in some cases , 

an a,0-adduct seems essential. These variations have been 

discussed by Rappoport in terms of the variable transition 

state concept (38). 

Although the presence of a carbanionic intermediate 

has been suggested for most nucleophilic vinylic substitution 

reactions, and carbanionic adducts were detected when there 

was no leaving group in the adduct, such intermediates were 

not detected under the reaction conditions where vinylic 

substitution actually occurred. But such a carbanionic 

intermediate was recently observed in the reaction of alkyl 

thiolate ions with (E)-/?-methoxy-a-nitrostilbene in 50% DMSO -

50% water solvent at 20°C (39, 40). 

The reaction takes place according to following 

equation. 
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RS + C = C ? = * MeO— C — C 

/ \ k- I \ P h 
MeO Ph S R 

k2 

Ph . N02 

\ / 
C = C + MeO 

/ \ 
RS Ph 

The following conditions are necessary for the 

detection of the intermediate. 

(i) The equilibrium for the formation of the intermediate 

must be favorable, ie, k,[Nu]/k.i » 1. 

(ii) The decay of the intermediate must be slower than 

its formation, ie, kt[Nu) » k2. 

(iii) The absolute value of k2 must be low enough to allow 

detection by suitable techniques. 

When one or more of these conditions are not 

satisfied in a reaction, the detection of the intermediate 

becomes difficult. For example, after the detection of the 

intermediate in the above reaction, the reaction of 

pyrrolidine, piperidine, morpholine and n-butylamine with 
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(E) -/8-methoxy-a-nitrostilbene was studied in a solvent mixture 

containing 50% DMSO - 50% water at 20° with the intention of 

observing the intermediate. However, no intermediate was 

observed (41). In another example, a search for the 

intermediate carbanion in the reaction of OH" with 

Ph(LG)C = CPh(N02) (LG = CI, I, SEt and OMe) in 50% DMSO - H20 

solvent was unsuccessful (42). 

Two transition state structures were proposed by Gold 

for the single step process (type (i)) (43). One involved an 

in-plane attack of the nucleophile leading to the transition 

state (structure 5) which is analogous to that in aliphatic 

SN2 reactions but with sp hybridization for the co-linear 

R3-C„ -Cp bonds where one of the p-orbitals is involved in 

the weak binding to the entering and the leaving groups while 

the other participates in the formation of w-bond between C„ 

and C„. This would lead to the product with complete inversion 

of configuration. Such exclusive inversion of configuration is 

not reported in the literature. Most of the experimental 

results show that the substitution takes place either with 

retention of configuration or with stereoconvergence. This in 

turn suggests that the attack in fact takes place 

perpendicular to the plane of the molecule. Moreover, 

theoretical calculations show that in-plane attack requires 

more energy than perpendicular attack (44). 

The second type of transition state is formed when 

the nucleophilic attack takes place perpendicular to the plane 
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of the molecule. In this case, Ca is tetrahedral, the carbon 

has sp3 hybridization and the Ca - Cff bond has single bond 

character (structure 6). 

"3 

R 1 ~ (^} - R2 

X 

5 6 

The stereochemical outcome of the addition -

elimination mechanism has been analyzed by Miller (45). He 

analyzed how the overall stereoselectivity depends on one or 

two of the following factors (rate constants), 

(i) formation of the intermediate anion, 

(ii) isomerization of the anion by rotation, 

(iii) isomerization of the anion by inversion, and 

(iv) dissociation of the anion to reactant or product. 

According to his analysis, substitution with retention of 

configuration or with stereoconvergence is the preferred path 

in the addition-elimination mechanism. This is consistent with 

the experimental observations. 

Nu C 

C 

/ \ 



20 

(ii) The elimination-addition mechanism. 

When there is a vinylic or allylic proton in the 

substrate, in the presence of a basic nucleophile, the 

substitution could take place via the elimination - addition 

mechanism (Scheme 7). 

Scheme 7 

R, H 

\ / • 

0) C = C 
/ \ 

LG R„ 

-HLG NuH 
-*• R , C ^ CR2 •*• R,C(Nu) = CHR* 

-HLG 
(ii) R1R2CH-C(LG) = CR3R4 • RfaCsss C = CRjR4 

NuH 

R1R2CHC(Nu) = CR3R4 

-HLG NuH 
(iii) R 1R 2C= CH(LG) • R^Csz: C: — • R 1R 2C= C(Nu)H 
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In this mechanism, the protrn and the leaving group 

are eliminated initially and then the addition of the NuH to 

the intermediate leads to the substituted product. Depending 

on the position of the proton, the first step of the reaction 

involves either a,0 - 0,0 - or 0,7 - elimination. 

The a,0- elimination - addition route which 

involves an acetylene intermediate is the most common one. 

This is similar to the benzyne mechanism in nucleophilic 

aromatic substitution. Alternatively, if there is an activated 

hydrogen on the 7 - carbon, then 0,7- elimination could take 

place resulting in an allene intermediate. Then attack of the 

nucleophile or the central carbon atom would lead to the 

overall substitution. The 0,0 - elimination route which 

involves a carbene intermediate is observed only in special 

cases (46). In the elimination - addition mechanism, there 

will be no relation between the configuration of the starting 

material and that of product as both cis and trans isomers 

give the same acetylenic intermediate. 

(iii) Substitution with primary rearrangement. 

In a suitable system, migration of the double bond 

takes place in the presence of a basic nucleophile. This 

migration places the leaving group either in an allylic 

position, or in a vinylic position at which the attack of the 

nucleophile becomes easier than it was in the original 

substrate. Substitution followed by another double bond 
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migration gives the final product. 

(iv) SN1 type reaction. 

The SN1 type reaction can take place when there are 

powerful electron donating substituents present in the olefin 

to stabilize the intermediate carbocation. This mechanism has 

been reviewed by stang and Rappoport (47). 

(v) Substitution involving a vinylic carbanion. 

A vinylic carbanion is formed as the intermediate 

tirtien the nucleophile attacks the leaving group instead of 

vinylic carbon atom. 

In addition to the above discussed mechanisms, a 

single electron transfer (SET) process in the attack step 

could also be considered as one of the possible mechanistic 

routes. This process is considered to be one of the 

mechanistic routes in nucleophilic aromatic substitution and 

designated as Swl mechanism. The involvement of such SET 

processes in classical organic reactions has been investigated 

extensively during last 25 years, and evidence has been 

presented for the involvement of an SET step in many organic 

reactions which were previously considered to proceed via 

polar pathways (48-51). Therefore, it becomes necessary to 

consider this mechanism for nucleophilic substitution on 

vinylic carbon atom. 
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In fact, a mechanism with an SET process has been 

considered as one of the competing routes for the reaction of 

2,2-bis(4-nitrophenyl)-l-bromo-l-chloroethylene and 9-

(bromochloromethylene)fluorene with thiolate anion (52). 

1.5 Literature survey of nucl&ophilic vinylic 

substitution. 

Since the late fifties the kinetics and mechanism 

of nucleophilic vinylic substitution have been an interesting 

subject for physical-organic chemists. A considerable amount 

of work has been done on the nucleophilic attack on olefins by 

varying the nucleophile, leaving group, activating group and 

solvents. These investigations led to the study of 

nucleophilic addition (32), elimination (34), rearrangement, 

degradation of the double bond (29-31) and also substitution. 

Rappoport and co-workers have continued to contribute to this 

subject since 1962. Bernasconi and co-workers have also 

studied numerous different systems all of which involve 

nucleophilic attack on olefins, since 1978. Their recent work 

involves the study of transition state imbalances and the 

application of the Principle of Nonperfect Synchronization for 

nucleophilic addition reactions (53-55). Comprehensive reviews 

on nucleophilic vinylic substitution are available (25-28). 

In most of the systems reported, nucleophilic 
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vinylic substitution takes place through an addition -

elimination mechanism and most of them involve a carbanionic 

intermediate. In addition to kinetic measurements, other 

methods such as stereochemistry of the product (52), element 

effect (56,57) product distribution (58) and linear free 

energy relationships have also been used to investigate the 

mechanism. Although many systems show the common addition -

elimination mechanism, the rate-determining step varies from 

one system to another. In some systems nucleophilic attack is 

the rate determining step, while in others leaving group 

expulsion becomes rate determining (59). 

For most of the systems studied by Rappoport and co

workers, nucleophilic attack is the rate determining step. The 

following qualitative nucleophilicity scale has been suggested 

for reactions in which nucleophilic attack is the rate 

determining step (22). 

EtS" > t- BuS" > pyrrolidine > S03" , 

!PrO" > OH" > NH2OH > CN" > "CH(COMe)2 > MeCOCHC02Et >
 jPr2NH , 

PhCH2S" > ArS" > ArO' piperidine > EtO' > SCN" > morpholine > 

MeO" > PhO" > Bu2NH > C- C6H,,NH2 > N3" » H20 > Br", C.V, I". 

Nucleophilic vinylic substitution has also received 

some attention from theoretical chemists. In a recent 

theoretical study, the energies associated with the attack 
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phase and the expulsion phase have been calculated. This 

calculation supports and explains some of the experimentally 

observed results (60). 

As might be predicted from the electronegativity of 

fluorine, the replacement of H by F in ethylene diminishes 

the electron density on the double bond and hence facilitates 

the attack of nucleophiles. Nucleophilic reactions of 

perfluoro- and chlorofluoroolefins containing two to four 

carbon atoms in the molecule have been reported in numerous 

publications. The reaction of fluoroolefins with various 

nucleophiles have been collected in a review by Chambers and 

Mobbs (61). A considerable number of publications which 

describe nucleophilic addition to fluoroolefins began with a 

patent by Hanford and Rigby (62) which describes the addition 

of various alcohols to tetraf luoroethylene and of ethanol to 

chlorotrifluoroethylene and l-chloro-2,2-difluoroethylene 

using the corresponding alkoxides or KCN as catalyst. 

Following this patent, base-catalysed addition of methanol to 

these compounds and to l,l-dichloro-2,2-difluoroethylene (63) 

was shown to occur. 

In the above experiments, specific addition was 

observed with these a,a-difluoroethylenes to give products in 

which the nucleophile becomes attached to the difluoro-

methylene part of the molecule. The authors postulated the 

following mechanism for the reaction. 
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F: 

CH30 

a 

c = c 
/ \ 

^ b rate 

controlling 

\ 
CH3fJ— C -

y 

F 

\ 
CH30— C -

/ 

- c 

\ 

CH3OH 

i 

/ 
- C H 

\ 

They also observed that trichlorofluoroethylene 

reacts readily with methanol at 0°C whereas tetrachloro-

ethylene does not react at all at this temperature. They 

suggest that the role of fluorine relative to chlorine in 

promoting addition of nucleophilic reagents and effecting the 

orientation is due to fluorine's greater tendency to enter 

into resonance with the double bond. This effect predisposes 

the double bond to polar activation as indicated by the arrow 

"b" in the diagram above. Fluorine differs from other 

activating groups such as -CN, -N02 etc., in directing the 

nucleophile. This observation is also supported by theoretical 

studies (60). 

These reactions give the corresponding saturated 

ethers as major or sole products. Small amounts of 
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unsaturated ethers, formed by replacement of the vinylic 

fluorine by the nucleophile, were obtained occasionally. The 

tendency to form unsaturated ethers in the reaction with 

perf luoroisobutene seems to increase with the basicity of the 

alkoxy anions. That is, the tendency increases in the order 

of EtO< nPrO< 'PrO< lBuO". The reactions of alcohols with 

branched higher perfluoroolefins gave unsaturated ethers 

exclusively, regardless of the nature of the nucleophile (64). 

l-(2-Tetrahydrofuryl)-pentafluoropropene also seems to react 

with alkoxide to give unsaturated ethers as the major product 

(65). 

Following Miller's (63) suggestion, J.D.Park and 

his coworkers explained the displacement of vinylic halogens 

by alkoxides in both cyclic and acyclic systems in terms of 

carbanionic intermediates (66). In the later fifties, Millers 

group studied the reactions of various nucleophiles with 

acyclic fluoroolefins and concluded that, depending on the 

structure of the olefin, such reactions could result in 

addition to form saturated products, direct substitution of 

vinylic halogen or displacement of allylic halogen 

accompanied by rearrangement (67-70). In 196S, Park and 

coworkers suggested a set of rules (which is known as Park's 

carbanionic theory) for the nucleophilic vinylic displacement 

on the basis of their results on the reaction between 

ethoxide and a variety of halogenated cyclobutenes (71). The 

rules are; 
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(I) Nucleophilic displacement reactions of olefins, 

which are highly substituted with electron withdrawing 

substituents, may best be considered as proceeding through a 

carbanion intermediate. 

(II) Usually, a nucleophile will attack the carbon atom 

leading to the carbanion best stabilized by an a-substituent. 

(III) If either position of nucleophilic attack leads to 

carbanions with equivalent stabilization by a-substituents, 

the effect of 0-substituents and steric interaction will 

prevail. 

(IV) The relative importance of the 0-effect diminishes with 

increasing stabilization by either a- or 0-effects. 

(V) Carbanions which are adequately stabilized are discrete 

intermediates with no knowledge of their origin. That is, loss 

of a substituent may occur from either 0-carbon atom, 

irrespective of whether it was vinylic or allylic in the 

reacting olefin. 

(VI) The less basic the 0-substituent is, the better it is as 

a leaving group. Hence, the order of leaving group from the 

carbanion is: I>Br>Cl>F>OR>H. 

(VII) Fluorine will not be lost from a geminal difluoro group 

if there is another 0-halogen which can leave. 

(VIII) If a choice must be made between two equivalent 

leaving moieties, loss will occur so as to give the more 

stable olefin. 
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Although unsaturated ethers arising from the 

displacement of fluoride from cyclic fluoroolefins were 

common, such products from acyclic f luoroolef ins were obtained 

only when the olefin was branched (71). In 1970, it was found 

by Koch and his coworkers that the reactions of PhCR=CF2 , 

where R= -F, -CF3, and -CF2C1, with ethoxide in ethanol all 

give vinyl ethers as one of the products (72). Later, they 

studied the rate and Arrhenius parameters as well as the 

product distribution for the above reactions (73). In this 

reaction, the initially formed carbanion adduct partitions 

into the vinylic substitution product and the protonated 

adduct to give the saturated ether. 

In 1982, Dmowski (58) found that the reaction of 1-

phenylpentaf luoropropene and its para substituted derivatives 

7 with ethanolic sodium ethoxide gave predominantly 

substitution products with only a little formation of 

adducts. 

7 

X - CH30-. CH3-. H. CI and CF3 
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These compounds seem to be susceptible to 

nucleophilic attack at both vinylic carbons C-1 and C-2. This 

should be due to the presence of a fluorine atom on both 

carbons. As a result, he obtained l-ethoxy-1-phenyl-

tetrafluoropropenes 8 and 2-ethoxy-l-phenyltetrafluoro-

propenes 9 with a small amount of the addition product 2-

ethoxy-l,l,l,2,3-pentafluoro-3-phenylpropanes 10 and the 

disubstituted product 1,2-diethoxy-l-phenyltrifluoro-

propenes 11. 

- H @ > — C = CFCF3
 X - ^ 0 > - CF= fCF3 

OEt OEt 

8 

__/^\__ CHFCFCF3 x—@)— C = C(0Et)CF3 

OEt OEt 

10 ii 

From the product distribution and on the assumption 

that the attack of the nucleophile on the olefin is the rate 



31 

determining step, he showed that the logarithm of the ratio of 

the rate constants for the attack at C-1 and C-2 is linearly 

related to the ap constant. That is, the overall regio-

selectivity of nucleophilic attack of the ethoxide ion on 

these alkenes exhibits a Hammett type correlation with ap. 

All the above discussed experiments concern the 

reaction between fluoroolefins and alkoxide ions. In 1981, 

the reaction of fluoroolefins with stabilized carbon 

nucleophiles was studied by Shaw and coworkers (74). 

Reactions of phosphorous ylides with fluoroolefins gave an 

initial phosphonium salt via an addition-elimination 

process. Again, the point of attack by the ylides was 

exclusively at the terminal difluoromethylene carbon. 

Hydrolysis of the initially formed phosphonium salt gives the 

mixture of diene, olefin and allene. 

P h 3 P = CRR' + CF2 = CXCF2R + [PhjP CRR'CF = CXCFjR ]F 

X - F. Ph; R - F. CF3, CjFg. C4Fg 

The reaction of lithium dimethylcuprate with 1-

fluoro-2-phenylethylene and l-fluoro-2-phenylsulphonyl 

ethylene leads to the product of methyl-substitution. A 

concerted mechanism for the former substrate and an addition -

elimination mechanism for the latter substrate has been 
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proposed (75). 

Tetrafluoroethylene reacts with cyanide, phenoxide, 

methylmercaptide and azide ions and gives the corresponding 

carbanions. These carbanions were captured by C02 (76). 

1.6 Scope of our present study. 

In a kinetic study of the reaction between 2,2-

di(4-nitrophenyl)-l,l,l-trifluoroethane (12) and alkoxide 

bases in alcohols as solvents conducted in our laboratory. 

2,2-di(4-nitro-phenyl)-1-alkoxy-l-fluoroethylenes and 

2,2-di(4-nitrophenyl)- 1,1-dialkoxyethylenes were obtained as 

final products, instead of the expected 

2,2-di(4-nitrophenyl)-l,l-difluoro-ethylene (13) (77). It was 

shown that these products were formed from the initial 

elimination product 2,2-di(4-nitrophenyl)-1,1-difluoroethylene 

by the attack of alkoxide anions (Scheme 8). The reaction 

between the olefin and the alkoxide anion seems to go via the 

addition-elimination mechanism of the type b (Scheme 5). 
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Scheme 8 

OR 
(p-02N-C6H4)2CHCF3 • (p-02N-C6H4)2C= CF2 

12 13 

I 
(p-02N-C6H4)2CHCF2(OR) 

I 
(p-02N-C5H4)2C= CF(OR) 

I 
1 

(p-02N-C6H4)2C= C(OR)2 

In an attempt to study the 0-elimination reaction of 

2,2-di(4-nitrophenyl)-l,l,l-trifluoroethane (12) promoted by 

piperidine and pyrrolidine bases, 2,2-di(4-nitrophenyl)-l-

fluoro-1-piperidinoethylene and 2,2-di(4-nitrophenyl)-l-

fluoro-1-pyrrolidinoethylene were obtained as the final 

products as shown in equation [2] (78) . These products also 

proved to be formed from the initial elimination product 

2,2-di(4-nitrophenyl)-1,1-difluoroethylene. The reaction was 

first order with respect to the amine. 
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F 

12 >. 13 • (p- 02N-CgH4)2C= C [2] 

^ amine 

The reaction of 1,1-dicyanoolefin with various 

amines had been studied by Rappoport (7, 56, 59) and his co

workers. They found the reaction to go via the most common 

addition-elimination route in which the nucleophilic attack 

was the rate-determining step in most of the systems they 

investigated. They also observed that the reaction involved 

both amine-catalysed and uncatalysed routes. The relative 

importance of catalysed and uncatalysed routes depends on the 

leaving group and the nucleophile. 

Amine catalysis in nucleophilic aromatic 

substitution is a well-known phenomenon. The most accepted 

mechanism in these systems involves base-catalysed proton 

transfer from the dipolar intermediate formed by the initial 

attack of the amine (79, 80). A similar mechanism for a 

vinylic system has been proposed by Rappoport. Amine catalysis 

was also observed in the addition reaction of amines to trans-

(2-furyl)nitroethylene (81 - 83). 

Recently, the kinetics and the mechanism of the 

reaction of 2,2-di(4-nitrophenyl)-1,1-difluoroethylene with 

these amines was studied in our laboratory (84) . It was found 
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that the reaction proceeds via both amine catalysed and 

uncatalysed routes. The second order and the third order rate 

coefficients were obtained for these reactions. 

In order to obtain more mechanistic information, the 

effect of the substituents in the aromatic ring on the 

reaction mechanism, and also the effect of basicity of the 

amine have been studied in our present work. 

Data on such Hammett type relationships for various 

combinations of nucleophile and activated olefin have been 

collected by Rappoport and Ladkani (85). Although ten of the 

fortyfive reaction series listed in this paper were substi

tution reactions, the aryl group was not attached directly to 

the vinylic carbon. The reaction involves substitution by 

different nucleophiles on cis and trans ArS02CH = CHC1. 

The Hammett type correlation was established between 

a and the rate constants. The reaction constants reported for 

these reaction ranges from 1.21 to 1.85. Among these ten 

reaction series five contain only three different substituents 

on the aryl group making the p values unreliable. 

In our present study, the para substituted analogs, 

14 - 17, of 1,1-difluoro-2,2-diphenylethylene have been 

synthesized and their reactions with amines in acetonitrile 

have been studied. 
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14. X = H 18. X = CF3 

15. X - Br 17, X - CN 

Scheme 9 shows the three different systems that have 

been investigated in this work. In the first system, substra

tes with different substituents in the para positions of 1,1-

dif luoro-2,2-diphenylethylene have been used. The reaction of 

these substrates with piperidine in acetonitrile was 

investigated. 

In the second system, the reaction of 1,1-difluoro-

2,2-di-(4-cyanophenyl)ethylene with different amines was 

studied, and in the third one, the reaction of 1,1-difluoro-

2,2-di(4-cyanophenyl)ethylene with piperidine catalysed by 

tertiary amines with different base strengths was studied. 



Scheme 9 

System 1 
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/ + 

C = C + 0 CHjCN 
c = c 

. / 

0 

For X = H, Br, CN, CF3 and N02. 

System 2 

CN CN 

/ 
C = C / + BH 

CH3CN 
C = C 

CN' CN ' 

For BH = pyrrol id ine , piperidine, morpholine, thiomorpholine, 

1,2,3,4-tetrahydroisoquinoline, 1,1,3,3-tetramethyIguanidine 

(TMG), and n-propylamine. 



System 3 

CN CN 

/ 

CN 

\ r 
0 

CH^CN 

C = C + | | + R 3 N " 

CN 

For R3N = N-methylpyrrolidine, N-methylpiperidine, N-me 

morpholine, 1,3-diphenylguanidine and DBU. 



2. Kinetics and Mechanism of the Reaction of Phenyl 

Substituted 1,1-Difluoro-2,2-diphenylethylene with 

Piperidine in acetonitrile as solvent. 

39 
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2.1 General. 

The kinetics and mechanism of the reaction of 2,2-

di(4-nitrophenyl)-1,1-difluoroethylene 13 with piperidine and 

some other secondary and primary amines were studied and 

reported earlier (84). The reaction proceeds via an amine-

catalysed and an uncatalysed route. It was also found that the 

reaction was not catalysed by alkylammonium ions. From the 

results of the study, it was concluded that the reaction 

follows Scheme 10 with departure of the leaving group as the 

rate determining step. 

Scheme 10 

r • 
BH 

J 

(p -0 2 N-C 6 H 4 ) 2 C CF2 

NR2 

All four substituents in substrate 13 activate C, 

and hence this carbon is highly reactive towards nucleo

philes. In order to study the influence of substituents on the 

-F. -H 

(p-02N-C6H4)2C= C 
/ 

NR-
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phenyl ring, the para substituted analogs, 14 - 17, of 1,1-

dif luoro-2, 2-diphenylethylene have been synthesized and their 

reaction with amines in acetonitrile (System 1) studied. 

System 1. 

CH3CN 

For X = H, Br, CN, CF3 and N02. 

2.2. A preliminary qualitative study of the reaction of 

para-substituted 1,1-difluoro-2,2-diphenylethylene with 

piperidine. 

In a preliminary study, the reaction of 

1,1-dif luoro-2,2-diphenylethylene, 1-8, with amines in 

acetonitrile was followed spectrophotometrically. The UV -

visible spectrum of the substrate as well as the reaction 

mixture were recorded between 190 and 500nm. The substrate 



42 

showed X ^ at 237nm. Neither the reaction spectrum nor the TLC 

analysis showed detectable product with morpholine, methoxy-

ethylamine, propylamine, isobutylamine, benzylamine and 

cyclohexylamine at room temperature (25°C) and 50°C, at a 

substrate concentration of 9.5xl0*3 mol.L"1. The concentration 

of amines was kept about 9.5x10"' mol.L"1. 

In the case of piperidine the reaction spectrum 

(Figure 1(a)) showed a peak at about X - 286nm a few hours 

after mixing. The absorbance at this wavelength increases 

with time. After 24 hours at 50°C ,a shoulder was observed 

with this peak and the absorbance at 286nm began to decrease. 

As this absorbance continued to decrease, the shoulder moved 

towards longer wavelength. After 70 hours a sharp peak was 

observed at X =328nm (Figure 1(b)), and the absorbance at 

this wavelength increased with time while X̂ ,, remained 

approximately the same. This indicates that the reaction 

leads to two products, one which absorbs at about 286nm (P,), 

and a second one (P2), which absorbs at 328nm in a 

consecutive manner (equation [3]). As the reaction proceeds, 

the ratio [Pi]/[P2] varies and this variation causes the 

observed changes in the reaction spectra. It also indicates 

that the formation of the second product is much slower than 

that of the first one which allows us to study the formation 

of the first product without interference by the subsequent 

reaction. 
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PhjC = CF2 + piperidine »• Pt * P2 t3^ 

\n»i = 2 3 7 n m « *m« ~ 2 8 6 nm. X,,,,, = 3 2 8 Ml . 

The extinction coefficient of the final product (P2) 

was comparable to that of the substrate. The bathochromic 

shift in X^ indicates the presence of an extended 

conjugation in the product. 
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Figure 1(a): (1) The UV-Vis. spectrum of 1,1-difluoro-2,2-

diphenylethylene in acetonitrile [8.97 x 10 3M] and (2) - (6) 

the UV-Vis spectra of the reaction mixture of 1,1-difluoro-

2,2-diphenylethylene and piperidine [9 x 10"' M] in 

acetonitrile at different time after mixing. (2) 1.5 hrs, (3) 

2.5 hrs, (4) 3.5 hrs, (5) 4.5 hrs and (6) 25 hrs. 
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Figure 1(b): (1) The UV-Vis. spectrum of 1,1-difluoro-2,2-

diphenylethylene in acetonitrile [8.97 x 10 3M] and (6) - (12) 

the UV-Vis spectra of the reaction mixture of 1,1-difluoro-

2,2-diphenylethylene and piperidine [9 x 10"' M] in 

acetonitrile at different time after mixing (ie, continuation 

of figure 1(a)). (6) 25 hrs, (7) 27 hrs, (8) 48 hrs, (9) 70 

hrs, (10) 92 hrs, (11) 145hrs and (12)165 hrs. 
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Considering the possible products from the reaction, 

together with the spectral properties, the structure of the 

final product (P2), could be assigned as either 1-fluoro-l-

piperidino-2,2-diphenylethylene or 1,1-dipiperidino-2,2-

diphenylethylene. 

After separation from the reaction mixture, the mass 

spectral analysis of the product which absorbs at 328nm (P2) 

shows a molecular peak at m/z ratio 346 together with the M + 

1 isotopic peak of intensity 27.79% of that molecular ion 

peak. The recorded molecular peak fits the molecular weight 

of 1,1-dipiperidino-2,2-diphenylethylene 19. The relative 

intensity of M+l isotopic peak also agrees with the number 

of carbon atoms in 19. Therefore, the product P2 is assigned 

as l,l-diphenyl-2,2-dipiperidinoethylene 19. 

The 'H-NMR of P2 shows signals at S 7.50 (t), 7.41 

(t), 7.21 (d), 3.65 (t), 1.42 (m) and 1.26 (m). This is in 

agreement with the proposed structure of P2. Due to the 

interference of the solvents that were used for the 

chromatographic separation of the compound, the relative 

intensity of these peaks were not obtained. 

The similar bathochromic shift in both steps of the 

reaction (equation [3]) suggests that the structural change in 

each step is similar. This suggests that the product which 

absorbs at 286nm is 1-fluoro-l-piperidino-2,2-di

phenylethylene 18. That is, the reaction follows Scheme 11. 

Such disubstitution has also been reported for the reaction of 
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(CF3)2C = CF2 with secondary amines (86-89) 

Scheme 11 

pip- / P'P- / o 
Ph„C = C Ph2C==CF2 * P h 2 C = C * "»2 ' v o xo 

Xm„ =237nm. X-.. =286nm. \n.x =328nm. 
\mtx - t J ' i i i u . "max 

14 18 19 

The reaction of 1,1-dif luoro-2,2-di (4-bromo-

phenyl)ethylene, 1,1-difluoro-2,2-di(4-trifluoromethyl

phenyl) ethylene and 1,1-dif luoro-2,2-di (4-cyanophenyl)-

ethylene with piperidine was also studied spectro-

photometrically before the kinetic measurements. Each 

substrate was individually mixed with piperidine and the uv-

visible spectra of the reaction mixtures were obtained at 

different time intervals. The spectra are presented in Figures 

2 to 4 and the \mMX of the substrates and that of monoamino 

products are tabulated in Table 1. 
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Figure 2: (1) The UV-Vis. spectra of 1,1-difluoro-2,2-di(4-

bromophenyl)ethylene [4.55 x 10"5M] and the reaction mixture 

of 1,1-dif luoro-2,2-di (4-broi«ophenyl) ethylene and piperidine 

[5 x 10"3 M] in acetonitrile at different time after mixing. 

(2) 2.5 hrs, (3) 24 hrs, (4) 28.5 hrs and (5) 72 hrs. 
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Figure 3: (1) The UV-Vis. spectra of 1,1-difluoro-2,2-di(4-

trifluoromethylphenyl)ethylene [5.6 x 10"SM] and the reaction 

mixture of 1,1-difluoro-2,2-di(4-trifluoromethylphenyl)-

ethylene and piperidine [6 x 103 M] in acetonitrile at 

different time after mixing. (2) 5 min., 

(3) 25 min, (4) 45 min, (5) 1 hr (6) 1.5 hrs, (7) 2.5 hrs 

(8) 3.5 hrs and (9) 20 hrs . 



53 

1.6 -

200 300 400 

X(nm) 

Figure 3 



54 

Figure 4: (1) The UV-Vis. spectra of 1,1-difluoro-2,2-di(4-

cyanophenyl)ethylene [8.97 x 10_5M] and the reaction mixture 

of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene and piperidine 

[9 x 103 M] in acetonitrile at different time after mixing. 

(2) 15 min, (3) 30 min, (4) 50 min, (5) 1 hr, (6) 2 hrs, (7) 

3 hrs and (8) 22hrs. 
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The of (p-XC6H4)2C = CF2 and that of mono 

piperidinoethylene. 

X X,^ of substrate (nm) X,„„ of product (nm) 

H 

Br 

CF3 

CN 

"N02 

237 

244 

244 

259 

296 

286 

295 

310 

336 

400 

* obtained from reference (84) 
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2.3 Kinetics of the reaction of para-substituted 1,1-

dif luoro-2, 2-diphenylethylene with piperidine. 

The kinetics of the reaction of 1,1-difluoro-2,2-

diphenylethylene and its para-substituted analogs with 

piperidine were studied spectrophotometrically by monitoring 

the formation of the monoamino products at the X,,,,, of the 

corresponding product. The reactions were carried out in 

presence of a large excess of base so that pseudo first-order 

rate constants were obtained. The pseudo first-order rate 

constants were calculated using the Guggenheim method (90). 

The observed pseudo first-order rate constants at 

five different temperatures and a range of concentrations of 

piperdine for each substrate are tabulated in Tables 2 to 5, 

together with their standard deviations. These rate constants 

are plotted as a function of base concentrations in Figures 5 

to 8. 



Table 2 

Pseudo first-order rate constants for the reaction of 1,1-difluoro-2,2-diphenylethylene* 

with piperidine in acetonitrile to give 1-fluoro-l-piperidino-2,2-diphenylethylene . 

10s x k,obs. ( s"1 ) 

Temp. (°C) 50 55 60 65 70 

[pip] x 10 (mol.l"1) 

3.03 0.84 + 0.03 1.28 ± 0.02 1.75 ± 0.05 2.37 + 0.05 2.88 ± 0.07 

4.04 1.19 + 0.01 2.11 ± 0.03 2.50 + 0.17 3.43 + 0.06 4.06 ± 0.04 

5.05 1.96 ± 0.07 2.68 + 0.05 3.43 + 0.24 4.42 ± 0.14 5.13 ± 0.08 

6.06 2.72 + 0.07 3.67 ± 0.07 4.53 ± 0.24 5.54 ± 0.08 6.43 ± 0.23 

7.07 3.51 + 0.07 4.26 + 0.06 5.50 + 0.15 6.41 + 0.13 8.11 ± 0.41 

* initial concentration = (4 x 103 mol.l1) 

00 

P~J&, 



Table 3 

Pseudo first-order rate constants for the reaction of 1,1-difluoro-2,2-di(4-bromophenyl) -

ethylene* with piperidine in acetonitrile to give 1-fluoro-1-piperidino-2,2-

di(4-bromophenyl)ethylene. 

k,obs x 10s (IF) 

Temp. (°C) 25 30 35 40 45 

[pip] x 102 (mol.l1) 

2.50 0.50 + 0.01 

3.75 1.00 ± 0.01 

5.00 1.63 ± 0.01 

5.20 1.09 + 0.01 

6.00 1.60 + 0.01 1.79 + 0.01 2.00 ± 0.02 

6.25 2.46 ± 0.01 

7.50 3.37 ± 0.02 

7.81 2.34 ± 0.01 

continued 
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t a b l e 3 continued 

k,obs x 10s (s1) 

Temp. (°C) 

[pip] x io 2 

25 30 35 40 45 

9.00 

10.4 

12.0 

13.0 

15.0 

15.6 

18.0 

3.73 + 0.01 

6.24 + 0.02 

9.14 ± 0.03 

3.54 + 0.03 3.84 + 0.02 4.26 + 0.01 

6.02 + 0.02 6.76 + 0.02 7.34 + 0.02 

9.17 + 0.03 10.3 + 0.01 11.1 + 0.04 

13.2 + 0.1 14.5 ± 0.04 15.9 + 0.1 

* initial concentration = 1.07 x 10"4 mol.l'1. 

** not used for the calculation of k2° and k3 

0\ 
o 



Table 4 

Pseudo-first-order rate constants for the reaction of l,i-difluoro-2,2-di- (4-trifluoro

methylphenyl) ethylene* with piperidine in acetonitrile to give 1-fluoro-l-piperidino-2,2-

di(p-trifluoromethylphenyl)ethylene. 

kjObs. xlO5 (s1) 

Temp. (°C) 20 25 30 35 40 

[pip] x 103 (mol.r1) 

9.43 1.46 + 0.01 1.62 + 0.02 1.79 ± 0.01 1.98 + 0.01 2.25 ± 0.01 

14.1 3.06 + 0.01 3.31 + 0.02 3.77 + 0.01 4.17 + 0.01 4.52 + 0.03 

18.9 5.27 ± 0.01 5.58 + 0.04 6.29 ± 0.02 6.91 ± 0.01 7.71 ± 0.02 

23.6 8.08 ± 0.01 8.68 + 0.07 9.41 + 0.04 10.5 + 0.04 11.6 + 0.04 

28.3 11.5 + 0.03 12.4 + 0.10 13.8 ± 0.04 15.2 + 0.05 16 4 ± 0.07 

* initial concentration = 7.09 x 105 mol. I"1 



Table 5 

Pseudo-first order rate constants for the reaction of 1,1-difluoro-2,2-di (4-cyano

phenyl) ethylene* with piperidine in acetonitrile to give 1-fluoro-l-piperidino-2,2-di-(4-

cyanophenyl)ethylene. 

kiObs. x 10s (s1) 

Temp. (°C) 15 20 25 32.5 40 

[pip] x 103 (mol.l1) 

4.10 "4.03 + 0.02 "4.91 ± 0.02 5.24 ± 0.04 5.90 + 0.04 6.92 ± 0.08 

6.15 7.93 ± 0.04 9.07 + 0.03 9.71 + 0.04 11.6 ± 0.10 13.7 ± 0.10 

8.20 13.0 + 0.10 15.1 ± 0.10 16.6 ± 0.10 20.3 ± 0.10 22.1 + 0.10 

10.3 20.6 + 0.10 23.0 + 0.10 24.4 ± 0.10 29.0 + 0.20 32.5 ± 0.10 

12.3 27.8 ± 0.20 31.8 + 0.20 35.2 + 0.20 40.2 ± 0.50 44.3 + 0.30 

* initial concentration = 5.25 x 10* mol.l"1. 

** not used for the calculation of k2° and k3 

to 
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Figure 5: k, obs vs [piperidine] plot for the reaction of 1,1-

dif luoro-2,2-diphenylethylene with piperidine in acetonitrile 

at different temperatures. (1) 50, (2) 55, (3) 60, (4) 65 and 

(5) 70°C. 
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Figure 6: k, obs vs [piperidine] plot for the reaction of 1,1-

dif luoro-2,2-di (4-bromophenyl) ethylene with piperidine in 

acetonitrile at different temperatures. (1) 25, (2) 30, (3) 

35, (4) 40 and (5) 45°C. 
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Figure 7: k, obs vs [piperidine] plot for the reaction of 1,1-

dif luoro-2,2-di (4-trif luoromethylphenyl) ethylene with 

piperidine in acetonitrile at different temperatures. (1) 20, 

(2) 25, (3) 30, (4) 35 and (5) 40°C. 
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Figure 8: ki obs vs [piperidine] plot for the reaction of 1,1-

dif luoro-2,2-di (4-cyanophenyl) ethylene with piperidine in 

acetonitrile at different temperatures. (1) 15, (2) 20, (3) 

25, (4) 32.5 and (5) 4C°C. 
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The k,obs. vs. [piperidine] plot is not linear as 

would be expected if the reaction is first order with respect 

to amine. Instead, it is a curve (Figures 5-8) giving a 

linear relationship between k,obs/[piperidine] and 

[piperidine] The results were fitted (Figures 9-12) to 

equation [4]. 

k2obs - k2° + k3[piperidine] [4] 

where, k2obs = k,obs/ [piperidine]. 

This indicates that the reaction takes place by two 

different mechanisms which operate simultaneously, one of 

which is second order with respect to amine (the amine 

catalysed route) and the other one is first order with 

respect to amine(the uncatalysed route). This result is 

similar to that obtained by Rappoport in the case of cyano-

ethylene (7,52 & 55). The least squares intercept and the 

slope of the plot (Figures 9 to 12} give the rate 

coefficients k2° and k3 respectively, where k2° is the rate 

coefficient for the uncatalysed route and k3 is the rate 

coefficient for the catalysed route. Calculated values of 

these rate coefficients at different temperatures and their 

standard deviations are listed in Tables 6 to 9. The activa

tion parameters for these reactions are given in Table 10 

together with their standard deviations. 
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Figure 9: k2 obs vs [piperidine] plot for the reaction of 1,1-

dif luoro-2, 2-diphenylethylene with piperidine in acetonitrile 

at different temperatures. (1) 50, (2) 55, (3) 60, (4) 65 and 

(5) 70"C. 
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Figure 10: k2 obs vs [piperidine] plot for the reaction of 

1,1-dif luoro-2,2-di (4-bromophenyl) ethylene with piperidine in 

acetonitrile at different temperatures. (1) 25, (2) 30, (3) 

35, (4) 40 and (5) 45°C. 
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Figure 11: k2 obs vs [piperidine] plot for the reaction of 

1,1-difluoro-2,2-di(4-trifluoromethylphenyl)ethylene with 

piperidine in acetonitrile at different temperatures. (l) 20, 

(2) 25, (3) 30, (4) 35 and (5) 40°C. 
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Figure 12: k2 obs vs [piperidine] plot for the reaction of 

1,1-dif luoro-2,2-di (4-cyanophenyl) ethylene with piperidine in 

acetonitrile at different temperatures. (1) 15, (2) 20, (3) 

25, (4) 32.5 and (5) 40°C. 
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Calculated second-order and third-order rate constants (k2° 

and k3 respectively) for the reaction of 1,1-

dif luoro-2,2-diphenylethylene with piperidine to give l-

fluoro-l-piperidino-2,2-diphenylethylene. 

Temp 

( °c ) 

50 

55 

60 

65 

70 

k2° x 10 s 

( l.mor'.s-1 ) 

0 . 8 6 ± 0 . 3 1 

3 . 1 3 ± 0 . 5 0 

4 . 1 4 ± 0 . 1 8 

7 . 0 7 ± 0 . 3 8 

8 . 1 2 + 0 . 3 6 

k3 X 10J 

( l2.mol"2.s' ) 

5 . 8 6 ± 0 . 5 9 

4 . 4 9 + 0 . 9 6 

5 . 2 6 ± 0 . 3 4 

3 . 1 3 ± 0 . 7 2 

4 . 4 4 + 0 . 6 9 

k3/k2° 

6 . 8 

1 .4 

1 .3 

0 . 4 

0 . 5 
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Table 7 

Calculated second-order and third-order rate constants (k2° 

and k3 respectively) for the reaction of 1,1-

dif luoro-2,2-di (4-bromophenyl) ethylene with piperidine to 

give 1-fluoro-l-piperidino-2,2-di(4-bromophenyl)ethylene. 

Temp. 

(° C) 

25 

30 

35 

40 

45 

k2° x lO s 

(l.mor'.s"1) 

2 , 0 7 ± 0 . 9 0 

4 . 1 1 ± 0 . 7 9 

4 . 6 7 + 0 . 8 1 

6 . 2 0 + 0 . 5 5 

7 . 8 6 + 0 . 4 1 

k3 X 103 

(l2 . molds ' ) 

3 . 5 8 ± 0 . 0 8 

3 . 8 3 ± 0 . 0 6 

4 . 2 4 ± 0 . 0 6 

4 . 5 5 ± 0 . 0 4 

4 . 9 9 + 0 . 0 7 

k3/ k2° 

173 

93 

91 

73 

63 
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Table 8 

Calculated second-order and third-order rate constants (k2° 

and k3 respectively) for the reaction of 1,1-

dif luo»o-2,2-di(4-trifluoromethylphenyl)ethylene with 

piperidine in acetonitrile to give 1-fluoro-1-piperidino-

2,2-di(4-trifluoromethylphenyl)ethylene. 

Temp. 

(°C) 

20 

25 

30 

35 

40 

k2° X 104 

( l . m o l ^ . S 1 ) 

2 . 7 9 ± 0 . 1 1 

3 . 4 7 + 0 . 6 0 

4 . 3 9 ± 0 . 9 3 

4 . 8 9 ± 0 . 8 0 

6 . 5 9 + 0 . 3 0 

k3 X 10 

( l2 .mol"2 . s l) 

1 .34 ± 0 . 0 1 

1 . 4 2 + 0 . 0 3 

1 . 5 5 ± 0 . 0 5 

1 . 7 1 ± 0 . 0 4 

1 . 8 1 + 0 . 0 1 

k,/ k2° 

480 

409 

353 

350 

275 
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Table 9 

Calculated second-order and third-order rate constants (k2° 

and k3 respectively) for the reaction of 1,1-difluoro-

2,2-di(4-cyanophenyl)ethylene with piperidine to give 

1-fluoro-l-piperidino-2,2-di(4-cyanophenyl)ethylene. 

Temp. k2° x 10
3 k3 k3/ k2° 

(°C) (l.mol'.s1) (I2, molds'1) 

2.85 ± 1.05 

3.56 ± 0.37 

4.34 ± 0.66 

5.39 ± 0.84 

7.68 ± 0.46 

1.63 

1.82 

1.94 

2.24 

2.32 

± 0.11 

±0.04 

±0.08 

± 0.10 

± 0.05 

572 

511 

447 

416 

302 
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Table 10 

The activation parameters for the amine catalysed and uncatalysed reactions of (p-XC6H4)2C 

= CF2 with piperidine in acetonitrile. 

Act. parameters for 
uncatalysed reaction 

Act. parameters for 
catalysed reaction 

X 

H 

Br 

CN 

CF3 

*N02 

AH* 

(kJ.mol1) 

96 + 20 

46 + 8 

26 ± 1 

29 + 3 

16 + 3 

AS* 

(J.mol'.K1) 

-43 + 61 

-178 + 25 

-202 + 5 

-214 + 8 

-217 + 10 

AH* 

(kJ.mol1) 

-20 + 13 

11 ± 0.4 

8 + 1 

10 ± 1 

-9 + 1 

AS* 

(J.mor'.K1) 

-387 + 38 

-256 + 2 

-211 ± 4 

-229 + 2 

-239 + 4 

* obtained from the reference (84) 
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From Tables 6 to 9, it can be seen that for all 

substrates, the ratio between the catalysed and the 

uncatalysed rate constants , k3 / k2° , decreases with 

temperature. This means that the uncatalysed route becomes 

more important at high temperatures. This is due to the higher 

enthalpy of activation for the uncatalysed reaction. 

The unsubstituted substrate 14 shows a very low 

k3 / k2° ratio in the temperature range studied. This in turn 

suggests that the contribution of the catalytic route is very 

low under these experimental conditions. This, together with 

the high amine concentration and high temperature used during 

these kinetic measurements, might have contributed to the 

large percentage error in the rate constants and the 

activation parameters for this substrate. 

Table 10 shows that the enthalpy of activation for 

the uncatalysed reaction decreases with increasing electron-

withdrawing power of the substituent. The enthalpy of 

activation for the amine catalysed reaction is almost 

independent of the nature of the substituent group. It is also 

rather small, even negative for some substrates. A negative 

enthalpy of activation for the amine catalysed reaction was 

also reported by Rappoport (59) and for the reaction of 2,2-

di(4-nitrophenyl)-1,1-difluoroethylene (84). The Arrhen.lus 

activation energy for the amine catalysed route for the 

addition reaction of piperidine to trans-(2-furyl)-

nitroethylene was also found to be negative (81). These 
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differences suggest that the temperature dependence of the 

catalytic rate constant is distinctly different from that of 

uncatalysed second order rate constant. The negative enthalpy 

of activation suggests that k3 is more complex than the rate 

constant of a single step of the reaction. 

The entropies of activation for both the amine 

catalysed and uncatalysed reactions are large and negative. 

Large negative entropies of activation have been reported for 

many reactions which involve formation of dipolar zwitterion 

(7,56, 55, 81). This must be due to an increase in solvation 

of the transition state relative to the initial state. 

Nucleophilic vinylic substitutions occur by many 

mechanistic pathv/ays as illustrated in Scheme 5. The absence 

of vinylic or allylic hydrogens in the substrates studied, 

eliminates many competing routes such as elimination-

addition. If we consider the possible addition - elimination 

routes for the system studied (Scheme 12), the initial 

nucleophilic attack of the amine would take place on the 

carbon atom which carries the fluorine atoms to form the 

zwitterion, Z+. This zwitterion can either revert to the 

starting material ( S), or it can transfer the proton from the 

positively charged nitrogen atom to another amine molecule to 

form the carbanion, Z", or it can transfer the proton 

intramolecularly to the carbanionic center to form a neutral 

Q,J3- adduct, Z. 
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Now the substitution product could be formed either 

from the zwitterion by departure of fluoride ion followed by 

proton transfer (path (a)), or from the carbanion by expulsion 

of F" (path (b)), or from the a,j8- adduct by base catalysed 0-

elimination (path (c)). 

Expulsion of fluoride ion from the carbanion should 

be much easier than from the zwitterion, due to the 

electrostatic attraction between the negatively charged 

leaving group and the positively charged nitrogen atom. Since 

the C - F bond is a strong bond and fluoride ion is a poor 

leaving group, expulsion of fluoride icn could be the rate 

determining step in the scheme. 

If the assumption that the expulsion of fluoride as 

the rate determining step is correct, then paths (b) and (c) 

would show a second-order kinetics with respect to the amine 

but path (a) would show a first-order kinetics with respect to 

the amine. 

As mentioned earlier, our kinetic results show that 

the reaction takes place via both amine catalysed and 

uncatalysed routes. Therefore, it is clear that path (b) or 

(c) or even both should be considered together with path (a). 

The only difference between the two amine catalysed paths is 

that in path (b), the proton is removed from a positively 

charged nitrogen atom but in path (c), the proton is removed 

from a saturated carbon atom. Removal of proton in path (b) 

must be easier than in path (c) at least in the case of the 
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unsubstituted substrate 14. 

At this point, involvement of path (c) can be 

eliminated based on the data available on the reaction of 1,1-

dif luoro-2,2-di (4-nitrophenyl) ethylene with amines in 

acetonitrile. In this case the neutral adduct appeared to be 

formed only after the formation of enamine (84). 

Amine catalysis could also be observed if the 

reaction follows path (a) in which the leaving group (F) 

expulsion takes place by the uncatalysed route and via an 

ammonium ion catalysed rouce (Scheme 13). 

Scheme 13 

Ar,C"— C F ' ^ l Ar2C = CF(NR2) 

J 
HNR2 

+ 
R2NH2 

Ar2C = CF(NR2) 
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In this case, the amine catalysis does not take 

place in an equilibrium step, but in the breaking of the C-F 

bond step. Since the reaction step must have a positive 

enthalpy of activation, the catalysed and the uncatalysed 

route would both show positive enthalpies of activation. 

However, this is contrary to the experimental results. 

Furthermore, in the study of the reaction of 2,2-di(4-

nitrophenyl)-1,1-difluoroethylene with amines, it was found 

that the reaction was not catalysed by alkylammonium ion (84). 

This indicates that the reaction does not takes place 

according to Scheme 13. 

The negative enthalpy of activation for the 

catalysed reaction and a high positive enthalpy of activation 

for the uncatalysed reaction suggest that the reaction is not 

catalysed in the third step. It also suggests that an 

equilibrium step is followed by the rate determining step. 

The amine acting as the catalyst in the equilibrium step could 

produce a negative enthalpy of activation for the overall 

reaction, as will be discussed later in term J of rate 

equations. 

If it is assumed that paths (a) and (b) are 

operative in the reaction with the rate constants shown in 

Scheme 14, the rate of appearance of the product can be 

expressed by equation (5). 
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Scheme 14 

k1 „ M*] 
S + B N 1" =. _ 

k2 \ / k4 
\ 

Accord ing t o Scheme 14, 

d [P] 
= k2 [z*] + k, [Z"] [5] 

d t 

Application of the steady state approximation to the 

intermediates Z± and Z' gives equations [6] and [7]. 

d[Z*] 
- ki [ 3 ] [ B ] + k 3 [BH+][Z] - (k., + k2 + k3 [B]) [Z*] = 0 

d t 

[6] 

d [ Z ] 

d t 
*3 [B][Z*] - (k4 + k.J [BH+])[Z"] = 0 [7] 

From e q u a t i o n [ 7 ] , 

kj [B][Z*] 
[Z-] = 

k4 + k'3 [BH+] [8] 
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Substituting t h i s in equation [6] , 

k , [ S ] [ B ] + k'3[BH+] kJ[B][Z*] - (k., + k2 + k 3 ' [B] ) [Z*] 

k4 + k!3[BH+] 
= 0 

T h e r e f o r e , 

[Z*] 
k , [ S ] [ B ] 

(k., + k2 + k'3[B]) - k.3[BH+] k 3 [B] 
[ 9 ] 

k4 + k.3[BH+] 

Substituting equations [8] and [9] in equation [5] gives 

equation [10]. 

d [ P ] 

d t 
-— J# K2 + 

K k 3 [B] 

k4 + kj'[BH*]| 

k , [ S ] [ B ] 

k , + k2 + k 3[B] - k3k.3[B][BH+] 

k4 + k.3[BH+] 

[ 1 0 ] 

If fluoride ion expulsion i s the ra te determining s tep, that 

i s if k3[BH+] » k4 and k, » k2, then equation [10] can be 

simplified to equation [11] and k2obs would be given by 

equation [12]. 

d [ P ] 

d t 

k,obs 

k, k 2 [ S ] [ B ] k, k3 k 4 [ S ] [ B ] : 

— + —. — 

k-i 

k,obs 

[B] 

k., k 3 [BH+] 

k, k2 k, k3' k 4 [B] 
— + — 

k., k.3[BH+] 

[ 1 1 ] 

[12 ] 

I f k4 » k.3[BH+] and k , » k2 + k 3 [ B ] , t h a t i s i f f l u o r i d e i o n 
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expulsion i s not the rate determining s tep , then equation [10] 

can be s implif ied t o equation [13] which g ives equation [14] 

for k2obs. 

d[P] k, k2[S][B] k, k3[S][B]2 

= — + — [13] 
d t k, k, 

k,obs k, k2 k, k3[B] 
k2obs = ——»- = — + — [14] 

[B] k., k, 

If equation [14] is true then the amine catalysed 

and uncatalysed rate constants are given by equations [15] and 

[16] respect ively. 

k3 * k, / k., k3 = K, k3 [15] 

k2° = k, / k., k2 = K, k2 [16] 

In this case, both catalysed and uncatalysed rate constants 

depend on the same equilibrium constant K, and hence they 

both should show similar temperature dependence, which is not 

observed from the kinetic results. 

Alternatively, the observed temperature dependence 

of the catalysed and uncatalysed rate constants could be 

explained if equation [12] is valid. If equation 

[12] is true then the catalysed and uncatalysed rate constants 

are given by equations [17] and [18] respectively. 
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k3 =( k, / k., )( k3' / k.'3[BH
+])k4 = K, K3 k4 /[BH

+] 
[17] 

k2° = k, / k.E k2 = K, k2 [18] 

In this case, the catalysed and uncatalysed rate 

constants could have different temperature dependences if the 

equilibrium constants K, and K3 have different temperature 

dependences. Unlike rate constants, it is possible for 

equilibrium constants to either increase or decrease with 

increasing temperature. Thus if K3 decreases with increasing 

temperature, the catalysed reaction would show a much smaller 

AH° than the uncatalysed reaction and it could even be 

negative. 

Therefore, it is concluded that the mechanism of the 

reaction is that shown in Scheme 14 with fluoride ion 

expulsion as the rate-determining step. 
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2.4 The Hammett relationship. 

The Hammett relationship is a linear ^ree energy 

relationship which was introduced by Hammett (91) following 

the catalysis law proposed by Bronsted and Pederson (92). This 

relationship is applicable to equilibrium reactions of a 

series of substituted aromatic compounds. The substituents (X) 

in the benzene ring influence the reaction that occurs on the 

side chain (Y). 

X 

Hammett derived the relationship between the 

equilibrium constant (or rate constant) of the substituted 

compound and that of unsubstituted compound (X=H). The 

simplest form of the relationship is given by equation [19]. 

log K = log K0 + ap [13]. 

where, K and K0 are the equilibrium constants for a 

particular equilibrium for substituted and 

unsubstituted aromatic compounds respectively. 

a is the substituent constant and 

p is t^e reaction constant. 

Dr" 
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A similar relationship can be applied to rate 

constants. This equation applies only for para and msta 

substituents. Since ortho substituents are closer to the 

reaction site, their influence on the reaction differs from 

meta and para substituents in that steric factors may be 

involved. Dissociation of meta and para substituted benzoic 

acids in water at 25°C was considered as the reference 

reaction for p so that it was unity for this series of 

equilibria. 

Therefore, for benzol; acid, equation [19] can be 

rewritten as equation [20] and [21]. 

log K = logK0 + a [20] 

log K - log K0 = pK,, - pK = a [21] 

Where K0 and K are the dissociation constants of 

unsubstituted and substituted benzoic acids respectively. 

The substituent constants, a's, were derived from 

equation [21]. In addition to these a values, some other sets 

of sigma values such as a+, a, a", a, and oR have also been 

proposed (93-97). These a values correlate linearly with the 

logarithm of the equilibrium constants or rate constants of 

other series of reactions. The slope of the logK (or logk) vs 

a plot varies from one reaction to another. This slope is 

used as a measure of the sensitivity of the particular 
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reaction to the substituent effects. 

A positive p value is found for reactions which are 

accelerated by electron withdrawing substituents such as -N02, 

-CHO etc. The Hammett relationship has been applied to a large 

number of reactions (93-95) since it was introduced and is the 

most widely investigated linear free energy relationship. The 

sign and magnitude of p gives useful information about the 

transition state of the reaction considered. Therefore, it is 

worth while to study such a relationship for the results 

obtained in System 1. 

The catalysed and uncatalysed rate constants for 

the five substrates at 25°C are collected in Table 11, from 

which it is clear that the reaction becomes slower when the 

aromatic ring is substituted with a less powerful electron-

withdrawing substituent. Therefore, the reaction would be 

still slower with electron-donating substituents in the 

aromatic ring. Therefore, only substrates with electron-

withdrawing substituents were chosen for our study. 

Substituents such as - COR, -CHO and -COOR are not suitable 

because, they could react directly with the nucleophile. 



Table 11 

The amine catalysed and uncatalysed rate constants (k2° and k3 respectively) at 25°C for the 

reaction of (4-XC6H4)2C = CF2 with piperidine in acetonitrile for various substituents. 

Substituent (l.aor.s-1.) k3 (r=. molds'.) k3 / k2 

•H 

Br 

CF3 

CN 

N02 

0.00 

0.23 

0.54 

0.66 

0.78 

0.00 

0.26 

0.74 

0.90 

1.24 

5.56 x 10' 

2.07 X 10s 

3.47 X 10^ 

4.34 X 10J 

5.10 X 102 

9.93 X 10s 

3.58 X 103 

1.42 X lO-1 

1.94 

82.4 

175 

173 

409 

447 

1615 

* extrapolated values from the activation parameters. 

** obtained from ref (84). 

o 

rSSJ-."—••Stasia* 

f* ^^m&r&m^i*as»wmmm>miz ŝ sssâ " •m^i^^^^wsxmsfims^BSi%^simiPS&^mss»^mmp!m «n.-«ffi'2î K"sa**SK«#-1?«>? ̂ *^w^'«*'": 
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-1.0 0.0 1.0 2.0 3.0 

2<7 

Figure 13: The Hammett plots for the amine catalysed and 

uncatalysed rate constants (2a" vs k2 and 2a" vs k3 ) for the 

reaction of para substituted 1,1-difluoro-2,2-diphenyl-

ethylenes with piperidine in acetonitrile at 25°C. (1) 

uncatalysed reaction (2) catalysed reaction. 

[ 
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The substrates, 13 - 17, carry two identically 

substituted phenyl rings. Therefore, the substituent constants 

a and a" were multiplied by two, assuming that the substituent 

effects are additive, and the amine catalysed and uncatalysed 

rate constants were correlated with these values. 

Correlation of the amine catalysed rate constants, 

k3, with a gives a reaction constant p =3.54 ± 0.36 with a 

correlation coefficient 0.985 and correlation of the 

uncatalysed rate constants, k2°, with a gives a reaction 

constant p =2.99 ± 0.25 with a correlation coefficient 0.989. 

Correlation of k3 with a" (Figure 13) gives a 

reaction constant p =2.31 ± 0.14 with a correlation 

coefficient 0.995 and in the case of k2o the p value is 1.93 

+0.16 with the correlation coefficient 0.990. 

The positive values of p for both the amine 

catalysed and uncatalysed rate constants is evidence for the 

presence of increarsd negative charge in the transition state 

when compared to the reactant. The fact that the rate 

constants correlate better with the substituent constants a" 

derived for substituted anilinium ions indicates that the 

negative charge is located on the carbon atom which is 

directly attached to the aromatic ring so that conjugation 

through the benzene ring can take place with the substituent 

group. This is in agreement with the proposed mechanism 

(Scheme 14). 

Since the correlation of the rate constants with the 
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a" values is better and more appropriate than the correlation 

with the a values, for the proposed mechanism, the reaction 

constants obtained from the correlation of rate constants with 

a" are used for further discussion. 

The reaction constants obtained for both the amine 

catalysed and uncatalysed reactions are composite values. In 

the case of the uncatalysed reaction, the p value is obtained 

by addition of the p values for the zwitterion forming step 

and the expulsion of leaving group step (Scheme 14). 

T h a t i S , Puneat = P K j + P k j 

Similarly, pcat = p^ + PK + *\ 

If it is assumed that the reaction constants for 

leaving group expulsion in both the amine catalysed and the 

uncatalysed routes are approximately the same (ie, pk = pk), 

then the difference between pc„ and pmM would give the 

reaction constant for the proton transfer step. 

That is, pK - p^ - pmM 

= 2.31 - 1.93 

= 0.38. 

Such a low reaction constant for the proton transfer 

step is reasonable because, as shown in Scheme 12, deproto-

nation takes place at the positive end of the zwitterion 

which would be influenced very little by the substituents on 

the phenyl ring. In addition, the reported values of 2.78 

! 

( 
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for the dissociation of anilinium ions where there is no 

carbon atom between the ammonium center and the phenyl ring 

and 0.72 for the dissociation of benzylammonium ions (98) 

where there is one carbon atom between the ammonium center and 

the phenyl ring also suggest that the value of 0.38 is 

reasonable for the proton transfer step, since there are two 

carbons between the ammonium center and the phenyl ring. 

As mentioned above, the reaction constant for the 

uncatalysed reaction is the addition of the reaction constants 

for the zwitterion forming step and the leaving group 

expulsion step. Each of these steps would be influenced by the 

substituents in the opposite direction. The leaving group 

expulsion step would show a negative value because electron 

withdrawing substituents on the benzene ring slow down this 

step by stabilizing the negative charge. But formation of 

zwitterion would be facilitated by the electron withdrawing 

substituents and hence this step would show a positive value. 

The observed reaction constant for the uncatalysed 

reaction ( + 1.93) indicates that the zwitterion forming step 

is more sensitive to the substituent effects than the expul

sion of leaving group step. In the proposed mechanism, a late 

(product-like) transition state in the nucleophilic attack 

step and an early (reactant-like) transition state in the 

leaving group expulsion step would explain the observed 

reactant constants. This supports the assumption that the 

leaving group expulsion is the rate-determining step. 
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% 

3. pKa Measurements of Conjugate Acids of Amines in 

Acetonitrile. 

95 



3.1 General. 
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Dissociation of a conjugate acid of a base can be 

represented by equation [20]. 

BH* + S ===* B,, + SH* [20] 

where, B is the base, BH+ is the conjugate acid of the base 

and S is the solvent. 

Therefore, the dissociation constant (KJ for the conjugate 

acid is given by equation [21], and the pK, of the conjugate 

acid is given by equation [22]. 

K, = [B][SH+]/ [BH+] [21] 

pK, = - log[B]/[BH+] - log[SH+] 

• - log[B]/[BH+] - logaH+ [22] 

It is clear that the dissociation constant depends 

on the nature of the solvent. Acetonitrile is a weaker base 

and much weaker acid than water, and its dielectric constant 

is lower than that of water. The autoprotolysis constant of 

acetonitrile is much lower than that of water. Therefore, 

acetonitrile acts as an excellent differentiating solvent for 

acids and bases. The behaviour of Bronsted acids and bases in 

acetonitrile has been studied using conductometric, polaro-
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graphic, spectrophotometry, potentiometric measurements and 

various titrimetric methods. 

Coetzee and co-workers have reported the pK, values 

of the conjugate acids in acetonitrile for 35 bases of 

different structures (100). These values were obtained using 

a potentiometric method. Comparison of these values with those 

in water indicates that all protonated amines are much weaker 

acids in acetonitrile than in water. Although this statement 

is true for all the amines reported, and an average ApK, value 

of 7.6 was found, no simple correlation was found between the 

pK, values of the ammonium ions in acetonitrile and water. 

Therefore, it is not possible to predict the pK, 

value of an ammonium ion in acetonitrile from the 

corresponding pK, value in water. It is also quite clear that 

interpretation of kinetic parameters obtained in acetonitrile 

using the pK, values of ammonium ions in water would be 

inappropriate. Since the pK, values of the conjugate acids for 

the amines used in our kinetic studies were not available in 

acetonitrile solvent in the literature, it was necessary to 

measure these values in our laboratory. Ir order to be 

consistent with the literature data, these measurements were 

carried out by exactly the same method described by Coetzee 

and Padmanabhan (101). 
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An electrode of Ag/ 0.01M AgN03 in acetonitrile was 

used as the reference electrode and a general purpose glass 

electrode was used as the indicator electrode. The glass 

electrode was calibrated in picric acid - tetraethylammonium 

picrate buffers against the Ag/ 0.01M AgN03 in acetonitrile as 

the reference electrode. Tetraethylammonium picrate 

dissociates completely according to equation [23], up to 

0.01M, and picric acid undergoes simple dissociation (equation 

[24]), up to 0.1M concentrations. 

Et4N
+Pi" * Et4N

+ + Pi" [23] 

HPi v l H+ + Pi" [24] 

The hydrogen ion activity in a picric acid -

tetraethylammonium picrate buffer in acetonitrile is given by 

equation [25]. 

[HPi] f0 
a„* = KHPJ x — [25] 

[Pi"] f, 

According to the Nernst equation, the glass electrode 

potential is represented by equation [26]. 
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E = E° - RT lnaH» = E° - 2.303RT logaH-» [26] 
F F 

where, E is the potential of the glass electrode, and 

E° is the standard electrode potential (with 

reference to Ag/O.OIM AgN03 electrode). 

F is the Faraday number,, 

At 25° C, 2.303RT/F would be equal to 59 mV. 

At constant ionic strength, f0/ f, in equation [25] 

would be constant and K^, is constant for a given solvent at 

a given temperature. Therefore, equation [26], together with 

equation [25] shows that the electrode potential, E, is 

proportional to log{ [HPi]/ [Pi] }. Therefore, the calibration 

curve of the glass electrode, that is the plot of E against 

log{ [HPi]/ [Pi] }, would be linear with a slope m, which is 

approximately equal to 59 mV at 25° c. Therefore, equation 

[27] represents the relationship between the electrode 

potential and the buffer ratio, where C is the intercept of 

the calibration curve. 

E = m log{ [HPi]/[Pi] } + C [27] 

Now, a relationship can be established from equations [25] and 

[27], between the olectrode potential and the hydrogen ion 

activity in acetonitrile. 

According to the reduced Debye - Httckel equation, 
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log fj = - 355 Zj2 D"3/2 Sm 

where, D is the dielectric constant of the solvent and 

S is the ionic strength. 

Substituting D =36.0 for acetonitrile, at S = 1 x 10"3, 

f, = 0.89 and f„ = 1 

Substituting these values in equation [25] gives equation [28] 

log [HPi]/ [Pi] = log aH - log Km + log 0.89 [28] 

Substituting equation [21.'] in equation [27] gives equation 

[29]. 

Egu,, = m ( l°g *H+ ~ lo9 KHPi + lo9 0.89 ) + C [29] 

Equation [29] relates the electrode potential with the 

hydrogen ion activity in acetonitrile. From equation [22], 

pK, = -log aH* when [B]/ [BH
+] = 1. If the electrode potential 

at this buffer ratio is E', then from equation [29], 

-log aH* = (C - E')/ m - log Km + log 0.89 

Therefore, pK, = (C - E')/ m - log K^ + log 0.89 

= (C - E')/ m + Pk, + log 0.89 [30] 

pK, of picric acid has been reported as 11.0 in acetonitrile 

(102) and this has been adopted as a standard value.. 

Therefore, equation [30] can be rewritten as follows. 

pK, = (C - E')/ m + 11.0 + log 0.89 
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= (C - E')/ m + 10.95 [31] 

The pK, of the ammonium ion can be calculated from 

equation [31] by substituting the values for C, E' and m. C 

and m are obtained from the calibration curve for the picric 

acid - tetraethylammonium picrate buffer as intercept and 

slope respectively. 

In order to obtain the value of E', the electrode 

potential of the glass electrode was obtained in five buffer 

solutions which contain constant concentration of amine 

picrate, constant concentration of tetraethylammonium 

perchlorate (inert electrolyte) and different concentrations 

of amine in acetonitrile. Then these electrode potentials were 

plotted against log([B]/ [BH+]). The value of E' is obtained 

as the intercept of this plot. 

Table 12 shows the EMF vaues obtained for different 

ratios of picric acid and tetraethylammonium picrate, and 

Figure 14 shows the corresponding calibration curve. The slope 

of the plot, m = 61.8 ± 0.7 and the intercept, C = 76.2 ± 0.4. 

The observed electrode potentials for different 

buffer ratios of amines are given in Table 13. These values 

are plotted against log ([B]/ [BH+]) in Figure 15. 

Table 14 shows the calculated pK, values for the amines 

studied. 
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Table 12 

The observed EMF values of glass electrode for picric acid -

tetraethylammonium picrate buffer solutions in acetonitrile. 

[HPi] X 103 [TEAPi] x 103 EMF log[HPi]/ [TEAPi] 

(mol.l1) (mol.l1) (mV) 

0.502 

1.005 

2.511 

5.023 

10.050 

1.029 

1.029 

1.029 

1.029 

1.029 

57 

76 

101 

119 

138 

-0.3115 

-0.0105 

0.3876 

0.6885 

0.9895 
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Figure 14: The calibration curve for glass electrode in 

acetonitrile. 
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Table 13 

The electrode potentials of glass electrode in amine - amine 

picrate buffers for different buffer ratio in acetonitrile. 

[B] x 10* [BPi] x 10* [TEAC104] x 10* log([B]/[BPi]) EMF 

mol.l"1 mol.l"1 mol.l"1 mV 

Piperidine 

1.28 

2.55 

5.10 

12.80 

25.50 

38.30 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

1.25 

2.50 

5.00 

12.49 

24.99 

37.48 

5.03 

5.03 

5.03 

5.03 

5.03 

5.03 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

0.5918 

0.2924 

0.0086 

0.4082 

0.7076 

0.8842 

-389 

-408 

-426 

-449 

-468 

-479 

0.6053 

0.3043 

0.0033 

0.3947 

0.6957 

0.8718 

-278 

-294 

-312 

-337 

-355 

-366 

continued 
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Tuble 13 (continued). 

[B] X 10* [BPi] X 10* [TEAC104] X 10* log( [B] / [BPi]) EMF 

mol.l"1 mol.l1 mol.l'; mV 

Thiomorpholine 

1.25 

2.50 

5.00 

12.49 

24.98 

37.47 

5.03 

5.03 

5.03 

5.03 

5.03 

5.03 

5.00 

5.00 

5.00 

1-00 

5.00 

5.00 

N-methvlpyrrolidine 

1.24 

2.49 

4.98 

12.44 

24.88 

37.32 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

continued 

0.6050 

0.3041 

0.0031 

0.3950 

0.6959 

0.S721 

-238 

-255 

-273 

-296 

-314 

-325 

0.6049 

0.3031 

0.0021 

0.i951 

0.6969 

0.8729 

-350 

-367 

-385 

-408 

-427 

-437 
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[B] x 10* [ B P i ] x 10* [TEAC104] x 10* l o g ( [B] / [ B P i ] ) EMF 

mol. l" 1 mol . l" 1 mol . l" 1 mV 

N - m e t h y l p i p e r i d i n e 

- 0 . 5 7 1 6 - 3 2 8 

- 0 . 2 7 0 5 - 3 4 4 

0 . 0 3 0 6 - 3 6 2 

0 . 4 2 8 4 - 3 8 5 

0 . 7 2 9 5 - 4 0 2 

0 . 9 0 5 6 - 4 1 4 

1 . 3 3 

2 . 6 7 

5 . 3 3 

1 3 . 3 3 

2 6 . 6 6 

4 0 . 0 0 

4 . 9 7 

4 . 9 7 

4 . 9 7 

4 . 9 7 

4 . 9 7 

4 . 9 7 

1 . 2 7 

2 . 5 5 

5 . 1 0 

1 2 . 7 5 

2 5 . 4 9 

3 8 . 2 4 

5 . 0 0 

5 . 0 0 

5 . 0 0 

5 . 0 0 

5 . 0 0 

5 . 0 0 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

-0.5935 -181 

-0.2924 -199 

0.0086 -217 

0.4065 -240 

0.7076 -258 

0.8837 -268 
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-1 so 

- 5 . 0 0 
- 0 . 4 - 0 . 2 - 0 . 0 0. 2 0 4 0. 6 

l o g UBD/CBH' 3> 
n. a i o 

Figure 15: EMF vs log { [B]/ [BH+] } plots for different 

amines in acetonitrile at constant salt concentration. (1) 

piperidine, (2) N-methylpyrrolidine, (3) N-methylpiperidine, 

(4) 1,2,3,4-tetrahydroisoquinoline (5) Thiomorpholine and 

(6) N-methylmorpholine. 
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Table 14 

The Pk, values of conjugate acids of amines in acetonitrile 

and water at 25°C. 

Amine pK, in MeCN pKt in water ApK, 

Secondary amines 

piperidine 19.06 ± .09 11.22 7.84 

1,2,3,4-tetra

hydroisoquinoline 17.25 ± .07 

Thiomorpholine 16.60 ± .06 9.00 7.60 

Tertiary amines 

N-methylpyrrolidine 18.42 + .08 

N-methylpiperidine 18.01 ± .08 

N-methylmorpholine 15.68 ± .05 

1,8-diazabicyclo[5.4.0]-

undec-7-ene (DBU) 23.91 ± .10 

0 . 4 6 

0 . 0 8 

7 . 3 8 

7 . 9 6 

7 . 9 3 

8 . 3 0 
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Although, the pk, value for the conjugate acid of 

piperidine has been reported by Coetzee and his coworkers, it 

was measured in our laboratory in order to verify our results. 

The measured value 19.06 + 0.09 is in good agreement with the 

reported value of 18.92 (100). An average value of 7.9 is 

obtained for ApK,. This average value is comparable to 7.6 

which was reported as the average value for ApK, by Coetzee 

(100). The pK, values listed in Table 14 will be used in the 

following chapters to analyse the kinetic results. 



4. Kinetics of the reaction of 1,1-difluoro-2,2-di(4-cyano

phenyl) ethylene with amines. 

110 



4.1 General. 

Ill 

This chapter describes the study of the reaction of 

various amines with 1,1-difluoro-2,2-di(4-cyanophenyl)ethyl

ene in acetonitrile (System 2). 

System 2. 

CH3CN 

For BH = pyrrolidine, piperidine, morpholine, thiomorpholine, 

1,2,3,4-tetrahydroisoquinoline, 1,1,3,3-tetramethyIguanidine 

(TMG), and n-propylamine. 

4.2 Results and discussion. 

A preliminary, qualitative study of 1,1-difluoro-

2,2-di(4-cyanophenyl)ethylene with different amines showed 

that the substrate is totally unreactive towards tertiary 

amines. Among the secondary amines, all the cyclic secondary 

amines studied were reactive while acyclic secondary amines 

react very slowly. This made acyclic secondary amines 

unsuitable for our kinetic studies. Although primary amines 
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were reactive towards the substrate, the enamines formed in 

the reactions were unstable. In most cases, the rate of 

disappearance of enamine was quite fast. Therefore, cyclic 

secondary amines were preferred for our kinetic studies. The 

absorption maxima ( X,,̂  ) of 1-f luoro-l-amino-2,2-di (4-cyano

phenyl) ethylene for different amines are tabulated in Table 

15, and the UV-Visible spectra for reactions with TMG and 

1,2,3,4-tetrahydroisoquinoline are presented in Figures 16 and 

17 respectively. The reactions were monitored at the 

wavelength where the corresponding product shows maximum 

absorption, and the pseudo first-order rate constants were 

calculated by the Guggenheim method (90) and are tabulated in 

Tables 16 to 21, together with their standard deviations. 

These rate constants are plotted against base concentrations 

in Figures 18 - 23. 
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Table 15 

The absorption maxima of the monoamino product of the reaction 

of 1,1-dif luoro-2,2-di (4-cyanophenyl) ethylene in acetonitrile 

with secondary and primary amines. 

amine XIMX(nm) 

pyrrolidine 

piperidine 

morpholine 

thiomorpholine 

1,2,3,4-tetrahydro-

isoquinoline 

1,1,3,3-tetramethy1-

guanidine 

n-propylamine 

349 

336 

329 

327 

332-336 

355 

326 
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Figure 16: (1) The UV-Vis. spectra of 1,1-difluoro-2,2-di(4-

cyanophenyl)ethylene [6.2 x 10"5M] and the reaction mixture of 

1,1-difluoro-2,2-di(4-cyanophenyl)ethylene and 1,1,3,3-

tetramethyIguanidine [1 x 10"2 M] in acetonitrile at different 

time after mixing. (2) immediately after mixing, (3) 1 min, 

(4) 2 min, (5) 5 min, (6) 15 min, (7) 30 min and (8) 18 hrs. 

* 
a 
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Figure 17: (1) The UV-Vis. spectra of 1,1-difluoro-2,2-di(4-

cyanophenyl)ethylene [5.4 x 10"^] and the reaction mixture of 

1,1-difluoro-2,2-di(4-cyanophenyl)ethylene and 1,2,3,4-

tetrahydroisoquinoline [1 x 10"2 M] in acetonitrile at 

different time after mixing. (2) 1 min, (3) 2 min, 

(4) 4 min, (5) 10 min and (6) 1 hr. 
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Table 16 

The pseudo first-order rate constants and calculated second-

order and third-order rate constants for the formation of 1-

fluoro-l-pyrrolidino-2,2-di(4-cyanophenyl)ethylene from the 

reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene with 

pyrrolidine in acetonitrile. 

Temp. [pyrr] x 103 k, x 10* k2° x 10 k3 

(°C) mol.l"1 (s1) l.mor'.s-1 l2.molds'1 

15 1.05 1.90 ± .01 

2.10 4.13 ± .02 

3.15 6.96 ± .03 1.60 ± .02 19.0 + .7 

3.98 9.44 ± .07 

5.25 13.55 ± .09 

20 1.05 2.06 ± .01 

2.09 4.61 ± .02 

3.14 7.65 ± .03 1.78 ± .03 20.1 ± .9 

4.19 11.05 ± .05 

5.24 14.63 ± .05 

continued 



t a b l e 16 ( cont inued) . 
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Temp. 

(°C) 

25 

[ p y r r ] x 103 

mol. r1 

1 . 0 5 

1 . 9 9 

2 . 9 9 

3 . 9 8 

5 . 2 6 

k, X 10* 

(s1) 

2 . 3 3 + 

4 . 7 8 ± 

7 . 8 6 + 

1 1 . 2 8 + 

1 6 . 2 1 ± 

. 02 

. 0 3 

. 0 3 

. 0 6 

.07 

k2° X 10 

l.mor'.s"1 

1 .99 + . 0 1 

* 3 

l2.mor2.s"' 

2 0 . 9 ± . 3 

30 

35 

0 . 9 9 

1 .99 

2 . 9 9 

3 . 9 8 

4 . 9 8 

2 . 4 3 + 

5 . 2 7 + 

8 . 6 6 ± 

1 2 . 5 0 + 

1 6 . 4 8 + 

. 02 

. 02 

. 04 

. 0 6 

. 1 1 

2.21 + .03 22 .5 + .8 

0 . 9 9 

1 .99 

2 . 9 9 

3 . 9 8 

5 . 2 4 

2 . 7 1 + 

5 . 7 9 + 

9 . 4 9 + 

1 3 . 3 3 ± 

1 9 . 4 7 ± 

. 02 

. 0 3 

. 0 6 

.08 

. 12 

2.46 + .04 23 .3 + 1.2 
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Table 17 

The pseudo first-order rate constants and calculated second-

order and third-order rate constants for the formation of 1-

fluoro-l-morpholino-2,2-di(4-cyanophenyl)ethylene from the 

reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene with 

morpholine in acetonitrile. 

Temp. [morph] x 102 k, x 10s k2° x 10* k3 x 102 

(°C) mol.l1 (s1) 1.molds'1 P.mol^.s1 

25 

30 

1 . 9 8 7 

2 . 9 8 1 

3 . 9 7 4 

4 . 9 6 8 

5 . 9 6 1 

2 . 2 7 

5 . 3 3 

9 . 2 5 

1 3 . 7 7 

1 9 . 8 0 

± 
± 

± 

± 

+ 

. 0 1 

. 0 4 

. 0 6 

. 0 4 

. 0 7 

1.33 + .81 5.38 + .19 

2 . 0 1 6 

3 . 0 2 4 

4 . 0 3 2 

5 . 0 4 0 

6 . 0 4 8 

2 . 7 1 

5 . 9 6 

1 0 . 1 6 

1 5 . 3 9 

2 2 . 3 0 

± 
± 

± 

± 

+ 

. 0 5 

. 0 5 

. 1 2 

. 1 4 

. 0 7 

2.08 ± .44 5.72 + .10 

continued 



table 17 (continued). 
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Temp. [morph] x 102 kt x 10s k2° x 10* k3 x 102 

(°C) m o l . l 1 ( s 1 ) l . n o r ' . s - 1 l^raol^.s"1 

35 

40 

45 

2 . 0 0 7 

3 . 0 0 4 

4 . 0 0 6 

5 . 0 0 7 

6 . 0 0 9 

3 . 1 6 ± 

6 . 8 0 ± 

1 1 . 9 6 ± 

1 7 . 7 8 + 

2 5 . 4 1 ± 

. 0 3 

.07 

. 0 8 

. 0 9 

.13 

2 . 0 0 7 

3 . 0 1 0 

4 . 0 1 3 

5 . 0 1 7 

6 . 0 2 0 

3 . 3 3 

7 . 4 9 

1 2 . 7 9 

1 8 . 7 6 

2 6 . 6 8 

± 
+ 

± 

+ 

+ 

. 0 4 

. 0 6 

. 0 9 

. 1 3 

. 3 3 

2 . 0 0 5 

3 . 0 0 8 

4 . 0 1 0 

5 . 0 1 3 

6 . 0 1 5 

3 . 7 4 

8 . 1 4 

1 4 . 0 7 

2 1 . 0 6 

2 9 . 3 3 

± 
+ 

± 

+ 

+ 

. 0 3 

. 0 5 

. 0 9 

• £t ct 

. 1 5 

2 .80 + .60 6.59 + .14 

3.83 + 1.13 6.77 + .27 

4 .25 + .93 7 .50 + .22 
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Table 18 

The pseudo first-order rate constants and calculated second-

order and third-order rate constants for the formation of 1-

f luoro-1- (1,2,3,4-tetrahydroisoquinolino) -2,2-di (4-cyano

phenyl) ethylene from the reaction of 1,1-difluoro-2,2-di(4-

cyanophenyl)ethylene with 1,2,3,4-tetrahydroisoquinoline 

(THIQ) in acetonitrile. 

Temp. [THIQ] x 102 k, x 10* k2° x 10
3 k3 x 10 

(°C) mol.l"1 (s1) l.mol^.s1 l^mol^.s"1 

20 1.579 

2.368 

3.157 

3.947 

4.736 

25 1.914 

2.871 

3.828 

4.785 

5.741 

continued 

0.81 ± .007 

1.65 + .01 

2.86 ± .02 1.04 ± .14 2.53 ± .04 

4.31 ± .02 

6.22 + .04 

1.35 ± .02 

2.82 ± .01 

5.14 + .04 1.58 ± .64 2.95 + .15 

7.66 ± .06 

10.38 + .08 



123 

table 18 (continued). 

Temp. [THIQ] x 102 k, x 10* k2° x 103 k3 x 10 

(°C) m o l . l 1 ( s 1 ) l . n o l - ' . s ' 1 l 2 . m o l d s ' 1 

30 

2 . 1 5 + . 2 5 3 . 2 0 + . 0 6 

35 

40 

1 . 8 6 5 

2 . 7 9 7 

3 . 7 2 9 

4 . 6 6 2 

5 . 5 9 4 

1 . 5 1 ± 

3 . 0 7 ± 

5 . 3 5 ± 

7 . 9 1 ± 

1 1 . 2 1 + 

. 0 3 

. 0 4 

. 0 4 

. 0 8 

. 1 4 

1 . 5 7 9 

2 . 3 6 9 

3 . 1 5 9 

3 . 9 4 8 

4 . 7 3 8 

1 .39 ± 

2 . 7 0 ± 

4 . 8 1 ± 

7 . 1 5 ± 

9 . 8 0 + 

. 0 1 

. 0 1 

. 0 4 

. 0 7 

. 1 1 

1 . 5 7 9 

2 . 3 6 9 

3 . 1 5 9 

3 . 9 4 8 

4 . 7 3 8 

1 .54 

3 . 2 4 

5 . 3 8 

8 . 0 1 

1 0 . 9 2 

± 
± 

+ 

± 

+ 

. 0 1 

. 0 2 

. 0 4 

. 0 6 

. 1 1 

2 . 6 6 + . 5 0 3 . 8 6 + . 1 5 

3 . 4 8 + . 5 0 4 . 2 0 + . 1 5 
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Table 19 

The pseudo first-order rate constants and calculated second-

order and third-order rate constants for the formation of 1-

fluoro-1-(thiomorpholino)-2,2-di(4-cyanophenyl)ethylene from 

the reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene 

with thiomorpholine in acetonitrile at 25°C. 

[thiomorph] x 102 k, x 10s k2° x 10* k3 x 102 

mol.l"1 (s1) l.mol'.s"1 l2. molds'1 

4 . 9 4 6 

5 . 0 4 7 

7 . 4 1 9 

7 . 5 7 0 

9 . 8 9 2 

1 0 . 0 9 0 

1 2 . 3 6 6 

1 2 . 6 2 0 

1 5 . 1 4 0 

3 . 8 9 ± . 0 6 

4 . 2 3 ± . 0 4 

8.28 ± .04 

9 . 5 7 ± . 0 9 

1 4 . 8 0 ± . 1 0 

1 6 . 3 6 ± . 1 1 

2 2 . 9 7 + . 0 7 

2 4 . 3 9 + . 0 8 

3 4 . 5 1 + . 2 3 

1 . 0 0 + . 4 7 1 . 4 4 + . 0 5 
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Table 20 

The pseudo first-order rate constants and calculated second-

order and third-order rate constants for the formation of 1-

fluoro-1-(n-propylamino)-2,2-di(4-cyanophenyl)ethylene from 

the reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene 

with n-propylamine in acetonitrile. 

15 

20 

Temp, [prop] x 103 k, x 10* k2° x 10* k3 x 10 

(°C) mol.l"1 (s"1) l .mol-' .s-' l 2 . molds' 1 

4.805 

7.207 

9.609 

12.012 

14.414 

4.996 

7.494 

9.992 

12.489 

14.987 

1.14 

1.79 

2.44 

3.15 

4.02 

1.28 

2.16 

2.97 

3.66 

4.41 

± 

+ 

+ 

± 

± 

± 

± 

+ 

± 

+ 

.01 

.01 

.03 

.03 

.02 

.02 

.01 

.02 

.03 

.04 

2.18 + .05 3.99 + .46 

2 .52 + .17 3.32 + 1.62 

cont inued . 



table 20 (continued). 
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Temp. 

(°C) 

[ p r o p ] x 10 3 

mol. r1 

k, x 10* 

(s-1) 

k2° x l o 2 

l.mor'.s'1 

k3 x 10 

l 2 . m o l d s ' 1 

25 

30 

35 

4 . 9 9 6 

7 . 4 9 4 

9 . 9 9 2 

1 2 . 4 8 9 

1 4 . 9 8 7 

1 . 5 3 

2 . 5 1 

3 . 3 6 

4 . 2 6 

5 . 3 4 

+ 

± 

± 

+ 

+ 

. 0 3 

. 0 4 

. 0 5 

. 0 8 

. 1 0 

4 . 9 7 9 

7 . 4 6 8 

9 . 9 5 8 

1 2 . 4 4 7 

1 4 . 9 3 7 

1 . 8 9 ± 

2 . 8 1 ± 

4 . 1 5 + 

5 . 1 3 ± 

6 . 6 0 + 

. 0 2 

. 0 3 

. 0 3 

. 0 7 

. 0 9 

4 . 8 0 5 

7 . 2 0 7 

9 . 6 0 9 

1 2 . 0 1 2 

1 4 . 4 1 4 

1 . 8 8 ± 

2 . 9 9 ± 

4 . 0 4 ± 

5 . 0 8 ± 

6 . 5 7 ± 

. 0 2 

. 0 6 

. 0 6 

. 0 9 

. 1 6 

2.93 + .10 4.21 + .94 

3.43 + .16 6.32 + 1.54 

3.67 ± .13 5.61 + 1.25 
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Table 21 

The pseudo first-order rate constants and calculated second-

order rate constants for the formation of 1-f luoro-1-(1,1,3,3-

tetramethylguanidino)-2,2-di(4-cyanophenyl)ethylene from the 

reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene with 

1,1,3,3-tetramethyIguanidine (TMG) in acetonitrile. 

Temp. 

(°C) 

20 

25 

[TMG] x 103 

mol. l" 1 

0 . 8 0 4 

1 . 6 0 8 

2 . 4 1 2 

3 . 2 1 6 

4 . 0 2 1 

0 . 8 0 5 

1 . 6 1 0 

2 . 4 1 5 

3 . 2 2 0 

4 . 0 2 5 

k, x 10 

( s 1 ) 

1 . 5 8 ± 

2 . 9 6 ± 

4 . 3 2 ± 

5 . 7 7 ± 

7 . 1 7 ± 

2 . 0 8 ± 

3 . 9 6 ± 

5 . 7 9 ± 

7 . 7 3 ± 

9 . 7 6 + 

4 

. 0 1 

. 0 3 

. 0 3 

. 0 3 

. 0 4 

. 0 2 

. 0 2 

. 0 7 

. 1 0 

. 0 9 

k2 X 10 

1 . m o l d s ' 1 

1 .74 + . 0 1 

2 . 3 8 ± . 0 3 
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table 21 (continued). 

Temp. [TMG] x 103 k, x 10* k2 x 10 

(°C) m o l . l 1 ( s 1 ) l .mol^.s-1 

30 

35 

40 

0 . 8 0 5 

1 . 6 1 0 

2 . 4 1 5 

3 . 2 2 0 

4 . 0 2 5 

2 . 5 8 ± 

5 . 0 1 ± 

7 . 6 8 + 

9 . 7 0 + 

1 2 . 0 9 ± 

. 0 1 

. 0 3 

. 1 5 

. 0 4 

. 0 2 

2 . 9 5 ± . 0 7 

0 . 8 0 4 

1 . 6 0 8 

2 . 4 1 2 

3 . 2 1 6 

4 . 0 2 1 

3 . 3 0 

6 . 3 2 

9 . 2 5 

1 2 . 5 0 

1 5 . 2 0 

± 
+ 

± 
+ 

+ 

. 0 2 

. 0 4 

. 0 9 

. 0 6 

. 0 5 

3.73 + .03 

0 . 8 0 4 

1 . 6 0 9 

2 . 4 1 3 

3 . 2 1 8 

4 . 0 2 2 

4 . 2 7 ± . 0 2 

8 . 1 5 ± . 0 5 

1 2 . 3 1 ± . 0 6 

1 5 . 3 3 ± . 1 2 

1 8 . 8 4 ± . 0 8 

4 . 5 2 ± . 1 4 
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25.00 

T 15.00 
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0. on k~ 
0.0 1. 0 2 . 0 3 . Q 4 .D 5 . 0 

[ p y r r o l l d i n e ] < 10 mol. 1~ 

Figure 18: k, obs vs [pyrrolidine] plot for the reaction of 

1,1-dif luoro-2,2-di (4-cyanophenyl) ethylene with pyrrolidine in 

acetonitrile at different temperatures, (l) 15, (2) 20, (3) 

25, (4) 30 and (5) 35°C. 
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[ m o r p h o l i n e ] x 10 m o l . 1 

Figure 19: k, obs vs [morpholine] plot for the reaction of 

1,1-dif luoro-2,2-di (4-cyanophenyl) ethylene with morpholine in 

acetonitrile at different temperatures. (1) 25, (2) 30, (3) 

35, (4) 40 and (5) 45°C. 
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0 . 0 1 .0 2 . 0 3. 0 4. O 5. 0 e. a 7. 0 

[ 1 , 2 . 3. 4 - t o t r a h y d r o l s o q u l n o 1 i n e ] x 10 mo 1. 1 ' 

Figure 20: kt obs vs [1,2,3,4-tetrahydroisoquinoline] plot for 

the reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)- ethylene 

with 1,2,3,4-tetrahydroisoquinoline in acetonitrile at 

different temperatures. (1) 20, (2) 25, (3) 30, (4) 35 and (5) 

40°C. 
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40.00 
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0. 00 
O. 0 2.0 1 6 . 0 

[ t h i o m o r p h o l i n e ] x 10 mal. 1" 

Figure 21: k, obs vs [thiomorpholine] plot for the reac t ion of 

1,1-dif luoro-2,2-di (4-cyanophenyl) ethylene with thiomorpholine 

in a c e t o n i t r i l e at 25°C. 
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Cn- p r o p y l ami no] x 10*" mol . 1 
12.0 14.0 

1 
16. o 

Figure 22: k, obs vs [n-propylamine] p lo t for the react ion of 

1,1-dif luoro-2,2-di (4-cyanophenyl) ethylene with n-propylamine 

in a c e t o n i t r i l e a t different temperatures. 

(1) 15, (2) 20, (3) 25, (4) 30 and (5) 35°C. 
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Figure 23: k, obs vs [TMG] plot for the reaction of 1,1-

dif luoro-2,2-di (4-cyanophenyl) ethylene with 1,1,3,3-

tetramethylguanidine in acetonitrile at different 

temperatures. (1) 20, (2) 25, (3) 30, (4) 35 and (5) 40°C. 
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Figure 24: k2 obs vs [pyrrolidine] plot for the reaction of 

1,1-dif luoro-2,2-di (4-cyanophenyl) ethylene with pyrrolidine in 

acetonitrile at different temperatures. (1) 15, (2) 20, (3) 

25, (4) 30 and (5) 35°C. 
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Figure 25: k2 obs vs [morpholine] plot for the reaction of 

1,1-dif luoro-2,2-di (4-cyanophenyl) ethylene with morpholine in 

acetonitrile at different temperatures. (1) 25, (2) 30, (3) 

35, (4) 40 and (5) 45°C. 
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Figure 26: k2 obs vs [1,2,3,4-tetrahydroisoquinoline] plot for 

the reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene 

with 1,2,3,4-tetrahydroisoquinoline in acetonitrile at 

different temperatures. (1) 20, (2) 25, (3) 30, (4) 35 and (5) 

40°C. 



1 3 8 

3.00 

m 
a 

W 
XI 

o 

2.00 -

1.00 -

0.00 
0 . 0 2 . 0 4 .0 6 .0 8 . 0 1 0 . 0 >2. 0 14 .0 

[ th iomorpho l ine ] x 10 mol. 1* 
1 6 . 0 

Figure 27: k2 obs vs [thiomorpholine] p lo t for the reaction of 

1,1-dif luoro-2,2-di (4-cyanophenyl) ethylene with thiomorpholine 

in a c e t o n i t r i l e a t 25°C. 
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Figure 28: k2 obs vs [n-propylamine] plot for the reaction of 

1, i-dif luoro-2,2-di (4-cyanophenyl) ethylene with n-propylamine 

in acetonitrile at different temperatures. (1) 15, (2) 20, 

(3) 25, (4) 30 and (5) 35°C. 
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From Figures 18 to 23, it can be seen that the 

kinetic behaviour of pyrrolidine, morpholine, thiomorpholine 

and 1,2,3,4,-tetrahydroisoquinoline is similar to that of 

piperidine. The first order rate constants for these amines 

were fitted to equation (4) (Figures 24 to 27), and the 

calculated amine catalysed and uncatalysed rate constants and 

their standard deviations are tabulated in Tables 15 to 18 

with the first- order rate constants. 

Although n-propylamine behaves in the same way as 

other amines, the contribution of the catalytic route is 

negligible as can be seen from the k3 / k2° ratios from Table 

20. For example, the ratio is 14 at 25°C. In order to verify 

the results, each set of measurements was repeated and in most 

cases the first order rate constants were reproduced within 

the experimental error. The contribution of the catalytic 

route under the experimental conditions (k3[B] / k2°) was less 

than 20 percent. This causes the high standard error in the 

rate constants k3 and in the activation parameters derived 

from them. 

In contrast to the other amines, the observed pseudo 

first-order rate constants for 1,1,3,3-tetramethyIguanidine 

(TMG) were linearly related to the amine concentrations 

(Figure 23), indicating the absence of a catalytic route. The 

reaction is only first-order with respect to amine. The 

calculated second-order rate constants are given in Table 21. 

The activation parameters for amine catalysed and 
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uncatalysed reactions are tabulated in Table 22. For all the 

amines which react via both amine catalysed and uncatalysed 

routes, the enthalpy of activation for catalytic route is 

smaller than that for uncatalysed route. This is in agreement 

to the results obtained in the first system. In general, the 

enthalpy of activation for the amine catalysed and uncatalysed 

reaction decreases with the basicity of the amine. 

Although TMG is the strongest base among the amines 

used, no catalysis was observed. This could be used as further 

evidence for the absence of route (c) in Scheme 12. Since TMG 

is the strongest base, it should show strong catalysis if 

route (c) were involved. 

The second order rate constant for TMG is 

approximately 3 orders of magnitude less than one would 

predict from its pK, value (Figure 29) assuming the same 

mechanism for TMG as for the other amines studied. In 

addition, 1,3 -diphenyIguanidine which is a stronger base than 

morpholine does not react with this substrate. This shows that 

the guanidine bases react via a different mechanism. 



Table 22 

The activation parameters for the amine catalysed and uncatalysed reactions of 

1,1-difluoro-2,2-di-(4-cyanophenyl)ethylene with amines in acetonitrile. 

Amine pK, in CH3CN Act.parameters for 
uncatalysed reaction 

AH* AS* 
(kJ.mol1) (J. mol'1. IT1) 

Act.parameters for 
catalysed reaction 
AH* AS* 

(kJ.mol1) (J.mol-'.K"1) 

Pyrrolidine 

Piperidine 

1,2,3,4-tetra

hydroisoquinoline 

Morpholine 

n-Propylamine 

TMG 

19.58 

18.92 

17.25 

16.61 

18.22 

23.30 

14 + . 1 

26 ± 1 

42 ± 3 

44 + 5 

17 ± 1 

34 + 2 

•213 ± 2 

•202 ± 2 

-157 ± 10 

•171 ± 16 

-216 + 4 

•145 ± 5 

5 

8 

17 

11 

17 

+ 

± 

+ 

± 

+ 

0.5 

1 

1 

1 

8 

•202 ± 2 

•211 ± 4 

•198 ± 4 

-234 ± 4 

-195 + 29 
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Figure 29: logk2 vs pK, plot for the reaction of l,l-difluoro-

2,2-di(4-cyanophenyl)ethylene with various amines. 

(1) thiomorpholine, (2) morpholine, (3) 1,2,3,4-tetrahydro

isoquinoline, (4) n-propylamine (5) piperidine (6) pyrrolidine 

and (7) TMG. 
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The reaction of 1,1-difluoro-2,2-di(4-cyano

phenyl) ethylene with TMG was studied in the presence of 

different concentrations of N-methylpyrrolidine and it was 

found that the N-methylpyrrolidine does not catalyse the 

reaction, even though N-methylpyrrolidine does catalyse the 

reaction of this substrate with piperidine. It was also found 

that 1,3-diphenylguanidine catalyses the reaction of 

1,1-difluoro-2,2-di(4-cyanophenyl)ethylene with piperidine, 

and the catalytic rate constants for N-methylpyrrolidine (pK, 

18.42) and 1,3-diphenylguanidine (pK, 17.90) are 1.46 and 0.46 

l2.molds', respectively (Table 29, Chapter 5). These 

observations show that the absence of catalysis in the 

reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene with 

TMG (pK, 23.3) must be due to some special feature of the 

intermediate zwitterion and not due to the lack of power of 

TMG as a base catalyst. 

Guanidine bases, 20, differ from other bases in two 

aspects. One of them is the presence of two other basic 

nitrogens and the other one is the presence of a double bond 

which causes extra stabilization of the positive charge in the 

zwitterion formed in the first step of the reaction. 

NRlR2 

H N = C 

\NR 3R 4 

20 

R T R2" R3 o n d R4 ™ H* a , k y l o r a r y l ' 
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Absence of amine catalysis could be observed under 

the following conditions. 

(1) The nucleophilic attack is the rate determining step. 

In this case both amine catalysed and uncatalysed 

routes would be first order with respect to amine. If the 

presence of four bulky methyl groups in the TMG molecule could 

make the attack by TMG the slowest among the amines studied, 

and if the attack is slower than the fluoride ion expulsion, 

then the reaction would be first order with respect to amine 

even for amine catalysed route. But Figure 29 shows that the 

second order rate constant for TMG is the largest when 

compared with the other amines. Therefore, nucleophilic attack 

is not the rate determining step. 

(2) Intramolecular catalysis. 

Since there are two other basic centers (N, and N3) 

in the TMG molecule, one of these basic centers might 

participate instead of an external amine molecule in the 

proton transfer step. That is, 

Ar 

Ar 

Me. 

A' 
TNH 

II 
C 

/ \ 
jN NMe2 

N C -

Me2N 

N 

II 
C 

/ \ 
H NMe2 
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In this case again the amine catalysed route will be 

first order with respect to amine, because there is no 

additional amine molecule involved in the proton transfer 

step. In fact base catalysis was not observed in the reaction 

of 1,l-dicyano-2-p-dimethylaminophenyl-2-trifluoroethoxy-

ethylene with 1,2- and 1,3-diaminopropane and their mono N,N-

dimethyl derivatives in acetonitrile (103) . A mechanism which 

involves intramolecular proton transfer to the second basic 

center has been proposed for this reaction. In this case, the 

second order rate constant was higher than the corresponding 

uncatalysed counterpart of the monoamines which is opposite to 

what was observed in the reaction of TMG with 1,1-difluoro-

2,2-di-(4-cyanophenyl)ethylene. Moreover, the pK, difference 

between the two basic centers in the 1,2- and 1,3-

diaminopropane is much less than that in TMG. The pK, 

difference in 1,2- and 1,3- diaminopropane ranges between 2-3 

in water while in TMG the difference is more than 10 pK, 

units. Therefore , the occurrence of intramolecular catalysis 

in the proton transfer step is very unlikely in the case of 

TMG. 

(3) The uncatalysed route is faster than the amine catalysed 

route. 

In the zwitterion formed between 1,1-difluoro-2,2-

di(4-cyanophenyl)ethylene and TMG, 21,the positive charge is 

delocalized in the amino part of the molecule. Due to the 
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removed from the zwitterion. Therefore, the catalysed route is 

not observed. 

X C — or 

Ar / UN F 
NH 

* c . s 

Me2N NMe2 

21 

In addition, the uncatalysed reaction could be the 

preferred path because it is assisted by a hydrogen bond as 

shown in Scheme 15. 

Scheme 15 

N(CH,), N(CH3)2 

" * .= C + / 

X *X/ _ * ^ C - 0 - F X N<C H3>2 

N(CH3)2 
1 

N = C / / 

N(CHj)2 

\ / \N(CH 3 ) 2 \ - n / J} 

c = c 
C - C ' r j M t C H 3 ) 2 
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That is the reaction is not catalysed in the proton 

transfer step but is internally catalysed in the F expulsion 

step. 

4.3 The Bronsted relationship. 

Brsmsted relationship is again a linear free energy 

relationship presented in two forms in equations [34] and 

[35]. 

*A = GA (KA)« [34] 

kB - GB (KB)" [35] 

where, kA and kB are the catalytic constants for acid and base 

catalysis and KA and KB are the equilibrium constants for 

dissociation of acid and protonation of base respectively. GA, 

GB, a and /? are constants for a reaction which involves a 

series of catalysts with different acidic or basic strengths, 

a and /3 are known as Bronsted coefficients. 

This relationship was derived by Bronsted and 

Pedersen (92), in order to correlate the rates of general-

acid base catalysed decomposition of nitramide. In fact, this 

was the first example of a linear free energy relationship 
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between rate and equilibrium constants. This is also known as 

the Bronsted catalysis law. In most cases the exponents a and 

0 are positive and less than unity (92). The magnitude of 

these exponents may give information about the extent of 

proton transfer in the transition state. 

According to the Bronsted catalysis law, the 

logarithm of the rate constant for a general-acid-catalysed 

reaction is a linear function of the pK, value of the acid. A 

similar relationship applies for general-base-catalysed 

reactions. This law is restricted to series of acids and bases 

which are similar in structure. 

The catalysed and uncatalysed rate constants for 

the reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene 

with various amines at 25°C are tabulated in Table 23 together 

with the pK, values of the conjugate acids of the amines in 

acetonitrile. The catalysed rate constants show a linear 

correlation with the pK, values (in acetonitrile) of the 

amines (Figure 30). The Bronsted plot for the catalysed rate 

constants gives a slope 0.85 ± 0.14 with the correlation 

coefficient 0.95. 

This value is very similar to the one reported for 

the reaction of 2,2-di(4-nitrophenyl)-1,1-difluoroethylene 

with amines in acetonitrile (84) . The Br©nsted coefficients in 

both cases are considerably higher than for reaction which 

involve proton transfer from a saturated carbon atom to 

amines. For example, the Bronsted coefficients of 0.55 ± 0.06 
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have been reported for the reaction of substituted and 

unsubstituted 1-aryl-l-nitroethane with piperidine, piperazine 

and morpholine in water (105). Similarly, the reaction of 4-

nitrophenylcyanomethane and its deuterated analog with 

2,2,6,6-tetramethylpiperidine, 1,2,2,6,6-pentamethylpiperidine 

and 3,3,6,9,9-pentamethyl-2,10-diazabicyclo[4.4.0]dec-l-ene in 

acetonitrile gives a Bronsted coefficient closer to 0.5 (106) . 

Therefore, the high Bronsted coefficient observed 

for the reaction of 1,1-di(4-cyanophenyl)-2,2-difluoro

ethylene and 2,2-di(4-nitrophenyl)-1,1-difluoroethylene with 

various amines again suggests that the proton is extensively 

transferred in the transition state of the proton transfer 

step of catalysed reaction. Thus route (c) in Scheme 12 is 

less likely t'rv*:. route (b) . 

'i.oe v..-:atalysed rate constants for the amines other 

than TMG also show a linear correlation with pK,. Since the 

amines act as nucleophile in the uncatalysed reaction, the 

linear correlation shows that the nucleophilicity of these 

amines is parallel to their basicity. The negative deviation 

of TMG suggests that TMG is a much weaker nucleophile than it 

is a base. 
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Table 23 

The amine catalysed and uncatalysed rate constants (k2 and 

k3 respectively) at 25°C for the reaction of 1,1-difluoro-

2,2-di(4-cyanophenyl)ethylene with various amines. 

Amine pK, k3 k2 

in CH3CN (l2. molds'1) (l.mor'.s"1) 

Pyrrolidine 

Piperidine 

n-Propylamine 

1,2,3,4-tetra

hydroiso

quinoline 

Morpholine 

Thiomorpholine 

TMG 

19.58 

19.06 

18.22 

17.25 

16.61 

16.60 

23.30 

20.9 

1.94 

8.22 

2.95 

5.38 

1.41 

X 

X 

X 

X 

lO"1 

10"1 

10" 2 

10" 2 

1.99 

4.34 

2.16 

1.58 

1.33 

1.67 

2.38 

x 10 ' 

X 10"J 

X 10"2 

X lO"1 

X 104 

X 10"4 

X 10"1 
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Figure 30: logk3 vs pK, plot for the reaction of 1,1-difluoro-

2,2-di (4-cyanophenyl)ethylene with various amines. 

(1) thiomorpholine, (2) morpholine, (3) 1,2,3,4-tetrahydro

isoquinoline, (4) n-propylamine (5) piperidine and 

(6) pyrrolidine. 



5. Kinetics of the reaction of 1,1-difluoro-2,2-di-(4-

cyanophenyl)ethylene with piperidine in the presence of 

added tertiary amines. 

153 



5.1 General. 
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In the study of the reaction of 1,1-difluoro-2,2-

diphenylethylene and its para substituted analogs with various 

amines (Chapters 2 & 4), it was found that except in the case 

of TMG, the reaction is catalysed by amines. It was also 

suggested that the amine catalysis takes place in the proton 

transfer step. If this is true, then tertiary amines, which do 

not react with the substrate themselves, should also catalyse 

the reaction. In fact, in a preliminary study, it was found 

that the reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)-

ethylene with piperidine is catalysed by added tertiary 

amines. Therefore, in this chapter, the reaction of 1,1-

dif luoro-2, 2-di (4-cyanophenyl) ethylene with piperidine has 

been studied in presence of added tertiary amines (System 3). 

System 3 

/ 
F o CH3CN 

C = C + 1 J + R 3 N 

I 
H 

For R3N = N-methylpyrrolidine, N-methylpiperidine, N-methyl

morpholine, l,3-diphenylguanidine and DBU. 
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Although, l,3-diphenylguanidine is not a tertiary 

amine, it was found that it does not react with the substrate. 

Therefore, this amine was used as a catalyst and its catalytic 

rate constant was calculated. 

5.2 Results and Discussion. 

The reaction is catalysed by added tertiary amines. 

In presence of added amine, equation [4] is extended to 

equation [36]. 

k2obs = k2° + k3 [piperidine] + k̂ , [amine] [36] 

where k2obs = k,obs / [piperidine] 

At constant concentrations of the substrate and 

piperidine, k2obs would be linearly related to the 

concentration of tertiary amine and the slope of this plot 

would bz the catalytic rate constant. 

Therefore, the concentration of piperidine was kept 

constant and the concentration of tertiary amine was varied. 

The observed pseudo first-order rate constants at various 

concentration of tertiary amines are tabulated in Tables 24 -

28. The observed second-order rate constants correlate 

linearly with the concentration of the tertiary amines 

(Figures 31 to 35). The slope of the plot gives the catalytic 
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rate constant of added tertiary amine. The calculated 

catalytic rate constants of amines and their standard 

deviations are tabulated in Table 29 together with the pk, 

values of the conjugate acids of the tertiary amines. 
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Table 24 

The pseudo first-order rate constants for the formation of 1-

fluoro-l-piperidino-2,2-di(4-cyanophenyl)ethylene from the 

reaction of l,l-difluoro-2,2-di(4-cyanophenyl)ethylene* with 

piperidine** in presence of N-methylpyrrolidine in 

acetonitrile. 

[N-methylpyrrolidine] x 103 k, x 104 

mol. I1 s"1 

4 . 0 2 

8 . 0 4 

1 2 . 0 6 

1 6 . 0 8 

2 0 . 1 0 

1 . 3 1 ± . 0 1 

1 .59 ± . 0 1 

2 . 1 0 + . 0 3 

2 . 4 0 ± . 0 3 

2 . 9 0 + . 0 4 

* initial concentration 2.5 x 10s mol.l1. 

** initial concentration 6.79 x 103 mol.!'1 
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Figure 31: k2obs. vs [amine] plot for the reaction of 1,1-

dif luoro-2,2-di (4-cyanophenyl) ethylene with piperidine in 

presence of different concentration of N-methylpyrrolidine. 
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Table 25 

The pseudo first-order rate constants for the formation of 

1-fluoro-l-piperidino-2,2-di(4-cyanophenyl)ethylene from the 

reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene* with 

piperidine** in presence of N-methylpiperidine in aceto

nitrile. 

[N-methylpiperidine] 

mol. r1 

1 . 4 6 

2 . 9 2 

4 . 3 8 

5 . 8 4 

7 . 3 0 

X 102 k, x 104 

S"1 

1 .44 + . 0 1 

1 .68 + . 0 1 

1 .89 + . 0 1 

2 . 0 4 ± . 0 1 

2 . 2 9 + . 0 1 

* initial concentration 2.5 x 105 mol.r1. 

** initial concentration 7.25 x 103 mol.l"1 

t 
3 
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Figure 32: k2obs. vs [amine] plot for the reaction of 1,1-

dif luoro-2,2-di (4-cyanophenyl) ethylene with piperidine in the 

presence of different concentration of N-methylpiperidine. 
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Table 26 

The pseudo first-order rate constants for the formation of 1-

fluoro-l-piperidino-2,2-di(4-cyanophenyl)ethylene from the 

reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene* with 

piperidine** in presence of N-methylmorpholine in aceto

nitrile. 

[N-methylmorpholine] x 10 k, x 104 

mol.l"1 s1 

0 . 5 4 9 

1 . 0 9 9 

1 . 6 4 8 

2 . 1 9 7 

2 . 7 4 7 

1 . 4 3 ± . 0 1 

1 .74 ± . 0 1 

2 . 0 1 ± . 0 1 

2 . 2 8 + . 0 1 

2 . 6 0 + . 0 1 

* initial concentration 2.5 x 10s mol.l1. 

** initial concentration 6.96 x 103 mol.l"1 
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Figure 33: k2obs. vs [amine] plot for the reaction of 1,1-

dif luoro-2,2-di (4-cyanophenyl) ethylene with piperidine in the 

presence of different concentration of N-methylmorpholine. 
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Table 27 

The pseudo first-order rate constants for the formation of 1-

fluoro-l-piperidino-2,2-di(4-cyanophenyl)ethylene from the 

reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene* with 

piperidine** in presence of 1,8-diazabicyclo[5-4-0]-undec-7-

ene (DBU) in acetonitrile. 

[DBU] x 105 k, x 104 

mol. I"1 s"1 

2.22 2.40 ± .01 

4.43 3.17 ± .02 

6.65 3.80 + .04 

8.87 4.52 ± .07 

11.09 5.19 ± .05 

* initial concentration 2.5 x 10'5 mol.l'1. 

** initial concentration 7.05 x 103 mol.l1 
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Figure 34: k2obs. vs [amine] plot for the reaction of 1,1-

dif luoro-2,2-di (4-cyanophenyl) ethylene with piperidine in the 

presence of different concentration of DBU. 
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Table 28 

The pseudo first-order rate constants for the formation of 1-

fluoro-l-piperidino-2,2-di(4-cyanophenyl)ethylene from the 

reaction of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene* with 

piperidine** in presence of 1,3-diphenylguanidine in 

acetonitrile. 

[1,3-diphenylguanidine] x 102 k, x 104 

mol. I"1 s"1 

1 .19 

2 . 3 8 

3 . 5 7 

4 . 7 6 

5 . 9 5 

1 .55 + . 0 1 

1 .97 + . 0 1 

2 . 3 4 + . 0 1 

2 . 6 8 + .02 

3 . 0 6 + .04 

* initial concentration 2.5 x 10s mol.l1. 

** initial concentration 6.85 x 10"3 mol.l"1 
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Figure 35: k2cbs. vs [amine] plot for the reaction of 1,1-

dif luoro-2,2-di (4-cyanophenyl) ethylene with piperidine in the 

presence of different concentration of 1,3-diphenylguanidine. 
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Table 29. 

The catalytic rate constants of tertiary amines at 25°C 

Amine pk, in CH3CN rate constant 

l2.mol-2.s-'. 

N-methypyrro1idine 

N-methylpiperidine 

N-methyImorpholine 

1,3-diphenyl

guanidine 

DBU 

1 8 . 4 2 

1 7 . 9 9 

1 5 . 6 8 

1 7 . 9 0 

2 3 . 9 1 

1 . 4 6 + . 1 0 

1 . 9 0 + . 0 8 X J.0"1 

7 . 5 0 ± . 1 0 X 10"2 

4 . 5 8 ± . 0 9 X 10"1 

4 . 4 2 + . 0 7 X 1 0 2 
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Figure 36: logk,,, vs pK, plot for the reac t ion of 1,1-difluoro-

2,2-di (4-cyanophenyl) ethylene with p iper id ine in the presence 

of different t e r t i a r y amines.(1) N-methylmorpholine, (2) 1,3-

diphenyIguanidine, (3) N-methylpiperidine, (4) N-methyl-
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The catalytic rate constants for N-methyl amines are 

lower than the corresponding secondary amines. This can be 

attributed to the lower pK, values of these amines when 

compared to the secondary amines. The catalytic rate constants 

of tertiary amines also show linear correlation with the pK, 

values of the amines in acetonitrile (Figure 36) . The slope of 

the plot in this case is 0.48 + 0.08 and the correlation 

coefficient is 0.96. This slope is rather small when compared 

to that of secondary and primary amines. This can be explained 

by considering the proton transfer steps in System 2 and 

System 3. In System 2, when different amines are used, these 

amines take part in both formation of zwitterion and proton 

transfer. Also, in the proton transfer step the structure of 

both zwitterion and the amine changes when different amines 

are used.. But in System 3, the proton transfer takes place 

from the same zwitterion 22 to different tertiary amine. That 

is, in proton transfer step in System 3, only the amine is 

changed not the zwitterion. 

N C — C 

Ar/ J\F 

0 
22 
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The higher Bronsted coefficient obtained in System 

2 is due to the participation of the amines in both steps. 

That is, the slope obtained in System 2, refers to the 

formation of carbanion from the olefin while in System 3, the 

slope refers to the formation of carbanion from the 

zwitterion,22. In addition, due to the steric hindrance, the 

extent of proton transfer in the transition state would be 

less for tertiary amines when compared to the secondary amines 

and hence the tertiary amines give smaller Bronsted 

coefficient than the secondary amines. 

5.3 Summary. 

The reaction of 1,1-difluoro-2,2-diphenylethylene 

and its para substituted analogs with different amines leads 

to monosubstituted and disubstituted products. Formation of 

disubstituted product is much slower than the formation of 

monosubstituted product. In most cases, the disubstituted 

product was not observed under the experimental conditions. 

Since the carbon-carbon double bond in the substrate is 

activated by fluorine towards nucleophilic attack, sub

stitution of one fluorine atom by an amine molecule makes the 

double bond less reactive towards the nucleophile. Therefore, 

formation of disubstituted product becomes slower than the 

formation of monosubstituted product. 
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The kinetics for the formation of monosubstituted 

product have been studied. The kinetics of the reaction of 

1,1-difluoro-2,2-diphenylethylene and its paraaubstituted 

analogs with piperidine (System 1) and the reaction of 1,1-

dif luoro-2, 2-di (4-cyanophenyl) ethylene with different amines 

(System 2) and the reaction of 1,1-difluorc-2,2-di(4-cyano

phenyl) ethylene with piperidine in presence of tertiary amines 

(System 3) have been studied. 

In the study of the reaction of 1,1-difluoro-2,2-

diphenylethylene and its para substituted analogs with 

piperidine, it was found that the reaction proceeds by an 

amine catalysed and uncatalysed routes. The rate constants and 

the activation parameters for the amine catalysed and the 

uncatalysed reactions have been obtained. Although no 

intermediate was observed directly under the experimental 

conditions, the negative enthalpy of activation for the amine 

catalysed reaction (Table 10, X = H and N02 ) and the large 

entropy of activation for both the amine catalysed and the 

uncatalysed reaction suggest that the reaction is not a single 

step reaction. The large negative entropy of activation is 

attributed to the formation of zwitterion. Three alternate 

routes (Scheme 12) were proposed for the formation of mono 

substituted product. Among these three routes, (b) and (c) are 

amine catalysed reactions and route (a) is uncatalysed 

reaction. 
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Among the two amine catalysed reactions, route (c) 

proceeds via the a,/?-adduct which is usually a stable inter

mediate. Therefore, if the reaction proceeds via this route, 

then it would be possible to observe this intermediate. But no 

such intermediate was observed under the experimental 

conditions. Furthermore, in the reaction of 1,1-difluoro-2,2-

di(4-nitrophenyl)ethylene with amines, it was found that the 

adduct is formed only after the formation of enamine (84). 

In the study of the reaction of 1,1-difluoro-2,2-

di(4-cyanophenyl) ethylene with different amines, the reaction 

with 1,1,3,3-tetramethyIguanidine (TMG), the strongest base 

studied, did not show amine catalysis. If the amine catalysis 

observed in the case of other amines was due to route (c), 

then , being a strong base, TMG would show strong amine 

catalysis. This is contrary to the experimental observation. 

These facts suggest that the reaction does not 

proceed via route (c). Therefore, route (c) was rejected and 

the experimental results are discussed with reference to 

Scheme 16. 

The mechanism proposed in Scheme 16 is similar to 

the one proposed by Rappoport (7,56) and Bernasconi (41). In 

view of the low nucleofugality of fluoride ion, the leaving 

group expulsion is considered to be the rate determining step. 

This consideration accounts for the observed behaviour of the 

activation parameters as explained in terms of rate equations 

(Chapter 1). 
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Most of the examples of nucleophilic vinylic 

substitution reactions reported in the literature, follow the 

addition-elimination mechanism in which nucleophilic attack is 

the rate determining step (26). This includes the reaction of 

activated vinylic carbons with thiolates and phenolates (37). 

Substitution reactions by amines on vinylic carbon activated 

by cyano groups have been reported in several solvents and 

these reactions proceed via the addition elimination 

mechanism. In most cases, the nucleophilic attack is rate 

determining but in some the proton transfer is rate 

determining (103). Thus the results reported in this thesis 

provide some uncommon examples of nucleophilic vinylic 

substitution reactions which proceed via the addition-

elimination mechanism in which the leaving group expulsion is 

rate determining. 

The Hammett correlation has been found for the amine 

catalysed and uncatalysed rate constants of the reaction of 

1,1-difluoro-2,2-diphenylethylene and its para substituted 

analogs with piperidine. A reaction constant puncit = 1.93 ± 0.16 

for the uncatalysed reaction and a reaction constant pc„ = 2.31 

+ 0.14 for the amine catalysed reaction was obtained. These 

reaction constants seem reasonable for the proposed mechanism. 

These reaction constants yield 0.38 as the reaction constant 

for the proton transfer step. This value also fits well if the 

zwitterion (Z+) is placed as the next member in the anilinium 

ion (p = 2.78) and benzylammonium ion (p = 0.72) series. 



1'6 

In the study of the reaction of 1,1-difluoro-2,2-

di(4-cyanophenyl)ethylene with different amines, it was found 

that except TMG, the amines react via an amine catalysed and 

uncatalysed routes. TMG reacts only via uncatalysed rou;e. The 

rate constants for amine catalysed and uncatalysed reactions 

show Bronsted relationship. The uncatalysed rate constant for 

TMG shows a negative deviation from the Bronsted plot. The 

Bronsted plot for the amine catalysed reaction gives a slope 

0 = 0.85 + 0.14. A similar value has been reported for the 

reaction of 1,1-difluoro-2,2-di(4-nitrophenyl)ethylene with 

amines (84). The absence of amine catalysis in the case of TMG 

has been explained considering the structure of the zwitterion 

in which the positive charge is stabilized by derealization. 

The absence of amine catalysis in the case or TMG also shows 

how the reaction mechanism is influenced by the structure of 

the nucleophile. 

The reaction of 1,1-difluoro-2,2-di(4-cyano

phenyl) ethylene with piperidine in the presence of added 

tertiary amines shows that the reaction is catalysed by 

tertiary aminers and other amines such as 1,3-diphenyl

guanidine that are not reactive with the substrate them

selves. The catalytic rate constants for different tertiary 

amines again showed a Brgnsted relationship but with a slope 

of 0.48 ± 0.08. This Bronsted coefficient is low when 

compared to the Bronsted coefficient for the amine catalysed 

reaction of secondary amines. 
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Infrared spectra were obtained on a Perkin-Elmer 

283B spectrophotometer. The NMR spectra were recorded on 

Varian EM-360L and Nicolet 360NB spectrophotometer. The mass 

spectra were obtained on a CEC-21-104 mass spectrometer. The 

uncorrected melting points were obtained on a Fisher-Johns 

melting point apparatus. Kinetic mesurements were carried out 

on a Varian-Cary 219 spectrophotometer. 

6.2 Solvents 

Methanol was refluxed with freshly prepared 

magnesium methoxide and then distilled. 

Dimethyl formamide was purified by azeotropic 

distillation with benzene and then dried over barium oxide 

and :.en distilled fractionally under vacuum. The middle 

fraction was used. 

n-Pentane was dried over sodium and then distilled 

over fresh sodium. 

HPLC grade acetonitrile was dried by distillation 

over P20s and then distilled fractionally over calcium 

hydride. The middle fraction corresponding to the literature 

boiling point was used. 
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Amines were dried over potassium hydroxide pellets 

and then distilled fractionally over fresh potassium 

hydroxide. The middle fractions corresponding to the 

literature boiling points were used. 

Synthesis of 1,1-difluoro-2,2-diphenylethylene and its para 

substituted analogs: 

1,1-difluoro-2,2-diphenylethylene was synthesised 

according to the method described by Fu-jua and co-workers 

(107), using the following reaction. 

Ph2CO + BU3P + ClCF2C00Na DMF^. Ph2C = CF2 

The sodium chlorodifluoroacetate required for this synthesis 

was also synthesised according to the method described by 

Fuqua and co-workers (108). 

4,4'-Dibromobenzophenone, 4,4*-dicyanobenzophenone 

and 4,4'-di(trifluoromethyl)benzophenone were synthesised in 

order to synthesise para substituted analogs of 1,1-difluoro-

2,2-diphenylethylene using the same method. An attempt to 

synthesise 1,1-di(4-cyanophenyl)-2,2-difluoroethylene using 

the same procedure was not successful. Therefore, the method 
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described by Naae and Burton (103) was used for the synthesis 

via the following reaction. 

CF2Br2 + [(CH3)2N]3P + Ar2C0 DMF, RT ^ Ar2C = CF2 

Hexamethylphosphoroustriamide (HMPT) required for this 

synthesis was prepared from phosphorous trichloride using the 

method described by Mark (110). 

Synthesis of Sodium Chlorodifluoroacetate (108): 

A solution of chlorodifluoroacetic acid (0.758 

moles, 99.Og) in methanol(150ml.) was added slowly to a 

cooled, stirred solution of sodium hydroxide(0.758 moles, 

30.35g) in methanol(350ml) while maintaining the temperature 

below 40°C. The methanol was removed under vacuum and the 

salt was pulverized and dried overnight at room temperature 

under vacuum. The salt was again dried in the same way 

immediately before use. 

Synthesis of 1,1-difluoro-2,2-diphenylethylene (107): 

A solution of benzophenone(0.l mole,18.22 g) and 

tributylphosphine(0.11 mole, 22.26 g) in DMF{20ml.) was 

stirred at 160°C. A solution of sodium chlorodifluoro acetate 
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(0.2 mole, 30.7 g) in DMF (100 ml.) was slowly added to the 

above solution over a period of one hour. The flask contents 

were flash distilled under vacuum to remove DMF and the 

inorganic substance was removed by treating the residue with 

benzene and then by filtration. Then the benzene was 

evaporated and the olefin was separated by column 

chromatography using n-pentane as the eluent, (yield 9 % ). 

IR(neat, p. ): 5.85, 6.68, 6.90, 8.00, 8.22, 10.10, 13.10 and 

14.35; *H-NMR (Sppm, CDC13) : 7.0-7.5 (m) ;
 19F-NMR ( ppm, CDC13) : 

-38 (s) ( std. F2CBr.CH2Br ); M. S. ( m/z ): 216 ( 100 % ) , 

217 ( 15.4 % ). 

Synthesis of 4,4•-dibromobenzophenone (111): 

Anhydrous aluminum chloride (68.25g, 0.51mol) and 

dry carbon tetrachloride (150 ml) were placed in a one litre 

three-necked round-bottom flask fitted with a mechanical 

stirrer, dropping funnel and a reflux condenser connected 

with a trap for absorbing the hydrogen chloride evolved. The 

mixture was coded to 10-I5°c and bromobenzene (7.5 ml) was 

added at once. Once the reaction had started; the reaction 

mixture was cooled again and a mixture of bromobenzene (97 

ml, total of 1.005mol) and carbon-tetrachloride (82.5 ml, 

total of 2.205mol) was added slowly so that the temperature 

remained between 5-10°c. The stirring was continued for about 

three hours and the temperature was maintained below 10°C 
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during this period. 

The reaction mixture was allowed to stand for about 

twelve hours at room temperature and then water (75 ml) was 

added slowly with stirring. The resulting mixture was then 

steam distilled and the distillate was extracted with benzene. 

The benzene layer was dried and evaporated to obtain the crude 

product. Crystallisation of the crude product in benzene gave 

60g 4,4'-dibromobenzophenone (yield 69%). m.p. 174.5 - 175°C. 

*H-NMR (tfppm, CDC13) : 7.6 (S) ; M. S. ( m/z) : 342 (25.97%), 341 

(8.27%), 340 (52.54%), 339 (5.25%), 338 (26.78%), 261 (6.05), 

259 (6.15%), 185 (98.46%?, 184 (7.83%), 183 (100%), 157 

(31.92%), 156 (10.58%), 155 (32.93%), 79 (31.14). 

Synthesis of 4,4•-dicyanobenzophenone (112): 

Dry N,N-dimethylformamide (40 ml), p,p'-dibromo-

benzophenone (40 g, 0.118 moles) and cuprous cyanide (25.4 g, 

0.284 moles) were placed in a round bottom flask, equipped 

with the reflux condenser, stirring bar and drying tube, the 

mixture was heated to reflux using an oil bath and was allowed 

to reflux for 9 hours. Then, the mixture was poured into a 

litre of hot 10% aqueous sodium cyanide solution. The 

resulting mixture was heated on a steam bath. While heating, 

an orange solid appeared on the top. The mixture was extracted 

vrith benzene. The benzene layer was washed with water, dried 

with antydrous magnesium sulfate and then the benzene was 
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evaporated. The resulting solid was purified by column 

chromatography using 9:1 petroleum ether-diethyl ether as 

eluent. Evaporation of solvcmt afforded 14g p,p8-dicyano-

benzophenone (yield 51%). m.pt. 159 - 160°C; 'H-NMR (tfppm, 

CDC13): 7.9 (s); M. S. ( m/z) : 233 (5.38), 232 (29.59), 131 

(9.65), 130 (100), 103 (3.37), 102 (39.24). 

Synthesis of 4,4,-di(trifluoromethyl)benzophenone (113): 

A solution of 4-trifluoromethylbenzonitrile 

(4.05 g, 0.0235 moles) in ether (10 ml) was added slowly with 

stirring, to a solution of 4-(trifluoromethyl)phenylmagnesium 

bromide prepared from 4-(trifluoromethyl)bromobenzene (11.25 

g, 0.05 moles) and magnesium (1.215 g, 0.05 moles) in ether 

(25 ml). The reaction mixture was kept at room temperature for 

12 hours. The resulting solid product was treated with a 

mixture of ice and dilute hydrochloric acid and then the 

mixture was heated for 10 - 15 minutes. The resulting mixture 

was extracted with ether and the ether layer was washed with 

water and dried with anhydrous magnesium sulfate. The ether 

was evaporated and the remaining solid was crystallised from 

hot ethanol after being treated with charcoal, m.pt. 108 -

108.5°C; !H-NMR (*ppm, CDC13): 7.9 (s); M. S. ( m/z) : 319 

(5.07), 318 (28.53), 300 (1.39), 299 (7.57), 174 (9.09), 173 

(100), 146 (3.17), 145 (38.58). 
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Synthesis of HexamethyIphosphoroustriamide (HMPT) (110): 

A solution of anhydrous dimethylamine (100 g) in 

anhydrous ether (250 ml) was placed in a one litre three-

necked round bottom flask equipped with a reflux condenser, 

drying tube and a dropping funnel. A solution of phosophorus 

trichloride (25 ml, 0.29 moles) in anhydrous ether (250 ml) 

was added slowly from the dropping funnel, to the round bottom 

flask. The temperature of *-.he mixture was maintained below 

15°C during this process. When the addition was over, the 

reaction mixture was allowed to warm up to room temperature, 

and kept at this temperature overnight. The resulting slurry 

was filtered and the residue was washed well with dry ether. 

The washing solution was combined with the filtrate and the 

ether was evaporated and then the remaining liquid was 

distilled under vacuum, to get hexamethyiphosphoroustriamide 

(yield 30 g, 80%). The product was a colourless liquid. 

Synthesis of 1,1-dif luoro-2,2-di (4-bromophenyl) ethylene (109) : 

A solution of HMPT (8 ml, 0.044 mole) in DMF was 

added slowly from a dropping funnel to a round bottom flask 

which contained a cooled slury of p,p'-dibromobenzophenone (5 

g, 0.0147 mole), dibromodifluoromethane (2.02 ml, 0.022 mole) 

and DMF (30 ml). The reaction mixture was stirred and the 
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temperature was maintained at 0°C during the addition. After 

the addition was completed, the mixture was stirred overnight 

at room temperature. TLC analysis using pentane as the eluent 

showed the presence of two compounds in the mixture, one of 

which was the unreacted ketone, in addition to the other side 

products which do not move with the eluent. After evaporation 

of the DMF, the sticky residue was separated en a column using 

pentane as the eluent. Evaporation of the solvent yielded 4.15 

g unreacted ketone and 0.156 g of 1,1-dif luoro-2,2-di (4-bromo

phenyl)-ethylene (yield 17%). m.pv. 83-84°C; •H-NMR (Sppm, 

CDC13): 7.1 (d, J = 8 Hz), 7.6 (d, J=8 Hz); M. S. ( m/z) : 376 

(49.61), 375 (17.71), 374 (100), 373 (12.80), 372 (51.70), 322 

(< 5), 215 (12.70), 214 (81.09). 

Synthesis of 1,1-difluoro-2,2-di(4-cyanophenyl)ethylene: 

A procedure similar to the one used for the 

synthesis of 1,1-difluoro-2,2-di(4-bromophenyl)ethylene 

was used. The product was isolated by column chromatogrphy 

using pentane - ether ( 1 : 5 ) mixture as the eluent(yield 

10%). m.pt. 138 - 139°C; •H-NMR (tfppm, CDC13): 7.4 (d, J = 8 

Hz), 7.7 (d, J=8 Hz); M. S. ( m/z) : 267 (18.13), 266 (100), 

217 (4.02), 216 (17.37), 215(46.38), 129 (36.49), 113(23.85). 
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Synthesis of 1,1-difluoro-2,2-di(4-trifluorofiisthyl-

phenyI)ethylene: 

A procedure similar to the one used for the 

synthesis of 1,1-difluoro-2,2-di-(4-bromophenyl)ethylene 

was used. The product was isolated by column chromatogrphy 

using pentane as the eluent. (yield 10%), (H-NMR (fippm, 

CDC13): 7.4 (d, J = 8 Hz), 7.7 (d, J=8 Hz); M. S. ( m/z) : 353 

(18.48), 352 (100), 333 (18.06), 283 (17.58), 233 (19.22), 214 

(21.01). 

Synthesis of tetraethylammonium perchlorate (Et4N
+C104): 

A hot 1M aqueous solution of tetraethylammonium-

chloride (100 ml) was added slowly, with stirring to an 

equivalent amount of a hot 1 M aqueous solution of sodium 

perchlorate. After cooling in ice water, the precipitate was 

filtered on a buchner funnel and washed with cold distilled 

water, until the wash liquid was free from chloride. Then the 

salt was recrystallised from water and dried at 60°C in a 

vaccum oven. 

Synthesis of Tetraethylammonium picrate : 

A saturated aqueous solution of picric acid was 
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titrated with a 20% aqueous solution of tetraethylammonium 

hydroxide to the equivalence point detected by potentiometer. 

The solution was then evaporated until crystallisation 

occured. The product was recrystallised twice, first from 

water and then from 95% ethanol and then dried over P20s at 

room temperature in a vacuum desiccater. 

Synthesis of prorates of amines : 

An ethanolic solution of amine (0.5-1.5 g) was 

titrated with a saturated ethanolic solution of picric acid to 

the equivalent point detected by a potentiometer. The salts 

were then recrystallised twice from ethanol and washed with 

ethanol and dried under vacuum. 

6.4 Kinetic measurements 

The acetonitrile and the amines used for the 

kinetics were distilled freshly for each set of measurements. 

The reaction was followed by monitoring the appearance of 

mono-substituted olefin, under pseudo first-order conditions. 

The solutions were prepared freshly in acetonitrile just 

before the kinetic measurements. 

The reaction between 1,1-difluoro-2,2-diphenyl

ethylene and piperidine was the slowest one among the 

i 
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reactions studied. In this case, the concentration of the 

substrate was 4xlO"3M and the concentration of the amine 

varied between 3.03x10"' and 7.07xlO""M. The reaction was 

carried out in small cells (Figure 37) which were designed 

with a side valve to pass nitrogen and with a silicon rubber 

septum at the mouth to withdraw a sample from time to time 

without opening the system. This allowed us to carry out the 

reaction under nitrogen, free from moisture, oxygen and 

carbon dioxide. 

The -solutions were mixed in the cell under nitrogen 

via the side arm of the cell, and the cell was closed 

Immediately. Then the reaction mixtures were kept in an oil 

bath maintained at the required temperature. Samples (0.05 mL 

) were withdrawn by means of a syringe at half - hour 

intervals and diluted with anetonitrile (3 mL) directly in 

cuvettes; then the absorbances of the resulting solutions 

were measured. 

All other reactions were carried out in tightly 

closed cuvettes in a thermostated compartment of the 

spectrophotometer and the reaction was followed by monitoring 

the absorbance of the reaction mixture at constant time 

intervals. 
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Figure 37: The cell used for the kinetic measurements of the 

reaction of 1,1-dif luoro-2,2-diphenylethylene with piperidine 

in acetonitrile. 
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The reactions were carried out in presence of large 

excess of base so that pseudo f irst-ord«sr rate constants were 

obtained. The kinetics of the first step of the reaction were 

followed by monitoring the absorbance at the X,̂  of the 

corresponding product. Two sample sets of kinetic readings are 

given in Tables 30 and 32, and the absorbance of the reaction 

mixture is plotted as a function of time in Figures 38 and 40. 

The observed pseudo first-order rate constants 

(k,obs) were calculated by the Guggenheim method. The Guggen

heim method is used widely for the calculation of first-order 

rate constants when the infinity reading for a reaction is not 

available. In this case, measurements A,, A2, A3, are 

made at times t,, t2, t3, and a second series of 

measurements A^ , A2', A3', are made at times t, + A, t2 

+ A, t3 + A, Where A is a constant time increment. If 

A,, is the infinity reading of A, then for a first order 

reaction, 

A. - A, = (A. - AJe*. [37] 

and Aa - A,' = (A„ - A0)e-"
(,'+A) [38] 

subtracting [38] from [37] gives, 

V - A, = (A. - A0)e"̂ (l - e"") [39] 

Therefore, In (A,' - A, ) = In (Aw - A„) (1 - a**) - kt, 

= constant - kt, [40] 

Equation [40] can be generalized for any A and A'. That is, 
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In (A' - A) = -kt + constant [41] 

A plot of In (A* -A) versus t is linear and its slope would 

give the first-order rate constant. 

For accurate results, A should be at least one and 

preferably two or three times the half-life of the reaction. 

Two sets of corresponding points were chosen from 

the kinetic readings for this calculation, so that the second 

set begins no sooner than the third half life of the reaction. 

Table 31 shows the two sets of points chosen from the sample 

readings shown in Table 30. Resulting Guggenheim plot is shown 

in Figure 39. As shown in this Figure, the Guggenheim plots 

were linear for all the kinetic runs with correlation 

coefficient greater than 0.9998. The obseved pseudo first-

order rate constant and standard deviation calculated by a 

linear least squares fit from the sample Guggenheim plot was 

1.149 + 0.003 x 10^ s1. 
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Table 30 

The absorbance of the reaction mixture of 1,1-difluoro-2,2-

di(4-trifluoromethylphenyl)ethylene* and piperidine** in 

acetonitrile at 20°C monitored at 310 nm at different time. 

pt # t (min)(t = 0 at time of mixing) A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0 

15 

45 

75 

105 

135 

165 

195 

225 

255 

285 

315 

345 

— 

0.1693 

0.3287 

0.4562 

0.5637 

0.6494 

0.7171 

0.7729 

0.8167 

0.8546 

0.8865 

0.9104 

0.9303 

continued 
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pt # t (min)(t = 0 at time of mixing) 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

375 

405 

435 

465 

495 

525 

555 

585 

615 

645 

675 

705 

0.9462 

0.9602 

0.9701 

0.9781 

0.9860 

0.9920 

0.9972 

1.0012 

1.0040 

1.0068 

1.0092 

1.0108 

* initial concentration = 7.09 x 10s mol. I"1 

** initial concentration = 2.83 x 10'2 mol. I"1 
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41). 11 liO. 0 

Figure 38: The kinetic curve for the reaction of 1,1-difluoro-

2,2-di (4-trif luoromethylphenyl) ethylene (7.09 x 10"5 mol.!"1) 

with piperidine (2.83 x 10"2 mol.l"1) at 20°C in acetonitrile. 
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Table 31 

The two sets of points chosen from Table (29), for the 

calculation of pseudo first-order rate constant by Guggenheim 

method. 

pt # A, A2 ln(A2 - A,) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0.1693 

0.3287 

0.4562 

0.5637 

0.6494 

0.7171 

0.7729 

0.8167 

0.8546 

0.8546 

0.8865 

0.9104 

0.9303 

0.9462 

0.9602 

0.9701 

0.9781 

0.9860 

-0.3779 

-0.5836 

-0.7892 

-1.0034 

-1.2147 

-1.4143 

-1.6235 

-1.8239 

-2.0295 
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Figure 39: The Guggenheim plot for the reaction of 1,1-

dif luoro-2,2-di (4-trif luoromethylphenyl) ethylene (7.09 x 10"J 

mol.l1) with piperidine (2.83 x 10"2 mol.l"1) at 20°C in 

acetonitrile. 
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The interval (in half-lives) between the two sets of 

points in a Guggenheim plot A is given by the equation [42]. 

A = [(n + An) x timebase] x k. 

In 2 

where, n = number of points in each set. 

An = number of points left between the two sets, 

k, = first onier rate constant, 

and the time base is the time interval between two 

consecutive readings. 

In the given example (table 30 & 31), 

n = 9, n = 0, timebase = 1800 s. 

and k, - 1.15 x 10"* sl. 

Therefore, A = {[(9 + 0) x 1800 ] x 1.15 x 10"* } / In 2 

=2.7 half lives 

\ 
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The absorbance of the reaction mixture of 1,1-difluoro-2,2-

diphenylethylene* and piperidine** in acetonitrile at 50°C at 

310 nm. 

pt # t (min)(t = 0 at time of mixing) A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0 

15 

45 

75 

105 

135 

165 

195 

225 

255 

285 

315 

345 

— 

0.0175 

0.0284 

0.0375 

0.0475 

0.0568 

0.0661 

0.0750 

0.0855 

0.0945 

0.1025 

0.1110 

0.3205 

continued 
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pt # t (min)(t = 0 at time of mixing) 

13 

14 

15 

375 

405 

435 

0.1290 

0.1375 

0.1462 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1365 

1395 

1425 

1455 

1485 

1515 

1545 

1575 

1605 

0.3409 

0.3455 

0.3515 

0.3575 

0.3625 

0.3675 

0.3715 

0.3755 

0.3800 

* initial concentration = 4 x 10"3 mol. I"1 

** initial concentration = 3.03 x 10"1 mol. I"1 



200 

0-4 

0 3 

0 .2 

0 . 1 

0.U 
0.0 10.0. 20 .0 30. Oi 40. Oi 50.01 60.0. 70.0, 8 0 . 0 90 .0 100.0 

t / 1 0 0 0 s 

Figure 40: The kinetic curve for the reaction of 1,1-difluoro-

2,2-diphenylethylene (4 x 10"3 mol.l"1) with piperidine (3.03 x 

10*1 mol.l1) at 50°C in acetonitrile. 
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The Table 33 shows the two sets of points chosen 

from the sample readings given in Table 32. The resulting 

Guggenheim plot is shown in Figure 41. 

The calculated pseudo first order rate constant was 

(8.4 ± 0.3) x 10"6 s1 

For this example, n = 8, An = 36 and the time base =1800s. 

Therefore, A = {[(8 + 36) x 1800] x 8.4 x 10"6 } / ln2 

=0.96 half lives. 



202 

Table 33 

The two sets of points chosen from Table (31), for the 

calculation of pseudo first-order rate constant by Guggenheim 

method. 

pt # Aj A2 ln(A2 - A,) 

1 

2 

3 

4 

5 

6 

7 

8 

0.0475 

0.0568 

0.0660 

0.0750 

0.0855 

0.0945 

0.1025 

0.1110 

0.3455 

0.3515 

0.3575 

0.3625 

0.3675 

0.3715 

0.3755 

0.3800 

-1.2107 

-1.2218 

-1.2327 

-1.2465 

-1.2658 

-1.2837 

-1.2982 

-1.3130 
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-1.3 

-1. 4 
12.5 14. 4 

Figure 41: The Guggenheim plot for the reaction of 1,1-

dif luoro-2,2-diphenylethylene (4 x 10"3 mol.l1) with piperidine 

(3.03 x 101 mol.l1) at 50°C in acetonitrile. 
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6.5 EMF measurements of buffer solutions. 

A general purpose glass electrode was used as the 

indicator electrode. When not in use, the glass electrode was 

kept in distilled water, and before each measurement, the 

electrode was washed with absolute ethanol, dried in a stream 

of dry nitrogen and immersed in distilled acetonitrile at 

least for two hours. The reference electrode was a flowing 

junction silver- 0.01M silver nitrate in acetonitrile 

halfcell. This cell was constructed as described by Kolthoff 

and Chantooni (102). An Orion Research model 601A pH- meter 

was used for the EMF measurement. 

An H- shaped cell was constructed as described by 

Coetzee and Padmanabhan (101). The dimensions of the one 

vertical arm of this cell were chosen so that this arm could 

accommodate the glass electrode together with a minimum 5ml of 

buffer solution under study. This arm was also equipped with 

a stopcock at the bottom in order to drain the solution after 

each measurement. 

The other vertical arm of the cell was considerably 

smaller. The horizontal section of the cell was about 10 -

12mm in diameter and about 5cm in length. This horizontal 

compartment, which is the salt bridge, was sealed on both side 

with two fine porosity sintered glass discs inserted on both 

ends. This compartment was also provided with vertical inlet 

and outlet tubes for the introduction and removal of salt 
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bridge solution. The reference electrode and the H- shaped 

cell were equipped with water jacket (Figure 42) in order to 

thermostat the system. During the measurement, the system was 

thermostated at 25°C. 

All the solutions were prepared just before the 

measurement. The smaller vertical arm and the horizontal 

section of the H- shaped cell were filled with 0.1M solution 

of tetraethylammonium perchlorate in acetonitrile, and the 

side arm of the reference electrode was dipped into this 

vertical arm. The buffer solution under study was added to the 

other vertical arm of the cell and the glass electrode was 

placed in the buffer solution. All the compartments were 

tightly closed to avoid contamination with moisture and carbon 

dioxide. 

The glass electrode was calibrated using picric acid 

- tetraethylammomnium picrate buffers. The EMF values of five 

buffers wich contain 1 x 10"3M tetraethylammonium picrate and 

different concentrations of picric acid were obtained. 

The buffers of the bases were prepared so that the 

concentrations of tetraethylammonium perchlorate and picrate 

of base under study was constant and both equal to 5 x 104M. 

The concentrations of base was changed between 3 x 10"4 and 4 

x 103M. Therefore, the total ionic strength in the base 

buffers is equal to that of the picric acid buffers. 

In each case the equilibrium was reached in about 10 

- 15 minutes, and the EMF values were very stable. 
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Figure 42: The H-shaped cell that was used for the pK, 

measurements. 

J. 
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