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e  ABSTRACT

v -

+

Sulphenes are believed to be intermediates in the
base promoted dehydrochlorination of sulphonyl chlorides 1
bearing at least one alﬁha-bydrogen atom. This reaction is
well known and the mechani&g;gas been studied. In this
thesis two new routes to sulphene are developed and their

mechanisms are explored.

-

P&pt I presents an investigation of the fragmentation
of the alpha-chloroethanesulphinate anion. The intermediacy
of methylsulphene is shown by trapping experiments. Rate
measurements gnd labelling experiments show theg, reaction
to be a simple first order decomposition oflthe sulphinate
anion. k .

Part II presents a study of the base promoted

elimination reactions of aryl arylmethanesulphonates. The

intermediacy of a sulphene is demonstrated by trapping

.exXperiments. The inteqmeaiacy of a carbanion is 'shown Ry

-

exchangé'éxpef&menté. Kinetic studies include correlations
of the exchange anﬁ'elimination'rates with sigma constants
and proton chemical shifts, the démonstration of specific
and genérél base catalysis and an investigation of the
effect of the conjugate acid of the base on the rates of

elimination and exchange.

L




” : ; b )
All the results in part II are fitted to an Elcb
hwchanism. The arylmethanesulphonate esters of phenols

having a pKa above 5.45 form arylsulphene via a reversible

Elcb mechanism and those of phenols having a pKa le®s than

-

5.45 via an irreversible Elcbbdmechanism.

»
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A. INTRODUCTION

It 1s "normal” for sulphene to react with a nucleophille
to give a sulphonate derivative by attack of the nucleophille

at sulphur(l}. However in several instances "abnormal"

nucieophilic attack on a sulphene giving a_sulphihate, or

a derivative thereof, has been proposed.

For example King and Durst(2) proposed the nucleophilic

attgck of chloride ion on the carbon of phenylsulphene

PhCH=S0, + Cl  —~— PhCHC1S0,

-

to account for the formation of thiobenzoyl chloride S-oxide

in the reaction of triethylamine with phenylmethanesulphonyl

chloride in cyclohexane. They(3) also proposed an abnormal
nucleophilic attack on the carbon atom of a sulphene giving
. a sulphinate in the photolysis of unsaturated sultams to

r
give pyrroles.

. ] = — + SO
) ,sozh— 2 + O;—b ’. 2
) ¥
R R

N
R ' é




Normal attack at the sulphur would regenerate the starting

material.
Abnormal addition of a double bond to the oxygen of B
sulphene to give sulphinic acid derivatives has been noted in

A

the therma;ﬁreactio%s of thietan derivatives(ui). For example

o

the flash thermolysis of 2-phenylthiete 1,i-dioxidé

at 600° gave the sultine. \.
' '

¢ At 950° phenyl vinyl ketone was formed and this mechan-

ism below,

e 2

- N Te
- -
q

&

inyolving the abnormal attack of the oxyéen of the sulphene

upon its own carbon atom, was used to rationalize the

regults.



‘Other én:i/gous reactions in which sulphgges have

yielded sultiffes upon thermolysis have been reg'ifed by

Hoffmann anh’Sieber(S) Dittmer(6), King et 1?(7)

' Hgffmann et. al. found that naphtho Q&‘?—bc) thiete

1; l—dioxide ‘at 300° under vacuum gave ngphtho (1,8-cd) (1,2)

N oxathiol-‘S-;oxide. B

y ® o
Dittmer discovered that 3,8-diphenyl-2H-naphtho (2,3-b)

thiete 1,1-dioxide when thermolysed at 400° under nitrogen

- <
in the presepnce of 9,10-dihydroanthracene gave 4,9-diphenyl-
3H-naphtho (2,3-c) 2,1-oxathiole-l-oxide.

- [ 4
Ph - T Ph =
. #
7~ ‘\\-—-802 AN S\
I — :
’ Ph Ph

™~

King et al fqgnd that a sultine is produced in the’
thermolysis of 2H-1,2,3-benzothiadiazine 1,1-dioxide

»

. -



(B.T.D.), - . -
Thermolysis of B.T.D. in é quartz fube with a glass
plug at 500° and 1 mm Hg pressure gave a 25% yield of 3H-2,

l-dbenzoxathiole l-oxide,

: & o
Qlr- KX -Q0
. /N NN \

One further example also involves a reaction of B.WD.

. .. -
King et aIX8) belteved that ohiorinmatiomof B+P:B. in 4ry ———
methylene chloride ylelded a sulphinic acid derivative as:

below, . o K

1

N




Two papers, pertinent to this "abnormal® nucleophilic

7 attack, have been published since completlion of the work

.\ .
described in part I of this thesis, Kempe and Norin have
proposed an "abnormal®™ nucleophilic attack by the chloride

ion on the carbon of dichlorosulphene to give trichloro-

-

"

— e ———

methanesulphinate(9);

. . Et3N . c1l-
ClzCHSOeCl —— [C012=SO2] — CC13302—
—Cl" v .

Dykman(10) proposed the reverse process, generatlon of

a sulphene from a sulphlinate, in a rationallsatlon of the

formatiéh Sf“trichloromethylsulphenylsulphonyldichloromethane
iy the base treatment of trichlorémethanesulphonyl chloride.

The relevant step 1s shown below;

C13C805~ — [512c=302]
-C1l-

In 1931 Miller and Raudenbusch(ll) found that l-chloro-
.ethanesulphonyl chloride on treatment with zine dust in
ethanol, followed by workup with warm aqueous potasgi&;
.carbonate, géve potassium ethanesulphonate.. This may be
‘envisaged aé'a reductlon of the sulphényl chloride, by the
(zinc, to a sulphinate which by the losa of chloride ion;
during'york up, glves a sulphene which is t;apped by water
to yleld the sulphonic acid. The sulphonic acld is con-

verted to 1ts salt by the potassium carbonate.




7
) -
Tﬂ, Zn
CH3CHC180,01 —————* CH5CHC1803(Zn®*) '
Ethanol 2
LY

CH3CHCLS0p——= CH3CHZ=S0, + CI

—R,CO3
CH5CH=ESO0,

Cé CH,SOLK
o 320

[ J

The formation of methylsulphene from'l-chloroéthane

silphinate is the formal reverse of the sbnormal attasck-on 5'\.’ _

sulphene by a nucleophile. This process has been termed

the "abnormal" route to sulphene(1l2).
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—ar—Confirmation of the;Resultsuoiwmﬂller”and Raudenbusch

-chloride and the toluidide derivative, prepared by treatment

N B.”- RESULTS AND DISCUSSION

-
' \
The,fpllowing research was conducted to verify the
interpretation of the results of Miller and Raudenbusch

which has been proposed in the introduction.

. R .
A modified version of Miller and Raudenbusch's reaction

of l-chloroethanesulphonyl chloride was performed. This

involved the conversion of the potassium salts, Tormed in

their procedure, to the acids by using a cation éxchange
resin (H' form). Ethanesulphonyl chloride was isolated in
about 8% yleld, by treatment of the acid with thidonyl

chloride. Physical and spectral data of the‘ebhanesulphSnyl

of the ethanesulphonyl chloride with triethylamine and p-

toluidine in benzene, were found to be ldentical to those-

of authentic samples. : ' o

_////”Tgé success of this experiment encouraged attempts to

1301ate 1- chloroethanesulphinic acld to see 1if it weyld give

methylsulphene under basic conditlons. ‘_

3




N .

(k) The Prepardtion _and Identification of l~Chloroetharie-

sulphinic Acld

R . '
When lfchloroethanesulphonyl chloride kas treated with.
aqueous sbdium-sulphite and the solution acidifiled and
extracted with ether; é&aporation under reduced pressure ’

and a low temperature, gave a 60% yield of l-chlorogthane-

AN

/

_

sulphinic éciqq;s a qu1ﬁ§:§uré*cdlourless oil. N

-

CH_CHC1SO — O H C1SO.H
3 2'&111) g+ 3 2 .

The 01l had an 1.r. spectrum with strong abéorﬁtion at
——2488—cm—{O=Hofactd) andt 1080w (8=O stretch of &
' sulphinic acid). The n.m.r. showed 1.75(3H, d, J = 7),

4.75(YH, @, J = 7) 10.5(1H, s). The purity:of the aci@

. was checked by potentiometric titration against- standardised - —— ———
potasslum permanganate solution(1l3). This indicated that a ;
pure sample KRad been obtained.

’ ' . )
Investigation’of the pKa of the acid by potentiometric,

titrpations and cbnductiometric m
[}

the pKa was less phan 2. - e e T

In order to confirm the identity of the acid two derie"-

vatives, methyl d-chlorocethyl sulphone and l-chloroethane-
sulphinyl chloride, were'prepared and their,prqpérties y
determined. . .

- _ Methyl,l—chioroeth¥L sulphone was formed on refluxing
‘methyl iodide with a mixture of. l-chloroethanesulphinic acid

~ s A -
. = ] . . .




and triethylamine.

~

P

-

CH,EHC1S0, o3 L Gu_CHC1S0,CH, + NHEG LI
3. 2" Mer -_ 3 2-3 3" ¢

1 -
- C A

‘4

-

The sulphone had a melting point of 56 57 (reported(lu)

62°) . bands at 1.85(3H, a4, J = 8), 2. gsfih s) and 4.68(1H,

q, J = 8) in the n.m.r. and absor;%ion at.1322(str), 1145

(str) and 960(m) in-the i.r.

obtained.

A satisfactory analysis was

The colourlesseoil 1-chloroethanesulphinyl chloride was'

acid with thionyl chloride. , -

1160(str) and 1035(m).

<

o

CHyCHC1SO,H + SOC1y—=—e-C '
' ;

[~ 3

Absorption in the 1i.r. occurred at 1440(m), 1374(m),

S

In the n.m.r. the presence of two

"prepared in low yield by refluxing~l—chloroeshanesu1ph1nic

diastereoisomers was revealed by the superimposed quartets

at 5.02 and 5 18(J = 6. 5, relative areas 3:5) and doublets

o

HC1SOC1 + SO, + HC1

- at 1.92 and 1. 91(J = 6. 5)- - Subsequent to this work ,analini

and Maccagnani(ls) have found’ the presence of diastereomers

in a seriesvof simple alkylsulphinyl chlorides:

[ 4

o

(e) Evidence for Meggglguiphene in-the regction of l1-Chloro-

’

ethanesulphinic Acid with Base

The refluxing of l-chloroethanesulphinic acld witho

¥

10

.
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aqueous $odium hydroxide follﬂafd by evaporation of the
water and treatment of the residue with phosphorus penta-

chloride gave a 50% yield of ethanesulphonyl chloride.

H,O0 . -

CH,CHC1SO. Na'——— [CH,CH=S0.] —2—~ CH_CH.S0 Na®
3 2 3CHE80, 1 ———= CH3CH, 805

~

-

- + . \
CHSCH2SO3 Na——-—>CH3CH2802C1 ,

2

This confirmed the participation of the l-chloro-

11

ethanesulphinate in thg formation of potassium ethane--
sulphonate observed by MPller and Raudenbusch(1l). '

' Evidence for the intermediac& of méthyisulphene in
this reaction was sought by trapping e?éperiments. It was

found that l-chloroethanesulphinic acid in the presence of

triethylamine and p-toluidine, at the temperature of reflux- -

ing benzene(81°s, gave a 7§% yield of ethanesulé£§?¥p-
toluidide. This yield d'im'inished drastically 4t reduced

temp?"atures .

A

- ¥
CH,CHC1S0, NHEt

+ -
3 2 3 CH=802] + NHEt3 Cl

81%« 3 i

2

[CH3CH=302] + NH2©CH3———->CH3CHZSO?NH@CH3

When l-chloroethanesulphinic acid was refluxed in ~

benzene with triethylamine and 1-(2-methylpropenyl)-

pyrrolidine, a 15% yield of thé'methylsulphene-

Pr




enamine* cycloaddition product was obtained. This can be

comparedﬂto‘a 23% yield‘gflthe"same product when ethane-

)
sulphonyl chloride is treated with the enamine under
identical conditions. The formation of the same product in

similar yield implies the presence of a common intermediate.

» } v

s

.. a
CHaCHSO; RHEts _ .

:i | \\\\\\ | ; . . - S
| . . cCHa)zc':C'HO s |

p
: [0130-! ;fso,] 1
_ : ' . S CHgy

/{;N O

As l-chloroethaie%ulphinate'undergoes the reactions
from which the intermediacy of sulphene is inferred in the
react%pns of sulpﬁ%nyl chlorides(l) the evidence for the

P

intermediacy of a sulphene in the reactions of l-chloro-

, ' ' .

© - . -
[

: *The stereochemistry of the adduct is unknown. The coupiihg
< constant -of 10 Hz between ‘the methime protons of the tRietane
ring is not a reliable indication of the stereochemistry(1l6).

1)
- Ed
P

" . ) l
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ethanesulphinate is equally coaﬁelling.

(d) Kinetic Measurements on the Decompdsition of 1-Chloro-

ethanesulphinic Acid to give Methylsulphene

According to the reactlion schémes already presented,

the formation of sulphene from l-chloroethanesulphinic acid
should be unimolecular. Thus the rate of release of chloride

from l-chloroethanesulphinic ac¢id should be independent of

e -

pH; provided éil the acid exists as the sulphinate.

To test this hypothesls the rate of_chloride ion release .
from l-chloroethanesulphinic acid in degassed'aq&eoﬁs solu- «~
tions, thermostated to 60° and ké;t under argon, was measured
by potéptiometric;titrations. The solutions were buffered
to pH Ma.o, 5.0 and 5.9%1ith acetic acid/sodium acetate
buffe; and the rate'qons;ants from girst order plots were
2.5 x 10-5 s=}, 2.7 x iO‘? s=! and 2.6 x 10~% s—! respec-
tively. This indicates the 1ndependeﬁce of the rate of the .
decomposition from the base concentration ’and is consistent
with the reaction mechanisms p;esented.

~

(e) The Possibility of the Rearrangement %&l-Ch%proethane-

 ———

sulphinic Ac;d to Ethanesulphonyl Chloride

A remote possibility exsists_that the l-chlorocethane-

sulphinic acid might rearrange to ethanesulphonyl chloride
and that the sulphéne detected in the reactioris of l-chloro~

e;hanesuiphinic acid could be derived from the action of

v

[S—




base on the ethanesulphonyl chloride created by this rear-
rangement.
To investigate the above possibllity deuterated 1-

chloroethanesulphinic acid(CHBCHC1SOéD) was treated with

"dideuterated toluidine(QH3AryD2) in refluxing acetonitrile .

in the presence of triethylamine. The ethanesulphontol-

uldide obfalned showed mo—detectable dideuterated sulphon-

amide (CH3CD,SO,HNCgHCH3) by n.m.r. and a negligible amount

by mess spectrum(2%, probably zero wiggin the limits ef

accuracy of the measurements). , : /
The formation of ethanesulphonyl chloride from a-

chloroethanesulphinate requires éhe addition of a proton or

deuterium at the a—earbon. In the above ﬁedium only the |

deuterium atoms are lablle and thus the rearrangement would

yield ethanesulphonyl chloride monodeuterated in*the alpha

position.

CH3CHC1S0,” = CH3CHDSO,CL | ‘
.Hepce any sulphontoluididé;formed vlia this rearrange-
ment must derive from etpaﬁeeulphonyl chloride which is
monodeuterated in the/élpha position. ‘ »
From an Endependent experiment 1t was found ‘that a
samplée of efha;esulphpnyl chloride, 92% monofeuterated at *
the alpha position, gave tlfe sulphontoluldide which contained

34% of the dideuterated forh. Hence‘the negligible amount

.- . . ey
(Y . *



df dideuterated sulphonteoluidide formed from the a-chloro-
ethanesulphinate indicates that the-rearrangement to ethané-
sulphonyl chloride plays little or no part in the formation
of methylsulphene.
This observation is significant as the routesto methyl-~
sulphene from a—chloroethanesulphinaté has been shown to not
-require fase and thus a sulphene can now be generated in a

neutral medium for use in the synthesis of sulphonate esters

énd sulphonamides of base sensitive compounds;

o’

1S




C. EXPERIMENTAL

Infra red spectra(i.r.) were recorded on a Beckman
IR-10 or IR-20A speétrémeter. Nuclear'magnefzb resonance
spectra(n.m.r.) were recorded on Varian A-60, T-60 and
ﬁélibo‘ihétruﬁgnfs; chemical shifts were expressed inepayﬁs .
per million(p.p.m.) downfield from tetrameth&lsilane as an
internal standard. Melting points were determinéd on a -
Kofler hot stage, énd;are uncorrected. '

1,2-Dimethoxyethane (DME) and triethylamine were
;Sistilied from caledum hydride. Pyridine was distilled
\}rom sodium hydroxide pellet;. The DME used in the exchange
experiments was further purified by distillation f?pm
lithium~a1uminigm hydride. )

Micro analyses were perrorhed by'A.B. G&gli of

Toronto. Deuterium‘gkalyses were done by J. Nemeth, Urbana,

-
L

I11. by the -combustion method. . . ,
e . .




(a) Experiments Demonstrating the Abnormal Fogxmation of

Methylsulphene

(1) The Preparation of B-Trithioacetaldehyde

The'procedure for this preparation followed Fhaf
of Baumann and Fromm?i?). Recrystallisation from efhanol
yielded white crystals m.p. 122-127°; reported(17) 125—1260.
The 1.r.(CHC1;) included peaks at 2800-3000(m), 1K45(m),

- 1370(w), 1195(w), 1080(w), 10630(w) and 970(w). The n.m.r.
(CDC13) had peaks at 1.7(3H, d, J'= 6.5) and 4.5(1H, q,
J = 6.5).

s .

(11) The Preparation of l-Chloroethanesulphonyl

Chloride
1~ Chloroethanesulphonyl chloride was prepared
from trithioacetaldehyde by the method of Muller and
Raudenbusch(ll). The l-ehloroethapesulphonyl chloride was
obtained in about 50% yield with a b.p. of 51-53° at 5 mm He;
. " reported(11) 70-71° at 13 mm Hg. The i.r.(liquid film)
. showed peaks- at 2960-3000(w), 1380(str), 1170(str) -and
690 (m). |

. (111) The Rgaction of 1-Chloroethanesulphonyl Chloride

with Zinc Dust 3

This procedure follows that- of Maller_and

Raudenbusch(ll). 1-Chloroethanesulphonyl chloride(5.8 g,

4




35 mmol) was dissolved in 24 ml of absolute ethanol; zinc
dust was added in small ﬁortions until no mofe heat was
evolved. The ﬁixture was filltered. The ethanol was

removed from the filtrate by e§aporation. Potassium
carbonate solution was added to the liquid residue until it
was alkaline. fhe water was evaporated under reduced
-pressune. A solid was obfalned which was’dissolved in water
and passed through a column of'Dowex 50W-X8(H*) cation

exchange resin. The column was eluted with water until the

"eluant waf no longer acidic. Water was removed from the
’

eluant by evaporation. The résidue was refluxed with

excess thionyl chloride and the producf was distilled under
reduced préssure. Ethdnesulphonyl chloride(0.36 g, 2.7 mmol,
8%) was obtaine&l The.i.r.(liquid film) showed peaks at
1500(w), 1360(str) and 1160(str). The n.m.r.(CDCl3),had
peaks at 1.6(3H, t,« = 7.0) and 3.7(2H, q, J = 7.0).- Both

" of the spectra matched ‘bhose of a saﬁple of’efhanesulphonyl

chloride from Eastman Organic Chemicals.

(iv) The Formation of Ethanesulphon-p-Toluidide

Ethanesulphonyl ghloride(3h6 ng, 2.§9nmmol),
prepared from the 1—chlo;oethanesulbhonyl chloride as above,
was mixed with a solution o}'p-toluidine(h20 mg, 3.75 mmol)
and triethylamine(l g, 9.9 mmol) in 15 ml of benzene. The

.

mi;ture'was left at room teppgrature for 1 h. The benzene




L g

was washed with 2M HCl, separated, dried(MgSOu) and

evaﬁbrated. The product obtailned was recrystallised from

-
—

a benzene-petroleum ether mixture to givp‘ethanesulphon* Q

p~toluidide (91 mg; 0.45 mmol, 17% yield) with a m.p. of
74-78%. The 1.r.(CHCl,) showed peaks at 3365(m), 3225(m),
2840-3020(m), 1510(m), 1330(str), 1150(str) and 915(m).
The n.m.r.(CDCl3) had peaks at 1.34(3H, t, J = 7T), 2.3(3H,~
s), 3.1(2H, q, J = 7) and 7.15(4H, s).

. The m. p. and spectra were 1dentical-6o a sample of

ethanesulphon-p~toluidide prepared from ethanesulphonyl

chloride suppliéd:by Eastman Organic Chemicals.

(v) The Preparation of l—Chloroethanesu;ph;pic oid

1-Chloroethanesulphonyl chloriae(3 - 18.4‘mm61)
was stinred‘for 1 h with a solution of sodium sulphite(i4.8 g,
38 mmoly id:SO ml,of water. The, solution was washed with
- methylene c?iorihe. Sulphuric acid(2 M) was added tofthe
aQueous'léyer. This acndic‘solution was extracted six\x
times with 40 ml portions of ether. The ether.extracts were
combined, dried(MgSOg._and tﬁg solvent evaporated at ? low
temperaturei=h0°) to yield l-chloroethanesulphinic gcid(l.B £,
14 mmdl, 60% yleld). The 1.r.(CHCl3) showed bands at
2900(s£r and broad),.ldSO(stf) and 830(m). The n.m.r.(CDC;3)
had peaks at 1.75(3H, 4, J = 7) <75(1H, q, J = 7) and

10. S(IH, s).
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(vl) The Determination of the Purity of the

1-Chloroethanesulphinlc Acid

The method of P. Allen Jr.(13) was adopted. .
1-Chloroethanesulphinic acid(0.132 g, 1.02 mmol) was
dissolved in 250 ml of water in a volumetric flask. A 5 ml
aliquot (0.0204 mmo& of acid) was pipetted 1nto~a beaker and
the solution was diluted with 140 ml of distilled water
plgs 200 ml of 0.1 M sodium hydroxlide. This solution was
titrated poteqtiometrically(glass and platinum electrodes
and a salt.bridée) with 0.0066 M potassium permanganate
solution to an iend point of 3.17 ml. A‘ blanw 0.035 ml
was obtained giving a titre of 3.135 mi. This corresponds

to 0.0207 mmol of the acid.

-

~

(vii) The Rmaction of 1-Chloroethanesulphinic Acid
« . 4

with p-Toluidide

p-Toluidine (N28 g 40 mmol) and triethylamine

. T&.2 €, 12 mmol) weré dissolvad #p 30 ml of acetonitrile.

The solution was heated to reflu léChloroethahesulphinic

acid(0.516 g, 4 mmol) dissolved in 30 ml of acetonitrile was

added to the refiuxing solution er a per;od of'S min.
Refluxing was continued for a further 30 mins The
aéétonitrile §olution‘was allowed to cool to rooﬁ temperéture.

| _ The solution was made acidic with 2 M hydrochlorlc acid.

- v

\\ Most of the acetonitrile was removed by evaporation.

-~
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Extraction of the remaining solution with methylene chloride
yielded, after drylng(MgS0O,) and evaporation of the selvent,
ethaﬁesulphon-p-toluigiée(617 mg, 3.Q9 mmol, 77.5%).
Recrystallisation from methylene -chloride-petroleum ether
gave the ethanesulphon-p-toluidide(532 mg, 2.57 mmol,67%
yieldd with m.p. of 77-809; reported(f@5 77.5-78°.

Wherd the "above reaction was carried out in benzene at
45° the yield of ethanesulphon-p-toluidide was 10% and

at 65° in benzene it was 32%.

:/ . - -

~ 7

(viii) The Preparatioﬁ of 1-(2-Methylpropenyl)-

Pyrrolidine, e _ .

‘(The method of Benzing(l9) was used-giving an

84% yield of l-(2—methylpropeny1)—pyriélidihe with a

b.p. of 69-70° at 40 mm Hg.

(ix) The Reaction of 1-Chlofbethanesulph1nic Acild

with 1-(2-Metbyifropenyl)-Pyrrolidine and Triethylamine
‘ Triethylamine(2 g, 20 mmoi) was 1ssolved.in
20 ml of aceipnitrile and heated to reflu&fsz.solution of
the enamine(7.1 g, 56 mmol) in 10 ml ofracetonitrile ;as
added to the refluxing mixture. 1-Chloroethanesulphinic.
acid(?13 mg, 5.5 mmol) was dissolved in gcetonitriie and

added to the stirred, refluxing mixture over a period of .

4 min. The reactlon was refluxed fer a further 35 min.

-
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The miiture was allowed to cool and then acidified with.

2 g sulphuric acid. Tgp acidic solution was washed with
methylene chloride, made basic with potassium darbonate
and extracted with methylene chloride. -The layers were
separated. The methylené chloride was dried(MgSOy) and
evaporated to give én oil. A fe& drops of methanoi were
added to the oil and the solution was ooled. The
cycloadduct (117 mg, 0.82 mmol, 15%) was obtained as a
solid with a m.p.loT/;;—83°. Further recrystallisation.of
the adduct from methanol gave a white solid with m.p. 83.5-
85°. A mixed melting point with the gycloadduct prepared
from ethanesulphonyl chloride wég\§§.5-83°: The spectra

were the same as those of the addugt prepared from

ethaneéulphonyl chloride. .
Anal. Calcd. for C10H19NOZS: C, 55.26; H, 8.81; s
N, 6.45; s, 14#75. Found: C, 55.01, H, 8.89; N, 6.42;
e
S, 14.89. .
[ No—

L4

(%) The Reaction of Ethanesulphong;ﬁChloride with
1—(2—Me::;lgropenyl)-errolidine and Triethylamine

. The ‘procedure used was the same as that used
with l-chlorogthanesulphinic acld. The -yleld of the
cycloadduct was 23%. The m’p. was 83—840. The 1.r.(CHC13)
showed bands at 2970(m), 2700(m), 1460(w), }300(str) and
lldO(str): The n.m.r.(CDCl3) gave peaks at 1.48(3H, s),

22
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1.58(3H, d, J = 8), 1.60(3H, s), 1.78(4H, multiplet),
2.50(4H, multiplet), 2.88(1H, d, J = 8.7) and 4.03(1H, " .- ;}":*“‘

d of gs, J = 8, J = 8.7). o :
~ u )

X L

(b) Experiments Demonstraging that the Methylsulphene

<
oy [
is Formed Directly from the l=Chloroethanesulphinate

(1) The Preparation of Toluldinefds - .-

.p-Toluldine was recrystallised from ethanqﬁ—

“

watef._ The crystals®were dissclved in methylene chlg?ide.

As the crystals dissolved 535 solution became cool* and

water condensed in the meth lene chioride.‘~The'métherne

chloride was separated from the water layer and driedLMgSOu).
The methylene chloride scdlution was shaken once qifh 20 ml

then several times with .10 ml poftipns of deuterium oxide.

The mgthylene chloride was dried(anhydrous potassium .

carbonate) and the solvent was removed by 6qgﬁoration. The
n.m.r. showed 96% incorporation of deuterium at the

nitrogen.

1y

D (11) The Preparation of l-Chloroethanesulphinic ~
A ' . ) .

ACid-g '

Some l-chloroethanesulphinic acld was dissolved 1n
/ . 3 .

diethyl ether. This solution was shaken;with several

portions of Heu&grium oxide. The ether was dried(MgSOu) .

and evaporated to give the deuterated sulphiMic aicd. The

*

‘n.m.r. -showed that more than 90% %xchangb of .the acidi¢ -

L 4 ) ’
P
. - -
. ) ’ I
.
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proton had occurred.
b

.

N

(111) The Reactlon of 1-Chloroethanesulphinic Acid-d
.- '

A}

with p-Toluidine-d, and Triethylamine

- ~ Triethylamine(0.7 g, 7 mmdl) and p-toluidine-dy )
(1.4 g, 13 mmol) were. dissolved in 20 ml of acetonitfile.
The solution was heated to reflux. l;Chléroethanesulphigéc
ac1d-d(0.18 g, 1.4 mmol) dissolved in 10 mi of acetonitrile
;:g added to the stirred refluxing éifture ozér'; reriod
of 4 min. The mixture was refluxed for 35’min. The
reactlion was cooled and dil&te suiphuric écid ;as addgd. The
acetoﬁitrile was evaporated. The\aqueousbsolution was .
extraétqd with methylene chloride. . The metﬁylene chloriﬁ@
\_was dried(MgSO,) and evaporated gielding the toluidide(0.17 g,

0.86 mmol, 61% yield). ) .

The toluidide was recrystallised (iom methanol gf%ing
a product with m.p. 81-81.5°. The n.nf.g.(CDCl-J,) ;ﬁowed'dno
detectable dideuterated toluidide. The mass spé%trum
analysed for undeuterated 21:2%, ménbdeuperated‘yjt2$
and didéuterated 2+2% products. This corresponds to a
deuterium'analys%s of 6.18 atom % excess. Deuterium o

analysis gave $.10 atom % extess.

(iv) The Prepardtion of Monodeuterated Ethane-

sulphonyl Chloride .

Ethanesulphonyl chloride(l4.4 g, 34 mmol) was

&
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dissolved in dioxan ontaining 18 ml of deuterium oxlde.
Triethylamine (50 ml) was added to the solution over a
period of 5 'min. The solution was left at room temperature
for a further 5 min. The-éolvent and volatiles were
evaporated under reduced pressure and the residue obtainé%
was dissolved in water. The aqueous solution was washed
with ether aﬁd evaporated to.dt&neSs. The residue was ’
suspended in methylene chloride and phosphorus pentachloride

(8 g, 38.4 mmol) was added in §mall portions over a oeriod

of ‘5 min. The methylene chloride was decanted, washed with .
water, dried(MgSQy) and evaporated. Ethanesulphonyl chloride
(2.3 g, 18 mmol) was obtained.a‘This product'w§§ vacuum
distilled(b.p. 72° at 20 mm Hg). Deuterium analysis gave

17.65 atom % exces® of deuferium. ‘The fheoretical value .
for monodeuterated ethanesulphonyl chloride is 20 atom g

excess. The n.m.r. (CDCl ) showed a doublet at 1. 55 p.p.m.

with J = 6.8 cps; each peak of the doublet being split

into three by coupling with the deuterium and a muItiplet

at 3.7 p.p.m. Integpation of the peaks at 1. 55 p. p.m. gave

the composition of the product as 92% monogeuterated and J‘\

8% undeuterated ethanesulphonyl chloride._ This corresponds

FT_33,18.U atom % excess of deutenrlium: : -
\ ‘ \ ’ J ~—

(v) The Reactdon of 1-Deuteroethanesulphonyl Chloride

with p-Toluidine-d, and Triethylamine 3

-

‘The procedure .was the same, as that used in the.
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reaction of l-chloroethanesulphinic acid-d with.
&
i-

p-toluidine—ge and triethylamine.

The toluidide was obtained in,.35%syield. Analysis
of the methyl group absogp®ion at 0.9 p.p.m. in the

n.m.r.(CDCl.,) showed that the product contained 22i5% of the

3
fundeuterated 44+5% of the mcnodeuterated and 34:5% of the

dideuterated toluldides.

>

=\

(c) The Proof of the Structure of 1-Chloroethanesulphinic

Acid

o

(1) The Detgrminatioﬁ of the Qka of l-Chloroethane-

sulphinic Acid ;. . ~

~

4 Potentiometric titration of l-chloroethane-
sulphinic acid with 0.0428 M sodium hydroxide.gave a
titration curve indistinguishable from that given by
perchloric acidi..Attemﬁts to measure the pKa %y o
conductometric ﬁeasuremqnts also failed. This indicated

that the pRa of the acld was less tBan 2.

o

(11) Prgparation of Methyl 1 Chloroethxl Sugphone )

from l Chloroethanesulphinic Acid

. Triethylamipe(1l.2 g, 12 mmol) was added to
l—chloroethanesulphinic acid (690 mg, 5.4 mmol). This
mixture was stirred whilst methyl iodide(17 5 ml, 38 €
270 mmol) was added over a period of 12 min. The mixture

¢= \

ﬁﬁeka
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was refluxed with continuous stirring for 23 min.. Water

was added. The mixtﬁré was extracted with methylene chloride.
The extracts were cbmbined, washed with aqueous thiosulphate,
dried (MgS0O),) and evaporated. Methyl l-chloroethyl sulpgone .
(0.589 g, 4.1 mmol) was obtained. Recrystallisation from
chloroform-petroleum ether gave white crystais of the

sulphone(0.573 g, 4.0 mmol, 74% yield) with a m.p. of 56—570

reported(l4) m.p. 62°« The n.m.r.(CDCl.) showed peaks at

3
1.85(3H, d, J = 8), 2.98(3H, s) agd 4.68(1H, q, J = 8). p
The 1. r. (CHC13) had absorption maxima at 1322(str), | .

1145 (str) and 960 (m) . : T o L
- Anal. Caled. for 03H701802 C, 25.27; H, 4.95;
Cl, 24.86; S, 22.48. Found:\C, 25.26; H, 5.02; Cl, a466;
S, 22.65. '

(111i) Preparation of 1-Chloroethanesulphinyl
Lhloride from l-Chloroethanesulphinic Acid

;;/) Thionyl ;hloride(B.S.g” 70 mmol) was slowly
added to l-chloroethanesulphinic acid(1.22 g, 9.5 mmol)
at 0°. Then the mixture was stirred for 1 h at room
temperatﬁre. The mi;fure was refluxed for 1.h. The exces#
thionyl chloride was distilled off at atmqspheric pressure.
The product was distilled under reduced pressure. A small
amount of l-chlorocethanesulphinyl chloride was obtained as

a colourless oil. The 1.r:(£1qu1& film) had‘peaks at -



hal ]

f)

i ]
. . ) / '
1440(m), 1375(m), 1160(str) ahd 1%;5(m>. The HA-100
n.n.r.(CDC1 }.éhé&ed quaréets at 5.02 and 5.18 with J = 6.5
and relative areas of 3:5 and doublets at 1.92 and 1.91

with J = 6.5.

(d) The Reaction of l-Chlorocethanesulphinic Acid with

Agueous Sodium Hydroxide

l1-Chloroethanesulphinic acid(0.73 g, 5.7 mmol) was
added to a refluxing Sdvlution of sodium hydroxide (0.65 g5
16 mmol) in 20 ml of water. The mixture was stirred under
reflux for 35 min. fhe water was removed by évagorgtion
under reduced pres;ure.‘

The residue was suspended in methylene chloride and
8.5 g of phosphorus pentachloride was add;d in small
portions whilst s&irling the mixture ét room temperature.
The methylene chloride was decanted, washed with water,
Aried(MgSOu) and evaporated. Ethanesulphonyi chlorida
(0.48 g, 2.9 mmol, 52% yield) was obtained. The identity

of the product was determined by comparing the n.m.r. and

i.r. Spectra with those zf'a sample of ethaneSulphonyl'

chloride suppllied by Eastman Organic Chemicals.

(e) The Rate of Release of Chloride Ion from l-Chloro-

ethanesulphinic Acid in Acetic Acid/Sodium Acetate Buffers

(1) General Procedure

1-Chloroethanesulphinic.acid was dissolved in
.
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- 100 ml of buffer solution. This solution was transferred
to a two necked flask and frozen in liquid nitrogen. :The
solution was degassed and then warmed to 60° in a
themostated bath. Argon was admitted into the flask and
the flask was fitted with a serum cap. Aliquots(5.00 ml)
'were removed from the faask at known intervalé_and
quenched by “placing in %0 ml of ice-cooled water. The R
chloride ion content was measured by potentiometric .
titration(plasinum and élass electrodes) with 0.01 M silver
nitrate sblution as described by Lee(20). The results are
shown in the following tables. The first ordeg rate

«

constants were determined graphically. _

[V}
(11) Results
Concentration of l-chloroethanesulphinic acid = 4.1 x 10-%* M
Buffer: 82 ml of 0.2 M acétic acid

18 ml of 0.2 M sodium acetate

pH = 4.0 : Temperaéure = 60.00.1°
Time/min Titre/ml . % Reaction Log(100-%Reaction)
112 3.10 15.5 1.927
. 215 - 5.35 £6.9 ° 1.864
317 7.25 36.4 1.804 :
408 8.80 43.2 1.754

502 10.30 52.0 1.681

k = 2.5 x 10~% g~ »

29
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Concentration of l-chloroethanesulphinic acid = 4.06 x 10=2 M
Buffer: 29.5 ml of 0.2 M acetic acid ©
70.5 ml of 0.2 M sodium acetate
pH = 5.0 . ' Tempé;aturg = 60.0+0.1° .
Time/min Titre/ml % Reaction' . Log(IOO-ZReaction)
60 . 1.80 9.05 _ 1.959
128 . 3.70 18.5 1.911
304 - 5.60 - 28.2 1.856 .
317 8.05 40.5 1.775 .o
Lok . 9.50 47.6 1.719
497 11.15 . 56,0 . 1.64%
580 12.15 61.0 > 1.591
’
- k= 2.7 x 10-% s-! - .
N o

.Concent;ation.of l-chloroethanesulphinic acid = 3.45'x 10-% M
Buffer: 4.5 ml of-0.2 M acetic acid

95.5 ml of 0.2 M sodium acetate

pH = 5.90 Temperature = 60.0+0.1°
Time/min Titre/ml ¥ Reaction Log(100-%Reaction)
86 2.25 12.7 . 1.941
. 129 3-15 . 18-0 [ ) lo 91”‘ .
213 4.90 28.0 © 1.857
296 6.25 36.0 e 1.806
410 8.05 B6.4 ; 1.729
501 9.30 53.6 1.667
602 10.140 : 60.0 Y.602
3290 17.30 . 1000.0 1.000

k = 2,6 x 10"% sg=?




PART II

¥ wuE FORMATION OF SULPHENE

by
BASE PROMOTED ELIMINATION FROM ARYL ARYLMETHANESULPHONATES

31



T

' A. INTRODUCTION

’

The formation of phen&lsulphene has been found to occur
in the reactioné of base with phenylmethanesulphonyl chloride
(1,2), 4-nitrophenyl phénylmethanesulphonate(3;&), and 2;&-
dinitrophenyl phenylmethanesulphonate(S). .

- The above reactions can be summarised in the following

. ) equation :

el

B+ Phgﬁz;goz-x—osﬁ“ + PhCH=SO, + X~

Fe™

X(leaving group) = Cl, 4-NOz;Ar0, 2,4-(NO;)2Ar0

The above e base promoted 1,2-e1iminétions and previous
work has shown: iﬁ the case of phenylmethanesulphonyl chloride
and 4-nitrophenyl phenylmethanesulphonate; that they .are
second order‘reactions. Elimination reactions have been

reviewed by Bordwell(6). He placed them into eiéht cate~-




gories, five of theFe showing second order kinetics. 1In
thls introduction { will discuss the three second order
reactions which do hot involve ion pairs because ion pair
interpediates, as the later discussion'shows, are not
required to explain the experimental data. The three second
order mechanisms to be discuséed'are the reversible Elcb,
the irreversible Elcb and E2 mechanisms.

The term E2 is used to signify an elimination
involving concomitant attack of the base on the B-hydrogen
and loss of the leaving group with its pair of- electrons.

B + H-é':—(:;-'.x —k—— BH' + >C=C\/ + X

»

-

-

The term Elgcb dé?otes a mechanism in which t -proton
i1s removed to give a carbanion which subsequently loses the

leaving group.

B + H..(ij-(';_x = BH' » C|-C-X .
. k., ' .
\j
_t ks S
C=C=-X —% CSCI + x~ d
t ] ’ \

. A

_.The problem now arises of®determing which, if any, of
these two modes of reaction is-occurring.

Kinetic measurements are one of the most valuable

33



probes of mechanism. The E2 reaction would be first order

in both the base and the substrate.

!
Rate = k[BJ[RX]

In contrast, applying the steady state assumption to
the concentration of the carbanion, the following rate

expression is obtained for the Elcb reaction.

. ki1k2ERX][B]
Rate = :

k_,[BHY1+k,

If the anion goes to products much faster than it

protonates(irreversible Elcb);.kz>>k_l[BH+] and hence

|

Rate = k [RX][B]

which is the same form of rate expression as that for an
E2 reaction. \

P .
. When reprotonation of the anion is much more rapid
than its decomposition tp products(reversible Elcb)

+
k_l[BH ]>>k2

k,k,[RX][B]
k_,[BHY]

Rate =

L]

.
-

Although the reaction Is still first order in base,

the inverse dependence on the conjugate acid 1s a kinetically




-

¢

distinguishing feature. Also, as the reprotonation of the
anion 1s faster than its decomposition, the reprotonatibn
should be detectable by the observation of exchanée in the
presence o{ deuterium oxide.

Fggm the above discussion 1t can be seen that the
determigation of ‘the kinetlc order 1s extremely valuable
in distinguishing between many elimination mechanisms.

The major problem which remalns 1is to find a way of
distinguishing between the irreversible Elcb and the E2
mechanisms. Once it is realised that these two pathways
obey the same rate law other factors must be used to
distinguish between the two mechanisms. Although the rate
law i§ the same for both reactions the rate constants have
different meanings. The rate consta;t in the E2 reaction -
refers to a process in which the B~hydrogen bond 1is
stretched as the bond to the leaving group is weakened but
in the irreversiﬁle Elcb casé only the B8<hydrogen bond 1s
broken in the rate'determining step.

In an Elcb reaction the only influence ol the leaving
group on the réfe of carbanion fghgation should bq through
an inductive or field effect on the stabllity of the -
carbanion. In the E2 reaction the weakening of the bond to
the lgaving group should lower the energy of the transition
state below that of the stepwlise process. Thus the.E2
reaction should be fastér’th#h that expected from a simple

e1ectrost7tic effect of the leaving group. Also in the
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irreversible Elcb reaction a change of the leaving gfouﬁﬁi
'shoulé ha;e a smaller effect on the rate, as the rate is
independent of the faqility of the loss of the leaving group.
Some of these criterié have already been used in the study
of 1,2-eliminations yielding phenylsulphene.

King and Lee(l) found that the rate of elimination
from phenylmethanesulphonyl chloride was first order in
both base and substrate. This indfcated elther an E2 or
Elcb .mechanism. The reversible Elcb mechanism was excluded
by the observation that only one deuterium atoh was incob-
porated at the benzylic carbon of the product in the reaction-
of 4-nitrophenylmethanesulphonyl chloride with triethylamiﬁe(
in the presenée of deuterium oxid§(2?. This agreedtwith
an earlier observation by King and Durst(7) when they used
phenylmethanesulphonyl chloride as the substrate. In order
to di%tinguish between the E2 and the irreversible Elcb
Jnechanisms Lee(2) assumed the inductive effect of the
chlorine in the phenylmethaneéﬁlphpnyl chloride to be close

’ He

to that of the phenyl group in phen&l Benzyl sulphone.
compared the rafe of the elimination reaction of phenyl-
methanesulphonyl chloride with triethylamine at -25° with
the rate of exéhange(é?trapolated to -263) of the benzylic
protons of the bengyl ppenyl sulphone with triethylamine.
He found a rate oflélimingtion 108-109 times faster than

. the rate of carbarflon formation as measured by the exchange

rate.
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He deduced ‘that carbon-chloride bohd cleavage in the
transition state mu§t be‘aiding the elimination.and hence
an E2 mechanism wgs opérating. Lee concluded that the
E2 reaction was Eleb-like from a positive p~ value of 2.4
obtained‘}rom a study of phehylmethanesdiphonyl chlorides.

The mechanism for gpe géheration Qf phenylsulpﬁene in
the reaction of 4-nifyophenyl phenylmethanesulphonate; with
bases was found to contrast sharply with the mechanism .
found for the reaction of base with pheriylhhethanesulphonyl

[ 4

chloride. ) < ]
Singh(3) foﬁnd the reaction of 4-nitrophenyl, phenyl-
methanesulﬁhonate to be first Qrder in both base and subs-
trate. Singh excluded the irreversible Elcb aﬂd’the E2
mechanisms by the observation’phat the benzylic position of
the phenylmethanesulphonic acid, férmed in the reaction of
u-nitrophenyi phenylmethanesulphonate with triethylamine in
the presence of deuterium oxide, was 95% deuterated §t the
. benzylic positionl % p value of 0.06 was obtalned from
a Hammett correlation of the rateé of tﬂé elimination from
substituted U—nitrophenyl phenylmethanesylphohates with
triethylamine. This low p value~was attributed to tﬁe
oppdsing effects of the substituents on the Earbanion pre-
-equilibrium and the decompositlan of.the carbanion to .
" phenylsulphene. a
It hds been pointed out(8) that exchange does not

necessarily exclude an B2 .mechanism, and the p value of zero
-~ : -
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could certainly be the result of an E2 reaction. Cpns;deriné
- the doubt that still remains as to this'mechanism, further
‘ investigations Were required.
Previous to this work no mechanistic investigations
had been published on the base catalysed 1,2-eliminations
from 2,H-dinitfbphenyl phenylﬁefhanesulphonatess .
The work presented in this tfesis continues the studies

of base catalyéed eliminations forming phenylsulphene. It
. R

includes a more complete inVesgigation of the eliminations
" from H—nitrogggpyl4phénylmethanesulpbonéfes and a study of
the base cgtalyséd elimihétions from 2;4-dinitrophenyl

phenylmethanesulphonates. and severﬁl other closely ;elated

esters.




$

B. RESULTS AND DISCUSSION

~

@) Phenxléulphene Formation in the Reactiqn of Base CN

with 2,4-Dinitrophenyl Phenylmethanesulphonates

1,2-5imetboxyethane containing 20% of water* was

" chosen as the reaction ‘solvent for the investigations

because all the reactants and products are highly socluble .in

this medium. Choice of the above medium also allows a

5

comparison of the results of the present investiéation

"with those of Singh(3) _and Lee(2) who both used aqueous DME

as the solvent medium ;:;\{péir studies. A further aavantage

°

of using 20% aqueous DME as a'éolvent, over the use of a

non-aqueous medium, is that the nitrophenoxides released
. - A ] -

during the reactions remained”as the anions, furnishing a

strong and distinet chromophore which could be used to follow

’,

the reaction.

-

Singh(3) and more recently Christensen(4) have shown
the presence of phenylsulphenz in the reactions of base

with u-nitrophenyi phenylmet esulphonates. In order to

prove the presence of phényléulphene.in the reactions -

A

*This solvent was prepared by mixing 20 ml of water with DME
to a volume of 100 ml 4t room temperature. ‘

-
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. 2,4-dinitrophenyl phenylmethanesulphonates with base the

followlng experiments were cogducted.
2,H-D1ni£rqphenyi‘Q-nitrophenylmethanesulphonate was

treated with triethylamine in methylene chloride giving a

93% yield of y h'—dinitrostilbene The reaction of 2,k-

dinitrophenyl u-nitrophenylmethanesulphonate wilth pyrid)ne'

in a 20% solutlon of deuterium oxide in DME yielded the

sulphonic acid which was converted to the sulphonyl .

chloride with phosphorus pentachloridqﬁ The.nmr spectrum .

showed that this aécid chloride was amonodeuterated in the

benzylic position¥. The mass' spectrum showed that the

Y-nitrophenylmethanesulphony¥ chloride contained 98% of

the monodeuterafed and 3% of the undeuterated compounds.

The formation of monodeuterated products(7,9) and the

formation of sti&beneé(lO) are both typical 6} reactions

involving sulphenes. ] . i -
Another reaction which is t8ken as evidence for the

intermediac; of“sulphenes in the reaction of sulphonyl

chlorides'with base 1s the formatish-of a cyclié éddﬁct

in the presence of an enamine(lo) This criterion for .

sulphene formation was applded ‘to the reaction of triethyl— *

amine with 2 4 -dinitrophenyl H-nitrophenylmethanesulphgnate -

When this ester was treateg.aith triethylamine in DME

containing N-(2-methyI-l-propenyl)-pyrrolidine the cyclo-

%5 similar experiment using 4-acetyl 2-nitrophenyl phenyl-
methanesulphonate as the ester also gave. the monodeuterated
sulphonyl chlotride.



adduct was obtained in 85% yield.

ﬁlQ@CH,SM%

NO, @CH =S0, +  Et,NHT

\E)NCH:?(CH,),

) g

| /—(CHy),

. s

+

Et4N
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This is the same adduct* as is formed when uY-nitro-
phenylmethanesulphonyl chloride is treated with triethylamine
in the presence of N-(Z—methyl—l-propenyl)—pyrrolidine
in methylene chloride.

fo confirm that the sulphene was generated under the
conditions of the kiﬁetic measurements the trapping
experiments were repeated using 20% aqueous DME as the
solvent. In both cases, using 4-nitrophenylmethanesulphonyl ff-
chloride or 2,4~dinitrophenyl u-nitropheqylmethanesulphonate,
a 12% yield of the adduct was obtained.

Now that the reaction of base with 2,4-dinitrophenyl
phenylmethaﬂesulphonates has been shown to giéé phenyl-
sulphene, as judgéd by -three common criteria, the mode of

its formation can be studied.

- 5 - N /

’

*The sté;eochemistry of the adduct is unknown. The
coupling constant af 10 Hz between the methine protons is
ot a reliable indication of the stereochemistry(1ll).

P




(b) The Mechanism ogrBaée Catalysed l,2~Eliminationst from

2,4-Dinitrophenyl Arylmethanesulphonates

(i) The Order of the Reaction

2,4-Dinitrophenyl u-methylphenylmethénesulphonate
was prepared by reacting u-methylphenx}méthanesulphonyl
chloride with base in the presence of 2,¥&dinitrophencl.
This ester, 2,4-dinitrophenyl 4-methylphenylmethanesulphon-
ate, was used to investigate the dependence of the elimina-
tion on base and substrate. The rate of release of the 2,u-
dinitrophenoxide from the ester, under pseudo first order
conditions, on treatment with varying concentrations of
triethylamine at a pH of 8.64 and an ionic strength of
6.002 M, was'ﬁeasured. The pH was kept co;!‘ant by usingA
triethylammonium chloride.” The ionic strength was main-

tained at 0.002 M with tetraethylammonium chloride. The

o

rate was measured by following the change in the absorbance

at 405 nm with time. Plots of log(lod- percentage reactioi)

versus time gave good straight lines showing that the

reaction was first order in the substrate. The pseﬁdo first

order rate constants, obtained from the gradients of these

plots,’at various concentrations of the base @re shown in
table I and displayed in Fig 1. o,

The linear dependence of éhe pseudo first order
rate constant on base concggtpation sﬁows that the elimina-
tion is also first order with respect to the base. A least
‘squares analysis of the data gave a borrelﬁtion coefficient
of 0.999, a gradieni of 1.35 and an intercept, where the

. - concentration of the base is zero,qf . 0.08 s '. ~
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. TABLE I v
The Pseudo First‘Order Rate Constanfs for the
Triethylamine Promoted Elimination from

2,4-Dinitrophenyl u:Methylphenylﬁethanesulphonate

Solvent: 20% aqueous DME

Ester concentration: © 5 x 10 ° M

Temperatufe: 20 ¢ 0.1° ‘P

"pH": 8.6u4

Tonic strength([Et,RHC1™] + [Et,Nc1™]):  o0.002 M

3

Triethylamine* Rate Constant(k)/10”
Concentration/1l0 ﬂ .
0.74 1.05
1.30 ~ 1.82
1.74 . ' 2.50
2.34 .
| 3.18 ‘.
2.82 - 3.88

" *Calculated using a 'pKa' of triethylamine in 20%

aqueous DME of 8.43. See appendix°II.

-

S

-1
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FIG 1

General Base Catalysis in the Reaction of Triethylamine

with 2,4-Dinitrophenyl 4-Methylphenylmethanesulphonate

x/10” % s ! ' ' .~

"

2
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The infercept close to zero, at zero triethylamine
concentration; indicates little involvement in the reaction
of any base but triéthylamine;

(ii) Exchange Measurements

,When 2,4-dinitrophenyl phenylmethanesulphonate
was treated with pyridine or triethylamine, in DME con-
taining 20% of deuterium oxide, only undeuterated products
and products monodeuterated at the ben;&iic poéition were

detected. The ester therefore cannot be exdhangiwng before:

the elimination occurs. Hence a reversible Elcb mechaniﬁg

is not occuring and now the task is to distinguish between

rd

- ,ﬁhe irreversible®*Elcb and E2 mechanisms.

’

* (i1iii) The Inductive and Field'éffects of the Nitro Groups

on the Rate of the Formation of the Benzylic *

[

Carbanion L~

"

-

As discussed in the introduction the only way

the rate of carbanion formation gan be affected by the

group which subsequently lgaves, in an Elecb reaction,‘is By

the inductive and field effects. If these effects can be

estimated for the nitro éroupé the‘rize of formation of the
carbanion in 2,4-dinitrophenyl phenylmethanesulphonate can

be estimated. If this rate of carbanion formation is the- .-
same as the rate of ‘the elimination, then the reaction most

likely occurs via an irreversible-Elcb mechanism, for an E2

h - , C . ey
'd




type reaction.should be more rapid. ¢

In order to estimate the rate of carbanion férma-

'tion in the 2,4-dinitrophenyl phenylmethanesulphonate the

rates of exchange of the benzylic protons 1n aryl phenyl-

methanesulphonates, bearing different substituents\gz the

phenoxy molety, were measured.

The following aryl phenylmethanesulphonates were

prepared.
&7 ) -
(Derson@)
X = OCH3, H, Cl1, CN, NO2
x < )
Qoisa®
X = OCH3, Cl, N02

Each of these esters was dssclved in DME con-
taining 20% of deuterium oxide and triethylamine(0.2 M) at
20°. The ester was recovered after a known'fime interval .
and the amount of exchange that had occufred was measured
by mass and nmr spectroscopi The rate of exchange per
hydrogen was calculated from the percentage of deutérium
incorporated(%D) at the benzylic position. The percentage
of demtériﬁm, ncérporateg at time t was defined~6y the

following e uationv
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%D = [D]t X lOO/[H]Q .

_/

where [D]t/[H]O'is the ratio of the amount of deuterium

_incorporated at the benzylic position to the initial

amount of hydrogen.’ . : -
The rate constant(k) for the carbanion formation,

the rate of exchénge perbhydrogen, at the bénzylic position,

was calculated from the following equation*

~

In 1/(1-%D/100) = kt/2

The raté,constaﬁts derived from one point nmr
measurements- and those derived from plots of log 1/(1-%D/100)
versus t, using the results obtained from mass spectroscopy,
are shown in table II. Both of £he above methods of
analysis yield approximately the same values of k.

When a Hammett correlation is constructed(Fig 2)
a good straight line is obtained using o for the
substituent constants. A least squares analysis of the
results ®in table II gives a p value of 1.9#0.1 with a
correlation coefficient of 0.988. This good correlatiﬁn
over such a wide array of substituents allows'the extrapola-
tion to higher o values, such as that for 2,4%-dinitrophenyl
phen?lmethangsulphonate, to be done with confidence. d

Pd
i
’

R .. M L4 (

. 4 . ’
. .

*For derivation of the equation see appendix I.

’ . ’
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FIG 2

N

Hammett Correlation for the Triethylamine Promoted

i D)

Exchange of Aryl Phenf¥lmethanesulphonates




(-’"f

ranalysis of the combined dataqgﬁve a p value of 2 0310 05

s ,

(iv) The Rates_of Elimination of Nitrophepoxides from

Nitroaryl Pheqx,mgchanesulphonates
The rate at which 2,4-dinitrophenyl phenylmethane-

sulphonate, and four other nitroaryl phenylmethanesul-

',phonates, released the nitroaryloxy aety at 20°, when
o)

treated withcfriethylamine in DME ¢ ining 290% of deuter- 3

1um oxide, was followed by u.v. spectroscopy. The,pseudo

PY ¢

first order rate constants(k') were dbtained by plotting
log (Aw/(Aw-At)) versus t the gradlent being k'/2.303 in

accordance with the following equation
. k' 7
log (A_/(A —At)) = ——t '
2.303

where t 1is the time, At 1s the absorbancé at time t and ,

-

A_ 1s the absorbance at infinity.. ‘ ‘
The Second ordar rate constants(k) derived from

K', log k and the substituent constants for the esters are .

-

-shown in table III. °* The Hgmmett,correlation from this dafa

1s displayed in Fig 3. Again a good straight 1iné 1is

obtained. A least squares analysis of the data gave a o \

. value of 1.9:0.2 and a correlation coefficient of 0.992.

r If the results from the- exchange and u.v. measure-
ments are combined(see Fig H) a good straight/lino can be

drawn to fit ‘the data from bothj}ources < A least squares

A
~ &
and a correlatiyn coefficient of 0. 997 Thus the rate of

carbanion formation predicted from the exchange measurements

&

,.
;i
PN St
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coinc%des with the rate of- elimination. Hence it would
appear that only inductive and Tield effects are affecting
the rate of thé elimination reactions of 2,4-~dinitrophenyl .

. phenylﬁethanesulphonate-and the other nitro esters. There
is no evidence for any‘weakening of the bond between the =
group that sdbsequently leaveé and the sulphur in the
transition state, since this would be expected to led to a
faster reactién than that‘occurring by an Elcbd §;ocess.

Therefore the Elcb mechanism shown below fits the data for

elimination from the esters with good leaving groups.

- ,./
¢ . . ‘
. Ky ¢
PhCH,SO0,0Ar + Et,N F————"" PhCHS0,0Ar + Et ﬁH S
'k—l. l |
PhCH,, SO ,H PhCH=S0, + EtsﬁH + BAr
kg ,
- - f .
where kl<k2>k-l and k3>}<_2 . e
\ _ - 9

Further information about the reaction can be

obtained from a detailed analysis of thgse dafa.
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o

(v).The Rho Value and the .Correlation with'oﬂ

- Thre rho value of 2 is positive and as such is
consistent with the build-up of negative charge in the
transition state of the rate determining step. However Fhe
value of 2 seems t¢o be rather high as the inductive effect °
of the substituent mgst be transmitted through two atoms to
reach the proposed centre of negative charge build-up, the
benzylic carbon. It is possible that this high p value is a

consequence of the exchange occurring by a reversible

sulphene formation as shown below,

. L

B + ArCH,S0,0Ar = > ArCH=S0, + BH' + Ar0” .

D20

and that all the Hammett plét signifies is the’ &bsence of’
a change in mechanism and thus tﬁe elimination is occurring
by an E; medhaiism. -

However several observations combine to exclude such
a mechanism. .The sulphgpe grouping and the oxygerf can
transmit substituent effects to a carbon bearing a'negatibs
charge to a certain extent. Fgr example in the exchange
of 3-aryls%iEBonyl bicyclo[2,2,1]hept-3-ene.2 carboxylic acid

.




OOH

S0,C sHX

[ ]
a value of 2.8 was obtained(14). Also a p value of 1.5 was
obtained for the tertiary butoxide promoted EZ2 reaction
(with a carbanion like transition state) of 8-phenoxyethyl

.
chlorides(15).

In prder to obtain an estimagp of the inductive
and field effects, of the substituents on the rate of
exchange at the benzylic carbon of the esters the following

amides were prepared.

o
PhCH,SON-Ph

G
'PhCH,SO,N -@NO, : BN
\

* v "

Using these amides as substrales exchange via an

elimination-addition mechanism seems extremely unlikely.

59



The rates of exchange of these amides, at 50° with triethyl-

amine 1n DME containing 20% of deuterium oxide, were measured.

These results gave a p value of 1.8. As a case Ain which
there is little doubt that the exchange is occurring via a
carbanion gives a p value of 1.8, the value of 1.9 found
for the exchange in the sulphonate esters 1s reasonable for
a carbanion mechanism.

. These p velues of ~2 found for the exchange and
elimination reactions are much 1e§s than the p~ value of
4,04 foupd by Douglae.and Williams(16) in the elimination of

phenols frem phenyl N-methylaminosulphonates,

)

Ka ’ k ) '
MeNHSO,0ArX _—_—»MeﬁsozoArx ~—= MeN=50, + TOArX

) | -

where the weakening of the bond between the sulphur aﬂﬁ

the leaving group. 1s involved in the, rate detg¥mining .
process.. Agein this is.consistent with ng weakening of thehw
bond between the-sulbhur and the group ;hich subsequently
leaves in the sulphonate esters. a

It is interesting- 'to note that the correlation

for the exchange and elimination reactions in the Sulphonate

58



esters decreaSes from 0.997 to 0.989 when ¢7, instead of
dpn, 1s used for the para chloro, nitro and acetyl
substituents. This observation implies that the negative
charge in the transition steate cannot be on the oxygen of.
the phenol moiety. If the negative cha;gé were on this
oxygen the rates should correlate beffgr with o~ (o~ 1is
defined using the lonisation of phenols as th? standard )
reaction) as is thenéase with phenyi_y—methylaminosulbhonates
where a correlation coefficfent of 0.9996 is obtained with o¢~.

Although resonance stabiliséﬁ}on of the negative
charge .on tﬁé phénolic oxygen has no apparent effect on
the rate of the reactions it should determine the leaving °*
ability of the phegoxide. The more stable the phenoxide .
the easier 1% should depart. This explains the observation.
thgt 3=trifluoromethyl 4-nitrophenyl phenylmethanesulphonate
(o0 = 1.25) forms the carbanion more readily than 2-chloro
l-nitrobhenyl phenylmethanesulphonate(oc = 1.09)Abut the
former favours‘exchange and fhe latter elimination in
accordance with the stability of the pﬁenoxides(pKa of
3-trifluoromethyl U-nitrophenol 15 6.36; pKa of 2-chloro
b-nitrophenol is 5.45, see table XI): _ .

‘The elimination-ad;ition process as a sourge‘of
deuterium lncorporatlion in the esters was further'discounted
by the followihg'oﬁsefvations: )

For the exchange of the esters to occur by this

process the phenoxide must be reacting with the sulphene
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much faster than it iggtrapped by the deuterium oxide
(k_zf-OArX][Et3§D]§k3[DZO]). However when phenylsulphene
Qas generated from phenylmethanesulphonyl chloride and
triethylamine in the pre;ence of an equimolar quantity of.
triethylammonium 4-nitrophenoxide, at approximately the
same concentration as used in the exchange experiments,
in s% aqu’gous DME, only 2% of ‘Fhe crude 4-nitrophenyl
pheqylmethaﬁes&éphonate was produced. Similarly an atteﬁpt
to trap pheﬁylsulphene, generated as above, with triethyl-
ammonium‘u-me;£oxyphenoxide failed. fhesé results agree
with the deduc£ioﬁs of Leé&(2) that phenylsu&phen; is not
involved in the exchange of the benzylic protons of phenyl:
phenylmethanesulphonate. .

The source of the small amount of u-nitroﬁhenyl

4 -~
phenylmethanesulphonate will be discussed in a later section.

(vi) Correlation of the Rate Constant for Carbanion Formation

with the Chemical Shift of the Benzylic Protons in the pmr

’,

If, as already deduced, the rates of elimination

and the rates of exchange are measures of the rate of removal
3. '
of the benzylic proton it is reasonable to expect that this

rate is a°func;ion of the electrong%ativity‘of the group.
' - \

attached to the benzylic carbon.. It is known that the
. ’ -

electronegativity of a group can often be estimated from the

» chemical shift of the prfgton on the carfon to which it is \
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FIG 5

- L

Correlation Between the Rate Constants for
Carbanion Formation and the Chemical Shift

of the Benzylic.Protons

[ A A

4.y 4.6 4.8
Chemical Shift(6§)/ppm
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attached(17). -Thus the rate of carbanion formation, gé

-

measured by the rates of exchange and elimination, might
correlate with the chemical shift of the benzylic protons. ,
Table IV shows tﬂe proton chemical shift, relative to
T.M.S. in CDClé,and the rate of carbanion fdrmation deduced
from the exchgnge or elimination rates measure% at 20°
for a series of compounds with the formuIS'XSOZCHZCSHS-
The results are displayed graphically in Fig 5. The
correlation ié goo@ (r=d.997).éxcept for X_=CF3
and X=3,u-§N02)2C6H30.__psing all the pesults a cd$relation
coefficient(r) of 0.983 is obtained from the least squares
analysis. . ' C e
This reasonable correlation confirms the deduction that R

the rate of elimination is indeed governed solely by the

. 3 ~
rate of removal of the benzylic proton.

~,

-

(vii) The Effect of Substitutents in 2,4-Dinitrophenyl

Phenylmethanesulphongte on.the Rate of Elimination

“AAnother probe into* the nature of the &limination

reaction is the effect of substituents, in the phenyl ring"

-

'3

atta%hed to the carbon, on the rate of elimination. To

1 -

determine this a series of suitable substrates were prepared
9 ¢ >

by treating substitued phenylmethanesulphonyl chlorides
* ' 4

with base in the presence of 2,4~dinitrophenol. The series
of esters so prepared were treated with 0.2 M.pyridine in
20% aqueous DME at ZOO; The rate of phenoxide release was

<

.
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foilowed by mcdhitoring the increase in the absorbance, with

time, at 405 nm. The results are not a true measure of the
L J

rate of sulphefe formation since the hydrolysis, in some
cases, 1s also occurring by a non-sulphene route. .
. L] s

Any phenylmethanesulphonic acid formed in this -

4

reaction via a sulphene mechanism should be monodeuterated

-at .the benzylic position(7,9) when the reaction 'is’

. conducted in the presence of excess deuterium oxide..
. . )

However the phenylmethanesulphonyl chloride, obtained from

thé phenylmethanesulphonic acid, was found to consist of both
- LY “ i .
. monodedterated and undeuterated products. This undeuterated

acid could be formed by'either of the routes found,by‘Maczbll

-

(18) in the pyridine catalysed methanolysis of 2,u—dinftro- .

» .
phenyl toluene-p~-sulphonate as neif&er l'eads to exchange.

Since both these routes are first order in base and eéter;
’ -
assuming that one or both of these routes give rise to the

undeuterated material, the rate constant for the hydrolysis
via the sulphene route can be obtained by multipiyil the ,

observed rate constant for 2,4-dinitrophenoxide release by

- [}

Q * ~
the fraction of. the Rydrolysis going by the sulphene route.
' This fraction, determined from the mass spectra of the ;

phenylmethanesulphonyl chlonides derived from the reactionsg «

conducted in the presence of deuteriamwoxide, is shown in
v

- o

" txble V. o T ‘ - .
The correction is only significant for the less
reacttveé esters, Z(U;dihitrophenyi phenylmethaﬂesulphonate

-

and 2,4-dinitrophenyl 3-chlorophenylmethéﬁesulphonate. In




- | N
- the case of the moré reactive esters all thé hydrolysis -
appears to take place via a sulphene mechanism. These
corrected rate constants, their logarithms and ﬁhe o~ values
for the esters are shown in table VI. The Hamﬁett coxrel- _ ST

ation of these results is shown in Fig 6. The least squares
e _ -

~—

analysis of the data gives a p . of 2.38%0.04 and a correl-—

ation coefficient of 0.9995.

“~

>

The rates of elimination from the. three less

“

reactive ®sters,- using triethylamine rath than pyridine,
¥

~ were also measured. These results afzfshown in table VII
and dlsplang in Flg 7 A least squares apalysls of .the

data gave a p~ value of 2.7:0.2.
) The Eositive p- values of 2.4 ‘and 2.7 are consist-

ent with an incredse in the negative charge in the formation

of the transition state of the rate determing step. The R
t A o "

better correlation with o (0. 995) than with c .(0.9389) -
e

1nd1cates that the charge is rescnance stablllsed. Thls is™
K] ©

consistent w1th the Qharge belng on the carbon ad]acent o -

the phenyl ring bearlng rhe substleuengs.' The p~ value .

‘. " is higher when the s%ronger bas€ is Used to promote the elim-
¢

. .  lination reaction. Thls contradlcts the Swaln-Thornton rules

2
(19) which are obeyed in many £2 ellmlnatxonS(?O) However

o Y

the published llterature ygelds two examples of 1rreversibie-,

.

4

Elcb reactions in whlch p 1ncd$ases with 1ncrea51ng base .
» . ‘ L4
' strength. For example in. the irrevérs1ble Elcb'ellmlnatlon

0

from aryl carbamoyl chlorides, ghé; N N-dimethyl 4-bromo-

" aniline(pKa=z=4. 23) is used as the base p.=, 0.86 4nd when
« o : ’

PRR
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Hammett Correlation for -the Reaction ©of Pyridine

~with 2,u4-Dinitrophenyl Arylmethanesulphonates
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FIG 7

Co}reiafion\for the Reaction of Triethylamine

2,4=-Dinitrophenyl Arylmethanesulphonates
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N,N-dimethylaniline(pKa=5.07) is used as ‘the 'base p = 2,7(21).
Also in the irreversible Elcb elimination from prsubstitutea
phenyl 8-chlo£oethylsulphones with tertiary amines in aceton-
.}trile the same effect 1is observéd(??), see table VIII.

The p~ values of 2.4 and 2.7 for the rate deter-,

mining formation of the carbanion can be compared to the p
of 4.0 obtained by Stfie;weiser(23) for the exchange of'
substituted toluenes with lithium cyclohexaﬁiﬁe in cyclo-
hexamine at 506 and the p~ value of 2.4 obtained by Lee(2)

for the "Elcb like" dehydrohilogenation of phenylmethane-

.J'i )0 sulphonyl chloride.

a

. /

(¢) "The Mechanism of Base Catalysed l,2-Eliminations from

4-Nitrophenyl Phenylmethanesulphonates

In extending the studies of Singh{3) the reversibi-

1 ) .
lity.pf the carbanior formation was confirmed by recovering
exchanged, 4-nitrophenyl phenylmethanesulphonate from the
reaction'of‘tﬁe ester with triethylamine in DME containing.__

20% of deuterium oxide at 20°. The ratef/of exchange

’ 2 =1 =1

(2.48 x,10"° M™" s™%, see table II) is much €aster than the

rate of 4-nitrophenoxide release(8.1 x 10”" ﬂTllé.l) found

by Singh in DME containing 2.2 M'water at 45°. These -
observations are consistent with the reversible Elcb
: : ) * - -4

mechanism and as such the rate of phenoxide rélease should

quw an inverse déﬁendence on the conjugate acid of the

basg(see introduction). T o . .
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Substituent Effect in the Reéétion of

XArSOpCHCHpCl with the Amines in CH3CN at-50°

-

Bt B

Bases pKa .PT ‘r§
NEt 3 19.0 ' 1,81 0.991
Et ,N(CH,CH,0H) 17.9 1.75 0. 4oy
. 1.76 0.995
- EtN(CH,CH,0H), 16.9 1.72 0.995
. ) . 1.73 ‘ o.9gu
o T . ‘ N
N(CH,CH,OH).. 15.3 . Y 1.65 0.982
277273 1 ' 0.989

.64

X:CH,0, CH4, H and Cl. .
+Th§se values were calculated from _the method of
least square. ,
§Coefficlent of correlation.

- h_
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PR S

Rate = e
k_lfBH ] . .
L]
modifying this equation
¢ ) -

STt o T "'"‘““'_E kK Kﬁﬁé[Rx][oH ] ™

Rate = o
i k K

el W -

v

T »
l. This last équation indicates that for a reversible Elcb

‘mechanism the rate of the elimination should be first orderil;“\~-“‘

in the substrate and the hydroxide lon concéhtratidns and

independent of the trieé&xlaminE‘concentratiqn. In other

words a reverSip;e”Eieb'feaction should be specific base

&

catalysed.

” -~

(1) Specific Base Catalysis in the Elimination from

., @ U-Nitrophenyl b-litrqghenylmethanesulphonate .o

N u -Nitrophenyl h—nitropheny1methanesu1phonate was //
cﬁosen for this investigation since, from the results of
Singh(3), it had the largest rate constant of the esters
that werd available‘and was thus more aonvenient for the .
maﬁy rate measurements required for thisfanalysis. ,

*4-Nitrophenyl 4-nitrophenylmethanesulphonate was
treated with different concentrations of trieehylamine in
20% aqueoue.be The pH of the solutions was maintained at-
. 9.40 by using triethylahmonium chlofide. The ionic strengtb

. was maintained at 0.05 M by the use of tetraethylammonium E

"




Pt o

~* The results are shown in table IX ‘and are displayed in’

.
-

chloride. The ester was dpjected into these solutions agf
TN
the rate of u-nitrophgnoxide release was determined by

following the i.ncre‘asle in absorbance \M_OS nm with time.

Fig 8. A least squares analysis of the data gaﬁg’a line with

slope 2.7 x 107" M # s 'and an intercept(k) of 1.08 x 107* 7'
. . s . . 7 .

As can be seen from Fig. 8, within. experimental error, the

rate remalns constant ‘as the trlethylamlne concentration

varies. This observatton plus the observation that as the .

.PH'increases so does the rate (pH = 9.9, k = 3,1 x 10~ ' s7',

P

ionic strength 0. OOE’M)’confirms specific base catalysis.

Now shat id#e dependence of the reaction on pH had

A

been establlshedmfi was deemed necessary to repeat the

"Hammett" corpefétlon of the rate of phenoxide release from
Y- nltfopﬁenyl phenylmethanesulphonates carried out by Singh

[
L (3) but now using a buffered system.

Y B . ' -
R-: L ~

. (ii) The Effect of Substituents in.4-Nitrophenyl

Phenylmethanesulphonate on the Rate of the Specific

~ Base Catalysed Elimination . '

The U-nitrophenyl phenylmethanesulphonates, subs-
2 f
tituyted on-the phenyl attached to the methylene, available
N . . 2 i .
from the .work of Singh, were treated with triethylamine in

20% aqueous DME, the pH Keing maihthined at 9.39"with tri-
' *
ethylammonium chloride. The ionic strength was maintained
\

at 0.05 M u51ng tefraethylammonlum chlorlde. rate of the
u.v

appearance of u- n1trophénox1de was followed

. ° N . - ¢
.

. spectro-

4
»-
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Goncentration/10"

TABLE

X\

/

. The Pseudo’ First Order Rate'Constants

for the Triethylamine Promoted Elimination from\

P

Solvent

LY .

* 4-Nitrophenyl u-Nitrgphenylmethanesulphonat

20% aqueous DMﬁ

Ester concentration:

Temperature:

pH: 9.

4o

20

~ Ionic strength:

)

Triethyiémine*,

‘M

+

0.

0.

1

aqueous DME, see appendix II.

‘ .
/

a

|\

K

-— Y

4 x 10°° M

Rate Cogstant
.k/10-" s~!

1.10
1.08
1.37

1.18

-

*Corrected . using a 'pKa' for triethylamine of 8.43 in 20%

75



W Toa\mzm“pn: . ‘ |

01 8 . g, - : 0

r~ v L] . ot | v

i
(7o}
—

\/X\

wvmconaA:mwm“swmew>cwcaogpﬁzux TAuaydoJdiIN-4 Y3iIm

auTWPTAY1atTd], JO UOTIDEaY @yl ul stsATeie) aseg orjyroadg

13
.
.

-

[
N




scopy. The rate constants so dbtained are listed on table-

X along with the ¢~ values for the esterg. The correlation
with o= 1is displayed in Fig 9. A least squares analysils of
the data gave a o~ of 0.54:0.04 with a cdnyelation-coeffi—'
cient of 0.392. A .

:The better correlation~u§th 0~ than with %
(correlation coefficient winh on = 0.917) 1naif?tes that

there 1s resonance stabllisation of the formiﬁg negative’

charge at the\benzylic position by the substituents on the

adf%cent phenyl ring. The low pqsitivé p~ value is consis-

tent with the rate expression dq£1ved at the beginning of this
A\
section. The p~ value is the 'sum of the p~ for the equili-

brium constant(K = k;/k_,) for the formation of thé ‘carbanion,’
: - bt
which will be positive and the p~ value for the rate constant
. < .

(k,) for the formation of the sg!phene form the carbanion,
-
whieh will be negative. The net positive vafne reflegts

the greater "sensitivity to the substituents of the equili-

L

brium constant.
‘~ N . - . ! - )
- - ‘?" i . N
. . Y
(11i) The Absence of Reversible Sulphene Formation

The general equation for the, reversible sulpnéne

formation 15 as shown below

s

=

. 1

. . +

B-+‘PCH28020AP }_{__"" Ar‘CH-SO2 + BHY + ~0Ar
. —l .

kz‘ H_O

) ' " ArCH,SO.H | )

% - -
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. \\ :
- - Applying the steady state assumption to the con-
o N centratioh of sulphene, the rate of the elimination is
. ' - . .

given by

klkz[B][AfCH§§;3Ar]
k_,[~OAr1[BH*] + k_

k=l

Rate =

'y

-

Since the rate measurements show that the exéhange

i1s much faster than the formation of products k_,[‘OAn&tﬁh*]

~
-

>k, and

klkZEB][APCH2303Ar] . 5

Rate =
k_,[~0Ar][BH*'] ,

_ This equation'necessitates'a decrease in the rate .

-

of the elimination, in buffered solution, as the reaction

proceeds, because. [TOAr] is steadily increaéingf’ Héwpver

. .
this behaviour was not observed, the kinetic megsunements

\ [ Ay

giving good straight lines to 90% reaction.

"

[] ~

(d) The Mechanism of Base Catalysed Elimination from

u-Nitro‘é-Chlorgphenyl\Ehen;lmethaneaulghonate
. ~_

As discussed in section (b), whether these esters
exchange or eliminate dependé_upon ihe pKa of tﬁe conjugate
acid of the phenoxide being released. .This relationship
1s shown in table XI. From the table 1t appears’ that U-nitro

¢ 2-chlorophenyl phenylmethanesulphonate 1is'1in the border

s
- [N




+ -~

]

TABLE XI
The Relationship Between pKa of the Phenol

- and Reaction Mode of the Ester

e y

PHENOL ' pKa Ref
3-NO2?hehol 8.28 ) 24 Exchange
4-CNPhenol , 7.97 25 only |
_ ‘ 'Exchange
‘u NOzPhenoL 7.15 24 and
- _NO Sulphene
3 CFS,H NOzPhenol 6.36 2§ Formation -
2-C1,U-N02Phenol ‘ S5.45 .27
. 3,14—.(NOZ)2P}}enol §.37 28 Sulphene
Formation
2-N02,R-CH300Phenol 5.09 29 only
az;ua(NOz)zPhenol 4,07 29 '
. . »

D
r.‘l. :
- S

.

.'~:= . ".
Above fiKa 7.9 only the exchange of the ester was

v -

observed.

>

was observed. . N
J :
:‘\ - .

'Beiow pKa 5.4 only the formétion of phenylsulphene

*

.,
®
' 3



- region between exchange and eliminatioﬁf\\Asguming an Elcbd
process 1is occurrihg,_in this case k2=k_l[BH+] and as a

result of this balamce an increage in [BH'] should increase

k_l[BH+] over k2 with an dbéervable incrgase in the rate of

exchange. Also in a cage where k2=k_l[BH+] the rate of the

K — ¢

elimination should be in-accordanee with the following

"// equation _ : .
*

k,k,[RX][B], o
Rate = T (see section (a))
k_y[BH 1 + Xk,

s
-

Hence an increase in EBH'] should reduce the rate

of phenoxide release:

' | }

(i) The Effect of'Triethylammonﬂﬁm Chloride on the '

Rate of Exchange of #-Nitro 2-Chlorophenyl Phenyl

methanesulphonate

When u4-nitro. 2-chlorophenyl phenylmethaﬁesul-
phonate’was recovered-from the incomplete reaction of the
ester with triethylamine in DME containing 20% of deuterium,

oxide no exchange of. the benzylic protons was observed.

et

Hoyevér when the experiment was repeated in the presence of
0.07 M triethyla%?onium chloride the ester recovered after
70% reaction was 20% deuterated in the benzylic position.

This is consistent with the Elcb mechaniém://’/
. ]

. | - 4



Q

(ii) The Effect of Triethylammonium Chloride on the

s Rate of thg Elimination Qﬁeaction

~ -

' The rate of phenoxide release, when 4-nitro
Z-éhlorophenyl Shenylmethanesulphonate was tneated‘éifh
triethylamine in 20% aqueous DME in the presence of different
concentrations of triethylammonium chloride at a constant
ionic strength of 0.1 M, was measured. The results are shown.

in table XII. From this table the depreséion bf -the obséfvgq

second order 'rate constant' (kcbs/[Et3N]) as the triethyl-

. . - —
ammonium ion.concentratiop was increased is immediately , -
- T =
apparent. . ) il
This effect should follow the equation below,
derived from the equation on p82. A
. /—a /‘
kops A~
[Et,N] AC2)[BH }7¥ 1 ~.
' e
"A(1) and A(2) are the constants k, énd’kli/kz.
A non-linear least squares fit of the data to the-above
equation gave k; = 0.16 + 0.01 M™' ™' ‘and k_;/k, = 14 + 2 M.
. - ) . o ,_}‘C‘(—V"-
L -
. - - ~
' s J i -
LA . 3 .
»
) ) )
Y



~-m.um\~*mzmpmu\mnoxv

o ..

17 xtpusdde @ag ‘JWg snoanbe wom

utr auTtuwerAyiatal aoj gh*'g jo ,exd, e Bursn paisnipe mcoﬂpmppcoocooq

80°0
010
0T 0
AR
AR
AR
ST°0
ST°0

h° g€t
$°Le
T.2¢
9° Lt
0°6¢C
28’6
h*h
96" h

L

_8,_0T/8q0%

)

Th*t . 6§

zzon’ - 8§°g

¢ SL*€ §2°2
9h°z ® 4T¢

08 .1 . 9€° 2

95T "8 0

66°0 L6°0

' 0 - gero

o

€ H ~iné
W01/ [,HN"33] W, 0T/ EN"33]
W 1'0 :yiBuaals o1uo]
ot'0 * o.qm :aanyeaadus]
dWg snoenbe ¢z :juaatog

apeuoydinsaupylawtiusayd TAU3aYdOJITN-h OQOﬁcoumxvchu

UOTIRUTWITI Pa10WOJd SUTWETAYISTJL 94l JOJ SIUBIEUO) 31®Y IPPIQ

384T Opnasd 9yl Uo UOTIE) untuowweTAY3iaTda] a3yl 3Jo 309333 3L

g -

.

IIX 319Vl

t o




i

s

(iii) The Absence of Reversible Sulpﬂ!he Formation

Directly from the Ester

The.aﬂ;lysis on pages 77 and 80 can also be
applied to the reaction of 4-nitro 2-chlorophenyl phenyl-
mefhanesulphonéte with base. Ih the region where the rate
of the eliminationldepends upon [BH+], the rate. of the
reaction should decrease as the reaction proceeds. Again

this behaviour was not observed. 3 . ////
N .
~~

A study of the exchange.rates confirms the

absence of the reversible sulphene formation mechanism.

If the reversible sulphene mechanism was the source of sgt/ﬂdz__\\

exXchange the rate of the exchange would be governed by

the following equation

- -

kl[ApCH SO OAr](B]

Rate = > > agnpen
1 + k,/(k_3[BH 1[T0Ar])

(for_assigament of rate
c¢dnstants see p.77)

From this equation the rate of exchange is
dependent on the product of EBH+J and'[-OA;]. Thus if the
concentration'of ~OAr is doubled, under cenditions where the
reaction is dependent on [BH ], the k I[BH 1L 0Ar] term
should have a 51gn1flcant effect on the rate. 'Three-j‘ B S
experiments were conducted to test this theory.

The ester(6 x 10~° M) was treated with triethylamine



(4. 9~x 10’2 M) and ttkethylammonium chloride(7.1 x 10'2‘M),
the absence of 2-chloro h-nitrophenoxide, in the presence

of % x 10-° M phenoxide and in the presence of 6°'x 107 M

phenoxide over a period of 1.72 min. The amount of exchange -

was measured by mass specfroscopy. The results are shown
in tableiXIII.

- " 'It can be,seen'that'the rate of exchange 1is
g;mggg constant. The variation of the amount of exchange

from 22% to 26% when the concentration of the phenoxide is

" at least daubled is not consistent with the reversible sul- -

phene‘mechanism. The smalI,upwardvdrift of the amount of
exchange may be assigned to the reversibiligy of the
formatlion of phenylsulphege from the carbanion, as 1is

discussed in the follewing section.

-

(e) The Reversibility of the FormationdJof Phenylsulphene

from the Carbanion

The assumption that the formation of the phenylsulphene
from the carbanion is substantlally irreversible has been
made in all the analyses of the data 80 far presented. >,
However as. the esters were prepared by the trapping of

the sulphene by the phenoxides, albeit 1n a different

' solvent medium, 1t is obvious that the assumption may not

be' VBlid under all J!Hbitiqps. - .

To test th range of validity of this assumption a8
few experiments, testing the abillity of the phenoxide to

86
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~ s 88’
trap the phenylsulpﬁene, in 20% aqueous DME, were condu&ted.
‘Phenylsulppene was géneréted from~phenylﬁethanesulphonyl
chloride and -base in 20% aqueous)}DME in fhg presence of
phenoxgges. The results are summarised in table XIV.
From‘this table it can be seen that, at concentr-
ations close to those used in the measurement:of the exchange
rates(5 x 107° M), there is a small amount of phenylsulphene
trapping by the u-ni%fophenoxide.‘iThus the assumption‘
in this case i§\oﬁly an approximation but the error is
within the error of tﬁe experiment. The assumption is’
certainly ;alid for the measurements of the éliminatign
rates wﬁere the condeqpratiohs of the esters were
approximéfely 5 x 10°° M

A Y

\
The results, ‘when 2-chloro 4-nitrophenol was

* M'a small amount of trapping

used indicate that at 5-x 107
of the'phenylsulphene(s%i by the phenol might occur. This
could explain the.small increase in the amount of exchapge

of 2-chlorc 4-nitrophenyl phenylmethanesulphonate as the |
phenoxide concentration was i;creased(see p. 87 , table XIII). '
Again the effect of thé phenoxide on the rate of the
eli&inéﬂ?onefwou}ﬁﬁbg negligible since these determinations
were’ conducted at an ester'conggntration of approximately

5 x 207 M. o

“
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* The %bsence of the ester in the‘experiment with.
4-methoxyphenol demonstrates that the trapping of the
phenylsulphene by this phenol does not occur under the
conditions of the exch;nge exper%gsnts. Hence none of the
exchange detected with 4-methoxyphenyl phenylmethane-
sulphonate derives from a ‘Frapping of the phenylsulphene.

<

(f) The Mechanism of Phenylsulphene Formation from

D,
Phenylmethanesulphonyl Chlorides and Their Esters

All the experimental evidence gleaned in this study
of the elimination and .exchange reactions ‘of phenyl
phenylmethanesulphonates can be adequately rationalised

by the follow1ng model, an Eleb mechanlsm,

k .
. B + ArCH,S0,0Ar — ArCHS0,0Ar + BH'
k B
. ) ’ -1

ArCHSO OAp—Z-—'Arcn S0, + ~OAr
k_,

H20
ArCH= 802.44——————-ArCH
4 . k3

2SO3H

in which[k_zf'OAr]‘}s smaller than k, under the conditions
used. The differing behaviour of the esters is a result
of the increase in kz/k_l[BH+] as the phenoxide ‘becomes a

better leaving groypg. .
<> €

It is important to compare my deductions and results

with the recently pubiighed papers of Williams et al



)y

o
P -

concerning his concurrent studies+of the reaction of base

with aryl pherylimethanesulphonates(30,31). My results and
cdnclusions agree with those éf Williams pub1i§hed in the
first paper(30). Hpﬁever in the second paper(Bf) Williams
deduced that, with phenylmethanesulphonate esters of phenols .
with a pKa:of less than 6, if the carbanion is formed
during the alkaline hydrolysis it would have an estimatedq .
lifetime of less than the vibration time of the S-0OAr boﬁd..
This prompts these workers to conclude that, with thes;
esters, carbanions do not exist as identifiable speéies
and thus according to this criterion the reaction‘is a
concerted E2 reaction.

If one accepts that Williams' linear correlation. of °
the réte.df unimolecular carbanion decomposition with the
pKa of the phenbl can be extrapolated into the region of the
vibration limit, a model to fit my data and that of Williams °
'_.must be foUhd. Such a model is one in which the tranéition

state is that expected for carbanion formation -but this

transition state fragments without forming an intermediate

- . s
carbanion. We ‘have progressed smoothfy from an irreversible

El?P reaction to a second order single step elimination in
which the bond to the group that subsequently'leaves is intact
in the trgﬁsitiqn state. This type of reaction ﬁo longer

fits into the generally §ccepted class of E2 feae;ibns,

members of which are envisaged as having a weakerned bond

to "FRe eaving group in the transition state.

* -
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It is informative to compare my results with thoge an
of Lee(2) for the base cataiysed eliminations from phenyl- b
&»
methanesulphonyl chloride. The rate constant for the pyridine :

promoted dehydrochlorination of phénylmethanesulphenyl chloride

k]

" at 2Q° in 1% aqueous DME is 7 x 10™* M7! §”!.a"value which .

is close to the value of 6.60 x 10~ ° M~ ' s7) measured at 20%

in 20§ aqueous.DME, found for the rate constant for'the
‘pyridine promoted éliminétion from.z:u-d;nifropﬁenyl ﬁhengl-
.methanesulphongte. It seems likely that this small rate
increase can be explained by greate£ stabilisation of the ~ .
transition state by the inductive'and field effects of the'

chlorine rather than a lowerihg of the transition state

energy by a weakening of the bond to-the léaving group.’

The correlatioh of the chemical shift of the
/

\ o '
methylene protons in phenylmethanesulphonyl compounds - N
: . .
with the kinetic acidity in their preactions with triethylamine

3

(see p.62 ) enables one to predict the inductive-and fieldd

(f_sffrcté of tﬁe chlorine ;n'phenylmethaﬁésulphOnyl chioride
.r . . .
on this acidity. The chemical shift of the benzylic protons

" of phénylmethgnesulphonyl chloride is 4.u489 ppm which corr-

-1

esponds to a rate constant of 20 ﬁfl s~ for its' reaction

with triethylamine. This rate constant is 8.5 times greater
' ~ - i ! .0 g ) ‘-‘ s ‘ g ) ’
than that found for the triethylamine promoted elimination-

¢ from 2,u-dini'trophenyl' phenylmethanesulphon,até. If a' similar

enhancement of the rate jonstant is found iy the pyridine
N - .

’

promoted é;iminatibhs a rate constant of 5.6 x 107" M™! g7*,

a ’ .

e
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8.5 times thmt fouhd for the pyridine promoted elimination .
from 2,k-dinitropheqyl phenylmethanesulphonate, is predicted.

! found .

This is very close to tz;~value of 7 x 10" M ! s
by Lee for the dehydrochlorination of phenylmethanesulphonyl
Ehlorlde by pyrldlne Thus it seems that it is not nec—..” .
essary to 1nvoke a weakening of~the bond to the group that
‘subsequently leaves to explain the rate of the base

promoted dehydrochlorination of phenylmethanesulphoﬁyl
. chlorlde - . B ’f

-

Further coqgarlson of the resulté‘obtalned by Lee(2)

reveals that the same p~ value .of 2.4 is found for the = - < —

T “'**pyr‘mné promoted mmmyx
phenylmethanesulphonates and phenylmethanesulphonyl chlorldeg’

[

This implies that ba%h reactions are proceedlng by d. o
/ . .

} . . . 2 3

]

'.ﬁJ——uap@evggg&b- A ' F .
) value increases the poorier the leav1ng grqup(?OL whereas’ i
| ; ‘ " if “the formatlbn of .a caryﬁploq is the r determlnlng sfep
é’ } . in both’ cases,31m1 ar p values m;ght be ESbegted . . X .

.. r
! Thus it seems that the pyrldlne promoted .

8, 5 - ~ e e % e e

— dehydrochiortnatrmrﬂz -

v ) could be proceedigg via an irreversible Elcb mechanism. on
Thi§ conclusdan is antagonistic to King and Lee's . o

1]

deduction®l),that the triethylaminegdehydrochlorination  *
of pheny}methanesurbhdnyltcbloriqe was via-an "Elcb like"

E2 mechanism. , King and Lee baigd their deduction on a
. ’ i .- o
- ' ¢ . B 6

r -
#Solvent effects on p values in ef&m1nat10n reactions are
. usually gmall(ZO). . - .
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difference of 10® between the estimated (by extrapolation of

the rate of exchange of benzyl phenyl sulphoﬁe to ~25%)

" rate of carbanion formation and the measured rate of the

dehydrochlorination(1l,2). Provided the change in base ise

not causing a changé in mechanism, the source of the dlfferlng
~9

conclusions must be 1nac§uracy in the models chosen for &

estimating the rate of carbanxon formation. Inaccuracy in~
é%% models.used for estimating carbapion formation rates

has previuosly led to confusion in determining the-mechanism. :~
of eiiminatio% reactions(32333). ‘ |

. Summar1szng, it is now evident that base promoted '.;
ellmlnatlons from phenylmethanesulphonates of phenols w1th

a pKa of S-uS (the pKa of\2 chloro 4-nitrophenol) or

: ]
gneater occur via a revers1ble Elcb mechanism.’ The esters

——————————a——eé—phene}e~ut%h4a~pKa-of~iéss—than—é—#ﬁrand—petwﬁan1r P

" in which the bond to the leaving group is intact in the

phenylmethanesulphonyl Jhlornde,ellmxnate accnrdlng to qn

}rrevers}ble Elcb mechanlsm or possibly by an E2 mechanlsm

tran31t1on state. The dlstlnct;on between thls new type -

e e - 1

of EZ mechanism and the 1rreverg1b1e Elchb mechanism depends
of ) 5

upon’evidencé'fog the existence of a carbanion which has

’ - ®
a lifetime of less than about 10~ s . 5

9

-

-
.
.
* .
- -

4
)

-

S

' S : ' = ' .
Estimated lifetime of the carbanion formed from 2-Cl,
u-NOzphepyl phenylmethanesulphonate.

‘(*\  S




C. EXPERIMENTAL

> | ‘ . ’ t |

S F S N

Infra red spectra(i.r.) were recorded on a Beckman

IR-10 or IR 20A. Nuclear magnetic resonance spectra(n.m.r.)
were recorded on Varian T-60 and HA-100 instrumentks;
chem;cal shifts were exppessed in parts per million(p.p.m.) -

downfield from tetramethylsilane as ap internal standard.
4 N o T . .

Mass spectra were obtained on a Variah M66 instrument.

Melting polints were determined on a Kofler hot stage, and

are uncorrected. -

1,2-Dimethoxyethane(DME), pyridine and triethylamine
were distilled from calcium hydride. The DME used in

. ) [}
exchange experiments was further purified.by‘distillation

from lithium aluminium hydride. - )
. .

.

(a)_Prepafations

H?ﬁi) The General Method for the Preparation of the Phenyl-

- methanesulphonyl Chlorides

The benzyl halide(0.05 mol) wasstirred in a
solution of anhydrous sodium sulphite(6.3 g, 0.05 mol) in

‘100 ml of water at 70° for several hours, until the mixture

- » ' ) .

o8
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was homsgeneousﬂ The aqueo;;_sdlution was washed three times-
with methylene chloride. The é&ﬁéous layer was evaporated
to dryness under reduced pressure.‘ The residue was dried
over phosphords pentokide ih a_yacuum dessicator.-

The dried solid was suspended in nlethylene

chloride and, whilst stirring, an excess of phosphorus

--apound 80% was usually obtained.

~ sulphonyl chlorides listed below.

pentachloride was -slowly added. The metnylene"éﬁlorldé*“‘"‘”““;”“
was decan;;d onto 1ce and this mixture was stirred.

for about 1 ﬂour. The water layer was removed. The
methyfene chloride was washed three times with kéter, dried
(Mgsou), filtered and the solvent evaporated. A yleld of

S~ §

- Thls procedure was followed for the phenylmethane-

.

3-Nitrophenylmethanesulphonyl Chloride

“SM.p. 98-100"; reported(34) 100-101°
4-Nitrophenylmethanesulphonyl Chloride

M.p. 90-910; repoéied(3u) 89'-90° ) a

F=Chicropheny imethanesulphonyl Chioride ¢

M.p. 90-91°; reported(35) 89-91°

4-Cyanophenylmethanesulphonyl gnlorig§
¢ - o
M.p. 93-95°; reported(2) 90-91

4-Methylphenylmethanesulphonyl Chloride

M.p. 80-81°. The i.r. spgctrum(CH2C12) showed peaks

r




‘at 1600(m), 1370(str) and 1168(str). The n.m.r.(CDClBy
had peaks at 2.40(3H, s), 4.83(2H, s) and 7.30(&H,?Aar‘

;
rd

pattern, 6, = 7.25, &g = 7.35, Jg = 85 BV, = 6).

Anal. Calcd. for 083901025: C, 46.95; H, 4.43; C1, 17.32;
s S, 15.67. FPound: C, 46.90; H, 4.39; Cl1, 17.60, S, 15.63.
‘ ° ) LY
— © " "3=Chlorophenylméthan é§dl§hoﬂy1 Chloride e

p
M. p 73~ 740 The 1i.r. spectrum(CHCl ) showed peaks

. at 1370(str) and ll60(str) The n.m.r. (CDCl ) had peaks at
’ 4.78(2H, s) and 7 30-7.50(4H, multiplet). ‘
Anal. Caled. for C,HcC1,0,S: C, 37.35; H, 2.69; C1,
31.50; 'S, 14.24. Pound:.C, 37.45; H, 2.74; C1, 31.35;
s, 14.27. '

e (11). Pr

1

¥ LV

Honeywell(36). 4-Tolunitrile(11.7 g, 0.1 mol) was brominated

slowly, from a dropping funnel,

3

'3 L X - ‘0

'gddition was complete the rggctants were left for 1 h at
140-150°.' The solid obtained was dissolved in meth&lene
chloride. T#hethylene chloride was washed twice with 2%
sodium bisu phite and then twice with water. The methyiene

|chlor1de was dried(MgSOu), filtered and the solvent eva-
porated. . The yteld‘éf the ‘crude bromide was 1§l§ g (8“5).

. b ]
. R :



Recrystallisation from methylene chloride—petrofgum ether

gave the product with m.p. 113-11u°; reported(33) 114-116°.

o

(1i11i) Preparstion of 3—N!tro 4-Hydroxyacetophenone

The procedure of Brown(38) was followed. The

g

© ©
product had a m.p; 126-128 ; reported(as) 132.5-135 .

N

(iv) Method I for the Preparation of Phenylmethanesul-

phonates from Pﬁenxlmethanesu;ghoqx; Chloride and

the Phenol . .

' Phenylmethanesulphonyl chloride(10.5 mmol) was
dissolved in 30 ml of methylene chloride. This solution
was mixed with a solution o# the phenol(28.8 mmol) and a

’ . little triethylamine ip 30 ml of methyleﬁe chloride. Tri-

98

éthylghine(b mX’) was.poureﬁéinto_fhe mixture. ThHe mixture

was stirred for 30 min. at room temperature and then-poured °
into'IOO ml of water. The layers were sepatated and the
methylene chloride 1ayér was washed with diiute hydrochloric

acid, dilute sodium hydroxide and finally with water. Drylng

(MES0*?—-foi1Uwed—by"evapUrattcn‘Ur*tHE"SEIvent“gava—tnﬁr*

. ester. When the above method was used for the preparation
3-trifluoromethyl 4-nitrophenyl phenylmethanesulphonéte and
Ztchloro 4-nitrophenyl phenylmgthanesulphonate,'séfhrated
sodiulp bicarbonate was used as the basic wash 1nstéad.of.the
dilute sodium hydroxide.

.

The data obtained for the ﬁhenyl phenylmethane-~

AN



sulphonates 1s shown below. N

)
»
-
-

4-Chlorophenyl Phegg;methahesuiphdhate .

Yield 88%. Recrystallisation from methylene chloride- »
pentane gave the ester with m.p. 85-86?; rgported(39} 85-86°.
The 1.r. spectrum(CHZClé) showed peaks at 1500(str), 1390
(m), 1165(str), 880¢str ). —Fhe nim;r;fCﬁCIéf"had peaks at
4.44(2H, s), 6.91-7.36(9H, multiplet).

]

4-Nitro 2-Chlorophenyl Phenxlﬁethanesulphonate

Yield 79%. Recrystalliéation from methylene chloride- -
petroleum ether gave the ester with m.p. 102—10&0. The i.r.
(CH2C12) gave peaks .at 1535(str), 1350(str), 1175(stf);
850(str). The n.m.r.(CDClB) gave peaks at 4.70(2H, s),

_ T7.30(1H, 4, J=9), T.43(5H, s), 8,08(1H, dof d, J = 9, I

J =2.5), 8.31(1H, d, J = 2.5).

13H1C1NOS: C, U7.64;5 H, 3.06;

c1, 10.82; N, 4.27; S, 9.78. Found: C; 47.85; H, 3.02;

Anal. Calecd. far C

cl, 11.03; N, 4.25; s, 9.82. & .

3-Nitrophenyl Phgg&lmethanes%lphOn;te
, Yield 56%. Recrystallisation from chloroform-
petroleum ether gave the ester w2th m.p. 81-83°. ' The 1.r.
(CH,Cl,) had peaks at 1525(str), 1350(str), 1160(str). The
n.m.r.(CDCl3) gave peaks at L4.60(1H, s), 7.38-8.20(85,-mu1—

tiplet). »




| r 100

#nal. Caled. C,;H,;NOSS: C, 53.24; H, 3.78; N, K.78;

S, 10.93. Found: C, 53. > 4.02; N, 4.84; s, 11.22. ]
L3 \-
urNitqo 3—Trif1ﬁorophen1; Phenylmethanesulphonate ~/)

Yield 60%. Recrystallisation from methylene chloride-

——“-~~—w~——;—petro}eum—e%her~g&vem%hé—es%er—w%%h—mvp%—QJ—QSET——¥h6~¥f¥r#»*-"v—vAf
- (CH,C1,) had peaks at 1550(str¥\;i360(str), IZQZ(m), 1170
(str), 920(m)? ' The n.m.r.(CDC13) showed peaks at 4.65(2H, s),

7.25-7.93(8H, multiplet). .

. Anal. Calcd. for C14H10F3NOSS: C, u6.55; H, 2.79; N,
E "3.88; F, 15.79; S, 8.88. Found: C, 46.56; H, 2.89; N, 3.80;

F, 15.99; S, 9.12.

_ l4-Cyanophenyl Phenylmethanesulphonate

o Yield 84%. Recrystallisation from methylene chloride-

o petroleum ether gave the ester with m.p. 113-11&0. The 1i.r.
(CH2C12i showed peaks at éZUT(m), 1625(m), 1505(str), 1400
(s¢r), 1175(str). The n.m.r.(HA 100 1n¢CDC13) showed peaks

system, JAB = 9),

) Anal. Galed. for CluH11N03§: c, 61.53; H, 4.06; N,

5.13; S% 11.73. PFound: C, 61.4%; H, 4.05; N,” 4.97; S, 11.80..

3-Chlorophenyl Phenylmethanesulphonate

Recerystallisation from methylene chloride-petroleum
ether(difficult) gave some crystals with m.p. 57-58°. The

.
AN ]
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‘ i.r. (CH2C12) showed peaks at 1590Cm) lB?O(m), 1380(str),
+1166(str). The n.m.r.(HA 100, CDC]“‘ showed peaks at 4. 50
1(2H, s), 6.92-7.26(LH, multiplet) 7.41(5H, s).
SRR Anal. Calcd. for Cl3H11010 S: C, 55.22; H, 3.92; C1,
, 12.54; S, 11.34., Found: C, 55.%8; H, 3.78; C1, 12.81; S,

©11.38. .

—_—— . .
..

L-Nitrophenyl Phegylmethanesulphbnate

fie;d 67%. Recrystallisation from chloroform-
petroleum'ether gave the ester with m.p. 108-1Q9°; reported
(10) 100°. The f.r. spectrum(CH,Cl,) showed peaks at 1535
. (str), 1355(str), 1160(str). . The n.m.r.(CDC1;), showed
peaks at.4.58(2H, s), 7. 37(5H, s), 7 67(4H, AB pattern,
8, ="6.85, 6, = 8.49, I, =9, av
N

AR AB

— Anal. Cal¢d. for c13ﬁllhoss: C, 53.24; H, 3.78; N, 4.78;

. S, 10.93. Found: C, 53.42; H,83.77; N, 4.76; S, 10.96.

= 4g 2 cps).

4-Methoxyphenyl Phenylmethanesulphonate
“Yield 65%. Recrystallisation from methylene c¢hloride-

petroleum ether gave the ester with m.p. 97-?8v. The 1i.r.

CCH2012) showed peakg at 1505(str5, 1375(m), 1148(str).

The n.m.r.(HA 100, 00013) had peaks at 3.86(3H, s), 4.66(2H
" s), 6.82(2H, A,B, system), 7.03(2H, A,B, system), 7.41(5H,

= ' = ‘ ! =
s). For the A2B2 system Jh 9,_JAA 3, JBB = 2,
Anal Caled. ror Clll 14 uS ? 60.42; H; 5.07; S, 11.52.
Pound: C) 60.53; H, 5.15; S, 11.46. ‘ \

- . -
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- * L3
3-Methoxyphenyl Phenylmethanesulphonate

Recrystallisation from methylene chloride-petroleum
ether gavéQtﬁé ester with m.p. 64-68°. The i.r. spectrum\\\
(CH,C1,) gave peaks at 1610(m), 1490(m), 1370(str), 1120

- {str), - The n.m.r. spect;umLHATlQQ+_QQQl3)v§ggyedﬁpeaks at
3.73(3H, s), 4.47(2H,s), 6.60-6.84(3H, multiplet), 7.17
(lH,’§, J = 8), T.40(5H, s).

Anal. Caled. for C 0,S: C, 60.41; H, 5.07; S, 11.52.

) 1y Hyy
Found: C, 60.45; H, 5.09; S, 11.66.

A

: .
e 4~Nitrophenyl 3-Nitrophenylmethanesulphonate

Yield 59%. Recrystallisation from chloroform gave
the ester with m.p. 141-142°; reported(3) 139-140°.. A

&

-

4-Nitrophenyl u-Nitropgggxlmeﬁhanesulphonate

Yield 89%. Recrystallisation from chioroform gave .
the ester with m.p..147-1u8°; reporteg(B) 148°,

4 4
B N

(V) Method —EI—for—the Preparetion=sf Phenyl Phenyl-

methanesulphonate Esters from Phenylméthanesul-

Ehonyl Chloride and the Phenol

_ The phen01(17 7 mmo1l ) and tributylamine(3 71 g,:
20 mmol) were mixed in 100 ml of ether(some solid remained
‘undissolved). Phenylmethanesulphonyl cﬁioride(o.z g, 1 mmol}
dissolved in 20 ml of ether was added slowly to the well |
stirred mixture of base and phenol. ' After the addition, the

T

’
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mixture was stirred for a further 5 min at room tempéréture.
The reaction ﬁixture was pogred }nto water, then filtered.
The ether layer was washed %;th 6 M hydrochloric acid

(5 times) and with 5% sodium.bicarbonate(3 times). The efher

was dried(MgSOu), filtered and evaporated to yield the

- - - crude-ester— e ~

The a66§é>method was used to prepareithe followé

ing two compounds.
o

4-Acetyl 2-Nitrophényl Phenylmethanesulphonate

Yield 72$f Recrystallisation from methylene chloride-
pentane gave the ester with m.p. 1?0-161°. The i.r.(CHCl3)
showed peaks at 1700(str), 1610(m), 1540(str), 1370(spr),
1250(m), 1170(m). The n.m.r.(CDC1;) showed peaks at §,67 ~
(3#, s), 4.77(2H, s), T.45(5H, s), 7.48(1H, 4, T = 8),
8.13(1H, d of d, J = 8, J = 2), 8.50(1H, d, J = 2).

Ana{. Caled. for ClSHIBNOSS: C, 53.73; H, 3.91; N,
4.18; s, 9.56. Found: C, 53.76; H, 3.88; N, 4.09; S, 9.58.

3,4-Dinl trophep} 1 rhenylmethanesulphonate

Recrystallisation from metyylene cﬂioride-pentane
followed by recrystalliéﬁtion from chldfororm, gave thgQ
ester with.ﬁ.p. 101-102°. fThe i.r.(CHCl3)‘had peaks at
1550(str), 1366(m); 1170(m). The n.mur»(CDC}3) gave peaks
at 4.67(2H, 8), 7.23-7.93(8H, aromatic).
| Anal. Calcd. for Cj3HgN,0;8: C, 46.16; H, 2.98;
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N, 8.28; S, 9.48. Pound: C, 46.15; H, 3.03; N, 8,17}

S, 9.“0.7}/

N

(v1) The General Method for the Preparation of the

Te——
-
—— [y T

a4 B L 3 Dila 3 P = b ¥ 3~ o —_— e -
Z) Se=ULlTlL LIVVIICTIY L TSI Y L OICUVIIAICOUIDTIONaie s -

" The phenyImethanesulphonyl chioride(d mmol) was
dissolef‘}n methylene chloride(20 ml¥ and added to a
solution of 2,M—dinitrophenol(32 mmol) and triethylamine
in 30 ml of methylene chloride. The mixture‘&as stirred
for 30 min at room temperature. The mixture was poured into
100 ml of water. The water layer was removed and the
methlyene chléride_solution was washed three times with
5% sodiﬁm bicarbonate and twice with ﬁater. Drying with

:~j~ww~magﬁeei?m~sa}pha%e;—fﬁ%&eweé—by—evepere%%en—e@~%he—se;ve§;
gave the ester. The ylelds varled between 40% and 80%.

"Ehe esters so prepared are'given below with the relevant

_data.

2, U=Dinitrophenyl i =N1tTOphenyIme t NaNE SUIPNONEt s
,¥leld 3%%. Recrystallisation from methylene chloride-

‘pe?ﬁane gave the egter with m.p. }7h;155°, The 1.r.(CHC13) ,
showed peaks at- 1608(str), 1520(str), 1380(m), 1350(str),
1170(m).. The n.m.r. sﬂowed peaks at 5:h(2n, 8), 7.83-8.96
(7H, multiplet). '

>

Anal. Caled. for C, H(N;OS: C, HO.7l; H, %;3?5 N, 10.96;

S, 8.37. Found: C, 40.78; H, 2.37; N, 10.82; §,"8.52.

- . -
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e

&a

2 M—Dinitrophenyl 3-Chlor4phenx;methanesulphonate

Yield:; 55%. Recrystallisation from chloroform-pentane
gave the ester with m.p. 81-83%. The 1.r.(CHC1;) showed
peaks at 1615(m), 1543(str), 1382(str), 1352(str), 1179(m).
The n.m.r.(CDCl3) showed peaks at 4.83(2H, s), 7.33-7.57

j..-

(4H, .multiplet), 7. 73(1H d, J = 9), 8. 53(1H 4 of ds,

*J=19,J=3), 8. 91(1H, d, J = 3). =

Anal. Calcd. for C13H901N207S C, 41.89; H, 2.43;
N, 7.52;.8, 8.60; Cl, 9.51. Pound: C, 41.84; H, 2.63; N, /
1

7.76; S, 8.64; C1, 9.68. {

-~

X

Z,M-Dinitrophenll M-Qxanobhegylmethanesulphonate

Yield 34%. Recrystallisation from methylene chlqride;

petroleum ether gave the ester with m.p. 156—157 The

0§

I.r. (CHCl37 had peaks at 1607(m), 1581 (str),. 1376(m), 1345
(str), 1168(m). The n.m.r.(CDCl3) had peaks at 5.25(2H, s),
T.45(4H, s), T7.46(1H, a,

J = 9),-8.21(1H,.d-of ds, J-= 9,
J = 3), 8:50(1H, 4, J = 3). <= - T

o

Anal. Calcd. for C, H.N.0.S: C, 46.28; L H, 2.50;N,

11.57; S, 8.83. Found: C, ¥6.25; Hy 2.62; N, 11.69; S, 8.86.

° . &
- ’”

2,4-Dinitrophenyl Phepylmethanesylphonate - <

‘. Yield: 90%. Rgcrystallisationﬂggpm methylane chloride ’

gave the ester with the m.p. 113-114°, teported(S) 111-114.5°.

The n.m.f. was as recorded in the reference. The i.r. showed
6 - - N .

peaks at 1608(m), 1538(str), 1372(str), 13hh(st£),'117qﬁmk%\'“

@

.
v

c



. .

C

2,4-Dinitrophenyl 4-Methylphenylmethanesulphonate
enyl - A ny_met

. ' 106

~

L7 o

’ Yield: 60%. Recrystallisaq}on from c@lorqform—pentane

‘~ggve the ester with myp. 98—100 The 1.r. (CHClé) showegd/ ] b
peaks}it 1610(m), 1540(str), 1375(m), 1350(str), 1170(m), ‘
The n.m.r. (CDCl } showed peaks at 2. M0(3H, s), 4. 72(2H, s), - \

-L—** . —~\$n39(4ﬁ AB systap, buyp %112y Jpg -_91, 7.52(1H, 4, . . -
3 =9y, 8.50(1K, 4 of ds, J - 3% 8:82(1H, 4, J = 3).

Anal Calcd. for ClHHIZNZO’?S C, 97.73,.’}{, 3.43;. N,

7.95; 's,_s.lo; Found: C, 47.92; H, 3.40; N, 8.10; S, 9.02.

o . SIS .

mw-w_r_m__tu__“,' 2,4-DInitrophe 4-Chloro henylmethanesul hoaéte,“ ~
~ Ve

Yield: 66§%. Becrysthllisation from methylene chloride-
. pentane gave the ester ‘with mop 117~ ll .The i.r.(CHCl3) | a
- £ shqwed peaks at 1,61L(m), 5&5(‘5tr), 1380(’m), 1350(str), o’

-

- 1175(m). The n.m.r. aks at 4.73(2H, 3), 7.40(UH,
\——‘)é ‘
8), 7. 63(1H d, J = 97, 8. u5(1H d of ds, J = 3, J = 9),
8.83(1y, d, J = 3). .
. Anal. Calcd. for CI3H901N2078 C, 141 89, H, 2.43; ~/

” * 3
”
)

N TF E5 5”7?17“-I"7?7fr"“Fb Tr—ﬁ1—98—1r~irﬂo, —

v {E/}.393 s, 8.80; Cc1, 9.64. R o
. g . 3 X . )
. ‘ . . SN ; o’

-

2,M—DinitrqphenxL3—Nitrophen}1methanesulp'honate T,

Yield: 75%. Recrystallisat‘lon from chloroform !ave .

' ‘ .( the ester\with m,p. 161& 165 The 1.r.(KBr dtsc) showed
- , .
* ' peaks at 1609(m), 1527(str), 1349(str), 1177(m). The n.m.r. -
, Y -, (d6—acetone) gave peaks at =AI..93(1H, s), 7. 21-8 N3(7H multi- ¢«
) ) .
T . ‘ . , N '
/"_; . ' v .
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plet). R L
. Ana}.yCalcd& for C13 9N3098 c, ho 7& H, 2.37; N,
10.96; s, 8.37. 'Sbund. C, 40.69; H, 2.33; N, 10.88; vl e
s, 8.38, - ’ L | ( -
. ’ s . P

LY

(vi4) The Preparati_gn dgN—Methﬂ.a Phenylmethanesulphon- ¥

anilide < : Coe e
. The procedure of Lee(2) was emﬁld&ed. A crude -
yleld of 83% of the suibhdhan{;ide was obtained. Recry:;

stallisation from methylente chloride—pentane'gave white- .
plates with'm.p. 104-105°7 reported(ul) m.p. 102 10M° .

<

o ° . < )

(viii) The Preparatiqn of Pheqylmethanesulphon-(u_Methx_

i-Nitro)-Anid ) ‘ : ; -

Phér;ylmethanesulp'hon- (N-methyl)-anilide (0.261 g, o .
0.00;’mb1) was dissolved in 15 ml.of acetic~hhhydride at 0’. -
) . : L

Concentrated nitric acid(3 ml) was added whilst stirring and -
< - > g . N

_paintaining the temperature at 0°." The mixture was 'stirred
“at 0° for 140 min afted the completion of the addition. The’
~ . .

. cooling bath -was removed and the mixture was stirred for I
* -]

a further 30 min. The contents of the flask werd poured

.onto ice. The resulting mlxture was warmed on a steam bath

[ 4

to hydrolyse .any remaining acetic‘anhydride. The acid formed '

4

k}
was=ngutralise¢ with potassiﬁg hydroxide. The solution was

éxtracted with methylene dﬁloride. The methylené chloride

was driedxngsou), filtered and evaporated to give ¢.34 g of'

~ o ©



-

o

’ 11 11 X
a yellow oil. . .
yello N

‘(\J\—'

_ The product was placed on a neutral alumina column-
and eluted with methylene chloride. The first fraction was
recrystallised'fr?m methylene'chloriggﬁpentane to glive
yellow crystals witﬁ g m.p. of 128-135°; reported(u2) m.p
140-141°. .The usual yield of the sulphonanillide was ;bout

10%. The i.®. and n.m.r. of the;énil;de were the same as

those of the pheaylmethanesulphon-(N-méthyl 4-nitro)-anilide

- preparedby Harding{#2)= - : - e

Q - | .y

~(b) The Evidéncg for the Presence of Sulphenes in,the

_Reactions of Bases wlith the Sulphonate Esters (:\\
\ N N

(1) The Reaction of ﬂ-Nitrgghenxlmethaneéulghonxl Chlo-
ride with Triethylamine and N-(2-Methyl-1-Propenyl)-

-

Eyrro;id}ne;in Methylene Chloride
4 -N1trophény lmethanesulphonyl=cghloride (0.5 &,

2.1 mmol) was dissolved in 10 ml of methylene chloridéﬁ - A
solution of triethylamine(o 61 g, 6.1 muQl) and N-(2—methy1-
l—propenyl)—pyrrolidipe' in 30 ml of methylene chloride was -
added dropwise, over a period of 26 min,'to the spirre& ‘
sulphonyl chloride at room temperature. After the addition;
with 2'5 hydfochloric acid. The acid layer ;;s allowed to
stand for 2 h to hydrolyse the excess enamine. The solution

was neﬁtralised ﬁith sodium bicarbonate theﬁ extracted

- -

re

$Prepared by the method of Benzing; Angew. Chem. 71,521,(3859).

13

".the solution was allowed to stand for 5 min and then extracted’




with methylene chloride. The methylene chloride was dfied

(Mgsou); filtered ;nd evaporated. Recrystallisation of the

residue from methanol gave‘the adgduct in a 67% yield with

a m.p. of 167-169°. The 4.r. spectrum(CHC13) showed peaks )
at 2980(w), 2810(w), I605(w), 1525(m), 1350(str), 1310(str), .
1155(m) 'and 1100(m). The n.m.r. (CDC13) had peaks at 1.70

(10H, multiplet) 2. 37(QH, multiplet), 3. 1033& 4, JAB“ 10),

e >

5.25(1H, d, J,o = 10), 7.67(2H, AB system, J,p = 9), g. 32

AB
(2H, AB system, JAp™= 9).

. . Anal. Calcd. for 015 2oN0gS: C, 5%. 54; H, 6.21;
N, 8.64; S, 9.88. Found: C, 55.41; H, 6.28; N, 8.58; S,

9.75.° A : ‘9

L

(11) The Reattion of 2,4-Dinitrophenyl B-Nitrophenyl-

.methanesulphonate with Pyridine and N-{2-Methyl-
. ' 1-Propenyl)-Pyrrolidine” in DME . e

The ester(192 mg, 0.5 mmol) was dissolved in
20 ml of DME. This solution was ﬁddegAdropﬁise to azgtirred'
solution of pyridine(5.2 g, 66 mmol) and the en&mine(l1.25 g,
1 mmol) id‘io ml of DME at room temperature over a period’
of. 30 min. The solution was stirred for a further 2 h. An R f
ecessiof 2 M hydrochloric acid was added. Most of the DME
was removed by evaporation unger reduhed pressuré. The
remaining seution was washed with ether. The aqueoua laf;r

_was made basic.with sodium bicarbonate thep extracted with
' ~ methylene'chloride. The methylen# chloride was washed with
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. .

we?er, driedfMgSOu)}_filtered add evapopated giving a‘Fale
yellow solid(181 mg). Recrystallisatian from methanol gave
138 mg (85% yield) of the white adduct .with m.p. of 162—~ ™
167°. The propergies of the‘adduct were identibal.to éhose
of the adduct obtained from e-nitrophehylmethanesulphonyl

-

chloride.

(iii) The Trapping of<u-Nier§hggylsuLphene with N-(2-

Hethyl 1-Propenyl)-Pyrrolidine in 20% Aqueous DME

(1) When the 4-nitrophenylsulphene was generated
from uenitrophenylmethaéeselphon&l.chleride'and‘pyridine.
Pyridine(1.58 g, 20 mmol) and the enamine

(6 g, 48 mmol) were dissolved 1n 100 ml of 20% aqueous DME

. and u-nltro;henylmethanesulphonyl chlorade(so mg, 0.21 mmol)

was added. The - solutlon was left at room temperature for
30 min, acidified w1th dilute hydrochlorlc ‘acid and the DME
was removed by evaporation ‘under reduced pressure. The aqu-
eous residue was washed with ether, made basic with solid
potassium carbonate and extracted with methylene chloride.

The methyléne chloride was dried(MgS0,), filtered and eva-

_pofated to give a brown oil. few drops of methanol were

added to the o0il and the solution was oooled over night.
The cycloadduct(8.3 mg, 0.?2§ mmol, 12%) was obtalned as
white crystals with a:m.p. of 168-1710. THe prope'rties of
the adduct were the same as those of the adduct obtained

when methylene chloride was used as the reaction solvent.




>
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(2) When the W-nitrophenylsulphene was generated
from 2,4-dinitrophenyl u-nitrophenylmethane-
- sﬁlphonate and pyridine
The above procedure was repeated using 2,4-
- din}trophenyl 4-nit;opﬂenylmethanesulphonate(50 mg, 0.13 mmol).
The same cycloaddutt(S mg, 0.0154 mmol, 123) with m.p. 167-

- 169° was obtained in the same yield.
. . < :

(iv) The Reaction of R*gidine with 2,4-Dinitrophenyl
4-Nitrophenylmethanesulphonate in DME coptaining 20% -of

. B 7

.Deuterium Oxide

4 ’ ] 2,4:binitro§£;n§1 u-nitroﬁhenyimé{ﬁaﬁééﬂibﬁéﬁéféh
| (200 mg, 0.52 mmol) was dissolved in a mixture of 120 ml
of DME and 30 ml of deut?fium o#ide. Pyridine (10.35 g,
i‘j";"-"“Iﬁl’mﬁcl) was added and the reaction stirred for 25 m.

"The reaction sclution was evagorafed down to reduce the

- . . volume. The solution was extracted with ‘ether. The ether

. extracts were dried(MgSOu); filtered and evaporated to
gl give'dinitrophenol(loo%). The ﬁqueou% layér was éyapprateg
t o to dryness on a rotoz;pa' The residue was suspended iﬁ
gif methylene éhloride-ana éreated with'excesé phosph&fus .
1§ifu‘ . pentachlori§9‘{;’the normal manne;%\ wOpkrpp gave 4-nitro-
?L ) phenylmgthgaesulphonyl ch;oride(Ql mgy 0.39 mmol, 7“?)._
';; ‘.< The ,product was reérystallised'from.methylene chloride
w?f ' and pentdne. The nmr and the masg spectrum showed éoﬁo-'
,ét ’ deuteration afiége'benzylic ﬁositiqn. | .
e ‘ )

a* : - ' ’
.
4. . . 4
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The 4-nitrdphenylmethanesulphonyl chloride )
~obtained in a second run using the same method as above
was sent for deuterium analysis. It contained IG.?SAatom $

-

excess deuterium.

(v) The Reaction of Triethylamine with 2,4-Dinitro-

phenyl 4-Nitrophenylmethanesulphonate in
" Methylene Chloride ~— ~ T~ T T

2,4-Dinitrophenyl u-nitrophenylmethanesulphonate
(191 mg, 0.5 mmol) was dissolved in methylene chloride.
;t Triethylamine(0.8 g, 0.8 mmo}) was added. The solution
immediately became yellow® The solution was stirred for 1 h
at room temperature. T%e methylene chloride was washed
. twice with 2 M hydrochléric acid, four times with saturated .
bicqpboné&e and twice witﬁ water. The methylene chloride

was dried(MgSO, ), filtered and evaporated to give trans-

Y .
- - 4,4'-dinitrostilbene(63 mg, 93%) with a m.p. of 302-304°. .

Reported(u 3} m.p.'303h30k°.

(vi) The Reactiom of 2,4-Dinitrophenyl Phenylmethane-

‘2‘ X
.

g oS
-
-

. sulphonate with Triethylamine in DME containing

20% of Deuterium Oxide .

S \\\\, Triethylamine(0.313 £, 0.309.mmol, conc2
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3.09 x 10~° M) was weighed into a 100 ml volumetric flask.

Deuterium oxide(2Q ml) was added and the solution was made
to the mark with DME at room temperature. The ester(96 mg,
0.284 mmol, conc® 2.84 x 10-% M) Was added and the mixture
stirred for 1 h. The DME and triethylamine were removed by
evaporation under reduced pressuré. The remaining liquid
was acidified with 3 M hydrochloric acid, washed with ether
and the remaining solvent removed by evaporation uhaer
reduced pressure. The rgsidue was dried over ph&sphé}us B
pentoxide in a vacﬁum dessicator. The white solid obtéiﬂed
was suspended in methylene chloride and éonvqrted to the -
sulphonyl chloride with phosphdru§ pentachioride in the
usual manner(p.96). .
' The n.m.r. showed complete monodeuteration of
the.pheﬁylmetﬁanesulphonyl chloride whereas the mass spectrum .

revealed a trace(~3%) of undeuterated aciﬁ chloride was also

present.

©

(vii) The Reaction of B-Acetyl 2-NitPophenyl Phenylmethane-

sulphonate with Triethylamine in DME containing 20%

. w* ©of Deuterium Oxide , oot ¢

The procedyre for the reaction was"the same as

.that used for the measurement of the exchange rates(p.llh).

Concentration of ester: 6.65 x 10~* M

— Y.

: - Concentratién of triethylamine: 0.0887 M
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The reaction was left for 30 s at 20°, The R
es?ef recovered (14.4 mg, 25%) was shown to contain no
benzylic deuteriums by nmr spectroscopy. The aqueous layer )
fron the.extracfion was evaporated to give a white residue. -
This“residue was suspended in m?thylene chloridé and treated
with phoéphorus pentachloride at room femperature in the
normal manner(p.96 ). The phenylmethanesulbhonyl chloride
so obtained was found to be monodeuteratégxéﬁ\the benzylic
position by nmr spectroscopy.

(¢) The Exchange Kinetigs

,i: (1) The Measurement of the Exchghge Rates of the Methyl-

ene Protons in Phenyl PhenylmethanesulphonatesAgi

Proton Magnetic Resonance Spectroscopy

Triethylamine wgs weighed into a 25 ml volumetric
flask. A little DME was added. Deuterium oxige(5.2 ml) was
injected into the flask. The flask was suspended 1n a |
constant temperature bath, thermostated to 20¥0.12. The

volume of the solution waﬁ made to the mark. The contents
of the volumetric flask were transferred to a 50 ml flask
which was suspended in the bath. The ester(50 mg in 1 ml
of DME) was injected into the solution.. The flask was
swirled and the timer started. After a known period of
time the reaction was quenched with 6 ml of 6 M nitric acid.
Water(approx. 20 ml) was added to the reaétion mixture

and the aqueous.sdlution was extracted with ether, The

-
-



_ether was washed with saturited sodium bicarbonate .and water.
The ester was driedCMgSOu), filtered and evaporated. Tye
ester so obtained &as dissolved in deuterated chloroform

and the n.m.r. was taken.

Integration of the aromatic region of the n.m.r.

spettrum enabled the calculation of the integrand correspond-

-ing ‘to one pnaton.' The difféfence between twice this
integrand(i.e. thé" integrand corresponding to the methylene
group’) and the measured integrand for the methyleng proﬁons
'gave the amount of deuterium incorporation that had occurred.
From thé percéntég; of deuterium incorporgted the rate of
removal(k) of a methylene proton was calculated(see Appen-
dix I). .

For all the measurements the concentration of

deuterium. oxide was 10 M and the tempersdature was 20:0.1°.°

Data for 4-Chlorophenyl Phenylmethanesulphonate

Concentration of the Ester: 6.80 x 107°* M~ e

Concentration of Triethylamine: 0.1999 M

roo.r . .
TIME . ’  Percentage Deuterium k/M7? s
THMIN) - :
40.0 ‘ "39.5 2,1:0,2 x 10-?
: : —

115
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Da;g for‘h-pgangphepg}‘Phenylmethanesulphonate

-

Concentration of the ester: 6.52 x 10-' M

’
Concentration of triethylamine: 0.197 M

TIME Percentage Deuterium k/M-?! s-?
(MIN) -
10.0 58.3 1.5:0.15 x 10—2

Data for h-Nitrgphenx;_Phenylmethanqsulphonéte
.- _'-‘(‘. ) ‘

—~

Concentration of the ester: 6.56 x 10-% M~

Concentration of triethylamine: 0.207 M

: : . S

[ , . Pl i
TIME Percentage Deuterium ) k/M~-! s=1
(MIN) ! ) ..
5.0 ‘ . 43.5 - 2.7t0.3 x 10-2
. * 14
Data for H-Methoxyphenyl Phenylmethanesulphonate v
. 0 \

Concentration of the ester: 6.32 x 10™% M

Concengiation of triethylamine: b.201 M

v (3

TIME - Pércentage Deuterium k/M? st

" TMIN)

2.4 - 61.3 3.820.5 x 107"
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Dyta for 3-Methp§¥phenyl Phenylmethanesulphonate

Concentration of the ester: 6.12 x 10™° M
Concentration of the triethylamine: 0.206 M

&
(-3

TIME Percentage Deuterium kM~ g2
MIN) ' :
24094 - 61.4 6.4:0.7 x 10™*

Data for 3-Trifluoromethyl Y-Nitrophenyl Phenylmethane—

sulphonate ) o

A
Concentration of the ester: 2.85 x 103 M
. Concentration of the ﬁriéthylaJ!ne: 0.090 M

-
: - Q -1 -1
TIME Percentage Deuterium k/M s
HIN) | ~ .
0.5 ) 25.6 - 0.22%0.02
-
Data \far 3;N1trqphen1;ﬁPhegy;methanesulphénate
.o ’ .
y ‘
Concentration e ester: 6.56 x 107* M i
Concentration of the\triethylamine: 0.197 M
TIME Percentage Deuterium kK/M- s~ .~
MIN) — ' , - ,
5.0 k2.0 - 19+2 -
i . ' _ .‘;
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Data for 3-Chlorophenyl Phenylmethanesulphonate

Concentration of the ester: 6.56 x 107° M N

N 7

Conoentration of the triethylamine: 0.280 M

TIME Percentage Deuterium k/M—? s—!
(MIN) P
\}5—31 : 50. 9 2.6%£0.3 x-107°
. \
& . : \:‘}
Concentration of the ester: 6.12 x.107° M ‘ ‘\L ’
Concentration of the triethylamine: 0.207 M - ¥
TIME. g Percentage Deuterium ‘ k/N=! s-?
LT IMIN') P . R ) - - ’
<3230 40.0 - » _ 2.720.3 x 10™°

—.

=

(11) The Medsurement of the Exghange Rates of the Methyl-
. L ]

ene Protons in N-Methyl Phenx;metﬁanesulphonanilideQ

A}

by Proton Magnetic Resonance Spectroscopy

&

- The proéedure was the same as that used for thé-
L~ - -
exchange measurements with the sulphonate esters(p.l1lu).

- Data for Phenxlmethaanulghon-gNLmetgyl1—an111de

e

Temperature: 50:0.1°

N

Concentration of amide: 0.020 M

Concentration of triethylamine: 1.00 M

”~
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TIME ~ Percentage Deuferium “ hat; Constant for \
357 per Methylene . Exchange/Y0-§ M-1 s-—3
350 . 33 ~ * - 2.92
720 - _ 0.8 2.k2
1725 73.2 ' . 2.5k
. . X

, _
Average rate comstant for exchange = 2.6%0.3 x 10-°

M—J S«J

e

: ¢

Data for Phenylmethanesulphon-j’N-methllall-nitro‘)V-an'ilid_e :

-

&

Temperature: 50:0.1°

Concentration of amide: 0.006 M

Concentration of triethylamine: 1.00 M N
TIME Percentagg'Degterium Rate Constant for ,
(MIN) per Methylene Exchange/10™5 M™2 s—31 "
~ o
‘}o 19 7.0
30 R q 28.6 ' , 7.“ )

Average rate conségntlfor exchange = 7.2¢0.2 x 107"
. . s : - : n—l 8—1
log(T72/2.6) *

p ;;}Ye from these results =
. _ 0.78

Thus p =-1.8¢ , (!
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(111) The Technique for the Measurement of the Rate'of

Exchange of the Neggylene Protons .in Phe 33%3 enyl-

- — —

-

methanesulphonates by Mass Spectroscopy

Triethyfﬁmine(9.53’g, 5.24 mmol) was weighed into ~

a 25 ml volumetric flask. Deuterium oxide(5.2 ml) was ggided.

The flask was suspended in a bath thermostd€ed to 20°. The

solution was made to thg mark with DME. The solution was

-
-~

transferred to a 50 ml round bottomed flagk suspended in
. —~,

the sqme ‘thermostated bath. A 1 ml aliquot of a solution of

—

the ester(0.161 mmol) in 2 ml of DME qasfinjected into the -

base solution. Aliquots were rembved from the reaction

vessel at known timpes, the reaction‘beihg Quenched'with
»

10 ml of 6 M nitric acid. The acldic.solution was. extracted

» [ ]
with ether. The ether was washéd with saturated sodium

bicarbonate, drded(MgSOu), filtered and the ether evaporated.
The samples of the ester were recrystallised from a few

drops of methanol and anarysed by mass spectrometry.

I
hd ———

The results are tabulated below.

+

Daga for h—Cnlorobhenxl Phenylmethanesulphonate

- [ 4

Temperature: 20.0:0.1° :

Triethylamine concentration: O. 200 M

o . ’)
.Ester concentration: 7.62 x’ 10" M
% » [ ]
?
\ ’ 2 L »
I ‘.\ N [ ]

. -*
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TIME % Deuteriun LOG(1/(1-8D/100))
-§§% ' 12.0 ‘ 0,055

1200 . 22.6 . c 0.119

1820 ' 34.1 . 0.181

2430 4e.1 0.8

3021 50.1 i 0.302
3588 57.1 0.366

b200 . © 62.9 _* 0.431

. 6.
k = 2.38:0.02-x 10™ M-! s-!

Data for 4-Cyanophenyl Phenylmethanesulphonate

] - L

o

Temperature: 20.0:0.1°

v

Triethylamine concentration: 0.202 M

Ester concentration: 7.18 x 10-* M

4
[

TIME % Deuterium °  LOG(1/(1-%$D/100))
5.3 36.7. 0.199
10.3 - 59,0 0.397

' 0.537

15.0 . © . 70.9

k = 1,40:0.07 x 10”°* M-? s=!

’

1214
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Data for 4-Nitrophenyl Phenyimethanesulphongte
Temperature: 20.0+0.1°
Triethylaminé concentration: 0.201 M ’
Ester concentration: 3.10 x 10™° M
TIME g Deuterium 106 (1/(1-%D/100))
U'iii:) : - ' _' . .
2.12 30.0 . Q.155 . ‘
6.77 S 70.0 ., 0.481
10.00 i 79.7 © 0.692

k = 2.520.1 x 1072 M~ s=% ¢ *

Data for 3-Nitrophenyl Phenylmethanesulphonate . .
Temperature: 20.0:0.1°
Triethylamine copcentration: 0.207 M L
Ester concentration: 6.85 x 10" M  ° D _
TIME ..~ - % Deuterium 1.0G(1/{1-¥D/100)) " °
MIN) R
4.80 , 48.6 . ) " 0.289

L]
7.23 - © «63.1 : 0.433 ?
. ) :

9.00 . 69.9 _ ° 0.522 ~

k = 2.2¢0.1 x 1072 M-I =1 | |

. ‘ A

. “ '
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Data for Phenyl Phenylmetlanesulphonate

"W
o

Temperature: 20:p.l° s

»

Triethylamigf concentration: 0.205 M

Ester concentration: 3.67 x 10™* M

TIME ’ § Deuterium : LOG(1/(1~%D/100))
) - .

122 L 41.9 - - 0.236

244 . 64.4 . 0.448

365 (‘ i 75.8 . . 0.617

; ~ - ‘ . \\~\

© k = 7.5:0.4 x-10™" M~ s7?

i@‘aﬁ:

Data for 3-Methoxyphenyl Phenylmethanesulphonate

y

Temperature: 20.0:0.1°
Triethylamine concentration: 0.199 M ’ .

Ester concemtration: 2.86 x 10=° M

>4

TIME 4 Deuterium LOG(1/(1-%D/100))
TMIN) _ : -

65 . 27. 4 . . 0.139
155 | 51.4 ' 0.313-

BU46° ' 66.1°° 0.469

. 4

K = 6.7£0.3 x 10" M-1 g-3

. - [
? 9 .

123
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Data for h—Methoxyphenyl Phenylmethanesulphonate

Temperature: 20.0:0.1°

Al

Triethylamine concentration: 0.204 M

Ester concentration: 3.03 x"10"° M

. IME

(MIN)

120

370

k

4.8:0.02 x 10-% M~! s™!

’

(

£ Deuterium

30.3

52.1

\
66.2

]

S

LOG(1/(1-%D/100)

0.157
0.320

“fTury
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(tv) The Measurement of the Rate of Exchange

of the Methylene Protons in 2-Chloro 4-Nitrophenyl

Phenylmethanesulphonate

-

friethylamine‘was weighed into a 25 ml volumetric
flask. Deuterium oxide (5.2 ml) was added, followed by a
known amount of triethylammonium chloride. The flask was
suspended in a bath thermostated to 20°. The soalution
was made to the mark with DME. The solution was traﬁsférred-
to a 50 ml round bottomed flask, suspended in the thermor
stateé bath. A 1 ml aliquot of é solution of the e;ter
and 2-chloro &—nitrbphenol was injected into the Dbase
solution. After a known amouynt of time the reaction was
quenghed with 6 M nitric acid. The acidic solution was '
extracted with ether. Thg ether was dried(HgSOu), filtered
and evaﬁorated. The recovered ester was analysed for
exchange by n.m.r. or mass sPectroscopy.\ The results for the

fouf experiménts are displayed in table XV. S,

. -
-
A ]
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(v) Competition between Phenoxides and Water for

.Phenylsulphene

Between L-~Methoxyphenoxide and Water

-~

Phenylmethanesulﬁhonyl chloride(102 mg,

+© 0.54 mmol) was dissolved in 50 ml of 20% aqueous DME. To

this was ;dded 50 ml of 20% aqueous DME containing u-methéxye

phenol(66.7 mg, 0.5% mmol) and_triethylamine(2 g, 20 mmol)..
The mixture was allowed toi;tan§~fof 30 m. Most of the DME
was removed on a rotovap. .The solutiog was aciqified

(3 M HC1) and extrécted wiéh ether. The ether was washed
witﬁ 5% sodium hydroxiée, dried(MgSOuﬂ, filtenéd and

" evaporated. No ester was detected.

Between 4L-Nitrophenoxide and Water

~

Phenylmethanesuiphonyl;chloridé(133 mg,
0.70 mmol) was dissolved in 2 ml of DME. To this was added
a solution of 4-nitrophenol(87.4 mg, 0.70 mmol) and
;fiethylamine(2 g€, 20 mmol) in 100 ml of 20% Aqueous DME.
'The solution was stirred'at room temperature for lAmlthen
the reaction was quenched with 3 M hydrochloric acid. The
solution was extracted with ether. .The extracts were-

washed with 5% sodium hydroxide(4 times) and‘watef(tﬁicé).
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The ether was*drie@(ﬂésou),Afiltgr;d and evaporated giving
ab&uﬁ)u mg of the crude esf;rt The ester was identified
by comgarison<with an authentic samplefbn silica gel T.L.C.
(eluent CHCl,/pentane-1:13 Rf=0.25). The aqueous iayern
was'ﬁade basic with potassium qafbonate and the waéer
‘rémoved-on a rotova@. The résidug was shspendea in
methylene chloride and tgeated with excess ﬁﬁosphorus .
pentachioride. Work-up followed by recrystallisation from

3

carbon-tetrachlorlde gave phenylmethanesulphonyl chloride

(133 mg, 85%)
Between 2-Chloro 4-Nitrophenoxide and Water:

Phenylmethanesulphonyl chloride(354 mg,
1.85 mmol) was dissolved in a llttle DHE This was added
to 25 ml of a solutlon of 2-chloro u-nltrophenol(o 325 g,
1.87 mmol), triethylamine(0.84 ml, 0.61 g, 6.04% mmol) and .-
water(5.2 ml) in DME. After stirring for 10 s at room
temperature, excess 3 M hydrochloric acid was added. Water
was added to the mixture and the solution was extéacted
five times with ether. The combined ether‘extraéts were
washed w1th pH 98 buffer(l50 ml of 0. l M NaOH, 50 ml of satd.
NaHCO ) until the washes were colourleas. -The ether was ..
‘washed once with water, dried(HgSO ), filtered and
evaporated.' This gave 207 mg of the crude ester. The i.r.

and m.p. were the same as authent1c 2-chloro 4-nitrophenyl

v

'




phenylmethanesulphonate. The yield aften.reérystallisation
from methyleme chloride-petroleum ether was Zﬂf mg(0.61 mmol,
33%). , . |

Work-up ofudlhe aqueous layer_fo;lowedlby tgéatment
with phosphorus pentachloride gave, after recryéféllisation
from carbon tetrachloride, phenylmethanesulphonyl chloride

(188 mg, 53%).

»
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(@) Kinetics of- the Elimination Reactions

(1) The General Procedure for the Kinetics of the

Triethylamine Promoted Elimination from Phenyl

-

Phenylmethanesulphonates

A known welight of triethylamine was placed in a

100 ml volumetric flask. Deuterium oxide (20 ml) was
pipetted into the flask. The solutlion was made to the mark
with DME. Aliquots(3 ml) 6f the stock sollution were pipetted
into 1 cm u.v. cells which were inserted into the compartment
of the spectrometer. After 10 min, 10 ul portions of a DME
solution containing a known amount of the substrate were ‘ /
inJectedfinto the cells. The rate of phenoxide -.release.was

* measured by monitoring the change in the absgrbance, with

time, at 405 nm. The rate constants for the _elimination

reactipn? were determined as described on p.u3.

-
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The Reaction of 3-Brifluoromethyl U4-Nitrophenyl
Phenylmethanesulphonate (4.98 x 10=% M) )
with Triethylamine(0.0135 M) .

3 ;;"7
Temperature: 20.0 % 0.1°C -
Solutions: 3-Trif1uoromethyl b-nitrophenyl phenylmethane-

sulphonate: 27 mg in 5 ml of DME
Triethylamine: 0.136 g in 100 ml of solg&ion
_ . ‘
TIME A A_—A TIME A A -A
THIN) =t ==t Tﬁfﬁ) 2t Zem g
0.46 0.042 0.836 16.01 0¥97 0.381
0.90 0.065 0.813 18.35 0.539 0.339
1.88 0.107 0.771 20.94 0.577 0.301
3.24 0.161 0.717 23.80 0.615 0.263
5.11 0.226 0.652 i\ 25.59 0.637 0.241
8.13 0.316 0.562 . 27.70 0.658 0.220
9.59 . 0.357 0.521 32.56 0.702 0.176
12.37 o.424 0.454 §0.55 0.757 0.121
13.72 0.453 0.425 49.10 0.796 0.082
' Infirity 0.878
P ) ’
* "k' = 7.88 x 10-* s'\‘
) . k = 5.80 x 1072 M~} s™7? T

4

Ay = Absorbance at time t A, = Absorbance at t = infinity

et
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& The Reaction of 2-Chloro 4-Nitrophehyl Phenylmethane-

sulphonate(5.29 x 10~° M) with Triethylamine(0.00270 M)

Temperature: 20.0 * 0.1°C
Solations: 2—Chioro 4-nitrophenyl phenylmethaneSuiphonate
" 26 mg in 5 ml of DME
Triethylamine: 0.0273 g in 100 ml of solution :

TIME Ay a=Ap TIMB A, A=Ay

A
{MIN) _ (MIN) :
0.39 0.011 1.100- 26.53 0.504 0.607
0.91 0.025 1.086 29.53 0.546 0.565
1.65 0.046 1.065 33.53 "0.591 0.520
3.94 0.105 1.006 : ho.9y 0.669 0.442
8.21 0.197 0. 14 ‘ U6 .us 0.720- ~ ' 0.391
12.42 0.280 0.831 53. U414 0.777 .334
15.23 0.329 0.782 60. 46 0.827 0.284
16.94 0.359 0.752 64,22 0.850 0.261
20.59 0.418 0.693 67.17 " 0.867 ‘0.244
23.90 0.469 0.642 Infinity 1.111
k' = 3.74 x 10-" s-!?
k = 0.139 M-} 87! ' \
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The Reaction of U4-Acetyl 2-Nitrophenyl Phenylmethane-

sulphonate(3.98:x 10-‘;&) &itEﬁSriethylamine(0.06275'gl

Temperature: 20.0 0.1°C .
Solutions: 4-vcetyl 2-nitrophenyl phenylmethanesulphbnate:
20.0 mg in 5 ml of DME ’ v
- Triethylamine: 0.0278 g in 100 nMl of solution

. TIME A [TV VI

TMIN) _
j(> “0.47 0.011 %.227
“ ) v 1l.40 0.029 ©.209
: 3.38 0.063 0.175
- 5.60 . 0.092 0.146 . -
v - B.75 0.126 0.112
< 13.27 0.160 0.078
17.28 0.182 0.056 N, ]
20.02 0.194 ‘ 0.044 .
24.08 | 0.205 0.033 »
28.62 ° _, 0.216 . 0.022
Infinity . 0.238 .
Q

k' = 1.38 x 10~% s-!
k = 0.502 M~ s7! .
. Q . ‘ \ -




Temperature: 20.0 * 0.1°C

e ) N
The Regction of 34A—Di§1trquenyl Phenylmethan

r
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esulphonate

o

(6.50 x 10~% M) with Triethylamine(0.00294 M)

Solutions: 3,&-D1nitrophéhyl phenylmethanesulphonate: 13.2 mg

TIME
(MIN)
.29
.79
.35 .
.14
.79
L4y
L4110
.06
.26

AN EWMPhMOH OO

« 1in 2 'ml of DME

COO0OO0OOCOOO0O0O

At

.068
.172
274
393
.482
.558
.659
.719
.817

b

Am"At

1.197
1.093
0.994
0.872
0.783
0.707
0.606

" 0.546

0.448-

TIME .
TMIN)
7.77

10.12
11.98
13.15
.13.88
16.01
19.32
Infinity

k' = 2,63 x 10-% s-!

k = 0.895 M~! s-!

L

0OO00O0OO0O00O0

Triethylamine: 0.0297_5 in 100 ml of solution .’

Am"At

.356
.309 .
.250
.188
.155
- 137
.101
.060
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The Reaction of 2}M¢Dinitrqphéqz; Phenylmethanesulphonate

Ty

(4.46 x 10~%-M) with Triethylamine(0.00270 M)
|‘ 7 4
Temperature: 20.0 : 0.1°C

Solﬁtions: 2,4—D%n1trophenyl phenylmethanesulphonate: 22.6 mg

in 5 ml of DME

Triethylamine: 0.0273 g in 100 ml of solution
TIME Ay Aw-A¢ TIME v AomAy
(MIN) . TMIN)
0.33 0.074 0.542 2.49. - 0.381 0.235
0.52 0.115 0.501 2.73 0.402 - 0.21H4
0.67 0.143 0.473 3.1Q 0.430 0.186
0.91 0.3»87 0.429 3.44 0.453 0.163
1.20 0.23 0.385 3.73 0.470 0.146
1.43 0.264 0.352 ks 07 0.487 0.129
1.59 0.285 0.331 . 4.31 0.499 0.117
1.91 0.322 0.294 4.65 0.512 .0.104
2.23 0.357 0.259 5.15 0.530 > 0.086

Infinity 0.616

k' = 6.31 x 10"} s~!
k = 2,34 M1 s™!
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(ii) The Procedure for the Investigation of the Depen-

dence on Base of the Rate of Release of h-Nitro-

phenoxide from R-Nitrophenyl 4~Nitrophenylmethane-

sulphonate -

Three stock'solutions, A, B, and‘C: were prepared ,

as below, usingJ?O% aqueous DME as the solvent. i
A. Triethylamine ‘ " u.ou8 g ) :
. . ) . ) in 100 ml
4 - Tetraethylammonium chloride 0.829 g ) .

-

B. Triethylammonium chloride 1.721 g in 250 ml
C. Tetraethylammonium chloride 4.143 g in 500 ml.
From these three stock solutions, the five solutions :
for the kinetics having different trjethylamine concentrations °
but the same pH and ionic strength, were prepared as follows:
’ !

. The desired amount of triethylamine was obtained

by pipetting solution A into a'150'ml beaker. TFor the first

‘kinetic solution 1 ml of B was added to the beaker and the

volume was made close to 100 ml with solution C. The PH

. was measured' before transferring the solution to a 100 ml

o

volumetéic flask. The solution was made to the mark with

a little more of C.

' Fqmf subsequent solutions for kinetics the desired
aggunt of A ;as pipetted into the beakef qhd B Qas added
until_the pﬂans just above that of‘thé'first.solutidh. C

was fow added along with the necessary amount of B to vbtain

about 100 ml of solution with the same pH as the



first kinetic solution. The pH was also recorded at the
end of the kinetic run. '

Thé five solutions so prepared are shown below:

Ionic strength = 0.05 M .

/

Solution Triethylamine Initial pH. Final pH
. Concentration/M ¢ B
I 0.018 g.ul 9.33
b ‘\_/
II 0.020 . 9.40 9% 38
e ' :
I1I 0.oxo o 9.u42 9.38
IV o " 0.060 - 9.40 ' 9.35
v o “~ 0.080 9.41 9.38

A 3 ml portion of the above solutions was pipetted

-

into a 1 cm u.v. cell. 10 ul of a solution of the ester in
DME was injected into the cell and the rate of the

4-nitrophenoxide release was followed at 405 nm. The

concentration of the 4-nitrophenyl 4-nitrophenylmethane-
N\ - P

sulphonate in the cell was about 4 x 10~ M.

137



Final pH: 9.33

Temperaturé: 20.0
Triethylamine concentration: 0.016 M

Initial pH: 9.41

TIME

TMIN)
5

13
31
47
63
81

99 .

130
161
185
218
245
268

300-

370

Kinetic Run with Solution I

!

LOG(100-%Rxn)

b bt et et e e et et
*

k = 1.10 x 10™"* s~}

.982
- 957
.899
. 848
.803
LTU8
-695
.606
.513
LA441
. 346

1.206
0.942
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Kinetlc Run with Solution II

Temperature: 20.0 ¢ 0.1°C ["
Triethylamine concentration: 0.02 M o

Initial pH: 9.40
Final pH: 9.32

TIME A LOG(100-%Rxn)
TN ~ o
“7710 0.039 1.970
T27 0.099 1.919
53 0.174 1.845
72 0.222 1.790
99 0.279 1.714
120 0. 317 1.656
151 0.364 1.570
182 0.402 1.485
220 0.433 1.402 - : .
232 0.452 1:341 :
257 0.470 1.275
298 0.494 1% 167

k= 1.08 x 10-* s-!
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-
Kinetic Run with SolutionIIIX

Temperature: 20.0 * 0.1°C

Triethylamine concentration: 0.04 M ",
Initial pH: 9.42

Final pH: 9.38

TIME A LOG(100-%Rxn)
THIN) a Q ,
3 0.016 1.988
21 0.097 1.923
37 0.156 1.869
53 0.208 1.81k |
71 0.260 1.752 o
90 - 0.304 1.692
120 g.371 1.579 : K\;
151 0.422 1.469
175 0.455 1.379
208 - 0.489 1.261
235 " 0.512 1.154
258 ‘ 0.527 .-1.075
300 o.544 . 0.956
360 . 0.570 0.761
Infinity 0.598

k =™.37 x 10-% s-!
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Kinetic Run with Solution IV

- ~
Temperature: 20.0 * 0.1°C | .
Triethylamine concentration: 0.06 M
~ Initial pH: 9.40 -
Final pH: 9.35
.
TIME A LOG(100-%Rxn)
(MIN)
6 0.033 1.977
10 0.051 1.963
19 0.091 1.932
37 0.154 1.879
62 0.235 1.798
82 0.286 1.738
108 0.346 1.655
. 130 0.387 1.587
160 0.434 1.49y
193 0.472 1.401
: 220 0.501 - 1.314
. 242 0.520 1.245
267 0.535 1.182 ‘ .
308 0.558 ... 1.063 A
Infinity - 0.631 T> '
k= 1.18 x 10-* s~} )
<
] P /
' 4 /



Kinetic Run with Solution V

Temperature: 2030 t 0.1°C ) (/h‘
Triethylamine concentration: 0.08 M
Initial pH: 9.41

Final‘pH: 9.38

TIME . Ay LQG (100-%R&n)
™IN) ™ )
- 19 0.088 1.430
35 - 0.148 : 1.5
" : 52 0.201 1.820
» - 70 0.256 1.754
. . 88 0.302 1.689
118 0.361 1.590
149 0.b415 1.47Y
174 0.446 1.390
, . 206 0.480 _ 1.274
- , 234 0.503 -~ 1.173 )
© 257 0.517 1.098
289 0.534 0.984
358 0.559 0.734
Infinity 0.591

k = 1.35 x 10~"% g-!

L4




The Reaction of u#-Nitrophenyl 4-Nitrophenylmethanesulphonate

(3.7% x 10~°M) with Triethylamine

Procedure: see p 138

Results;

Temperature: 20.0 =

0.1°

Triethylamine concentration: 0.02

Triethylammonium chloride concentration: § x 10‘“&

Tetraethylammonium chloride concentration:

"PH' = 9.9

L Y

TIME
(MIN)
1.7
7.2

’ 12.8
21.4
28.2
37.8

be.4 -

53.4
58.7
64.9
76.4
82.0
94.2
104.3
112.2
120.1
150.1
175.3
INF

k

*

0.021
0.072

!

.

0.118

0.182
0.227
0.282
0.327
0.359
0.387
0.408
0.u4u49
0.467
0.501
0.525
0.540
0.556
0.601"
0.628
0.695

3.1 x 10~

LOG(100-%Rxn)

-1

4.25 x 107 M

-

1.987
1.953
1.989
1.888
1.828
1.774
1.724%
1.684
1.647
1.616
1.549
1.516
1.446
1.389
1.3u48
1.301
1.131
0.984

-
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(111)_Procedure for the Kinetic Measurements used

in the Determination-of the Hammett Plot for

HTNitrophggyl Phenylmethanesulphonates

Twa stock solutions were prépared using

aqueous DME as the solvent.

N A, Triethylammoniﬁm chloride: 0.3456 g in 50 ml
B. Tetraethylammonium chloride: 0.4140 g in 50 mi

Triethylamine(0.2025 g) was weighed into a 100 ml

beaker and solutions A and B were added to obtalin about

£

50 ml of solution with pH = 9.39. The solution was trans-

ferred to a 50 ml volumetric flask énd made to the mark
with‘a l1ittle 20% aqueous DME. 3 ml'of this solution was
pipetted into a 1l ch u.v. cell. The substrate, 10 ul of
a 1 x 107% M solution in DME, was injected into the cell
and the rate of phenoxide ;élease was followed at 405 nﬁ.

<

This procedure was followed for the five esters.

N
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The Reaction of 4-Nitrophenyl Phenylmethanesulphonate

(6.66 x 10=° M) with Triethylamine(0.05 M)

iqmperature: 20.0 = 0.J°C

Solutions: Q—Niﬁrophenyl phenylmethanesulphonate: 11.7 mg
in 2 ml of DME
Triethylamine: 0.2025 g in 100 ml. ‘Ionic strength
0.05 M. pH: 9.39

TIME . A Aw—Ay

TIME A Am—At
TMIN) =t {MIN) - L
8 0.012 0.808 390 a.432 7 0.388
16 0.024 0.796 . B4y 0.476 0.344
56 0.087 0.733 499 0.512 0.308
76 0.115 0.705 551 0.542 0.278
123 0.174 0.646 610 0.574 0.246
192 0.253 - 0.567 730 0.628 0.192
279 0.339 0.485 . 806 0.657 0,156
335 0.392 0.428 ~ 870 0.680 "0.133
- Infinity 0.820
k = 3.31 x 10~% sg~!?
' -
'\ -



The Reaction of 4-Nitrophenyl 4-Chlorophenylmethane-~

sulphonate(6.71 x 107° M) with Triethylamine(0.05 M)

Temperatures 20.0 ¢ 0.1°C |

Solutions: u:Nitrophenyl u-Chlorophenylmetﬁanesulphonate:
6.6 mg in 1 ml of DME
. Triethylamine: 0.2025 g in 100 ml. Iénic strength
0.05 M. pH: 9.39 |

-

A -A . TIME

(MIN)
.004 .609 4oy
.580 . 517
493 549
.461 600
422 650
. 366 _ 696
.322 771
.302 821
.270 836
.233 Infinity

>

[elojeleolelofoNoNoN o]
COO0O0O0O0O0OOO

0

0.
0.
0.
0.
0.
0.
0.
0.
0.

= 3,92 x 10-% s~!
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The Reaction ofFy-Nifrqpheqyl_};phioroppenylmethane;

<
sulphonate(5.39 x-10-° M) with Triethylamine(0.05 M) - \////

[~] » | -
Temperature: 20.0 = 0.1°C \ . :

»

Solutions: 4-Nitrophenyl 3-ChlorophenylmethanesulpRonate:
5.3 mg in 1 ml of “DME

. . ) g
Triethylamine: 0.2025 g in 100 ml. Ionic.strength
0.05 M. pH: 9.39
TMIN) (MIN)
1 0.007 0.664 478 0.467 0.204
58 0.088 0.583 . 520 0.483 0.188
128 0.174 0.4%97 . 547 0.498 0.173
188 0.242 0.429° 620 0.529 0.142
215 0.266 0.405 - . 666 0.545 0.126 -
271 0.319 0.352 ) 742 - °*° 0.570 Q.101
325 0.359 0.312 791 0.584. - 0.087
380 0.402 0.269 . 8o6- 0.589 0.082
434 0.438 0.233 . Infinity " 0.689
k = 4,25 x 10-5 s=}
. 4 .
Iy ‘ K
AN
- ,\\
\ ' -
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V.

. The Reaction of u=Nitrophenyl 3—N1trophenylme£%ahe—

stulphonate(6.61 x-10-% M) with Triethylamine(0.05 M)

° .

Temperature: 20.0 * 0.1°C

_$olutions: u-Nitrophenyl 3-nitrophenylmethanesulphonate:
6.7 mg in 1 ml of DME

‘Triethylamine: 0.2025 g in 100 ml. ' Ionic strength

0.05 M. pH: 9.3¢ ,
_ TIME. A¢ Ax-Ay * TIME A, ® Aw-Ay
TMIN) - e TMIN)
16 0.051 0.825 226 0.471 0.405
25 0.077 0.799 — 283 0.541 0.335
37 0:108 0.768 e 330 0.590 ° 0.286
51 °© 0.140- , 0.736 391 Q.644 0.232
- 67 0.183 0.693 4hg 0.684.. 0.192
. 75 0.198 0.678 . 506 0.722 0.154
, 19 0.208 0.668 Shg 0.744 -° 0.132
- 89 0.230 -0.646 . 622 0v775 0.101 7
. 127 0.305 0.571 636 0.780 0.096
0.506 Infinity 0.876 .

162 0.370

k = 7.46 x 10=% s—!
/ .

- 2

. s ] s -

$= ) -
- Ld

.
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\ .
. The Reaction of 4-Nitrophenyl 4-Nitrophenylmethane-

- @

. f ’ . .
sulphonate(1.03 x 10-* M) with TrietHylamine(0.05 M) " -
- A0 '

LI |
]

Temperature: 20.0 2 0.; C

Solutions: 4-Nitrophenyl 4<nitrophenylmethanesulphanate:

3

20.9 Rg in 2 ml of DME

-

Triethylamine: 0.2025 g in 100 ml. Ionic strength

0.05 M. pH: 9.39

) T , s -,
TIME A Ag-A " TIME Ay A -A
THIN) -t —t . . TMIN) st . ===t
5 0.068 1.560 .27 1.025 0.5%50
18 ©0.207 2.368 143 . £1,096 . 0.479 -
- 31 0.347 -1.228 - 171 - 1.205 0.370 °. -
, 8 0.509 1.066 . 207 . 1.307 . 0.268
55 0.568 1.007 .+ 233 1.366 - 0.209
59 0.596 0.979 & 263 © 1,420 0.155
70 0.679 0.896 © 311 . 1,479 - 0.096
85 *0.791 + 0.784. 371 © 1.525 0.050 ~ .
107 0.926 0.649 - 406 1.544, © 0.031 ¢ »
' o . ° . 429 1.552 0.023
- Infinity 1.575
“ k =°1.45 x 10=" s7!} Ce
¢ AY

o

[N
t -
a
.
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v « (iv) The Procedure for the Investigation of the
Depression of the Rate of 2—Chloﬂg 4-Nitro- A\ ‘

phenoxide Release, in the’Reaction of 2-Chloro
—

S

& - .
4-Nitrophenyl Phenylmethanesulphonate with

Triethylamine, by-Triethylammoniumﬂp’loride

Two stock solutions were prepared using 20%

s ’

aqueous DME as the solvent.

A. Triethylammonium chloride-1.377 g ) .
: - ) in 100 ml

' T Triethylamine 0.2024 g )

[

B. Tetraethylammonium chloride 1.657 g in 100 ml
. ;‘ ) L . °
> [ . . * b Id ] )

* Four solutions for the kinetics were prepared by

mixing A and B in the followlng proportioné; é?

3

‘ .
. I.1mlofA+9mlofB PH = 8.01 .
_ III 2mlofA+8 m1 of B pH = 8.166 "\
' ) , VI Sml-of A+5mlof B  pH=28.21 |
/  VIII Undfluted A . pH = 8,22
- ; Oy -
As_soldtion A seemed to deteriofpte a new'solution ,

<

-

. ~of t¥iethylamine was prepared(A').
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o’ . . '

A'. Trie%ﬁ&lammonium chloride 1.377 g )
' ~ . Jein 100 ml
Triethylamine *© 0.4036 g ) :

~

Four more solutions for kinetics were prepared;

-

- II 1.4 ml of A' + 8.6 ml of R pH = 8.42
IV 3ml df.A' + 7 ml of.E pH = 8;§h -

V 4 ml of A' .+ 6 ml of B pH = 8.54

YII 7 ml 8f A' + 3 ml of B " pH = 8.55

3.0 ml of each of these solutions were ;ipetted

into 1 em u.v. cells which were placed in the compartment
of a Gilford spectrophotometgr. The compartment was
thermostated to 20°. 10 ul of a solutign of 24.8 mg of
2-chloro UY-nitrophenyl phenylmethanesﬁlphonate in 5 ml of
DMEr was injected into the cells and the change ip absorbance
at 405 nm was recorded. .

\ .

. The pH of the solutions Was measured dn a Radio- .

meter pH meter which had been standardised at pH = 9.00.




Kinetics with Solution I
L

" Temperature: 20.0 * 0.1°C
Triethylamine' concentration: 0.002 M

Triethylammonium chloride concentration: 0.01

pH: 8.01
TIME - A¢ Ag—A, . TIME
(MIN) MIN)
0.0  0.081 1.061 31.3 0
0.6 0.107 1.035 35.2 0
1.8 0.148 0.994 39.2 0
2.4 0.168 0.974 43.6 0
4.0 0.212 0.930 45,5 0
8.0 0.320 - 0.822 48.1 0
12.5 0.429 0.713 52.5 0
16.5 0.511 0.631 57.3 0
20.3 0.580 0.562 61.5 0
24,4 0.6U45 0.497 : 66.8 . 1
27.9 0.695 0.447 90. 4 1
. Infinity ~.1
. .
k = #.96 x 10-" s~! &

X

. 740
.785
.828
.867
.883
.903
.931
. 959
981
. 005
073
.142

s,
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Kinetics with Solution II

\\

Temperature: 20.0 * 0.1°C
Triethylamine concentration: 0.0055%9 M

Triethylammonium chloride concentration: 0.014 M

pH: 8.42
) . .
T TIME Ag-A, TIME A A_-A
{MIN) A , (MIN) =t v
0.0 0.036 1.108 12.0 0.758 0.386
0.3 0.074 1.070 13.3 0.799 0.345 @
0.6 0.098 1.046 14.3 0.830 0.314
1.4 0.173 0.971 + 15.3 0.856 0.288
1.8 0.205 0.939 16.7 0.887 0.257
. 2.3 0.248 0.896 17.8 0.910 0.234
2.8 . 0.285 0.859 19.4 0.941 0.203
3.5 0.336 0.808 ,20.7 0.961 0.183
4.8 0.419 0.725 ' 22.6 0.988 0.156"*
5.4 0.461 Q.683 23.7 1.001 0.143
6.9 0.541 0. 603 24.6 1.013 0.131
. 7.7 0.582 0.562 - 26.5 1.031 0.113
> &6 0.628 0.516 28.1 1.045 0.099
.7 0.672 0.472 30.1 1.061 0.083 .
10.6 0.709 0435 48.9 1.127 0.017
11.1 0.724 0.420 Infinity 1.144
—_— \ '
k = 1.44 x 10-% s-! «
)
-
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Kinetics with Solution III

Temperature: 20.0 * 0.1°C
Triethylamine concentration: 0.004 M

Triethylammonium chioride concentration: 0.02 M
' )

pH: 8.16
fivg A Ag-A o .. TIME A
™IN) ‘f v (MIN) =t
0.0 . 0.044 1.069 16.9 0.719
0.4 0.075 1.038 18.6 0.757
0.9 0.109 1.004 22.8 0.839
1.5 0.140 0.973" . 24.8 0.869
3.7 0.261 0.852 ‘ 278 0.909
5.2 0.334 0.779 31.6 0.949g
6.9 0.408 0.705 33.1 0.962
9.2 0.496 0.617 36.1 0.987
11.4 0.570 0.543 bo.7 1.016
14.5 0.660 0.453 Infinity 1.113
, . . )
k = 9.82 x 10~ s-! - '
N
- . \
4
. L 3 2
9

L]
OCOO0OO0O0O0O0O00O
- . . . . L] . . .
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Kinetics with Solutiom IV

Temperature: 20.0 * 0.1°C

Triethylamine concentration: 0.012 M

Triethylammonium chloride concentration: 0.03 M
> it

pH: 8.5U.

TIME

TMINY
.0

~AwoNTw

>l ;iﬁj.. moo

OCOO0O0OO0O0O0O0OO0O0O0OO0OO0O

ww
oo &0

-039
.100
.132
.198
.252
.306
.332
.402
LUy
487
-537
.580

.5§0 In

Ag—~A a TIME
© (MIN)
1.101 ' 4.6
.1.040 8.2
1.008 - 6.6
0.942 7.4
0.888 8.2
0.834 ' 9.5
0.808 10.7
0.738 11.7
WO2699 '
0.653 137\U
0.603 25 /4
-0 ty

= 2,90 x 10-° s-!-

L J

HHEHEFHFOOOOOOOO

A

.647
.696
796
. 841
879

.933 -
.971
.998
012
.034
.127
.140
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Kinetics with Solution V

) ™
Temperature: 20.0 * 0,1°C .
Triethylamine concentration: 0.0160 M - : t
Triethylammoniym chiorid; concentration: 0.04 M
pH: 8.54 /_ ’
TIME A Ax-A ‘TIME A " Ag-A
(€750 t —t R 533D t t
0.0 0.041 1.089 4.9 0.972 0.358
- 0.2 0.090 1.040 5.3 0.808 0.322
0.5 . 0.157 0.973 5.8 0.845 0.285
0.6 0.191 0.939 6.1 0.859 0.271
. 0.8 0.232 0.898 . 6.7 0.:896 0.234
1.0 0.263 0.867 7.3 0.924 0.206
s 1.2 0.313 * 0.817 7.9 0.947 0.183
1.5 0.355 0.775 8.5 0.973 0.157
1.8 0.415 0.71% 9.6 ., 1.009 0.121
2.2 0.472 0.658 10.4 1.026 0.104
2.4 0.506 0.624 11.1 1.043 0.087
2.7 0.538 0.592 12.1 1:059 0.071
3.4 0.623 0.507 13.4 1.075 0.055
3.9 0.679 0.451 - Infinit 1.130
¢ \
k = 3.76 x 10-% s~!

s




Temperature:.20.0 * 0.1°C

Kinetics with Solution VI

Téiethylamine concentration: 0.01 M

Triethylammonium chloride concentration: 0.05

bH: 8.21

TIME A,
(MIN)
0.0 0.039
1.0 0.120
1.1 0.195
1.8 0.272
2.6 0.355
3.9 0.479
5. 0.515
5.1 0.570

6.1 0.635
7.1 .0.694

|

As-Ag

OO0 O0ODOOOOO0OH

. 072
. 934
. 916
-839
. 756
.632
.596
541
L4476
417

= 2,21 x 10~% g1

*

M
TIME A
(MIN)
7.8 0.734
. 8.8 °~ 0.779%
10.5 0.850
«11.9 . 0,893
12.8 0.914
13.9 0.943
14.6 0.957
16.3 0.987
18.2 1.014
, 19.3 1.028
. Infinity 1.1

GV .

.332

OO0OO0OVOOO0OOO0O0O

124
.097

.~ *

157




Kinetics with Solution VII

Temperature: 20.0 % 0.1°C

Triethylamine concentration: 0.0279 M

Triethylammonium chloride concentration:JOfD7 M
e y = @
- pH: 8.55 . . -

TIME A A_-A ‘ TIME A A_=A

THIN) =t —t THIN) =t t

0.0 0.035 1.062 3.2 0.748 0.349

0.2 0.118 0.979 3.7 N\ 0.806 0.291

0.5 0.195 0.902 4.1 0.836 0.261

0.7 0.274 0.823 " b.6 0.878 0.219

1.0 0. 345 0.752 5.1 Q.915 0.182

1.1 0.377 0.720 5.5 0.939 0.158

. 1.3 0.435 0.662 6.1 0.968 0.129

1.7 0.519 20.578 7.0 1.003 0.094

2.0 0.558 0.539 7.7 1.021 - 0.076

2.3 0.611 / 0.486 8.2 1.032 0ﬂ065

2.8 0.689 - 0.408 Infinity 1.097 \
K = 5.75 x 107% s~} ]

. A\ -
e , :
/ 3
~ »




Kimetics with Solution VIII

Temperature: 20.0‘3 0.1°C

Triethylamine 'concentration: 0.02 M

Triethylammonium cliloride cpncenﬁration: 0.1 M

PH: §.22
®
TIME Ag
(MIN)
0.0 0.035
0.7 0.191 ~
1.3 0.300
i.8 0.376
2.1 0.421
2.6 0.488
3.3 0.570
4,6 0.700
5.8 0.786

OO0 O0CO0OO0OTdH

>
8
|-
-
ot

.040
.884
LT75
-699
.654
-587
.506
- 375
.289 .

TIME
TMIN)
7.0
7.6

8.1

9.5

10.0
11.5

~N 12.9
Infinity

'.3-Q£ x 10~3 s-!

HHOOOOOO

Ay

.856
.882
. 986
.947
.959
.992
.013
.075

159



160

—

(v) The Procedure for'ghE'Investiggtion of the
: ) ’ - ? 7
- Dependence on Base of the Rate of Release of

2,4-Dinitrophenoxide from 2,4-Dinitrophenyl

"' -Methylphenylmethanesulphonate .

. Three stock solutions were prepared using 205__

" aqueous DME as the solvent. h

o \ e «"/
A. Tetraethylammoniumﬁch}oriae 0.5049 g )
e T T ) in 100 ml
Triethylamine 0.0328 g ) .
B. Triethylammoniumf chloride " 0.0691 g in 250 m1 °
C. Tetraethylammonium chloride 0.0829 -g in 250 ml

From these three stock solutions five solutions with
diffefent trietpylamine coﬁcentrations but'the same pH and
ionic strength were prepared as follows.

The ;equired amount df tfiethylamine was obtalned by
-pipetting dolution A into a 100 ml beaker. This solution
was diluted to aboht 50 ml and adJusted to a pH of 8.64. .

- using solutions B ?nd C. Solution B being used to control
"the pH and solution C being uggd to contfol the volume.i
The solution for kifnetics was transferred to a.SO ml ‘ ,
;oiumetric flask and made to the mark with a little -of 2

solution C.




4

\

-

K}

£

3 ml portionsg of these solutions were pipetted

AN

) 161
*
The five solutions so prepared are shown below;
Ionic strength = 0.002 M ~
Solution Volume of A/ml Triethylamine pH .
Concentration/M
I 1.0 0.0010 8.65 ‘
. . ) v
-II 1.5 0.0015 8.64
III 2.0 0.0020 8.64
IV 2.514 0.0025 8.§3
v 3.0 0.0030 8.63°

into 1 ecm u.v.

cells.

104l of a soldtigp of 25 mg of

2 M-dinitrophenyl N-methylphenylmethaﬁésulbhonate in 5 ml
. of DME was injected into the cell a4nd the rate of release
‘ of the phenoxide was meaSured by owing Fhe increasg in .

absbrbance at 405 nm with time. he cell compartment was

thermostated to 20° and the concentration of the ester . o
in the cell was about 4.7 x 10~° M.
: . s Y
’ e “
) e ,




Temperature: 20.0 * 0.1°C

Kinetic Run

with Solution I

®*Triethylamine concentration:

pH: 8.65

29.7

Infinitye. .

-~

-

OO0 0OO0O0O0OO0OOOboOC

*

0.

.017
.086
.135
.187
227
.269
.315
.353
. 392
L4284 -
.Bu6
473
.480
L4912
.501
.521 -
.615

162
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* Kinetic  Run with SolutiomgIl
Temperature!‘:? 20.0 <+ 071°¢C : \
Triethylamine conéentration: 0.0015 ¥

’ * > ) ’ 'w L . ]
pH: ?.6‘# - \ Y
S > - ‘ ’— \ } )
, TIME Ay .- Ag-Ay
. ) MIN) - e
' 0.3 K 0.017., - _0.602. *
LA - 1.1 .5 . 0.07 T “o.sk5c
' 2.0 . 0J129 0.490
: ' . 2.7 . L] 04166 0.453
X! 3.8 ., 222°, . . 7 0.397
g 2.6 . 0.255 . 0.364"
.9 . 0.302 °, 0.317.
— -~ 6N ' .0.335 ° . 0.284
. 7 -~ 0.358¢ . % - 0.261
8.6 - 0038’4 <" . 0-235 .
v , 9.4 . 0.404 N - 0.215
10.6 V3430 ‘ .:0.189
1%.9 0.456 0.163
13.2 0.477 0.142
* . 144 ~0.494 7. 0.125
: , T 15.7 *»  0.511 . . 0.108
D & D SN F.525 -~ 0.094
. *Infinity - N 0619 C 5
-, o . T Y
. L k = 1.82 x 10-* s='
. ) ) . ' . - -~ s
Pl © -
< . . . .
D ' .
At "“ . . e ‘.‘ .r--. . .
. . - LYY :‘ ; r) .o .
. < . & { . .
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- Kinetfcs wWith Solution III

.

4

_ Temperature: 20.0 < v.1°c ¢
Triethylamine cancentration: 0.002 M ?
pH: 8.%64
’ TIME - T
(MIN) o =t © .’
oLk 0.038 J
0.6 0.063:
1.6 0.142
2.9 0.224
3.5 0.256
4.2 0.293 °
5.1 0.332
5.8 s 0.360 ..
6.6 0.392
' 7.4 0.415 ® :

8.7 ' 0.451 =
g.9 0.479

11.1 ~ 0.500

12.2 . 0.517

[ 4 - Infinity 0.616

k = 2.50 x 1p~? s—!

)
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Kinetics with Solution IV
Temperature: 20.0 % 0.1°C
Triethylamine concentration: 0.0025 M .
: o
pH: 8.63
TIME . A A -A
THIN) R “
0.24, . 0.029 0.594
0.79 S 0.093 0.530
1.55 . 0.668 0.455
2.28 0.228 0.395
- 2.88 . 0.269% 0.354
3.67 0.318. 0.305
4.u4s 0.361 0.262
R 5.49 - 0.409 0.214
T -6.59 0,449 0.174
T.49 - 0.476 0.147
8.59 0.503 0.120 N
. - 9.39 0.519 0.104
10.08 - 0.533 0.090
o Infinity . 0.623
K = 3.1% x 10-? -7 .
- B a \ ,
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- A
. .
. Kinetics with Solution V
Temper“at‘u're: 20.0 = 0.1°C
Triethylamine concentration: 0.003 M
* pH: 8.63 ) . -
TIME A by Ag-A
. -TMIN) =t ¢
' 0.25 0.040 " 0.590 " .
0.59 0.086 0.544 -
1.31 . - 0.173 0.
1.84 - 0.226 0.
] 2.24 0.262 0.
_'2.814 0.309 0.
3.17 0.333 0.
3.68 0.367 0.
4.21 . 0.396 0.
4,96 0.434 0.
5.28 0.449 . 0.
5.62 0.463 C.
6.10 " 0.480 0.
6.69 8.500 .
7.22 ) 0.515 %ﬁ.
©7.88 . 0.530 0 .
* Infinity . - 0.630 .
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(vi) Procedure for the Kinetic Measurements Used in .

the Determination of the Hammett Plots for

2,4-Dinitrophenyl Phenylmethanesulphonate

The pyridine solutions were prepared by
dissolving a known weight of pyridine in 100 ml of 20% s
aqueous DME. 3 ml of this solution was pipetted in;o alocm
-u.v. cell contained in the thermostated(20°) compartment
of‘ghe u.v. spectrometer. 10 ul of a solution of the
substrate dissolved in DME(approx.'2 x 1072 M) was injected
into’the cell-énd the rate of 2,4-dinitrophenoxide reléase'
was measured by following the change in the absorbance at
405 nm. . ‘ s

The same procedure was usedgfor the reactions

with triethylamine.

e




/"—""'\
\1
i =
"
The Reaction of 2,4-Dinitrophenyl 4-Chlorophenylmethane-
¢ sulphonate with Pyridine(0.208 M)
Temperature: .0 t 0.1°C .
Solution: Pyridine: 1.648 g in a 100 ml *
. - ~
TIME ¢ &t LOG(100-%Rxn) ' TIME ‘ét LOG(100-%Rxn)
ﬁIN) - (MIN) .
5.0 0.031 1.980 238.0&.14014 1.627
12.77 0.056 1.964 269.5 Lu43 1.582
31.22 0.106 1.929 336.0 0.483 1.493
X 75.00 0.193 1.860 ) 38“25 0.514 1.426
! 127.0 ., 0.275 1.784 44i1.5 0.544 1.350
. 147.0 0.301 1.756 460.5 0.551 1.330
183.5 0.347 1.703 - 1041.0 0.669 0.659
: Infinity 0.701
) | k' = S;éfx 10-% s-t? o .
’ ] k = 2.5¢x 107 M~! s
, A .
‘ ) -
L] b //‘ - ¢ . )
7 ‘f

168



The Reaction of 2,4-Dinitrophenyl 3-Nitrophenylmethane-

g

»

[ 4

sulphonate(4.53 x 10-> M) with Pyridine(0.208 M)

-

- «Temperature: 20.0 = .1
Sclutions: 2,4-Dnitrophenyl 3-nitropheny;methanesulphoﬁaté:\
26 mg in 5 ml of DME !

Pyridine: 1.648 g in 100 ml

o " N
TIME At LOG(100-%Rxn) ' .
MIN) .
1.12 0.037 ~ 1.971
2.3 0.070 1.943
\\\\\ 6.99 0.159 =  1.857
14.35 o 0.263 1.728 .
. 20.96 - 0.327° . 1.625
28.24 ¢ 0.384 1.506
33.46 0.417 1.418
. 43.09 0.462 1.261
49.05 0.483 1.162 -
57.60 __~ -0.500 1.033
0.566

Infinity

b T ’—‘

k = 3.10 x 107° M~! s=!

[+ C . —

-

k' = 6.44 x 10" s-!

L d
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The Reaction of 2,4-Dinitrophenyl u4-Nitrophenylmethane-

sulphonate(4.53 x 107" M) with Pyridine(0.200 M)

-

L 4
O

.Temperature: 20.0 =+ 0.1°C

Solutions: 2,4-Dinitrophenyl u-nitrophenylmethgneéulphghéfé}
41.2 mg in 5 ml of Dﬂ;l - > )

L ’

Pyrddine: 1.582 g in 180 ml

\

A LOG(100~%Rxn.) .

~

TIM A, LOG(100-$Rxn) TIME

M) t =t i
0.36  0.158 1.83y 2.23  0.478 1.132
0.56 0.226- ~ ‘1.772 2.49  0.494 1.067
0.71  0.266 1.715 2.7%  0.505 0.939.
0.88 0.308 1.646 3.08 0.518° 0.801
1.14  0.359 1. 545 3.35  0.524 0.720
1.30 0.391° & 1. 4T 3.69 0.532 0.580
1.5  0.u423 1.371 4.17 0-.539 0.403
1.77  0.uu2 1.303. - 4.72  0.545  70.160
1.97  0.460 1.226 Infinity 0,553
-2 -l N
\ k' = 1.7 x 10" s -
k = 7.3% X 1070 M7 57! S 7
. . P s
- r Q .
, | \ ' o - Coo




The ﬂ%action of 2 U-Dinitrophenxl Phegxlmethanesulphonate

(6.03 x 10's M) with Pyridine(o 201 M) .

.
. L ~
[ [ 2 i
N .

Temperature: 20 0+ 0.1°C ‘ <

U Solufions 2 4 Dinitrophenyl phenylmethanesulphonate 25.6 mg

o .- f' in 5'ml of DME .
L e ;; Pyridine: 17528 g in 100 ml of solutign - s
. & . ‘ ’ LN ] ~
.';f”‘ TIME - . ét ’ R At(computer
. F - TMIN) : N ) adjusted)
\ = 192.5 0.182 » 0.185
o pm - 226 0 0.202 - - 0.203
e : 289.5 . 0.237 ©0.235 -
45,0 - 0.307 . 0.303 " . C
. ' 375.0 . 0.354 0.351 : '
. & 728.9 ' 0.398 0.3%8 ,
! 1311.0 0.481 . . 0.4 «
, - ., 13810 £0.510 * 0.515 - N
L - 1550.0 . 0.531 538" ]
. 1765.0 0.564 . 0.553 ,
- Infinity _ 0;665 . ,
- : ) © . 8
. i ' < k' =2.13 % 0.15 x 10”% s”%
. __f _ oo " k= 1.66'1 0.07 x 10-* ﬂ"l s~! .
i - > AR/
' ‘ . . I
. * - LI
'. ’ ’ L3 [ Y
- ' ) < ' . ".
- . i
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The Reaction of 2,3LDinitrophenyl 3¢Chlorophenybmethahe-
sulghénate (4,29 x ;Q'SVM) with>Pyrid1pe(6.2OO M)

-

- Temperature: 20.0 *+ 0.1°C . . ‘

Sclutions: 2,4—D1ni§rophenyl 3¥chloropq§nylmethapesulphonate:

——

1

-
¥ 24 mg in 5 ml of DME
Pyridine: 1.582 g in 100 ml ~
- N , - ..l B \.
TIME. Ar  LOG(100-%Rxn) AIME _ A¢  LOG(100-%Rxn)
TMIN) TMIN) .
1 0.008 1.993 88 0.245 1.713
6 0.028 1.975 793  0.254 1.700
16 0.065 - .1.9L0 114k 0.288 1.63L
22 0.088 1.917 138 0.321 1.563==
. 32 0.118 1.885 168 0.357 1.469 .
39 0.137 1.863 201 " 0.388 1.368
48  0.159 - 1.836 223 0.L406 1.296 4
69. 0.208 1.770 232 -0.412 . 1.269 \\~\,
81 0.230 1.737 : 243 0.418 1.240
] . : 260  0.430 1.177
e . Infinity 0.506
- o k'.= 1.19 x 107* s~} \
S ' k = 5.93 x 10~=* M-! s-! ;
8 . . , . L . - \' S
. ‘ﬁT\\ “ — B \o
. . 4
—~ : ¢
> -~ ///' v .
- &
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¢~ The Reaction 2,4-Dinitrophenyl H;Cganophenylmethane-

sulphonate(7.56 x 10=° M) with Pyridine(0.208 M) .

[+]

Tem&erature: 20.0 + 0.1°C

\ ' .
Solutdons: 2,4-Dinttrophenyl U—cyanophg;ylmethanesulphonate:

- 41.2 mg in 5 ml of DNE
) : ' Pyridine: l.6u8'g in 100 ml ¢
CTIME A,  LOG(100-%Rxn) TIME A, LOG(10D-%Rxn) ,
TMEN) MIN). Y
0.44  0.095 1.953 - . 6.59  0.670 1,440
0.74  0.151 1.923 - 7.37 o.704 %31 378
’1.01, 0.19%  1.898 8.55  0.747 . 1.28Y -
1.49 0.260 1.857 9.40 0.773 1.216
2.11  0.338 1.803° 10.25 0.795 1.148
2.64 0.397 - 1.757 11.52 0.820 1.055
3.25  0.455 1.706 12.87 0.844 0.9k42
3.93  0.512 1.650 v ... 14.86 0.868 0.790
.64  0.562 1.594 '17.59 0.889 0.590
5.30 0.603 1.542 Infinity  0.925
-t . weR
| k™ =2.97 x 10-% g-! N
ko= 1.43% x 1072 M-t s-!
—
; - .
(S ) .

e t |
. . ")
. !
4 .

-~ . %
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The Reactlon of ,3 -Dinitrophenyl M—Methylgpenylmethane- :

sulphonate (4.58 x 10-5 M) withyTriethylamine(2.28 x 10-3 M)
o v

ﬁ;mperature: 20.0 £ 0.1°C
Sdlutions: 2,4-Dinitrophenyl 4-methylphenylmethanesulphonate:

24.2 mg 1h 5 ml of DME .-

Triethylamine: 23.1 mg in 100 ml ' <f
TIME ’ Ac . LGG(lOO;SRxn) ¢
TMIN) e : ) _
. .27 0.030 1.978 A
) 1:10 ‘ @ 0,118 1.908 :
2.00 ¥ 0.193 1.837 - ’
- 2.93 0.256 1.768 '
4.10. 0.322 o 1.673 Y
5.46 0.385 1.576
8.35 0.476 1.361
11,35 0.530 1.154
13.52 0.558 0.987
\ , . 14-89 00’571 . 0.881
- i " 16.88 .ié- 0.585 0.728
Infinity , 0.618 !
k' = 2.90 x 10-? s-!
e x A e N
. k = 1.27 M~! s-!
4 E 4 -
/ f -
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The Reaction of 2,4-Dinitrophenyl Phenylmethanesulphonate
(N.8§ x 10-° M) with Triethxlamine(2.39 x 107 M) )
>~ Terperatiget 20.0 ¥ 0.1°C |
Solutions: 2,4eDiditrophenyl phenylmethanegulphbnatg: 24.8 mg
T, in 5 ml of DME )
: ~ Triethylamine: 24.2 mg in 100 mi =« <
TIME Ay LOG (100-%Rxn) )
(MIN) ” '
0.38 0.110 1.923 -
0.61 0.166, *1.878
0.83 0.214 1.836
, 1.35 0.309 1.736
2.00 0.400 1.614 a
2.77 " . 0.479 1.469
3.43 0.528 1.347
3.96 o - 0.558 . 1.251 .
4.68. 0.589 1.122 o
50“9 0v616 0.968 e
. 6.83 0.644 0.712
Infinity ,  0.679 .
o ' o= 7.24 x 1073 s”! ‘

k = 3.03 M~! s-!
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The Reaction of 2,4-Dinitrophenyl 4-Chlorophenylmethane-

. : ' |} .
sulphonate(9.48 x 10-° M) with Triethylam%pe(?.Ql x 10=% M)

—

(=]

Temperature: 20.0 ¢ 0.1°C }/Z

\Solutions: 2,H-Dinitr0phehy1 U-chlorophenylmefhanesulphonate:

»

4

2.3 mg in 5 ml of DME

Triet%ylamine: 8.0 mg in 100 ml - i e
P . )
' TIME ¢ . . A : LQG( -%Rxn)
TMIN) : *Eg »
_ . 0,56 . 0.0ky 832
U077 ©0.058 1 761
N D.96 . 0.068 1.702 |
' 1.12 - 0.076 1.649 ‘L,
. 1.30 . 0.083 1.596 . '
SN 1.52 . 0.091 1.526
a . .1.78 . 0.098 1.454
1.94 . .0.103 1.395 . J
. 2.16 _ . "0.107. S 1.3b0
o, 203 T - 0,110 ' 1.278
- ..  2.77 ' - 0.118 1.142 ‘
' 3.07 . .0.122 1.039 .
’ P 3.44 — 0.124 ’ 0.977. -
3.92 . 0.128 -+ 0.818 .
4.61 : 0.131 " 0.641°
Inffrity . 0.137 - ° ‘
- N k' = 1.20 x 1072 s—T . S
» . > “} ° . S

oy, -
k = 15.2 M-t s7F

XY
V4
L3
-
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(vii) The Determination of the Proportions of the Base

Cafalysed Hydrolysis of 2;4-Dinitrophenyl Phenyl-

methanebSulphonates Occurring,@lrsulpgene and Non-

sulphene Mechanisms .

2,4-Dinitrophenyl 4-nitrophenylmethanesulphonate

(200 mg, 0.52 mmol) was dissolved in a mixed solvent of

~

120 mil oﬁ\pME pius 30 ml of deuterium oxide. Pyriéine

(10.4 g, 0.87 mol) was added to the solution. The reaction

mixture was stirred at room temperature for 25 min. The

majority of the solvernt was removed on a Bﬂchi Rotovapg.
The remaining solution was extracted with e‘her. The ether

was evaporated to give the 2,h-dinitrophendl.

Rdtovap, from the aqueous layer. The residue was suspended
"in methylene chloride(approx. 100’h1) and excess phosphorus

pentachloride was sYowly added. The methylerfe ehloride was

-

decanted onto iece and “this mixture was stirred for 1 houq‘
. . -~ " . /
The water layer was‘removed. The methylene chloride was

washed\3 times) with water, dried(MgSOu) filtered and the

solvent evaporated N
2 : [] .

The prude u—nitrophenylméthauesulphonyl chloride
so obtained was recrystallised from methylene chloride-

petroleum ether and the n.m.r. and mass spectra were taken.

From the mass spectrum the ratio of the monodeuterated u4- _

nitrophenylmethanesulphonyl chloride€ to the undeuterated 4
A

" nitrophenylmethanesulphonyl chloride was determined. From

¢ * -

The deuterium oxide was removed, on & Blchi .«
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this ratio the proportions of the Feaction occurring bg\gbe

two mechaﬁisms was deduced. Thils procedure was repeated fér

the five other 2,U7dini£rophenyl phenylmethanesulphonates
with the results shown in~tab1e.§VI. .

The same method was used ‘to ;etérmine the amount
ofigeuterium incorpor;ted when %,M-dini;rophenyl phenyl-
methaneyulphonate was reacted wifh trlethylamine. The n.m.r.
showéﬂ/f:at only monodeuterated proddﬁt had been formed'

“in thié case and hence all the hydrolysis occurred by the -

sulphene route.

\ ¥

R




"

. Appendix I

: ¢ v
The steps involved in the exchange of the benzylic

hydrogehs of the esters are depicted in the following

equation;

: K kq /2
PhCHz’SOZOAI’——L—»P{?CHDSOQOAr-—l——PhCDZ.SOzOAI‘

A _ B « C -

-

secondary isotope effects have been lgnored.

t
-

Thus | , - -

§[A] " 8[B] kq

— = - k,[A] — = k,[A] - =[B]

$t . 8t 2

] - /ﬂ- /

' GEC] kl i . e
—. = =[8] _ -
6t 2 el

At t = 0; (Al = [Alys [B] = 0 ana [C] =0

Thus at time ¢t

. -klt ) "41:"’
(A) = [A]qe '
- ' S B
Hence . : . *
§(B] . -k_t kl J
— = ky[Al e 1 - —=[B]
st 2 ' e
, he P
.
ya
S
@
180
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181
e IS
- ‘ .
and thus - ¢
k, [AT ~k,t ~k /2 ™~
[B) = (e - e )
(ky/2) 7= Ky
.“ ‘ 6D kl
" Rate &F incorporatidn of deuterium = = kl[A] + —[RB]
. 5t 2 .
Substitutiné for [A] and [B] . '<f '
6D ~kqt/2 :
fe—= kl[A] e
‘ 5t ° .

Integrating one obtains the amount of deuterium incorporated

at time t([D]t)'

-klt/Q,
-2[A]Oe . + const.

[D]

t

H
o
[}

at time t = 0, [D]

Tﬁus const. = 2[A]O‘

Hence

“k.t/2
[D] 1

2[A]Ofl - e ) -




Appéndix II

-

Equilibria in 20% aqueous DME

1) Measurement of the 'pKa' of Triethylamine

]
Procedure *
Triethylamine(0.5 ml, 0.36 g, }\5 mmol) was dissolved i
in 250 ml of 20% aqueous DME. A colwmn of Rexyn 203(0H) ///

ion exchange resin was prepared. The éqlumh was washed with
sodium hydroxide(2M), ‘dis‘tilled'wat‘er and finally with 20%
aqueous ByE.‘ The t;iethﬁlamine solutiqn‘was passed through
the coiumn and the last 100‘m1 was collected in a flask, i
protected from carbon dioxide. 63 ml of this purified
solution was pq@fed into a beaker and titrated, potentio- .
metrically in an atmosphere of nitrogen,.with hydrbchloric

acid(0.24 M, solvent 20% aqueods DME) which had been purged

with nitrbgen. The potentiometer was standardised at

pH 3.00 and pH = 8.00 with 3aqueous buffers. . ' ' :

&

. 182 T
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r'd
o X .
Results .
Titre/ml pH Titre/ml pH
0.00 . §.58 . 2.80 7.82 -
. 0.20 < &732 T 2.90 v 7071
> 0.30 9.23 3.00 . 7.57
- 0.40 9.15 Y3.10 7.39
S 0.60 9.02 3.20 7.1
0.80 8.90 3.30 6.76
1.00 8.80 3.490 6.38
1.20 8.71 ) 3.50 - 6.01
1.40 8.62 3.55 5.83
1.60 8.54 3.60 $.61
1.70 " 8.49 3.65 5.27
1,80 : 8.u5 3470 4L.83
‘ 1.380 3.75 ) 3.77 -
2.00 3.80 3.25
2.20 3.85 . . 8,01
2.40 3.90 2.83
2.50 4.00 2.63
- 2.80 4.10 . 2.us -
2.70 4.20 2.38 :
* ) . et Vs > - ‘ , ~
. End point = 3.73 ml
- 'pH' at'half neutralizatjon equals 'pKa' = 8.43 o
- L S . _ .
s i "
» b 1 ’ o
/ s
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ii) Calculation of Accurate Triethylamine and Triethylammonium

Ion Concentrations using 'pKa' = 8.43
]

\

The equilibriuﬁ'cqn be written
* ™~

[

Et N + H 0 m—=sEt. 85 + 1,0 S
3 3 = 3 2

Initial a . b
Concentrations :

Concentrations
_at Equilibrium 2&7% bra .
< g . -
(Et,NI[H']  (a-a)[H'] i
Ka = - = . :
.[Et3§H] (b+a)

ﬁiguming the meter reading of 'pH' in 20% aqueous DME
is' direct2y-proportioned to'[H+](uu) the values of 'Ka'

and '[H 1 obtained from the meter readings may be Substggated-

for Ka and [H'] in the aPove equatlon and a can be détggﬁsiug} :
Hence a-a and b+a may be calculated. ) -7
. These cohcentrat!ons of triethylamine(a~-a) and triethyl- I

I

ammonium ion(b+a) are theones tabulated in the results and

.
- - ‘ 8.

discussion.. » .
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- iii) Measurement of the Equilibrium Constant g

Between u4-Nitrophenol and Triethylamine

The general procedure waslsimilar‘to the method outlined
by Bayle; and Chetwyn(:5). u-ﬁitrophenol(0.138 g, 0.988 mmol)
was dissolved 1n 100 ml of 20% aqueous DME. 2 ml of this )
solution were DlgettEd into a 100 ml volumetric flask and
the solution was made to the mark with 20% aqueous DME (conc>
1.98 x 10'“3). Triethylamine(0.201 g, 1.99 mmol) was dissolved
in 100 ml of 20% aqueous DME(conc™ 1.99 x lq-zﬁ). ‘

5 ml of the phenol solution were pipetted into a 10 ml

- - ®

volumetric flask. _A known volume of the triethylamine solution
was added from a 5 ml burette, and the solution was made to
the mark with 20%-aqueous DME. The u.v. absorbance spectrum

was taken and the results are shown in the table.

- AN c
. = ' + .
(Et,N]; . [Ar0~ ], [8H*] [AroHI, Keq
(1o”® My FORRMm 19T ) - 10T M) (207 W) (107F M)
1.00 T 0.425 ¢ 3.9y - 0.96 5.97 2.72
1.99 0.543 5.03 1.94 4.85 2.68
3.98 0.705 6.53 3.91 3.35 " 3.26
.9.95 0.840 7-.78 9.87 2.10 2.92
. - 7 s
. [Ar0TJ[Et NH"]
a = added e 2 ‘equilibrium K = : .
, : ed [ArOH]

-~

T » - o ) ‘
, The value of the extinction coefficient of 4-nitro-

. . - .
phenoxide ion at uLQu nm was found to be 10,800 by measuring

the absorbance o#°404 nm of a solution of known concentration

of the.phenoxide. The phenol did not absorb significahtly

at 404 nm and an isobestid point was observed at 347 nm.

-~
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