





















































































































































































































































































































































































































































































































































































































































psctively, This was an exploratory study to test the principles of the
above method, seo that these lifetimes are subject to error.
Before an intramolecularly-bonded proton may exchange with a site

on another molescule, the hydrogen bond must first be broken. Again consider
salicylaldehyde. This may occur by twisting either the -OH group, or the
=CHO group, or both out of the plane of the benzsne ring. Studies of
benzaldehyde have revealed evidence of a barrier to internal rotation about
the C=CHO bond, presumabiy because it has partial double bond character
(102), This also supports evidence in favour of a planar benzaldehyde
moleculs. Anet and Ahmad (102) have determined the free energy of activation
43@# for this hindered rotation to be 7.9 keal/mole (2t =123°C). Various
para=substituted benzaldéhyﬁ@s have also been studied (102, 103). The
internal rotation of the -OH group about the C=0 bond in phenol is also
hindered because of conjugation effscts with the. ring 7 -electrons and the
censequent partial double bond character of the C=0 bond. Evans (104)

has estimated the 2-fold barrier to rotation by infrared to be 3.4 koaly

mole whereas microwave data indicates it is 3.3 keal/mole (105).,
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NATURE OF THE PROBLEM




In the study of the longwrange eoupling constant betwsen the
phenelic proton and ring proton Hy, (hereafter referrsd to 355%;) in
3, 5=dichlorosalicylaldehyde, it was found that by inereasing the temp-
erature of a solution of this compound the magnitude of the splitting
decreased. By increasing the temperature still further, this splitting
could bé eliminated altogether,

Sinee the longerange coupling is asseciated with the intra-
molecular hydrogen bond and will disappear when this bond is broken,
temperature studies were therefore carried out to study this hydrogen
bend and associated proten exchange reactions further, From the data,
proton exchange rate constants and thermodynamic aetivation parameters

wers obtained,




EXPERIMEN TAL METHODS
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A. COMPQUNDS

The compound 3,5mdichl@fcsalicyl&ldehyde was cbtainsd from
Frinton Laboratories and was recrystallized from benzene before uss,

For some confirmatory experiments it was alse reerystallized from carbon
tetrachloride and ether. S5=chlorosalieylaldehyde was cbtained froﬁ
Eastman Organic Chemicals and was reerystallized twice from benzane, The
compound 3,5«dibramosalicylaldehyde, from Aldrieh Chemieal Co., was used
without further purification,

The seolvents acetone, acetonitrile, benzene, earbon disulfide,
carbon tetrachloride, cyclohexane and methylene chloride were speetroe
quality grade from Matheson, Coleman and Bell. The other solvents used
wers: benzaneadé and chloroferm-d from Merck, Sharp and Dohme Co. of -
Canada Ltd., hexafluorobenzene from Pieree Chemical Cos, dimethylsule
foxide from Aldrich Chemical Co., and ietram@%%ylsilane from Nuelear
Magnetie Resonance Specialties. Carbon tetrachloride was purified and
dried by passing it through Linde molecular sieve 4p which was heatad to
500°C before use. Dimethylsulfoxide was dried over caleium hydride and
fractionally distilled at atmespheric pressure. The fractién taken
distilled at 1890190GC (106). A1l other solvents were used without further
purification. Several experiments were carried out in highly purified

acetone but these will be discussed in the "Experimental Results" chapter,




Be PROTON MAGNETIC RESONANCE MEASUREMENTS

All compounds in solutien were studied with 1 - 2 mole %
tetramethylsilane (TMS) as internal refevence using the previously
deseribed experimental procedures, All solutions wers degassed by the
freeze-pump-thaw technique before the speetra were obtained,

The ring proton spectrum of 3y 5=dichlorosalicylaldehyde belongs
to the AB system., Sinece in most solvents at room temperature proton HB
also couples with the phenolic proton, the twe resonances corresponding
to Hp were split into doublets., A doublet was alse observed foé the
phenslic proton resonance in these sclvents., However, it was always
- slightly broadsr than the two ring proton deublets,

The analysis of the spectrum was straightforward, The long-
range coupling eonstarnt JOHnHB was obtained by simple spaeing rulss from
the ring proton and the phenclic proton speeirs. The ring proton coupling
JAB and the HA and HB proten shifts were obtained by an AB analysis. The
phenolic and aldehydic proton shifts were obtaimed by first order rules,
The aldehydie proton resonance was a sharp singlst. The same proeedure
was applied in the asnalysis of the speetrum of 3,EadibromasalicylaldehydeeV

The molecule S5=chlorosalicylaldehyde exhibits two long-rangs
coupling constants. The aldehydic proten couples with the ring protan

in the 3epositien with a coupling J The phenelie proton couples

CHO«H3°
with the ring proton in the Lepasition, as in 3s 5=dichloresalicylaldehyde,
with 2 coupling JOH”HBG The magnitudes of these twe longerange zouplings,
a5 well as the phenolic and aldshydie proton shifts were determined by

Tirst order rules, The ping proton ecouplings and shifts were sbteained by

an ABC anazlysis,
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The Hp proton shift of 3,5»dichlorosaliéylaldehyda in most
solvents oceurred ta low field of the HA proton shift. However in
C6F6 the two doublets corresponding to proton HB occurred to high
field. The question arose: is this a solvent shift or does the zige
zag long-range coupling constant rule break dewn in this selvent and is
& coupling JOHnHA present? This problem was resolwved by studying the
spectra of 3,5edichloresalicylaldehyde in CS2 - C6F6 solutions., As
well, spectra of this compound were studied in C5, = Acetone solutions,

A1l spectra were reéorded and calibrated st least four times.
The shifts are reported with an accuracy of 4 O,QO5 ppme Several pheno-
lic proton shifts were exéep%iOﬁs where these ressnances wasre very broad
and hence the shifts were harder to msasure, Thess ave indicated in
the experimental data. The errors in the eoupling constants are stan.
dard deviations from the mesn,

Temperature studies on 3, 5-dichlorosalicylaldehyde selutiens
were alsc carried out,. Th@se will now be considersd., When the tenpe
erature of the benzene - d6 solution was raised above room temperatore,
the magnitude of the long-range coupling decreased until at the ceoslesw

cence temperature the two doublets corresponding to proten H. eollapsed

B
inte two broadened singlets. As the temperature was raised above the
coalescence peoint these pesks becams sharper until finally they were
nearly identical in height and width at half height with the peaks ecorw
responding to proten HA' The latter proten and the corresponding rew

sonances were not affected by the temperaturs, Hence this was an ideal

rstem for studying proton chemical exchange reaction rates by means of
P £ Y
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equation (3=51), which applies above the coalescence temperature, By
applying this equation to the experimental data, the first order rate
constant k for proton exchange is easily obtained. The relative peak
heights I/Io are straightforward to measure sinee the exchanging and
the non-exchanging proten resonances arye close together in the speatrum,
TZ at every temperature is obtained in the absence of exchange from the
line widths at half height ASV'%, of the HA proton pesks,

| The experimental procedure was as fbilbws, Several solutions
of 3,5=dichlorosalicylaldehyde at different concentrations in benzeneuds
were prepared with TMS as internal reference and were then degassed., Each
sample was warmed in an oil bath to sbout 120-130°C to cheek whether the
tubes could withstand the added pressure, The proton spectra were then
determined every 2 or 3 degrees until the coalescence temperature was
reacheds At least an hour was allowed foy the solution to come to eguille
ibrium at each temperature before the spectra were recorded, Longer
equilibration times had no effect,

Above the coalescence temperature s systematic analysis of the
spectra was carried out every 5 to 10 degrees. The resoltuion was always
at an optimum and was checked by the appearance of the ring proton HA
peaks, or the aldehydie proton peaks Saturation effects were always checked
for and eliminated hy observing the spectra at low vef. intensities, All
spectra were recorded with the same sweep times. However, confirmatory
experiments were carried out with different sweep times to check for slow
rassage conditions,

At least 8 measurements of the relative heights I{IQ were obtained,
two from each calibration of the spectrum at each temperature, The base

line of each spectrum was extended after the resonances were recorded and



peak height measurements were determined with respect to it with a
rpl@ro The peak widths at half height corresponding te the nen=exchang=
ing proten HA were detsrmined st each temperature. At least 8 measure.
ments were always obtained., The ervors quoted for the relative heights
and peak widths at half height correspond to standard deviations frem
the mean, All ths solutions were studied in the above mamner,

Before k can be caleulated from equation (3 = 51), the mage
nitude of the longerange coupling JOHnHB in the absencs of sxchange must
be knewn, This was defermined by studying a weak solution (1 mole %) at
the lowest possible temperature, 9,3°C, where exchange effects are expected
to be nearly zers. Studies at a lower temperature in b@nz@mandé could not
be carried out due to the poor resclutien =zt temperatures near the freezing
point of benzene. Speetra above 110°C were 2lso hard to obtain due teo
the bumping of the solution above the benzene boiling point,

All temperatures were determined before and after each cale
ibration using an ethylens glyeol or a methansl sample and a ealibration
graph of internal shift versus tempsrature. This was prepared by Varian
Associates, Palo Alto, California. The temperature never changed by more
than one degree from the beginning of the spectral ecalibrations until the
ende This corresponds te 2 time intervel of about two to thrse hours in
which temperature equilibration was attained, resolution ad justed, a
saturation check carried out, and at least four ring proton, phenolie and
aldehydie proton calibrations sarried out, The preeision in measuring
the temperature is estimated at iQ,SDCe

The rate conpstants for preten exehange ceould not be determined
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3 )

oy studying the phenclie proton doublet, These peaks were always
slightly breader zt room temperature than the corresponding HB proton
doublets. As the temperature was inew reased they collapsed and further

broadeneds Henze several processes are thought to affes
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ton resonance line widths. The aldehydic proton resonances were

‘CS

always sharp and these line widths at half helight were temperature
independent,
The rate constant k for proton exchange was caleulated for

ates change with

3

all the solutions using equation (3 « 51)s Since the

1
2

o
[¢]

oencentration of 3, 5-dichloresalic rlaldehyde, an intermoleculss

ss must take wle ¥ Caotua I et ?!itadﬁs
exchange precess must take place and the setual kexehange g
are twice the mezsured k, The least Sguares analyses of the data were
carried out on the IBM=360 computer at the University of Manitoba, The

regression analysis program was obitained from BoeTo van der Kowwe, As

well, seversl of these analyses were careied out on s desk ealoulator,

Ce INFRARED MEASUREMENT.

The infrared spectra were obizined st reom temperature using
a PerkineElmer 337 Grating Spectrophotometer, The C=0 stretching fre-
queneies wers calibrated on a 10 ineh stripechart Honeywell rescorder with
ealibration bands obtained from an indens referencs, A 00025 mite 2ell

was used,



5e

EXPERIMENTAL RESULTS




180

ALl of the proton chemical shifts determined in this study are
in ppm to low field of internal THS and all ths coupling constants are
in cps,

The proton chemical shifts and coupling constants of 3,5
dichloresalieylaldehyde (4) in various solvents arefgivwh in Table 3=I.

The JOHuHE values are the average of the ring proton and the phenolie

proton splittings. Both coupling constants Jyp and JOHaHB are positive (94),

The Hy ring-proton shift was assigned to low field with respect
to the Hy ring proton shift on the basis of the zig=zag long-range COUP-
ling rule in those sclvents where the longerange coupling was observed,
An exception was CgFg in which the Hy proton resonsnce occurred to high
-fislde This was showm to arise from a solvent shift and not from a
breakdown of the zig=zag rule by studying 3,5—dichlorcsalicylaldehyde in
céFé - CS2 solutions., The proeton shifis ars given in Table 3=IT and
Figure 3.l frem whieh it is seen that increasing the coneentration of
c6F6 in selution shifts the HA proton resonance to lew field, below that

of the HB proton rssénance,
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Footnotes te Table 3el,

Lo
2,
3e
K

5e

ALl proton chemical shifts are in ppm to low field ef internal THS,
All coupling comstants are in eps,

Purified as described under "Experimental Methods'.

Under scolvent peak,

The peaks were broadened but definite splittings were hard to
calibrate,

Dimethyleulfexids,

Net observed,




Table 31T

Proton chemical shifts and ¢oupling constants for 3, 5=dichlorosalicyl=

aldehyde(l) in CgFg = C3, solutiens at 30%,

Solvent Low=field Highefisld
Cormpositien proton proton

(molef CF,) shift shitt  Yeomo  Vom Iin Jo-H,
0 (Cs,) 2oton(®) g 392 9.806  11.234%  2,5240,03 00 5440403
20 21 gz o830 11232 2es0s0u0h e
10 7883 760 9863 11,233 2.5040.0%  0,3440.03"
60 7471 7H7L 9.873  1Lle238 = eecea cecew
80 74488 74488 94907 11,248 — S
100 (CgFg) ?.526 ‘ 7.1478(2) P93 1de26l  2,5240,03 0,4640,03

le Present in all solutions in concemtrations < 5 mole %,
2. Coupled to the phenolic proten.

3. Coupling to phenelic proton diffiecult to resolve.



Figure 3Bl

The ring proton chemical shifts of 3,5-dichlorosa-
lieylaldehyde in Cé?é - CS, solutions at BOOC as a
function of solvent composition. The shifts are in
ppm to low field of internal TMS. The x indicates
the low-field proton shift whereazs the 0 indicates

the high-fleld proton shift,
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When the preliminary experiments in this study were carried
out, a 5 mole % solution of 3¢ 5=dichlorosalicylaldehyde in acetone
was prepareds Both were used as obtained commercially without special
purification procedures. The acetone was speetroquality grade., The
solution was degassed with TMS 2s an internal reference,

When the pemer. spectrum of this solution was obtained, the
two high=field ring proton lines of the AB spectrum were considerably
broader than the two low-field lines. This suggested that the highe
field ring proton couples with the phenolic proton. Therefore the acstone

solution was studied at several low temperatures and a J splitting

OH«HB

of 0,47 cps was observed at -?@3000 The solution was then studied over
a temperature range from -7.3°C to +68°5°C and the ring, phenoliec and
aldehydic proton shifts were determined. The coaleseence temperature was
approximately 29°C. Above this temperature the relative heights I/Io
were measured together with the line widths at half height of the loww
field AB doublet. The proton chemieal exchange rate constants were cal-
culated using equation (3 = 51).

A complete study of 3s 5=dichlorosalicylaldehyde in acetone solutions
was then planned. Several solutions were prepared. However the longe
range coupling between the ring proton and the phenolic proton could never
again be observed, lany expsriments were tried. The compound was used
without further purification, after being recrystallized from CCly, from
acetone or from ether, Another sample of this compound was obtained from
Frinton Laboratories and tried. Acetone was purified in many ways. It

was refluxed for several hours with KMnOn, then consecutively distilled,
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dried over CaCl, and redistilled, Tt was kept over alumina, Acetons

...I .

from several manufacturers was tyied, After these purification Troce Sses
vere carried out, many solutions were prepared, many in 2 dry box and

all were degassed. The vacuum line was flamed cut before each preparation.

m

Solutions were tried with and without internal TS ¢

Selution preparations were alsoc carried out on the vacuum line,
The compound was recrystallized from acetone, placed in an nem.r. tube,
attached to the vacuum line, warmed slightly and degassed, Acetone,
purified by ths KM@O& process, was placed over CaHz, degassed on the
vacuum line and vacuum distilled inmto the Nele¥s tube, Irrespsctive of
the econditions under which the solutions were prepared, the ring proton
spectrum always consisted of a symmetricsl AR guartet with no svidencs of
& longerange coupling, evan at -15GC@

Finally, Be Richardsen prepared a 5 mole % solution a2s he normally
would for oblzining an nemer. spectrum, with the same vesult, Consequently
no further temperature studies were earried out orr agetone solutions,

One interesting result emerged from this study however, which
showed that in acetone, as in CéFé’ the HB ring proton shift is to high
field with respect to the HA proton shift, This was confirmed by studying
the spectra of 3s5=dichlorosalieylaldehyde in ascstone a082 solutions. The
results, in Table 3-ITT and Figure 3«2, show the acetone solvent shift on
- the h proton. The phenolic proton resonance wms very broad { ~~30 cps

at half height) in solutions with low acetone conventrations and beecams

his is
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sharper as the acetone concentratio

not known,
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Table 3-ITT
Proton chemical shifts and ecoupling conmstants for

3, 5=dichlorosalicylaldehyde (4) in Acetone ~CS,

selution at 30°C.

Conce A Selvent Lowefield High-field
(mole %) composition proton proten
(mole % acetone) T shift shift Vero Von Ian
<5 0 (cs,) 7006 p3e o806 11.2340.05  2,5240,03
<5 5 74488 7,465 9839  11.20 40,05 2,50
<5 8 76506 7,487 9.856  11.20 +0.05 2,51
<5 10 70515 741490 9.861  11.23 0,03 2,51
5 20 7,588 7o 5Ll 9,901 11.27 40.03 2,53
5 ) 7,678 7.563 90953  11.30,40.0L 2,53
5 60 7737 74617 Fe989 1133 40,01  2.55
5 80 7779 7.668 10,016 11.34740.005 2,55
5 100 7,807 74708 10,035 11,36310.005 2,57
1. Coupled to the phenolic proten




Flgure 3-2

The ring proton chemical shifts of 3,5=dichlorosalicylale
. s o
dehyde in Acetone = CS, solutions at 307C as a function of

solvent composition. The shifts are in ppm to low field of

internal TMS. The x indicates the lowefield proton shift

whereas the ¢ indicates the high-field proton shift.
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In Table 3=I the Hp ring proton shift in DMSO was assigned to
higher field than the Hy proton shift, in analogy with the acetone

spectrun,

The assignment of the HB proton resonance to low field with
respect to the HA proton resonance in most solvents is supported by other
evidence. The molecule 35 5=dibromosalicylaldehyde was studied in C82
(Table 3-IV). If the HB proton resonance occurs at low field in the
dichloro compound, it should occur at even lower field in the dibromo
compound relative to the Hy proton resonance., And it does., The internal
shift is 0.213 ppm whereas in the dichloro compound it is 0,102 ppm. This
is in agreement with the larger ortho CQ effect of the bromine atom as
compared with the chlorine atom (107).

Conclusive evidence for the above proton assignment comes from
a study of 5-chlerosaliecylaldshyde in C6D6 since the replacement of a
chlorine atom by 2 hydrogen atom in the aromatic nucleus should have little
effect on the HB proton shift. This is based on the nearly equal ortho

(Q seffect of these two atoms (107)., Also an Unequivocal assignment of
the pemers speetrum of this molecule may be made since 3 ring protons are
present and the 3 ring broton coupling constants are all different. The
spectrum is given in Figure 33 from which it is seen that the HB proton
resonance oceurs to lowest field and exhibits the long-range coupling with
the phenolic proton. The aldehydie proton couples according to the zige
zag rule with the HC ring proton.

Decoupling experiments were carried out on both the phenoliec and
the aldehydic protons to confirm the assigrnment of the long-range coupling

constants. The ABC analysis was carried out on the decoupled spectra.



- Table 3-IV
Proton chemical shifts and coupling constants for

3,5—dibromcsalicylaldehyde in €3, (5 mele %) at BOOC,

\% = 7,778 ppme JOHuHB = 0.4740,03 eps,
Y, = 7.565 ppm, Ly = 2.350.0% ape.
YE)HO = Ge757 ppn.
)GH = 1le351 ppie

Table 3=V

Proten ehemiecal shifts and eoupling constants for 5a

chlorosalieylaldshyde in CgPg (5 mole %)

a. At 30°C.
Va (Vg) = 64674 ppm, 15 = 2.6740.03 eps,
Vg (V) = 6,866 ppm, Ige = 8,9140.03 cps,
Vo € V3) = 6,507 ppm. Iie = 0o4340,03 eps,
Vero | = 8.931 ppn, JOH-HB = 0.4640,01 eps.
Vou = 11,094 ppm, JCHD»HC = .Q°6329-01 epSe

The sum of squared deviations in intensities between ealeulated

and observed ring proton ABC speetra = 0.0198

o

be At 95Ce
Yoo = o111 ppr *JCHO-eHC = 0,6440,02 cps
The splitting dus to Joten has nearly disappearsd,

B

* Also observed at 115°C,




Figure 3-3
The proton magnstiec resonance spectrum of
2 5 mole % solution of 5-chlorosalicylalde=

hyde in CgDg 2t 30°¢C.
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Table 3=V gives the proton chemical shifts and coupling constants for
this moleculs,

Once the proton assignments of 3,5=dichlor0salicylald@hy&s Wwere
complete, temperature studies were carried out on solutions of this mole-
cule, Studies of the CSps Céle and 001# solutions showed that the ex
change rates were sufficiently slow in these solvents so that a complete
coalescence of the splittings arising from the coupling JOH«HB eould net
be observed, even at temperatures of ~ 110%, In CéD6 the preten
exehange rates were sufficiently rapid’so that the coalsscence temperature
was wsll below the beiling peint of the solvent and a sufficiently large
temperature range was available over whieh the relative heights I/I0 could
bs measured. Therefore there is a solvent effeat én proton exchange rates.

The proton magnetiec resonance spectrum of a 5 mole 4 solutien
of 3,5«dichlorosalieylaldehyde in 06D6 at magnet temperatures (30°C) is
given in Figure 3-4, The results of the temperature studies of CgDg
solutions are tabulated in Tables 3-VI to 3-XI. The widths at half height

43)7%,of the peaks corresponding to the non=exchanging proton (HA) are
in cps. The heights (I) of the exchanging proton (HB) peaks with respect
to the heights <Io) of the noneexchanging proton pesaks are zbsolute numbers,

The results of s temperature study of a saturated solutiem of
3, 5=dichloresalicylaldehyde in cel,, ( < 5 mole %) are given in Table 3-XIT1,
even though proton exchange studies could not be carried out en this solue
tion. This selution wes also studied with cyclohexane instead of TMS as an
internal reference but this daia is not included in Table 3-XIT. This enabled

temperatures of o~ 120°C to be reached but the rate of proton exchange was
P p

still to slow to be measured,



Figure 34
The proton magnetic resonance spsctrum of
a2 5 mole % solution of 3,5-dichloresalicylal-

dehyde in CgDg at 30°C,



f=

. «

wiha

i

Ci

R

esen,

P Rn:




*BIBUTWTTS OF JTROTIIIP @4AoM S}09JFO UOTIRIRGES ®OUSH

°TTRUS 007
2 s®M sywed Juroseress ayy Jo £yTsuequr oy} eours qno PETLIBD
! ¥4 30U PYNOY UOTINTOS STYY Jo Apnys aanjesedue) eye7dwon ¥ o
£0°0%95*0 €0°0%ES e 9tw Tt  T9°g 69€°9  #£0°4 0°0€
€0°0%19°0 70°0%25°27  S0S°TT  géSeg 262°9  166°9 £°6
-0 av HO OHO v g D
r £ A A A L samgeaeddey,

9% ut ephyep

~TRTAOLT¥SOIOTYDEP=G °C Jo Aﬂvnewwaﬁom % oTow T eyy Jo UOTLRIQTTRO edanyeasdus],

e e e bty

IA=¢ sTqel




195

T0°0%89°0 €0°0*2°0  ~wmemem CO°0FISZ  TLO°TT 966°8 #49°0 6LT°L 6°9TE
20°0+£9°0 E0°0FZ®0  ===wmem 20°0F(S°T Z2TOTT 996°8 THO'9 49T°4 8H0T
20°0%€5°0 20°0%92°0  =wwess= 40o0TECOZ TLICTT 0€6°9 609°0 G4 0°56
£0°0%gH°0 20°0F92°0  wmmwme= hpo0F6R°T 4TZ°TL 468°8 84500 HCTCL £°cg
10°0%04°0 T0°0¥62°0  ~=====  40°0FS°z TSECTT 498°8 TSS9 T2 ol
TEESTRm vemsessemee o 20°0%G5°0 20°07CS°T LTHOTT L0A°8 96€°9 0kOL 0°0¢
Tmmemmemmee o 20°0%19°0 €0°0%S°2 SENCTT $€9°8 T2E°9 000°4 §°g
o1 (sdo) (Vayixw mm..mon av, HO,  owoy Wy gy @ép%mms&

ammmu UT opAYepTeTADTTRS0XOTHO TP~ °C Jo UsgiuTos ¢4 aTou .w.mm. eyl JO UOTIRIqLTBO ednlededua]

1IA=¢ @7qel



196

£0°0%*T8°0 £0°0+82°0 Bttt 05°2 €80°TT 0T0°6 089°9 64T°. ARERY
SOOIy ROSOPEEYY e T 90T TT G66°2 999°9 #AT A £°90T
70°0F69°0 €O°0FHEoD  mmwemmme T6°Z 6HT°IT §96°2 T#9°9 T9T°4 §°96
70°0+09°0 TOOFILO)  wemmmmeome 05°E 98T°YT 9€6°8 +4T19°9 guT°4 0°88
£0°0*64°0 TO°0¥g2°0  mmmemeoe- 09°2 QOZ°TL 416°8 L66°9 €CT°L $°1g
20°0¥54°0 TO°QH6ZY  memmmmeee T6°2 422°TU €06°8 286°9 ZET°L 8°94
£0°0F0H°0 TOOFIE) — mmmmemeem €5°7 292°TT #8°8 455°9 07Tl 9°99
e wobummeie  CO°GFIE0Q 25z SOL°TT L€8°Q 226°9 TOT*. 0°85
e onen mmmmem——— 20°QV6G 0 W2 CIRTT 4EL°Q STH°9  AH0°L 0°0€
TTTETEIET L wmmmeemss o €0°0V95°0 €O°OFERZ  SMHCTT 004°8  28E°9 4202 g°4T
° 1 (sdoy( "ayE 4w mm..%h av, HO(  oHOy Yo g méﬁ.wm?&

emmmo UT opPAYEpTETADTTeSUIOTUDTR=G ¢ Jo HOTINTOS ¢ aTew § ey3 Jo UOTFeIqrTer edanjedadus],

11IA=g efq®]



197

2H9°9 6414

£0°0%98°0 10°0F0Ce0 mmemmmene 05 2°66
70°0¥64°0 €0°0FL2°0  mmememeee 05°2 69T°TT S56°8 TE9°9 SGT°4 Go16
€0°0%9s°0 20°07g92°0  mmmmme—wes 05°2 80Z°TL 426°8 909°9 THI 4 Goeg
£0°0%69°0 T0°0F52°0  memmeemne T6°2 9€2°TT #06°Q #85°9 TCT°4 )
#0°0¥99°0 TO°0¥0pE°0 e T6°2 $9Z°TT 188°8 295°9 T1ZT°4 ¢°Ll9
€O°O+TS°0 TO°0FgEe0  mwmwmeeme 05 °2 $H6°9  TTT®A 0°29
£0°0F64°0 20°0F62°0  mmemmse 05°2 86Z°TE #58°8 9€5°9 90T*4 AL
20°0%ihea T0°0¥0E°Q e stonnn e 09°2 GIE°TT $€8°8 6T5°9 660°L 9°€s
e Temesmes= o £0°0F05°0  €0°0%25°Z  TTHCTT 98 2640 TS0°L Loge
o1 (sda)( Ty EAy mm-mow v, HO oMM v Ay @hssmmmgawg

707 UT SPAYSPTETAOTTESO4OTUOTP=G*C Jo UoTNTOS % eTou §

XI=¢ 8Tqr]

SU3 Jo UoTIeaqried wanjededus]



198

70°0¥68°0 £0°0%52°0 e e 0%°2 09T°TL 646°% 259°9 0914 L°T6
H70°0¥S 80 20°0762°0 e con o T6°2 IQT*TT 496°8 049°9 GGT°4 G°98
G0°0F64°0  Z0°0%R2°0 e s s T6°2 Q0Z°TL 6°Q 619°9 CHT°4 £opd
£O°0F64°0  20°0+62°0 e i o nss 05°z 009°9 GET°A cogs,
20°0%04°0  20°0%gz°0 e e s 09°2 062°TT TI6°8 485°9 gzi°l 4*g9
20°0+09°0 NOacﬂNN.o_ s e e 25°2 482°TT 18R°8 ©9%°9 +#TT°4 0°6s
20°0FH0  To°0F62°0 e 162 L2CTT GHB°8 #25°9 960°4 Sogy
20°0725°0 €0°0FI6°2  CORCTT 694°8 SHi*9 €50°4 pege

/ DA sanyeladws],

owmmo UL apAUspTeTLOTTes0L0TURTP=G *C J6 UOTINTos % aTomw 5% eyl Jo uotjedqiTes ednjesadusy,

xsm 8TAB]




UoTINTos Jo o pejetrdrosad ejntos ewog ()

€0°0%68°0  T0°0¥gz°0 s e e 05°Z OWL®TT #T0°6 289°9 691°L FALTS
€0°0V6L°0  TO°0¥82°0 oo e o T6°2 #9T°TL 296°8 €59°0 45T/ 4L°h8
70°0%29°0  T0°0%.2°0 ——— G52 092°TT G26°9 865°9 L2T°. 8°9
70°0FL5°0  TO°OFIL®0 - 09°7 S62°TL 668°8 €45°9 GTT° £°95
20°0HH°0  TO°OFIC0 e €5°2 ZELOTIT 998°9 6€5°9 L60°4 0°Gh

- £0°0F05°0 09°2 68L°TT G18°8 £84°9 $90°4 0°0¢

s €0°0%85°0 COOTHS 2 Low°TT 604°8 S9C°9 220°4 (0)E°6
St (ede) (b “H-no, v,  Hog  OHD Vg &y e B

awmmu T opAUspTeTASTTes OLOTHDTP~G *C Jo upIqnTos % eTow QT o4y Jo VOTIRIGTTRO *anlpdodus],

T

IX=¢ erqel



*HOTIOPS wSPOURSN TeRuewTiedi, oY3 UT Paqridsep st persiand  (T)

200

Temeemme o R000R6HST O SO0°TT STR6 69€%h GES°L 04T
Toemmeees o €0°0F0S°Z A20CTT ST8%6 TAECL  9€5ed 8°90T
memesmewe LO°QRAHZ 2S0°TT 918%6  SUE°4 6654 8°4L6
mememsems o GO°0F0S°Z  480°TT 9TR°6  94€°4 T 4 0°68
memewemem COOFISZ COTOTT 9T9%6  TRECL eng oL Gz
M0G0 SO°0FbnZ  6EZ°TL  €28%6  60W°A S5 0%0€
CO°OFIG°0  $0°0VI5°Z  mlZ°TT  0€8°6 Tew*k  €95°4 4T

mmtmo gy HO OHD k4 € Yo
r A A 4 4 sdanedsdya],

o\ﬁ DD WE
(r) WP

OPAYSPTeTAOTTES OAOTHO T P=G °C Fo (% @Tow § > ) uorjayos Palednles e Jo UOTRRIQITes sdnleleduo]

IIX-¢ orqe]




201

The resulis of the infrared studiss are ss followse. The
C=0 stretching frequeney of a saturated (< 5 mole 4) solution of 3
Sedichlorosalieylaldehyde in Ccl4 is 1672+ 1 cﬁileEen selutions ef
this eempound were prepared in CéDé for the peMers measurements, ine
fravred speetra of these were also obtained. For four solutions (0.25,
2e5y 540 and 10,0 mole %), the C=0 stretching frequencies all ranged
between 1670 and 1671 cm"l@ Hence a 40 - fold change in seclute con-

centration hed no measureable effect on the C=0 stretehing fregquency.




DISCUSSTION OF RESULTS
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Ao CALCULATION OF THE PROTON EXCHANGE RATES FOR

355D CHLOROSATL T CYTALDEHYDE, TH 0526780LUTI0NS

Using the I/I0 and Al’f%_values given in Tables 3=VIT to
3<XI, the psevdo=first order rate constants for proton chemical ex-
change, defined by equation (3 - 50), were caloulated using equations
(3»~’51), (3 = 52) and (3 = 53) for C4Dg solutions of 3,5-dichloresalicy-
laldehyde, The true rates for proton chemical exchange were obtained by
multiplying the measured rates by a factor of 2, as defined by equation
(3 = 49)s The relaxation time T, for the protons in the abssnce of
exchange was csleulated from the Agﬁf_%‘valugs using equétion (3 = 44,
The magnitude of JOH»HB used in these calculations was 40,61 cps, obe
tained for the 1 mole % solution at 9,3°C where 21l exchange effects are
expected to be small, This value was 2lso obtained for the 2.5 mole %
solution at 8,5 Ce The results of these caleulations are tabuwlated in
Tables 3-XITT to 3-XVII. TIn order that the activation parameters may be
caleulated for the proton exchange process, e linear relationship was
assuned between log k and 1/T as given by & linear regression (leasé
squares) analysis, These results are also given in the above Tables.

A regression analysis was carried out by standard statistical
procedures (108, 109), The presence of a linear relationship between log
k and 1/T is evident frem the magnitudes of the multiple correlation com
efficients. A typical graph of log k versus 1L/T is given in Figure

3=5 for the 7.5 mole % solution.



Table 3=XITI
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Proton chemical exchange rate constants for the 7.5 mole 4

Luti
C6D6 soluticone

=1,
%0 &= 107 (%) kz(%.q_)uec.) (27) (see.)

log k (sec:l)

32L.730.5 3.10840.005 2.3 (z.oQ){l> 0,414 (0450,)

33242 36010 5¢65 (Heby) 0,17, (0.21,)
3419 24925 8.8 (743,) 0.1, (0.13,)
36,7 2,884 ey (11.) 0,07, (0409;)
35245 2,837 4o, (104,) 0,065 (0.09,)
35947 2,780 2o, (15.,) 040k (0.06,)
364.9 26740 37., (22,7) 0.02, (0,04,

(1) The values in parentheses are discussed in the text.

Results of the linear regression analysis of the data:

log k = =3.0L x 103 + 9,76
T

H

Multiple correlation coefficient

Standard error of the estimate (in log k) =

i

Standard error in the slope

0,378 (0.301)
0.752 (0.668)
0,947 (0.863)
1o155 (1..043)
1,167 {1.004)
1.336 (1,182)
1.568 (1e356)

0,990
0,061

0,19 x 10°
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Table 3-XTV
Proton chemical exchange rate constents for the 2¢5 mole %

06D6 solution,.

%K) %-x 103 (aKni) i =(%71)(see:l) (27 ) (see.) log k (sec?l)
3475 2,878 Lo7s 0456 5 0,248
35665 2,805 2494 0334 0okl
368,2 2,716 4,26 09235 0629
378.0 2,646 745, 0,13, 0.876
389.2 2,569 8435 0.12, 0,921

Results of the linear regression anulysis ef the datas

3

log k = _=2025 x 107 + 674

T
Multiple correlation eoefficient = 0,983
Standard error of the estimate (in log k) = 0,059
Standard error in the slope = 0,24 % 103



Table 3.1V
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Proton chemical exchange rate constants for the 500 mole %

| C6D6 solution,

1 (see?l) (277) (secs) 1log k (sec?l)

o L 3 0 =1 - x

T("K) = x 107 (k7) k=5
35060 2,857 2.39 0.#19 0,378
3557 2,819 3.13 90319 0496
361.2 2769 @067 0922& 0,669
369.7 2:705 1001 90099 1,004
3795 2635 13»7 0e0?3 Le137
38469 20598 176 005, 14230
Results of the linear regression analysis of the data:

log k = =334 x 103 + 994

T

Multiple correlation cesfficient = 0,993

Standard errver of the estimate (in log k) = 0,052

Standard error in the slepe = 0,18 % 10



Table 3=XVI
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Proton chemical exchange rate constants for the 6.0 mels %

C6D6 solutiocn.

1 (sec:l) (2T ).(seec.) log k (seczl)

70 £x107 (k7N x =51 )
326.8 3,060 21, 0.l7, 0.326
331.9 3,013 2¢9¢ 0.334 0471
33562 2.983 Beltg 0.289 0+539
340.7 2,935 6a65 015 0.821
3485 2.869 96, 0,10, 0.983
355,7 2,811 12.), 0,08, 1.093
3647 2,742 1594 0.065 1.188
3684 20714 22.7 ().,01421L 1.356
Results of the linear regression anzlysis of the data:

log k = 22:86 x 100 + 9.12

Multiple correlation coefficient = 0,986

Standaxrd error of the estimate (in log k) = 0,067

= 0,20 x 103

Standard error in the slope
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Table T={VII

Proton chemical exechange rate constants for the 10,0

mole % CgDg solution.

=1 =l
10 Fx 10Kk ade (505) (BT (seeu) dog k (seel)
31802 361-""3‘3 1e96 09510 0@292
32965 30035 2‘1’902 Gagi-ffg 006024‘
338,0 20959 6'21 Ooléi G793
3579 2o 794 EQO? 0°668 L.167
3679 2,718 3244 0,03, 10509
Results of the linear regression analysis of the data:
log k = =2,73 x 10° 4 8,86
T
Multiple ecorrelation eoeffieient = 0,995
Standard srror of the estimate (in log k) = 0,057
3

Standard error in the slope = 06 x 10




Figure 3=5
A plet of log k (sec,°1) versus (absolute

temperature)"l for a 7.5 mole ¢ solution of

3, 5=dichlorosalicylaldehyde in CéDéa
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The aetivation energies for the exchange processes were
obtained from the Arrhenius equation (3 - 54) by multiplying the slopes
of the calculated linsar relationships by 2,303 R. The interespts
correspond to log A, where A is the fregusney factor. The A H#Q PAY G#
and AS.S% values were determined at 80°C (353°2°K) by means of equations
(3 = 55)s (3 « 58) and (3 = 59) respectively and are tabulated in Table
3-XVIII. At 80°C a measurable exchange precess oceurs in all solutions,
hence this temperature was chosen for evaluating the activation parameters,

The errors in the activation parameters were obtained in two
wayse The first was a statisticsl approzch znd beth standard errors and
90% confidence limits in the caleulated activaiien parameters wers obe
tained, These are included in Table 3-{VIII where the latter walues are

in brackets,

#

The estimation of the error in A E and AH is based on the

standard error in caleulating the slope of the straight line. The error

in gﬁxG# is a funection of the standard error of the estimate in leg ke

#

The uncertainty in A E and AA.H# is so much larger than in A\ G since

the former depend on the rangs over which the temperature measurements

aye obtained, The greater the range the more accurately ths slope of the

#

straight line way be determined. The A\ G magnitudes are determined with

a much higher preeision since they are a funetion of log T/k (equation

(3 = 58))s Because of this logarithmie relatienship, an error in the

#

temparature of 4 2°K has a negligible effect on the magnitude of A G

and hence the smsll ervor in A G’qé is due to the uncertainty in measuring

ko The errors in determining A S# are the largest since they depend on
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the sum of the errors in AQ)H# and A G#o In Table 3=XVIII the error
limits of k are obtained on the basis of the standard erver of the ese
timate in leg ke
Alierhand et 2l (17) have pointed out that statistical devistions
do not reflect the true errors due teo the presence of systematic errors.
Thess errors wore also considered in this study.
The error in k arises from the experimental errors in the

OHeHB’

(3 = 51)s Consider the 7.5 mele ¢ solution as an sxample, The standard

measurement of J 45\f% (HA) and I/I° which enter into eguation
deviations from the mean values of AV ; and I/Io for this solution are
2

given in Teble 3-X. Then, assuming thet the magnitude of JOH q is known
B

sxactly, the sffects on the k values obtained using equatien (3 = 51) of
changing the ratio I/Io and ASV'% by ameunts cerresponding to the stand-
ard deviations were considered, It was found that the greatest deviation
in k oceurred when the ratio I/IO was made smaller by an amount corresponding
to the standard deviation from the mean and the AV i values were mads
larger also by an amount corresponding te the standard deviation. Using
these error limits of I/Io and AY 1 a new set of k values were czl=-
culated at sach temperature using equation (3 - 51). For example, at 48,5°C
values of Q.43 and 0,30 eps were used for E/Ia and AXV'% raspectively.
These k values afe given in Table 3-XIII in brackets and correspond to the
maximum uncertainty in measuring k. This uneertainty is indicsted in the
Arrhenius plot (Figure 3=5) by the vertical line passing through eaech point.
The uneertainty in the temperature ( AT = i;G@EOK) is indicated by the
horizontal line and the unecertainty in the measurement of each point is thus

represented by a rectangle., Two straight lines wers drawn with maximum and




minimum slopss in such 2 mamner as to pass through each rectangle (38)
and the maximom srrer in the slops (hense in A E) was thus obtained,.

1,

The Arrhenius plot indiecates that the uncertainty in k and not in th

&

temperature is the determining factor in the uncertsinty in measuring the
slopes,

In this manner an ervor of 42,1 keal./mole in A E was determined.

was used based on the standard deviations in AV and I/I e Still it is
not much larger than the 90% confidence limit estimate for this seclutien
{1e8 kesle/mole) based on statistieal caleulations, The same cenelusion
was arrived at for the other sclutiens. Therefore only statistieal srrors
are tabulated in Tsble 3=XVIIT and the 904 confidence limits in A E may
bs trezted as maximum errors.

Systematic srrors may arise from other sourees. The first is

the choles of the magnlitude of J in the complete absence of exchange

=
OH LB

effeets. The vaelue used in this study (G.6Ll cps) was obtained in both the
1 and 2,5 mole % solutions at temperatures just above the freezing point
of benzens when exchange affeets are sxpectsed to be small. If this value
is in errer, the true magnitude could only be larger. Calculstions were
carried out by increasing JOH«HB by +0.06 cps. The k values increased
glightly at each tempsrature and the new straight line was nearly parallel
to the originals The corrscted A E valus was well within the previously
deternined erveor Limits of the origingl A E. Ths effect on 2D G% WaS
nagligible due to the legarithmic relatieonship of A G% on ke Blears

(24) also founmd that overlap between the two resonances and an incerrect
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selection of J were not partieularly important.

A systematic error may arise from & small long-range coupling
between the CHO proton and ring protons HA and HB and between the OH and
HA protens. Double resonence experiments were carried out in whieh the
CHO and OH protons were irradiated.while the ring proton spsctra wers
studied. Only very slight, negligible effects were observed. Any longe
range couplings besides JOH»HB are therefore nesarly zero, or zero,

Finally the appliecability of equation (3 = 51) to the study
undeyr econsideration must be considered. This equation was derived from
Bloch's classical phenomenological equations to which a quantum correction
must be applied (21). 1In this study the correction was negligible, The

application of this equation also assumes that the magnitude of Jofy. I8
B

temperature independent and deecreases only due to proton exchange effects,
This is in analogy with conformational studies based on the measurement
of variations of coupling eenstants with temperature whers the assumption
is made that the coupling constants in the various isomers are tempera
ture independent, The results obtained from sueh studies may be sub ject
to errors (110). Coupling constants are expected to show an intrinsie
variation with temperature (111) whieh has béen observed for F-F and HeF
eoupling constants (112),

The exact dependenes of JOHmHB on temperature (exeluding exchange
effects) is not knowm. However it is expected to be very small for two
rsasons, First, ths JAB couplings for all the CéDé solutions over all
temperature ranges are constant with & maximum range of enly 2,49 to 2655
eps (Tables 3-VI to 3=XI). Seeondly the longerangs coupling JCHO»HC in
S=chloresalieylaldehyde (Table 3-V) is also temperaturé independent.



Be S _OF THE PROTON EXCHANGE REACTICN
L CeDg SOLUTIONS OF 3, 5=DICHLORCSALICYLALDEHYDE

le Intreduetion

n

The pseudo first order rate eonstents k in Tahle 2-XVITT ine
erease as the concentration {A] bf'3,5«dichlor@salicylaldehyda in Céﬁé
igeregsgsyéa This suggests that a possible proton exchange resction
oceurs via the cellision of 2 molecules of A whieh may be rapresented as

3eb0 1

A 4+ A% ;%:ﬁ A% 4 A whevre [A] = Lg%
Tl

The mesn lifetime of 4 between exshanges, T ., is related to ¢

&4,

he aone

ventional chemical rate constant kl by (10)

0 =l 6] []-Ll

5"

3=62 ko= lTT m(‘ y = Ky [A?] =k, [A}.
If equation (3=-62) is valid, k is linearly dependent on [A} end a plot
of k wversus [&] for each soiutlen should be 2 straight line passing through
the origin with 2 sleps equal to kle

The k walues for each golution teogether wit th the solution cone
eentrations in mole % end molarity units at 80°C are given in Table 3-{VIIT.
At this temperziure the exchange precess occurred in all the solutions,

The eonveraion of the sclution eoncentrations frem mole % to
molarity units will now be deseribed, First of all the soncentestions in
molafity units were svaluatsd at rsom temperature by wel ighing sut the
solute 4, Céﬁé and TMS, The results indicated that at roonm temperaturs

the volume of TMS used as an internsl reference had . only a s8light effect
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on the totsl volume of the solution (1-2%4) and hence on the molarity of
A (moles of A per liter of sélution). At 80°C the volume of TMS in
selution must be even less sinee TMS beils at 26.500 (113)e This vol-
unie was negleeted in the caleuwlations. '

Several other assumptions were made in these caleulations. The
total velume of each solution was obtained by adding the volumes of pure
benzene and pure solid A- an ideal solution assumption, This is an &PDe
proximation which may be mads, as will be seen, sinee the errors in
. determining the rate constants exeeed those in the concentration detere
minations. The volume of benzene is readily obtained since its density
at 80°C is 0,815 gms./ecs (114). The density of 3,5-dichlorosalicylale
dehyde was not known and was determined experimentally in the following
manner. The selid A was lmmersed in various selvents of kwown densities
in which it was inscluble. When the two densities were nearly squal the
solid remeined suspended in the solvent. The density was detevmined as
1.6540.1 gmsofece at 25°C with o precision of about 5=10%. Assuming that
the density of solid 4 remains unchanged at 80°C, its volume, and henecs
the melarity of each solution wés ealculated,

In the final sclutions the volume contribution from solid A is
less than 10%. Therefore the signifieancs of the errors asscciated with
the density determinations of A deeresses by about a factor of 10 in the
total velume and melarity caleulations, This justifies the method of
determining the density of the solid,

The main source of error in determining solution concentrations
in molarity units lies in the assumption of additive volumes, This ervor

is not known and is estimated at appreximately 57.




Table 3-XIX
Results of 2 linear regression analysis eorrelating the pssudo first
order rate constants (1) k (secﬁl) with the ean@entratibﬁ<l> of 3¢ 5=
dichleresalicylaldehyde [A] in CéDé at 86%¢,

8o [A] =~ expressed in units of mole .

3463k (see™) = 1.7 (30.5) [4] 1.0 (43.0)(")

Multiple correlation eoefficient: 0,87
Standard errer of the estimate in ks 369 §@6”1@
be [A] = expressed in moles/liter of solution. o
36l i (secT) = 16,8 (44a8)  [A) L.l (43.0).
Multiple correlation coeffieient: 0.87
Standard error of the estimate in k: 369 sacale

1o Given in Table 3=XVIII. 4 value of k = 0 when [A] = 0 is
included in this analysis,
*  Values in brackets are standard srrors in the regression epefficients

(slope and intercept).




Figure 3=6

A plot of k (see,’l) versus the eoncentration of
3, 5=dichlerosalieylaldehyde [A} in moles/liter

in CéDé solutions at BEBQZGK (80°C)0
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A regression analysis was earried out to find the best linear

relationship betwsen the coneentration of A in solution and the k values
at 80°C to check the validity of equation (3 « 62). Two sets of eale
culations were carried out with the concentrations in molarity and mole %
unitse In these ecaleulations the origin was also included (k = 0 when
[Al = 0). The results are given in Table 3-XIX. A plot of k versus LA}
(moles/liter) is given in Figure 36, |

From the Figure and the multiple corrslation coeffisients it is
seen that there is a large scatter of points about the straight line, The
intercepts of both equations (3 = 63) and (3 - &4) are nearly equzl and
this indicates that the conversion from mele % to molarity units is accurate,
Comparing equations (3 « 62) and (3 - 64) gives the magnitude of ky as
16,8448 liters mole L sec.™t {standard deviation from the mean), The
intercept of =Ll.1+3.0 sec.”l is compatible with a zero interecept. Hence
the dats support the linear dependence of k on {Al and the mechanism
given by equation (3 - 62),

The deviations of the points from the calculated straight line
do not arise from errors in sclute concentrations since the correlation
goefficients ave equal for calculations using mole % and molarity units,
As well, the error limits of k for each sclution do not account for the
deviations. This seatter of the points as seen in Figure 3«6 is hard te
explain and may arise from traces of impurities present in the solutions,
The concentration of these impurities in sclution must be small as was
indicated hy confirmatory temperature studies én 2 5 mole % solution that

was independently prepared. The solute was reerystallized frem ether,



dried, and then degassed. Then the correct veolumes of C6D6 armd TMS were
vacuum distilled to prepere the soluticn. 7Yet the same wslative heights
I/I, and widths at hzlf height AYy (Hy) were obtained as for the ori-
ginal selutien,

The various effests on the magnitude of the »ate constant kl,
on the possible exchange mechanism and on the activation parameters will

now be digeusssd.

2. Solvent Bffects and Dimer Formation

The solvent has a definite effeect on the zstes ef proton e¥e
change in solutiens of 3, 5=dichieresalieylaldehyde sines this process was
observed in Cglg but not in CSy, CCly, and CgHyp solutiens, This may be
related to the low solubility of 39S-dichlorosalicylaidehyde in the latter
solvents (< 5 mole %),

Intermolecular hydregen bonds sxist betwesn hydroxyl protons of
phenols and arematic T =electron systems (71, 115=122), The ensrgy of
hydrogen berd formation AH® between phenol and benzene is =l.6 keal,/
mole at 25°C (53, 117). However, in a system whers ths phenolic proton
is strongly intramclecularly hydrogen bonded as in salieylaldehyde or
3¢ 5=dichlorosalicylaldehyde, the experimental evidenca indicstes that this
bond is not broken in a henzene solution by the compsting interaction with
the T =electrons. This is based on dipole moment measursments in benzene,
paraxylene and diexane solutions (359-62) and on photorsaction studies in
benzene solutions (63).

The dats obtained in the study under eensideration support the

intramolecularly hydregen<bonded species in CgDg selutions. The long=
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rangs coupling constant JOH«HB in 3, 5-dichlorosalieylaldehyde is of the
same magnitude in beth CClQ and CgBy solutions (Table 3-I), If a frace
tion of the solute phenolie protons were intermolecularly hydrogen bonded
sither with the C6D6 solvent T -sleetrons or in a dimer formation with
other solute molecules, the magnitude of this coupling would be smaller,

Secondly, if either of these intermelecular hydrogen bonds were
present, the OH proton shift would be eoncentration dependent whereas for
an intremolecular hydrogen bond the OH shift is concentration independent
(46, 71)e The concentration shift of the OH proton of phenel in banzsene
solutions is approximately l.4 ppm ovar a concentration vange of 2 to 24
mole % (l2L). However, for 2,6-dietebutylep-methylphensl in bengzens the
OH shift is indepsndent of concentration sinece the bulky orthoesubstituents
ghield the OH proton fvem the solvent senvirenment (121). The large cone
centration shifts thai are possible on intermolecular hydrogen bond formae-
tion in aromatic solvents heve been described (46, 123). In the study
under consideration, at room temperature the OH proton shifts in CgDg vary
from +11.436 ppm (Table 3=VI) in the 1 mole % sclution to 411,389 ppm
(Table 3=XI) in the 10 mole ¢ solution, a change of 0.047 ppm (2.8 ops)
which is negligible in comparison with the values for phensl in bengene
solutionss Alse, small variations were observed for the OH proteon shifi
in eoncentration studies of salieylasldehyde in seven solvents (69).

The measursd C = 0 infrared stretching frequencies also suppert
the monomeric, intramolecularly hydrogen<bonded speeies of 3,5~dichlorosa=
lieylaldehyde in CéDé solutions at 21l ceoncentrations,

However, another wesk interaction in these solutions is possible,
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Recent studies (124, 125) of the solvent effectes iﬂ.pQMeTo spectroscopy
have shown that the solvent shifts A (D gCDClB - 506}16) induced by
benzene in saturated ketones are positive for protems lying behind a
reference plane drawn through the carbonyl carhén etom and perpendiecular
to the C = O bond (benzene leads to an inerease in the shielding of these
protons). Protors that are in frent of this reference plane are dew
shielded and hence have a negative A\ value while those lying in or near
the plane have small er zero A values (126). This generalization zlso
appears to hold for o , 8 -unseturated ketones (126 and refersnces therein).
These r@snlts are consistent with am interaction between the solute ear-
benyl cempound aﬁd the solvent benzene (124 - 126),

This generalization has been applied to the solute moleculs

under eonsideration, 3,5-dichloresalicylaldshyde,

Hg

A reference plane is drawr as indissted through the cavbenyl cerbon ztom

and perpendicular te the C = 0 bond (E)s From (E) it is seen that protons
Hyo HA and CHO should be shielded (pesitive A ) in going frem CDCl3 e
CgDg selutions whereas the OH proten should be deshielded (negative 4 ),
Table 3«1 indicates that these A wvalnes are 40.53%, +1.052, 41107 and
=0,08D ppm respectively for 5 mole % splitions. This supports the intrae
molesularly hydrogen bended spescies in benzene solutione

The above generalization is also appliecable to the temperature
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dependence of the shifts which have been observed on coeling solutions of
ketones in tsluene odg mixtures (126)s These shifts are roughly pro=-
portional to the A velues, The chemical shifis in toluene m&S solution
ars tempsrature varieble because on lowering the temperature the equili-
brium |

3ub5 ketone + toluene ——> complex

is displaced towsrds complex formation, This also applies to benzene,
but toluene was chosen as the aromatic solvent sinee lower temperatures
may be cbtained,

For the molscule under sonsidsration, on lewsring the temperature,
proten shifts H ,-HA and CHO shift te higherifields (inereased shislding,

+ ve Q) wherasas the ph@nglic proton in the deshielding gegicn shifts to
lower fields {=ved)) (Tables 3=VI to 3-XI). These results also support
the presence of the intramolecularly hydregen<bonded speeies &s well as

the pressnce of a complex betwsen the solute and CgPg solvent moleoules,
However, & phenolic proton shift to lower fields on decreasing the temp-
erature is also consistent with a stronger hydrogen bond (46). (& pﬁemolic
proten shift to high field en inecreasing the temperature has been inter-
preted in terms of the breaking of the hydrogen bond),

The magnitude of the interaction (3=65) must be econsidered., The
temperature variations in the chemical shifts of proton resonances in some
steroidal ketones in toluene solution have been determined (127). Assuming
a l:1 complex, its heat of formation was estimated frem the temperature
studies as approximately «0.65 kealo/mole, This wvalue is regarded only &s

an order of mggnitude in view of the many assumptions made in the eale




223

culations. Solvent shifts induced by benzene and toluene together with
temperature studies were extended to methoxybenzenes (128) where the

A\ H values of the assumed 1:1 complexes were approximately =Ll.0 keal./
mole and varied slightly with the ring substituents. Finelly an avereged
value of A H = «0,940.2 keal./mole was obtained for the assoeiation of
four para-substituted benzaldehydes in toluene = dg solutions (129). Neo
correlation with substitusnt was apparent.

These interactions are very wezke The magnitudes are approxie
mate because of the assumption of 1:1 complexes between solute and solwent.
Also, temperature shifts may be associated with dispsrsion forees (127).
The magnitude of this interaction was not caleulated fer the solutions
wder consideration dus teo the many approximations in the ealeuwlstions

and since this interaction is known to be very weak.

3o Centributions to the phenelic Broton Line ¥Widths

In all the solutions that were studied the OH proton line widths
at half height AXY% (OH) were always slightly broader than the eorrespond-
ing Hy proton line widths sz% (HB)’ As the solution t@mperaiure was
inereased, the phenolic proton rasonance doublet ecllapsed and further
broadened whereas the Hy proten resonance douvblets eollapsed aznd besame
sharper, For the 5 mole % solution at 111.7°C, the OH width at half
height AAY%_(OH) was 1.6540.03 eps whereas AXV%jHé) and ZSV%(HB)
were 0.2840,03 and 063040.02 cps respectively,

The exael reasen for thiz additionsl broadening is net known
but several processes besides proton exchange are probably effective.

First of all the OH proton may have 2 shorter relaxation time than the
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other protons. For example, the OH proton resonance in salieylie aeid

A

in the absence of exchange is 2 single, sharp line whose width is slightly

T

reater than that of the hydroxyl proton resonance of pebremeophenol (E/Tz

09

&l A
10 and 7 see. , respectively) (130). Secondly, the main resonance will
. . a3 - 16 R . . -
consist of a streng line for O «=H azbserption. Theres mzy be a small

.
18H ard 0“7H resonances with the larger contribu-

isotopie shift for the O
tion arising from the latter resonance (5)e. The ot7 isotope has a spin
of 5/2 which may lead to a quadrupole relexstion process (5). A ¢one

tribution to the OH resonance breadening may also arise from molecules

axisting in sclution in the form F.

Ha O
'~c Ho

I :
Cl Ct.
Hg
If the OH shift in F is slightly removed, even by 0.5 eps, from that

will lead to resonanes broazdening. How=

observad in the species E, thi

sinee the HlCG proton rescnance was always sherp and never bresdensd. A
coupling constant le was never observed., This may be compared with the
study of ketoesnol equilibris of peketo aldehydes (131) in which the coupe

OH»HB

from 1L to 12 eps,

ling constant J in ths hydroxymethylene ketons tautomer G ranged
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H...0

~
o”

\C—-—HB —_— Q

\
/C_C\ -

U\

the magnitude depending on the system and on the equilibrium betwsen G
and H tautemers in selution (H is the zldo=snol tautomer).

inally, phenelic impurities, dimer, trimer ate, formatiens in
very low concentrations in solution, in which the OH proten resonances
vary slightly frem the main phenolie resonance, may eauss additienal

broadening (69).

4o The Magnitude of the Bimolecular Rate Constant kl

The data in Table 3=XVIIT and Figurs 3-6 indicste that the pro-
ton sxchanpe reaction is second erder and bimelsowlzr (132) with respact
to 3,5=dichlorosalieylaldehyde. The sscond order rate constant kl (equatiens
 3=60 to 3-62) is 16.844.8 liters mole™ sec. ™t (equation 3=-64), The error
is the standard deviation from the mean,

Very few studies have been carried out on proicn exchange resce
tions invelving intramelecularly hydrogen-bonded protons., A concentration
study of the pem.r. speetra of salicylaldehyde in methancl selutiems (69)
has shown that protons exchange between the OH group of the aleohol and
that of selicylaldehyde. The upper limit for the exchange rate was ese

timated 2t 330 see,“l from the separation batween the two phenslic re-

sonances when they were both present, Consequently a proton eontributing
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to a strong intramolecular hydrogen bond is capable of exchanging, Further
studies were not caréied out on this system,

Forsen and Hoffman (101, 133) have applied the nuclear mzgnetic
deuble resomance technique to the study of exchange precesses, They
measured the lifetimes of the OH protons in a mixture of t-butylalechol
and 2-hydroxyacetophenocne in cs, (133) and in the system salieylaldshyde
and Z2=-hydroxyacetophenone with a trace of acetic aeid in Cs, (101). How-
ever these were enly exploratery studies, sensitive to the concentrations
of the catalyst, which only served te illustrate the principles of the
method,

The deprotonation rate of the OH proton in selicylaldehyde by
the OH ion in water is D lOlD liters male™t sece°l (134). This very
fast rate of proton exchange may be explained by the formation of hydrogen
bonds to water solvent molecules, Further, it has been pointed out (134)
that when an intramclecular hydrogen bend is present at the reaction site,
the proteon involved is not available for reaction unless this bond is

broken.

The rates of exchange of esrbexyl and hydroxyl protons of
salicylie acid with the OH protons of methanol have been measured (130).
In this system the methanol solvent moleculss also take part in the proe=
ton exchange mechanisms,

Finally, Garbiseh (131, 135) has pointed out that nuclear spin
state aversging resulting from rapid proton exchange should only oceur for
the intermoleeulsr preoeess sinee the spin state of 2 rapidly exchanging

proton is preserved during an intremolecular exchange (keto-enol equilibria).

This is further evidénce in support of the bimolecular mechanism under
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consideration.

The system under consideration is novel since it appears to
be the first studied with the proton exchange reaction cccurring between
two molecules, both with their exchangeeble protens intramolecularly
hydregenebonded., kl is about ten orders of magnitude smaller than the
deprotonation rate of salieylaldehyde by the OH™ ions in water.

The exact mechanism for proton transfer is not known but the
intramolecular hydrogen bond must first be broken. The nature of the
transition state is alse not knawn but two selute molecules must resect in
the rate determining step. Consequently the exchange process probably
occurs via dimer formation in the transition state, Due to the weak
solute~solvent interaction the solubility of 3, 5-diehlorosslicylaldehyde
in 6606 is greater than in C6H12° €S, or CCl4a The exchange process was
too slow to be observed in the latter solventse In acetone solutions
the rates of proton sxchange were too fast to be measured, Hence the
solvent doss have an effeet on the rates and the exchange process in
CePg solutions is solvent-assisted,

A rather large standard deviatien ( ~ 30%) is associated with
the magnitude of klo The exact reason is not known for this., However,
traces of impurities probably affect the rates and hence cause the scatter
of the points as seen iﬁ Figure 3=6, Consequently the rate expression
probably should include a term for ecatalyst (impurity) concentrations,
Even so, the data indicate that a proton exchange proeess in a system such
as this may occur, that this process is bimolseular and that it may be
measured by pe.mer. techniques,

The proton exechange mechanism is discussed further in the next

section together with the associated activation parameters.
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5o _The Magnitudes of the Proton Bichange gctivation Barameters

The magnitudes of the activation parameters of proton sxchangs
in Cglg solutions of 3,5-dichloreosalicylaldehyde at 80°¢ are given in
Table 3=XVIII. For a raferenee, the heat of formation,,éxH? of the intrze-
melecular hydregen bond in salicylaldehyde was astimated by applying the
linear relationship betwesn AH® and the OH stretching freguency shift

43V5H in the infrared on intermolecular phenol-base association (55).

1 for XCOH in phenol (66, 74, 90) and

Using magnitudes of 3611 em”
3150 cm’l in salicylaldehyde (70, 80), AH® is -8 keal./mele, An al-
ternate linear relationship (reference 53, squation 4) gives AE as

=7 keale/moles These valuss are approximate since the linear relstion-

ships were derived for intermoleculayr hydregen bond formation, the \TOH

shift in salieylaldehyde is net definite {70, 80, 90), the effest of the
two ¢hlorine atoms 15 neglected as is the eonjugation arising from the
formation of the bemembered ring. The latter effect would tend to ine
crease the magritude of A #°, Howsver these values will serve as -3
guide in the interpretation of the kinetie data.

The activatien ensrgy Ea is considered to bes the minimum emergy
differsnce between the reactants and the trensitien state or the height
of the energy barrier opposing the reaetion (136). The E, values were
obtained from the integrated form of the Arrhenius equation in whieh it
is assumed that E, is temperature independent. All of the sxperimental
Arrhenius plots are linmear and deviations from this equation are expected
to be small (136).

#

None of the setivation parameters with the exception of AG
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show a definite trend with concentration. The msgnitude of A G decreases
25 the rates increass, with the sxception of the 10 mole 4 solution, in
sgreement with equation (3 « 58). The magnitudes of E o A)H%‘ané

438% of the 2.5 mole % solution fzll cutside the 904 confidence limits

of all the other solutions,

The actﬁv&%ien energies are corsidered first of all. The intra-
molecular hydrogen bond must be broken and for this to oceur the phenolic
group must overcome the barrier hindering its internazl rotation about the
Ce0 bonde The barrier height for phenol vaper is 3.4 kealdmole (208, 105),
Tt is easier for the phenolic group, rather than for the CHO group to
break the intramolesular hydrogen bond by twisting out of the plans of
the ringe. For benzaldehyde, based on far infrared studiss, the barrier
to potatian about the CeCHO bond is 4,7 keal./mole in the gas phase and
607 koale/mole in the liquid phase (the latter value may be in error)
{137). Other valuss have been abtained for liguid benzaldehyde ranging
from 5,90 to 6,37 keal,/mole and are sunmarized in reference (137).

These magnitudes are in zgreement with the barrisrs to internal rotation
obtained in other aliphatic and aromatic aldehydes (138, 139).

The barrisrs to internal f@%&ﬁien are differsnt in the liquid
and gas phases because of the effect of neighbouwring molecules, reflscted
by the lower torsionsl barriers in gases as compared with the liguids (140),
This is supported by the free energy of activation zﬁta% for the hindered
internal rotation in dimethylnitrosamine obtained frem peror. cozlessence

temperature measurements, This value is about 2 keale/mole greater in the

liguid than in the vapor phase (141},
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A comparison of this data with the sxperimentzl aectivation
energies in Table 3=-XVIII indicates that the activation energies may he
reasonably acecounted for by the energy requirsd to break the intramole
cular hydrogen bond ( > 8 kesl./mole) and to twist the phenolie proton
out of the plane of the wing ( ) 3.4 kesle/mole). The latter value is
also probably larger than that measured for the vapor by analogy with the
above discussion and results. A similar approsch in accounting for the
magnitude of the activation energy was used by Meakins (142) in his
dielectrie absorption studies of ortho disubstituted phenols,

Another possible explanation of the magnitudes ef the asctivation
ensrgies is to assume that the hydrogen bond is broken by a partial twist-
ing of both groups ocut of the plane of the ring. Sinee = proten exchange
process is measursd, the correct hydrogen bend=breaking mechanism must
give the phenolic group enough freedem of wotation so that the proton may
assoclate itself with ancther selute melecule in the transition state and
thus exchange.

Due to the large stabilization energy associated with the CHO
group in the plane of the ring, the expérimental data suggest that this
groﬁp retains its hydrogenebonded erientetion while proton exchange takes
place. The planar sonfiguration of the CHO group 1s supported by the pem.r.
temperature studiss of 5~chlcres&licyléldshyde in CeDg (Table 3=V)o At
9500; when the proten exchange process is measuresble and the splitting

JOHeH has nearly disappeared, the splitting JCHOQH remains unchanged

B c
from that cbserved at 30°C. Hence the aldehydic long-range coupling still

follows the zig-zag path. This splitting was also eobserved at 115°C.



The effect of the solvent on the activation energies 4nd hence
on the transitliorn state is not knoym.

Considering the free energies of activation 45(3# for the pro-
ton exchnnge prccess, the measured values cannot be compared with literature
values since so few studies have been carried out on a system sueh as this.
AG" values for many other exchange processes, hindered internal rotation
and ring inversion sfudies are summarized in the review articles (5, 10).
Anet and pAlmad (102) have determined ASG% = 7.9 keale/mole for the internmsl
rotation of benzaldehyde in vinyl chloride solution at «1236C from the
temperature dependence of the pem.r. spectrum, This eontributes in part
te the measured AkG%s

The most interesting results in Table 3-XVITI are the entropies
of activation AS?é for the proton exchange process since these values are
large and negative. At first sight this is unexpected since a hydrogen
bordebreaking process 1s involved whieh leads to greater disorder, asseciated
with an increase in entropy.

However the entropy of activation reflsets "the difference inm
the number and character of the translational, retational and vibrational
degrees of frsedom between transition state and reactants' (143), Hence
the negative entropy of activation is an indieator of the nature of the

Yq

transition state and maey be viewed in terms of the shepsé of the potential
P ] 4
snergy surface of the reaction {144),
Consider a three-dimensional potential energy diagram with the

Z =direction representing the ensrgy, the ¥ ~direetion representing motion
X o b

along the reaction coordinzte and the X -direction representing all other
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degrees of freedom. This three-dimensional surface hss 2 vzlley ree
presenting the reactants and is separated from a valley representing the
preducts by a ridge of high energy. This ridge may be viewed as an energy
barrier, If is not of uniform height but contains & saddle point in it,
the transition state., For any given rsacting moleculs this is the highest
energy that it mnst surmount in order te form z preduct. In terms of

the potential energy surface, the saddle point is broad when a large mume
ber of typical reaction paths are possible and the entropy of aetivation
is positive. However, if unusual constraints arise in the transition
state, the saddle point is constrained by steep side walls and lies in

a narrow defile. Then there are relatively fewer paths ever the energy
barrier. This represents z transition state for a reaetion assccliated wit
a negative sctivatlon entropy. Sueh a transition state "is one for which
very few motions other than that aleng the reaction coordinate are possible
without a large inerease in energy" (184),

The observed A Sié values imply that the transition stazte, which
is thought to involve the formation of a2 dimer between twe solute mols-
cules for proton exchangs to tzke place, forms with difficuliy. For exe
ample, one selute molecule may have to be in the corrsct steric configura-
tion with respest to another solute molecule for dimer formation to take
plaece, Svluts - solvent interaetions may contribute to or hinder the
formatlon of the transition state. As well, both intramolecular hydregen
bonds interfere with proton exchange and are constraints which must be
overcome, The exact nature of the transitien state and hence the meehanism
of proten exehange is not knowm except that it invelves the formation of

2 stereospecific dimer between two solute melecules,
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Large and negative 4;5$ velues have alsc been obtained in the

study of the racemization of &perlcally hindered biphenyls (145}, Thess

activation entropies ranged from =l.6 soue t0 «26,9 @ole, with the sverage
sbout =10 e@eu. They were interpreted in terms of an "unlikely arrangement®
that must be formed in the molecule se that the formation of the transi-
tiéﬁ state could be possible (145),

In Table 3=XVIII emphasis is not placed on the actual mag

nitudes of l&Si, since largs uncertainties ars asssciasted with them, but

only on the signs which definitely are negative, The uneertainty in A S’
is mainly proportionsl te the error in A H# (143, 146) sinee the evror in

4;6% ig small, A transmission voefficisnt ¥ of unity was assumed in
czleulating A G using equation (3 - 58) and this may be done without
introducing apprecizble error (143). As well, K enters equation (3 - 58)
as a log £ function which minimizes the uncertainty of #{ on AG,

The above discussion may be summarized by a graphieal represente

<

ation of the free energy change associated with the proton exchange rezctior

in CgDg sclutions of 3, 5-dichlorosalicylaldehyde (Figure 3=7)e Dus to the
unecertainty in the exact nature of the transition state, it is repressnted
by & dotted line. The configuration in the region of the transition state
is unknown but may include a "stable intermediate® (147), & possible
stereospeeific dimer formation such as is shown in Figure 37,

In conelusion an estimsie can be made of the AG for 3,5=

dichloresalicylaldehyde sclutions in CCl& in which proton exchange could

i




Figure 3»7

A graphical representation of the free energy change for
the proton exchange reaction in C6D6 solutions of 3,5«
dichlorosalicylaldehyde. A possible stereospsecific dimer

inveolved in the formation of the transition state is shown.
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not be measured. Howsver, assuming that a coslessence of the splitiing
JOH=HB securred at the highest temperature studied (124°C), the pssudo
first order rate constant k was evaluated by applying equation (3 = 47)
at this temperature, Bringing in a factor of 2 for intermolecular proton
exchange and assuming J OH«sHB = 0,57 ecps (Table 3=XII), k = 2.5 seeeal

#

and 4\(}# = 22,2 keal,/mole (equation (3<58)). This AG" is higher than
21l the values in Table 3-XVIIT and is the lower limit for CCl, solutions.
If the coalescence temperature is higher, AG")é will be still larger. Un-

fortunately, the activation energy for this solution camnot be estimated,
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SUMMARY AND CONCLUSICNS




4 study has been carried out on the proton exchange reactions

and the intramelecular hydrogen bond in benzens sclutions of 3, 5-dich-
lorosalicylaldehyde using proton magnetic resenance techniques,
By inereasing the temperature of the asbove solutions the mage

OH»HB

near the boiling point of benzene this splitting could be nearly eliminated ,

nitude of the leongerange splitting J decreased until at tempsratures
Therefore the pseudo first order rate constants for proten exchange for.
each solution were obtained by measuring the relative heights of the
ring proton peaks (HB} associzted with the exchanging OH proton with
respzet teo the heighﬁs of the ring protom pesks wnaffected by proton ex-
change (Hﬁ), The relative peszk heights and the rate constants are related
by squation (3 = 5l)e The activation paramsters were obtained by applying
the Arrhenius équati@n (3 = 54) and the thwory of absolute reaction rates.

| The pseudo first ordsyr proton excﬁamge rate constants wesre found
to depend on the concentration of 3,5-dichloresalicylaldehyde in solution
and the results indieate that the process is bimolecular (equation (3=60))
with respeat to the solute moleeules. The magnitude of the second order
proton exchange constant is 16.844.8 liters mele™ sec.”™ ., The error is
the standard deviation from the mean. Iﬁ is rather large, possibly due
to trazces of impuritiss in the solutions., However the data do indicate
the order of magnitude of the proton exchange reactien in whieh the ex-
changeable protens are intramolecularly hydrogen-bonded, A proton &xe
change reaction in s similar system has never before been studied,

The concentration and tempesrature effeets on the ring proten,

azldehydie and phenolic proton shifts indicate the prssence of a wsak
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interaction between the solute and solvent molecules. Hence the proton
exchange reaction is solvent-assisted., This is further supperted by
temperature studies carried out on CClq, Céle and C32 solutions of

3, 5=dichlorosalicylaldehyde in which the proton exchange rates were too
slow to be measured, In acetone solutions they were too fast,

The magnitudes of the aectivation parameters for the various
solutions are listed in Table 3«-XVIII. The activation energies are ex-
plained by the energies required to break the intramolecular hydrogen
bond and te twist the phenolic (and perhaps the aldehydic) group out of
the plane of the ring. The entropies of activation are large and negative
which suggests that unusual constraints must be overcoms in forming the
transition state. The exact nature of the transition state (and hence
the proton transfer mechanism) is not known except that it must involve
the formation of a steresspecific dimer between two solute molecules.

The rate constants could not be obtained by measuring the phenolie
proton line widths at half height as a function of temperature since these
were always slightly broader than the corresponding HB ring proton line
widthse The exact reason for this is not known but may be due to 2
shorter relaxation time of the phenolie proton with respect to the ring
proton, & small isotopic shift for the 018H and 017H resocnances or traces
of phenolic impurities, or dimer, irimer etc. formations in the selutions
in addition to the proton sﬁehange reaction.

The value of this study is that it shows that proton exchange

reactions may oceur in a system such as this, that intramolecularly




hydrogen-bonded pretons may exchange and that this rate of sxchange may

be measured,



RECOMMENDATIONS FOR FUTURE RESEARCH




N
)
0

Very much work remains to be done on this system. Temperature
studies should be carried out on CDC].3 and CH,Cl, solutions of 3,5-dich-
lorosalicylaldehyde at variocus concentrations. These studies will ine
dieate the solvent effects on the rate constants and mechanisms. Both
solute and solvents must be purified before use. In conjunction with
Deltel's measurements, infrared studies should be carried out on the OH
stretching frequeneies of solid 3, 5-dichlorosslicylaldehyde and in the
various séluﬁionse This molecule should also be studied in methanol
where the solvent will definmitely play an important role.

At least several of the above studies should be repested with
34 5=dibromosalicylaldehyde as the sclute molecule, The effeet of ring
substituents‘@n proton exchange rates can thus be studied. These may
then be extended to ring-substituted 2<hydroxyscetophenonss in whieh the
intramolecular hydrogen bend is stronger than in the corresponding
salieylaldehydes.

Finally, an X-ray structural determination of phenol sheuld be
carried out so that approximate bond angles and bond lengths need net be

used in caleuwlations of the barrier to internzl rotation in phenol.
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