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PREFACE

Magnetic non-equivalence of diastereomeric
methylene protons is a well-known phenomenon in Nuclear
Magnetic Resonance. The chemical shift between the two
magnetically ndh-equivalent nuclei is a measure of the
. difference in the magnetic envi ronments of the two nuclei,
and the coupling constant between them reflects their
bonding character. Although there has been much work done
in determining the origin of magnetic non-equivalence
and the factors affecting the magnitude of the chemical
shift, relatively little use has been made of the geminal
coupling constant. The Karplus relation between vicinal
proton-proton coupling constants and 4, the dihedral
'angle between the protons, is a striking example of the
usefulness of coupling constants in determining structure
in an organic molecule. In contrast, no correlation has
been developed for geminal coupling constants. The aim
of this thesis is to examine the effect of substituents

on geminal proton-proton coupling constants.
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ABSTRACT

The proton magnetic resonance spectra of a

serles of 2-alkoxytetrahydropyrans of general fornula

0 O
U }HE_R

have been measured. R represents a variety- of groups,
Including para-, meta-, and ortho-substituted phenyl,
and several glkyl substituents. The geminal coupling
constant, JAB’ has been determined in each ether, rrom
the AB pattern produced by the magnetically non-
equivalent methylene protons in the alkoxy group,
JAB has been found to be dependent on the nature of the
substltuent.

A study of the solvent dependence of JAB iﬁ
benzyl 2-tetrahydropyranyl ether has shown an opposite

trend in the varilation of JAB to that previously

reported in the literature.

e
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The proton magnetic resonance‘spECtrum of
the 2-tetrahydropyranyl ether of 2,2,2-trifluoroethanol
has been measured in several different solvents and
at several temﬁeratures. Analysié of the ABX3 pattern
produced by the trifluoroethyl group revealed that the
vicinal coupling constants JAX and JBX had different
magnitudes. This difference 1s interpreted:as evidence
that the C_HA and C-HB bonds of the trifluorocethyl
group differ electronically. In cdntrast to the above
result, the 2-tétrahydropyranyl ether of ethanol showed
equal Qicinal proton-proton coupling constants in the

ethyl group.

s
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INTRODUCTION

The theory of N,M.R. predicts for two nuclei
of spin %, whiqh are coupled only to each other, a
quartet when the two nuclei have different chemical
shifts, and a singlet if the chemical shifts of the two
nuclei are identical. This quartet is the wéll-known
AB ”non-equivglence quartet" and it has been treated
extensively iﬁ a number of places (1-5).

If we éonsider the A and B nuclei, they can be
oriented in the magnetic field in four possible ways,
ranging from the case where both are parallel to the
field to the case where both are anti-parallel to the

field. These four situations are 1llustrated in

Fipgure 1 (6).

t 4 T —
t 5 ,

T Energy Levels

d

N

P ‘
by —+

Il lI ' ' II II Spectrum
A B A X A B
Figure 1. Energy level diagram for two magnetically

non-equivalent nuclei of spin 1.
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The center portion of Figure i corresponds to
the case where the coupling between the two nuclei is
non-existent, As we can see from the energy level
dlagram, spacings 1-2 and 3-4 are equal, as are spacings
1-3 and 2-4. There are, therefore, only two different
transitions. If, however, the two nuclei are coupled
to each other, the energy levels are shiftéd, resulting
in four different transitions. For the case where the
anti-parallel arrangement leads to'a lower energy than
the parallel afrangement, the coupling constant is
conventionally referred to as positive, and for the
opposite case, as negative. The sign of the coupling
constant cannot, however, be determined from the spectrum,
even though a negative coupling constant leads to a -
different arrangement of energy levels than that from
a positive coupling constant.

The shape of the AB quartet may vafy from four
equally Intense lines to effectively one single 1line,

This is shown in Figure 2,




If the chemical shift between the A and B
nuclei, A{), 1s much greater than the coupling constant,
J, the spectrum will consist of four equally intense
lines. As a\) becomes of the order of magnitude of J

L4

the intensity'felationship between the four lines will

change.,

(a) a>> J | ] , :|

(b)A\)’»‘-‘-J- | | , l |

(c) ay) =0

P

Filgure 2. AB patterns for different values ofA{%u3

As a\) becomes smaller, the tﬁo inner lines become mbre
Intense, and the two outer lines decrease in intensity,
In the limit where a4V becomes zero, the spectrum
collapses to effectiVely a single line.

A simple analysis of the AB quartet gives both
the chemical shift between the A and B nuclei,’OA-*OB ,

andé the absolute value of thne coupling constant, ,JABI‘

e e T Y 2 T IS O PN
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Flgure 3. AB non-equilvalence quartet,

As shown in Figure 3, ,JABI can be measured directly

from the spectrum; and VJ,-Jg can be calculated from equation 1,

. - %[NA % v 5,2 ]% -------- (1)

The relative intensitics of the inner and outer lines

are given by equatlons 2 and 3 respectively,

1 - Jd AB

[+ orom ]

1 - JAR

[JAB2 + (‘)A-sB)EF




Magnetlc Non-equilvalence

Magnetic non-equivalence of nuclei can be
defined in terms of the chemical shift and in terms of
the coupling -constant. Two nucleil will be magnetically
non-equivaleﬁt if they have different chemical shifts
or 1f they are coupled differently to a third nuclg%ﬁin
the molecule., These two types of magnetic non-
equivalence bring about three possible sithations. The
first possfbility is that of having different chemical
shilts for two nuclei which are coupled equally to
every other nucleus in the molecule. This is the most
common slituation and many examples are given in the
literature (7). The second possibility is that of two
nuclel wlth i1dentical chemical shifts but coupled
unequally to one or more neighbouring nuclei. This is
the case, for example in 1,1-difluorcethylene (8), in
whlch the hydrogens have the same chemical shift but
are coupled differently to the fluorines because of the

cls and trans relatlionship between the protons and the

fluorines.




The third possibility is that of having nuclei with

both different chemical shifts and unequal coupling to one
or more nelghbouring nuclei. This situation 1s also
fairly common. For example, in cyclohexanol the protons
on the 2-carﬁon atom have different chemical shifts and
are coupled unequally to the single proton on the l-carbon

atom (9).

Magnetic Néh-equivalence of Geminal Nuclei

The ‘term "geminal" 1s applied to two nuclei
separated by two bonds and linked by another nucleus,
usually a carbon atom (e.g. H-C-H). When geminal nuclei
occupy geometrically non-equivalent sites in a molecule,
they are likely to be magnetically non-equivalent as
well, in which case they have different chemical shifts.

Magnetic non-equivalence of geminal nucleil can

occur when there 1s some kind of asymmetry in the molecule.

If we consider a 1,1,1,2-tetrasubstituted ethane molecule,
three stable conformations about the central C-C bongd

can be drawn, as shown in Figure &4,




AREITMIR,

Hp

Hp ;
Hy f H

c . B A

Figure 4, Three stable conformations in
1,1,1,2-tetrasubstituted ethane,

In molecules where A, B, and C are three
different substituents, HA and HB are usually magnetically
non-equivalent, This phenomenon was first interpreted
as Indicating slow rotation about the central C-C bond (10),
since it was thought that rapid rotation would average out
the chemical shifts of HA and HB. However, the methylene

protons in CHQX-CAAB were shown to have identical chemilcal

shifts (11).




Restricted rotation should also have applied in this
case, and the methylene protons should then have been
magnetically non-equivalent. It was concluded that the
chemical shifts of HA and HB are not necessarily averaged
by rapild rotaﬁion unless the residence times of the
molecule in each of the various rotational conformations
are equal.

It is generally accepted that in}order for
gemlnal nuciei to be magnetically»non-equivalent, there

must be a source of asymmetry in the molecule, and

difference in conformer population. It has been suggested,

however, that non-equivalence can in principle still

persist when the conformational isomers are all of equal

energy (12), or even when the internal rotation is free (13).

Source of Asymmetry

Over the last ten years, magnetic non-equivalence

of' geminal nucleil has been reported in a vast number of

molecules,




Magnetic non-equivalence has been observed for the
methylene hydrogens in the ethyl groups of ethers (14),
sulfites (15), sulfoxides (16, 12, 17), diethyl sulfide
borane (16), diethylmethylammonium iodide (16), and a
thiophosphonate (15); for the methylene hydrogens in
variously substitufed 1,1,1,2-tetrasubstituted ethanes
(14, 18, 19); for the fluorine nuclel in the difluoro-
methylene group of appropriately substitutéd ethanes
(14, 11, 10; 20); for the methyl groups of various
systems with an isopropyl skeleton (21—23); and in

hindered and bridged biphenyls (24-26),

It is obvious from the previous list of examples’

where magnetic non-equivalence has been observed that non-
equivalence is not restricted to the R-CHE—C*R'R”R'f type
of molecule, First of all, the asterisked carbon need

not be asymmetric in the usual sense. I one of the
R-stroke groups is R-CH2, the methylene hydrogens may
still be magnetically non-equivalent. The asterisked

carbon may also be replaced by other elements such as
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The geminal hydrogens may be replaced by other groups
which give n.m.r. signals, such as F or CH3, and the
geminal pair need not be bonded directly to the source
of asymmetry,; but may be separated from it by a group
such as -COO;, -CH2—, or ~O-, Finally, magnetic non-
equivalence may result from dissymmetry in the molecule,

as in the hindered and bridged biphenyls. -

Intrinsic ASymmetry

The relative importance of molecular asymmetry
itself, and preferences in conformational populations
as the cause of magnetic non-equivalence has been
dlscussed in a number of places (3, 27-30). Pople (13)
has polnted out that the methylene hydrogens i1n the
1,1,1,2-tetrasubstituted ethane shown in Figure 4, are
non-equivalent 1n all three possible conformations.
Therefore, even assuming equal populations and rapid
Interconversion of the three conformers, H, and H_ are

A B
always distinct and identifiable.
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Gutowsky (29) has suggested that one possible way to

show the contribution of "intrinsic asymmetry" to the
magnetic non-equivalence is to measure the non-equivalence
at room temperature where interconversion of the

different conformers is rather slow, and at higher
temperatures where the interconversion becomes more rapid.

The non-equivalence should decrease with an
Increase 1in temperature until free rotation is achieved.
At this teﬁberature, the non-equivalence would be a measure
of the iIntrinsic asymmetry contribution to the non-
equlivalence., Gutowsky (29) thus obtained a value of
6.7 c.p.s, for the intrinsic asymmetry contribution to
the non-equivalence for CF2 Br-CrFBrCl.

Raban (31) has measured the intrinsic asymmetry
non-equivalence in the same molecule using a low
temperature method, and found a value of 5 c¢.p.s. At low
temperature, the individual spectra of each rotamer shown

in Figure 5 can be observed,
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A

IFigure 5. %Three stable conformations in CX2Y—CABC.

Under conditlons of rapid rotation and equal
population of the conformers, the non-equivalence is due
to intrinsic asymmetry. We can see from Figure 5, however,
that the environment of Xé is very simllar to that of
Xc'. Similarly, Xa' and Xb , and XbI and Xc have similar
envlronments. It would then seem that under conditions

of rapld rotation and equal population the chemical shifts

of X and X' would average to approximately the same value.
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This would mean that the intrinsic asymmetry contribution
should be near zero. The values measured by Gutowsky
and Raban would seem to support this reasoning., However,
Raban (31) has calculated a value of 55 ¢.p.s. for the

intrinsic asymmetry non-equivalence in CF Br-CHBrC1,

2
Raban further points out that the value for CF Br-CFBrCl

2

1s near zero because of the fortuitous cancellation of
large terms of oppoéite signs, These results then
indicate that two nuclei such as Xa and Xc' which appear
to have similar environments can still have very different
chemical shifts, and thus in some cases, the intrinsic
asymmetry contribution to the non-equivalence can be
substantial,

Although intrinsic asymmetry has been shown Lo
be important in the above cases, the careful studieé made
by Roberts and co-workers (32, 33) clearly show that non-

equivalence 1s due primarily to conformational preferences

in compounds of the general formula ﬁ-CHE-O-CHR'R”.

... NREICIIAEA
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Conformatlonal Liffects on Magnetic Non-Equlvalence

Roberts and co-workers (32-33) have studied
the effect of molecular structure close to the diastereo-~
meric nuclei, on the magnitude of the magnetic non-
equivalence, These studies were made using l-phenylethyl
benzyl ethers as model compounds. They found that the
most important single factor in determining the magnitude
of the chemical shift difference was the conformation of
the mothyleﬁe group with respect to the directly bonded
phenyl ring. The biggest non-equivalence occurred when

——

the preferred conformation was such that one methylene
proton was situated in the plane of the phenyl ring and
the second one was appreciably out of this plane, The
major contributlon to the magnetic non-equivalence then
origlinates in the magnetic anisotropy of the phenyl ring.

The magnitude of the chemical shift difference
also depends upon the distance by which thg diastereo-
meric nucleil are removed from the center of asymmetry,

The chemical shift difference usually decreases as the

distance 1s increased.

... FPIRTREGERRE
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Roberts and co-workers (32) have studiédlthe influence

of proximity to the asymmetric center on the non-
equivalence with a series of compounds containing an
increasing nﬁmber of bonds between a common asymmetric
center and én isopropyl group. The results showed that
the non-equlvalence decreased as the number of intervening
bonds increased. However, a sudden increaée in non-~
equivalence. occurred when the methyl groups were five
bonds removed from the center of ésymmetry. When the
number of bondé was lncreased further, the non-equivalence
decreased to zero, This observation would indicaté that

a slx-membered ring conformation of the isopropyl group
wilth respect to the asymmetric center may be populated to
a signiflcant extent, 1n accordance with the Newman

"rule of six" (34),

The magnetic non-equivalence is also solvent
dependent, Roberts and co-workers (33) have observed an
approxlmate correlation between solvent dlelecctric constant
and the degree of magnetic non-equivalence, in

l-phenylethyl benzyl ether.
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They suggest that this variation may reflect changes in
the conformation of the benzylic phenyl ring with respect
to the methylene group. Variation of the chemical shift
difference with solvent can be quite large., TFor example,
the chemical shift difference between the diastereomeric
methylene hydrogens in BrCH2-CBr(COZH)(CH3) varies from
13 ¢.p.s. in dimethyl formamide to 50 c¢.p.s. 1n benzene
(30). Variations of the same order of magnitude have also
been observeéiin corresponding olefins (30) where no
conformational changes are possible, It would then seem
likely that magnetic properties of solvents may produce
chemical shift changes which may override those caused by
d!fferences in rotational equilibria.

As mentioned previously, variation in temperature
also affects the magnitude of the chemical shift between
diastereomeric nuclei. The non-equivalence usually
decreases with an ingrease in temperature. This effect
has becn attributed to the Ffact that the dif{ferent
conformers tend to become equally populated at higher

temperatures (29),

)
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Geminal Coupling Constants in Methylene Groups

Over the last ten years, approximately one
thousand pgeminal coupling constants in methylene groups
have been determined. Up until recently, it has been
difficult to establish a systematization of this data ><
because of the confusion existing repgarding the signs of
gemlnal coupling constants. Early work in this area had
predicted a posiltive value for the coupling constant in
methane (J = 1o, c.p.s.) (35). Subsequent work based
on the relative signs of vicinal and geminal coupling
constants (36, 37) and geminal and ci3_g coupling
constants (38) showed that geminal coupling constants are
usually negative relative to vicinal and C13—H coupling
constants which are very likely to be positive, An‘addod
problem is that many geminal coupling constants are close
£o zero and 1t 1s possible to have positive values in
certain cases, Howevcr, there have been sufficient
determinations of signs of geminal coupling constants,
particularly relative to Cl3-H coupling constants to

oStablish certain trends in the variation of JCem’
) I

[t




- 18 -

The broad trends are reviewed in papers by Pople and

Bothner-By (39) and Cookson and co-workers (40). The

principal trends are:

(1)

(2)

In the simplest hydrocarbons, as the hybridization

on the carbon atom becomes more s-like, Jg,, increases,
that 1s, it becomes more positive,

(Example: cH,, -12.4 ¢.p.s.; cyclopropéne, -4 c.p.8.;

v = T. 2. . . .
CH,=CH_,:.+2.5 ¢.p.s )

The substitution of an electroﬁegative atom @ to the

CH ro leads to an increase in J .
o BTOUP Gem

(Example: CHA, -12.4 c.p.s.; CH3-C1, -10.8 c.p.s.;

CHg-I, -3.2 c.p.s.
CH2=CH2, +2.5 c.p.S.; CH2=O, +40.2 c.p.s.)
The substitution of an electronegative atom @ to the

CH2 group leads to a decrease in JGem'

(Example: CH , -12.4 c.p.s.; CH,-CC1,

+2.5 c.p.s.; CH,=CHCI, -1.4 c.p.s.)

-13.C c.p.s.;

CH,=CH_,

The magnitude of the decrease produced by a particular
B -substituent, X, depends on the projected angle

between the CH2 group and the C~X bond, and on the

C-C-X bond angles and lengths.
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(4) The presence of a <7-electron system next to the CH2

group generally leads to a decrease in JGem'

(Example: CH, , -12.4 c.p.s.; CH3-C§N, -16.9 c.p.s.)
For a freeiy rotating methyl group, an adjacent 40
bond produces a AJ of about -2.0 c.p.s., the effect
being additive up to the maximum possible number of
four increments, However, AJ also vafies with the
angle begween the CH2 group and the qr-system. The
maximum & J occurs when the HH.axis of the CH2 group
is parallel.to the p orbital of the sp2 carbon atom
(41). The least change in J occurs when the HH axis

is parallel with the plane of the double bond,

Pople and Bothner-By (39) have developed a
molecular orbital treatment of the electrons Inamethylene
group. This treatment leads to a theory of the effect of
substitution on JGem' The theory justifies the trends in
variation of JGem outlined above, and more generally,
predicts the following trends in geminal hydrogen coupling
constants:

(1) An increase in the inductive withdrawal of electrons:

leads to a positive change in JGem'
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(2) An increase in the hyperconjugative withdrawal of
electrons leads to a negative change in JGem'
(3) The hyperconjugative effect varies with the orientation
of the substituent with respect to the methylene
hydrogens.u
Geminal coupling constants have also been observed
to vary with change of solvent. In olefinic methylene
groups, JGem generally decreases as the dieléotric constant
of the solvené:increases (42-46). However, the variation
is too weak to permit any definite rationalization of the
effect. Smith and Cox (47) have reported a solvent
dependence of JGem in a nondouble bonded system,. JGem in
styrene oxlide shows a roughly linear variation with
dielectric constant of the solvent, going from 16,00 c.p.s.
in cyclohexane to +5.31 c¢.p.s. in dimethylsulfoxide
Variations in concentration (42) and in temperature (45)
show no measurable effect on JGem‘
One of the most valuable correlations between
the structure of an organic molecule and the parameters

derived from its n.m.r. spectrum is the Karplus relation

between vicinal H-H coupling constants and @, the dihedral

angle between the protons (48).

I o
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In contrast, relatively little use has beeﬁ made of

geminal coupling constants to elucidate structural and
stereochemicalifeatures. In spite of their éotential
utility, only a few systematic studies of substituent
effects on JGem have been reported. The most notable of
these have been made by Bernstein and Sheppard (49) on
substituted methanes, and Sheppard and Banweil (50) on
ethylene derivatives. This thesis describes an investiga-
tion of the effect of substituents on the geminal coupling
constant in methylene groups in a series of 2-alkoxytetra-
hydropyrans. 1In addltion, a unique example of non-equivalent
vicinal H-F coupling constants in a CF3-CH2 group has been
observed, In order to obtain information about the
variation in JGem with structure, we undertook the syﬁthesis
of compounds of the type ﬁ-CHE—X in which X contained a
center of asymmetry and measured the geminal coupling
constant between the benzylic methylene protons in each

compound,
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EXPERIMENTAL

Benzyl phenyl sulfide

6.0 g of metallic sodium was dissolved in
150 ml of absolute ethanol. 28,5 g of thiophenol was
added to the alcoholic solution in a Slow but steady
stream. 34,4 g of benzyl chloride was added dropwise
to the alcoholic solution and the mixture waS stirred
and refluxed'%or 2 hrs. The ethanol was distilled off
and reaction mixture was poured over cracked lce,
filtered, and crystallized from methanol,

Yleld = 60%, m.p. = 40-1°%; 1it. m,p. = 40-1° (78).

Benzyl phenyl sulfoxide

26.0 g of benzyl phenyl sulfide was dissolved
in 150 ml of acetone. 20 ml of 30%'H202 was added to the
acetone solution. After standing for 3 days, the acetone
was evaporated and the sulfoxide product was crystallized
from 60% aqueous ethanol.

o]
Yield = 80%, m.p., 124-5°  1it. m.p. = 122-3° (78),
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Table 1 Melting points and yields of a few substituted
benzyl phenyl sulfoxides,

M. P, (°c) Yield (%)

Benzyl phenyl sulfoxide 1245 75
1it. 123-4 (78)

4-Nitrobenzyl phenyl sulfoxide 162-4 62
1it. 161-2 (79)

4-Chlorobenzyl phenyl sulfoxide - 171-3 80
11t. 173 (80)

Benzyl 4-nitrophenyl sulfoxide 167-9 77
lit. 168-9 (79)

Benzyl 2,4,6-tr1nitrophenyl
sulfoxide* 110-12 58

* Elemental analysis results for this sulfoxide are
pending,
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The other benzyl phenyl sulfoxides listed in
Table 1 were prepared following the procedure givén
above. The benzyl phenyl sulfides used in these
preparations were prepared following the method given
for benzyl phéﬁyl sulfide using the appropriately
substituted benzyl chlorides, except for 4-nitro and
2,4,6-trinitropheny1 benzyl sulfides which were prepared

from benzyl mercaptan and the substituted chlorobenzenes,

Benzyl sec-butyl ether

1.9 g of metallic sodium was dissolved in 100 ml
of sec-butyl alecohol. 10.0 g of bénzyl chloride was added
dropwise to the alcoholic solution, the mixture was stirred
and refluxed for 2 hrs., and then poured over cracked ice,
The reaction mixture was extracted with ether, and the
ether phase was dried over anhydrous sodium sulfate.

The drying agent was filtered off and the ether was
distilled off. The remaining oil was distilled, and the
purest fraction of benzyl sec-butyl ether was collected

between 200-3°.,  Yield, 52%. Lit. b.p.=75-80°/3mm. (32).




- 25 -

Several attempts were made to prepare 4-nitro-
benzyl sec-butyl ether using various procedures, but

these were unsuccessful,

l-Phenylethyl benzyl ether

A mixture of 12,2 g of sec-phenyl ethanol and
12,7 g of benzyl chloride was refluxed over 21 g of sodium
carbonate fqr 2 days. The inorganic salts were then
filtered off and the filtrate was washed with 2N
hydrochloric aéid and water, and drled over anhydrous sodium
sulfate. The drying agent was filtered off and the liquid‘
was distlilled at reduced pressure. The purest fraction
of l-phenylethyl benzyl ether was collected between

122-4°/0.3 mm. Yield, 55%. Tit. b.p. = 123-4°/0, 3mn, (32).

1-Phenylethyl U4-methoxybenzyl ether

13.8 g of 4-methoxybenzyl alcohol, 36.6 g of
l-phenylethyl alcohol and 2.0 ml of conc., hydrochloric
acld in 300 ml of benzene were refluxed for 20 hrs. in a

flask equipped with a Stark water trap.
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3 ml of water was collected in the trap. The reaction
mixture was washed with water, and the organic fraction

was dried over anhydrous sodium sulfate, The drying agent
was filltered off, and the benzene was distilled off, The
remaining oilfwas distilled at reduced pressure, the purest
fraction of l-phenylethyl 4-methoxybenzy1 ether* being
collected between 240-3°/10 mm,

Benzyl 2-tetrahydropyrany1 ether

A solution of 10.8 g of benzyl alcohol in 20 ml
of freshly distilled 3,4-dihydropyran was cooled in an ice
bath, One drop'of concentrated hydrochloric acid was added
to the cooled solution and the mixture was stirred overnight
during which time it warmed to room temperature., The
reaction mixture was diluted with ether, then washed with
a 5% sodium carbonate solution and water. The aqueous
washings were extracted with ether and the combined organic
phases were dried over anhydrous sodium sulfate. The
drying agent was filtered off and the filtrate distilled

at atmospheric pressure, to remove the ether and the excess

dihydropyran.

* Because of the difficulties encountered in the synthesis
of" these l-phenylethyl benzyl ethers, our attention was
shifted to the tetrahydropyranyl ethers and, therefore, no
effort was made to obtain a sample of l-phenylethyl
M-methoxy-benzyl ether pure enough for elemental analysis,
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The remaining oll was then distilled.at reduced pressure.

The physical constants and the results of the elemental

‘analysis are given in Table 2,

- All the other 2-tetrahydropyranyl ethers listed
in Table 2 wére prepared fOlloQing the procedure given
fér‘the 2—tetrahydropyranyl;ether of benzyl alcohol,
except for the orthd;, meta-, and paraQaminobenzyl

2-tetrahydropyranyl ethers., The procedure‘for the

preparation of these ethers is given‘below. All but

one of the alcohols used in the preparation of the:
2—tetrahydropyfany1 etheré.were known compounds which

were either obtalned from commercial manufacturers or

'pfepared from the parent acild, aldehyde or halide by

well-known methods. U4-Ethynyl-benzyl alcohol was prepared
by Landgrebe & Rynbrandt (51) and a gift sample was.

obtained from these workers.

4-Aminobenzyl, 2-Tetrahydropyranyl ether

4-aminobénzy1 2-tetrahydropyranyl ether was
prepared from 4-nitrobenzyl 2-tetrahydropyranyl ether by

hydrogenation with platinum oxide.
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"0 mg of PtOo was placed in the hydrogenation flask and

covered with 10 ml of absolute ethanol. The platinum

oxlde was reduced with hydrogen gas at atmospheric pressure.

A solution of ?.37 g of M—nitrobenzyl 2-tetrahydropyranyl
ether in 20 ml of absolute ethanol was added to the hydro-
genation flask, and the flask was shaken until 672 cc of

H2 £as was consumed, At this point, the hydrogenation was
stopped and the reaction mixture was filtered, and the
platinum resiﬁue was washed with ether. The ether solution
was dried over énhydrous sodlum sulfate, The drying agent
was filtered off, and after evaporating the ether, the

remalning oil was distilled at reduced pressure.

oK -Deuteroethanol

A solution of 4,4 g (0,10 mole) of freshly
distilled acetaldehyde in 20 ml of anhydrous ether was
added dropwise to a flask containing 1.0 g (0.105 mole)

of lithlum aluminum deuteride* in 20 ml of anhydrous ether,

* Purchased from Merck, Sharpe and Dohme, Montreal, Canada.
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The mixture was stirred during the addiﬁion and for two
hours afterwards. Water was then added dropwise to the
reaction mixture until g white granular pPrecipitate formed.
The precipitate was filtered off, washed with ether and

the filtrates Qere combined and dried over anhydrous sodium
sulfate. The ether was distilled off and the remaining
liquid distilled at atmospheric pressure, The product

was collected at 76-78°, The yield was 2.0 g (43%).

e e e - —

The n;m.r. spectra were measured on a Varian
DA-60 spectrometer equipped with external lock. Spectra
were measured at temperatures above and below room
temperature using a probe assembly which has been described
previously (52). All experimental line positions were
determined from the average of at least ten spectra,
Solute concentration was 20% (w/v) for all measurements,
except for those on the 2-tetrahydropyranyl ether of
2,2,2-trifluorocethanol for which the concentration was
W% (w/v). The deuterium Spin-decoupling experiment was

performed with the aid of an N.m.r, Specialties SD-60

Spin-decoupler,

.,-mg-'—




30 -

(e)- Gz wwGz *0/9z1 HN-d
€9°'1te €2'g 62°0L 09°'te 91'Q +H2'0L 28 ot *0/96 mmoo-g

| 9
eh'ST TL'§  HO'GL 1G°'GT 08°'8  69°GL .9 wwt ‘T/3-6g  HO-d
2é'g €2, G2'89 H#0°'6 22'GT 02°L 15'g9 @8 wuGo *0/0L-89 JI-d
ch’ST 6’7l . L8'9 9L°€9 G9'GT 2T'HT 29°9 19°€9 96 wisT 0/2-06  10-d
(e)- 7 wwGz *0/GT-01T  HOo-d
L9 12 T0°9  S2'09 06°12 .0£'2T 18°¢ 66°65 08 WET0/9-L Cap-d
#0°L  69°0L G#'9  EL'HT 96°9 98°TL Ll uwog *0/2ET  No-d
66°6  L1°l2 L6'9 GE'09 06°G g6'9z LE'9  GL'09 09 wuwoT "0/ -2€T Noz.m

| (1S )uz /00T * 31T
86°9T #e2'g LO°GL 19°9T 6£°'Q g6°'HL. 06 uOT *0/9-469 H

YR #0 @4 40 gx %0 - M %
unoy , .thOOQ_H_ wm
STSATRUY TEJUSWSTH PTOTX (0,) dqa X
.. _
/jo O nmcmthOLUhcmppmphxowanm Jjo

2 °1aBL

S9TJ3S ® JOJ s)3Tnssy STsL[BUy TeBIUSWSTH pum ‘SPTati ‘sautog Buirog




- 31 -

007 = iy

(o) - g8  wuwoT'0/2-0%T 1X-0

() - 0f uwwoE'0/02-8TT  CHN-0

719°'g  6%°GL TS'ST 08°8  69°GL 06  wuwoz '0/9-4g “1o-0

7T'g  61°0. 09'Te 91’8 #2'0L €6 wwGz'0/z-0TT £100-0

00°9 6£'9  TO'T9 06°G 8692 LE'9 GL'0g Gg uuog *0/04 T ®ot-o

(e) - G2 w2z 0/0€T  CHN-w

T.'g9  0G°GL TG'SGT 08°'8  69°GL 16 wwsg *0/6-001 mmo-s

€1'g o010l 09°Te 91°'8 #H2'0lL L8 wwg)'0o/9-2T “uo0-u

66°. 8'L 9289 H0'6 22°ST o02'L #5'89 &g uusg 0/ 4-2g J-u

08 "#T 9L'9  82'%9 G9"ST 2T'T 29'9 19°'€9 €9 wwoT'0/g-2g TO-u

(a) - WO T/2-0TT  NO-u

11°9 €9'9 L6709 06'G 86'9e LE'9  GL'09 0L wuGl'0/#-22T  Con-u

%A %0 ZH %0 ¥ %0 %H %0

punoyg Laoayy, %

sTsdTeuy TejUaWSTY PT9TA  (0g)'d’q X

AvaCﬂpmoov 2 oTaeg




L

6€°89

ge°g €g8'2e €9°'g 4S'gy 2. uwos *0/62 HOO
vaﬁen.m\:mﬁﬂc F
88 wwg T *0/2G o
\ €T°0T 66°g9 Bh'02 2E'0T 6T1°69 2§ uwwGh 0/4h-2€ mmouﬁmmovo
o 18°0€ L0'9  Gh'Gh S6°0E 6€°LT 20°9 49°Gh Sl 90T €10
_ .
LS°S g2'9f€ #G°Gh BLl'€T GL'%  66°CE 98 wuog *0/4S mSo
{%S) 9HT 3TT ¢
09 G-CHT HO
Ammvsswﬂ\mﬁﬂm c
05 uig * 0,/0€ (*HD)D
4
X-"HO
o 2
%R %0 YH %0 [N %0 %H %0
punog Afaoayy, %
STsATeuy TeBlUSWLTH PIaTE  (Dg)'d’q X
Aﬁmscﬂgcoov S 9107




1
o
oM

}

‘serdwes ayj uft soTatandwt Jolew ou PaTBaASI DUB ‘S3TNOSTOW 3YU3 JO 9aNn30ndas
psgoadxs oyl yaImM JU9I1STSU0O 2a9M BJajoads sssyl, ‘Jsjswozoydoagoads Q MI uewyOeg
B UOC psJnsesw seM g 97qeJ UT pajgstT spunoduod ayj Jo yoes Jo unaioads YI 9yl :YION

_ "SISATBUBR TBYUSWATS 03 Paj3dalqns 30U seM 47 ‘s4{nsad
oU3 Jo uotjejeadasiul ayj Ul juedTITuldrs ATaernotgaed j0u ST punodwod STyj3 aouls (o

: *satgtanduy eTqeTosadde ou pamoys unagosds "a w u S3f
8outTs aand ATate] 99 07 POJIOPTSUOD SEBM atdwes ayj3 ‘srqeTTeAR 30U B4B stsdTrUR
TelUsusId® Jo sj3Insad ysnoyjie pur ‘oueg 'y *sap £q perrddns sem punodwod sy, (a

wsn :

. [ Jo jusweansesw ayj3 399JJe AT3UeOTITUBTS 30U Op

959U3 9JBYJ SUNSSB 07 S9TqRUOSEBOI ST 3T ang ‘sotgtandwl qySTIs Moys eaaoeds ‘g u'u
" 89Ul °sTsfTRu® TBlUSWATS J0J y3nous oand a1dwes ® uTe1gqo 09 oTqrssoduwl sem 11 (e

(9G)wwG /HTIT 31T

(q) HN
(GS)uuwz/L-99° 4TT
08  wufT 0/9-#6 S
5
HO
X 0
R 40 #H % %K d0 o 4
punoyg , £aoayy, %

STSATRUY TBIULWSTH PT8tX (Dg) d’q X

(penutiuod) g a1qey]




- 34 -

RESULTS AND DISCUSSION

The first ¢-CH2-X compounds which were prepared
In order to stﬁdy the variation of JGem wlth structure of
the molecule were a series of benzyl phenyl sulfoxides
wlth different substituents on the benzyl phenyl ring
and on the phenyl ring directly bonded to the S atom,
These substituted benzyl phenyl sulfoxides are listed in
Table 3 aloné with JGem for the benzylic methylene protons,
As we can see from Table 3, there is very little variation
of Jgeqm 1n the sulfoxides that were studied here. Because
of these unpromising results, i1t was decided to study other:
serles of compounds of the type ¢-CH2-X in which X contailned
a center of asymmetry, Attempts were made to synthesize
benzyl sec-butyl ethers and l-phenylethyl benzyl ethérs
with substituents on the benzyl phenyl ring, but problems
in the synthesis of these compounds led us to abandon the
study of these ethefs in favor of 2-tetrahydropyranyl
ethers which were prepared easily and showed a slgnificant

variation of JGem with the structure of the molecule,
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Table 3 JGem

Benzyl sec-butyl ether, and two 1-Phenylethyl
benzyl ethers

values in a few Benzyl phenyl sulfoxides,

~-Jgem(cps)*

Benzyl phenyl sulfoxide # 12,64
4-Nitrobenzyl phenyl sulfoxide 12.61
li-Chlorobenzyl phenyl sulfoxide 12, 82%+%
Benzyl U4-Nitrophenyl sulfoxide C12,91%*
Benzyl 2,4,6-Trinitrophenyl sulfoxide 12,71
Benzyl sec-=butyl ether 12,16

1-Phenylethyl benzyl ether 11.57

l-Phenylethyl 4-Methoxybenzyl ether 11,11

# The spectra of the benzyl phenyl sulfoxides were
neasured in DMSO. 1In other solvents, the benzylic
methylene protons were magnetically equivalent.
The spectra of the benzyl sec-butyl ethers and
1-phenylethyl benzyl ethers were measured in
deuterochloroform,

* The average deviation in ten measurements was less
than 0.1 c.p.s.

*XT'he average deviation in ten measurements was 0.3 c.p.s.
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A seriles of 2-alkoxytetrahydropyrans of general
formula I, in which R represents a variety of groups

! » 0 0
| CH,-R

including para-, meta-, and ortho-substituted phenyl and
several alkyl substituents, was used to study the effect
of various substituents on the geminal coupling constants,
Jgem- In ali of the 2-alkoxytetrahydropyrans that were
studled, the methylene protons in the alkoxy group were
magnetically non-equivalent and gave an AB quartet in the
n.m.r. spectrum. For example, the n.m.r. spectrum of
benzyl 2-tetrahydropyranyl ether, 1is shown in Figure 6,
The other 2-alkoxytetrahydropyrans in the series have
basically the same type of spectrum. Jgem was measured
dlrectly from the AB quartet which in the spectrum in

Figure 6 is centered at T 5.33.
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In most of the spectra, the signal for the
anomerlc proton interfered with the low-field half of

the AB quartet in such a way that the measurements of J

from the low-field half and from the high-field half of
the quartet ﬁere different. Both the values of J
measured from the low-field and high-field halves of the
quartet are given in Tables 4 to 10, however, J measured
from the high-field half of the quartet wés generally used
to comparé:the effect of substituents, since 1t was felt
that this value was more reliable.

In the spectra of the benzyl ethers, each line
of the AB quartet was slightly broadened by coupling with
the ortho ring protons. Thils broadening, which has been
prevliously observed by Roberts and co-workers (32{ 33)
in 1l-phenylethyl benzyl ethers, caused a decrease in the
accuracy of measurement of Jgem. The standard deviation in
ten measurements was generally less than 0.1 c.p.s.
Also because of this broadening, a sweep width of 250 c.p.s.
rather than a broader one, was generally used to measure

the spectra of the benzyl ethers.




i

The 2-tetrahydropyranyl ethér of 2,2,2-trifluoro-
ethanol showed an ABX3 pattern for the trifluoroethyl group,
because of coupling of the methylene protons with the
fluorine nuciei. The analysis of the Spectrum of this
conmpound will be discussed in detail later,

The ether derived from propargyl alcohol showed
an ABX pattern for the propargyl group whén measured in

AX 7 "BX

to coupling between the methylené protons and the =zCH proton.

dimethylsulfoxide., (J,, = J_. = 2.5 c.p.s.) This 1is due

In all other éolvents, however, the spectrum was of the
A2X type. This indicates that in these solvents the
methylene protons are magnetically equivalent as far as
can be measured by the NMR instrument., In dimethylsulfoxide
the methylene protons have a chemical shift difference
large enough to be detected in the n.m.r. spectrum,

All of the geminal coupling constants reported
in Tables 3 to 10 are assumed to be negative and the trends
in variation of JGem are established on this basis. This

assumption 1is a very reasonable one when one compares

similar examples of sp3 methylene groups in the literature

(39, 40).




- 40 -

Para and Meta Substituents

The n.m,r. parameters derived from the AB quartet
in the spectra of each of the para- and meta-substituted
benzyl 2-tetr§hydropyranyl ethers, are listed in Tables &4
and 5, As we can see from these results, phenyl substituents
cause an appreciable change in the magnitude of JGem'
The direction of the effect 18 in accord with the
theoretical predictions of Pople and Bothner-By (39)
regardlng h&perconjugation. This'theory predicts that
hyperconjugative withdrawal of electrons makes Jgem more
negative, and donation makes Jg,. more positive. In this
regard, the nitro group presumably enhances the hyper-
conjugative withdrawing power of the phenyl ring, thus

causing a negative shift in JGe On the other hand, the

me
amino group enhances the hyperconjugative donating power
of the phenyl ring and causes a positive shift in JGem'
Furthermore, the magnitude of the effect exerted by all
the para and meta substituents correlates reasonably well

with the Hammett substituent constants. Thls correlation

Is shown in the plot in Filgure 7.
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Table I N.m.r, Parameters for Para Substituted Benzyl
2-tetrahydropyranyl ethers,

0 0 .
~ X

X _JGem(cPs)* —JGem(CPS)* AQAB T O—I; o“r‘)o
(high rield) (low field) (cps)

H 12.00% 12.10% 16.9 5.33 o 0
NO,, 13.28 13.71 15.9 5.23 +0.73 -
CN 13,217 13.56% 16.7 5.25 +0.63 -
CF4 12,78 13.01 16,8 5.39 +0.52 -
CCH 12.54 12.84 16.4 5.38 +0.23 _
c1 12,04 12.38 16.5 5,40 +0.23 +0.27
P 11.78 12,11 16.4 5,38 +0.06 4+0.17
CHy 11.75% 11.,95% 17.0 5.36 -0.17 -0.15
ocit, 11.57# 11, 67# 16.3 5,40 -0.27 -0.12
an 11.10 11.64 16.1 5,49 _.0.66 -0.38

* Jgem values measured from the high field and low .field

parts of the AB quartet are glven in this table, and in
tables 5, 7-10. The difference between the two values
is due to the anomeric proton signal which usually
appcears 1n the area of the low field slde of the AB
quartet and hinders the measurement of J from this
slde. -

The average deviation in ten measurements was generally
less than 0.1 c.p.s.

JGcm was measured at a sweep width of 250 c.p.s. except

Gem

, where noted.
i JGem was measured at a sweep width of 100 c.p.s.

Note: The n,m.r. parameters listed in Tables I to 10 were
measured in deutero-chloroform,
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Table 4 N.m.r, Parameters for Meta Substituted Benzyl
2-tetrahydropyranyl ethers,

o

X “Joem(PS)*  -Jgon(eps)* a p(eps) oyt
(high field) (low field)

H 12,007 12,107 16.9 5.33 0

NO, 212,74 13.26 16,6 5.20 +0.71
cN 12, 897 13.05  17.0 5.28 40,62
Cc1 12;47 12,72 17.5 5.36  +0.37
F 12,44 13.12 17.0 5.32 40,34
ocu3 12,22 12.64 17.0 5.33 +40.12
CH_ 11.937 12,107 17.9 5.37 -0.13
NH2 11.95 12.41 17.2 5.40 -0.16

*¥ The average deviation in ten measurements was generally
less than 0.1 c.p.s.
JGem was measured at a sweep width of 250 c.p.s. except
. where noted,

7 JGem was measured at a sweep width of 100 c.p.s.
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The plot of the para substituents showé some curvature,

A more linear relationship is obtained when the JGem is
plotted vs. (T° values, calculated by Taft and co-workers
(57). The 0%0 values are calculated fromtﬂEo values

(T °= 0§O+ 0}" ). The Hammett 0 R values are enhanced

because of the isovalent conjugation effect
0 0T
+ .
VR /
\OH - oH

which does not occur in the tetrahydropyranyl ethers.

This type of cénjugation occurs only with substituents
which have an electron-dohating resonance effect. The
new 0};)values are resonance parameters which have been
corrected for this extra contribution to the Hammett

J -values.

The plot of the meta substituents shows a
reasonably linear correlation. One interesting feature
of the plots in Figure 7 is that the plot of the para
substituents shows a larger slope than that for the meta
substituents., This indicates that Jgem 18 more sensitive

to the resonance effect than to the inductive effect of a

AR RS
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substituent since the predominant effect in para

substituents is the resonance effect, and that in meta

: substituents is the inductive efrfect,

Taft and co-workers (57) have correlated

F B

1 ¢§p -é; values for a series of meta- and para-substituted
fluorobenzenes, with.q;oparameters. They obtained the

- .
following correlation JF_.{" = 2,97 O“Ro . Similarly here,
p

Jpara - Jmepa values have heen plotted Vs, GE values,

The plot, shown in Figure 8, shows a fairly good linear

relatilonship.

If we assume that para and meta substituents

make equal inductive contributions to Jpara and Imetas

and that the resonance effect of meta substituents 1s

small, Jpara - Jmeta 1s then a measure of the para

resonance effect,

The correlation of J - dJd values with
para meta
o)

aﬁ -parameters according to equation 4

0
- = T L
Jpara Jheta 1.77 R (4)

1s Indicated in Table 6 from the comparison between

calculated and observed values of J - Jd .
para meta
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Table 6 Correlation of J - J values with
—_— para meta

crﬁo parameters

o - - ’
X % . Jpar‘a-Jmeta(CPS) Jpara-dme’ca(Cp"’) A(CPS)

(experimental) (calculated)*

H 0 0] 0 0

CH3 -0.10 0.18 0.18" 0.00C

C1 -0.20 0.43 0.35' 0.08

F ~0.35 0.66 . 0.62  0.04

OCHy -0.41 0.65 0.73 0.08

N, -0,48 0.83 0.85 0.02
Average
deviation
= 0.0Olcps

¥ Values of J J calculated from equation

para metg

J ~J = -1.77 g=°.
bara mets O—R
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The effect of para substituents on JGem in a

few related benzyl derivatives has been reported elsewhere,

Oki1 and Iwamura (58) reported the varlation of J in

Gem
five para-s@bstituted dibenzyl sulfites., The variation
in JGem in these compounds follows the same trends that
are reported here, but i1s about 30% less than in the
2-tetrahydropyranyl ethers, McDonald, Shénnon, and

Sternhell (59) found no measurable variation of J in

Gem

the methyl group of several substituted toluenes.

Ortho Substituents

The n.m,r, parameters of the AB non-cquivalence
quartet for the ortho-substituted benzyl 2-tetrahydro-
pyranyl ethers are listed in Table 7. Ortho substituents
can be seen to exert similar effects to that of para and
meta substituents. However, these are complicated by
steric interaction which will cause rotation about the

C-Ar bond and thereby cause a change in J since JGe

Gem?» m

varics with the projected angle between the H-H axis of the
CHo group and the orientation of the p-orbltal of the sp2

carbon atom.
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Table 7 N.m.r. Parameters for Ortho Substituted Benzyl
2-tetrahydropyranyl ethers,

O\\CH2
X ~Jgem(cPs)* -3, (cps)* ‘Q{EB(CPS) T
(high field) (low field)
H 12.00% 12, 10% 116.9 5.33
NO, : - %% 15.47 20.3 4.99
OCH3 12.85 13.46 13.4 5.26
CH3 12.03 12.53 18.6 5.40
NH, 11.40 11.87 16.3 5.37
X! 12.53 12.83 16.3 5.40

less than 0.1 c¢.p.s.

* The average deviation in ten measurements was generally

JGem was measured at a sweep width of 250 c.p.s. except

where noted,

J was measured at a sweep width of 100 c.p.s.

Gem

*¥* Jgem could not be measured from the high field side of

the AB quartet because of interference from the

anomeric proton's signal.
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Steric Effects

JGem has been measured for the benzylic methylene
protons In a few para-substituted benzyl phenyl sulfoxides.
In contrastlto the benzyl 2-tetrahydropyranyl ethers, no
change in JGem with substituents was observed in these
sulfoxides. For example, Jgem'S 1n benzyl phenyl sulfoxide
and 4-nitrobenzyl phenyl sulfoxide were 1?.64 c.p.s. and
12.61 c.p.s. respectively. As mentloned before, Oki and
Iwamura (Sé) reported a weaker substituent effect on Jgem
in para-subsﬁituted dibenzyl sulfites, and McDonald,
Shannon, and Sternhell (59) found no measurable substifuent
eflfect on JGem in substituted toluenes. The most likely
explanation of these contrasting results lies in the
orientation of the benzene ring with respect to the
methylene hydrogens.

The hyperconjugative effect of an adjacent
p-orbltal on Jge, has been calculated (41) to be maximal

(most negative) when the geometry is as shown in Figure 9(a),

and mlnimal when as in Figure 9 (b).

o
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(a) (b)

Figure 9, Orientation of the methylene group with respect
to an adjacent p orbital.

Cookson and co-workers (37) have reported many
examples which support this geometrical relatilonship.

It would then seem from the above results that
variations in JGem with substituents are more or less
pronounced depending upon whether conformation (a) or
conformation (b) in Figure 9, predominates. For example,
1t would seem that conformation (a) predominates in the
benzyl 2-tetrahydropyranyl ethers since JGem in these

cthers varles substantially with the substituent, and

also in the dibenzyl sulfites, although to a lesser extent.

! i
B!
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On the other hand, conformation (b) should predominate
in the benzyl phenyl sulfoxides and in the substituted

toluenes, since dJ does not vary wlth the substituent

Gem
in these compounds. Support for the proposal that
conformation (b) predominates in the benzyl phenyl
sulfoxides (Jge, = -12.6 c.p.s.) is provided by the

magnitude of J (-16 c.p.s.) (60) in the cyclic sulfoxide,

Gem

H
A

S —
Cfl//

2
in which the geometry of the methylene group is fixed as

0

shown in Figure 9(a). Since Jem @S been shown to be
most negative when the geometry is as shown in Figure 9(a),

the magnitude of J (-12.6 c.p.s.) in the benzyl phenyl

Gem
sulfoxides would indicate that conformation (b) pfedominates
in these compounds,

The proposal that the variation in JGem with
substituents depénds upon the orilentation of the methylene
group relatlive to an adjacent p-orbital provides a method

‘of determining the conformation of a methylene group with

respect to an adjacent A" -bonded carbon atom.

—memgey

p——-
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To our knowledge, the only previous work done
in this area 1s Woolfenden and Grant's study (61) of the
conformat ional dependence of the 013 chemical shifts in

methylbenzenes and the conformational studies of 3-chloro

and 3-methoxypropenes made by Bothner-By and co-workers (62).

One of the results of the work of Bothner-By and
co-workers (62) is that in 3-methoxypropene the conformation
shown in Figure 10(a) is more stable than that shown in

Figure 10(b). Oy

\ /o \“__/ N
SN TN

2) (b)

Filpure 10. Two different conformations of 3- -methoxypropene,

This particular result also supports the proposal
made here that the ¢onformation shown in Figure 9(a) where
the H-H axls is parallel to the adjacent p-orbital,

predominates in the benzyl 2-tetrahydropyranyl cthers.
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Other Substituent Effects

The data in Table 8 provide a measure of the
6-substituent effect. The results indicate that the
groups wilth iﬁcreasing inductive wlthdrawing power cause
a negative shift in JGem in opposition to Pople and
Bothner-By's theory (39) which predicts a positive shift
in JGem with increasing inductive withdrawal of electrons,
However, Pople and Bothner-By have proposed that for
electronegative @ -substituents, tﬁe resonance effect 1s
dominant. The electron-donating resonance effect of the
substituents in Table 8 increases in the order
CH3 < H<Cl<LF, The results observed here agree with
thls interpretation.

The data in Table 9 show the hyperconjugative
effect of one and two double bonds adjacent to the CH2
group. It has been shown (40) that for a freely rotating
methyl group an adjacent 7 -bond produces a shift in JGem
of about -2 c.p.s. However, the magnitude of the shift

varles with the angle between the CH2 group and the

" -system, -
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Table 8 N.m.,r, Parameters for 2-alkoxytetrahydropyrans,

O 0O
[:V:]’ ‘\CHE_X

X —JGem(cps)* —JGem(cps)* 4~DAB(cps) T
(high field) (low field) '
C(CH3)3 8.95 9.06 28.1 6.80
cily : 9.83# 20.0 . 6.51
ccl, 11.56 11,72 11.1 5,82
oF, . 12.53% 8.8 6.06

* The average deviation in ten measurements was less than
0.1 c,p.s.

JGem was measured at a sweep width of 100 c.p.8,

JGem was measured from a 16-line ABX3 pattern in which
JGew can be measured from 8 different line spacings.

JGem gilven here is the average of these measurement s,




Table 9 N.m.r. Parameters for 2-alkoxytetrahydropyrans,

0 0
~
CH -
Y o

- * - * -
X JGem(cps) JGem(cps) AQAB(cps) C
(high field) (low field)

-CH3 9.83 . 20.0 6.51
- - 12,00 12.10 16.9 5.33
_C(CHg)=CH2 | - 12,867 14.1 5. 94

0 .
[ 1) 12.77 12.95 10.1 5.45

_CECH** - 16. 70 Y 5.77

* The average deviation 1n ten measurements was less than
0.1 c.p.s.
JGem was measured at a sweep wldth of 100 c.p.s. except

where noted.

f J was measured at a sweep width of 250 c.p.s.

Gem

JGerr could not be measured from the high ficld side of

the AB quartet because of interference from the pyranyl
ring C-6 protons' signal.
**Spectra were measured in DMSO.




In certain cases, we might expect a shift of -6 c.p.s.
for one adjacent 7 -bond. The values of Joem 1isted in
Table 9 follow this trend,

Theidata in Table 10 illustrate the change in
JGem for the substitution O—=~ S~—» NH, Comparing Jgem for
these compounds with JGem reported (39) for ethylene oxide
(+5.5), episulfide (+0.4), and aziridine (f2.0), we see
that the sh%ft 1s much stronger in these cyclic compounds
than in the‘tetrahydropyrans, although presumably in the
same direction; This difference must once again be

attributed to different conformational populations in the

three substiltuted tetrahydropyrans.

Solvent Dependence of JGem

As was pointed out in the Introduction, Jeem
has been shown to vary with the solvent, A study of the
dependence of JGem upon solvent was carried out using the
2-tetrahydropyranyl ether of benzyl alcohol. The geminal
coupling constant between the methylene protons of the

benzyl group was measured in ten different solvents,
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Table 10 N.m.r. Parameters of

O X
SRa%

X —JGem(CPS)* ~Joom (CPS ) * A\)AB(CPS) T
(high field) (low field)

0 12.00 12.10 16.9 5.33

3 12.99 13,467 7.7 6.25

NH 13.48 - 13.4 6.03

¥ The average deviation in ten measurements was less than
0.1 c.p.s.
JGem was measured at a sweep width of 100 c.p.s. except
where noted.

JGem was measured at a sweep width of 250 c.p.s.




- 59 -

- The results are listed in Table 11, J variles from

Gem
-12,24 ¢,p.s. in cyclohexane (€ = 2,05) to -12.0l c.p.s.
in dimethylsulfoxide (€ = 42). The results can be divided
into two main groups, JGem measured in solvents of high

dielectric constant, and J measured in solvents of

Gem
low dielectric constant. One exception is.JGem in
chloroform where it is unusually low (JGem~=-12.OO c.p.s.,

€= 5.05). “Jgem In solvents of high dielectric constant

(€ = 12 to 42) has an average valﬁe of -12,04 c.p.é.,

whereas in solvents of low dielectric constant (€ =2 to 3)

1t has an average value of about -12,20 c.p.s. The variation
i1s really quite small, but it would seem to show an opposite
trend to that reported by Smith and Cox (47). Their

results showed that JGem decreased as the dielectric constant
of' the solvent increased. In this case, it would seem that
Jgem increases (i.e. becomes less negative) as the dlelectric
constant of the solvent increases. A similar solvent

dependence study was also made on acetaldehyde dibenzyl

acetal, The results of this study are also listed 1n Table 11.

The same trend is agaln observed here. Jgem measured in
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Table 11 Solvent Effects on JGem
Solvent € (20°) -JGem (cps)* ~Jgem (cps)*
(in I) (in II)

Cyclohexane 2.0 12,24 12,15
ccl, 2.2 12,19 12,17
Benzene 2.3 12,22 12,13
CS2 2.6 12.15 12,10
cu013 5.0 12.00 11.85
Pyridine 12.5 12,02 —_
DMF 21.0 12.02 11.97
Acetone 21.4 12,08 12,04
DMSO L2 12,04 12,04

¥ T = benzyl 2-tetrahydropyranyl ether,

II = acetaldehyde dlbenzyl acetal,

All data in this table 1s accurate to within 0.1 c.p.s.
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- chloroform 1s also exceptionally low, Great care should
then be taken in making any generalizations on the
dependence of JG with the dielectriec constant of the

em
solvent.
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2(2,2,2-Trifluoroethoxy)-tetrahydropyran

The tetrahydropyranyl ether of 2,2,2-trifluoro-
ethanol (I) gives rise to a more complex n.m.r. spectrum,.
Its spectrum,imeasured in deuterochlorbform, is reproduced
in Figure 11(a). The complex absorption pattern centéred
at T 6.5 represents the methylene protons of the
trifluorocethyl group of I. The pattern coﬁsists of
16 lines anq:is the AB part of an ABX3 pattern. This
portion of‘the spectrum 1is reproduéed on an enlarged
scale 1n Figuré 11(b). The signals for the two protons
on the G-Qarpgn atom of the tetrahydropyranyl ring also
appear iﬁ the same region as the AB pattern, but these
signals are very broad and do not interfere significantly
with the sharper 16 line pattern. Surprisingly enough ,
the analysis of the ABX3 pattern showed that the proton-
fluorine coupling constants JAX and JBX had different
magnitudes,

The analysis of the sixteen line pattern was

carried out according to the method of Waugh and Fessenden

(63).

ke
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Figure 1ll(a) ’ , :

Figure 11(b)

|

Figure 1l(a) N.m.r. spectrum of 2(2,2,2-trifluoroethoxy)-
tetrahydropyran.
(b) N.m.r. spectrum of the diastereomeric methylene
protons in 2(2,2,2=-trifluoroethoxy)-
tetrahydropyran.
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Fipure 12 illustrates the splitting of the signal for
protons A and B of the methylene group, caused by coupling
of these protons with the fluorines of the trifluoro-
methyl group. _both the A and B proton signals are split
into a quartet by the three fluorine nuclei. The spacings
between the lines of quartet A and quartet B are equal to

J and JB respectively. The {irst line of the A quartet

AX X
and the firsphline of the B quartet are then split into an
AB quartet beéause of the coupling between the A and B
rrotons. Threerther quartets result in the same way
from splitting of the second line of the A quartet and
the second line of the B quartet, and so on for the third
and fourth lines, JAX and JBX can then be calculated from
the analysis of the four observed quartets,

Non-equivalence of JAX and JBX is reflected in
the observed spectrum by a gradual decrease in the
magnitude of the spacing between the two inner lines of

each quartet, golng in the upfield direction. This

decrease can be seen in Figure 11(b).
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The parameters obtained from the analysls were
as follows: Jgy = 9.13 c.p.s.; Jgxy = 8.77 c.p.s.;
Jpp = -12.53 c.p.s.; AV, = 8.84 c.p.s.  The ABX
analysis aannof provide information about the relative
signs of JAX}and Jag. It does show that Jayx and Jgx have
the same slgn. The latter two are assigned a positive
slgn on the basils of similar examples in thé literature
(64-67). The parameters quoted above were then used to
calculate a theoretical pattern of the ABX3 splitting.
The result 1s sﬁown in Figure 13(b). It is compared
with the experimental spectrum in Figure 13(a). The
theoretlical llne positions agreed to within 0.1 c¢.p.s.
with the corresponding experimental ones. The proton
magnetic resonance spectrum of I was also measured on
a 100 mC instrument, to verify the previous results.
The same non-equivalence of vicinal H-F coupling
constants was agailn observed,

The spectrum of I was also measured in several
other solvents and at several temperatures., The
parameters obtained from each ABX3 analysis are listed

in Table 12, 1In all cases Jpy # Ipx-




Figure 13(a)

Figure 13(b)
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Figure 13(a)

(b)

l‘ , I . T
10 15 20

25 30 35 40 45 50 55

UPFIELD (C/S)

Experimental n.m.r. spectrum of the diastereomeric
methylene protons in 2(2,2,2-trifluoroethoxy)-

tetrahydropyran.

Calculated n.m.r. spectrum of the diastereomeric
methylene protons in 2(2,2,2-trifluoroethoxy)-

tetrahydropyran.
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Table 12 N,M.R. Parameters of 2(2,2,2-trifluoroethoxy)-
tetrahydropyran

(eps) J _F(cps) AJ(cps)* A\)AB(cps)

Solvent T(°¢) J
- ( ? Hy-F H

B
CDC14 -38 9.07 8.77 0.30 0.8
28 9.13 8.77 0.36 8.8
cn2012 -43 9.35 8.63 0.72 10.1
-28 9.21 8.87 0.34 10.1
28 9.14 8.89 0.25 9.1
60 9.01 8.77 0.24 9.0
98 9.12 8.76. 0.36 -~ 8.5
Benzene 28 . 9.15 8.92 0.23 15.0
Acetone 28 9.33 9,12 0.21 6.6

*¥ All data in this table is accurate to within 0.1 c.p.s.
except for the spectral measurements at -43° in CHEClg,
where the accuracy is only 0.3 c.p.s. due to line

broadening.

P——.
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The variation in coupling constants with changes of
solvent or temperature is quite small, and in fact of the
order of the possible error in the values of the coupling
constants. It'is, therefore, not possible to deduce any
trends of the variation of the coupling constants with
changes of solvent or temperature from the avallable
information,

The NMR spectrum of the tetrahydropyranyl ether
of ethanol (iI) was also examined to see if the vicinal
proton-proton cbupling constants exhibited the same non-
equlvalence as the vicinal -proton-fluorine coupling
constants in I. Here, the ethyl group gives rise to
a 16 line ABC3 pattern also, but unfortunately the
analysis of such a pattern is too complex to allow
detectlon of non-equivalence of the order ol magnitude
of that observed in I. The two vicinal proton-proton
coupling constants were determined by another method,

A racemic mixture of c(—deuteroethanol, prepared from the
reductlon of acetaldehyde by 1lithium aluminum deuteride,
waé converted by reaction with 2,3-dihydropyran to the

diastereomeric mixture of tetrahydropyranyl ethers (I11).




- 70 -

CH CH
3

IIT

The n.m.r. spectrum of this mixture measured in deutoro-
chloroform during simultanebus irradiation of the deuterium
nuclel 1is shown in Figure 14, Each of the two components

of the racemic mixture gilves rise to an AB pattern in

3
the n.m.r, spectrum. The A portions of these two AB3
patterns were‘analysed according to Corio's method (4) and
JCH3-CH was calculated for each of the two components of
the mixture. The values found were 7.18 c.p.s. and 7.19 c.p.s.
The non-equivalence of the vicinal coupling

constants evident in the trifluorocethyl group of I cannot

be detected in the case of an ethyl group.
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It would then seem that vicinal H-F coupling constants

are more sensitive than vicinal H-H coupling constants

to variations in bonding. There 1is some evidence in

the literature (68-71) which shows the greater sensitivity
of {luorine n.m.r, spectral parameters to small structural
differences. It may also be that the greater electro-
negativity of the CF3 group 1s responsible in some way

for the appearance of non-equivalent vicinal coupling
constants in fhe trifluoroethyl group only.

As was mentioned in the introduction, magnetic
non-equivalence may be defined in terms of chemical shifts
and coupling constants. Magnetic non-equivalence 1in the
chemlcal shift sense only, occurs when the chemical
shifts of the nuclel are different, but the nuclei are
coupled equally to every other nucleus in the molecule,
Many examples of this type of non-equlvalence have been
reported in the literature (7). Magnetic non-equivalence
in the spin coupling sense only, occurs when the nucleil
have 1identical chemical shifts, but are coupled differently
to one or more other nuclel in the molecule. This i1s the

case for the methylene protons in 1,1-difluoroethylene (8)

I8 200 censerics )
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and l-chloro-2-bromoethane (72). The non-equivalence

here is readily understood since the two nuclei in
questlion have different geometrical relationships to

the neighbouriﬁg nuclei. It i1s also possible to have
magnetically non~equivalent nuclei which have both
different chemical shifts and unequal couplings., 1In
cyclohexanol the protons on the 2-carbon atém have
different chemical shifts and are coupled unequally to the
single proton on the l-carbon atom (9). The methylene

protons In the ethyl group in A have different chemical
Cl

(A)

H® CH_-
o CH3

shifts and are coupled unequally to the adjacent methine
proton (28). The differences in vicinal coupling constants
in these examples, however, are readlily explained and
indeed expected when one considers the well-known Karplus
relationship (48) between vicinal proton-proton coupling

constants and the dihedral angle, #.




The magnetlc non-equivalence observed in I is
of this latter type where both chemical shifts and coupling
constants are involved., However, the non-equivalence
off the vicinal ﬁ-F coupling constants observed in I cannot
be explained as readlily as in the previous examples since
there 1s no rigid structure which could account for
different dihedral angles between each of the methylene
protons and tpe fluorines. This type of non-cquivalence
is without précedent. There 1s an erroneous report of
such a case in the literature. Finegold (15) reported
that the vicinal coupling constants in diethyl sulfite
were unequal, However, Kaplan and Roberts (37) later
showed this report to be wrong because of the use of a
positive sign for the gemlnal coupling constant in the

analysis of the ABC. spectrum of dilethyl sulfite by

3
Finegold. The use of a negative sign for the geminal
coupling constant gave much better agreement with the

experimental spectrum and resulted in equal vicinal

coupling constants.




1

-]

N
1

Since the non-equivalence of the vicinal H-F
coupling constants in I cannot be explained on the basis
of the simple Karplus relationship for the reasons given
already, some @ther explanation must be sought, Pirst
of all, coupling between nuclei occurs primarily through
the bonding electrons (48). There is some evidence that
coupling between protons and fluorine nuclei sometimes
occurs throu%h space (73), but this seems to be limited
to a few exémbles where there are five bonds between‘the
H and F nuclei | It 1s then possible for the H and F nuclet
to liec close to one another by way of a six-membered ring.
Vicinal H-F coupling constants have also been shown to be
strongly dependent upon the dihedral angle, g (71, 74, 75).
The fluorines in I, however, are chemically equivalent
that is, they have the same chemical shift, This is
obvious, since an ABXYZ spectrum instead of an ABX3 spectrum
would be observed if the fluorines had different chemical
shifts, This means that the CF3 group must be rotating
fas@ enough so that on the n.m.r. time scale the

environment around all three fluorines 1s averaged out,
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andisthus the same for all three nuclei, It is possible
that the non-equivalent coupling could be a.result of
different dihedral angles between HA and the three
fluorines compared with HB and the three fluorines, as
shown in Fipgure-1l5., Since the fluorines are chemically
equivalent, however, only a difference in the C-HA and
C-HB bonds can account for the non-equivalent couplings.
The difference between the C-HA and C—HB bonds may be a
difference 1n-bond length, H-C-C bond angle, or bond
hybridization, all of which affect j (76).

The most favorable conformation for I is shown
in Figure 16, The CFBCHQO éroup is in the axial position
because of the anomeric effect (77). The narrow half-band
width of the signal for the anomeric proton at T5.2 is

direct evidence for the axial CF 0O group. The

362
remainling bonds in this group are assumed to occupy the

stapggered conformation 1n which the bulkiest substituents
are trans to one another. In this conformation one of the
methylene protons is qulte close to the oxygen atom of

the ring. It may be that there is some 0 - - - “A
interaction which leads to a change 1in the C-H, bond,
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H
B

H

OR

Figure 15. Dihedral angles in a trifluoroethyl group.

Figure 16, The most favorable conformation of
: 2(2,2,2-trifluoroethoxy)—tetrahydropyran.
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thus maklng the C—HA and C-HB bonds non-equivalent,
Throughout the discusslon we have referred to
a "non-equivalence" of viecinal H-F coubling constant,
It is interestiﬁg to compare non-equivalence in the
chemical shift sense, and in the coupling constant sense,
As mentloned before, non-equivalence of chemilcal shirﬁ is
due both to conformational preferences and ”intrinsic
asymmetry". ?he observation of intrinsic asymmetry is
either evidenée for electronic differences in the two
C-H bonds (or C-F bonds, as the case may be) or evidence
Tor differences 1in magnetic environment due to bond
distortions elsewhere in the molecule. In contrast,
non-eqguivalence in vicinal couplings is evidence

specifically for electronic differences in the C-H bonds,

R =T tes 4
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CONCLUSTONS

The relationship established between the geminal
coupling constanﬁ and the Hammett substituent parameters,
and the marked dependence of substltuent elffects on the
angle between the H-H axls of the methylene protons and
the orientation of an adjacent p-orbital, indicate that
such correlations between the structure of the molecule
and the geminai coupling constant may be extremely useful
o elucidate structural and sterecochemical features 1n a
molecule, just as the Karplus relation between vicinal
H-1I coupling constants and %, the dihedral angle, has
proven Lo be,

In contrast to the observation of Intrinsic
asymmetry non-equivalence which 1s elther evidence for
¢lectronic differences in bonding or for diffcrences in
magnetic environment, the observation of non-equivalence
in vicinal coupling cbnstants observed here is evlidence

specifically for clectronic differences in bonding.
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CLAIMS FOR ORIGINAL WORK

Twenty-four new 2—a1koxytetrahydropyrans vere
prepared, |

A linear correlation has been established in a series
of para and meta substituted benzyl 2-tetrahydro-
pyranyl eﬁhers between JGem of the benzylic methylene
protons and U'I;O and O":n , the Hammett
substituent parameters.

A linear relationship has been established in a series
of para and meta substitﬁted benzyl 2-tetrahydro-

pyranyl ethers between J the difference

para Imeta

betwecen the geminal coupling constants of the benzylic
methylene protons in the para and meta substituted

o
benzyl ethers, and (Tﬁ the corrected Hammett

b 4
resonance parameters for para substituents. This

relationship follows the equation

o]
J - J =-1.770
para meta R
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A method of determining the conformation of a

methylene group with respect to an adjacent T -bonded
carbon atom has been suggested. This method is basecd
on the propésal made here that the substituent eflfect
on JGem depends upon the orilentation of the methylene

group relative to the adjacent p orbital,

The unique and surprising non-equivalence of vicinal
-1 couplfﬁg constants in a CF3—CH2 group has been
measured in various solvents and at diflerent
temperatures. The non-gquivalence JAX % JBX has been

Iinterpreted as evidence that the C-H, and C--HB bonds

A
o' the trifluoroethyl group differ electronically.
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