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methyl ether have boen

benzyl
by NMR in CCl, and DMSO solutions. The *J(CH.OH) and *J(H.C.H)

couplings (the latter via the 2J(H.C.D) coupling) and the OH chemical shift (ia DMSO and = dif* in CCl,) wers usod
23 conformational probes. The &. (OH) for ROH (R = Me, Et, iPr) is also given.

The results provide o support for the oxistence of an intramolecular H-bond in beazyl alcobol. The mdo
coaformation of the OH protoa (anti to a CH proton) is favoured by ca. 1 kcal mole™ over the exo conformation
(H axti to phenyl) end these conformers are responsible for the separate OH froquencies observed in the IR
spectram. The results do not support an extrense conformation of the pheay! ring (C.C.C.O dikhedrals of 0 or 907
but are consistent with cither an ~60° conformation of the pheayl ring or a freely rotating model. In ortho
nitrobeazyl alcobol intramolecular H-boading is present, but in ortho methoxy beazyl alcobol little or 80 boading

to the substituent occurs.

The observation of two OH stretching bands in the IR
spectrum of aryl alcohols CéH(CH2).O0H in dilute solu-

NMR investigations should complement these studies,
and Schaefer ef al have nsed NMR and MO techniques,
in particular the *J (CH2, p-H) coupling to deduce the
conformations of a number of benzyl derivatives.*”® In
‘o-fnorobenzyl alcobol ab-initio (STO-3G) calculations
‘predicted a number of populated conformations which
puaknhﬂﬂﬂcouxlmmmwt
with the observed values.” In 3,5 dichlorobenzyl alcohol

the J (CH,, p-H) coupling (~0.59 Hz) was interpreted on

in the IR studies. Thus it was decided to investigate these

systems by NMR using as conformational probes the OH
chemical shift, CHOR coupling and the CH, geminal
coupling. We report here our results for benzyl alcohols.
As the basic data required for these dilute solutions (ic.
the OH chemical shift and coupling constant) has not
been previously reported to the accuracy we required,
we give also for comparison this data for the simple
alcohols.

Coufmmmaﬁaofbazylalcohol
The benzyl alcohol molecule is defined by two dibedral
angles, the C,C;C;0, (0) and C:C;0.H (¢) (Fig. 1). We
may reasonably consider only the staggered confor-
mnouoftheCObond,i.e ¢ cquals +60° and 180°, as
the 3-fold barrier to rotation will be similar to that in
methanol (1.07 kcal mole™).'* However the low intrinsic
barrier to rotation of the Ph-CH; bond (toluene, AG”
0.014 kcal mole™)'* means that all values of & must be
considered. We will restrict our discussion for ease of
presentation to considering the extreme cases of the
planar (0 =0" and orthogohal (0 =90°) conformations.
1A..D (Fig. 1) and the ED conformations (1E) and (1F).
MO (STO-3G) calculations on 1A...D ((1E) and (1F)
were not considered) gave relative energies of 0.0 (1C),
0.06 (l;lz”’ 0.22 (1A), and 1.92 (D) kcals mole™ respec-

could appreciably alter the relative energies. Molecular
mechanics calculations using the MODELS 2
progremme”® showed that 1D was preferentially stabil-
sed by spproximately 0.8 kcals mole merely by allowing
the C.C.O. angle to deform. Thus the only conclusion
from these calcuiations is that there is no large energy
difference between the conformers.

The CH.OH coupling. The CH.OH coupling has been
used to obtain conformationsl information for many
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Fig. 1. Possible conformations of benzyl alcobol.

years.'*"* However, it has an intrinsic_solvent depen-
dence, which can be observed in methanol, in which
conformational isomerism is absent. Qur results (Table 1)
taken together with those of Rader'® in other solvents
(c.g. 5.58 (CsH12); 5.53(CeHy); 5.08 (p. ligd.)) suggest that
the solvent dependence of the methanol coupling is due
to the presence (or absence) of an H-bond. In accord
with this Rader observed the coupling to be independent
of concentration in DMSO (from 0.10 to 3.0M)™* and
therefore we have measured the alcohol couplings in
dilute CCl, solution (~0.02M), but in more concentrated
DMSOsolnuon(o.ZM)

The couplings in alcohols of fixed confomauon.
together with the observed (averaged) coupling of 5.1 Hz
in a series of primary alcohols lead Rader to suggest
values of J; (J pmes) 80d J; (Jeruus)of 2.6 and 10.4 Hz.™
Fraser et al fitted the two observed couplings in a
hindered C.CH,OH fragment to a “Karplus” type curve,
to give valuesoflbmd J: of 2.0 and 12.0 Hz respec-
tively.'” Zahra et al.” report values of J, and I, of 2-3 Hz
and 10.5-11.5 Hz for a number of cyclic alcohols in fixed
conformations. Using Jov as 5.1 Hz and taking all the
above results into consideration that values of
Jg and J, of 2.2 and 11.0 Hz are reasonsble and we shall
use these henceforth.

These values can now be used together with the
observed coupling in the benzyl alcohols (Table 1) to
provide information on the rotamer populations in the
CCH:Oangment.

As the coupling is independent of the phenyl ring
orientation there are only two conformations to consider
which may be termed the endo (1B, D, E, F) and exo
(1A, C) orientations respectively (Fig. 2).

B

Fig 2 Endolndemmmdmeccupﬂw

The rotamer couplings are then J, (2.2 Hz) for the exo
and 1/2(J, +1J,) ie. 6.6 Hz for the endo.

The observed coupling in benzyl alcohol in CCL, solu-
tion of 5.8 Hz implics a preponderance of the endo
conformation. With the above coupling data, we obtain
90% endo. 'l'hucontornmhuamnmulweuhtct

2, compared with the exo form and thos the energy
diﬂennceinflvom'ofthealdof from this coupling
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Table 1. CHOH couplings in alcobols
JCH-OH) Hz
Compound (s.0 A DMSO-d
Methanol $.46°, 53T S.19°, 5.21°
Ethanol 5.¢ 5.07, 5.07,
5.05, 5.08°
iso-Propanol — 413%, 420
Benzyl alcobol 579,59, 5.66°, 5.6,
595+ 5.
0-NO; Benzyl alcohol 6.35 535
p-NO; Benzyl alcohol 5.42 5.5
0-McO Benzyl alcobhol 5.86 50
p-MeO Benzyl alcohol 5.44 5.67

o-F Beazyl alcobol  6.06/

*This work, conc., 0.02M (CCL); 0.2M (DMSO);
+0.05 Hz.

*Ref. 18, £0.05 Hz.

‘Ref. 20, £0.1 Hz.

“1:1 acetone, £0.02 Hz, Ref. 21.

“1:1 acetome, £0.05 Hz, Rof. 16.

701 M in CS., Ref. 10.

1M in CS,, Ref. 11.

is approximately 0.9 kcal/mole. The relative proportions
of the two forms (approximately 1:10 in CCl, solution)
are in excellent agreement with the IR data (ap-
proximately 1:15), when one considers the uncertainties
in both sets of data and allow an unambiguous assign-
ment of the IR bands at 3615 and 3634cm™" to the OH
frequency in the endo and exo rotamers respectively.

In DMSO solution the coupling decreases, implying an
increase in the proportion of the exo form to ap-
proximately 20%.

In the para substituted alcohols, the coupling in
DMSO solution is identical within the experimental limits
of error to that in the parent alcohol, showing that, as
would be expected, there is no intrinsic substituent effect
in this solvent on the coupling. The consistently low
values for the para substituted alcobols in CCls solution
have no obvious explanation.

In contrast the o-nitro substituent causes a consider-
ablemaeuemtheconplmdmtombilmuonolthe
endo conformers. Although they cannot be distinguished
from the coupling, clearly 1D is energetically unfavour-
ableutheonlymmfotthemaundmbﬂnyn
H-bonding to the nitro group which cannot occur in 1D.
Thus the results indicate very clearly that 1B (or 1E) is
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the dominant conformer in o-nitro benzyl alcohol, and
this is chemically very reasonable as the OH group is
situated in approximately the optimum position for H-
bonding to the nitro substituent.
InDMSOtohmonmeonmdleCHOHcouplmns

hindrance to the CH,OH group. This would clearly
stabilise 1C (and possibly 1A) in which the OH group is
inth.eprefmedaoposidonfotinter-mobculuﬂ-

bonding.

The ortho-OMe substituent has a similar but much
weaker effect. In CCl, the coupling is increased, but only
by an amount similar to the experimental error and the
coupling in DMSO is unchanged. This is entirely consis-
mentwi!hthemwhmkuinmtionottheOHwith
the 0-OMe group.” The coupling in o-fluoro benzyl al-
cobol again suggests a stabilisation of (1B, E)andmdeed
1E was calculated to be the most stable form."

In conclusion the CH.OH coupling and the IR data
show clearly that the dominant conformer of benzyl
alcohol (and the ortho substituted benzyl alcohols) has
theOHaoupaldo(i.e.antitoaCHproton) The
central quection remaining is the orientation of the
phenyl group in thudommnteoﬂomalnconmdenng
i to the other NMR parameters observed,
it i neglect henceforth the contributions of
themnorcxoconfommon(lAmdlC).

The OH chemical shift. We now wish to obtain the ©
dilution OH chemical shifts of the benzyl alcohols and to
compere them with the shifts of the simple aliphatic
alcohols. The errors involved in the analysis of OH-
dilunoncwvu.from moderately concentrated solutions,
are well known™ and give large errors in the ex-
= dilution values (e.5. MeOH 04—098)”
However, measurements at very low concentrations
largely eliminates these errors as the slope of the
OH/dilution curve decreases at low alcohol concentra-
tions (see refs 23 and 24 for a detailed discussion). At the
concentrations used here (21072M) the concentration
dependence of the OH chemical shifts was small (ca
0.15ppm per 0.05M change in conc.) allowing simple
linear interpolation to give the « dilution values to
+0.05 ppm (Table 2).

The results in Table 2, taken with the = dilution shift
of t-butanol (0.70), show that apart from methanol, the
OH chemical shift in aliphatic alcohols is constant at 0.70
(£0.05) 8. This is well within the range of values pre-
vmulyreported(OLll)”Thebenzylalcobolmdilu-
tion shift (1.098) differs substantially from the only

%
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twaudvahe(om).otmemywlywork”and
moresunﬁanﬂyuduhnldodbyo.”ppmeompuedto

the simple aliphatic alcohols. The obvious explanation of
this is the ring current effect of the phenyl ring.

This may be calculated precisely for each of the
possible conformers 1A...1D (Fig. 1) using cither the
Johnson and Bovey tables™ or the simple equivalent
dipole formula recently proposed by Abraham et al*
The calculations give ring current shifts at the OH proton
(equivalent dipole in parenthesis) of 0.21 (0.22), 0.15
(0.15), 0.30 (0.29) and 0.50 (0.49) ppm for 1A, B, C and D
respectively. It is pleasing to see that the equivalent
dipole approximation, which was intended for inter-
molecular calculations, gives identical results to the cur-
rent loop calculations for this intramolecular situation.

For the endo isomer with 8 0, 90° the different values
of @ (£60°) result in non-identical conformations. The
equivalent dipole calculated ring current shifts for (1F)
and (1E) are 0.08 and 0.39 ppm respectively. Finally the
calculated shift for the “hydrogen-bonded” conformer
(90°, 0°) is —0.1 ppm, i.c. a small upfield shift.

The observed « dilution shift is the weighted mean of
the shifts of the different conformers, but using the
resuits of the preceding section we may neglect the
contribution of the exo conformer (1A, C) and consider
only the possible endo forms.

The observed shift is in exact, though perhaps fortui-
tous agreement with the calculated shift for 1E.
However, the calculated shift for free rotation of the
phenyl group, which is ca the mean of 1B and 1D is
0.33 ppm, again very close to the observed value.

Thus the  dilution OH shift, whilst supporting the
dominance of the endo conformer and removing any
possibility of a “H-bonded conformer™ with the OH over
the aromatic ring, cannot differentiate between the
alternatives of one stable conformer (1E) and free rota-
tion of the phenyl ring.

The OH shifts in DMSO may be considered to be of
the fully solvated species and confirming this the
complexation shift (A3 = is constant for
methanol (3.75), ethanol (3.70) and iso-propancl (3.59).
For benzyl alcohol A8 (4.05 ppm) is significantly larger.
This increase is too large to be due to ring current effects
and is probably due to small differences in the structure
of the benzyl alcohol-DMSO solvation shell compared to
that of the aliphatic alcohols.

The OH shifts in the substituted benzyl alcohols are of
interest. The effect of the para substituent can be clearly
seen in the OH shift, both in CCL, and DMSO. In the
series p-MeO, p-H, p-NO, the shifts are 0.98, 1.09, 1.48
(CCL) and 5.03, 5.14, 5.53 (DMSO). The essentially
constant difference A(Spacso—S8ccy) shows that these

Table 2. OH chemical shifts (8) for alcobols

OH Chemical
shift
Compound CCL (m1.~'x 107 CCl(=di™) DMSO-d,
MeOH 0.497(4.9); 0.446(2.5); 0.377(1.3) 034 4.09
BtOH 0.777(3.4); 0.734(2.8); 0.7(1.4) 0.65 435
iPrOH 0.786(2.7); 0.760(0.9) 0.75 434
benzyl alcobol 1.192(2.0); 1.138(1.0) 1.09 5.14
o-nitro beazyl alcohol 2.168(2.6); 2.123(1.3) 208 5.55
p-nitro beazyl alcohol 1.603(3.3); 1.511(1.0) 1.48 §.53
o-methoxy benzyl alcobol  1.678(2.8); 1.650(1.4) 1.63 496
p-methoxy beazyl alcobol  1.159(2.8); 1.030(0.9) 0958 503
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shifts are simply substituent chemical shifts (S.C.S.) and
not due to differences in conformation. The S.C.S. of the
methylene protoms are generslly smaller, eg p-MoO-
0,092; p-NO, 0.182 reflecting the greater sensitivity of
the OH proton to electric field effects than the methylene

protons.

The OH shifts of the ortho substituted benzyl alcohols
do not show such a simple relationship. Introduction of
the 0-NO: group produces the largest shift (1.0 ppm)
whnchudeauaedoomﬂuablymDMSO (0.41 ppm).
Thunmwaemtwnhthelkmln mwhicha H
bond to the ortho nitro group was observed. The
decrease of the S.C.S. in DMSO is thus due to competi-
tion from the DMSO solvent, and in support of this we
note that the OH shift is identical in DMSO for the ortho
and parg nitro compounds,

A similar analysis of the 0-OMe data suggests here
that possibly an intramolecular H bond is formed (A3
0.54 ppm in CCls ¢f -0.18 ppm in DMSO). Again, the
OH shift in DMSO is identical in the ortho and pam

as effective in bonding to the OH as the o-nitro group.
This is not inconsistent with the IR data’ in that the

single
o-fluoro benzyl alcohol (3. equals 1.24 in CS; solution’”)
would sugpest that there is virtually no H-bonding in this
case and this would also agree with the IR data for
o-halogenated benzyl alcobols.

benzyl or allyl fragments may be calculated from eqn (1).
um=A+Bcos 0+Ccos 20 W

where ¢ is the dihedral angle between the CH,X substi-
tuent and the ring (or olefine) plane.

X H
Obé
H

For X=H, C values of A, B and C of ~15.8, 2.5 and
~43Hz were deduced. For nmple clectronegative
substituents (F, Cl, Br) the appropriate values of the
constants in eq™ | may be obtained by additive substi-
tuent effects.

For more complex substituents such as OH the
hypereonjuutmmtaacﬁouof&coxygenbm—pnm
gvemetoan:ddmoml dependence of the
geminal coupling.™*

In benzyl alcohol there are only two C.C.O.H. angles
to consider, the endo and exo orientations (Fig. 2). For
the endo orientation, an appropriate model is provided
by the coupling in tetrahydropyran (—11.5 Hz) compared
macﬁnnneb&.ﬂlz).'l‘hnAineqn(l)bems
-1 .

For the exo onemuon we use the observed
(averaged) coupling in methanol (~108Hz) with the
above which gives the anslogous coupling in methanol of

R. J. Aszasam snd J. B.BAXxE

-94Hz compared to that in methane (~12.4Hz) and
&nstaczvdmdAheqn(l)fa&hamﬁonk
-128

These values predict of -84, ~10.6, —14.5,
-16.7 and -11.5Hz for 1A, 1B, IC, 1D and 1E respec-
tively (Fig. 1). The rotationally aversged values (pheayl
msmmn)xethen-ll.i(lA,C}ad-B?(lB D).

The 2o in a-monodeuterobenzy! alcohol is
1.90(:005)HszCl.mdDMSO which corresponds
to an HH coupling of 12.4 (0.3} Hz, presumably nega-
tive. In beazyl methy! ether the corresponding couplings
are 1.77 (20.03) Hz (HD) and 11.5 (£0.2) Hz (HH).

It is again convenient to neglect the ~10% contribution
of the exo coaformers (1A +C) and consider the obeer-
ved coupling in benzyl alcobol (~12.4Hz) with the
possible conformations of the esdo form. It can be seen
that the value of the ing does not support the
existence of either 1B (-10.6Hz) or 1D (~16.7Hy),
however the values in 1E (~11.5Hz) is in reasonable
agreement as also is the coupling for free rotation of the
pheayl group (—13.7 Hz). The uncestainties in the esti-
mated rotamer couplings, combined with the possibdlity
of sppreciable vibrational corrections to the coupling, do
not allow the differentintion of these two possibilities. .

Beazyl methy! ether gives a significantly more positive
coupling (—11.5Hz) than benzyl alcobol and this is
oxncﬂywhtwouldheuedimdmmmm
meonphn;NoteMﬁnmdthem
oonfmmmydsobemndhaemdthnwoﬂd
also increase the coupling.

Itwouubeofmttodemme!he

cisely defined check on the model couplings obtained
here.

CONCLINON

The separate investigations into the OH chemical shift,
cnonmmmnnmmm
a reasonmably coberent picture. In the case where the
CHOH rotation was specifically studied (via the CHOH
coupling) the results are unambiguous, favouring the
endo conformation by at least 1kcal/mole over the exo
conformation.

The OH chemical shift and geminal HH coupling aré in
accord with this picture, but in both cases averaging over
all orientations of the phenyl group gives results which
are very similar to those predicted by the single com-
former (1E). Thus whilst the results.do not support the
existence of one extreme conformer (1B or 1D) they do
noubﬂmmbuweenthetwopmpouddmmvu,

We note that all the investigations made provide no
mppm!uthemnemoft“hydro.anbondedm
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Table 3. Protoa cheeical shifts (8) in sicobols

Chemical Shift (8)
Compound Soivent* CHOH Others
MeOH ccy 339 -
DMSO-d¢ 3.168 —
EtOH cClL 361 1.188(Me)
DMSO-d, 3440 1.054(Me)
iPrOH CCl, 1.148(Me)
DMSO-d, am 1.038(Mc)
Benzyl alcohol oy 4.5% 7.252(Ph)
DMSO-d¢ 4457 7.299(Ph)
0-NO, Benzyl alcohol cCl, 4929 8.067(Hy)
DMSO-d 4827 8.031(H,)
p-NO; Benzyl alcobol cClL 4780 8.191(H, 5), 7.483(H,)
DMSO-d¢ 4636 8.194(H; 5), 7.578(H, )
o-Methoxy Benzyl alcobol cClL 4550 38540Me)
DMSO-d 44834 3.76(0Me)
p-Methoxy Beazyl alcohol cCl, 4502 3.765(0Me), 6.760(Hs 5), 7.179(H10)
DMSO-d, 4410 3.728(0Me), 6.870(H, 5), 7.229(H1.,0)
a-D Benzyl chioride cCl, 4.91(CHD) 7.285(Ph)
a-D Benzyl methyl ether CCl 4M4(CHD) 3.280(0Me)

“Concs. <0.02M (CCL), 0.2M (DMSO-d).

nal 2D lock for the DMSO soins and external "Li lock for the
CCl, solns. A typical run would be 100-200 transients with S.W.
1000 Hz, P.W. 40 us and A.T. 4sec (with 8K storage), giviog a
digitisation accuracy of 0.1 Hz (0.001 ppm). Expanded sweeps
were used with 16K storage to measure the coupling constants.
Repeated measurements gave a reproducibility of 0.05 He.

To stop the exchange of the OH proton in CC), soins, the soins
were stored over Na,CO, or moleculsr sieves overnight before
measuring. In most cases this was safficiest to allow resolution of
the CHOH coupling, but in EtOH and PrOH repeated attempts
failed to stop the OH protons exchanging.

The concentrations of the CCl, solutions were 21072 M in
order to obtain the spectrum of the “monomeric™ species. In
DMSO soins, the concentrations were approximately 0.2 M, but
there was no sign of any conceatration dependence in this
solvent.

The remaining NMR data is given in Table 3. All the 8 values,
spart from the OH chemical shift, were independeat of concen-
tration in CCl,.
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