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The conformations of allyl alcohol, cis- and trans-5-t-butyl-2-cyclohexenol, 2-cy-
clopentenol and 3-methoxycyclopentene were investigated by IR and NMR spec-
troscopy. Allyl alcohol was found to consist of 51% of the cis conformation
around the C,—C, bond with a dominance of the gauche rotamer around the
C—OH bond. Both cis- and trans-5-t-butyl-2-cyclohexenol exist in a twist-chair
conformation, with 50 % in the anti rotamer around the C—OH bond. In 2-cyclo-
pentenol, the two flip states are equaily populated (estimated flip angle 32°), the
same being the case for 3-methoxycyclopentene. For 2-cyclopentenol, the anti
was 56 % of the C—OH rotamers, while in the case of its methyl ether, all three
rotamers were equally populated. From these data and those from IR spectra, it
was concluded that none of these systems show indications of intramolecular hy-

drogen bonding.

The structure of allyl alcohol has been investi-
gated in the gas phase by electron diffraction’?
and microwave spectroscopy® and in solution by
NMR*® and IR spectroscopy.® The microwave
spectroscopy study led to the conclusion that a
conformation with a possibility for intramolecu-
lar hydrogen bonding (conformer /A, Fig. 1) was
important, but that the bond was not strong.’ The
electron diffraction studies offered different con-
clusions. One indicated /E to be dominant (with-
out possibility of a hydrogen bond),' and the
other a mixture of 74 and 1D but without an in-
tramolecular hydrogen bond.? The NMR studies
resulted in a conclusion close to that of the micro-
wave study.*® The IR results have been interpre-
ted as being caused by an interaction between the
hydroxyl group and n-electrons® or by an intra-
molecular hydrogen bond.” Ab initio calculations
did not support the existence of such a bond,""
or found it weak but possible." They agreed that
there is a low energy difference between 1A and
1D.

We have proposed that the dominance of one
conformer in olefinic alcohols may be caused by a
repulsion between the oxygen lone pair electrons
and the & electrons.’? In view of this, and of the
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conflicting opinions reported above, we have
studied the conformations of allyl alcohol at low
concentrations in nonhydrogen bonding solvents
by IR and NMR spectroscopy. The solvents used
were carbon tetrachloride and fluorotrichloro-
methane. Both of these are of low polarity and
show very weak hydrogen bonding interactions. "

We have also studied three analogs of allyl al-
cohol, cis- and trans-5-t-butyl-2-cyclohexenol (2)
and 2-cyclopentenol (3). In the case of 2, there is
a fixed conformation of the allylic alcohol frag-
ment, close to that of conformations /A—C of al-
lyl alcohol (the dihedral angle C,C,C,C; of 2 is
~15-20°, the corresponding one of conforma-
tions 1A-C is 0°). If 1A were an important con-
former of allyl alcohol, stabilised by intramolecu-
lar hydrogen bonding, one would expect to find
the analogous conformation in the case of 2 with
the hydroxyl proton pointing towards the m-elec-
trons (anti conformation around the C—-OH
bond). This would be the case especially for
trans-2 as both the distance to the ©t bond and the
O—H—-acceptor angle are more favourable in
this case than for the cis isomer.

In conformation 3, (Fig. 3), with the hydroxyl
proton in the anti rotamer, 2-cyclopentenol also
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has a conformation close to /A of allyl alcohol.
We would therefore expect 3,, to be favoured
over 3,, if an intramolecular hydrogen bond was
important in allyl alcohol.

These cyclic analogs with fixed geometry
should also provide spectroscopic parameters
needed for the analysis of the spectra of allyl al-
cohol itself.

Results and discussion

The OH stretching frequencies of the alcohols
studied are given in Table 1. The NMR par-
ameters are given in Tables 2-6.

Allyl alcohol. Earlier results, both theoretical
and experimental agree that only two rotamers
around the C—C, bond need to be considered,
the gauche (i.e., IA-1C) and the cis (i.e., ID-
1E). Information on the population of these two
is available from the coupling constant *J, ., (Fig.
1). The corresponding *J for 3-methoxypropene
was estimated to be 2.8 Hz (J,) and 11.5 Hz (J))"?
on the basis of a variable temperature study
where the */ increased from 5.23 Hz to 5.40 Hz
for an increase in temperature from —50 to
+90 °C. Data from the study of cis- and trans-5-t-
butyl-2-cyclohexenol (cis and trans 2) give further
information on this. The two vinylic coupling

constants *J,, were 1.44 Hz for a dihedral angle
H,C,C.H, of 75° (cis-2) and 4.80 Hz for 42° (trans-
2). Equations of type (1) have been used for es-
timations of vinylic coupling constants.'
J=' = A cos’p + B sin’p (0° < ¢ < 90°) 1)
From the values above, eqn. (l1a) was obtained
for the vinylic coupling constant of allyl alcohol:

Jo = 7.9 costp + 0.98 sin’gp (1a)

This gave Ji* = 2.7 Hz, very close to 2.8 Hz from
the variable temperature investigation," and we
used the values of 2.7 Hz for dihedral angles of
60° and 12 Hz for 180° in this work. These num-
bers give *J,.. 4 = 7.4 Hz for 1A-C and 2.7 Hz for
D-E. The observed °*J, ., = 5.02 Hz then gave a
mole fraction of JA-1C = 0.49 and ID-IE =
0.51. This is close to that found in the earlier
NMR studies (50 % 1A-C, 50 % 1D-E)** but dif-
ferent from the result of the electron diffraction
study (30 % 1A-C, 70 % 1D-E).> The difference
is probably best explained by weak solvent-solute
interactions in the NMR investigations, interac-
tions absent in the gas phase electron diffraction
study. The microwave study indicated 1A to be
the major conformer.’

The rotamer composition around the C,—OH
bond was estimated from *J,, .. We have earlier

Table 1. Hydroxyl stretching absorption (cm~') of aicohols in CCl, (c < 10?M).

Compound v v, A, A7 (\DN va),
Allyl alcohol® 3635 3619 1167 2857 - 20.6
2-Cyclopentenol 3624 3605 900 1205 15.7 15.7
cis-5-1-Butyl-2-cyclohexenol 3623 3605 1456 2092 12.6 16.5
trans-5-t-Butyl-2-cyclohexenol® 3624 3616 260 3936 - 18.9

a po

Table 2. Proton chemical shifts (8, ppm from TMS) and
5 mM in CFCl,.

n 1
Ry In(Il) - v, (M~'em~2). * v, shoulder. v, and A? not accurate.

proton-proton coupling constants (Hz) for allyl alcohol

Haw Hb.c Hd He HI

Ja.b—c

Jb—c.d Jb—c.e Jtrc.i Jd,e Ja.l Je.f

d(ppm) 0.753 4.037 5925 5049 5.198

J (Hz) 6.18

502 156 166 1039 1723 1.71
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Fig. 1.Conformations of allyl alcohol.

used the value */ o, = 2.2 Hz for a dihedral an-
gle H,OC H, of 60°.” For the anti conformation
(H,OCH, 180°), we used the value 12.5 Hz,
found for cis-3,4-epoxycyclopentanol.’® From
these numbers, we obtained a composition
around C—OH of 77 % endo (14, 1B, 1D) and
12% exo (1C, 1E) in allyl alcohol. From this, the
major band in the OH region of the IR spectrum
was assigned to the endo rotamers.

We found above that conformations /A-C and
1D-E were equally populated and we found that
of these, /A-B and 1D are the major ones. Con-
formations 14 and 1D appear to have the best
possibilities for an intramolecular hydrogen
bond. In 1B, the hydroxyl proton points away
from the double bond. If we have an intramole-
cular hydrogen-bonded conformer, this would
be assigned to the low frequency bond in the OH
stretch region (3619 cm™'). A variable tempera-
ture investigation (—20-+50°C) gave an inac-
curate result due to the overlapping bands, AH®
= —0.4 £ 0.1 kcal mol™* for v,~v,, presumably
(COH),,, — (COH),,,- The temperature coeffi-
cients of the two integrated extinction coeffi-
cients were assumed to be identical. A variable
temperature (0-60 °C) NMR study of the OH sig-
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H H
1C
H
H\\‘\ /H
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nal gave, perhaps fortuitously, the same result,
AH° = —0.4 = 0.1 kcal mol™".

The interactions determining the conforma-
tional composition of allyl alcohol are thus weak.
We will discuss the question of an intramolecular
hydrogen bond after examination of the data ob-
tained for the other allylic alcohols.

Cis- and trans-5-t-butyl-2-cyclohexenol (2, Fig.
2). In analogy with cyclohexene, we expect these
compounds to adopt a twist-chair conformation,
particularly the cis isomer where both substi-
tuents would be in semiequatorial positions. The
conformation of cyclohexene was studied by
NMR a few years ago, and the twist-chair confor-
mation was found to be the dominant one,! in ac-
cordance with the result from an electron diffrac-
tion study.’® The NMR parameters of 2 are given
in Tables 3 and 4.

In 2, the average of the vinylic coupling con-
stants °J_ 4 and *J,, was close to that found for cy-
clohexene (averaged by flipping): 3.69 Hz for
cis-2, 3.86 Hz for trans 2 and 3.73 Hz for cyclo-
hexene.” From this, we assumed that both cis-
and trans-2 are in the twist-chair conformation,
and we used the molecular geometry reported
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Table 3. Proton chemical shifts (6, ppm from TMS) for 5-t-butyl-2-cyclohexenols (2) and their acetates. (Fig. 3

for proton assignments.)

Substance H, H, H, H, H, H, H, H, H, COCH, t-Bu
Cis-2-acetate® 5.380 5.572 5.860 2038 1.831 145 2.128 1.212 - 2.048 0.862
(X=H,,Y=0Ac)

Cis-2-0l° 4080 5526 5609 1939 1734 1339 2036 0962 0.753 - 0.894
(X=H,,Y=0H)

Trans-2-acetate® 4.842 5342 5614 1.705 1.326 1.100 1.506 0.923 - 2.045 0.874
(X=0Ac,Y=H,

Trans-2-0l® 4010 5685 5753 2008 1658 1.423 1840 1.195 0.813 - 0.887
(X=0H,Y=H,)

“ln CDCl,. ®5mM in CFCl,.

Table 4. Proton-proton coupling constants (Hz) for 5-

t-butyl-2-cyclohexenols and their acetates.

Couplings Compound
Cis-2- Cis-2-ol Trans-2- Trans-
acetate acetate 2-ol
X=H,, X=H,, X=0Ac, X=OH,
Y=0Ac Y=0H, Y=H, Y=H,
oo 1.57 1.44 5.04 4.80
Joe —224 -2.24 0.00 0.00
Jog 2.24 1.71 0.00 0.00
oo 2.57 -3.44 —-247 -2.47
Jag 0.00 0.00 0.00 0.00
Jag 5.92 6.63 1.756 1.75
Jan 10.51 -10.51 4.09 4.09
i - 7.31 - 7.5
Joe 10.01 10.17 9.95 9.75
e —1.56 -1.68 -1.69 -1.70
e —3.00 -3.17 —-1.96 —1.86
s 0.00 0.00 0.00 0.00
Jog —1.64 —1.59 -1.90 -1.69
Jon 0.00 0.00 0.00 0.00
Jea 5.21 5.28 5.48 5.56
Jeo 217 2.33 2.21 2.08
oy 0.00 0.00 0.00 0.00
Jeg 0.00 0.00 0.00 0.02
Jon 0.00 0.00 0.00 0.00
Jye —19.03 -17.72 -17.98 17.75
Jus 4.89 4.94 4.83 4.83
Jig  —2.50 —-2.21 -1.73 1.50
Jin 0.00 0.00 0.00 0.00
Jos 11.06 11.15 11.61 11.69
Jog 0.92 0.77 0.00 -0.02
Jon 0.00 0.00 -0.46 —0.46
o 2.06 2.07 2.36 2.23
Jin 13.09 13.08 13.28 13.06
J,, —11.73 —-12.50 -13.96 -13.31

706

from the NMR study of cyclohexene in the ana-
lyses of the spectral data of 2.7 Furthermore, the
olefinic coupling constants °J, . of 2 were close to
that of allyl alcohol: 10.01 Hz for cis-2, 9.72 Hz
for trans-2 and 10.39 for allyl alcohol. This indi-
cated that the ring system of 2 was an acceptable
model for allyl alcohol, and that the spectral par-
ameters obtained from 2 could be used in the
analyses of allyl alcohol.

The geometry of trans-2 is more favourable for
the formation of an internal hydrogen bond than
that of conformer 14 of allyl alcohol. For cis-2 as
compared to 1A, the opposite is the case. If intra-
molecular hydrogen bonding is important for the
conformational population of allylic alcohols, we
would expect this difference to be manifested by
the anti rotamer around the C—OH bond being
more populated in trans-2 than in cis-2 and the
hydroxyl group absorption occurring at a lower
frequency in the spectrum of trans-2 than that of
cis 2. Inspection of Tables 1 and 4 shows that this
is not the case. The coupling constants °J, ; are al-
most the same: 7.31 Hz for cis-2 and 7.15 Hz for
trans-2 corresponding to 50 % and 48 %, respec-
tively, for the anti rotamer around the C—OH
bond; that is, the same composition for both iso-
mers, and certainly no great dominance of the
anti rotamer.

The chemical shifts of the hydroxyl protons are
close to that of allyl alcohol: 8, = 0.753 ppm for
cis-2, 0.813 ppm for trans-2 and 0.753 ppm for al-
Iyl alcohol, indicating all to be in almost identical
chemical environments.

The IR spectra (Table 1) of both compounds
have two OH stretch bands, one at 3624 cm™!
common for both, one at 3605 cm ! for cis-2 and



He
cis: X=H,, Y=0OR
trans: X=0R, Y=H,
R=H, or Ac
Fig. 2. Conformations of cis- and trans-5-t-Butyl-2-
cyclohexenol (2).

one at 3616 cm™' for trans-2; that is, at a higher
frequency for trans-2 than for cis-2. Furthermore,
the band at 3616 cm™' corresponds to ~94 % of
the total area. This indicates the band to be an
overlap of the band of the anti and that of one of
the gauche rotamers (from the composition ob-
tained from NMR). The anti rotamer (with ge-
ometry making an intramolecular hydrogen bond
possible) has thus the same vy as that of one of
the gauche rotamers (without that possibility).
We therefore concluded that the interactions de-
termining the conformation of the hydroxyl
group in 2 are weak, and that they cannot be hy-
drogen bonds since they do not result in a shift in
the hydroxyl group frequency.

2-Cyclopentenol (3, Fig. 3). In this compound
also, the geometry of the C=C—C-0O fragment
is close to that of 1A-C of allyl alcohol. We used
it as a probe for intramolecular hydrogen bond-
ing, as the molecule has the ability to flip be-
tween the two states 3, and 3., (Fig. 3), the for-
mer more favourable for such a bond than the

latter.

H

Fig. 3. The skeletal conformers of 2-cyclopentenol.
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Let us first consider the conformation around
the C—OH bond, then the conformation of the
cyclopentene ring. From *J ¢y, (7.93 Hz, Table 6)
a composition of 56 % anti and 44 % gauche was
obtained using the values referred to above. This
is close to that found for 5-t-butyl-2-cyclohexenol
and indicates no strong interaction to be present.
Again, the chemical shift of the hydroxyl proton
is almost the same as that of allyl alcohol.

The IR spectrum at high dilution showed two
hydroxyl bands, one at 3624 cm™' (43 % of the
area) and one at 3605 cm™" (57 % of the area). In
this case, the ratio of the band areas corre-
sponded very closely to the gauche/anti ratio de-
rived from *J o, (above), and we assigned the
high frequency band to the gauche rotamers, the
low frequency one to the anti. It is interesting to
note that cyclopentanol showed one band at 3624
cm™!, the same frequency as that assigned to the
guache rotamer of 2-cyclopentenol. Cyclopente-
nol consists of 88 % of the gauche C—OH ro-
tamer (*Joyon = 3.42 Hz).

In addition to the rotation of the hydroxyl
group, the conformation of 2-cyclopentenol is de-
termined by the flip of the five-membered ring.
We assumed the ring to have an envelope confor-
mation as found for cyclopentene with planarity
of C,C,C,C, (Fig. 3)."* By flipping out of plane,
C, gives two conformers with a pseudoaxial and
pseudoequatorial hydroxyl group (3, and 3,).
These two forms are not energetically equivalent,
but we assume the angle of pucker (a between
C,C,C,C, and C,C,C;) for the two conformers to
be identical; the hydroxy group does not con-
stitute a major perturbation of the ring. The
NMR spectrum contains enough information
both for determination of the angle of pucker (a)
and the conformational population. However,
the spectrum was complex due to strong coup-
lings between the protons on C, and C;. To ana-
lyse it, it was necessary first to analyse that of 3-
methoxycyclopentene (3, X = CH,), and also to
prepare 1,5,5-D;-cyclopentenol to obtain some of
the spectral parameters.

The dihedral angles and the vicinal coupling
constants of the cis oriented protons H,—H; and
H,—H, are a function only of the angle of
pucker.? The trans couplings (H.,—H; and
H,—H,) are, on the other hand, dependent on
the conformational composition, being nearly
equatorial-equatorial in one and axial-axial in the
other. We used a modified Karplus eqn. to obtain
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Table 5. Proton chemical shifts (8, ppm from TMS) for 2-cyclopentenol (3, X=H) and 3-methoxycyclopentene

(3, X=Me).

Substance d, d, d, d, &, O, d,

X = Me? 4,472 5.887 6.032 2.268 2.484 2.124 1.776 3.318
X=H? 4.673 5.709 5.823 2.184 2.413 2.132 1.572 0.733

®In CDCl,. *5mM in CFCl,.

Table 6. Proton-proton coupling constants (Hz) for 2-cyclopentenol (3, X=H) and 3-methoxycyclopentene (3,

X=Me).

Substance Ja,b Ju JA,a Ja,e JaJ Ja,g Jb.c Jb,d
X=CH, 2.40 -1.16 1.12 2.32 7.41 3.60 5.63 —-2.42
X=H 2.20 -1.20 1.20 2.32 7.58 3.60 5.60 —-2.20
Jb,e Jc.d Jc,s Jd.e Jd.l Jdg Jel Js.g Jlg Jax
-2.25 2.31 2.33 -16.99 9.02 4.66 4.69 8.84 -13.72

-2.20 2.32 2.20 -17.00 8.98 4.70 4.82 8.84 -13.71 793

the conformational parameters from the coupling
constants, (eqn. 2).%

3 = 12.9 cos’p — 0.32 cosq. )

From °J,, and eqn. (2), a dihedral angle of
32.7° was obtained; from *J,, one of 31.8°% aver-
age 32.3 £ .5°. For angles of this magnitude, the
dihedral angles are close to the angle of pucker of
the ring (), and we concluded that this angle is
32 + .5° for 2-cyclopentenol, close to that found
for 1-indanol (35.3°) and for other substituted cy-
clopentenes (27-37°).1%%

From this result, eqn. (2) was used, together
with the two trans coupling constants to calculate
the relative populations of the two conformers 3,
and 3.,. With a flip angle of 32°,°J,, ., = 0.0 Hz
and *J,, . = 10.4 Hz was obtained, and from *J,
and *J, , percentages of 3,, of 54 % and 45 % were
calculated, averaging 50 +5 % of the axial con-
former. There is thus no energetic preference for
any one of the two flip states. A flip angle of 32°
corresponds to a dihedral angle C,C,C,C, of
+15°, indicating the allylic alcohol fragment to
have a conformation close to that of conforma-
tions 1A—C of allyl alcohol.
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Conformer 3, has a better possibility for an in-
tramolecular hydrogen bond than 3., as both the
O—H—-acceptor distance and angle are more fa-
vourable in this conformation. If there were such
a bond, we would therefore expect a predomi-
nance of 3,, together with the anti rotamer
around the C—OH bond. We have then the fol-
lowing data to probe the existence of an internal
hydrogen bond: a slight preference for the anti
C—OH rotamer (56 %); a small frequency shift
for the OH band (19 cm™ lower than the un-
bonded band); and no preference for the most fa-
vourable ring conformation (3,,). The only con-
clusion thus far is that any interaction is weak and
probably does not involve a hydrogen bond.

To obtain quantitative information on this
question, we performed variable temperature IR
and NMR investigations. As the two bands in the
OH stretch region were further separated than
those of allyl alcohol, better determinations of
the band areas were possible. Assuming the tem-
perature coefficients of the integrated molar ex-
tinction coefficients to be identical, AH® = —0.25
+ 0.04 kcal mol™! was obtained for the reaction
C-OH ~ C-OH,,, (-22°C-+55°C). A

gauche

variable temperature NMR study (8-60 °C) of the



OH signal gave AH®° = —0.35 + .01 kcal mol™".
From these experiments, we conclude that there is
no intramolecular hydrogen bond in 2-cyclopen-
tenol. The interactions are so weak that they can
not be termed “bonds”. It is worth mentioning
that, for example in 1,2-difluoroethane, the con-
former with the two fluoro atoms gauche has
been shown to be favoured by 1 kcal mol™! over
the anti, an interaction three times as large as
that found here, without the term “bond” being
invoked.?

3-Methoxycyclopentene. The NMR parameters
for this compound were close to those of 2-cyclo-
pentenol (Tables 5 and 6). By applying the same
methods as for that compound, we found a flip
angle (a) of 32.3 £ .5° and again an equal popu-
lation of the two flip states (50 + 5 %). The only
variable left to be determined for this molecule
was the rotamer population around the C—OCH,
bond. Information on this was available from the
three-bond hydrogen-carbon CH—O-CH,; coup-
ling constant. We used this in the investigation of
the rotamer composition of 9-methoxyfluorene
and found *J oy, = 8.5 Hz and Jeygaumy = 1.3
Hz applicable for those systems.> For 3-methoxy-
cyclopentene *J, = 3.66 Hz was observed, corre-
sponding to 33 % trans, 67 % gauche. This is the
statistical distribution, indicating that none of the
rotamers is energetically favoured. These results
show that the lack of intramolecular hydrogen
bonding in 2-cyclopentenol is not caused by steric
repulsion in the conformer with a possibility for
such a bond (3,, with the hydroxyl proton in the
anti position).

Conclusions

The cyclic alcohols 2 and 3 with fixed conforma-
tions close to 1A and IB of allyl alcohol (Fig. 1)
showed no indications of intramolecular hydro-
gen bonds. It is therefore reasonable to assume
that 1A is not stabilished by such a bond either.
From NMR spectroscopy, the ratio of 1D to 1A
+ 1B was close to unity. The implication is there-
fore that 1D is not stabilished relative to these
two by a hydrogen bond or by any other inter-
action. As 1A and 1D are the only conformers
with possibilities for such bonds, we conclude
that intramolecular hydrogen bonds are not of
any importance for the conformational composi-
tion of allyl alcohol. This is supported by its IR

ALLYLIC ALCOHOLS

spectrum (Table 1). The low frequency OH
stretch band was only 18 cm™ below the corre-
sponding one of ethanol.” This is the same as the
shift found for the alcohols 2 and 3 which had no
indications of intramolecular hydrogen bonds.
The conformational population of allyl alcohol
therefore appears to be determined by weak in-
teractions. These may include repulsion between
the lone pair electrons of the oxygen and the n
electrons of the double bond" and an overlap be-
tween the lone pair orbital of the oxygen
(HOMO) and the LUMO of the & bond.? None
of these interactions is strong, as seen, for exam-
ple, from the conformation of 3-methoxycyclo-
pentene where the rotamers were equally popu-
lated in contrast to what was found for 9-meth-
oxyfluorene.”® Neither is the HOMO-LUMO
interaction important; there is no predominance
of 1D-E (where that interaction is possible). Fi-
nally, the conformation of allyl alcohol is not in-
fluenced by an intramolecular hydrogen bond.

Experimental

The preparations of 2-cyclopentenol and 3-meth-
oxycyclopentene were by published methods.?

5,5-D,-2-Cyclopentenone. Two grams of 2-cyclo-
pentenone® in D,O (15 ml) were kept at 90°C for
9 days. The solution was saturated with NaCl and
extracted continuously with ether for 3x8 h, then
filtered, dried (Na,SO,), the ether removed and
the product distilled in a Kuegelrohr apparatus.
Yield 1.8 g (90 %) (CDCl,): 6 6.3-6.2 (1H, m), &
6.2-6.1 (1H, m), 6 2.7 (2H, s, bd), 8 2.4 (0.06H,
m). (97 % deuterated at C).

1,5,5-D4-2-Cyclopentenol. Half a gram of 5,5-D,-
2-Cyclopentenone in dry ether (10 ml) was kept
at —60°C, and LiAID, (0.12 g) added during 5
min. After 4 h at —60°C, water (0.15 ml) was
added and the cooling removed. After 15 min,
aqueous sodium hydroxide (12 %, 0.15 ml) was
added. After 10 min, more water (0.3 ml) was
added. The mixture was stirred for 1 h, filtered,
dried (Na,SO,) and the ether evaporated (Vig-
reux column). The product was destilled (Kue-
gelrohr) and was 85 % pure (GC), the major im-
purity being deuterated cyclopentanol. IR (lig.):
3350, 3060, 2940, 2860, 2210, 2180, 2130 cm™.
The NMR spectrum at 400 MHz showed the
product to be 1,5,5-D,-2-cyclopentenol and pro-
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vided the spectral parameters for the analyses of
2-cyclopentenol. (J, ., Jy 4 Joer Jeas Joc TEPOTted in
Table 3) The procedures for obtaining the NMR
and IR spectra have been reported.'>”” The NMR
spectra were analysed by the PANIC program on
the Bruker instrument. The probable errors on

the reported coupling constants were +0.02 Hz.
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