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The molecular structure and conformational composition of 4-pentyn-1-ol have
been studied by gas-phase electron diffraction. The results of normal coordinate
analyses and molecular mechanics (MM2) calculations for the various conformers
are described. The conformational mixture was found to be dominated by the
only conformer having the OH group and the C=C bond close enough for OH---xt

interactions to occur.

IR spectra of the title compound have been recorded under various conditions,
and O—H absorption bands corresponding to a free O—H group as well as to an
intramolecularly hydrogen-bonded O—H group have been observed.

Dedicated to Professor Otto Bastiansen on his 70th birthday

The phenomenon of intramolecular hydrogen
bonding has been extensively investigated in
many laboratories, primarily through the use of
infrared spectroscopy.!? Studies of the effects of
OH---n hydrogen bonding*’ have, however,
been rather limited.

In recent years, molecules influenced by in-
tramolecular OH---xt hydrogen bonding have also
been investigated by other methods, such as mi-
crowave spectroscopy,®' NMR,'>** gas-phase
electron diffraction (GED)'*!* and X-ray diffrac-
tion.'¢ Studies of intramolecular OH:--xt hydro-
gen bonding have mainly been concentrated on
molecules with limited conformational freedom
and with geometries in which an OH group and a
n system are forced to be close to one another.

The present investigation forms part of a wider
study of possible intramolecular OH---mt hydro-
gen bonding in molecules with a high degree of
conformational freedom and where conformers
with an OH group and a & system close to each
other are expected to give only minor contribu-
tions, unless attractive forces between the two
groups exist.

The conformational distribution in 4-pen-
ten-1-ol was recently studied by GED." Fourteen
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conformers differing in C!'—C? (anti/tgauche),
C*—C? (anti/tgauche) and C*—~C* (syn/tskew)
dihedral angles were considered. The study
showed that the 4-penten-1-ol gas conformational
mixture was dominated by the only conformer
having the OH group and the C=C bond close
enough for intramolecular OH:--x interactions to
occur. Molecular Mechanics calculations (MM2),
which do not take possible OH---xt interactions
into account, predicted this conformer to contrib-
ute by only 6.6 %. These results do indeed there-
fore indicate that attractive OH---& interactions
are strong enough to be of major importance in
determining the conformational behaviour of the
free molecules.

4-Pentyn-1-ol (in the following referred to as
pentynol) has - due to the linearity of the triple
bond moiety — one torsional degree of freedom
less than 4-penten-1-ol. The conformational
properties associated with the pentynol molecule
are therefore considerably simpler than those for
the latter compound. The molecule has, howev-
er, large enough conformational freedom to be
very well suited for elucidating the possible influ-
ence of attractive OH---x interactions.



Molecular mechanics calculations

Molecular mechanics calculations were carried
out for fourteen different conformers of penty-
nol, using Allinger’s MM2 program.'” The con-
formers differ primarily in the magnitudes of the
C*—C?% C!-C? and C—O dihedral angles. The
results are presented in Table 1.

If the C—~O dihedral angle is not taken into
account, the conformational problem is reduced
from encompassing fourteen to only five con-
formers (Fig. 1). From Table 1 it will be seen
that, for all combinations of the C?*—C® and
C!'—(? dihedral angles, the calculated energy is
lowest for an anti C—O dihedral angle. The cal-
culated energies, adjusted for the lower entropy
of conformer AAA, have been used for estimat-
ing the conformational composition. The calcu-
lated contributions for the AA, AG, GA, GG
and G*G~ [©(C*—C?); ©(C'-C?] conformers
are presented in Table 1. The percentage contri-
butions are calculated taking all fourteen con-
formers into consideration, as well as by includ-
ing only the five conformers with an anti C—-0O
dihedral angle. The latter results are given in
brackets.

The calculations show that the omission of con-
formers with a gauche C—O dihedral angle does

4-PENTYN-1-OL-CONFORMERS

not seriously influence the calculated conforma-
tional composition.

The calculations described above are of impor-
tance for the electron diffraction study of the
conformational composition of pentynol, because
the position of the hydroxyl hydrogen atom can-
not be expected to be well determined by GED,
especially when several conformers may be in-
volved. The MM2 calculations show that no seri-
ous errors are introduced if pentynol is treated as
a mixture of five conformers differing in the
C?—C? and C'-C? dihedral angles.

Experimental

A commercial sample of 4-pentyn-1-ol from ICN
Life Science Group, K&K, was used in the pre-
sent study.

Electron diffraction diagrams were recorded
on the Oslo apparatus'® with nozzle-to-plate dis-
tances of 485.21 (4 plates) and 205.21 mm (5
plates). Kodak Electron Image photographic
plates were used, the nozzle-tip temperature be-
ing 72°C for the long and 78°C for the short
nozzle-to-plate distance. The electron wave-
length was 0.06463 A, as calibrated against dif-
fraction patterns for gaseous benzene using
r(C—C) = 1.3975 A as a standard. The esti-

Table 1. Results from molecular mechanics (MM2) calculations for various conformers of 4-pentyl-1-ol (angles in
degrees, energies in kcal/mol).

Conformer? ©(C?-C% ©(C'-C?» ©(C-0) «C, £C, £C, E AE % Contr.?
AAA 180.0 180.0 180.0 1114 1114 1088 1736 0.0

AAG 179.9 179.9 692 1113 1114 1094 2241 0505 } 17.4 (16.4) AA
AGA 1783 62.2 1794 1112 1123 1092 1912  0.176

AGG 179.4 61.7 700 1112 1123 1097 2427 0691 | 23.4 (24.5) AG
AG*G" 1773 640  -832 1113 1126 1098 2750 1.014

GAA 64.8 178.1 1793 1119 1125 1087 1791  0.055

GAG 65.2 177.7 706  111.8 1124 1093 2203 0557 | 30.4 (30.1) GA
G*AG- 64.8 1790  -704 1120 1124 1093 2426  0.690

GGA 63.9 61.1 1811 111.9 1133 1092 2011 0275

GGG 64.3 60.3 709 1120 1133 1098 2696 0960 | 19.4(20.9) GG
G'G'G" 612 604  -853 1119 1136 1098 2689 0953

G'G-A 684  —67.0 1789 1136 1128 1096 2580 0.844

G'G'G* 705  —685 830 1128 1140 1103 3001 1265 | 9.4 (8.1)G'G
G'G-G- 695  -637  -638 1125 1137 1104 2935 1.199

aThe conformational assignments refer to the C?—C3/C'—C?%C—O dihedral angles. “The numbers in brackets refer to
the calculated conformational composition when only the five conformers with @(C—0) = 180°(A) are considered.
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Fig. 1. Schematic representations of the pentynol
conformers considered in the present study.

mated standard deviation in the determination of
the wavelength is 0.1 %. Ranges of data were
1.500-16.500 (As = 0.125) and 6.25-35.00 (As =
0.25) A,

The experimental data were processed in the
usual way."” The intensities were modified by
slf'|™, and the scattering amplitudes (f) were
calculated by the partial-wave method,” using
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Hartree-Fock potentials for the C and O atoms?
and the best electron density of bonded hydrogen
for the H atoms.” The inelastic scattering factors
used were those of Tavard et al.?

IR- spectra of pentynol were recorded under
the following conditions: gas spectra: heatable
gas cell, 10 cm path length; solution spectra: sol-
vents: CCl, and CS,; Cell thicknesses: 10 mm and
1 mm; pure liquid: as capillary film.

Structure analysis

The molecular structure and conformational
composition of pentynol were determined from
least-squares refinements of the molecular inten-
sity data, in combination with information ob-
tained from radial distribution (RD) curves.

Root-mean-square amplitudes of vibration (u)
and perpendicular amplitude correction coeffi-
cients (K) were calculated® for the AAA, AGA,
GAA, GGA, G*G"A and G*G~G"* conformers
of pentynol, and were applied throughout the
study. The three-letter conformational assign-
ments refer to the C2—C3, C!'-C? and C—-O di-
hedral angles (when, in the following, a con-
former is represented by a two-letter symbol, this
refers to the C2—C® and C!'—C? dihedral angles).
The calculated vibrational amplitudes for the
non-bonded C--C and C---O distances of the five
conformers that have been studied are shown in
Table 2. Some of the vibrational amplitudes differ
by a factor of 3 from one conformer to another.
This demonstrates the necessity of calculating the
vibrational quantities for each of the various pos-
sible conformers.

The geometries of the pentynol conformers
were based on r, molecular models, which in-
clude corrections for shrinkage effects.”

The internuclear distances in the pentynol con-
formers differ primarily in the outer r region (r >
2.5 A). This is demonstrated in Fig. 3, which
shows the outer part of the theoretical RD curves
for each of the considered pentynol conformers,
with the experimental RD curve stippled in. The
large experimental area centered at 3.0 A is most
likely due to 1,4 C---C and C---O gauche dis-
tances (see Table 3), and indicates a substantial
contribution from GG and/or G*G™~ conformers.
The shape of the peak at ca. 2.5 A does, howev-
er, clearly favour the latter (see Fig. 3).

The MM2 calculations indicate a total contri-
bution from the three G*G~ conformers
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Fig. 2. Experimental and theoretical
molecular intensities for pentynol, together
with the difference curve. The theoretical
curve is calculated for the final model
(Table 4).

Nl N, A%A..VAA T o
NN T A U N T T U N N U O T T U T O I A T T
0 5 10 15 20 25 30 s/A-1

(G*G™A,G*G"G*, G*GG") of less than 10 %.
An eventual increase in the total G*G™ contribu-
tion will probably be due to an increase in the
G*G~G" conformer population as a result of sta-
bilization by attractive OH---m interactions. It
therefore seemed reasonable to let the G*G~G*
conformer represent the total G*G™ contribution
when the conformational composition is being
modelled. The four other conformers included in
the conformational model (AA, AG, GA, GG)
all have anti C—O dihedral angles, in accordance
with the calculated MM2 steric energy minimum
for each of these groups.

A single pentynol conformer is defined by fif-
teen geometrical parameters (Table 4) when line-
arity of the triple-bond moiety is assumed, as well
as equality of the C,,3—H bonds, the C,3-C,3
bonds and the H-C—H angles. Five pentynol
conformers have been considered for the confor-
mational mixture, and it is clearly not possible to
determine geometrical parameters for all of these
individually. )

As the preliminary studies strongly indicated
that the G*G~G™ conformer is the major contrib-
utor to the pentynol conformational mixture, this
conformer was independently defined by the nec-

Table 2. Calculated vibrational amplitudes (A) for the C---C and C---O non-bonded distances in five pentynol

conformers.
Distance Conformer?
AAA AGA GAA GGA G*'G G*

cz.-0 0.076 0.076 0.076 0.076 0.075
c*-0 0.105 0.175 0.183 0.316 0.297
Cc3--0 0.082 0.178 0.082 0.176 0.176
C5--0 0.153 0.193 0.291 0.418 0.409
c2..c* 0.085 0.085 0.084 0.084 0.084
c'..-C? 0.085 0.085 0.085 0.084 0.084
C3...C% 0.052 0.052 0.052 0.052 0.052
c'...c* 0.085 0.085 0.186 0.185 0.183
ca2..cs 0.118 0.118 0.118 0.118 0.116
Cc'---C5 0.102 0.103 0.270 0.269 0.265

“The conformational assignments are described in Table 1.
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Fig. 3. Theoretical RD curves (r>2.0 A)

for AA, AG, GA, GG and G*G~G*
conformers of pentynol, as well as for
75% G*G™G* + 25 % AAA, together with
the experimental RD curve.

100% AAA

P,

100°% AGA
IR ey

100°% GAA

s 100°% GGA

100% G*'G™G*

75%G'G G*+25%AA A

e te et berrenvr ey e senrea by el

T

0

essary fifteen geometrical parameters. In the be-
ginning of the study the geometries of the other
conformers were defined by letting the bond dis-
tances be equal to those in the G*G~G* con-
former, while the valence and dihedral angles
were taken from the MM2 model calculations.
When the mixture of conformers as described
above was studied, it proved difficult to get rid of
some minor inconsistencies between experimen-
tal and theoretical RD curves in the 3.8-4.0 A

1 2 3 4 S A 6

region. This is a region where 1,4 anti C---C and
C---O distances are expected to appear. Inde-
pendent CCC and CCO valence angles corre-
sponding to anti stereochemistry were therefore
introduced, and this clearly improved the agree-
ment between the RD curves in this region.

Several possible models for conformational
mixtures of pentynol have been studied, for ex-
ample those in which:

Table 3. Approximate magnitudes (A) for the long (>27 A) nonbonded C---C and C---O distances in five
pentynol conformers. All conformers have C2C? distances of ca. 3.5-3.6 A.

Conformer? c'...c* Cc'...C5 cd..0 Cc*..0 C5.-0
AA 4.0 51 3.8 51 6.2
AG 4.0 5.1 2.9 4.3 5.5
GA 3.2 4.1 3.8 4.5 54
GG 3.2 4.1 29 3.6 45
GG~ 3.2 4.1 29 2.9 34

aThe conformational assignments refer to the C2—C3/C'—C? dihedral angles.
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Table 4. Final results for 4-pentyn-1-ol. Distances in A, angles in degrees, standard deviations in brackets.
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rC=C) 1.214 (2)
Cs—Cy,0) 1.461 (2)
nCy°-Cy°) 1.533 (2)
nC-0) (1.427, ass.)
r(O—H) 0.756 (10)
rCy,°~H) 1.089 (2)
nCs,—H) 0.944 (10)
ZC2C3CHa 112.9 (1.8)
«£C'cecea 105.9 (1.6)
oa(G*G~G*)°® 0.527 (73)
Hydrogen bond parameters (G*G~G*
C*--H(O) 2.27
C5--H(O) 2.56

£CC'02
£C-0-H
ZH~C—H,,
Q(C-C*-C3-C)?
e(0-C'-Cc?-C)?
OH-0-C-C)
éC2CSC4 b
éc1czcs b
LC3C'OP

R=0.096

conformer):

C*--0
C5.--0

114.9 (1.8)
102 (ass.)
104.6 (2.0)
73.8 (3.5)
~71.0¢
70.0¢
112.0 (3.0)
111.8 (2.0)
(112, ass.)

2.82
3.19

aFor the G*G~G* conformer. °For local anti stereochemistry. “Determined for the G*G~G* conformer together

with MM2-composition (AAA: 9.0 %, AGA: 12.3 %, GAA: 15.6 %, GGA: 10.4 %). Study of the G*G~G*/AAA
conformational composition gave a(G*G~G*) = 0.73(3) and o(AAA) = 0.27(3). “Determined by combined

systematic variation/least-squares analysis; see text.

o~

‘AA"W’—\VA . -

NN NSISE RSN IEN IR NN R NN SRS RN SN NI SUBNENEN N SRR NENY
0 1 2 3 4 5 A 6

Fig. 4. The experimental RD curve for pentynol together with the theoretical one caiculated from the final

parameters given in Table 4. The difference curve is also shown.
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(a) the contributions from all five conformers
vary freely;

(b) the G*G™G* and AAA contributions vary
freely, while the AGA, GAA and GGA con-
formers are assumed to be present in equal
amounts;

(c) the G*G™G* and AAA contributions vary
freely, there are equal amounts of AGA and
GAA conformers, and the contribution from
the GGA conformer is fixed at 5 %;

(d) the G*G~G* contribution varies freely,
while the relative contributions from the
other four conformers are fixed according to
their MM2 energies (G*G"G* + MM2-
model);

(e) only G*G"G* and AAA conformers contrib-
ute (G*G"G* + AAA-model).

Models a—c had to be rejected because they all
resulted in negative conformational contribu-
tions. The studies of these models did, however,
all indicate that the G*G~G™* conformer dom-
inates the conformational mixture and that the
AAA conformer contributes substantially.

Models d and e were studied in more detail.
Both models resulted in practically identical geo-
metrical parameters, but model d gave the lower
R factor (0.096 vs. 0.104) and is probably the
most realistic of the two. The final results from
the study of model d are presented in Table 4, in
which the conformational results for model e are
also given.

Most of the geometrical parameters were di-
rectly determined in the least-squares refine-
ments. Because of high correlation between
r(C,—C,3) and r(C-O0) it was not possible to
refine both of them simultaneously, and we chose
to fix 7(C—0) at 1.427 A, as determined for 4-
penten-1-0l.” ZC—-0—-H, ©(0-C,—C,—C) and
O(H-0-C-C) (for the G*G~G* conformer)
were studied indirectly by varying each of them
systematically over the expected parameter
range. For each fixed parameter value a least-
squares analysis was carried out, and the para-
meter corresponding to minimum R factor was
chosen for further work. For ZC—O—H this pro-
cedure did not give a clear R factor minimum,
and this angle was therefore more or less arbitra-
rily fixed at 102°. The influence of this parameter
on the scattering data is, however, negligible.

Fig. 4 shows the theoretical and experimental
RD curves. The theoretical curve is calculated
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from the geometrical and conformational data
given in Table 4. The corresponding experimental
and theoretical intensities are shown in Fig. 2.

Infrared measurements

Hydrogen bonding is known to give rise to in-
frared spectral shift in the O—H stretching re-
gion. The IR spectrum of pentynol in CCl, so-
lution was studied by Schleyer et al.® in 1958.
They observed a Avg_y shift of 50 cm™ for the
hydrogen-bonded conformer. The intensity of
the absorption peak was, however, weak. In 4-
penten-1-ol a low-frequency O—H stretching
band has not been observed with certainty,>?
even though the electron-diffraction study®
shows that the OH---n hydrogen-bonded con-
former dominates the conformational mixture.
Schleyer’ has, however, pointed out that there
are many examples of compounds which appear
to favour internal OH---xt interaction, but for
which a low-frequency O—H band is missing.

In order to examine the behaviour of n-penty-
nol we remeasured the infrared spectrum (Fig. 6)
of the pure liquid (a), of dilute solutions in CCl,
(b: 0.1 M, c: 0.01 M) as well as that of the va-
pour (e: 140°C).

When analysing the spectra of n-pentynol, the
fact that four species I, II, II, IV are in equilib-
rium has to be considered. They differ in their
intra- and intermolecular interactions, and this is
reflected in the positions of their characteristic
group frequencies. The conformers observed by
the GED measurements and derived from the
force field calculations contribute in various
amounts to the four species I to IV, as shown in
Scheme 1.

In dilute solution and in the gas phase the
characteristic vibrations vy, Vocy, Ve=c and ve_o
of species I in Scheme 1 should correspond to the
frequencies of the uninfluenced monomeric mol-
ecules. For species II, III and IV these bands
should be shifted to longer wavelengths, and in
the case of OH:--OH---OH interactions they
should additionally be strongly broadened. The
bands for II are expected to be rather independ-
ent of the concentration, whereas those for III
and IV should disappear on increasing dilution,
or on change to the gas phase in favour of the
bands of I.

As shown in Fig. 6, just this behaviour is ob-
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served: the spectra display, in fact, three voy
stretching absorptions: the sharp band at
3650 cm™! is attributed to the molecules of spe-
cies I; an analogous band of exactly the same
frequency is also observed for n-pentanol in very
dilute CCl, solution.

The clearly separated weaker band at
3590 cm™' is attributed to vy of species II, be-
cause it is observed even in very dilute solution.
This assignment is supported unequivocally by
the fact that a 0.01 M solution of n-pentanol in
n-pentyne as solvent shows the vy frequency of
the unassociated molecules exclusively at
3590 cm™! (cf. d in Fig. 6). The third voy band
appears (Fig. 6: a,b,c) as a broad, diffuse ab-
sorption with a maximum at ca. 3500 cm™'; the
band narrows and finally disappears with increas-
ing dilution, or in the gas phase. Additionally, a
shoulder on the high wavenumber side of vy of
the pure liquid (a) at ca. 3550 is attributed to the
vou Of species 1I because its position corresponds
to voy of II in dilute solution and this shoulder is
missing in the spectrum of undiluted n-pentanol.
The vapour spectrum of n-pentynol (Fig. 6: e)
displays the same voy bands; as a result of the
lack of a solvent effect they are shifted by about
20 cm™! to higher wavenumber.

The stretching vibration (v¢y) of the acetylenic
group gives rise to a sharp and strong absorption
at 3320 cm™! and a weakly visible shoulder at
3300 cm™!. The ratio of their intensities seems
comparable to that for the two vy bands of the
species I and II. Therefore, we attribute the
stronger main v_y band to v_¢y of species I and
II1, the shoulder originating from the molecules
involved in a hydrogen bond between the OH
and the acetylenic group (predominantly II and
possible 1V).

This kind of interaction should influence also
the C=C stretching frequency v¢-c. The band is

found as a sharp absorption of medium intensity
at 2130 cm™!. Only their reduced steepness on
the low-wavenumber side can be taken as an
indication that the v._. absorption is composed
of two sub-bands corresponding to the molecules
I+ IITand IT + IV, respectively. As an argument
in favour of this assignment it may be mentioned
that vc_c of n-pentyne measured in n-pentanol as
solvent is found at 2120 cm~!, i.e. 10 cm™! lower
than vc_¢ of n-pentyne dissolved in CCl,.

By analogy one would also expect the v¢_o
stretching frequency of n-pentynol to be split.
Indeed, the broad main v._g band at 1060 cm™!is
accompanied by a separate weaker absorption at
1030 cm™!, which might be assignable to v._q of
pentynol molecules with hydrogen bonds, i.e. II,
III, IV. Other vibrations could also contribute to
the absorption in this spectral region.

Finally, it is interesting to gain information
about the relative concentrations of I, II and
(III+1V) that can be obtained from the intensi-
ties of the three vy, bands. A precise analysis
would require a decomposition of the overlap-
ping bands to determine their integrated inten-
sity, as well as a knowledge of the extinction
coefficients. Without this detailed information
the ratio of the concentrations, C;:Cy; can only be
estimated to be =4:1, derived from the absorb-
ances at the maxima of the sub-bands. This ratio
determined from infrared measurements is in
qualitative agreement with the data derived from
the GED investigation.

Discussion

The present GED study shows that the confor-
mational mixture of gaseous 4-pentyn-1-ol is
dominated by the only conformer (G*G~G*)
having the OH group and the C=C bond close
enough for intramolecular OH:--m attractions to
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Fig. 5. The conformational composition of pentynol
as estimated from the calculated MM2 energies (fully
drawn) and the observed conformational composition
(stippled).

occur. The study indicates that this conformer
constitutes at least 50 % of the conformational
mixture.

The other conformers (AA, AG, GA, GG) are
represented in the final conformational model by
relative contributions corresponding to those de-
duced from their MM2 steric energies (Table 1).
The GED data do indicate a substantial contribu-
tion from the AA conformer, while the distribu-
tion between the other conformers is more un-
certain. However, as chemical interest is primar-
ily centered on the G*G~G* conformer, the
uncetainty concerning the relative contributions
from the other conformers is of minor impor-
tance. Nevertheless, it must be remembered that
because of the uncertainty about the composition
of the non-hydrogen-bonded conformers, the ge-
ometrical parameters might be subject to system-
atic errors.

The present conformational results for 4-pen-
tyn-1-ol complement those recently obtained in a
similar study of 4-penten-1-ol." In this latter case
the conformational mixture was also found to be
dominated by the only conformer having the n
system and the OH group in close proximity.

MM2 calculations carried out for simple un-
strained hydrocarbons and other simple organic
molecules such as alcohols have today reached a
level of development where they are generally
highly reliable. The MM2 results for such mole-
cules are normally in good agreement with exper-
imental structural results for these compounds.

In the case of 4-penten-1-ol and 4-pentyn-1-ol
there are large discrepancies between the calcu-
lated conformational compositions, based on the
MM2 steric energies, and those deduced from the
GED data (Fig. 5). The discrepancies almost cer-
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tainly arise because attractive intramolecular
OH:---m interactions are present that have not
been accounted for in the MM2 calculations. In
the present case this imperfection of the MM2
program is, however, considered to be an ad-
vantage, because an increase in the population
off the G*G~G™* conformer relative to the calcu-
lated (MM2) contribution makes it possible to
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Fig. 6. IR spectra of n-pentanol: (a) pure liquid
(capillary film), solution in CCl,; (b) 0.1 M (1 mm);
(c) 0.01 M (10 mm all length); (e) vapour 140°C
(atmos. pressure; 100 mm ali length); (d) solution of
n-pentanol in n-pentyne (0.01 M, 1 mm all length).



give an estimate of the size of the stabilizing
energy due to the OH:--x interaction. A 53 %
contribution from the G*G~G* pentynol con-
former, relative to the MM2 estimate of 9.4 %
(total G*G™), corresponds to an extra stabiliza-
tion of this conformer amounting to ca. 6 kJ
mol™'. The stabilization energy due to the
OH-- & interaction might be larger than this esti-
mate, because the latter represents the total sta-
bilization/steric energy. The CCO and CCC an-
gles of the hydrogen-bonded conformer are for
example expected to increase the steric energy of
this conformer.

Table 4 gives the distances between the atoms
in the hydroxyl group and those in the CC triple
bond. The C*--O distance is ca. 0.3 A and the
C*--H(O) distances ca. 0.6 A smaller than the
sum of the respective van der Waals radii.? This
is in accordance with a moderately strong OH---nt
hydrogen bond.

The observed valence angles of the pentynol
G*G~G* conformer are also of interest in the
light of the OH:--m interactions. ZC'CC? is
found to be significantly smaller, and ZC*C'O to
be larger, than the calculated MM2 angles for this
conformer. Both these valence angle changes act
to bring the OH group closer to the & system. A
decrease in ZC*C*C, would also have contributed
to a reduction in the OH---C=C distance, but is
not observed. It is well known, however, that the
strength of hydrogen bonding is sensitive to the
orientations of the interacting groups. A possible
explanation for the valence angle distribution in
the pentynol G*G~G™* conformer might be that
they give the most favourable relative orientation
of the OH and C=C groups.

The O—H bond length found is unrealistically
small. During much of the study, »(O—H) had
been fixed at 0.942 A, which is a more typical
value for this type of bond. The correlation be-
tween r(O—H) and the other geometrical and
conformational parameters is, however, negligi-
ble. Even if the observed r(O—H) distance were
completely wrong, the inclusion of this variable
parameter does not significantly influence the
other determined parameters. In the RD curve
(Fig. 3) a small peak at ca. 0.8 A is clearly visible,
but as this RD region is often influenced by noise
one should not pay too much attention to this
observation.
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