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An investigation into the properties of the novel compound cyclopropylmethylselenol has been undertaken
by use of Stark-modulation microwave spectroscopy and high-level quantum chemical calculations. Ground-
state spectra belonging to six isotopomers of a single conformer of the molecule were recorded and assigned.
This conformer, predicted to be the lowest in energy by a series of quantum chemical calculations, possesses
a synclinal arrangement of the HC—C—Se atoms. In addition to the assignment of these ground-state spectra,
transitions attributable to vibrationally excited states of tfge- and®°Se-containing isotopomers were
identified. A tentative assignment of these excited-state spectra to specific vibrational modes has been made
with the assistance of a density functional theory calculation at the B3LYP/6-8&K3df,2pd) level of

theory. Close agreement was found between experimental ground-state rotational constants and ab initio
equilibrium values calculated at the MP2/aug-cc-pVTZ level of theory. Good agreement was also noted between
certainrs principal axis coordinates of atoms in the molecule and the corresponding alvdnaioies. Limited
evidence in favor of the formation of a weak intramolecular hydrogen bond between the H atom of the
selenol group and electron density associated with the cyclopropyl ring is discussed.
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The ability of selenols to form intramolecular hydrogen bonds
in the gas phase was first demonstrated in the case of

3-buteneselendlThe lowest-energy conformer of this molecule .}51

-

is stabilized by an internal hydrogen bond between the H atom

of the selenol group and the electrons of the double bond.
Few selenols have to date been studied by microwave (MW)
spectroscopy, and no other example of a selenol forming an
intramolecular hydrogen bond has been found. The fact that so
few selenols have been studied is likely to be in part a
consequence of their toxicity, instability toward air, and
powerfully obnoxious odors.

The subject of the current investigation, namely, cyclopro-
pylmethylselenol, has been chosen in order to allow a direct
comparison with the analogous alcoholsKisCHOHY* and
thiol (CsHsCHSHY molecules to be made. Both of these
molecules have been shown to possess intramolecular hydrogel
bonds, formed between theXH (X = O, S) group and electron
density along the edge of the cyclopropyl ring. It is therefore
of interest to determine whether cyclopropylmethylselenol can
be stabilized by a similar interaction.

Figure 1 shows the five possible conformers of cyclopropy-
Imethylselenol. It can be seen that conformers I, Ill, and V are
capable of forming an intramolecular H bond by means of a
close approach between a-S¢ group and the center of a€C
bond in the cyclopropyl group. Such an interaction is not
possible for conformers | and IV.

* Corresponding author: e-mail harald.mollendal@kjemi.uio.no:ttél
2285 5674; faxt-47 2285 5441.

T University of Oslo.

* Ecole Nationale Supiure de Chimie de Rennes.

R - c3 =i H5|
2L X T
Conformer II

[l

Ve |

y

p 5
ol < (H4)
(m3) Conformer]
-

al
H6 |

[ Hj/l

I &

Bl
K ¢

{HB}

wﬁfi?{'tfmﬂbmwr mo

r
|

L

: /C ) (HS8|
' I"‘_leliamlul]\-" b

%

[H1)

Figure 1. Structures of the five conformers of cyclopropylmethylse-
lenol, as obtained from geometry optimizations performed at the MP2/
aug-cc-pVTZ level of theory with the Gaussian 03 electronic structure
package.

Experimental Section

Microwave Experiment. The microwave spectrum of cy-
clopropylmethylselenol was recorded in the &2 GHz

10.1021/jp0559550 CCC: $33.50 © 2006 American Chemical Society
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Study of Novel Compound Cyclopropylmethylselenol
SCHEME 1
1) LAH

KSeCN
—_— —_—
D\/Br D\/ SeCN  2) Succinic acid D\/ SeH

frequency range by means of Stark-modulation microwave

spectroscopy on the microwave spectrometer at the University

of Oslo. Details of the design and operation of this device, which
possessea 2 mStark cell, have been given elsewhérin

addition to the standard Stark-modulation experiment, a number

of rotational transitions were observed by using a radio

frequency microwave double-resonance method, of the type

originally employed by Wodarczyk and Wilsd.he Stark cell
was cooled with a quantity of solid GQo approximately—50
°C during the course of the experiment, with the aim of
increasing spectral intensity.

Preparation of Cyclopropylmethylselenol.Cyclopropylm-

J. Phys. Chem. A, Vol. 110, No. 6, 2008135

2.42 (dd, 2H 234y = 6.8 Hz, CHSe).*3C NMR (CDCk, 100
MHZz) 6 7.39 (t,"Jcn = 162.2 Hz, CH cycle); 15.3 (d ek =

165.4 Hz, CH); 23.8 (t{Jcn = 143.0 Hz,1Jsec = 46.6 Hz (d),
CH,Se).”’Se NMR (57.2 MHz, CDG)) 6 —3.5. HRMS Calcd
for C4Hg8%Se: 135.9791. Found: 135.978.

Deuterated cyclopropylmethylselenol s(GCH,SeD) was
generated in situ by admitting a small volume of®vapor
from above a liquid sample at room temperature into the cavity
of the spectrometer, which already contained an amount of
cyclopropylmethylselenol vapor giving a pressure of a few
pascals. Exchange of a single D atom with the H atom of the
selenol group occurred readily, resulting in an estimated 50%
deuteration.

Results

Quantum-Chemical Calculations.A number of quantum-

ethylselenol has been prepared starting from selenocyanic acidchemical calculations were performed for cyclopropylmethylse-

cyclopropylmethyl ester, by an approach similar to that previ-
ously reported for 3-buteneselenol (Schemé 1).
Selenocyanic Acid, Cyclopropylmethyl Esterln a 100 mL
two-necked flask equipped with a stirring bar and a nitrogen
inlet were introduced the bromomethylcyclopropane (2.70 g,

lenol, with the aim of aiding the assignment of the microwave
spectrum and providing useful structural information. Calcula-
tions were performed by use of the Gaussian 03 electronic
structure packaden conjunction with the University of Oslo’s
64-processor HP Superdome compuféfhe geometries of the

20 mmol), dry acetonitrile (50 mL), and potassium selenocyanate five possible conformations of the molecule were optimized in

(3.02 g, 21 mmol). After the mixture was stirredf® h at 70

a series of self-consistent field calculations, in which the aug-

°C, the precipitated potassium bromide was filtered and the cc-pVTZ basis sét was utilized. The effects of electron
solvent was removed in vacuo. The selenocyanate was purifiedcorrelation were taken into account in these calculations by the

by distillation in vacuo and obtained in 87% yield (2.80 g, 17.4
mmol); bp 47°C (0.1 mmHg).!H NMR (400, MHz, CDC}) 6
0.42 (m, 2H, 1H of each C¥bf the cycle); 0.79 (m, 2H, 1H of
each CH of the cycle); 1.29 (m, 1HJyy = 7.6 Hz, GH-CH,-
Se); 3.07 (d, 2H3Jyy = 7.6 Hz,2Jsen= 15.2 Hz, CHSe).13C
NMR (CDCl;, 100 MHz) ¢ 7.44 (t, 2cy = 160.6 Hz, CH
cycle); 12.4 (d ey = 161.4 Hz, CH); 35.9 (tlJcy = 139.7
Hz, Wsec = 49.0 Hz (d), CHSe); 101.9 (s, CN)/’Se NMR
(57.2 MHz, CDC}) 6 215.0. HRMS Calcd for gH/NSe:
160.9743. Found: 160.974.

Cyclopropylmethylselenol. The apparatus previously de-
scribed for the reduction of dibromopropargylphosphine was
used® A 50-mL two-necked flask containing succinic acid (1.18
g, 10 mmol) diluted in tetraglyme (10 mL) was attached to a
vacuum line, immersed in a cold bath, and degassed. In a
25-mL two-necked flask equipped with a stirring bar and a
nitrogen inlet, lithium aluminum hydride (100 mg, 2.4 mmol)
and tetraglyme (10 mL) were introduced. The flask was
immersed in a bath cooled at € and selenocyanic acid,
cyclopropylmethyl ester (322 mg, 2 mmol), diluted in tetraglyme
(2 mL) was slowly added. After 10 min of stirring, this solution
was then slowly added (10 min) with a syringe through the
septum in the flask containing the succinic acid. During and
after the addition, cyclopropylmethylselenol was distilled off
in vacuo (10! mbar) from the reaction mixture. A first cold
trap (—35 °C) selectively removed the less volatile products,

use of second-order MgllePlesset perturbation theory (MP2).

A recent study of the closely related molecule cyclopropylm-
ethylphosphin® showed that the use of Dunning’s extensive,
correlation-consistent, aug-cc-pVTZ basis set, which incorpo-
rates polarized functions for valence electrons and is augmented
by additional diffuse functions, can provide accurate estimates
of rotational constants when used in MP2 calculations. Specif-
ically, the values of the equilibrium rotational constants from
calculations at this level of theory were found to be witkih%

of the corresponding values of experimentally determined,
ground-state rotational constants.

A second set of calculations were undertaken, in which a
density functional theory method was used to predict the values
of the quartic centrifugal distortion constants in Watson’s
A-reduction to estimate the frequencies of the normal modes
of vibration, and to evaluate the optimized geometry of each of
the five possible conformers. To this end, the B3LYP hybrid
functional (Becke’s three-parameter hybrid functiottagm-
ploying the Lee, Yang, and Parr correlational functidfavas
employed, together with the 6-3+#G(3df,2pd) basis set. Since
the calculation of centrifugal distortion constants can be a
computationally demanding task, the use of a density functional
theory method was preferred to a MP2 calculation, as the former
will, in general, require less computational effort. It is the
experience of the authors that the calculation of the quartic
centrifugal distortion constants at the B3LYP/6-31#tG(3df,-

and cyclopropylmethylselenol was selectively condensed in a 2pd) level of theory provides values within approximately 10%

second trap cooled at80 °C. At the end of the reaction, this

of the experimental valués.

second trap was disconnected from the vacuum line by stopcocks The values of the spectroscopic constants obtained at the

and kept at low temperature<{-30 °C) before analysis. This

cell was attached to the microwave spectrometer. Yield 90%;

bp ~ —40 °C (0.1 mmHg). The sample contains—3%

MP2/aug-cc-pVTZ and B3LYP/6-3H+G(3df,2pd) levels of
theory are presented in Table 1, while Figure 1 shows the
structures of the five possible conformers of cyclopropylmeth-

3-buteneselenol, an isomerization product. No decomposition ylselenol, as predicted by the MP2/aug-cc-pVTZ calculations,

was observed after several months in a freeze0(°C). 1H
NMR (400 MHz, CDC}) 6 —0.56 (td, 1H 24y = 6.8 Hz,*Jun
= 1.8 Hz,Jsen = 46.8 Hz (d), SeH); 0.09 (m, 2H, 1H of each
CH, of the cycle); 0.53 (m, 2H, 1H of each Gldf the cycle);
1.00 (m, lH,sJHH = BJHH =6.8 HZ,4JHH =1.8 Hz, CH—CSG);

drawn to scale.

Assignment of Conformer V. The calculated relative ener-
gies of the five conformers of cyclopropylmethylselenol at the
MP2/aug-cc-pVTZ and B3LYP/6-3H1-+G(3df,2pd) levels of
theory are presented in Table 2. It can be seen that conformer
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TABLE 1: Comparison of Experimental and Calculated
Spectroscopic Constantsfor Conformer V of
Cyclopropylmethylselenol

spectoscopic B3LYP/
constant 6-311++(3df,2pd) MP2/aug-cc-pVTZ experiment
A/MHz 11 247.9427 11 123.7894 11 076.8(50)
B/MHz 1282.5706 1344.7932 1319.7659(46)
C/MHz 1213.3944 1267.6068 1244.8829(46)
AyJkHz 0.262 306 0.2699(23)
AslkHz —2.642531 —2.5652(52)
AxlkHz 29.161 521 29.161 521
dykHz 0.0270 18 0.027 028
Ok/kHz 1.201 876 1.201 876

a Constants given are for theldsCH,%°SeH isotopomer. Uncertain-
ties represent one standard deviatibRixed at the value obtained from
B3LYP/6-31H+G(3df,2pd) density functional calculations.

TABLE 2: Comparison of the Relative Energies of Five
Conformers of Cyclopropylmethylselenol, Obtained from ab
Initio Calculations and Experiment

energy of conformer (kJ mot)
method | Il 1 \Y, \Y

B3LYP/6-31H+G(3df,2pd) +135 +75 +1.6 +22 0.0
MP2/aug-cc-pVTZ +9.3 +23 +19 +26 00

V is consistently predicted to be the lowest in energy; therefore,
initial attempts to assign the microwave spectrum of cyclopro-
pylmethylselenol focused on this conformer. The geometry
optimization performed for this conformer by use of density
functional theory at the B3LYP/ 6-3#1+G(3df,2pd) level of

Cole et al.

Having assigned the spectrum of the most abundant isoto-
pomer, it was then possible to identify transitions belonging to
less abundant isotopomers. In total, spectra due to five selenium-
substituted isotopomers of conformer V were assigned, namely,
76Se,’Se,8Se,8Se, and?Se, which have abundances of 9.4%,
7.6%, 23.8%, 49.6%, and 8.7%, respectively. The spectroscopic
constants obtained for these additional isotopomers are included
in Table 3, and the observed transition frequencies and residuals
are in the Supporting Information, Tables-25S. The spectra
of each of these species were typical of a nearly-prolate
asymmetric rotor, in which only the-type rotational transitions
were sufficiently intense to allow their observation. As previ-
ously mentioned, a B3LYP/6-3#H-G(3df,2pd) calculation
predicted that, will be the largest component of the molecular
electric dipole moment by a significant margin, which is
consistent with the observed spectra.

After the ground-state rotational spectra of five isotopomers
of cyclopropylmethylselenol were assigned, a number of transi-
tions belonging to vibrationally excited states were recorded
by the radio frequency microwave double-resonance method.
It was possible to assign spectra belonging to four vibrationally
excited states of conformer V; two of these correspond to the
isotopomer GHsCH,"8SeH and two correspond to;sCH,8%-

SeH. The spectroscopic constants obtained from the least-
squares analysis of these states, labeleda788Vb, 80Va, and
80Vh, are given in Table 4, while the transition frequencies
and residuals are given in Tables78)S in the Supporting
Information. These states are believed to correspond to the first

theory predicted that the components of the molecular electric and second excited states of a single mode of vibration. A

dipole moment along the principal inertial axes take the values
ta = 1.67 D,up, = —0.18 D, andu. = 0.24 D. It is therefore
expected that conformer V should display an observattige
rotational spectrum only. A prediction of the spectrum of this

calculation of the vibrational frequencies of the molecule at the
B3LYP/6-31H-+(3df,2pd) level of theory predicted that the
lowest energy vibrational mode would be the torsional motion
about the C+C2 bond (94.3 cmb). Although a definitive

conformer was obtained by the use of rotational constants from assignment of these excited-state spectra is not possible from
a geometry optimization at the MP2/aug-cc-pVTZ level of the available data, it is considered probable that they correspond
theory and quartic centrifugal distortion constants calculated at to the torsional motion predicted by the DFT calculation. A
the B3LYP/6-313#+G(3df,2pd) level. This model enabled the similar DFT calculation performed at the same level of theory
assignment of a number of transitions belonging to the parent for the closely related molecule cyclopropylmethylphospHine
isotopomer of Cyc|0propy|methy|se|eno|, conformer V. The use gdave a similar result, with the torsional motion about the-C1

of radio frequency microwave double-resonance experimentsC2 bond predicted to be the lowest in energy90 cnt?).

to identify unambiguously a number of transitions haviig The ground-state rotational spectrum of the isotopomklsC
equal to 3 or 4 was of assistance in this process. The frequenciesCH,8°SeD was measured for a deuterium-enriched sample of
of individual rotational transitions were analyzed in a least- cyclopropylmethylselenol prepared according to the procedure
squares fit, by use of Sgrensen’s Rotfit progfdniThe outlined above. A total of 7a-type, R-branch transitions were
spectroscopic constants obtained in this way are presented indentified as belonging to this isotopomer. The least-squares fit
Table 3, while the measured transition frequencies and residualof these transitions gave the spectroscopic constants included
differences between the observed and predicted frequencies aren Table 3. The observed rotational transition frequencies for
given in the Supporting Information, Table 1S. this isotopomer are presented in the Supporting Information in

TABLE 3: Experimentally Determined Spectroscopic Constants for Five Isotopomers of Conformer V of
Cyclopropylmethylselenol

spectroscopic Isotopomer
constant Gl—|5CH27GSeH QH5CH277SBH QH5CH27886H QH5CH28°SeH QHSCHZBZSeH C3H5CH28086D
A/MHz 11127.7107 11126.6114 11 052.7(32) 11 076.8(50) 11121.9674 10 653.6122
BIMHz 1344.833(45) 1337.262(58) 1331.1016(46) 1319.7659(46) 1309.343(53) 1317.466(31)
CIMHz 1263.756(51) 1259.884(63) 1255.0126(43) 1244.8829(46) 1234.772(54) 1237.802(34)
AyJkHz 0.289(8) 0.261(6) 0.2765(18) 0.2699(23) 0.276(5) 0.295(4)
AsdlkHz —2.602(13) —2.353(15) —2.5792(32) —2.5652(52) —2.368(13) —2.672(8)
Ax/kHz 29.161 521 29.161 524 29.161 527 29.161 524 29.161 524 29.161 524
0ykHz 0.027 018 0.027 018 0.027 018 0.027 018 0.027 018 0.027 018
ok/kHz 1.201 878 1.201 878 1.201 878 1.201 878 1.201 878 1.201 878
o%kHz 0.10 0.15 0.14 0.17 0.13 0.23
Nd 26 36 134 116 44 7

aFixed at the value obtained from a geometry optimization at the MP2/aug-cc-pVTZ level of theory. Uncertainties represent one standard deviation.

b Fixed at the value obtained from B3LYP/6-3t+G(3df,2pd) density functional calculatiohRoot-mean-square deviation of fitNumber of
transitions.
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TABLE 4: Experimentally Determined Spectroscopic Since only a-type spectra were observed for the various
Constants for Four Vibrationally Excited States of isotopomers studied, the errors associated with the values of
Conformer V of Cyclopropylmethyiselenol the A rotational constants obtained for these isotopomers are
spectroscopic state substantially larger than the errorsBrandC. As a consequence
constant 784 78Vb 80Va 80Vb of this, when thes coordinates of atoms are calculated, ¢he
AMHz 11 052.7 11052.7 11076.8 11 076.8 coordinate could be determined more accurately than efither

B/MHz 1328.799(77) 1336.49(71) 1317.541(62) 1325.69(93) or c. The values obtained for the modulus of #rsubstitution
CIMHz 1253.269(77) 1240.88(72) 1243.059(67) 1230.83(94) coordinate of the Se atom were 125.621, 125.453, 127.871, and

ﬁj 'jz_zl 0.282(9) 0.368(5) 0.254(5) 0.280(7) 129.006 pm, when calculated by use of the rotational constants
wlkHz — —2.54(2) —2.817(15) —2.557(14) —2.639(18) ; he 76Se 77Se 765 F2Se | ¢ conf

Ax/kHz ~ 29.161521 29.16152% 29.16152% 29.16152% rom the ®Se, 'Se, "°Se, and*<Se Isotopomers of conformer

d4kHz 0.027018 0.027018 0.027018  0.027 018 V, respectively, with thé®Se isotopomer used as the parent.

dklkHz 1201878  1.201878 1.201878  1.201876 The approximate, value of this parameter, as obtained from

‘;ﬁfk"'z 2'217 4?608 5?419 5%14 an ab initio calculation at the MP2/aug-cc-pVTZ level of theory,

was —125.654 pm, which constitutes a good agreement. A

@ Fixed at the value obtained from a geometry optimization for the similar process was followed with the rotational constants for
ground state of the corrgsponding isotopomer at the MP2/_aug_-cc-pVTZ the deuterated cyclopropylmethylselenol, to determine the
I;"frl]gf\t/gi?éybggciggg'?rtfni rgp'l;e;f?;?g_esifg?g&?‘gs&’)'ﬁ'zﬁggy position of the H atom that is bonded to selenium. The modulus
functional calculation performed for the ground state of the corre- Of thersa coordinate for this atom was found to take a value
sponding isotopomef.Root-mean-square deviation of fitNumber of of 76.599 pm, which compares favorably with the ab initio value
transitions. of —76.099 pm.

Intramolecular Hydrogen Bonding. A comparison between

Table 6S, together with the residual errors from the final cycle the experimental ground-state rotational constants obtained for
of the least-squares fit. conformer V and the. values generated by means of an ab

Failure To Detect Conformers I-IV. Having assigned initio calculation at the MP2/aug-cc-pVTZ level of theory is
transitions in the ground and excited-state spectra of five made in Table 1. It can be seen that there is close agreement
isotopomers of conformer V from an isotopically normal sample (j.e., within 1—2%) between the corresponding pairs of con-
of cyclopropylmethylselenol, an attempt was made to identify stants, which suggests that the structure yielded by the calcula-
transitions belonging to other conformers of the molecule. tion is an accurate prediction of the structure of this conformer,
Predictions of the spectra of conformersIV were made in neglecting the minor differences betwegrandre geometries.
the same manner as for conformer V, that is, by the use of Similarly, the agreement between the coordinates of atoms
rotational constants from ab initio geometry optimizations at in the —SeH group and the corresponding equilibrium principal
the MP2/aug-cc-pVTZ level of theory and quartic centrifugal axis coordinates also suggests that the ab initio structure is valid.
distortion constant obtained from DFT calculations at the  py)| ap initio structures for the five conformers of cyclopro-

B3LYP/6-311G++(3df,2pd) level. No transitions attributable  , imethyiselenol were calculated at the MP2/aug-cc-pVTZ level

to conformers +IV could be identified by use of these . iheory. The structure obtained in this way for conformer V

predictions, despite the use of both conventional Stark-modula-;g given in Table 5, while the structures of conformerd\f

tion spectroscopy and radio frequency microwave double- 5re hresented in the Supporting Information in Table 11S.

resonance (RFMWDR) experiments. Itis considered likely that A careful analysis of the ab initio structure of conformer V

this is in part a consequence of the difference in energy between . - . . . .
provides little conclusive evidence in favor of the formation of

conformer V and the other conformers, and partly a result of . :
. . S . .. an intramolecular hydrogen bond. The distance between the H
the numerous selenium isotopes leading to spectral mtensnyatom of the selenol group and the midpoint of the © bond

being divided among different isotopomers. In these conditions, alona the edae of the cvelobrobyl aroun is 290.97 pm. which
the detection of weak transitions in an already crowded spectrum, Y ge € Cyclopropyl group | =1 pm, whi
becomes difficult. is not substantially different from the sum of the van der Waals

- 20 Qi
rs Coordinates of Atoms in CyclopropylmethylselenolThe :j?sggar?(téhivskic%r?/vgmzsg sr)e.ctign'::)a?eyr,\ t?ﬁeﬁi Hogondbon d
isotopic substitution of an atom in a molecule allows the formatior,1 is constant amon the three gl' | pf it
coordinates of that atom to be determined in the principal inertial . ' . 9 synciinal Contormers.
axis system of the parent molecule. This can be achieved byIs necessary to qualify these observations by noting that any

solving Kraitchmann'’s equatior§,by use of the equilibrium changes in these parameters upon formation of a hydrogen bond

moments of inertia of the relevant species. In the case of a\.NOUId be minor, and, therefore, the formation of a weak

nonplanar asymmetric rotor, the modulus of the principal axis intramolecular hydrogen bond cannot be precluded. Indeed, an

coordinateos of the substituted atom can be obtained from argument supporting the fo_rmatlon of such a bond can be
constructed on the observation that the only conformer of the

AP AP AP molecule which had a sufficiently high p_opulation to aI_Iow its
log = ( 0‘) 14— W4y v spectra to be recorded was that in which the formation of a
(I = 1p) (I —1,) stabilizing hydrogen bond was most favorable.

It is also of interest to compare the structure of cyclopropy-
where AP, = (—Alq + Alg + Aly) andAlg = 'y — 1o By Imethylselenol with those of the analogous alcéhband thiol®
cyclically permutinga, 8, andy overa, b, andc, the position which are both stabilized by intramolecular hydrogen bonding.
of a nucleus relative to the three principal inertial axes may be To this end, geometry optimizations were performed at the MP2/
determined. While experimental equilibrium moments of inertia aug-cc-pVTZ level of theory for the lowest-energy conformers
were not obtained during the current investigation, Kraitch- of cyclopropylmethylthiol and cyclopropylmethanol, which both
mann’s equations may also be solved by use of ground-statecorrespond to cyclopropylmethylselenol, conformer V. The
moments of inertia, yielding the (substitution) coordinates of  structures obtained from these calculations are included in Table
the substituted ator. 5. It can be seen that the structure of the cyclopropyl ring does
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TABLE 5: Geometries of H-Bonded Conformers of
Cyclopropylmethylselenol2 Cyclopropylmethylthiol, and
Cyclopropylmethanol from ab Initio Geometry
Optimizations at the MP2/Aug-cc-pVTZ Level of Theory

structural
parameter X=Se X=S X=0
Bond Lengths (pm)
r(Hi—X) 145.3 133.8 96.4
r(X—Cy) 195.0 182.4 142.6
r(Ci—Hp) 109.0 109.1 108.9
r(Ci—Hs) 108.9 109.1 109.7
r(Ci—Cy) 149.6 149.8 149.8
r(Co—Ha) 108.2 108.2 108.2
r(C,—Cs) 150.6 150.5 150.3
1(Co—Cy) 150.3 150.4 150.8
r(Cs—Hs) 107.9 107.9 107.9
r(Cs—He) 108.0 108.0 108.0
r(Cs—Cy) 151.0 150.9 150.7
r(Cs—Hv) 107.9 107.9 107.9
r(Cs—Hsg) 108.1 108.0 108.1
Bond Angles (deg)
O(H1,X,Cy) 93.8 95.5 106.9
OX,C,C) 112.6 112.9 112.5
0(H2,C1,Cy) 111.9 1114 1111
O(Hs,C,Cy) 110.9 110.4 109.0
0(C1,C2,Cy) 118.7 118.7 118.8
0(C1,C,Ca) 118.4 118.3 117.9
0(C1,Co,Ha) 115.4 115.3 115.5
0(C,,Cs,Hs) 118.0 118.0 117.9
[0(C2,Cs,He) 117.2 117.3 117.3
0(C,Ca,Hy) 118.4 118.4 118.3
0(C2,Cs,Hs) 116.8 117.0 117.2
Dihedral Angles (deg)

O(H1,X,C1,Cy) —56.0 —54.9 —49.6

0(X,C1,C,Cy) 154.5 154.8 152.0
O(X,C1,C,,Ca) 84.9 85.2 82.7
O(X,C1,CoHs) —59.6 —59.2 —61.5

O(H1,X,C1,Ho) -177.7 -176.3 —-170.9

O(H1,X,Cy,Hs) 67.1 68.4 72.7
[(C1,C,,Cs,Hs) 144.1 144.2 144.7
0(Cy1,C,,Cs,He) -0.8 -0.7 0.1

0(C1,C5,Cs,Hy) —143.6 —143.5 —143.5

0(Cy1,C,,Ca,Hg) 1.3 15 19

a Further conformers are listed in Supporting Information Table 11S.

not differ greatly among these three molecules, which is to be
expected. Three parameters that do differ significantly are the
bond lengths H+X and X—C1, and the bond angle HIX—

Cl (X=0, S, Se), where the values belonging to the selenol

Cole et al.

vibrationally excited species were observed and a tentative
assignment to specific vibrational modes was made, with the
aid of density functional theory calculations.

It was noted that the agreement between the experimental
ground-state rotational constants obtained for the preferred
conformer were in close agreement with the corresponding
values from an ab initio calculation at the MP2/aug-cc-pVTZ
level of theory. Assignment of tha-type spectra of a number
of isotopically substituted species enabled tha coordinates
of the atoms in the-SeH group to be evaluated in the principal
inertial axis system. The values calculated for these parameters
were found to agree closely with the corresponding values
obtained from the MP2/aug-cc-pVTZ calculation.
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