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The microwave spectrum of 3-buteneselenal{#CH—-CH,—CH,SeH) has been investigated in the-BR

GHz spectral range by Stark microwave spectroscopy and by Fourier transform microwave spectroscopy in
the 6-20 GHz region. High-level quantum chemical calculations carried out for 14 conformers predict that
their energies fall within a narrow range of less than 7 kJ/mol. The most stable conformer was predicted to
have an intramolecular hydrogen bond formed between the hydrogen atom of the selenol group and the double
bond. The microwave spectra of the three most stable conformers were assigned. One of these rotamers has
an internal hydrogen bond, whereas the two others are without this interaction. It was found by relative
intensity measurements that the hydrogen-bonded conformer is 1.6(7) and 1.9(5) kJ/mol, respectively, more
stable than the two other rotamers. As far as we know, this is the first example of a gas-phase study
demonstrating that a selenol indeed participates in intramolecular hydrogen bonding.

Introduction eselenol. A total of 14 conformers that can be identified by
spectroscopy can be envisaged for the title compound. These

The role pla}yed by mtramplecular hydrogen (H) bonding for forms are drawn in Figure 1, where they have been given Roman
the conformational composition of gaseous 3-butenes have been

investigated in the past ind8=CH— CHy—CH,OH -3 HoC= numbers for reference. Atom numbering is indicated on
CH—CHy—CH,SH5 and C=CH—CH,—CHoNH,.5 Conformer 1.

TWO H_bonded Spec|es were found for 3_buten_l_oqu Thl’ee Of these I’Otamers, V“, ”, and XI”, COﬂtain What COU|d
CH—CH,—CH,0H) in the electron-diffraction studywhereas be termed weak intramolecular H bonds. Conditions for forming
one H-bonded species was observed in the microwave (MW) an internal H bond are much better in VII than in Il or XIlI
investigations:® In the corresponding thiol ¢¢=CH—CH,— because the H atom here is closer tosttedectrons of the double
CH,SH), one conformer stabilized by this interaction was bond than in the two other cases. H-bonded conformers
identified in the MW spectrum together with two other rotamers corresponding to VII were indeed the ones assigned =+
without internal H bond4> The H-bonded rotamer was about CH-CH,—CH,0H?3 and HC=CH—CH,—CH,SH*5 by MW
3 kJ/mol more stable than each of the two other forms. spectroscopy, whereas two similar H-bonded rotamers were seen
Interestingly, the amino group acts as an “acid” even in amines for 3-butenaminé.
such as HC=CH—-CH,—CH,NH».6 Four conformers were
assigned in this case, two with and two without H bonds. The
two H-bonded forms are the most stable ones in this case too.

The conformations of 3-buteneselenol shown in Figure 1 were
expected to have energies that do not vary widely resulting in

The present study of the selenium analogueCHCH— a mixtqre of rotamers where several of them would.be. present
CH,—CHySeH, is an extension of the studies mentioned above, " rélatively large amounts. Moreover, among the six isotopes
Very few investigations of the conformational properties of of selenium, there are five with concentrations higher than 7%
gaseous selenols have been made presumably owing to theiPf the total f%Se (49.6%),°Se (23.8%),°Se (9.4%),%Se
toxicity, obnoxious smells, and instability. The literature on the (8:7%), and”’Se (7.6%)). Each isotopomer will have an
ability of selenols to participate in intramolecular H bonding is independent MW spectrum superimposed on the spectra of the
even scanter. No studies of gaseous compounds with thisother isotopomers. An experimental method with a superior
interaction have to the best of our knowledge been reported resolution is thus desirable to deal with such a complicated
previously. situation. Microwave spectroscopy meets this requirement and

Rotation around the two €C single bonds and the-€Se this is the reason for our choice of this spectroscopic method.
bond may result in a large number of conformers of 3-buten- In addition, the conformational properties have been explored
by high-level quantum chemical calculations because such
* Corresponding author. E-mail: harald.mollendal@kjemi.uio.no; tel: calculations are now able to predict rather accurate molecular

+47 22 85 56 74; fax:+47 22 85 54 41. properties even for compounds containing atoms with as many
T Universitede Lille 1. . .
$ENSCR, electrons as selenium (34) thus complementing the MW study
8 University of Oslo. in an ideal manner.

10.1021/jp037414+ CCC: $27.50 © 2004 American Chemical Society
Published on Web 01/31/2004



1404 J. Phys. Chem. A, Vol. 108, No. 8, 2004

H12 HI

Petitprez et al.

; HI0 ® . ] . f}
oyl Ses e N 2
.(-_l. H2 <% s { o 3 £ o, : Conformer IV
c2 H13 .= =. H 1E-34 ¢ - -:) _%? ¢ : Conformer V
Hi HE a § g;s 2,. :g - N { o Conformer VII
1. 2.4 ki/mol 11, 2.6 kJ/mol 111, 6.2 kJ/mol # LA "g, g, § 8 %
3 g ; > 8 & Fo
1E-4 & & i"‘? & ‘35 -
g’ ° ] g
i .. .. @ 1E-5 & g
ee oo e
1V, 0.2 ki/mol V, 0.4 k/mol VI, 2.9 kJ/mol 1E-6 -
|:.-r.\‘. P
o '~_,§ ; 1E-7
e?® /.. -'....__ M‘ﬁ WM“M W
/ . . , ._. 11400 11)150 11;00 11;50 11&00
VII, 0.0 kJ/mol VIIL, 4.6 kJ/mol IX, 2.7 kJ/mol ) ) . . .
Figure 2. A portion of the Fourier transform spectrum. The intensity
. scale is arbitrary.
R ) o
R v =r J ) .
_," = 9 and 3-buteneselenol was selectively condensed in a second trap
] N cooled at—80 °C. At the end of the reaction, this second trap
:. o * . was disconnected from the vacuum line by stopcocks and kept
L ) " oo at low temperature<—30 °C) before analysis. This cell was
. : . ; y
X, 2.7 ki/mol s iR . & i fitted onto the microwave spectrometers to record the MW
i ) spectrum. Yield: 87% bpx~ —40 °C (0.1 mmHg). No
decomposition was observed after several weeks in a freezer
) @ (—30°C).
9 9 Stark Spectrometer Experiment. The MW spectrum was
@ : @ studied using the Oslo Stark spectrometer, which is described
oo - briefly in ref 9. A 3-m Stark cell made of brass was utilized.
{ Radio frequency microwave double resonance (RFMWDR)
X111, 4.2 kJ/mol XIV, 6.4 kd/mol experiments were carried out as described in ref 10 using the

Figure 1. Fourteen possible conformers of 3-buteneselenol. Theoretical equment r_‘nentlone_d in ref 6. The282 GHz spectral regions
G2MP2 relative energies are indicated (see text). Conformers VII, Iv, Were investigated with the cell cooled to abet80 °C. Lower
and V were assigned in this work. VIl is stabilized by an intramolecular temperatures, which would have increased the intensity of the
spectrum, could not be employed owing to insufficient vapor
pressure of the compound. The pressure was a few Pa when
the spectrum was recorded and stored electronically using the
program written by Waall The accuracy of the spectral
measurements was better th#0.10 MHz and the maximum
resolution was about 0.4 MHz. The compound showed no signs
of decomposition in the brass cell even at room temperature.
Fourier Transform Spectrometer Experiments. Rotational
spectra in the 620 GHz spectral range were recorded with
the Lille microwave Fourier transform (MWFT) spectrométer.
Neon was used at the carrier gas. A gas mixture of 3 mbar of

3-Buteneselenol has been prepared starting from selenocyani@-buteneselenol and 1 bar of neon was prepared and then
acid, 3-butene ester by modification of the approach previously expanded into the vacuum tank through a pulsed nozzle to create
reported (eq 1J. The apparatus already described for the a supersonic beam parallel to the optical axis of the Fabry
reduction of dibromopropargylphosphine was u$&d50-mL Perot cavity.
two-necked flask containing succinic acid (10 mmol) diluted  To facilitate assignments of the different isotopomers and
in tetraglyme (10 mL) was fitted on a vacuum line, immersed conformers of the molecule, we carried out large spectral region
in a 0°C cold bath and degassed. In a 25-mL two-necked flask surveys using the fast scan mode facilities of the spectrometer.
equipped with a stirring bar and a nitrogen inlet, lithium In this operating mode, around 10 free induction decays were
aluminum hydride (100 mg, 2.4 mmol) and tetraglyme (10 mL) averaged and Fourier transformed at a repetition rate of 1.5 Hz.
were introduced. The flask was immersed in a bath cooled at 0 Two data are then collected, namely, the maximum intensity
°C and the selenocyanic acid, 3-butene ester (322 mg, 2 mmol)of the spectrum and the corresponding frequency. This operation
diluted in tetraglyme (1 mL) was slowly added. After 10 min is then automatically repeated every 0.4 MHz to cover step by
of stirring, this solution was then slowly added (10 min) with step the whole desired frequency region. An example of such a
a syringe through the septum in the flask containing the succinic collection of data is given in Figure 2. Each molecular transition
acid. During and after the addition, 3-buteneselenol was distilled can be reinvestigated with a higher frequency resolution (2.4
off in vacuo (161 mbar) from the reaction mixture. A firstcold kHz per point). The central frequencies of the lines are
trap (—35 °C) removed selectively the less volatile products determined by averaging the frequencies of the two Doppler

hydrogen bond.

Experimental Section

Synthesis Caution: The 3-buteneselenol is potentially highly
toxic. All reactions and handling should be carried out in a

well-ventilated hood.
1) LAH =\_\
2) succinic acid M

SeCN SeH
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TABLE 1: Predicted Energy Differences? Dihedral Angles, and Rotational Constant8 of the Conformers of 8%Se Isotopomer of
3-Buteneselenol

dihedral angle (deg) rotational constants(MHz)

conf. E2 C1C2C3C4 C2C3C4SQ C3C4S%H 13 A B C

| 2.4 —120 —65 —70 8827 1225 1135

Il 2.6 —115 —67 75 8820 1226 1133
1 6.2 —119 —67 —175 8760 1258 1158

\ 0.2 —116 —176 —65 17638 939 930

\% 0.4 —117 179 66 16999 942 936
VI 2.9 —118 —178 —179 17256 958 945

Vil 0.0 —122 71 —-57 6252 1475 1267

VIl 4.7 —124 69 72 6253 1450 1258
IX 2.8 —124 62 159 5946 1596 1336
X 2.8 0 =177 —67 14303 1033 981

Xl 5.3 0 —180 —180 14546 1049 991

Xl 6.0 -5 -73 -84 6259 1559 1362

Xl 4.2 —-11 —76 59 6415 1515 1340
XV 6.4 -5 —68 —146 6038 1671 1430

2 Relative energy (kJ/mol) at the G2MP2 leveB3LYP/6-311+G** structure.

; ; e TABLE 2: Structure of the Three Most Stable Conformers
components after transformation of 4000 data points time 'z’ 0 Sl o1 Cihe MP2/6-31+G(3df,2pd) Level of

domain signal, leading to a resolution of 2.4 kHz in the Theory (Distances in pm and Angles in Degree)
spectrum. The accuracy of frequency measurements is estimated

to be better than 3 kHz. conformer: v v Vi
r(C;==Cy) 133.5 133.5 133.5
. . r(C1—He) 108.1 108.1 108.1
Results and Discussion r(Ci—Hs) 108 3 108.3 108.2
Quantum Chemical Calculations. All calculations were r(Co—Cy) 149.7 149.7 149.4
. . ; . r(Co—Hes) 108.6 108.6 108.7
performed with the Gaussian 98 suite of prografishe first r(Co—Ca) 152 6 1526 1529
predictions of the rotational constants of e isotopomer r(Cs—Ho) 109.2 109.3 109.4
of the 14 conformers shown in Figure 1 were made using density  r(Cz—Hio) 109.2 109.1 109.1
functional theory with the hybrid functional B3LYP (Becke’s r(Cs—Se) 195.4 195.4 1953
; : r(Cs—Hu1) 108.8 109.0 108.9
three parameter functional employing the Lee, Yang, and Parr o H 1091 108.9 1090
correlation functional}? The 6-31H#+G** basis set as imple- %Sé—l-ﬁ)s) 146.2 1462 1462
mented in Gaussian 98 was used in these calculations. The j(c,c,H,) 121.47 121.46 121.37
structures of the rotamers were fully optimized. The=C,— 0(CoCiHv) 120.93 120.92 120.88
C3_C4, Cz_C3_C4_S%, and Q_C4_SQ;_H13 dihedral angles D(C1C2C3) 124.25 12411 124.46
determine the essential conformational features of the 14 forms. B(glgz(H:S) ﬁg-ég ﬂg-gg ﬂg-gg
These dihedral angles and the predicted rotational constants D(0203H4) 11059 11012 109 26
ined i - ** calculations are collected (CLCaHo) ' ' '
pbtalned in the B3LYP/6-3Ht+G** calcu 0(C2CsH1o) 109.87 110.30 110.20
in Table 1. 0(CsCsSe) 113.59 113.58 113.68
The structures of these 14 forms were next used as the starting (CsCaH11) 110.99 110.39 111.01
point to calculate theirelative energies using the G2MP2 5(538:12) 1;2% 1;:-;'03 1912-266‘33
proceduré?® The G2MP2 method is not expected to be highly (CaCeftso) ' ' _1an @
- . . 7(H6C1CoCs) 178.7 178.7 180.8
accurate in this case because of the presence of the selenium ;(c,c,c,c,) —112.8 ~113.0 —1151
atom. However, the errors are likely to be mainly systematic.  7(C,C,CsHio) 8.3 8.4 7.3
Thus, the relative energies of the conformers should be rather 7(C:CsCsSe) —176.9 179.4 69.4
reliable. Conformer VII was predicted to be the most stable ngzg%t:llg gg-(?) 5672§ _lggé
i i i i i T(L2lslgM2 —o9. —of. - .
one in the G2MP2 calculations. It is convenient to assign a (CaCaSaH: 2) 626 63.1 539

relative energy of 0 kJ/mol to this form. The G2MP2 energies

relative to VIl of the 13 other rotamers are listed in Table 1 have the best predictions of the rotational constants. Such
and indicated on Figure 1 as well. calculations were for economic reasons carried out only for the
Interestingly, conformer VII which has the best conditions three forms (1, V, and VI1). Their dipole moment components
for forming an internal H bond, is predicted to be the favored and final structures were calculated using the 6-8+G(3df,-
form of the molecule, but the energy differences are not large 2pd) basis set. Electron correlation was included using the
(up to 6.4 kd/mol; Table 1 and Figure 1). Moreover, rotamers second-order MgllerPlesset (MP2) perturbation thed§The
IV and V are predicted to have marginally higher energies than structures predicted in these calculations are given in Table 2.
VIl (0.2 and 0.4 kJ/mol, respectively). IV and V are the The rotational constants and dipole moments are listed in Table
counterparts of the high-energy forms of the corresponding 3.
thiol*> and aminé, which seems plausible. Not surprisingly, the MP2 rotational constants (Table 3) vary
The quantum chemical calculations made above indicated thatseveral percent from the B3LYP values (Table 1), largely
conformers 1V, V, and VIl would be the ones whose MW because the £ Se; distance is calculated to be about 0.04 A
spectra one might have the best hope to assign. The B3LYP/shorter in the former procedure.
6-311++G** calculations (Table 1) were not expected to be Centrifugal distortion is important in this compound. The
very accurate owing to the selenium atom with its 34 electrons. harmonic force fields and the centrifugal distortion constants
Calculations at a higher level of theory would be desirable to of these three forms were therefore calculated at the B3LYP/
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TABLE 3: Calculated Rotational Constants (MHz),® Quartic RFMWDR experiments were also made in attempts to find
Centrifugal Distortion Constants (kHz),” and Dipole Moment even further rotamers than the three assigned here, but these
(D)2 of the 89Se Isotopomer of 3-Buteneselenol searches also failed.

Ve %difftd  ve  %diffd  VIT % diff. Ultimately, more than 1000 transitions were assigned. How-
A 171771 1.4 16765.6 3.8 6038.9 1.1 ever, a very large number of lines remain unaccounted for in
B 970.2 -12 9706  -11 16189 -34 the Stark spectrum. A majority of these undoubtedly belong to
Z 96(}'(;3908 _11634 9670'36989 _1-‘7‘ 6 1358'3961 _2-67 ,  Vibrationally excited states and to isotopomers of forms already
AjK —6.22 8.8 716 58 —6.61 71 assigned. However, the existence in quite large proportions even
A« 352.9 388.5 245 —27.7 of further rotamers than the three assigned in this work cannot
IoF —0.0025 —0.0029 0.229 10.2 be completely ruled out.
Ok 4.82 5.90 2.50 3.1 Fourier Transform Spectrum and Assignments.The Fou-
ZZ _(1)'829 é’é%s _1(')2;81 rier transform spectrum was dense owing to the presence of
e —0.244 0.256 0.257 several conformers and the different isotopomers of selenium.
Ut 1.31 1.55 1.56 Using the preliminary assignments of the a-type spectra of the

& MP2/6-3L1+G(3df, 2pd) level? B3LYP/6-3Lt+G(3df,2pd) level. t"t"o e 'Sotgpgmgrs of .fonformer 'tV %bta;'.”e?h'” the Stark |
¢ Conformer IV.¢ Percent difference between experimental (Table 3) Studies described above, it was easy to identify the correspond-

and theoretical parametérConformer V.f Conformer VII. ing spectra in the 620 GHz region. The b-type spectrum was
neither observed in the Stark nor in the MWFT spectra owing
6-311GH+(3df,2dp) level of theory with the results shown in 0 @& smalluy, dipole moment component predicted to be only

Table 3. This table also contains some comparisons with 0-06 D (Table 3). It was therefore not possible to determine an
experimental findings that will be discussed below. accurate value for th& rotational constant of this highly prolate

Stark Spectrum and Assignments.The five isotopes of ~ conformer.
selenium and the presumed presence of several conformers each Another group of lines falling at higher frequencies and with
with well-populated vibrationally excited states should lead to Very similar spectral patterns as that of conformer IV was then
a relatively weak, very rich, and extremely complicated Stark assigned to conformer V. The assigned lines were fitted for the
spectrum. This was indeed found. Absorption lines are seentwo most abundant isotopomers using Pickett's program SPFIT.
every few MHz throughout the entire MW region. The spectroscopic constants were determined according to
Itis seen in Tables 1 and 3 that the low-energy conformers Watson’sA-reduction in the prolaté’ representatioff It was
IV and V are practically symmetrical tops with the largest Not possible to determine tha&,, ¢, and ok centrifugal
component of the dipole moment along teexis. Such spectra  distortion constants for IV and V because only a-type R-branch
may be rather simple because pileups of lines are expected tdransitions were assigned for these very-near symmetrical top
occur at frequencies given approximately B/« C) x (J + conformers. They were therefore preset at the values obtained
1), whereB and C are the rotational constants adds the in the theoretical calculations (Table 2). The results of the fits
rotational quantum number. The fact that most of the transitions @re listed in Table 4. The transitions have been weighted
of the pileups are modulated at low Stark voltages may simplify a_lcco_rdmg to the inverse square of their experimental uncertain-
such spectra considerably. Survey spectra taken at a Starkies in the least-squares fit. The full spectra measured in the
voltage of a few V/cm immediately revealed the existence of Fourier and Stark experiments are given in the Supporting
pileups at frequencies expected for conformers IV and V. Information.
However, the pileups had a most complicated fine structure ~Some lines remained unaccounted for after the assignments
stretching over comparatively large spectral intervals. Overlap- of conformers IV and V had been completed. The large intensity
ping transitions occurred frequently. of many of these transitions excluded the possibility that they
It turned out that centrifugal distortion was important with ~originated from less abundant isotopomers of the conformers
the constant « playing a key role because it is relatively large. IV and V. The G2MP2 method (Table 1) predicted that
A detailed assignment of t#Se-isotopomer (49.8%) was first ~ conformer VI should be the most stable one of all the 14 forms.
obtained for thel = 17 — 16 transition of Conformer IV after ~ These relatively strong transitions were soon assigned to VII.
a good starting value ol had been obtained in the force Only a-type R-branch lines were identified for this conformer
field calculations (Table 3). The RFMWDR method was t00. The spectroscopic constants of this form are included in
employed next to confirm the assignments, which were ulti- Table 3, whereas the spectrum is listed in the Supporting
mately extended up to the= 33— 32 transition. Attempts to  Information.
assign the 78-isotopomer (23.7%) had to be given up owing to  The percent differences between the experimental (Table 4)
the spectral complexities caused by numerous overlapping lines.and calculated (Table 3) spectroscopic constants are given in
The transitions of Conformer V were masked by the spectra Table 3. The largest difference is 3.8%, which can be considered
of excited states of Conformer IV as well as of the spectra of to be satisfactory. The percent differences seen for the cen-
isotopomers. The assignment of this conformer was thereforetrifugal distortion constants are generally somewhat larger, up
only partly achieved by this method. The full assignment is to 10.4%. Not surprisingly, the B3LYP/6-3+H#G** rotational
described in the next paragraph. constants (Table 1) are in considerably poorer agreement with
Unsuccessful RFMWDR experiments were also made to the experimentally determined ones than the MP2/6+31G-
assign other low-energy conformers. Extensive, unsuccessful(3df,2pd) rotational constants are (Table 3).
searches were carried out especially for the H bonded rotamer Energy Differences.Energy differences between conformers
VII. Its successful assignment was, however, made using Fouriercan best be made in the static Stark experiment and not the
transform spectroscopy to be described next. However, after Fourier transform beam experiment where thermal equilibrium
these last-mentioned assignments had been made, it was nds not acheived. The energy differences were determined by
problem identifying transitions belonging to this rotamer in the relative intensity measurements which were performed observing
Stark spectrum. the precautions of ref 19. The dipole moment components of
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TABLE 4: Rotational @ (MHz) and Centrifugal Distortion (kHz) Constants? of 3-Buteneselenol

conf. IV conf. vV conf. VII

SOSe 7859 SOSe 788e BOSe 788e
A 17428(17) 17359(35) 17436.5(22) 17436.5 6108.6983(34) 6115.8445(27)
B 959.16314(6) 966.83805(15) 959.94488(15) 967.67347(25) 1565.75302(5 0) 1578.4470(3)
C 948.88701(6) 956.50322(14) 954.37806(15) 962.03122(25) 1325.06580(5 6) 1334.4873(3)
A; 0.10132(15) 0.10319(20) 0.10699(17) 0.1099(14) 1.0344(15) 1.0529(32)
Ak —6.8282(11) —6.8819(17) —7.6036(15) —7.706(46) —5.684(10) —5.786(18)
Ak 352.9359 352.9359 388.4730 388.4730 19.16 (70) 19.16
03 —0.002% —0.0025 —0.0029 —0.0029 0.2549(28) 0.2549
Ok 4.8232 4.8232 5.9037 5.9037 2.58(14) 2.58
Nd 452 259 323 19 138 2F
of 89 96 72 3 71 1

aWatsonA-reductionl” representatio®® ® Fixed at the ab initio valu€. Fixed at®°Se valued Number of fitted lines® Only MWFT lines fitted.
fStandard deviation in kHz.

the conformers to be compared have to be known. Theseused to assign three rotamers of 3-buteneselenol. The preferred
parameters could not be determined in the Stark experimentform of this compound is stabilized by an internal H bond
owing to insufficient intensities of the spectrum. The theoretical formed between the H atom of the selenol group andsthe
values shown in Table 3 were hence used. It was not electrons of the double bond. The distances between the H atom
straightforward to find suitable lines for intensity comparison of the selenol group and the two carbon atoms of the double
not overlapped by others or perturbed by Stark from neighboring bond are calculated from the structure in Table 2 to be about
transitions. The H bonded conformer VIl is 1.9(5) kJ/mol more 292 and 275 pm, respectively, compared to the sum of the van
stable than IV and 1.6(7) kJ/mol more stable than V. The der Waals radii of H (120 pm) and aromatic carbon (170 pm),
uncertainties are assumed to encompass the systematic uncetotaling 290 pn2 The internal H bond is thus quite weak as
tainties of the dipole moment as well as baseline uncertainties. expected.

Structure. A full structure of the three identified forms cannot The two high-energy conformers IV and V are similar to the
be derived from the rotational constants listed in Table 4. high-energy conformers found for the corresponding afrfine
However, it has been pointed out that the MP2 procedure with and thiol® A rough value for the strength of the H bond can be
a large basis set is able to predict accurate equilibrium taken to be the energy difference between conformer IV and
structureg? The bond lengths associated with the selenium atom VIl (1.6(7) kJ/mol), and between V and VII (1.9(5) kJ/mol).
are the most critical parameters to calculate accurately. It is The corresponding H bond strengths are about 2 kJ/mol in
reassuring that the MP2/6-3%3G(3df,2pd) procedure appears 1-amino-3-buten®® and about 3 kJ/mol in 3-butenethfolhe
to represent a satisfactory level of theory as the-8g and H bonds thus appear to be slightly weaker in the 3-buteneselenol
Se—Hi3 bond lengths are calculated to be roughly 195.4 and than both in its amino and thiol counterparts.

146.2 pm, respectively, (Table 2) in good agreement with the
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