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The kinetically unstable compound 3-mercapto-2-propenenitrile{EBI3—=CH—C=N) has been prepared

for the first time by flash vacuum pyrolysis at 80C of 3-(tert-butylthio)-2-propenenitrile with a yield of

77% and aZ:E ratio of 8:1. Several deuterium adeN isotopologues were also prepared using isotopically
enriched compounds. Quantum chemical calculations of the structural and conformational properties of the
Z- andE-isomers were undertaken at the B3LYP/6-3HG(3df,2pd), MP2/6-31++G(3df,2pd), MP2/aug-
cc-pVTZ, and G3 levels of theory. These methods all predict tha#Zthend theE-forms each have two
“stable” planar rotameric forms with the+5—C=C link of atoms in either a synperiplanar or an antiperiplanar
conformation, with the synperiplanar form of tdesomer as the global minimum. Th&isomer has been
investigated by means of Stark-modulation microwave spectroscopy. Spectra attributable to the parent and
three deuterium-substituted isotopologues of a single conformer were recorded and assigned. Additionally,
the spectrum belonging to the first excited state of the lowest bending vibration was assigned. The ground-
state rotational constants obtained by the least-squares analysis of these transitions were found to be in excellent
agreement with the corresponding approximate equilibrium values generated by the MP2/aug-cc-pVTZ
calculations. The preferred conformer of this molecule was found to have a synperiplanar arrangement of the
H—S—C=C chain of atoms and a planar or nearly planar geometry, with a stabilizing intramolecular hydrogen
bond formed between the H atom of the thiol group anelectron density associated with the=N triple

bond. The possible astrochemical/astrobiological significance of this compound is discussed.

Introduction could not be isolated or characterized. The major aim of this
work has therefore been to develop an effective preparation
procedure for this kinetically unstable compound and to study
its physical properties by means of mass spectrometry, NMR,
infrared (IR), and microwave (MW) spectroscopies and high-
level quantum chemical calculations. Much of this work is
focused on the MW study because this method is useful for
identifying molecules in interstellar space, in comets, and in
the atmosphere of planétsin addition, accurate structural
information is obtained by the use of this method. Advanced
guantum chemical calculations have now become a reliable and
useful method for the investigation of properties of relatively
small molecules, such as MPN. Such calculations were under-
taken to augment the experimental work.
3-Mercapto-2-propenenitrile exists in tde andE-configura-
tions, henceforth abbreviated Z-MPN and E-MPN, respectively.
Rotation about the -SC bond allows rotational isomerism to
exist for each of these forms. Typical examples of rotational
isomerism are shown in Figure 1, where the four rotameric forms
. . found as minima on the energy hypersurface in the quantum
existence of MPN a possibility that we thought deserved further .o ical calculations are depicted. The interesting structural

investigation. , _and conformational properties and energy differences between
There have been attempts to synthesize and characterizgne various forms of MPN are another focal point of this
MPN. Hartke and Guther reported that they were able to obtain investigation.

MPN in solution, but the compound decomposed readily and

It has been suggested that the adducts of amines, alcohols
and thiols to cyanoacetylene tHC=C—C=N) could have
played a determining role as precursors of life in prebiotic
chemistry and could be components of the interstellar medium
or of planetary atmospherés® Recently, the physical properties
of the ammonia (Nk) adducts to cyanoacetylen&){ and @)-
3-amino-2-propenenitrile (##NCH=CHC=N), have been in-
vestigated in our laboratoriés$.In our experiment, th&- and
E-isomers were obtained in a 95:5 ratio, tAesomer being
more stable than thB-isomer. The infrared spectra of tlie
andZ-isomers were assignédyhereas the microwave (MW)
spectrum of only th&-form was identified: The spectroscopic
works were augmented by quantum chemical calculatiéns.

The subject of this study, 3-mercapto-2-propenenitrile{HS
CH=CH—C=N, henceforth called MPN) is formally an adduct
of dihydrogen sulfide (KS) to cyanoacetylene. The fact that
several compounds containing sulfur have already been identi-
fied in interstellar space and in confetsakes the extraterrestrial

Experimental Section
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Figure 1. Models of two conformers ofH)-3-mercapto-2-propene-
nitrile and two conformers of4)-3-mercapto-2-propenenitrile. The H1
S—C1-C2 chain of atoms is synperiplanar in the conformers denoted
| and antiperiplanar in the conformers denoted II.
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Synthesis of 3-Mercapto-2-propenenitrile and Its Isoto-
pologues The thermal or photochemical reaction ofS+with
cyanoacetylene led only to a bisadduct, the'-&®di-2-
propenenitrile (mainly theZ,Z-stereoisomer;- 90%). We found
that MPN can be prepared by flash vacuum pyrolysis (FVP) at
800 °C of 3-(ert-butylthio)-2-propenenitrile (yield 77%)
(Scheme 1). Pyrolysis of 3;8hiodi-2-propenenitrile also led
to 3-mercapto-2-propenenitrile, but in a low yield (13%), in the
presence of acrylonitrile and some other products. In both

Cole et al.

condensation of the isobutene byproduct. To record the NMR
spectra, the cell was attached to a vacuum line and MPN and
an NMR solvent (CI3CN or CDCE) were condensed on a cold
finger (77 K) equipped at the bottom with an NMR tube. The
solution was then transferred to the NMR tube and kept at low
temperature<50 °C) before analysis. MPN was obtained in a
77% vyield and in an 8:1ZE ratio, according to the NMR
spectrum. Attempts to condense and then vaporize MPN in
vacuo led to a significant loss of product. To record the mass
spectra of thioll, the cooled cell was connected directly to the
ionization chamber of the spectrometidd. NMR (CDCl) (Z-
isomer): 0 4.17 (d, 1H,3J4y = 12.8 Hz, SH); 5.44 (d, 1H,
8Jun = 10.4 Hz, CHCN); 7.06 (dd, 1H)uy = 12.8 Hz,3Jyu=

10.4 Hz, CHS)3C NMR (CDCLk) (Z-isomer): ¢ 95.3 (d, Jcn

= 180.7 Hz, CHCN); 115.3 (CN); 143.2 (d)cy = 175.9 Hz,
CHS).™H NMR (CDCly) (E-isomer): 6 3.67 (d, 1H,334y =
11.3 Hz, SH); 5.48 (d, 1HJun = 15.9 Hz, CHCN); 7.28 (dd,
1H,3J4y = 15.9 Hz,2Jyy = 11.3 Hz, CHS)X*C NMR (CDCk)
(E-isomer): 6 96.5 (d,%3Jcy = 179.9 Hz, CHCN); 116.4 (CN);
144.3 (d,YJcy = 176.7 Hz, CHS). IR (film, 77 K):v (cm™Y)
3063 Q/C:CfH), 2546 @S*H), 2214 Q/CN), 1633 Q/C:C)- HRMS:
calcd for GH3NS, 84.99862; found, 84.9993. The half-life of
compoundl (5% diluted in CDCYJ) is on the order of about 1
day at room temperature in the presence of small amounts of
duroquinone, a radical inhibitor.

2- and 3-Deuterio-3-mercapto-2-propenenitrile (1a,h)A
mixture of compound4aandlb was obtained by thermolysis
of a mixture of 2- and 3-deuterio-3eft-butylthio)-2-propene-
nitrile (2a,b), previously prepared by addition of 2-methyl-2-
propanethiol to cyanoacetylene (or of 2-methyl-2-propanethiol
to deuteriocyanoacetyleng}! Similarly, FVP of 3-(ert-bu-
tylthio)-2-propenenitrile®®N (2c) (10% isotopic purity) gave
3-mercapto-2-propenenitrif®N (1c). 13C NMR (CDCk): o
115.2 £Jcy = 18.2 Hz, CN).35N NMR (CDCls, 30.4 MHz): 6
—109.9.

Further experimental data for compouridsb and2a—c are
found in the Supporting Information.

3-(Mercapto-d)-2-propenenitrile (1d) (DSCH=CHCN).
The cell was first conditioned with heavy water. Fumes of MPN
were then introduced. The spectra observed for DSCHCN
were observed to have roughly 50% of the intensity of those of
the pure parent species.

Microwave Experiment. The spectrum of Z-MPN was
recorded in the 50:080.0 GHz frequency region with the
microwave spectrometer at the University of Oslo. Details of
the construction and operation of this device, which &&2 m
Hewlett-Packard Stark cell, have been given elsewkere.
Although it is usual to cool the Stark cell while recording the

approaches, 3-mercapto-2-propenenitrile was obtained in an 8:1Spectra to increase spectral intensity, this was not possible during

(Z:E) ratio. The high kinetic stability observed for 3-amino-2-
propenenitrile (INCH=CHCN) by comparison with ethenyl-
amine (HC=CHNH,)® was not observed for the sulfur deriva-
tives; the half-life of 3-mercapto-2-propenenitrile diluted in a
solvent was about 1 day at room temperature, which is
comparable with the half-life of ethenethi@l.

Preparation of 3-Mercapto-2-propenenitrile (1). 3-(tert-
Butylthio)-2-propenenitril2! (423 mg, 3 mmol) was vaporized
in a vacuum line (10" mbar) equipped with a short oven (15
cm) heated to 800C. The vacuum line was equipped with two

the present investigation, because of the low volatility of
Z-MPN.

The quantum chemical calculations performed below at the
MP2/aug-cc-pVTZ level predict that Z-MPN should have a
dipole moment component along thgrincipal inertial axis of
about 8.7x 1073 C m (2.7 D). This should result in a
comparatively strong MW spectrum. However, it turned out that
it was problematic to obtain its Stark spectrum for several
reasons. The samples used in our experiments were synthesized
in Rennes and were transported to Oslo dissolved in dichloro-

traps. The first trap was held at room temperature and removedmethane. Purification was performed by distillation in vacuo

the oligomeric products, while thidlwas selectively condensed
in the second trap, which was cooled t6100 °C. This

and selective trapping of MPN at78 °C. Unfortunately, it was
not possible to remove the last remains of dichloromethane

temperature was chosen to trap 3-mercapto-2-propenenitrile,completely this way. This was essential because dichloro-

which is kinetically stable at this temperature, without the

methane has a strong and rich MW spectrum. Pumping on the
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sample by simply using a diffusion pump was not sufficient. It TABLE 1. Spectroscopic Constants Obtained for the Lowest
was necessary to heat the sample vigorously with a heat gunEnergy Conrf]orm_erlof (%)-:la-l\_/lercaptg-z-propenemtnle from
while evacuating with a diffusion pump to remove the last Quantum Chemical Calculations and Experiment

dichloromethane completely. Much of the sample was destroyed spectroscopic B3LYP/ MP2/
or lost during this process. constant  6-311H+G(3df,2pd) aug-cc-pVTZ  experiment
The measured vapor pressure of Z-MPN at room temperature A/MHz 9267.1 8751.1 8878.579(20)

was roughly on the order of £25 Pa. The observed spectrum B/MHz 2535.4 2679.4  2640.8911(24)
was much weaker than expected for a molecule with a dipole C/MHz 1990.9 20513 2033.2968(24)
moment of roughly 9« 10739 C m. It was therefore assumed adkHiz 1.98 2,139(5)

: : e AjdlkHz —-16.4 —15.462(12)
that a major part of the vapor belongs to gaseous impurities. A, /kHz 492 41.2(3)
Several of these lines were checked against libraries of  dykHz 0.610 0.6851(10)
compounds whose MW spectra have been assigned, but no dx/kHz 3.17 3.24(4)

identifications of thesg 'mp‘%”ty lines could be_m_a(_je. It was TABLE 2: A Comparison of the Relative Energies of the
also observed that the intensity of the spectrum diminished rathergiapje Conformers of ¢)- and

rapidly with time in the Stark experiment. It is assumed that (E)-3-Mercapto-2-Propenenitrile Obtained from Quantum
this is due to the kinetic instability of the compound. The cell Chemical Calculations

therefore had to be refilled frequently with fresh sample. Z-isomer E-isomer
. . . con- con- con- con-
Quantum Chemical Calculations and Microwave Study method former | former Il former | former Ii
Quantum Chemical Calculations The use of quantum  B3LYP/6-314-+G(3df,2pd) 0.0 6.46 6.28 5.55
chemical calculations provides two principal benefits to the study MP2/6-311+G(3df,2pd) 0.0 7.66  10.57 9.48

0.0 8.06 11.40 10.41

; ; MP2/aug-cc-pVTZ
of a molecule by MW spectroscopy. First, the calculation of 0.0 6.63 8.07 2 A7

rotational constants and centrifugal distortion constants for the
possible conformers of the molecule, along with the relative 2 Energy differences are quoted in kJ ol
energies of these conformers, is of great assistance in assigning
rotational spectra. Second, the quantum chemical calculationswas employed to calculate Watsorsreduction quartic cen-
may provide additional information about the properties of the trifugal distortion constant®,which are listed in the same table.
molecule that may not be readily available by experimental  Relative energy calculations were performed for conformers
methods, such as predictions of the approximate equilibrium | and Il of both theZ- and E-isomers. The relative energies
geometries of the conformers. were obtained from geometry optimizations at the B3LYP/6-
In the current investigation, ab initio geometry optimizations 311++G(3df,2pd), MP2/6-31++G(3df,2pd), and MP2/aug-
were performed for Z- and E-MPN using the Gaussian 03 cc-pVTZ levels and from G3 calculatioA$The results of these
electronic structure packalfén conjunction with the University ~ calculations are presented in Table 2.
of Oslo’s 64-processor HP “superdome” compufeBecond- It can be seen from this table that Z-MPN conformer | is the
order Mgller-Plesset perturbation theory (MP2yvas used to global minimum favored by 5:611.4 kJ/mol relative to the
incorporate the effects of electron correlation. These optimiza- other conformers, depending on the computational procedure.
tions were undertaken using both the 6-3#G(3df,2pd) basis  This energy difference is quite consistent with the experimental
set”18and Dunning’s extensive aug-cc-pVTZ basis’8ethich finding above thaZ- and theE-isomers are formed in an 8:1
includes polarized functions for valence electrons and is ratio. It is therefore possible that the formation of MPN is
augmented by extra diffuse functions. In addition, density thermodynamically controlled.
functional theory (DFT) geometry optimizations were performed  An interaction between the hydrogen atom of the thiol group
by use of the B3LYP hybrid functional (Becke's three-parameter and the nitrile group seems to be possible in the most “stable”
hybrid functionak® employing the Lee, Yang, and Parr cor- form (Z-isomer conformer ). This rotamer is predicted to be

relational function&®) in conjunction with the 6-314+G- 6.5—8 kJ/mol more stable (Table 2) than thésomer conformer
(3df,2pd) basis set. [, in which this interaction is not possible.
Structure refinements were performed for the and the Interestingly, the energy difference between conformers | and

E-isomers. No symmetry restrictions were imposed on the Il of E-MPN is calculated to be much less (roughly 1 kJ/mol).
starting geometries, which were fully optimized. The MP2/6- No interaction of this kind is of course possible in taésomers

311++G(3df,2pd), MP2/aug-cc-pVTZ, and B3LYP/6-3t1G- of MPN. The small energy difference calculated for the last-

(3df,2pd) calculations all predict the same two minima on the mentioned conformers is reminiscent of the energy difference
potential energy hypersurface of each of Ba@ndE-isomers. found for the corresponding two rotameric forms of a similar

These minima all have a symmetry pla@g éymmetry). They molecule, ethenethiol (0.6 kJ/maty.26

are depicted in Figure 1, where it is seen that the-8+C1— Assignment of the Microwave Spectrum of Conformer |

C2 dihedral angle is either synperiplanar or antiperiplanar in The fact that the quantum chemical calculations indicate that
these forms. The MP2/aug-cc-pVTZ structures and rotational Z-MPN conformer | would be lower in energy made us search
constants of these four isomers are given in the Supporting first for this rotamer. A prediction of the MW spectrum of this
Information, Table 6S. The MP2/aug-cc-pVTZ and B3LYP conformer was therefore made using the predicted MP2
rotational constants af-isomer conformer | (assigned in this rotational and B3LYP centrifugal distortion constants shown
work) from these optimizations are presented in Table 1. in Table 1.

Calculations of the vibrational frequencies were performed The components of the molecular electric dipole moment
by use of the B3LYP procedure. Positive values were predicted along the principal inertial axes, obtained from the B3LYP
for all the normal vibrational frequencies of the four forms calculation, werei, = 8.7 x 10730 C m (2.6 D),up = 8.3 x
shown in Figure 1, as expected for minima of the potential 1072 (2.5 D), andu; = 0.0 x 10730 C m (for symmetry
energy hypersurface. The force field obtained in this connection reasons). Thea-type, R-branch transitions were sought first,
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TABLE 3: Experimental Spectroscopic Constants for the Parent and Three Deuterium-Substituted Isotopologues of
(2)-3-Mercapto-2-propenenitrile

spectroscopic HSCH=CHCN,
constant HSCH-CHCN DSCH=CHCN HSCB=CHCN HSCH=CDCN excited state
A/MHz 8878.579(20) 86174 8383.9 8230.% 8878.579
B/MHz 2640.8911(24) 2639.533(74) 2615.666(86) 2622.79(11) 2635.23(13)
C/MHz 2033.2968(24) 2018.487(85) 1991.60(10) 1986.87(13) 2031.19(16)
Ay/kHz 2.139(5) 2.092(15) 2.040(17) 2.039(20) 2.058(27)
Ajl/kHz —15.462(12) —14.34(4) —13.87(6) —13.79(9) —15.14(10)
Axl/kHz 41.2(3) 41.2 41.2 41.2 41.2
04/kHz 0.6851(10) 0.68531 0.685% 0.685% 0.685%
Ox/kHz 3.24(4) 3.2 3.24 3.24 3.24
olkHz 0.10 0.15 0.15 0.15 0.23
Ne¢ 123 54 50 42 52

a See the text for the method used to evaluatethetational constants for deuterium-substituted isotopologues. The accuracyfofdtaional
constant of the deuterated species is estimated to be withiNHz.  Constant fixed at the value obtained from the ground-state spectrum of the
parent isotopologue.

because of the large dipole moment component along thés parameter was therefore held fixed at the value of the ground-
and the characteristic pattern displayed by these transitions.state constant.

Identifying these transitions was not, however, a trivial matter,  According to the above calculation of the vibrational frequen-
owing to the low volatility and instability of Z-MPN and  cies of Z-MPN at the B3LYP/6-3tt+G(3df,2pd) level of
problem of removing dichloromethane, as described in the theory, the vibrational mode having the lowest frequency will

Experimental Section. be an in-plane bending frequency at 127 ¢énit is considered
Having recorded the spectrum of Z-MPN without transitions probable that the observed excited-state spectrum corresponds

belonging to dichloromethane, it was possible to iderditype, to this vibrational mode.

R-branch transitions, having relatively high values kof;. Spectra of IsotopologuesThe ground-state rotational spectra

Fitting these transitions in a least-squares analysis, using theof three deuterium-substituted isotopologues, namely, DSCH
ROTFIT program due to Sgrens€hallowed the rotational CHCN, HSCDB=CHCN, and HSCHKH-CDCN, were recorded
constantsB and C to be determined with a high degree of using isotopically enriched samples of Z-MPN produced ac-
accuracy. Subsequently, a numberbetfype, Q-branch transi-  cording to the methods described above. For each of the
tions were identified and incorporated into the fit, which led to  deuterated isotopologues, a numberdfpe, R-branch transi-
a reduction in the error associated with the value of e tions were observed, and the rotational constants obtained from
rotational constant. The rotational and quartic centrifugal the least-squares analysis of these transitions can be found in
distortion constantsA(—reQucnon | repre;entatlo?rﬁ) obtained _ Table 3. The measured transition frequencies and residual errors
from the least-squares fit are reported in Tables 1 and 3, while from the least-squares fit are given in the Supporting Informa-
the transition frequencies and residual errors from the last cycletion, Tables 355S.
of the fit are given in the Supporting Information, Table 1S. It was not possible to assign the spectrum of the HSCH
The inertial defect defined as = Ic — la — I, Wherely, I, CHC™N species, which was synthesized as described in the
andl. are the principal moments of inertia, was calculated from Supporting Information, because the 1% enrichment used
the rotational constants of the ground vibrational state of the in this case apparently resulted in too weak intensities of the
parent species using a conversion factor of 505379.A%2° spectral lines.

u m? MHz and found to beA = 0.2635(4)x 10729u n?. This Because onlg-type transitions were assigned, #heotational
value should be compared to the merﬂ;aol defec;sof vinyl cyanide constant could not be accurately determined. The inertial defect
(H2C=CHC=N), which is 0.163x 1072° u n¥*® and to the varies little for various isotopologues of a planar compound.

inertial defect of the Z%ynperiglggar conformer of ethenethiol, Therefore, the value o4 for each deuterium isotopologue was
which is 0.0312x 1020 u n¥.2472% Both these compounds are  yaried systematically, but held fixed in the least-squares

known to be planat24-26 The fact that Z-MPN has the largest procedure, until a value of 0.264 10-20 u n2 was obtained

inertial defect of these three compounds was expected becausgy, the inertial defect. The values of ttAg constants estimated
itis larger with more low-frequency modes than found in either i this way are shown in Table 3. The fact that an approximate
vinyl cyanide or ethenethiol. It is therefore concluded that the gjye of the inertial defect of these isotopologues is similar to
title molecule has a planar or nearly planar equilibrium that of the parent species for a planar compound makes it
geometry. possible to estimate the accuracy of therotational constants

It was not possible to determine the dipole moment becauseobtained in this manner. Thay rotational constants of the
the transitions were so weak that no quantitative measurementsieuterated species shown in Table 3 are therefore estimated to
could be made. be accurate to withiat5 MHz.

In addition to the ground-state spectrum, a total of 52  Failure To Detect Further Isomers. The absence of transi-
transitions were observed that could be attributed to a vibra- tions attributable to conformer Il of Z-MPN or to conformers |
tionally excited state of conformer I. The spectroscopic constantsand Il of E-MPN is not unexpected, since the quantum chemical
obtained by fitting this spectrum are given in Table 3, and the predictions (Table 2) of the relative energies of conformers |
observed transition frequencies and residuals are in the Sup-and Il suggest that conformer Il is at least 6 kJ mdligher in
porting Information, Table 2S. Only¥R transitions with energy than conformer I. An energy difference of this magnitude
relatively high K_; were assigned in this case, owing to would cause the spectrum of conformer Il to be substantially
insufficient spectral intensity. It was therefore not possible to weaker than that of conformer I. A number of weak transitions
determine an accurate value of tAeotational constants. This  were observed that were not assigned to conformer |I. It is
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TABLE 4: Principal Axes Coordinates (pm) of Some Atoms
in (Z)-3-Mercapto-2-propenenitrile

rs coordinate® re coordinates

atom
i |ai] il |cil 8 bi C
H1 31.3 131.8 0.2 457 —131.1 0.0
H2 134.5 185.0 0.1 131.7 185.4 0.0
H3 113.3 213.4 0.2 -—108.3 215.9 0.0

2 See the text for the method used to determimordinates? From
an ab initio geometry optimization at the MP2/aug-cc-pVTZ level of
theory.

believed that these transitions belong either to further vibra-
tionally excited states of conformer | or to impurities in the
sample.

Attempts to assign spectra of conformers | and Il of the

J. Phys. Chem. A, Vol. 111, No. 7, 200263
b A
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Figure 2. Z-Isomer conformer | in thea—b principal inertial axis

E-rotamer were also made, but without success. This is in accordsystem.

with the quantum chemical predictions of the energy differences

(Table 2) and the fact that 3-mercapto-2-propenenitrile is formed 2PProximatere values from a geometry optimization at the MP2/

in an 8:1Z:E ratio.

Substitution Coordinates A method for determining the
position of an atom in a molecule by considering the equilibrium
moments of inertia of isotopically substituted species was
developed by Kraitchma#?.By solving Kraitchman’s equations
with the equilibrium moments of inertia of the parent and

substituted isotopologues, the coordinates of the substituted atom

can be calculated in the principal inertial axis system of the

aug-cc-pVTZ level (Table 1) was to within-R2%. It is therefore
considered likely that the structure predicted by this calculation
represents a close approximation to the actual equilibrium
structure of Z-MPN and that a closer examination of this
structure will allow useful information regarding the interaction
between the thiol and nitrile groups.

One parameter of particular interest in this respect is the
distance between the H atom of the thiol group and the midpoint

parent isotopologue. For the case of a nonplanar asymmetricOf theé G=N bond, which takes a value of 251 pm in this

rotor, Kraitchman’s equations take the form

|a|:(AP“[1+i]{1+i}
° u (Ia_lﬁ)

(e —1)
whereas is the principal axis coordinate of the substituted atom,
APy = —Aly + Alg + Al,, andAl, = I'q — . The position
of an atom relative to the three principal inertial axes can be
calculated by cyclic permutation of, 3, andy overa, b, and

calculation. This represents a significant reduction from the
value of 290 pm for the sum of the van der Waals f&dif the
hydrogen atom (120 pr#dand the half-thickness of an aromatic
molecule (170 pn#} involved in the interaction and suggests
that these groups do form an intramolecular hydrogen bond. It
is also noted that the=eN and S-H bonds are 18from being
parallel. The corresponding bond moméhgse therefore almost
antiparallel, which is an ideal situation stabilizing conformer I.
Another interesting result is the similarity in the energies
predicted for conformers | and Il of E-MPN, which differ by

c. It should be noted that this method gives the modulus of the approximately 1 kJ mof for a given level of theory (Table 2).

coordinates of an atom. Experimental values for the equilibrium

Hydrogen bonding is of course not possible in Exésomers.

moments of inertia were not determined during the course of In contrast, the difference between conformers | and Il of
the present investigation; however, solving Kraitchman’s equa- Z-MPN is greater than 6 kJ/mol according to the calculations,
tions with ground-state moments of inertia will instead yield which is another indication that the observed conformer | is
the substitution ) coordinate® of the substituted atom. indeed stabilized by the formation of an intramolecular hydrogen
This procedure was carried out using the ground-state bond.
moments of inertia obtained from the spectra of the parent and The six-membered ring formed by the hydrogen bond should
deuterated isotopologues of conformer I, giving the magnitudes increase electron conjugation in conformer | as compared to
of the principal axis coordinates of three H atoms, which are conformer Il. This electron delocalization should lead to slightly
reported in Table 4. Also reported in Table 4 are the principal shorter S-C1 and C2-C3 bonds and longer-8H1, C1=C2,
axis coordinates of these atoms, as predicted in the ab initioand C3=N bonds in conformer | as compared to conformer II.
calculation at the MP2/aug-cc-pVTZ level of theory. This is exactly what the MP2/aug-cc-pVTZ calculations predict
The agreement between the two sets of coordinates is good(Table 6S, Supporting Information).
especially when the small differences usually observed between Conformer | is not the first example of internal hydrogen
re andrs values are taken into account. It is concluded that the bonding involving thiol and nitrile groups. Another example is
observed microwave spectra belong to conformer | of Z-MPN, 3-mercaptopropionitrile (HSC}¥H,C=N),34in which its most
because very different substitution coordinates would have beenstable conformer seems to be stabilized by this interaction.
found for the other three forms. It is also concluded that the Another similar example where the thiol group interacts with a
MP2/aug-cc-pVTZ geometry optimization is an accurate rep- triple bond is seen in 3-butyne-1-thiol (HS@EH,C=CH),3
resentation of this conformer. This is in accord with the finding where a GC bond is the proton acceptor group.
that MP2 structures obtained using large basis sets are close to In fact, a number of other molecules possessing a thiol group

the equilibrium structure® A model of conformer | of Z-MPN
in the a—b principal axes system, based on the MP2/aug-cc-
pVTZ result, is shown in Figure 2.

Evidence for Intramolecular Hydrogen Bonding. It was

acting as proton donor in intramolecular hydrogen bonds have
been studied to date, including cyclopropanemethanethiol
(C3HsCH,SH) 26 2-furanmethanethiol (§6H30CH,SH) 37 1,2-
ethanedithiol (HSChHCH,SH) 38 2-propenethiol (HC=CHCH,-

found that the agreement between the experimentally determinedSH)3° aminoethanethiol (BNCH,CH,SH)*%-42 methylthio-

ground-state rotational constants for conformer | and the

glycolate (HSCHCOCH),*® thiiranemethanethiol (§Hs-
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SCHSH) and 3-butene-1-thiol (HSGEH,CH=CH,).45461t (13) Mgllendal, H.; Cole, G. C.; Guillemin, J.-G. Phys. Chem. 2006

is also known that hydrogen bonds involving thiol groups are 110 921.
yarog 9 group (14) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,

of importance in b|o|og|pa| structures, owing to the presence y; s " cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
of this functional group in the amino acid cysteine. Hydrogen N.: Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.:
bonding between the SH group of cysteine and O and N atoms, Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A;

: . ; Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
along w]th aromatic rings, exerts an influence over the structure Ishida, M : Nakajima, T.; Honda, ¥ ; Kitao, O.. Nakai, H.; Klene, M.; Li,
and activity of protein moleculée¥.

X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Adamo, C.; Jaramillo, J.;
Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R;
Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A,;
Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels,
We report the first successful synthesis of MPN in high yield A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D;
and in an 8:1Z:E ratio, and we have been able to characterize Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G;
. . . . Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz,
theZ- andE-isomers by several physical techniques. High-level p . komaromi, I.: Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.;
guantum chemical calculations show that there are two stablePeng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson,
planar forms of both Z- and E-MPN. The global minimum is B-; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. Baussian 03

Conclusions

found for Z-MPN conformer I. The MW spectra of the parent RcV/Sion B.03; Gaussian, Inc.:. Pittsburgh PA, 2003,

(15) magnum.uio.no, 2005.

species of this form and three deuterated species have been (16) Mmgiler, C.: Plesset, M. Shys. Re. 1934 46, 618.
assigned. These spectra may form the basis for a possible (17) krishnan, R; Binkley, J. S.; Seeger, R.; Pople, I.AChem. Phys.

identification of this compound in interstellar space, in comets,

198Q 72, 650.

and in the atmosphere of planets. Evidence is presented to show (18) McLean, A. D.; Chandler, G. S. Chem. Phys198Q 72, 5639.

that the global minimum is stabilized by a weak internal

hydrogen bond formed between the hydrogen atom of the thiol

group and ther electrons of the nitrile group.
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