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One- and two-color, mass selected R2PI spectra of the- & transitions in the bareR}-(+)-1-phenyl-1-
propanol and its complexes with bidentate solvent molecules, likeRpé—)- and §-(+)-3-hydroxytet-
rahydrofuran enantiomers, have been recorded after a supersonic molecular beam expansion. The one-color
R2PI excitation spectra of the diastereomeric complexes are characterized by three main peaks, one red-
shifted and the other two blue-shifted relative to the band origin of the most stable anti conformer of the bare
chromophore. The opposite direction of these spectral shifts is ascribed to the occurrence of three different
hydrogen bonded isomeric structures for each individual complex, while their different magnitude depends
on the configuration of the bidentate solvent molecule as well as its specific hydrogen bond interaction center,
whether the ethereal oxygen atom or the hydroxyl group. The same factors play a major role in determining
the magnitude of the phenomenological activation barriers for the loss of an ethyl radical from the ionized
diastereomeric complexes.

1. Introduction

The biological functions of DNA are strictly related to its
structural variability and flexibility which, in turn, depend on
its base sequence and the environmental conditiohhe
critical importance of DNA flexibility for its biological functions
is apparent from structures of its complexes with protéins,
enzymes; 7 and drug&in which the noncovalent interactions
within the polynucleotide chain and between it and the specific
partner play a crucial role.

A detailed understanding of the nature and the specificity of
these weak interactions requires the adoption of tailor-made
simplified models and experimental methodologies excluding
the interference from complicating environmental factors. One
approach is to examine in the isolated state the spectroscopic
features of tailor-made complexes containing components which
mimic the much more complicated DNA biological systems.
Among the most suitable candidates, a prominent position is C,-ex0
occupied by theR)-(—)- (Thgr) and §-(+)-3-hydroxytetrahy- ’
drofuran Ths) enantiomers that, because of their similarity to Figure 1. Conformational isomers of of 3-hydroxytetrahydrofuran
the furanose rings of nucleotides (Figure 1), can be considered(Thrgys).
as a prototypical building block of living matter. Like many
other five-membered ringg;hr and Ths may assume several
ring-puckering conformationsBesides, since they have two
different functionalities, there are several different possible
structures of their complexes with other molecuf€$he first

C:-endo

aim of the present study is to shed light on the structure acquired
by eitherThg or Ths enantiomers (henceforth denotedliéss)
when interacting with a model chiral receptor, that B)-(+)-
1-phenyl-1-propanolRR), and on the nature of the noncovalent
interactions holding them together in the isolated state. A second
purpose is to assess the role of the asymmaéthig;s solvent
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cavities. Hence, knowledge of the effects of an asymmetric contribution of heavier clusters to the spectra. The molecular
microenvironment on the behavior of chiral radical ions is beam was allowed to pass thrdug 1 mmskimmer into a
crucial for a more exhaustive comprehension of chiral recogni- second chamber equipped with a TOF mass spectrometer. The
tion and rate acceleration by enzymes. Its impact extends tolaser system consisted of two dye lasers pumped by a doubled
another important field as well, that is, that concerning the Nd:YAG (1 =532 nm). The dye fundamental frequencies were
abiogenic origin of chirality. Indeed, knowing the effects of doubled and, when necessary, mixed with residual 1064 nm
asymmetric microsolvation on the evolution of chiral species radiation in order to obtain two different frequencies,and
in the isolated state may represent a key for elucidating the v,. The ions formed by R2PI ionization in the TOF source are
“chiral enrichment” mechanism of chirogenesis, that is, the mass discriminated and detected by a channeltron after a 50
preferential destruction of a specific enantiomer bound to a chiral cm flight path. The photoionization spectra are corrected for
selector. the effect of the electric field strength (200 V c# produced
Mass-resolved resonant two-photon ionization spectroscopy by the extraction plates of the TOF spectrométer.
(R2PI-TOF) on a supersonically expanded molecular beam is
recognized as a powerful and highly accurate tool for these 3. Computational Methods
purposeg! Supersonic beam expansion leads to the formation
of isolated molecular complexes in their electronic ground state 1€ clusters formed biyr and the selected solvent molecules
at the lowest rotational and vibrational levels. As a consequence, @€ characterized by weak intermolecular forces among their
their excitation spectra often display only a few well-resolved functional groups. Besides, the two moieties may assume several
peaks. Furthermore, the low internal temperature of the Super_dn‘ferent confermatlons. Therefore, the potential energy surface
sonically expanded adducts, ranging around a few keMi#, (PES) of_thelr adducts is expected to be relat|ve_ly flat and
favors population of the enthalpically most stable structural characterized by an ensemble of local energy minima. As a
isomer and sometimes stabilization of other structural variants, consequence, a full quantum-chemical description of the relevant

if their interconversion requires the overcoming of appreciable PES is not feasible. Thus, the computational procedure adopted
energy barriers. is based on a classical local energy minima search and a

One-color R2PI (1cR2PI) experiments involve excitation of Subsequent full quantum energetic approach.
the molecular complex to its discrete Sate by the absorption MM3 force field classical molecular dynamics is run for each
of one photon of frequency; and to the ionization continuum neutral adduct at a temperature of 800 K with some constraints
by the absorption of another photon with the same frequency, t0 overcome dissociation; the cumulative time is 0.1 ns with a
v1. The 1cR2PI excitation spectra have been taken by recordingtime step of 0.5 fs and a dump time of 1 ps. The 100 snapshots
the entire TOF mass spectrum as a function vef The are then optimized with a convergence of 4Rcal/mol/A RMS
wavelength dependence of a given mass-resolved ion representgradient per atom. The obtained optimized structures are
the excitation spectrum of the cold species and contains classified according to their energy and conformation.
important information about its electronic excited stateT®vo- Each molecular and cluster conformer is optimized with a
color R2PI (2cR2PI) excitation spectra involve instead excitation density functional theory (DFT) approach using a medium size
of the molecular complex to its discrete; State by the basis set. The DFT Hamiltonian is Becke’s three-parameter
absorption of one photon of frequeneyand to the ionization hybrid functional with the Lee, Yang, and Parr correlation
continuum by the absorption of a second photon of a different functional; the basis set is the 6-31G** split valence plus
frequencyv,. The excitation spectra of a given complex are polarization functions. The frequency calculations have been
obtained by fixingv, at a value slightly above the ionization carried out in the harmonic approximation. The binding energies
threshold and by scanning. In this way, no significant excess  are computed as the difference of the total energies of the various
energy is imparted to the complex and decomposition of optimized systems and corrected for the differences in the zero
conceivable higher-order clusters is minimized. The ionization point energies and the basis set superposition error, as computed
and dissociation thresholds of a given species correspond towith the Boys and Bernardi counterpoise methdd.
the signal onsets obtained by scanningvhile keepingv; at
the fixed value corresponding to the § S transition. 4. Results and Discussion

When a chiral chromophore, likeg, interacts with a chiral L . )
molecule, likeThgss, its spectroscopic properties (including the 41 Excitation Spectra and Structural AssignmentsFig-
S — S electronic band origin) are modified to an extent which  Uré 2a SDOWS the 1cR2Pn(, = hv) absorption spectrum of
is somewhat related to the proton affinity (PA) of the molecule Pr ([PrI"" =Mz 136). The three most intense bands have been
and the type and orientation of the functionalities involved. The 2SSigned to the three stable conformer®gfriginating from

. . . i 16
first factor does not depend much on the configuration of the the rotation of the ethyl group around the, s bond:
solvent molecule. whereas the others do. The § — Sy electronic origin of the most stable anti conformer

and of the two gauche rotamers have been identified re-
spectively at 37 618 (peak B), 37 577 (peak A), and 37 624'cm
(peak C). Parts b and c of Figure 2 show the 1cR2PI excitation
The experimental setup for the generation of the adducts spectrum of the homochiraPk-Thg] cluster and the hetero-
between the 3-hydroxytetrahydrofuran enantiomeéhs(s) and chiral [Pr:Thg] cluster, respectively, taken atz 195. This
(R)-(+)-1-phenyl-1-propanol Rg) and for their R2PI/TOF mass/charge ratio corresponds to the fragment arising from
analysis was described previoudty* Supersonic beam pro-  C,—Cz bond fragmentation in the relevafd- Thr/g]** species
duction of the adducts was obtained by adiabatic expansion ofwith the loss of an ethyl radical (henceforth denoted as
a carrier gas (Ar, stagnation pressure from 2 to 4 atm), seeded(Pr—C;Hs)-Thgr/s]™).1” Identical 2cR2PI excitation spectra are
with Pr and one betweehhg andThgs (Aldrich Chemical Co.), obtained by detecting then/z 224 ion, corresponding to
through a pulsed (aperture time, 208, repetition rate, 10 Hz)  [Pr-Thgs]*", instead of its [Pr—C;Hs) Thrig] ™ fragment (z
400um i.d. nozzle heated at 12C. In any instance, the additive ~ 195). These spectra are characterized by several bands red- (the
concentrations were maintained low enough to minimize the o bands) or blue-shifted (thgandy bands) relative to the most

2. Experimental Technique
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[PR' Ths] c) O—H- - -O°r bonded Pr-Cp] ones. A comparison of parts a
and b of Figure 3 indicates that the magnitude of the red shifts

100 4
80 -] significantly increases from th@c"—H- - -O bonded Pr-Tf]
60 -] complex to theD""'—H- - -O bonded Pr-Cp] one, even though
40 the gas-phase proton affinity of the two solvent molecules is
2] very closé® (PA(Tf) = 822.1 kJ mot1;20 PA(Cp) > 818 kcall
0] : mol~12Y), The larger red shifts observed for th@gr[Cp]
e L s B L A e complex are accounted for by the flexible cyclopentyl ring of
100 ] : b) the solvent which allows for the development of substantial
80 ] : Tr dispersive interactions (see the insets of Figure 3). Similar
= 1 interactions are hindered in thed-Tf] adduct by the shorter
> 60 - : .
S ol and more rigid tetramethylenic chain of the solvent.
= 1 Complexation ofg by bidentate solvent molecules, like the
o 20 R - . .
S 0] ’ Thrss enantiomers, markedly modifies the relative population
E B LB B B B p of the A—C rotamers of the chromophotéindeed, unlike the

excitation spectra of thePk-Cp] and [Pr-Tf] complexes
containing monodentate solvents, the spectral patterns of
[Pr*Thgss] (Figure 2) exhibit both red- and blue-shifted bands,
which can be hardly assigned to tRg rotamers in the relevant
adducts. This view is corroborated by the similarity of the HF/
6-31G* computed structures of thBd-Thg] rotamers (Figure

4) which would hardly justify the opposite band shifts of Figure

' I M 1 M I ' 1 ! I ! I ' I ! I
87540 37560 37580 37600 37620 37640 37660 37680 2. It is concluded that the—y bands of Figure 2 most likely
cm” pertain to three d(_)minant i_someric form_s 01_‘ tHer{Thr/g] _
Figure 2. 1cR2PI excitation spectra oR}-(+)-1-phenyl-1-propanol complex characterized by cﬂffc_arent combinations of attractive
(a) and its complexes withRf-(—)-3-hydroxytetrahydrofuran fr-Thg]) forces between the two moieties.
(b) and §)-(+)-3-hydroxytetrahydrofuran - Ths]) (c), obtained by A similar picture has been observed in previous comprehen-
monitoring the ion signal at the ethyl-loss fragment mas& (L95). sive laser-induced fluorescence (LIF)-, UV-, and IR-dip spec-

The dashed line refers to the @ransition for the more stable anti

conformer of baréx. troscopic studies on jet-cooled complexes B)-(or (9-2-

naphthyl-1-ethanolN.) with a variety of amino alcoholsA@)
as solvent molecule® 24 According to these studies, the
complexes with only the most stabl. conformer were

A red shift (negativeAv) reflects an increase of the complex ~ OPserved experimentally. The relevant,fAa] adducts were
bonding in going from the Sground state to the :Sexcited classmed_ into two famlllehs: () the “N-addition com_plexes
state. A blue shift (positive\r) points to a decrease of the ~characterized by a stror@™—H- - ‘N hydrogen bond with the
complex bonding by the same excitation process. The magnitudeM0St basic site ofAa and a much weaker ©H- - -z one
of the Av values is somewhat related to the variation of bonding P€tween the alcoholic group @a and thex system of the
efficiency in thesr and7* states and is found to decrease in chromophore and (ii) the “O-addition” complexes characterized

passing from the heterochirdt§-The] cluster to the homochiral Y an intermoleculad°—H- - -O hydrogen bond with the less
[Pr-Thg] cluster. basic site ofAa and by an intramolecular-©H- - -N hydrogen
As pointed out in related papetsi8the red shifts of the @ bond re_lnforced by the enhancement of tha's OH_ aC|_d|ty
electronic $— S origin, observed wheRg is complexed with Y the intermoleculaO®—H- - -O hydrogen bonding itself.
an alcohol, are phenomenologically related to the increase of 1ne N-addition complexes were found to display red shifts much
the electron density on the oxygen center of the chromophore'afger than th_ose assouated_ Wlth the correspon_d_lng O-addition
(henceforth denoted &€ by O"'—H- - -O hydrogen bonding addgcts. Besides the N-addition and the O-addition structures,
with the O atom of the solver?. Similarly important are @ third [Aa-N.] form was found to be stable on theoretical
dispersive interactions between the aliphatic chain of the alcohol 9rounds. It is characterized by two very intense intermolecular
and thex system of the chromophore, which are mainly O°—H--+Nand O-H- - -O°" interactions and was named the
responsible for the different spectral shifts observed when also ‘insertion” complex. Despite such a strong hydrogen bond
the alcoholic solvent is chiraf network, the insertion form was never experimentally identified
This general behavior is further corroborated by the 1cR2P| @mong the Aa-N.] structures because of the relatively large
absorption spectra of the complexesPafwith tetrahydrofuran ~ deformation energy (~13 kJ mol) required for inserting the
(Tf) (Figure 3a) and cyclopentanoCf) (Figure 3b). Their OH group of the chromophore in the intramolecular hydrogen
spectral patterns are characterized by the presence of triplets opond of theAa solventz2~24
bands red-shifted relative to theg’@lectronic $ — S origins As shown in Figure 1Thgs presents two different basic
of the A—C rotamers of the bare chromophore. According to centers, that is, the ethereal oxygen (henceforth denoteffjas O
the relevant DFT computed structures and in analogy with and the alcoholic oxygen (henceforth denoted &, @vith
similar assignments foPk-solV] (solv = secondary alcohols)  different affinities for the free proton (PA). DFT calculations
complexes, the), e, ¢ triplet of Figure 3a can be assigned indicate that the PA ofrhgs at the G' center (PA= 861 kJ
to O°"—H- - -O bonded Pr-Tf] structures with the &-Cs bond mol~1) exceeds that at the@one (PA= 831 kJ mof?) by
of the chromophore in the anti and the two gauche confor- ~30 kJ moft. Therefore, the &atom is the most basic center
mations. Analogously, they, ¢, ¢ triplet of Figure 3b can in Thrss and plays the same role as the N atonAm Indeed,
be assigned to th@©c"—H- - -O bonded Pr-Cp] rotamers, in analogy with the N.-Aa] adducts, three different stable
while the accompanying, 4, u triplet can be assigned to the isomers have been recognized on the DFT calculated potential

intense band B of the bafez chromophore by thé\v values
reported in Table 1.
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TABLE 1: R2PI Spectroscopic Parameters of Diastereomeric [R-Thgrss] Complexes

J. Phys. Chem. A, Vol. 109, No. 9, 2005831

complex band  vi(cm™?) Av (cm™) PP uster (CM™Y) hAD? (cm™Y) PP ster (CMTY) complex structure
[Pr:Thg] Os 37573 —45 70180 3310 67 830 11 hetero
Vs 37 664 +46 70 750 2809 68 331 I hetero
[Pr*Thg] R 37576 —42 69 650 3870 67 270 11 homo
R 37 622 +4 70100 2198 68 942 I homo
YR 37 634 +16 69 900 2633 68 507 11 homo

2 Uncertainty level:=100 cnt?. ® Uncertainty level:£140 cni™.

weaker intramolecular hydrogen bond in thégs solvent
molecule, the same insertion process is accompanied by
relatively small deformation energies, that is, 5 kJ mdbr
[Pr:Thg] and 7 kJ mot?! for [Pr:Thg], and therefore, the
insertion Pr*Thgr/s] adducts may be considered as a plausible
stable structure occurring in the supersonic expansion of the
Pr/Thgr/s mixtures?®

A criterion for the structural assignment of the-y bands
of Figure 2b,c could be to consider the 2cR2PI appearance
thresholds of the diastereomeri®gfThgrig]*t ions at their
relevant a—y frequencies ¥PPcister) in Table 1). These
phenomenological thresholds are found to increase in the
following order: PPy < ®PP) < AP If this order is
confronted with that of the comput&®MPusterjs of structures
=111, one may provide a structural signature to each of the
a—y bands of Figure 2b,c. THEPNPgysienOf structured —Iil
8) can be inferred from the two equivalent expressions of their
dissociative ionization potentials as reported in the two members
of eq la. In this equation, tH& P term corresponds to the
experimental ionization potential of the bare chromophBeg [
and"Dgiustery@and "D qustery cOrrespond to the DFT calculated

energies for the loss dfhgss from the relevant Pr-Thgrsg]*™
gmo L S I S G and [Pr-Thgys] species. Simple rearrangement of eq 1a leads
o’ to the expression 1b for the relevaMPster terms.

Figure 3. 1cR2PI excitation spectra of the complexes betwd®n (
(+)-1-phenyl-1-propanol and (a) tetrahydrofurafP({Tf]) and (c)
cyclopentanol (Pr-Cp]), obtained by monitoring the ion signal at the
corresponding ethyl-loss fragment mass. The dashed line labeled Bexp/ﬂ]P —eqp _ [thD+ _thp _
refers to the 0 transition for the more stable anti conformer of bare (cluster) ™ (mol) (cluster) (Clusterg -
Pr. The relevant DFT compute®*—H- -0 and O-H- - -O%"
structures are illustrated in the insets. The hydrogen bond distances
are in angstroms.

100

80+

60+

40

20+

04 R
T

T . T
i 37800 :i 37650

T T T T
37450 37500 37550

100

Intensity (a.u.)

804 |/
60+

40

20+

exp/t th+ __th ex
P r]P(cluster)_l_ D (cluster) D(cluster)+ pIID(mol) (18.)

“AP o — "AD (1b)

The ®PMPsiery Values for all 1—-1Il - structures of the
energy surface of both the heterochif@{Ths] and homochiral diasteromeric Pr-Thg/g] pairs are reported in Table 1. The
[Pr-Thg] complexes, whose structural features are reported in evident discrepancy between the experimetP custenvalues
Figure 5 and Table 2. Like the insertioAd-N.] complex, and the corresponding calculaté®MPser ONes may be
structuresl homo and | hetero present two intense intermolecular  attributed to computational systematic errors or, more likely,
O°hr—H- - :0°t and G'—H- - -O°"" interactions. Complexes to the operation of the FranelCondon (FC) effect on th&®r-

Il homo@ndll hereroare instead characterized by an intermolecular 1Pgustery measurement. However, given the similar structural
O°hr—H- - -2 hydrogen bond with the less basic siteTdfz/s, distortions accompanying—lll ionization (Figure 5), it is
much like the O-addition4a-N.] structures. Finally, structures  plausible that comparable FC effects operate in the process. In
Il homo @nd Il petero €xhibit an intermolecularO—H- - -O°t this frame, the phenomenologic&PPy < AP, < &XPIP,
interaction with the most basic site dhgris and a weaker  order can be properly confronted with the calculat@dnP,,
0a—H-: - <7 one between the alcoholic group @hg;s and < PP, < PP,y one (Table 1). The resulting qualitative
the w system of the chromophore, that is, a hydrogen bond agreement permits structule to be assigned safely to the
arrangement somewhat resembling that of the N-addition bands, whereas no definitive conclusions can be drawn on these
[Aa-N.] complex. grounds about the structural signature of thendy bands.
Assignment of thet—y bands of Figure 2 to any of the three Thea < Il matching is further corroborated by the following
dominant Pr-Thgys] isomeric forms of Figure 5 is by no means circumstantial evidence. Close inspection of the DFT calculated
an easy task. A first question regards the conceivable occurrencéO@-addition” structurdl hewero(Table 2 and Figure 5) points to
of the insertion structuresemo andl heterofor the diastereomeric  the presence of both an intermolecul# —H- - -O2 hydrogen
[Pr:Thris] complexes. Indeed, as pointed out above, occurrence bond (hydrogen bond distanee1.89 A) and an intramolecular
of the insertion fa-N.] structure was prevented by the large O¥—H- - -Otinteraction (hydrogen bond distanee2.50 A).
deformation energy~+13 kJ moi'l) accompanying insertion of  Its Il pomodiastereomer is instead characterized by comparatively
the OH group of the chromophore into the strong intramolecular weaker O¢"—H- - -O? hydrogen bonding (hydrogen bond
hydrogen bond in amino alcohol&4).22-24 Owing to the much distance= 1.92 A) and @—H- - -Oetintramolecular interaction
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Figure 4. HF/6-31G* calculated®r-Thg] equilibrium structures obtained for all three rotamers of the chromophore. The hydrogen bond distances

are in angstroms.

(hydrogen bond distance 2.57 A). It is therefore expected
that those intracomplex interactions thatlipeeroare responsible
for the red shift of thens band must be slightly weakened in

distances in Table 2). Other circumstantial evidence in favor
of the above assignments will be given in the following section.
4.2. lonization and Fragmentation Processe§.his section

Il homo@nd, therefore, lead to a less-red-shifted absorption band.is devoted to the evaluation of the effects of the asymmetric

Accordingly, Il homo Should display a red shift lower than that
of Il hetero @s actually observed only for the corresponding

Thgr andThs solvent molecules containing two different basic
centers, that is, ®and G, on the side-chain £-C bond

bands (Figure 2b,c). Concerning the structural assignment ofcleavage in the relevanPg-Thgss]*™ adducts (egs 2 and 3).

the 8 andy bands, Table 2 shows that the diastereomeri&-“O
addition” structuredll exhibit an appreciable weakening of
intramolecular @—H- - -O%tbonding (hydrogen bond distance
= 2.67 A (Il homo; 2.68 A (Il heterd) relative to that in the
isolated Thrys (hydrogen bond distance 2.47 A) which is
essentially replaced by anr®©H- - - interaction between the
OH group of Thgrs and thex system of the chromophore
(hydrogen bond distance 2.95 A (ll homo); 3.06 A (Il heterd;
Table 2). This may account for the large blue shifting of the
band relative to the # electronic $ — S origin of the B
rotamer of the bare chromophdi®elt should also be pointed
out in this connection that, despite the shorteé¥-®l- - -z
distance]ll homo Shows a smaller blue shift relative b netero
This effect is to be ascribed to the more effective dispersive
interactions inlll nomo (Figure 5) which partly counterbalance
the s electron withdrawing action of the@-H- - -z bonding.
Taking for granted the peakt <= Il and peaky < Il
assignments, pealgsof Figure 2 are necessarily associated with
the corresponding insertion structuresby exclusion. This
assignment conforms as well to the smallest shift ofikands
relative to the ¢ electronic $ < S origin of the B form of
the bare chromophore which probably reflects a sort of
“compensation” by the proton-donatin@°""—H- - -O°t and
proton-accepting &-H- - -Or effects on the §— S transition
for the insertion structurek (cfr. the relevant hydrogen bond

lonization: PgThg,] + v, —
[Pr-Theel* + hv, — [PeThed ™ +e (2)

Fragmentation:Rx Thg,d™ —
[(Pr—C;Hg) Thr,d " + 'CHs (3)

The overall energy of sequence-2 can be expressed by
the corresponding phenomenological thresSE ~Ft (Table
3 and Figure 6). Its value spans over a limited energy range
from 71 585 to 72 435 cri for [Pr:Thg] and from 71 385 to
72 500 cnt! for [Pr-Thg]. Besides, the energy range is even
narrower when comparing the diastereomeric plaiisd! homo
Il heterd!l homo  @Nd I heterd!ll homo With the major PAEE
difference being observed for the latter (225¢émThe®PAE &
thresholds of Table 3 are measured relative to the ground state
of the pertinent isomeric structurds-Ill . To estimate the
minimum total energy AE* in Figure 6) of structures—IIl
when undergoing &-Cs bond fragmentation, the DFT calcu-
lated stability gap of each isomeric structure relative to the most
stable onelnomo ("AEp in Figure 6) has been added to the
experimental®*PAE~E! terms. TheAE* = eXPAEE! + tAE,
terms, obtained in this way, tend to cluster around the same
value (72 400t 160; Table 3), thus suggesting that any adduct,
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Figure 5. DFT calculated Pr*Thrss] and [Pr-Thgss]*™ equilibrium isomeric structures.

o "5

TABLE 2: Hydrogen Bond Distances (A)

species structure H-H- - Ot Qr—H- - -0 O—H: - -Octr O¥—H- - .72
[ThR/s] Csendo 2.47
[PrThg] I homo 2.75 1.87 1.86 4.41
Il homo 2.57 1.92 3.16
' homo 2.67 1.89 2.95
[PreThg] I hetero 2.74 1.87 1.84 4.34
Il hetero 2.50 1.89 3.19
I hetero 2.68 1.88 3.06
[Pr-Thg]e™ I*Thomo 2.76 1.86 1.80 4.45
11 **homo 2.30 1.64 6.26
I homo 2.64 1.64 8.35
[PreThg]** [*hetero 2.70 1.90 1.82 4.57
I **hetero 2.30 1.65 6.25
I **hetero 2.63 1.64 8.11
[(Pr—CzHs)-Thr]* from Il =+ 2.24 1.43 6.48
from 1=4/11l ** 3.82 1.36 9.58
[(Pr—CzHs)™ThgJ* from 1=+ 2.29 1.55 6.54
from 1=4/I1l ** 3.82 1.52 9.59

aThe G'—H- - -z distance refers to the center of the aromatic ring.

irrespective of its structure, must attain almost the same energyC,Hs)"-Thgs]* and the PES adiabatically correlated with the
level to undergo ¢—Cs; bond fragmentation. This level is  closed-shell cation Br—C:Hs)- Thrss] T (Figure 6)2627:2%In this
probably determined by the crossing between the PES adiabati-connection, the differences in the total energi®AE*) (Table

cally correlated with the open-shell biradical catiofPd 3 and Figure 6) correspond to the energy gaps between the
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TABLE 3: Ethyl-Loss Fragmentation Thresholds and Activation Energies for the Ethyl Radical Loss from the [R-solv]™ lons

ionic isomeric AE* = ©PAE"B +
species structure  ®PAE~Fta(cm?) hAER (cm™?) hAE, (cm™Y) AAE* (cm™) Eac? (cm™) AE.2 (cm™)
[Pr-Thg] I homo 72 500 0 72 500 +262 3558 819
I homo 71385 +853 72238 0 4115 0
11 homo 72185 +368 72 553 +315 3678 752
[Pr*Thg] | hetero 72435 +159 72594 +356 3936 535
I hetero 71 585 +685 72 270 +32 3755 392
I hetero 71960 +343 72 303 +65 3629 552

3 Uncertainty level:100 cnTt. P By = ®PAE Bt — &P g6 UNcertainty level+140 cnr.

Homochiral Clusters

Energy

AE?

mmmllP(n:lusl;er)

=\, /=

Ihomo

C2H56-|

Heterochiral Clusters
OHe++Solv

+ CyHs

OHe+Solv

Ihetero

Figure 6. Schematic representation of the potential energy curves for isom@iack lines) andl (grey lines) of the homochiralPk:Thg]
complex (left) and the heterochird®§-Ths] complex (right). The curves relative to structutés are similar to those ol and are omitted for the
sake of clarity. The potential wells and the dissociation limits refer to the species shown in the center of the figure.

transition structures for the side-chain-Cg bond cleavage
in the corresponding*t—IIl ** isomers. Taking into account
that the DFT computed energy gap between@&g—H- - -Oet
bonded [Pr—C;Hs)-Thrys] ™ fragment formed from*™ or I11 **
and the more stabl@c"—H- - -0 bonded [Pr—C;Hs)- Thrig
fragment arising froml ** is 367 cn1?, one would expect that
the relevantAAE* terms do not exceed this limit (Figure ¥).
This is indeed the case with the pealk Il , peaks < |, and
peaky < Il matching. Any other combination would give
AAE* > 367 cntlin clear contrast with the expectation.

Table 3 reports the activation energids,{) for the frag-
mentation step 3 for eacRg-Thrs]*™ structure estimated from
the difference between the relev8RAE 5 terms andPPgusten
terms (Table 1). The same table gives also the DFT computed
relative energies AE+) of the correspondingAr:Thrig]*"

isomeric structures (Figure 6). Comparison between the relevant

Eact and AE; sets of data confirms previous views about the
existence of an inverse relationship between tR&#For all
[Pr-Thg]*" isomers and for structuré$netero and Il netero OF
[Pr-Thg]**, the greater the stability of the ionic adducts, the
greater is its phenomenological fragmentation barigg)(26-2
This means that the energy gap of 367 érnetween th&ch —

H- - -O°t bonded [Pr—C;Hs):Thgrss]* fragment and the more
stableO¢"—H- - -0a bonded one (Figure 6) plays only a minor

role in determining the\AE* differences, the major role being
played by the much great&E. ion stability differences (Table
3).

Eact Of the Il hetero Structure of Pr-Thg]*™ does not follow
the same trend. This can be attributed to the fact that, at var-
iance with what was observed for the homochii-[Thg]**
isomers, theAE. differences for the heterochiraPg-Thg]**
structures AE+ (Ineterd — AE+(Il heterd = 143 cnT?; AE+(I heterd
— AE+(Il heterd = —17 cnT1) are much narrower than those
between the correspondingAE* values AAE*(lpeter) —
AAE (I heterd = 324 cnml; AAE (Iheterd — AAEH(IN heterd =
291 cml). These findings would suggest that tReAE*
differences for the heterochiralPg-Thg]*™ structures are
influenced not only by the stability of the relevant ionic adducts
but also by the stability difference between @& —H- - -Ot
bonded [Pr—C,Hs)-Thrig]™ fragment and the more stable
O°hr—H- - .02 bonded one (Figure 6).

5. Conclusions

Mass-resolved R2PI spectroscopy coupled with high-level ab
initio calculations provides valuable insights into the interactive
forces involved in the complexation &k by the two enanti-
omers of 3-hydroxytetrahydrofuranTlir/s). Three different
hydrogen bondedHgr-Thgs] isomers have been recovered in
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the supersonic expansion of the relevant components wherein

the Pr chromophore is (i) either a hydrogen bond donor and
hydrogen bond acceptor toward the OH grouf lofs (structure

1), (i) a hydrogen bond donor to the OH group ®hg/s
(structurell ), or (iii) a hydrogen bond donor to the ethereal O
atom of Thg/s and O-H- - - bond acceptor from the solvent
molecule (structurdl ). Diastereomeric structurek exhibit a
batochromic shift of their 5— S electronic band origin relative

to that of the most stable anti conformer of the bég
chromophore to an extent which slightly increases with the
strength of the intermolecular hydrogen bonding. Diastereomeric
structuredll display instead an ipsochromic shift due primarily
to the intermolecular ©H- - -7 bonding whose extent is

appreciably affected by secondary dispersive interactions be-

tween the chromophore and the solvent. Finally, the diastere-
omeric structures show the smallest band shifts due to the
dual hydrogen bond donor/acceptor character of the chro-
mophore. In all instances, the different shifts of the band origin
region observed for the diastereomeig{Ths] and [Pr-Thg]
complexes provide a viable means for spectroscopically dis-
criminating theThg/s enantiomers.

A further tool for their differentiation is provided by the
2cR2PI-TOF measurement of the phenomenological activa-
tion barriers for the homolytic £-Cs bond cleavage in the
[Pr*Thg]*t and [Pr-Thg]*" radical cations arising from pho-
toionization of the corresponding diastereomeRg+[Thg] and
[Pr-Thgr] complexes. A direct relationship is found between
the stability of the homochiralFr-Thg]*t isomers and the
relevant fragmentation barriers. No similar relationship is
observed for the heterochirdP§-Thg]*™ structures. For these
systems, which are characterized by limited stability differences,
the phenomenological activation barriers for the homolytie-C
Cs bond cleavage are influenced by the relative stability of the
fragmentation products as well.
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