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Most stable conformers in the gas phase for compounds 1-7.
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Abstract

The conformational study of some 2-(2’-haloaceB/ubstituted five-membered
heteroaromatic compounds Z-gE{O)(GH2X)-Y bearing a halogen (Z = ClI or Br) at
the 2’-position and (Y = N& H, Me or Cl) substituents at the 5-position oé th
heteroaromatic ring for X = NMe, O and S was perfed by IR carbonyl stretching
band {co) analysis supported by the harmonic frequency, NB@ PCM calculations
on the minima and saddle-point structures obtaatdtie M05-2X/aug-cc-pVTZ level.
The computational results predicted the presendewfstable conformers, classified
by the orientation of the X,~C-C=0 ¢yranti) and the O=C-C-Z afiticlinal/
synperiplanaj moieties asac(syn, sp(syn, adanti) and splanti). The anti/syn

equilibrium controls the relative stabilities oktlconformers to a large extent while the



anticlinal/synperiplanar accounts for the observed trend of the IR carbdrehd
components. The computeeto frequencies and the PCM trend of the relative
abundance in solvents of increasing permittivitpwed the pairs ofc(syn/adanti)
andsp(syn/sp(anti) conformers to be assigned to the lower and higkgfrequency IR
carbonyl doublet components, respectively. The P@a3h failed to reproduce the
experimental carbonyl triplet found in chloroforikowever, the additional component
could be justified by assuming the formation of @bemes constituted by one
chloroform molecule hydrogen bonded to the confesmm a PCM chloroform
continuum.

The NBO and short contact analysis suggested thatsynanti conformational
equilibrium is governed mainly by electrostatic ewactions, while the
anticlinal/synperiplanardepends to different extents on both orbital arettebstatic

interactions.

Keywords:Infrared spectroscopy; theoretical calculationdyesat effect;
conformational analysis; 2-(2’-haloacetyl)-5-sutidd heteroaromatic
compounds.




1. Introduction

Aromatic heterocyclic compounds are widely studredn a synthetic point of view as
building blocks [1,2], due to their applicability the polymer [3,4] and food industries
[5,6] and to their potential biological activity][7

In 2-formylthiophene and some thiophene-2-carbdmfides [8,9], the higher relative
abundance of theis conformer was ascribed to the coulombic interacbetween the
oppositely charged Qcoyand $* atoms. The same stability order for 2-acetylthiayh
in n-hexane and benzene was determined through Kestanmis and dipole moments
[10] and was confirmed by DFT calculations andaréd spectra in carbon tetrachloride
and chloroform [11]. These findings are also sufgzbrby Photoelectron (PE) and
Electron Transmission (ET) spectral analysis [B2]well as byab-initio HF/6-31G**
and MP2/6-31G** calculations [13]. Therefore, dliese studies indicate that this
conformer (relative to the O=C—C-S moiety) is mstable than thegans

For 2-acetylfuran, the observed trend is reversdie Kerr constants and dipole
moments inn-hexane and benzene [10] indicate thans conformer to be the more
stable. An NMR, infrared and DTF study [14] alspaded preference for thieans
conformer in vacuum, dichloromethane and acetoremi-&mpirical calculations
suggest that electronic delocalisation should faube cis conformer, indicating that
thetrans preference is mainly a consequence of the strapyRive Field Effect (RFE)
that acts on the Qcoy...O" short contact [15].

For 2-acetylpyrrole, theis conformer is highly stabilised in GE€D,CI, CCl,, CHCE,
CHsCN and acetone-d6 by the intramolecular hydrogemdbid—H"...0% co) [16]. In

the same study, only this conformer was evidene@dmethyl-2-acetylpyrrole.



In the solid stateN-methyl-2-trichloroacetylpyrrole assumes aftis conformation,
which is stabilised by a network of intermoleculzlogen and hydrogen bonding
interactions [17]. DFT calculations assigned theglgtveo IR symmetric band at 1681
cm’ to this structure [18]. Similarly, the-cis conformer was ascribed to the most
intense doubletco component at a lower frequency (1662 gnfor N-methyl-2-(2-
chloroacetyl)pyrrole [19].

The present paper reports infrared and theoresicalies of some 2-(2’-haloacetyl)-5-
substituted five-membered heteroaromatic compoufidSH,C(O)(CH2X)-Y (1-7)
bearing halogen (Z = Cl or Br) at the 2’-positiardahe substituent (Y = NOH, Me or
Cl) at the 5-position of the heteroaromatic rimw, X = NMe, O and S (See Scheme 1).
These compounds were chosen taking into accounbtth the X and Y substituents
may affect thesyn/anti and thesynperiplanafanticlinal conformational equilibrium

with respect to the X—C—C=0 and O=C—-C-Z moietiespectively.

2. Experimental

2.1. Materials

All solvents for IR measurements were spectrograicieé were used without further
purification. The title compounds-7 were commercially availablel{3 from Ablock
Pharmatech and-7 from Sigma-Aldrich).

2.2. IR measurements

The IR spectra were recorded with a Michelson BonMB100 FTIR spectrometer,

with 1.0 cm'® resolution at a concentration of 1.0 x?h@bl dmi® in n-hexane, carbon



tetrachloride, chloroform, dichloromethane and awitile using a 0.519 mm sodium
chloride cell, for the fundamental carbonyl reg{@800—1600 ci). The spectra of the
carbonyl first overtone (3600—3100 ¢jrwere recorded in carbon tetrachloride solution
(1.0 x 10°mol dm®), using a 1.00 cm quartz cell. The overlappingboayl bands
(fundamental and first overtone) were resolved l@ans of the Grams/32 curve-fitting
software, version 4.04, Level Il [20]. This softwadetects, through the second
derivative of the actual carbonyl band, the nunmddezomponents that composes it and
then, statistically, adjusts them to the originaht using a Gaussian/Lorentzian profile.
The conformer populations for compourids in the referred solvents were expressed
as percentages of the integrated intensity estorfaten the integrated absorbance B =
[bandn(1/1)y dv (v in cmi?) for each resolved carbonyl multiplet (doubleiplet or

guartet) component, on the assumption of equadjiated molar absorption coefficient

A [21] for all the conformers (for details see TaBkand Note S1).

2.3. Theoretical calculations

The local and global minima, as well as the firslen saddle point geometries, were
found by rotating the: (O=C—-C-2Z) and (X—C—C=0) dihedral angles, from 0° to 180°
with steps of 10°, through the relaxed SCAN metfMdd Redundant) implemented in
the Gaussian 09 package [22] at the M05-2X/augio£[23,24] level of theory. The
final geometries, harmonic vibrational modes anbital interaction at 298 K were
refined at the same MO05-2X/aug-cc-pVTZ [25] lev€londensed phase Polarisable
Continuum Model (PCM) [26] calculations were cadrieut at the MO05-2X/aug-cc-
pVTZ level, as implemented in Gaussian 09, in otdepbtain the Gibbs free energies

of solvation. Relative energies were estimated gusie harmonic zero point energy



(ZPE) correction. Due to the symmetry of the comfers, either Cor Cs point groups,
in order to obtain accurate molar fractions, therriodynamic probability factor
(w = e®/R) was applied as a weighting factor of 2 or 1, eetipely. The NBO 3.1
program [27] implemented in the Gaussian 09 packags used to estimate
delocalisation energies (E2) by means of secondrqudrturbation theory. The partial

atomic charges were calculated using Natural Papual&nalysis (NPA) [27].

3. Results and Discussion

Table 1 collects the frequencies and relative sitess of the resolved components of
the carbonyl stretching/éo) band for compounds-7 in solvents of increasing relative
permittivity, fromn-hexane to acetonitrile [28]. In general, a douldaibserved, with a
less intense component at highep frequency ¢a. 18 cm'). For all compounds, the
relative intensity of this component increaseshasdielectric constant of the medium
increases. In chloroform, an additionalo component at the lowest frequency is
detected for compounds, 3 and 5. This triplet component is the most intense for
compound3 and least intense for compouridand>.

In contrast, for compound in n-hexane, the doublet is split into a quartet with a
difference ofca. 20 cm® between the highest frequency (1702'¢nand the third
component (1683 c) and between the second component (1694)@nd that at the
lowest frequency (1673 ¢h The solvent effect on the carbonyl band comptnen
illustrated in Figures 1-3 for compountis2 and7, taken as representatives of the 2-
(2’-haloacetyl)-5-substituted 1-methylpyrrol®,(furans 2-5) and thiophene$(and?).
The carbonyl first overtone band profiles matchsthof the fundamentals. The resolved
components, in carbon tetrachloride, appear atuémeges twice those of the

fundamental minus two times the mechanical anhaicitgri21] of ca. 20 cm’. These



features indicate the existence of at least twdararers in solution for the studied
compounds1-7 [29,30], ruling out the existence of any vibraabreffect in the
fundamental transition of the, o mode.

In Table 2, the relative energies and populatiaisple moments, carbonyl stretching
frequencies and dihedral angles of the global acdlIminima at the M05-2X/aug-cc-
pVTZ level of theory for compoundss-7 are reported.

The calculation results suggest the presence inwaof four conformers, which may
assume either amticlinal or synperiplanargeometry on the dihedral angle and either
a synperiplanaror antiperiplanar geometry on the) dihedral angle. Therefore we
labelled theanticlinal and synperiplanargeometries of the dihedral angle aac and
sp, respectively. As for thé dihedral angle, the short terragn and anti were used.
Therefore, the four conformers in the present wamk labelled agd(syn), sp(syn,
ac(anti) andsp(anti).

The a angle varies in the range 102-113° in #teconformers, while assuming the
value of exactly 0°, with the exception of compo@n°), in thesp conformers. With
regard to thesynandanti conformation, the correspondiag@ngle values are close to or
exactly equal to 0° or 180°. As a consequencesteyn and thesp(anti) conformers
of all derivatives, except thsp(syn of 5, belong to the Cs point group due to the
presence of a symmetry plane, while #tésyn) and theac(anti) conformers belongs to
the G point group. The four conformers of compow)daken as representatives for the
whole series, are illustrated in Figure 4.

For the methylpyrrole derivativk, the lowest frequencgc(syn conformer is the most
stable and the least polar, followed by #pésyn) and by the twognti) rotamers, both

destabilised by more than 5.7 kcal ihol



On the contrary, for all of the furan derivatives5, the lowest frequencadanti)
conformer becomes the most stable, while the highesrequencysp(syn is the least
stable. The relative stability of theg(anti) and theac(syn) conformers is likely to be
affected by the nature of the Z and Y substitudads.instance, thep(anti) conformers
are destabilised to about the same extent irBtbederivatives (Z Br) with respect to
compound (Z =Cl). Furthermore, the relative abundance ofdb@yn conformers is
almost equivalent in compoun@s4 (Y =H, Me) and decreases to a larger extent in
compoundb (Y =NOy).

For thiophenes and 7, the most and least stable conformers are, rasphgtthe
lowest frequencyac(syn) and the highest frequengp(anti), as for compound. In
contrast to compountd, the ac(anti) conformers are significantly stabilised at energy
values comparable with those of g®syn conformers.

The computedo frequency differences on tisgrfanti equilibrium are usually small
for compound®-7. On the contrary, for compounds?, the calculatedo frequencies

of the two synperiplanar conformers gyn and anti) are higher than those of the
correspondinganticlinal conformers byca. 20 cni', which is in agreement with the
observed o differences of the resolved IR doublet components.

In order to better understand the conformationafgrences in the condensed phase for
compoundsl—7, the four conformers were fully optimised with PCat the MO5-
2X/aug-cc-pVTZ level of theory. The results are sugmised in Tables 3a and 3b.

For compoundl the relative abundance of the higher frequesiggyn) conformer in
vacuum (16%) increases with respect to the mobtesta(syn) as the solvent polarity
increases, up to 36% in the higher permittivitysak, acetonitrile. This trend relatively
closely matches the experimental results, whichvsh@rogressive intensity increase of

the higher frequency carbonyl doublet componeninfi@0% inn-hexane to 48% in



acetonitrile. Therefore, the computed higher freqyesp(syn conformer can be
unequivocally ascribed to the higher IR frequeneybonyl doublet component. A
relevant mismatch between the calculated and expetal findings occurs in
chloroform, as the experimental carbonyl band shawadditional third component at
the lowest frequency. Literature data report thatoaformer may be stabilised by
intermolecular hydrogen bonding in chloroform [3],3Therefore, we tried to simulate
the solvation effect in a PCM chloroform continuatthe M05-2X/aug-cc-pVTZ level
on the complexes formed by a single chloroform make hydrogen bonded to the
sp(syn and ac(syn conformers. The intermolecular hydrogen bondintgriaction is
depicted in Figure 5, while Table 4 collects thanpoted energies, the carbonyl
frequencies, the orbital interactions and the i@i\geometric parameters involving the
interacting atoms on the complexes. Since the hifyjeguencyspsyn conformer has a
symmetry plane (€ symmetry), the approach of the chloroform molectdethe
carbonyl oxygen atom from either plane side leamlsntistinguishable complexes
(complex L At variance, with the lowest frequeneg(syrn) conformer, two distinct
stable complexes¢mplex Zandcomplex 3 can be obtained, whose frequencies differ
by about 4.5 ci. Although the relative abundances of the complecasulated in
vacuum and in the CHgkontinuum (PCM) are not quite accurate, theseutations
predict three distinct components for the carbobghd whose frequencies are in
agreement with the experimental findings (Table 1).

It should be pointed out that the results presemtethis paper disagree with the
interpretations of Dubis et al. [19] (see Introdoc), who assigned the higher
frequency doublet component to thd¢ransconformer [eitherac(anti) or sp(anti)] in a
synanti conformational equilibrium. On the contrary, theegent results indicate that

the two carbonyl components are related tostheperiplanafanticlinal conformational

10



equilibrium. This behaviour is similar to that deksed for the doublet in the-hexane
IR spectra of the-haloacetophenones Ph—C(O)eM (X = F, Cl, Brand I) [33] and is
in line with the findings of Ducati et al. [16], whassert that only the-cis conformer
should be stable enough to be observed at roometatpe.

Likewise, the experimental findings for the furaerigdatives2-5 in solution can be
explained on the basis of tegnperiplanafanticlinal conformational equilibrium. The
PCM calculations im-hexane predict the same conformer stability oedefound in the
gas phase. However, the solvation affectswhgefrequencies of the four conformers
and, in particular, decreases the energy differdrateeen the twanticlinal (synand
anti) rotamers, as well as between the tsymperiplanar(syn and anti) forms. With
regard to the twanticlinal rotamers of compounds5, the mean frequency difference
decreases progressively as the solvent dieleatristant increases, varying from about
5.8 cm' in vacuum to about 2.4 ¢hmin acetonitrile. Therefore, as the mean
experimental Full Width at Half Maximum (FWHM) dfie distinct band components
varies from 11.7 to 18.3 ¢i(see Table 1), the twanticlinal conformers should
coalesce into a single unresolved peak at the lequency side.

The same arguments hold for trsynperiplanar (syn and anti) conformers of
compound£-5, in spite of the large frequency difference catedl for compoun8. In
that case, in facf\vco varies from 17 ci in vacuum to 14 cihin n-hexane, CGland
CHCI;. However, as the corresponding relative abundahtkee sp(syn) conformers is
in the range 0—2%, the calculations still suggkstdccurrence of a single peak at the
high frequency side. The sum of the computed (P@N§tive populations of the two
anticlinal conformers decreases with respect to the sumeafintb synperiplanarforms

as the permittivity of the solvent increases, gdirmgn a mean value afa. 84% inn-

hexane t@ca 65% in acetonitrile.
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This trend agrees fairly well with the experimelytalbserved intensity decrease of the
lowest frequency component of the carbonyl douldet going from the lowest
permittivity solvent,n-hexane (mean valum. 80%), to the highest, acetonitrile (mean
valueca. 61%). The carbonyl band for compourland5 in chloroform shows three
components that can be explained with the formatiocomplexes analogous to those
described for compount

Following the same arguments, the PCM calculatismggest that the two pairs of
anticlinal andsynperiplanarconformers of compoundsand?7 behave in a similar way
to the corresponding forms of tRe5 derivatives. In fact, all of the relevant dataglsu
as theAv for theanticlinal (and thesynperiplanay conformers, or the variation of the
sum of the relative populations of the rotamershwite solvent permittivity, are
comparable to those calculated for compouids Therefore, it can be inferred that the
IR bands are likely to appear as a doublet andthigakow frequency component can be
assigned to the twanticlinal (synandanti) conformers, with the exception of the band
of compound?, in n-hexane, which can be resolved into fouriistcomponents due to
their narrower FWHM.

The potential energy surfaces (PES) of compourdsvere obtained by varying the
and o dihedral angles from 0° to 180° with a step siz&@% at the M05-2X/aug-cc-
pVDZ level. Further optimisation was performed e six saddle points detected. The
saddle points were labelled with capital lette8®£SP§ in order to avoid confusion
with orbital hybridisation. Their energies and getnes are reported in Table 5 for
compound£ and6.

The interconversion path frosynto anti conformers requires the rotation of the X—C—
C=0 moiety through the high energy saddle pd8dR2andSP4(barriers ofca. 9.0 kcal

molY), whose geometries are characterised by the ldckowjugation between the

12



aromatic ring and the carbonyl group. At variantie interconversion path from
anticlinal to synperiplanarconformers involves the low energy saddle poBfs and
SP3(barriers ofca 2.1 kcal mof), in which the Z-C—C=0 moiety assumesyaclinal
geometry ¢a. 50°). The two dimensions PES for compourdgd® and 6, taken as
representatives of the series, are presented iord=i¢, while a diagram of the
interconversion paths described is reported in ®eh2 for compoun@. The other two
saddle points,SP5 and SP6 (barriers ofca. 4.1 kcal mof), are both planar and
transform theanticlinal conformers into their mirror images, which have g@ne
properties as those previously presented in Talite theanticlinal conformers. These
interconversions through thedihedral angle are shown in the one dimension PES
Figure 7.

To recognise the electrostatic interactions thattrdoute to the stabilisation of each
conformer, some selected Natural Population Angl¢SiPA) charges and interatomic
distances are collected in Tables 6, 7a and 7pectisely.

Both thesyn and theanti conformers of compoundl are destabilised by electrostatic
repulsion between atoms separated by distancesestiban the sum of the van der
Waals radii EvdWr). These repulsions involve, for thati conformers, the positively
charged hydrogen atoms of the N—Cthd methylene groups and, for gyaforms, the

negatively charged carbonyl oxygen and nitrogematdOn the contrary, only theyn

conformers are stabilised by the short contact eetathe oppositely charged® e

and @ g atoms. The twaynperiplanarconformers, unlike the twanticlinal forms,

exhibit the electrostatic destabilising interactcaused by the short contact between the
negatively charged carbonyl oxygen and chlorinemato All these electrostatic
interactions account for the major stability of #y@mconformers with respect to tlati

forms, as well as for thenticlinal preference over thg/nperiplanar

13



For the furan derivative®-5, the short contact @-q...H%";, interaction enhances the

stabilisation of the twanti conformers, while the electrostatic repulsion lestw the
negatively charged furan and carbonyl oxygen atdewtabilises the tweyn forms.
These interactions, and the absence of those imgpbne hydrogen atom of the N—Me
group described for compourid justify the preference for thenti conformers of the
furan derivatives. This behaviour has been alreagyprted for similar molecules [14,
15]. As for compoundl, the Repulsive Field Effect [34] between the C=0-ZC
dipoles (Z = Cl or Br) accounts for the lowest dtgbof the synperiplanar(anti) and
synperiplanar(syn) conformers with respect to tlaticlinal (anti) andanticlinal (syn
forms, respectively.

For compounds6 and 7, the syn conformers are stabilised by the short contact

electrostatic interactions that involve the oppagitcharged é)co and thiophene %

atoms, while thesynperiplanarconformations are destabilised by the RepulsivédFie
Effect previously described for tlsgnperiplanarconformers of compounds-5.

The natural bond orbital (NBO) analysis was perfednfior all compounds, to identify
the relevant orbital interactions that contributethe stabilisation of each conformer.
Tables 8a and 8b show some selected orbital iritenscand energies.

The heteroatom lone pair kPis delocalised to both the*cs)=ce) and m* c7y=c()
orbitals. The mean values of the sum of thex-bR*ci)=ce and LR—*c@ry=ce)
delocalisation energies of all conformers bearirggame X heteroatom in the sefies
7 decrease progressively as the atomic number oKthag atom increases, froma.
54.4 kcal mof for compoundL (X =N) to 38.5 kcal mét for compound2-5 (X = O)

to 34.8 kcal mét for compounds$ and7 (X =S). For compoundg-7, the sum of the
two interactions slightly stabilises tlsynperiplanarconformers (mean value 0.5 kcal

mol) in the syn orientation and thanticlinal forms (1.3 kcal mét) in the anti

14



orientation. In contrast, their sum plays a reléviasie in thesynanti equilibrium,
favouring thesynconformers over thanti by a mean value of about 4.6 kcal thol

The ncis)=cs) ring orbital interacts with both the carbonyfcp)-o1) and the ring
T cr)=ce Orbitals. The latter interaction contributes, tbget with the
Te(7)=cey>T* c(5)=c(6y tO the aromatic ring conjugation. The comparis@mtween the
delocalisation energies indicates that thgs)-ce—n*c2)=o) interactions generally
exceed those afcs)=ce—m* c(n=ce) by 1-10 kcal mat, with the exception of all the
conformers of the nitro-substituted compoum@nd theac(anti) of compound4. In
these cases, thencps)=ce>m*cr=ciey Interaction also exceeds that of
Te()=ce>T* c(5)=c(6) and thus favours ring conjugation over carbomybdalisation to a
large extent. With regard to tlamticlinal/synperiplanarequilibrium for compound&-
7, the mci)»=cE—m*cp)=o@) carbonyl delocalisation favours, in theyn and anti
orientations, thanticlinal conformers over theynperiplanarforms by a mean value of
1.7 kcal mol. Analogously, the overall effect of thecs)=ce—>m*cm)=c@ and
Te(7)=c8~>T* c(5)=c(6) NG interactions always stabilises tasticlinal conformers with
respect to theynperiplanarforms by less than 1.0 kcal iidtompoundd-3, 5-7) and
4.8 kcal mof (compound).

Following the same arguments for theynanti equilibrium, the sum of the
Te(7)=ce>T* c(5)=c(6) and Tc)=cEr>1*c(7)=cg) NG interactions indicates theanti
preference for both thanticlinal and thesynperiplanarconformers (mean value 1.2
kcal molY), except for thespsy of compound 4. On the contrary, the
Tes)=c6)>T* c2)=o(1ydelocalisation mainly stabilises tsgnorientation by less than 1.0
kcal mol*, apart from thesp(anti) conformers of2—4. The overall effect of the three
interactions indicates a general preference foratfité conformation (0.7 kcal md),

except for compound.

15



For compoundsl-7, the charge transfer interaction d¢§—c*x@)-c@) Stabilises
exclusively the syn conformers (mean value 0.6 kcal Myl while that of
LPo@y—6* x)-ces)affects only thenti conformers bya. 1.5 kcal mof.

Regarding the &C,Cs—Z; moiety, the through-bond coupling interactions ][35
LPo@ay—6* c(2)-c3) and LRy1y—0*c2)-c5)Stabilise to almost the same exterd. (3 keal
mol™) all thesp(synanti) conformers of compounds-7 over the correspondirag(syn
anti) forms. Additionally, thesp(syn anti) conformers are also favoured by the
LP4—c* c2)-c(3) Charge transfer interactiong 1.9 kcal mal). It should be noted that,
in the same moiety, the kR—c*c2)-c5)interaction uniquely affects thep(syn anti)
conformers byca. 0.7 kcal mof, while the LBuy—m* c2)=001) 0c@)z@—1* c@)=o@) and
Tc)=0(1—>0* c(3)-z(4) Interactions favour only those af(syn anti) (mean value of the
sum about 12.1 kcal md)l. Moreover, the latter interactions stabilise &uéanti) by
about 2.2 kcal mal more than thag(syn). Finally, theoc) zay—6* c2)-c(s) interaction
(mean valuea. 3.1 kcal mof) occurs solely in thep(syn) conformers.

As can be seen from Tables 8a and 8b, the sum of #he cited orbital interactions
reproduces exactly the stability order of the comrs for compounds, 6 and7 and
the two more stablac(anti) andac(syn forms of compound, as well as the preference
for anticlinal over synperiplanarfor all compounds. On the contrary, for the furan
derivatives2, 3 and 5, these interactions favour the less stadésyn) and sp(syn

conformers with respect, respectively, to the nmablecanti) andsp(anti) forms.

4. Conclusions

The conformational preferences of some 2-(2’-habdE5-substituted 5-membered

heteroaromatic compounds Z—&E{O)(GH2X)-Y bearing a halogen (Z = Cl or Br) at
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the 2’-position and substituents (Y = BCH, Me or CI) in the 5-position of the
heteroaromatic ring (X = NMe, O and S) have bedrrd@ned byco IR analysis and
theoretical calculations at the M05-2X/aug-cc-pVIEXZel. The relaxed PES reveals
four stable conformers for all compounds, labeledhac(syn), sp(syn), acanti) and
sp(anti). Their relative stability is controlled to a largextent by theanti/syn
equilibrium, related to the Xg—C—-C=0 moiety. In fact, the gas phase is charaeeri
by the prevalence of theynconformers for compounds 6 and7 and of theanti forms
for compounds2-5. In particular, thesyn conformers were detected exclusively for
compoundl. Although the carbonyl oxygen atom is involvediiie main electrostatic
interactions that determine tegnor anti orientation, the changes in thg, frequencies
of the ag(syn/adanti) pair, as well as those sf(syn/sp(anti), are negligible. On the
contrary, in theanticlinal/synperiplanar equilibrium, referred to as the O=C-C-Z
moiety, for all compound$—7, theanticlinal conformers are always favoured over the
synperiplanar The latter are destabilised mainly by the Repalsiield Effect between
the C=0...C-Z dipoles (Z = CI or Br), which is alsesponsible for theinco
frequencies increasing oa. 20 cmi™. These findings are in line with thes/gauche
frequency differences previously reported for dHealoacetophenones [33].

Taking into account the frequency difference and tAVHM of the IR doublet
components, it is reasonable to ascribe botrsf®yn) andspanti) conformers to the
high frequency IR component and both #efsyn) andac(anti) to the low frequency
one. These assignments are supported by the fetinaicomponents resolved in the
IR spectrum of compound in n-hexane, which can be assigned, in order @ksing
frequency and decreasing abundance, toat{syn, ac(anti), sp(syn and spanti)
conformers. Moreover, the PCM data indicate that riélative stability of the lower

frequencyad(syn andac(anti) conformer pair decreases as the dielectric cahsfahe
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media increases, which is in agreement with theeemental findings for the IR
analytically resolved bands. However, the PCM datiamatch the IR results for
compoundsl, 3 and5 in CHCkL. The PCM solvation model in fact predicts a casthon
doublet, in contradiction to the experimental etplThe additional third component has
been explained by assuming the formation of congsegonstituted by a single
chloroform molecule hydrogen-bonded to the confean&he calculations performed
for compoundl in the gas phase and in CHGlontinuum predicted three distinct
complexes to be formed with thep(syn (one complex) and thed(syn (two
complexes) conformers, whoseo frequencies are in line with the experimental
findings.

The interconversion path from tlsyn to the anti conformers involves high energy
saddle points that exhibit the lack of conjugatlmetween the aromatic ring and the
carbonyl group. On the contrary, in thaticlinal/synperiplanarinterconversion path,
the energy barriers are lowered by fyaclinalgeometry of the Z—C—C=0 moiety. An
additional interconversion path occurs through angf saddle point that converts one
anticlinal conformer into its mirror image.

The aromatic ring conjugative interactions, as @slthe charge transfer to the carbonyl
group, favour thesyn conformations for all compounds-7. However, while thesyn
arrangements of compoundis6 and7 are further stabilised by attractive electrostatic
interactions, the short contact'§...0% g electrostatic repulsion, in conjunction with

the short contact &-q...H%;, attractive interaction, dictate thanti orientation

preference for the furan derivative-5. Finally, the oc@g)z@—m*ce)=o01)
TcR)=0—~>0* c@)z@4) and LR u—m*cp)=0a) Orbital interactions heavily stabilise the
anticlinal conformers uniquely, while the EkR—oc*cp)cE) and LRw—6*ce)-c@)

charge transfer interactions favour gymperiplanarforms to a minor extent.
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Figure and Scheme Captions

Fig. 1L IR spectra of 2-(-2’-chloroacetyl}rmethylpyrrole {) showing the carbonyl
stretching band in-hexane (a), carbon tetrachloride [fundamentah(ig) first overtone
(c)], chloroform (d), dichloromethane (e) and aodtde (f). The red line is the
experimental band; the blue line is the fitted hatite black lines are the band

components.

Fig. 2. IR spectra of 2-(2’-chloroacetyl)fura)(showing the carbonyl stretching band
in n-hexane (a), carbon tetrachloride [fundamer(tal and first overtone (c)],
chloroform (d), dichloromethane (e) and acetomit(f). The red line is the experimental

band; the blue line is the fitted band; the blackd are the band components.

Fig. 3. IR spectra of 2'(-2-bromoacetyl)-5-chlorothiopke(@) showing the carbonyl
stretching band in-hexane (a), carbon tetrachloride [fundamentab(ig) first overtone
(c)], chloroform (d), dichloromethane (e) and aodtde (f). The red line is the
experimental band; the blue line is the fitted hatite black lines are the band

components.

Fig 4. sp(syn (a), ac(syn (b), splanti) (c) andacanti) (d) conformers of 2-(2’-

bromoacetyl)furan3) optimised at the M05-2x/aug-cc-pVTZ level.

Fig. 5. Structures of the hydrogen bonding complexes éetw2-(2'-chloroacetyl)-
pyrrole and chloroform obtained at the MO05-2x/aggp¥DZ level: Complex 1

[sp(syn...HCCl3]; Complex Jac(syn...HCCls]; Complex Jac(syn...HCCI].
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Fig. 6. Potential energy surfaces of compouad® and6 obtained at the M05-2x/aug-
cc-pVDZ level.
Fig. 7. One dimension potential energy surfaces obtidénedral angle for compouril

whené dihedral angle is 0° (black line) or 180° (reck)in

Scheme 1. Atom labelling of 2-(2’-haloacetyl)-5-substitutedivé-membered
heteroaromatic compounds Z—&HO)(CHX)-Y (1-7) and definition of the
relevant dihedral angles.

Scheme 2Interconversion of the four conformers of 2-(-2bbroacetyl)thiophene. All
energy values are in kcal molEge) indicates the energy relative to the minimum
energy structureac(syn. AE refers to the proper energy difference betweea tw
conformers AE* refers to the energy difference between a mimmsiructure and that

of a saddle point3P.

23



Tablel

Frequenciesv{ cm?), integrated absorbances (B, §nand relative intensities of the carbonyl stratghband components in the IR Spectra of 2-(2’-h=dod)-5-substituted

five-membered heteroaromatic compounds ZC0)(GH.X)Y (1-6).

Comp X Y Z n-CeHia(e=1.9) CCl(e=2.2) CHCly(e=4.8) CH,Cly(e=9.1) CH:CN (e=38)
y PP _HW B v P HW B W P HW B v P HW B v P HW B v P HW B

1 NMe H Cl 1685 30 147 418 1680 26 150 353 3342 34 317 043 1672 29 189 589 1672 37 178 595 1673 48 158 5.9
1664 70 105 953 1659 74 129 988 3299 66 321 0.82 1655 53 22.8 10.77 1654 63 209 9.99 1655 52 17.4 597
. - - 1641 18 19.7 3.74 - -

2 O H Cl 1713 40 134 288 1707 37 125 3.01 3393 27.8 098 1696 51 200 6.89 1697 56 164 4.95 1697 63 156 4.87
1693 60 10.7 435 1688 63 129 507 3356 53 2622 1. 1679 49 219 6.50 1681 44 172 3.82 1682 37 14.388 2

3 O H Br 1709 14 94  1.49 1705 17 89 1.11 3382 18.63%.51 1697 14 154 145 1692 37 185 2.70 1693 33 15.875 2
1691 86 87  9.39 1686 83 138 542 3348 82 2895221684 33 169 357 1677 74 196 7.43 1678 68 16.368 5
- - - 1672 53 184 5.74 - -

4 O Me Br 1700 16 149 1.64 1691 26 212 261 3367 233 042 1682 25 21.7 2.70 1683 35 20.0 455 1684 30 18.657 5
1683 84 144 912 1675 74 146 7.32 3333 77 2190 1665 75 21.0 8.03 1667 65 163 8.58 1669 70 14.8.701

5 O NO, Br 1718 9 87 0.18 1715 14 109 092 3408 16 2@@9 1712 21 12.8 1.38 1712 17 107 055 1711 33 13.776 0
1702 91 133 176 1698 86 158 587 3375 83 28521 1697 57 148 3.66 1695 83 145 277 1695 67 14.954 1
- - - 1687 22 186 1.43 - -

6 s H Br 1695 16 130 2.56 1690 17 150 153 3364 28.7 1.05 1682 17 184 4.64 1681 30 187 4.22 1682 46 16.296 4
1675 84 114 12582 1670 83 126 753 3322 84 26505 1663 83 187 2316 1663 70 14.0 9.60 1664 54 12870

7 S cC Br 1702 3 118 0.39 - - - - -
1694 7 119 112 1687 16 175 259 3359 13 3086 1682 17 189 252 1680 30 193 5.77 1681 33 16.636 7
1683 6 85 087 - - - - -
1673 84 95 1279 1668 84 125 1365 3319 87 27.784 1663 83 194 1250 1663 70 145 13.69 1665 67 128.71

¢ = Relative permittivity

Relative intensity of each component of the carbstrgtching band expressed in percentage of tegrated absorbance.

® Full width at the half maximum (FWHM).
¢ Integrated absorbance.

4First overtone.

®Undetected component.



Table?2

Relativeenergies (E, kcal M| dipole momentsy( D), selected dihedral angles (°) and
the carbonyl IR stretching frequencies ¢mi‘)for the minimum energy conformations
of 2-(2’-haloacetyl)-5-substituted five-memberedédnearomatic compounds at M05-
2x/aug-cc-pVTZ level.

Comp. X Y Z Conf B o = m v Dihedral Angle$
o 1)
1 NMe H Cl  ac(syn) 0 2 84 29 1762.7 106 -2
sp(syn) 0.59 1 16 4.1 1789.6 0 0
ac(anti) 5.70 2 0 46 1768.6 110 168
sp(anti) 7.59 1 0 6.0 1793.9 0 180
2 O H Cl ac(syn) 1.00 2 12 3.8 1808.2 113 -1
sp(syn) 2.03 1 1 5.5 18305 0 0
ac(anti) O 2 64 3.5 1807.9 106 174
sp(anti) 0.19 1 23 5.0 1827.6 0 180
3 o) H Br acsyn) 1.20 2 11 4.0 18114 105 0
sp(syn) 2.82 1 1 54 18267 0 0
ac(anti) O 2 81 3.6 1806.0 102 175
sp(ant) 1.01 1 7 50 1821.2 0 180
4 @] Me Br ac(syn) 1.01 2 14 4.2 1801.6 106 -1
sp(syn) 2.65 1 1 57 18253 0 0
ac(anti) O 2 79 44 17925 102 176
sp(ant) 1.10 1 6 5.8 18189 0 180
5 O NO, Br ac(syn) 2.00 2 5.9 1830.8 109 0
sp(syn) 4.03 1 6.2 1855.2 5 1
ac(anti) 0.00 2 90 2.3 18226 103 173
spant) 1.13 1 7 21 18382 0 180
6 S H Br acsyn) O 2 79 3.6 17886 105 0
sp(syn) 1.25 1 5 5.1 1809.4 0 0
ac(anti) 0.99 2 14 3.3 1790.7 103 180
sp(anti) 1.89 1 2 48 1819.1 0 180
7 S Cl  Br acsn) O 2 83 3.3 17899 107 0
sp(syn) 1.31 1 5 45 1809.9 0 0
ac(anti) 1.19 2 11 2.1 1794.4 105 180
sp(anti) 2.25 1 1 3.5 1822.0 0 180

& Conformer assignment.The symbals and sp refers toanticlinal and syn periplanar geometries
respectively on the Z-CHC=0 moiety in order to avoid confusion with thgr() and @nti) symbols

which refers to theyn periplanar andanti periplanar geometries respectively on the X-C-C=0 moiety.
® Harmonic ZPE corrected relative energies at 298 K.

¢ Thermodynamic probability facton = e©/®

4 Molar fraction in percentage.

¢ See scheme 1.



Table 3a

Relative energies (E, kcal mol™) and carbonyl stretching frequencies (v, cm™) for compounds 1, 6 and 7in condensed phase at M05-2x/aug-cc-
pVTZ level through PCM solvation model.

Comp. X Y Z Conf? N-CeHy4 ccl, CHCl, CH,Cl, CHsCN
E> P° v E P v E P v E P v E P v
1 NMe H Cl acsyn) 0 84 1750.1 0 83 17474 0 74 17350 000 69 17292 007 64 17220
sp(syn) 058 16 17751 051 17 17719 022 26 17587 007 31 17516 0 36 17437
ac(ant) 508 0 17519 498 0 17483 462 0 17352 441 0 17278 406 0 17200
spant) 621 0 17728 597 0 17695 501 0 17552 449 0 17552 429 0 17432
6 S H Br ac(syn) 0 75 17733 0 74 17701 0 67 17574 0 62 17499 009 56 17424
sp(syn) 0.83 9 17942 074 11 17909 036 19 17775 013 25 17699 0 32 17621
ac(ant) 1.02 13 17762 104 12 17731 110 10 17610 112 9  1754.1 122 8 17470
sp(anti) 1.62 3 18026 156 3 17989 134 4 17868 122 4 17793 120 4 17716
7 S Cl Br acsyn) 0 80 17757 0 79 17726 0 72 17602 0 66 17530 006 59 17455
sp(syn) 092 9 17948 082 10 17916 041 18 17786 017 25 17713 0 33 17639
ac(ant) 125 10 17795 126 9 17774 131 8 17656 134 6 17589 146 5 17522
sp(ant) 196 1  1806.7 190 2 18035 164 2 17909 151 3 17837 145 3 17764

& Conformer assignment.
® Harmonic ZPE corrected relative energies.
® Molar fraction in percentage.



Table 3b

Relative energies (kcal mol™) and carbonyl stretching frequencies (cm™) for compounds 2-5 in condensed phase at M05-2x/aug-cc-pVTZ level
through PCM solvation model.

Comp. X Y Z Conf? N-CeHy4 CCl, CHCl; CH,Cl, CHsCN
E® P° v E P v E P v E P v E P v
2 o H Cl acsyn) 084 15 17938 083 16 17908 076 21 1777.9 070 23 1770.1 063 24 1762.1
sp(syn) 137 3 18136 126 4  1809.9 078 10 1794.6 048 16 17858 018 25 1777.1
acfant)y 0.13 51 17925 020 47 1789.3 049 32 17769 066 24 17702 081 17 17637
sp(ant) 0 31 18124 0 33 18099 0 37 1799 0 37 17878 0 34 1780.0
3 o} H Br acsyn) 085 17 17950 077 19 17915 041 28 1776.7 017 34 17676 0 40 1760.4
sp(syn) 207 1 18103 189 1 18077 116 4 17918 072 7 17833 148 11 17744
ac(ant) O 72 17908 000 69 17880 0 55 17755 0 45 17687 020 35 17619
sp(ant) 073 10 1806.9 066 11  1805.0 041 14 17911 027 14 17838 008 14 17764
4 o Me Br ac(syn) 070 21 17843 062 23 17816 024 34 17646 0 40 17549 025 31 17453
sp(syn) 193 1 18053 177 2  1800.8 1.07 4 17849 066 7 17751 049 10 17651
aclant) O 69 17767 0 66 17734 0 51 17604 0 40 1753.1 0 47 17458
sp(anti) 081 9 18014 074 9 17977 047 11 17830 033 13 17747 043 12 17663
5 O NO, Br ac(syn) 161 6 18197 150 7 18171 012 13 1806.7 065 20 1800.1 0.12 24 1800.1
sp(syn) 310 0 18434 286 0 18417 046 2 18293 120 4 18236 046 9 18232
ac(ant) O 84 18133 0 8 18113 0 70 18042 0 59 1800.3 0 42 18059
sp(ant) 0.85 10 18292 078 11 18271 020 15 18191 033 17 1815.0 020 15 1819.8

& Conformer assignment.
® Harmonic ZPE corrected relative energies.
¢ Molar fraction in percentage.



Table 4

Relative energies (kcal.md), selected interatomic distances (A), selectedesn@eg), carbonyl stretching frequencies tnselected NBO
interactions (kcal.mdl) for the minimum energy conformations of 2-(2'-aidacetyl)-1-methylpyrrolé at M05-2x/aug-cc-pVDZ level.

Complexes Gas Phase PCM (CHCE) NPA Charges NBO interaction$ Interatomic distance and angle
E P v E P e Ow Herem LPor—onc® LPor—onc® mco—one  Ogy...H® Al £0...H-C
Complex 0 69 17718 0 74 17649 -0.619 0.293 1.92 1.16 0.75 2.19 -0.53 132.6
Complex2 056 26 1747.3 0.67 23 17375 -0.632 0.284 1.97 0.08 2.07 220 -0.52 148.3
Complex3 155 5 17539 1.96 3 1742.0 -0.642 0.296 5.62 0.36 0.06 2.08 -0.64 155.1

? Relative energy valueof the charge transfer ictéya between Qo....H cre).
®Relative population as percentage.

®sp character lone pair.

4 p character lone pair.

¢ Interatomic distance.

" Difference between the interatomic distance andstime of van der Waals radi\dWr).
I¥vdWr = 2.72 A.

" Refers tosp(syn)...HCCls

' Refers toac(syn)...HCCls

I Referstoac(syn)...HCCL,



Table5

Relative energy (E, kcal.md), dipole momentsy( D), selected dihedral angles (deg),
for the first order saddle pointsconformations ef22haloacetyl)-5-substituted five-
membered heteroaromatic compourig)6) at M05-2x/aug-cc-pVTZ level.

Comp. X Y z sP? = m Dihedral Angle$
a o
2 (@] H Cl SP1 2.82 5.2 53.2 2.4
SP2 9.22 45 -0.4 87.3
SP3 1.50 4.7 53.0 -179.1
SP4 9.58 2.5 115.8 86.6
SP5 3.33 2.7 180 0
SP6 4.44 2.4 180 180
6 S H Br SP1 2.21 4.9 46.6 1.7
SP2 8.69 4.4 0.5 91.3
SP3 2.89 4.6 47.8 -177.8
SP4 8.50 2.3 107.8 89.7
SP5 4.21 2.3 180 0
SP6 451 2.1 180 180

2P refers to saddle point.
®Energy difference between each saddle point anchthenum energy conformer of each compound.
¢ See scheme 1.



Table6

NPA charges (e) at selected atomsfor the minimuerggnconformations of 2-(2'-
haloacetyl)-5-substituted five membered heteroatmmeompounds X-7) at MO5-
2x/aug-cc-pVTZ level.

Comp. X Y Z Conf. NPA Charges

o(1) X(9) H(12) H(16/17/18) Z(4) H(11/10%

1 NMe H Cl ac(syn) -0.591 -0.389 0.239 0.235 -0.062 0.256
sp(syn) -0.579 -0.388 0.236 0.236 -0.045 0.251

ac(anti) -0.571 -0.406 0.252 0.217 -0.571 0.234

sp(anti) -0.563 -0.410 0.254 0.219 -0.038 0.243

2 (0] H Cl ac(syn) -0.522 -0.394 0.240 -0.050 0.238
sp(syn) -0.511 -0.392 0.234 -0.019 0.233

ac(anti) -0.537 -0.420 0.248 -0.044  0.235

sp(anti) -0.527 -0.428 0.249 -0.024  0.238

3 (0] H Br ac(syn) -0.523 -0.393 0.238 0.008 0.243
sp(syn) -0.512 -0.392 0.235 0.034 0.239

ac(anti) -0.538 -0.422 0.248 0.013 0.240

sp(anti) -0.528 -0.428 0.250 0.029 0.244

4 (0] Me Br ac(syn) -0.531 -0.413 0.236 0.005 0.243
sp(syn) -0.519 -0.411 0.233 0.030 0.238

ac(anti) -0.545 -0.442 0.247 0.010 0.240

sp(anti) -0.533 -0.441 0.248 0.025 0.243

5 (0] NO, Br ac(syn) -0.495 -0.363 0.248 0.021 0.248
sp(syn) -0.486 -0.361 0.244 0.049 0.240

ac(anti) -0.516 -0.390 0.257 0.030 0.245

sp(anti) -0.506 -0.395 0.259 0.043 0.250

6 S H Br ac(syn) -0.547 0.537 0.232 0.009 0.244
sp(syn) -0.535 0.542 0.229 0.032 0.240

ac(anti) -0.545 0.495 0.247 0.013 0.243

sp(anti) -0.533 0.478 0.249 0.034 0.242

7 S Cl  Br ac(syn) -0.546 0.560 0.236 0.012 0.245
sp(syn) -0.535 0.565 0.232 0.035 0.241

ac(anti) -0.543 0.520 0.250 0.016 0.245

sp(anti) -0.531 0.502 0.251 0.038 0.243

& Refers to the closest methyl hydrogen atom taQfi® or H(10 or 11) atoms.
P Refers to the closest methylene hydrogen atomet®h) or H(16, 17 or 18) atoms.



Table7a

Selected interatomic distances (A) for the minimemergy conformations of 2-(2'-
chloroacetyl)-1-methylpyrrolelf at M05-2x/aug-cc-pVTZ level.

Comp. X Y Z Conf Interatomicdistances

Ow--Ng® APY Ouy...Huzy A" Ouy..Ze AF  Ow..Husnmme Al Huswme-Hoony Al

1 NMe H CI ac(syn) 288  -0.19 >4 —— 351 024 2.61 011 >4
sp(syn) 287  -0.20 >4 - 291 -0.36 2.60 -0.12 >4
ac(anti) >4 268 -004 353  0.16 >4 2.27 -0.13
sp(anti) >4 263 -009 288 -0.49 >4 2.18 -0.22

?Interatomic distances.

® Difference between the non-bonded atoms distamogéshe sum of van der Waals radivdWr).
°xvdWr = 3.07 A (N...O).

drvdwr =2.72 A

exvdWr = 3.27 A (CI...0).

"SvdWr = 2.40 A (H...H)



Table7b

Selected interatomic distances (A) for the minimemergy conformations of 2-(2'-
haloacetyl)-5-substituted five-membered heteroatmmaompounds 2-7) at MO05-
2x/aug-cc-pVTZ level.

Comp. X Y V4 Conf. Interatomic distances
Ouy-XegY AP Opy.Hazy A Ouy.Zg A
2 0] H Cl ac(syn) 2.75 -0.29 >4 3.59 0.32
sp(syn) 2.74 -0.30 >4 2.92 -0.35
ac(anti) >4 2.92 -0.20 3.50 0.23
sp(anti) >4 2.90 -0.18 2.93 -0.34
3 0] H Br ac(syn) 2.74 -0.30 >4 3.63 0.26
sp(syn) 2.75 -0.29 >4 3.04 -0.33
ac(anti) >4 2.91 -0.19 3.58 0.21
sp(anti) >4 2.90 -0.18 3.04 -0.33
4 O Me Br ac(syn) 2.75 -0.29 >4 3.64 0.27
sp(syn) 2.74 -0.30 >4 3.04 -0.33
ac(anti) >4 2.91 -0.19 3.58 0.21
sp(anti) >4 2.90 -0.18 3.03 -0.34
5 O NGO, Br ac(syn) 2.72 -0.32 >4 3.66 0.29
sp(syn) 2.72 -0.32 >4 3.04 -0.33
ac(anti) >4 2.90 -0.18  3.57 0.20
sp(anti) >4 2.82 -0.10 3.05 -0.32
6 S H Br ac(syn) 2.96 -0.36 >4 3.63 0.26
sp(syn) 2.97 -0.35 >4 3.03 -0.34
ac(anti) >4 2.67 -0.05 3.59 0.22
sp(anti) >4 2.67 -0.05 3.03 -0.34
7 S ClI Br ac(syn) 2.96 -0.36 >4 3.63 0.26
sp(syn) 2.95 -0.37 >4 3.03 -0.34
ac(anti) >4 2.66 -0.06 3.61 0.24
sp(anti) >4 2.66 -0.06 3.03 -0.34

#Interatomic distances.

® Difference between the non-bonded atoms distamceshe sum of van der Waals radiv@wr).
¢zvdWr =3.04 A (0...0) and 3.32 A (O...S).

dyvdwr =2.72 A.

exvdWr = 3.27 A (Cl...0) and 3.37 A (Br...0).



Table 8a

Selected NBO interaction energies (kcal. mol™) for compounds 1, 6 and 7 calculated at M05-
2X/aug-cc-pVTZ level.

Orbitals X=NMe, Y=H, Z=Cl (1) X=S, Y=H, Z=Br (6) X=S, Y=Cl, Z=Br (7)

ac(syn) sp(syn) ac(syn) sp(syn) ac(anti) sp(anti) ac(syn) sp(syn) ac(anti) sp(anti)

L Pxo@—T* c7-cs 59.3 58.4 380 379 363 352 389 388 371 360
L Pxo—T* cs-co 49.4 50.6 338 345 321 317 321 329 306 301
Tier=ca—T* cseco 331 323 249 246 251 248 228 26 231 228
Tes-comT* cr-cs 256 25.2 195 193 209 208 188 187 201 200
Ties=cs—T como1 335 30.7 279 259 269 252 281 260 269 252
L Pos—0* ca.ca 255 284 260 285 256 281 260 285 255 280
L Pot—0* co.cs 231 23.7 235 243 246 254 235 244 249 257
LP2up—T* coon 2.0 21 23 21 23
LP4p—0* co.cs 5.0 6.9 39 58 38 58 40 5.8 37 58
LP4p—0* co.cs 07 06 06 06 06
s 24— co-o1 46 67 - 72 6.6 72
Teoo1—6* 3 74 31 34 34 34 34
L Poye—0* caxo 06 06 07 08 08 08
L Poye—0* cs xo 13 13 13 14
Gcaza—0* cacs 27 34 35
LPoyp)—6* cis1s 0.8 0.9 b b e . - - b .
> 265.6 261.1 2104 2056 2095 1989 2071 2026 2061 1956

2 Interaction energy lower than 0.5 kcal mol ™,



Table8b

Selected NBO interaction energies (kcal. mol™) for compounds 2-5 calculated at M05-2X/aug-cc-pVTZ level.

Orbitals X=0, Y=H, Z=Cl (2) X=0, Y=H, Z=Br(3) X=0, Y=Me, Z=Br(4) X=0, Y=NO,, Z=Br (5)
ac(syn) sp(syn) ac(anti) sp(anti) ac(syn) sp(syn) ac(anti) sp(anti) ac(syn) sp(syn) ac(anti) sp(anti) ac(syn) sp(syn) ac(anti) sp(anti)
LPwop—m*cr-cs 409 405 391 38.1 409 405 389 349 437 433 417 406 427 425 407 40.1
LPwop—m*cs-cs 371 381 353 34.9 373 380 352 382 37 364 336 331 382 389 365 362
Tercs—omoscs 202 248 249 245 202 249 249 24.6 270 266 185 234 23 21 242 21.8
TescooMcrcs 253 200 212 211 252 200 213 21.1 176 174 276 185 29 26 218 24.2
Tescsomcror 262 243 259 24.4 261 243 259 245 278 257 254 25.9 2.7 203 212 20.3
LPoym—0*cacs 260 289 261 285 257 282 255 27.8 257 282 253 27.9 256 279 251 27.1
LPoyy—0*cocs 265 273 255 259 268 276 256 26.1 262 271 253 25.8 284 299 270 27.3
LPup—m oo 17 24 2.0 25 19 37 21 29
LPup—0*cocs 5.2 7.0 48 6.9 40 5.8 37 57 40 57 57 41 59 37 58
S —— 07 07 06 07 06 72 07 07 07
s 24T co-o1 40 5.1 6.4 75 34 6.2 6.4 82
Teoo1—6* 3 74 32 31 35 33 35 34 34 32
LPoyy—0*cexe 05 05 05 05 05 05 06 06
LPoyy—0*csxo - 14 16 15 16 — e 1.7 18
Gcaza—0* cacs 26 32 32 33 34
LPoyp)—6* cis1s i . - - e -5 . . . . . . . . . .
) 2168 2147 2148 2066 2186 2136 2158 2052 2170 2147 2179 2049 2184 2148 2162 2053

2 Interaction energy lower than 0.5 kcal mol ™,
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Fig.1. IR spectra of 2-(-2’-chloroacetylymethylpyrrole {) showing the carbonyl
stretching band in-hexane (a), carbon tetrachloride [fundamentab(iw first overtone
(c)], chloroform (d), dichloromethane (e) and aoétde (f). The red line is the
experimental band; the blue line is the fitted hatite black lines are the band

components.
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Fig. 2. IR spectra of 2-(2’-chloroacetyl)fur@phowing the carbonyl stretching band in
n-hexane (a), carbon tetrachloride [fundamentalafi first overtone (c)], chloroform
(d), dichloromethane (e) and acetonitrile (f). Tid line is the experimental band; the
blue line is the fitted band; the black lines dre band components.
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Fig.3. IR spectra of 2'(-2-bromoacetyl)-5-chloratphene 7) showing the carbonyl

stretching band in-hexane (a), carbon tetrachloride [fundamentah(ig) first overtone

(c)], chloroform (d), dichloromethane (e) and aoétde (f). The red line is the

experimental band; the blue line is the fitted hatite black lines are the band
components.



Fig. 4. sp(syn) (a),ac(syn) (b), sp(anti) (c) andac(anti) (d) conformers of 2-(2’-bromoacetyl)furaB) (optimised at the M05-2x/aug-
cc-pVTZ level.



Complex 1 Complex 2 Complex 3

Fig. 5. Structures of the hydrogen bonding complexes batw (2’-chloroacetyl)-pyrrole and chloroform olotad at the MO5-
2x/aug-cc-pVDZ levelComplex 1 [sp(syn)...HCCls]; Complex 2 [ac(syn)...HCCl;]; Complex 3 [ac(syn)...HCCly).
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Fig. 6. Potential energy surfaces of compounds 1, 2 and 6 obtained at the M 05-2x/aug-cc-pVDZ level.
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Fig. 7. One dimension potential energy surfaces ofdltghedral angle for compourilwheno
dihedral angle is 0° (black line) or 180° (red)ine



Fie
X=N—C15 (1),025),567)
///H

|_|17

18

Y =H (1-36), Me (@) NO, (5), C¢(7)

Z =Ct(1,2), Br (3-7)

a = O(1)=C(2)-C(3)-Z(4)

5 = O(1)=C(2)-C(5)-X(9)

Scheme 1. Atom labelling of 2-(2'-haloacetyl)-5-substitutedivé-membered
heteroaromatic compounds Z—&EO)(GH2X)-Y (1-7) and definition of the relevant
dihedral angles.
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Scheme 2. Inter-conversion of the four conformers of 2-(-2blmoacetyl)thiophene.
All energy values are in kcal mbl Erel indicates the energy relative to the minimum
energy structureac(syn). AE refers to the proper energy difference betweea tw
conformers AE* refers to the energy difference between a mimmairucture and that
of a saddle point.



Highlights

Calculations predict fot-7: ac(syn), sp(syn), ac(anti) andsp(anti) conformers.
IR of 1-6 in solution indicate two pairs of conformeas(syn)/sp(syn);
ac(anti)/sp(anti).

In n-hexane the 2’-bromoacetyl-thiophendisplays four conformers.
C=0...HCCkcomplexes justifyIR triplets found in chloroformrfb,3,5.

A good match was found between the experimentattzeatetical data.
Conformer stability and frequency are controlledcbylombic and orbital
interaction.



