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Abstract 

 The conformational space of diallylamine (DAA) was investigated using rotational 

spectroscopy from 7–19 GHz aided by quantum chemical calculations. Extensive 

conformational searches using density functional theory B3LYP-D3(BJ) and the ab initio 

MP2 method with the aug-cc-pVTZ basis set identified a total of 42 minima for DAA within 

~22 kJ mol-1. This reveals a strikingly rich conformational landscape for this secondary 

amine with two equivalent substituents. Experimentally, transitions belonging to four low 

energy conformers (I, II, III and IV) were unequivocally assigned in the rotational spectrum 

and their patterns were confirmed by the presence of the hyperfine structure owing to the 

14N quadrupolar nucleus. The relative intensities of the observed transitions suggest a 

conformational energy ordering of I < II < III < IV. Natural bond orbital and non-covalent 

interaction calculations reveal that the geometric preferences for the observed 

conformers are governed by an interplay of subtle attractive interactions (including 

hyperconjugation involving the lone pair at nitrogen) and repulsive effects.  
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Introduction 

After the introduction of the term “conformation” by Barton in 1950,1 chemists have 

increasingly treated molecules as flexible entities which vary in shape and function 

depending on their chemical environment. Correspondingly, the effects ruling the 

geometries of molecular systems with a broad range of applications from biological to 

astrochemical processes have garnered widespread interest. While the chemistry of 

amines and amino acids, the building blocks of proteins, have been widely studied in 

biological systems, their formation under astrophysical conditions is still an intriguing 

question.2 The identification of routes for formation of biomolecules in space may lead to 

explanations as profound as the origins of life.2,3 As highlighted by Melosso et al,3 

although several amines (e.g. aminoacetonitrile,4 methylamine5,6) that are potential 

precursors of amino acids have been reported in the interstellar medium (ISM),7 the 

detection of others remains elusive. Detailed spectroscopic studies of novel N-bearing 

molecules of astrochemical interest, or that may be used to generate transient candidates 

for future detection, are central to elucidating the chemistry of prebiotic species in the 

ISM.2,3 

Recently, the rotational spectrum of allylmethylamine8 (AMA) whose thermal 

decomposition leads to the formation of propylene9 and methanimine10 was reported. 

Apart from providing necessary information for radioastronomical detection, this study 

detailed the successful characterization of four low energy conformers below 4 kJ mol-1. 

Diallylamine, DAA, is a natural, interesting extension of this study from both physical and 

chemical points of view. In comparison to the structure of AMA in which the amino group 

is bonded to allyl and methyl moieties, DAA possesses two equivalent allyl substituents 
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(Figure 1). While the presence of four dihedral angles may lead to additional 

conformations, there are potentially more competing interactions between the two allyl 

substituents and symmetry considerations at play. As a potential precursor to generate 

novel species in the laboratory, the thermal decomposition of DAA is known to favour by-

products of astrochemical interest including 2-propene-1-imine.11 Thus, complete 

rotational spectroscopic characterization of DAA lays essential groundwork for future 

studies of novel species that are candidates for astronomical searches. So far, the pure 

rotational spectrum of DAA has not been investigated. 

In this work, the conformational preferences of DAA are explored through 

interpretation of its rotational spectrum collected using Fourier Transform Microwave 

(FTMW) spectroscopy and aided by density functional theory (DFT) and ab initio quantum 

chemistry calculations (MP2, CCSD(T)). The computational results indicate a rich and 

complex conformational landscape for DAA making it an excellent, but demanding, 

prototype to evaluate the performance of quantum chemical models in reproducing 

energetic and spectroscopic properties of highly flexible molecules. While no fewer than 

17 conformers have been identified within 7 kJ mol-1 using quantum chemistry 

calculations, rotational transitions corresponding to four low energy conformers were 

assigned with added confirmation from analysis of the characteristic 14N hyperfine 

patterns. Information about the relative energy ordering of the identified conformers, their 

interconversion barriers and spectroscopic signatures are rationalized here using high-

level B3LYP-D3(BJ), MP2 and CCSD(T) calculations. Natural bond orbital12 and non-

covalent interaction13 analyses were also carried out to map out the stereoelectronic 

effects ruling the observed conformational preferences. 
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Experimental methods 

Rotational spectra of DAA were recorded using a chirped-pulse (cp) and a cavity-

based Balle-Flygare (BF) FTMW spectrometer which have been reported in detail 

previously.14,15 Briefly, a gas mixture containing ~1% of DAA (99.0% purity, Sigma Aldrich 

Canada; bp: 111–112 °C) in neon (~200 kPa) was prepared at room temperature and 

introduced into the spectrometers’ high vacuum chambers through a pulsed nozzle (1 

mm diameter orifice). The expansion of the gas mixture inside the chambers creates a 

supersonic jet in which the species are probed in a collision-free environment. Initially, a 

broadband spectrum was collected using the cp-FTMW spectrometer in the frequency 

range 8–18 GHz (segments of 1 GHz each) to serve as a survey spectrum from which 

the most intense rotational transitions of the different conformers were identified. Final 

frequency measurements of all accessible transitions were performed using the 

BF-FTMW instrument to resolve the hyperfine structure due to the presence of the 14N 

quadrupolar nucleus and to record transitions at higher frequencies up to 19 GHz. 

Transitions collected using the cavity-based instrument appear as Doppler doublets and 

individual lines have widths of ~7 kHz (FWHM). The uncertainty in the measurement of 

the line positions is typically ±2 kHz.  
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Computational methods 

The molecular geometry of DAA has four dihedral angles (ɑ, β, ɣ, and θ, Figure 1) 

about which internal rotations can give rise to different conformers. For each torsional 

angle, three staggered conformations (one trans and two gauche) can exist whose 

combinations result in a total of 81 possible geometries for DAA. This comes from the 

prediction that the number of potential conformers in a molecule is 3n where n= 4 is the 

number of dihedral angles. Initially, each of these 81 possible geometries were fully 

optimized using the DFT dispersion-corrected B3LYP16 functional with Becke-Johnson 

(BJ) damping,17,18 also known as B3LYP-D3(BJ), and the ab initio second-order Møller-

Plesset (MP2)19 perturbation theory method. For both sets of calculations, Dunning’s aug-

cc-pVTZ20 basis set was used. Harmonic frequency calculations were carried out at the 

same levels of theory to verify the nature of the stationary points and to obtain the 

electronic energies with zero-point energy (ZPE) corrections. From the 81 initial 

geometries, the calculations yielded 42 true energy minima due to the presence of 

equivalent structures generated from the method above (e.g. mirror images). All 

preliminary optimization and frequency calculations were done using the Gaussian 16 

software.21 Given the rich conformational space of DAA and the close relative energies 

between the lowest-lying conformers from the preliminary calculations, we also employed 

the coupled-cluster singles and doubles (CCSD) theory augmented by a perturbative 

treatment of triple excitations, CCSD(T)22 for the six most stable rotamers. Two 

approaches were considered for the coupled-cluster calculations including (1) single-

point energy calculations at the CCSD(T)/aug-cc-pVTZ level using the MP2/aug-cc-pVTZ 

optimized geometries and (2) full optimization and harmonic frequency calculations at the 
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CCSD(T)/ANO023 level of theory. All CCSD(T) calculations were performed using 

CFOUR.24,25 Finally, to investigate the stereoelectronic effects ruling the conformational 

preferences of DAA, non-covalent interaction (NCI)13 and natural bond orbital (NBO)12 

analyses were performed using the NCIPLOT26 and NBO727 programs, respectively. 

 

Results 

Conformational space of DAA 

The quantum chemical calculations indicate an extremely rich conformational 

space for DAA in which a total of 42 unique conformers exist within ~22 kJ mol-1. Since 

higher energy conformers are not expected to be populated at room temperature (see 

Table 1), only 17 minima whose energies are within 7 kJ mol-1 were considered further. 

The calculated energetic and spectroscopic parameters for these 17 conformers obtained 

using the B3LYP-D3(BJ) and MP2 methods are given in Table 1 while in Figure 1 we 

provide pictorial representations for the four low energy conformers which were 

experimentally detected (as presented in the spectral analysis section). The geometries 

corresponding to all 17 minima along with their Cartesian coordinates are given in the 

supporting information (SI) file in Figure S1 and Tables S1–S17, respectively. The 

conformers are labeled using Roman numerals from I–XVII based on their B3LYP-D3(BJ) 

relative energy ordering with conformer I possessing the most stable arrangement. 

Although the geometries of the conformers obtained at the B3LYP-D3(BJ) and MP2 levels 

are very similar, their relative energy orderings differ as seen in Table 1. The results from 

the higher ab initio CCSD(T) level (Table 1) also show a unique energy ordering but match 
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the predictions from B3LYP-D3(BJ) theory for the lowest two conformers. It is worth noting 

that since the six most stable conformers are almost isoenergetic (< 3 kJ mol-1), the slight 

differences in their ranking are a direct consequence of this highly competitive equilibrium 

making it difficult to come up with a conclusive quantitative picture.  

 

Figure 1. The four low energy conformers of DAA (bottom) studied experimentally, which 

arise due to internal rotations around the ɑ, β, ɣ and δ dihedral angles (top). The angles 

for these and the other low energy conformers are summarized in Figure S1.  
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Table 1. Calculated energetic (relative energy with ZPE corrections ∆EZPE in kJ mol-1 and population P at 298K in %) as 

well as spectroscopic parameters (rotational constants A, B and C in MHz and electric dipole moment components µa, µb, 

µc in Debye) for the 17 most stable conformers of DAA within ~7 kJ mol-1.  

 

 

B3LYP-D3(BJ)/aug-cc-pVTZ 

 

MP2/aug-cc-pVTZ 

 CCSD(T) 

   ANO0 
aug-cc-

pVTZa 

Conformer  ∆EZPE P298K A/B/C 
|µa|/ |µb|/ 

|µc| 
 ∆EZPE P298K A/B/C 

|µa|/ |µb|/ 

|µc| 
 ∆EZPE A/B/C 

|µa|/ |µb|/ 

|µc| 
∆E 

I  0.0 17.6 10389/914/900 0.0/0.1/0.7  0.2 14.8 9703/936/916 0.0/0.3/0.8  0.0 9814/912/896 0.0/0.3/0.8 0.0 

II  0.6 13.8 7346/1090/1024 0.0/0.3/0.8  0.0 16.0 7147/1119/1046 0.0/0.1/0.9  1.1 7142/1086/1018 0.0/0.2/0.9 0.5 

III  1.5 9.6 8071/1045/967 0.2/0.7/0.6  2.0 7.1 7876/1063/984 0.2/0.7/0.8  1.9 7863/1039/963 0.2/0.6/0.8 1.4 

IV  2.1 7.7 6842/1175/1108 0.2/0.1/1.0  1.8 7.7 6723/1206/1130 0.3/0.0/1.0  3.0 6677/1172/1104 0.2/0.0/1.0 1.9 

V  2.1 7.5 3627/1837/1394 0.6/0.0/0.7  0.2 14.9 3522/1961/1448 0.6/0.2/0.8  2.1 3548/1832/1382 0.6/0.1/0.7 1.5 

VI  2.3 6.9 5919/1185/1067 0.4/0.5/0.4  2.1 6.9 5663/1231/1099 0.4/0.7/0.5  1.8 5647/1192/1066 0.4/0.6/0.5 2.5 

VII  2.8 5.7 5984/1266/1062 0.0/1.0/0.6  3.7 3.6 5966/1286/1076 0.0/1.0/0.7    

VIII  3.1 5.0 6736/1210/1098 0.2/1.1/0.4  2.8 5.3 6708/1235/1119 0.2/1.1/0.5    

IX  3.8 3.9 5279/1398/1276 0.1/1.2/0.3  3.5 3.9 5232/1437/1309 0.1/1.2/0.4    

X  3.9 3.6 7335/1178/1079 0.7/0.4/0.5  4.1 3.1 7110/1213/1104 0.8/0.5/0.6    

XI  4.1 3.4 5333/1346/1145 0.5/0.3/0.2  4.5 2.6 5054/1432/1194 0.5/0.6/0.3    

XII  4.1 3.3 7402/1054/985 0.3/0.6/0.2  5.0 2.1 6920/1094/1014 0.4/0.8/0.3    

XIII  4.1 3.3 4657/1451/1381 0.5/0.3/0.3  3.7 3.6 3830/2009/1783 0.6/0.7/0.1    

XIV  4.5 2.9 5631/1269/1157 0.3/0.1/0.7  4.4 2.7 5223/1363/1216 0.4/0.4/0.7    

XV  5.1 2.2 4554/1501/1413 0.9/0.2/0.8  4.0 3.2 4427/1577/1471 0.9/0.0/0.8    

XVI  5.5 1.9 12389/894/883 0.0/0.3/0.8  5.8 1.5 11992/906/896 0.1/0.3/0.9    

XVII  5.9 1.6 5878/1310/1219 0.7/0.3/0.3  6.7 1.1 5626/1368/1265 0.8/0.4/0.4    

aCCSD(T) single point calculation performed using the MP2/aug-cc-pVTZ structure. 
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Spectral analysis  

Guided by the calculated rotational parameters for each conformer from Table 1, 

four sets of rotational transitions were assigned in the broadband spectrum (Figure 2A). 

The observed lines were mainly b- and c-type transitions consistent with the predicted 

patterns for conformers I, II, III and IV and exhibited partially resolved structure from the 

14N quadrupolar nucleus. The initial assignments were later confirmed using the cavity-

based BF-FTMW instrument which features higher resolution and sensitivity allowing the 

hyperfine splittings to be better resolved. A sample of the BF-FTMW spectrum for 

conformer I is shown in Figure 2B. Based on careful intensity measurements of selected 

transitions and considering the calculated dipole components from Table 1, we estimate 

the relative population trend in the supersonic jet to follow the energy ordering I > II > III 

> IV. Despite further experimental efforts, no transitions belonging to other conformers of 

DAA could be assigned. 

Transitions for each observed conformer were fitted with Pickett’s SPFIT 

program28 using Watson’s S-reduced29 Hamiltonian in the Ir representation to determine 

experimental rotational, quartic centrifugal distortion and 14N quadrupole coupling 

constants. The resulting spectroscopic parameters are provided in Table 2 while the 

transition frequencies and fit residuals are given in Tables S18–S21. It is worth noting 

that while the fits for conformers II and IV showed satisfactory rms (root-mean-square) 

errors (below ~2 kHz) by fitting only the χaa and χcc diagonal elements of the 14N nuclear 

quadrupole tensor, the position of some hyperfine components for conformers I and III 

were sensitive to the off-diagonal χbc element. For all four conformers, the determined 
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spectroscopic constants show good agreement with the computational predictions (Table 

S22).  

 

Figure 2. A) Sample of the cp-FTMW spectrum (1 million FIDs averaged) highlighting 

selected rotational transitions observed for conformers I, II, III and IV. B) BF-FTMW 

spectrum of the 312–202 transition (340 cycles) of conformer II showing the F’–F” = 2–2 

and F’–F” = 3–3 hyperfine components. 
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Table 2. Ground state spectroscopic parameters obtained for the four observed 

conformers of DAA. 

 Conformer 

Parameter I II III IV 

A (MHz)a 10227.44439(45) 7272.09620(64) 7993.5967(10)  6810.7226(20)  

B (MHz) 916.42068(24) 1094.03684(17) 1047.19699(41) 1178.51168(56) 

C (MHz) 901.86241(25) 1026.09596(18)  969.71266(35) 1110.72422(72) 

DJ (kHz)b 0.1766(65) 0.2479(21) 0.1570(47) 0.321(20) 

DJK (kHz) -13.787(29) -4.3097(87) [-4.602354214] -8.69(17) 

DK (kHz) [384.368818] 65.03(16) [74.754307] [93.229991] 

d1 (kHz) -0.03376(39) -0.04808(49) -0.0198(22) [-0.014171507] 

d2 (kHz) [0.000566] [-0.001099] [0.0009053911] [-0.00422286] 

χaa (MHz) c 2.8865(19) 2.6706(12) -0.0198(22) 2.6339(74) 

χcc (MHz) -4.1065(13) -5.0108(12) -3.1314(19) -4.9781(63) 

χbc (MHz)  -2.506(20)  3.09(23)  

σ (kHz)d 2.0 1.1 1.4 2.1 

Ne 71 49 29 12 

μa/μb/μc
f n/y/y n/y/y n/y/y n/y/y 

aRotational constants; bquartic centrifugal distortion constants; c14N nuclear quadrupole coupling 

constants; droot-mean-square of the fit; enumber of lines in the fit; felectric dipole moment 

components (“y” if observed and “n” if not observed). Values in brackets [ ] were fixed to the values 

obtained at the B3LYP-D3(BJ)/aug-cc-pVTZ level of theory. A complete set of calculated 

constants for conformers I, II, III and IV is provided in Table S22.  
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Discussion 

A surprisingly competitive conformational landscape is revealed for DAA by using 

a combination of FTMW spectroscopy and quantum chemistry calculations. Both DFT 

and ab initio methods suggest the existence of 17 conformers within ~7 kJ mol-1. Four 

low energy conformers whose electronic energies with ZPE corrections are within 3 kJ 

mol-1 of the global minimum (by all methods employed) were unambiguously detected in 

the jet-cooled rotational spectrum. Although conformers V through XVII are predicted to 

have transitions in the range of our spectrometer, patterns consistent with their 

geometries were not identified despite careful searches. Conformers VII–XVII are 

expected to have relative populations smaller than 6% at 298K and coupled with their 

small calculated electric dipole moments (Table 1), their transitions will be less intense 

and may fall below the sensitivity of the spectrometers.  

The lack of spectra features attributable to V and VI is more intriguing, however, 

as they are expected to be as populated as other detected conformers and possess 

similar electric dipole moment components (Table 1). In studies of molecules with multiple 

degrees of conformational flexibility, Godfrey and co-workers30,31 suggest that MP2 

calculations of the relative energies of conformers are only reliable to within roughly 2 kJ 

mol-1. Thus, the populations of conformers V and VI of DAA could presumably be lower 

than predicted (Table 1) and, like conformers VII-XVII, their rotational transitions may fall 

below our detection limit. A second possibility is conformational relaxation to lower energy 

forms in the supersonic jet. Empirically, it has been shown for small molecules and 

complexes that interconversion barriers smaller than ~5 kJ mol-1 allow for efficient 

relaxation to lower energy forms in the molecular beam,32 while for larger molecules with 
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multiple dihedral angles (as in DAA), higher barriers may be needed to prevent such 

interconversion.30,31,33 Given the geometric similarities of conformers V and VI with II and 

I, respectively, we modeled possible interconversion pathways between conformers V→II 

and VI→I which largely requires changes in the ɣ dihedral angle. The results are given in 

Figure 3. The estimated barrier heights for the conformational cooling from V→II (~13.1 

kJ mol-1, 12.3 kJ mol-1 ZPE-corrected) and VI→I (~13.0 kJ mol-1, 12.5 kJ mol-1 ZPE-

corrected) are close to the 12 kJ mol-1 energy barrier separating the two lowest energy 

forms of β-alanine33 where partial relaxation was reported. This suggests that conformers 

V and VI may also experience relaxation via the re-arrangements shown in Figure 3 or 

lower energy pathways requiring more concerted changes along multiple coordinates.  
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Figure 3. Relaxation pathways V→II (top) and VI→I (bottom) obtained at the 

B3LYP-D3(BJ)/aug-cc-pVTZ level of theory. 
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By inspecting the relative intensities of select transitions in our spectra, the 

experimental stability ordering (I > II > III > IV) matches the trend predicted by the B3LYP-

D3(BJ), CCSD(T)/aug-cc-pVTZ//MP2 and, for the most part, the CCSD(T)/ANO0 

calculations whereas the MP2 results suggest a different stability ranking of II > I ~ V > 

IV > III in which conformer II is the global minimum instead of I. This is not surprising as 

the energy difference between II and I is very small (~0.2–0.5 kJ mol-1) at all levels of 

theory and hence these conformers should be treated as nearly isoenergetic. The 

inconsistencies in the results from the three computational methods is purely a 

consequence of the very small energy differences between the different conformers.  

Overall, the equilibrium rotational, quartic centrifugal distortion and 14N quadrupole 

coupling constants from B3LYP-D3(BJ) provided the best match with the experimental 

ground state values for the conformers of DAA. This agrees with recent reports34,35 for 

other conformer mixtures in which DFT-corrected functionals have shown good 

consistency with experimental data. B3LYP-D3(BJ), therefore, remains a powerful, 

affordable, widely accessible and accurate method to predict spectroscopic parameters 

of complex organic molecules.  

To identify the underlying reasons for the highly competitive conformational space 

and dense rotational spectrum of DAA, we compared the results of DAA with those 

recently reported for the related diallyl disulfide (DADS)36 compound. Although DADS is 

larger and contains more dihedral angles, only its non-symmetric C1 global minimum 

geometry was observed in the rotational spectrum (in contrast to four conformers for DAA 

detected here). The dense spectrum of DAA is likely a consequence of both the relatively 

high energy barriers between conformers (which hinders their full relaxation into the 
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global minimum structure) and the additional conformational complexity introduced by the 

orientation of the hydrogen of the amino group. The global minimum of DADS is stabilized 

by a weak C–H...π hydrogen bond between the methylene subunit on one side of the S–

S bridge with the π-electron cloud of the allyl group on the opposite side, while in 

conformer I of DAA, the amino hydrogen and both allyl groups point out of the plane of 

the C-N-C link in the same direction giving Cs-symmetry. These differences in the 

molecular structures of the most energetically favoured geometries of DADS (C1) and 

DAA (Cs) highlight an unanticipated system-dependence and degree of diversity in the 

conformational landscape of allylic compounds.  

  Although the molecular structures for the most preferred conformers of DAA and 

DADS are surprisingly different, the lowest energy structure of AMA, with one allyl and 

one methyl substituent, is closely related to that of DAA. In the global minimum geometry 

of AMA,8 the allyl and amino hydrogen also point out of the plane of the C-N-C bridge in 

the same direction. This was shown to simultaneously favour the formation of stabilizing 

orbital interactions involving the lone pair at nitrogen (nN) and to minimize destabilizing 

effects from steric repulsion. To investigate whether the conformers of DAA are driven by 

analogous orbital interactions, we performed NCI and NBO calculations. The NCI analysis 

(Figure 4) reveals that attractive forces (blue-green regions) are found in the isosurfaces 

of conformers II (C–H…π), III (C–H…N) and IV (C–H…π and C–H…N) but not in conformer 

I. The C–H…π interactions across the C-N-C bridge in conformers II and IV resemble 

those responsible for the lowest energy conformation of DADS36 but are not sufficient to 

explain the stability ordering of the conformers of DAA. The C–H…π and C–H…N 

interactions found in conformers II and III of DAA, respectively,  have also been identified 
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in some of the low energy forms of AMA8 having a similar orientation of the allyl group 

involved in the intramolecular contact. Both types of interactions are found in conformer 

IV of DAA, contributing to its low relative energy of ~3 kJ mol-1, and arise from the two 

allyl moieties adopting orientations similar to those found in one side chain each of 

conformers II and III. It is worth noting that each of these attractions are accompanied by 

repulsive interactions (red regions) of similar magnitudes which are related to steric 

repulsion from formation of a five-membered ring once the intramolecular contact is 

established. Since conformer I does not show any such contacts, these interactions 

cannot be the only forces driving the conformational preferences of DAA.  

 

Figure 4. NCI isosurfaces (s= 0.06, colour scale of -0.02 < ρ < 0.02 au) for the four 

observed conformers of DAA. 
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To better understand the relative energy orderings and to verify the presence of 

orbital interactions in the conformers of DAA, we invoked NBO analysis to capture 

hyperconjugative effects involving occupied and empty orbitals. The NBO calculations 

reveal that charge transfer interactions from nN to the antibonding orbitals of the C–H 

(methylene), C–C and C=C bonds of the allyl side chains play a role in the stabilization of 

the observed conformers of DAA. A summary of selected hyperconjugative interactions, 

obtained with the NBO analysis, and their corresponding second-order perturbation 

energies (E2) is given in Table 3. The results show very similar interactions for the four 

conformers with the exception of the nN → π*C5–C6 which is only found in conformers I and 

II as the geometries allow for favourable orbital superposition of both allyl moieties with 

the amino group. In Figure S2, pictorial representations corresponding to the nN → π*C–C 

interactions in I, II, III and IV are provided. Although the estimated E2 values for certain 

interactions such as nN → σ*C2–C3 are different for the various conformers, none of these 

effects solely drive the conformational preferences. Based on the NCI and NBO 

calculations, we assert that a combination of subtle effects contributes to the highly 

competitive equilibrium of DAA. The high stability of conformer I is likely due to the 

arrangement of the two equivalent allyl groups with respect to the amino hydrogen which 

favours the nN → π*C–C interactions and at the same time minimizes steric repulsion. 
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Table 3. Second-order perturbation energies (E2) in kJ mol-1 for charge transfer 

interactions involving the lone pair at N (nN) for the four observed conformers of DAA. The 

atom numbering labels are given in Figures 1 and 4. 

Interaction I II III IV 

nN → π*C1–C2 2.4 2.7 2.4 2.7 

nN → σ*C2–C3 3.0 7.8 3.0 7.9 

nN → σ*C4–C5 3.0 3.2 3.5 3.8 

nN → π*C5–C6 2.4 2.6 – – 

nN → σ*C3–H 31.0 2.6 31.3 2.6 

nN → σ*C3–H’ 8.5 31.0 8.7 31.4 

nN → σ*C4–H 31.0 30.7 31.5 31.3 

nN → σ*C4–H’ 8.5 8.0 8.1 7.6 
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Conclusions 

The conformational landscape of DAA was characterized for the first time using 

rotational spectroscopy and quantum chemical calculations. Transitions of four 

conformers were unequivocally identified in the rotational spectrum and their observation 

allowed for accurate determination of their rotational, quartic centrifugal distortion and 14N 

quadrupole coupling constants. The theoretical methods employed here identify these 

four species as energetically very low-lying and the relative abundances from 

B3LYP-D3(BJ)/aug-cc-pVTZ and single point CCSD(T)/aug-cc-pVTZ//MP2 methods 

match the trend in experimental intensities. The relative energies from CCSD(T)/ANO0 

and MP2/aug-cc-pVTZ calculations offer a slightly different energy ordering for this nearly 

isoenergetic set of low energy conformers. This highlights the theoretical challenges in 

quantitatively describing the rich and highly competitive conformational landscape of 

organic molecules such as DAA and the importance of experimental results to confirm 

the reliability of quantum chemical methods. Comparing the different geometries of the 

preferred conformers of DAA, AMA and DADS enhances our understanding of the very 

complex interactions that govern the physical and chemical properties of allylic 

compounds. The observed conformational preferences are governed by an interplay of 

subtle attractive (intramolecular and hyperconjugative) and repulsive effects as supported 

by NCI and NBO analyses. 
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Supplementary Material 

See supplementary material for pictorial representations and Cartesian coordinates for 

the 17 low-lying conformers of DAA; list of assigned transitions for conformers I, II, III 

and IV; predicted spectroscopic parameters at the B3LYP-D3(BJ)/aug-cc-pVTZ and 

CCSD(T)/ANO0 levels of theory and orbital overlap representations from electronic 

structure calculations of conformers I, II, III and IV. 
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