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Abstrwt- The conformation of several trans-2,3-diaryloxy-1,4-dioxanes has 
bean studied using ISf NHR techniques. _ Trans-2,3-bis(Q-nitrophanoxy)-1,4- 
dioxane and trans-2,3-bis(4-methoxyphanoxy)-l,4-dioxana have been found to 
be predonunantly ( -98%) in diaxial conformation in CCC13. On the other 
hand, _ trans-2,3-bis(2,6-dimethylphenoxy)-l,4-dioxane exists in the same 
conditions as a 66:33 mixture of diaxial and diequatorial conformers. An 
explanation based on the fulfllment of the exe-anomeeic effect 18 provided. 

The continuous interest in the anomeric and related stereoelectronic effects has led in recent 

years to a considerable amount of studies devoted to the conformational analysis of symmetrical 

trans-2,3-disubstituted-1,4-dioxanes '93. These substances are quite suitable for the study of the 

forementioned phenomena since, because of their symmetry, they lead to easily analyzed NMR spectra. 

In the series of 1,4-dioxanes trans-2,3-di(R)oxy substituted, the anomeric effect causes the dia- 

xial confor~rs to strongly predominate with only two known exceptions2: ifB.Fuchs et al. reported 

in 1979 a ca. I:1 equilibrium of diaxial and diequatorial forms in the trans-2,3-bis(trimethylsilo- 

xy)-1,4-dioxane3. ii) We have recently found a similar behaviour of the trans.-2,3-di-t-butoxy-1,4- 

dioxane4. Whereas in the first case either the electropositive character of Si or the existence of 

some (p-d)nO-Si bonding were invoked in order to explain the conformational behaviour in terms of 

a reverse anomeric effect, no obvious inductive effect could be found in our example, so that an 

alternative explanation ought to be provided. 

The tentative explanation given in our first account on this subject for the conformational 

anomalies observed in 1,4-dioxanes bearing bulky substituents in the 2,3-positions introduced the 

idea that the lack of predominance of the diaxial conformer was caused by the steric bulk of the 

axial substituents through the destabilization of the exo-anomeric conformation4. In the meantime, 

some more reports have appeared on the experimentally determined conformations of 2,3-di(R)-oxy- 

1,4-dioxanes5 and related aza-analogues6. In order to test the validity of our hypothesis and to 

evaluate the relative weight of electronic and steric factors on the manifestation of the anomeric 

effect, the study of the conformational equilibria in trans-2,3-diaryloxy-1,4-dioxanes appeared as 

quite promising: whereas electronic effects can be modulated by means of a proper choice of elec- 

tron withdrawing or electron donating substituents in the p-position, steric effects can be enhan- 

ced by the introduction of bulky groups on the o,o'-positions of the aromatic rings. The only 

trans-2,3-diaryloxy-1,4-dioxane described so far in the literature is the diphenoxy derivative, 

and it has been reported that in CDC13 solution the conformational equilibrium for this compound is 

shifted ( ~95%;) to the diaxial conformer3. In this context we report the synthesis and conforma- 

tional analysis of trans-2,3-bis(4-methoxyphenoxy)-1,4-dfoxane 1, trans-2,3-bis(4-nftrophenoxy)- 

1,4-dioxane 2 and ~-2,3-bis(2,6-dimethylphenoxy)-1,4-dioxane 2, The conformational analysis of 
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the & isomers is irrelevant because in all cases there is a fast degenerated equilibrium between 

two equivalent axial-equatorial chairs. 

OR 

OR 

a: cis 
b: trans 

1 R.= 

2 R= 

RESULTS. 

Dioxanes 1, 2 and zwere prepared from 2,3-dichloro-1,4-dioxane and the corresponding phenols. 

Separation of the trans-isomers of 1 and zwas readily achieved by flash-chromatography on neutral 

alumina, eluting with hexane/ether mixtures. On the other hand, since separation of & and trans 

isomers of 2 could not be achieved and there was no overlapping between their signals in the NMR 

spectrum, subsequent studies on gwere performed with a cis/trans mixture. -- The 1~ NMR spectra of 

trans-1, trans-3 and cis/trans-zwere recorded in CDC13 solution and the complex signal corres- -- 
ponding to the 0-CH2-CH2-0 moiety was analyzed as an AA'BEI' system by means of the spectrometer 

built in LAOCOON 3 program (Figure 1). In every case, the spectrum synthetized from the calculated 

parameters was superimposable with the experimental one (RMS error less than 0.5 Hz). Moreover, the 

coupling constants between the homotopic acetalic protons were measured by means of the l3C sate- 

llites. All spectroscopical data are sutnnarized in table 1. 

Table l.- NMR data (in He) of trans-2,3-diaryloxy-1.4-dioxanea 1, 2 and 3 (* from AA'BB' analysis,' 

from 13C satellite, t directly measured). 
- 

% 
. * 

vc % 
t 

Jam* JCD* JAD’ JAC* JEF’ 

1 860.7 718.8 1062.6 11.5 1.2 3.3 -12.1 cl 

2 846.7 733.5 1102.1 11.5 1.0 3.3 -12.1 <l 

3 653.3 739.8 1009.4 8.1 4.9 2.9 -11.9 2.6 

n 

Figure 1. Calculated and observed spectrum of the AA’BB’ system in Wane-2,3-bis(2,6- 

dimethylphenoxyj-1,4-dioxane. 13C satellite signal of the acetalic protons shown in the insert. 
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According to previous results, the conformational equilibrium shown in Figure 2 can be postu- 

lated for trans-2.3-diaryloxy-1,4-dioxanes. 

Fig, 2 

The absence of geometrical distortions in the chair conformations of the studied compounds was 

ensured by calculation of the Y dihedral angle of the ring according to Lambert' (table E).The 

deviations relative to the described 57O value for 1,4-dioxane were in all cases less than 2". 

Table 2.- Coupling constants, R values and ring dihedral angles of trans-2,3-diaryloxy-1,4_dioxanes 
I_, 2 and 2. 

Jtrans("z) Jcis(Hs) R YC', 

r 6.35 3.28 1.936 56.3 
z 6.25 3.28 1.905 56.0 
1 6.51 2.86 2.276 56.6 

Population analyses were subsequently performed by two independent ways: i) starting from the 

calculated coupling constants of the AA'BB' systems and ii) by using the l3C satellite directly 

measured coupling constants between the acetaiic protons.In the first case, the observed Jaa and 

Jee values for deuterated dtoxanes8 ( Jaax 11.7 Hz ; J,,- 1 Hz) were taken as standard values in 

the equations (where x and y are respectively the molar fraction of diaxial and diequatorial 

conformers): 

JAB= X Jaa + (1-x) Jee; JCD = Y Jaa + (1-Y) Jee 

For the second population analysis, the observed Jaa and Jee values for the 5-tert-butyl-2,3- 

dimethoxy-1,4-dioxanes3 (J,,= 6.2 Hz ; J,,= 7 Hz) were taken as standard values in the equation: 

JEF= x Ja, + (1-x) Jee 

Our results, sunmnarized in table 3, clearly indicate that the presence in the para position of 

the phenyl ring of either an electron-withdrawing or an electron-donating substituent does not -- 
modify *position of the conformational equilibrium at all --* On the other hand, the presence of 

two methyl groups in the o,o'-positions of the phenyl ring greatly modifies the position of the 

conformatlonal equilibrium, leading to an important -- wulatlon of the diequatorial conformer. -- 

Table 3.- Itiaxial-diequatorial equilibria and free energy differences for tram-2,3-diaryloxy-1,4- 
dioxanes (# from 13C satellite. l from M'BB' analysis. 
values) 

q calculated from the % diaxial averaged 

0 diaxial from 8 diaxial from 

JEF# JaB*al"d JCD* 
A G' e.(kJ/mol)' 

t 100 98 98 9.6 
2 100 
3 

98 100 

69 66 63 9.6 1.6 

The possible influence of the polarity of the solvent on the position of the conformational 

equilibria was also investigated. No change was observed in the AA'BB' portion of the spectrum of 

trans-2, when more polar solvents were used (CD3CN and CD3SOCD3) thus indicating that no modifi- 
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cation of the equilibrium position had ocurred and, consequently. that no reverse anomeric effect 

was operating on this substance. On the other hand, the conformational equilibrium of trans-2.3- 

bis(2,6-dimethylphenoxy)-1,4-dioxane, which is already reasonably well balanced in COC13 solution, 

should be more sensitive to solvent effects. When the NMR spectrum of trans-3 was recorded in more -- 
polar solvents (CD3COCD3 and CD3SOCD3). the conformational equilibrium was slightly shifted to the 

diequatorial conformer (table 4). The observed shift corresponds to a change of less than 0.9 

kJ/mol in the AG",, value. 

Table 4.- NHR data and population analysis of trans-2,3-bis(2,6-dimethylphenoxy)-1.4-dioxana 3 in 
different solvents. The values in CDc13 are also included here for comparison purposes. ( l -from 
AA’BB’ analysis, e from 13C satellite) 

JAB* Jco. J~F' 8 diaxial from 8 diaxial from AG’ 
J~FB Jeff and JCD* 

ea( kJ/mol) 

1. (Coc13) 8.1 4.9 2.6 69 66 63 1.6 
2 (CD3COCD3) 7.0 5.7 3.2 58 56 56 0.7 
2 (CD3SOCD3) 7.0 5.7 3.0 62 56 56 0.8 

It can be thus concluded from our results that the presence of electron-donating or electron- 

withdrawing substituents in the para position of the aryl groups of trans-2,3-diaryloxy-1,4-dio- 

xanes is irrelevant to the manifestation of the anomeric effect, whereas the presence of two methyl 

substituents in the ortho. ortho' positions of the aryl groups considerably reduces the manifesta- 

tion of the effect. 

It should be mentioned that in most of previous work on the anomeric effects in the 1.4-dioxane 

series the possible influence of the orientation of the ring substituents has been ignored, proba- 

bly due to the lack of simple methods allowing to measure it. However, it can be of considerable 

importance in the case of R(oxy) substituents. In fact, the conformations of an acetalic system 

must be treated as a whole, and either simple qualitative stereoelectronic considerations, or 

molecular mechanics calculations5 suggest that among the possible "diaxial" conformations, only the 

one fulfiling the requirements of the so-called "exe-anomeric" effect is clearly more stable than 

any of the possible "diequatorial" conformations. Thus, if the steric bulk of the axial substi- 

tuents is increased up to a level in which a repulsive interaction appears between the considered 

substituent and the nearest axial hydrogen atom of the OCH2CH20 moiety of the ring, the "diaxial 

exo-anomeric" conformation can no longer be adopted and the set of diaxial conformers is destabi- 

lized relative to the set of the more extended, repulsion free, diequatorial conformers (Figure 2). 

According to these ideas, our results constitute a solid evidence on the predominance of steric 

over electronic effects of the substituents in the inhibition of the anomeric effect in the series 

of trans-2,3-disubstituted-1,4-dioxanes. 

R 

f 

Fig 2.- Conformational equilibria stablished when R is small (1) and when R is large (2). 
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EXPERIMENTAL. 

NMR spectra were recorded on a Varian XL 200 instrument operating in FT mode. IR spectra were 
recorded on a Perkin-Elmer 681 instrument. Melting points were determined on a Kofler microscope 
and are uncorrected. 

2,3-Diaryloxy-1,4-dioxanesz Typical experimental procedure. 

Trans-2,3-dichloro-1.4-dioxana (5 mn01) dissolved in 1,2-dicloroethane (80 ml) was mixed with the 
corresponding phenol (50 mmol) and K2C03 (289). With vigorous stirring. the mixture was heated 
under reflux overnight. Hethylene dichloride (150 ml) was added at room temperature and the mixture 
was washed with 5% NaOH. After drying with MgS04 and solvent evaporation under VaCuuIII. the crude 
mixture of cis and trans-2,3-diaryloxy-1.4-dioxanes was obtalned. The cisftrans ratio found was 
&/lb: 30/70.La/Zb: 

-- 
70/30 and +/b: OflOO. Chromatographic separation and/or purification was 

achieved by flash chromatography on neutral alumina (loo-125 mesh. Act..'. 1) eluting by hexane:ether 
mixtures. 

trans-2,3-bis(4-methoxyphenoxy)-l.rl-dioxane (Ib).(yield 50%): m.p. 114-50: Found C.64.83%: N.6.08$. 
Calc. for c18HZ006 c,65.05%: H,6.07%. NMR (oCC13): 7.0-6.8 (m, 8H). 5.31 (s, 2H). 3.5-4.3 (AA'BB'. 
4H) PP~. IR (KBr): 3070, 3050. 3000, 2960, 2940, 2840, 1510, 1465, 1445, 1235, 1210. 1185. 1150. 
1145, 1030, 1010, 915, 875. 840 cm-l 

cis and trans-2,3-bis(4-nittophenoxyj-1#4-dioxane (2). 
N,7.77%. 

(yield 50%); Found C.53.328; H,3.86%; 
Calc. for Cl6Hl408N2 C,53.04%; H.3.908: N.7.738. NMR (DCC13): 8.3-7.2 (m, 8H e; 8H 

trans). 5.56 (s, _ 2H trans). 5.51 (s, 2H &), 4.2-3.8 (AA'BB', 4H e; AA'BB', 4H trans) ppm. IR 
(KBr): 3120. 3080, 3000, 2930, 2840, 1615, 1595, 1505. 1490, 1340, 1240, 1150. 1110. 1000. 920. 
875, 850 cm-l 

~-2.3-bis(2,6-dimethylphenoxy)-l,4-dioxane (zb). (yield 60%); m.p. 1100: Found C.72.94%; 
H.7.368 Cal. for C20H2404 C.73.148; H,7.37%. NHR (LXC13): 7.0-6.9 (m, 6H) 5.05 (s, 2H) 4.3-3.6 

(AA’BB’ , 4H) 2.30 (s, 12H) ppm. IR (KBr): 3060. 3030. 2990, 2930, 2870, 1475, 1280. 1270, 1190, 
1120. 1095, 1070, 1010, 980. 840. 780, 770. 635 cm-l. 
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