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Abstract: A relationship was found between the y-effect values in 13C NMR 
spectra and the solution conformation of the title compounds. Base-catalyzed 
equilibration of anancomeric 2-phosphoryl and 2-thiophosphoryl substituted 
5-t-butyl-1,3-dithianes showed that axial preference increases in the order: 
Ph2P(S)<Ph2P(O)<(Me0)2P(O). Explanation of this phenomenon is proposed,based 
also on the results of molecular mechanics calculations. 

Significant attention has recently been devoted to the anomeric effect 

in 2-heterosubstituted 1,3-di- and 1,3,5-trithianes 
l-5 . Juaristi et al 

6 

and our group 7)6 found that some 2-phosphoryl substituted compounds of this 

type show strong tendency to exist both in solution and in the crystal in a 

chair conformation with the P(O)-group being axial. However, explanation of 

this effect is till now far from aatisfactory9. 

In the present paper we wish to report the results of our further studies 

on the conformational behaviour of 2-phosphoryl- and 2-thiophosphoryl 1,3-di- 

and 1,3,5-trithianes, 1,3-dioxanes (co:lipounds l-5) and anancomeric 5-t-butyl- -- 

-1,3-dithianes (compounds 6-8) as well as to propose a new explanation for -- 
the axial preference of the phosphoryl group in 1,3-dithiane ring. 

1, 
7, 

X=S,Y=O,Z=Me2C,R=Ph 

2, 
X=S,Y=S,Z=Me2C,R=Ph 
X=O,Y=O,Z=Me2C,R=Ph 

4, 
3, 

X=S,Y=O,Z=S, R=Ph 

2, 
X=S,Y=S,Z=S, R=Ph 
X=S,Y=O,Z=S, R=OMe 

10, X=S,Y=O,Z=CH2, R=OMe 
E, X=S,Y=O,Z=CH2, R=Ph 

6a-8a 6b-8b -- -- 

6, Y=O,R=Ph 
7, Y=O,R=OMe 
z, Y=S,R=Ph 
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All the compounds shown above were synthesized by the methods described 

by us earlier 
11 

and analyzed by means of ‘H, 13C and 31 P NMR spectroscopy. 

Selected data from these spectral studies are collected in Table 1. 

Due to the presence of the two methyl groups at C-5 or sulfur in the 

position 5 of the six-membered ring in compounds l-5 the resonance signals of -- 
the gcminal protons at C-4 and C-6 in the ’ H NMR spectra are simple and can 

be easily interpreted. However, it should be pointed out that the shape of 

the spectrum of these protons cannot be used for a fast and unambigous 

assignment of the predominant conformation in solution. For example, it was 

Figure 1. 

1 

L 

- 

found that ‘H NMR spectra of CH2- 

protons in compounds 1 and 1 are 

similar in shape (see Fig.11 although 

the Ph2P(O)-group in 1 is axial while 

in 312 equatorial. As expected, in 

the_lH NMR spectrum of 1 one obser- - 
ves the signals (doublet) of the 

axial methylene protons at lower 

field due to deshielding by the axial 

C-P bond. These signals are split 

into double doublet owing to a long- 

-range coupling with phosphorus. 

On the other hand, in the ‘H NMR 

Methylene protons region of the ‘H NMR 
(80 MHz) spectra of L and 2. 

spectrum of 3 the resonance signals 

of the equatorial methylene protons 

are at lower field and are similarly split as a result of the W-type coupling 

with phosphorus. This difficulty does not appear for cis- and trans diastereo- 

merit dithianes 6-O. Their 
1 

H NMR spectra are conclusive and allowed us to 

assign unambigously an axial and equatorial position for the P(O)- and P(S)- 
13 

-group at C-Z . 

An inspection of the 
13 C NMR results and especially of the magnitude of 

y-effect for anancomeric pairs of dithianes 6-8 and for compounds Y-11 for -- - -9 

which conformational preferences have been established earlier, strongly su- 

ggests that the y-effect values may be used for a fast assessment of the 

predominant solution conformation of the compounds under discussion. Thus, 

in the case of compounds l,“,fi-8a,z-z with the axial phosphorus substituent - 
at C-2 y-effect is negative and amounts som,- ppm. Moreover, the coupling 

constant between P and C-4 and C-6 observed in these compounds is nearly zero, 

When the phosphoryl or thiophosphoryl group is located in the equatorial PO- 

sition of the six-membered ring (compounds 1 and 6b-i3b) the y-effect values -- 
are positive or nearing to zero and the coupling constant 35 p_C is about 7-10 Hz 

Taking into account this rather clear relationship between the Y-effect 

and axial or equatorial orientation of the phosphoryl or thiophosphoryl group 

at C-2 in dithianes, one may suppose that compounds 2 and 5 which contain di- - - 

phenylthiophosphinyl substituent at C-2, exist in a solution as a mixture of 
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Table 1. Selected lH, 13C and 31P NMR data for compounds l-11 a> 
-- 

NO Ll.p. 

[“cl 6H 4ax 

1H NMR 13C NMR 31P NMR 

6H 
4eq 

A6e) 1J 
H-P y-Effect lJC_p 3~C_p 6 

1 263.2-263.4 3.45 2.16 1.29 5.5 -2.13 6Y.i 0 32.3 

2 181.4-183.3 3.16 2.43 0.15 8.0 -1.43 51.5 2.9 47.5 

3 142.0-143.0 3.48 3.14 0.26 5.9 -0.12 118.1 10.4 23.2 

4 263.0-264.0d 5.23C’d 3.81C’d 1.36C’d 6.9C’d -3.91 32.4 0 47.9c 

5 176.5-173.5 4.95 3.80 1.15 11.0 -2.63 51.5 4.4 48.5 

6a 262.0-262.9 3.63 2.55 1.00 3.5 -3.64 10.3 0 34.1 

6b 227.0-227.0 2.55 3.01 0.52 12.9 1.21 66.2 1.1 28.5 

la 103.4-104.2 3.38 2.59 0.3 16 -4.21 159.2 0 20.4 

lb 83.8- 85.4 2.69 2.96 0.21 19.0 0.61 148.0 8.1 20.6 

8a 114.2-116.5 3.89 2.41 1.42 5.3 -4.49 2.9 0 47.8 

3b 188.0-190.0 2.71 2.94 0.23 11.4 1.42 49.0 3.0 45.1 

9 113.0-114.0 5.20 3.51 1.63 20.0 -5.0 151.4 0 la.8 

10 45.0-45.5 3.54 2.56 0.98 19.0 -4.02 158.1 1.8 23.2b 

lid 242.0-243.0 3.1 2.5 1.2 6.0 -2.93 158.1 1.8 34.1b 

a)6 values given in 
3? 

pm; J values in Hz. 1~ NMR and 131: NMR spectra were 
measured in CDC13, 
b) in CDC13; 

P NMR spectra in CHC13 unless otherwise stated. 
c) in DMSO-d6; d) data from ref .6c; e> As =1GH4ax-GH4eql 

axial and equatorial conformers in comparable amounts because both the Y- 

-effect and 35 C-P -values are mean values. This assumption was supported by 

our preliminary low-temperature 31 P ;JMR studies of trithiane 5 -* It was obser- 

ved that the roorn temperature singlet at 6 47.9 was split at -1OO’C into two 

lines of similar intensity most probably corresponding to both chair confor- 

mers , 5ax and Aeq. A lower bias of the diphenylthiophosphinyl than diphenyl- 

phosphinyl group to occupy an axial position in the 1,3-dithiane ring was 

also indicated by the base-catalyzed equilibration (C6H6, MeOH, MegNa, 25°C) 

of the three anancomeric pairs of dithianes 6-3 followed by 31 
-- P IiMR spectra. 

The equilibrium ratios, a:b and the estimated conformational free energy di- -- 
fferences -AG’(kJ/mol), are as follows: for 6: 83.4:16.6, 3.93; for 1: - - 
88.3:11.1, 4.92; for 8: 70.2:29.8, 2.09. Thus, the greatest -AGO- value and 

hence the strongest axial preference was found for dimethoxyphosphoryl group 

while the lowest for diphenylthiophosphinyl droup. 

Finally, we should note that molecular mechanics calculations 14 of the 

two possible chair conformers of trithiane 2 showed that their energy is 

equal, if one neglects electrostatic interaction between non-bonded electron 

pairs on sulfur and on phosphoryl oxygen. However, if this type of repulsive 

interactions is taken into account, the energy of the axial conformer 4ax is 

smaller than that of the equatorial one, keq, by about 5.1-8.3 kJ/mol. 

This value is in a good agreement with those obtained from equilibration 

experiments. 
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As it was originally proposed in our previous paper’, the axial position 

of the phosphoryl group may be additionally stabilized by attractive interac- 

tions between the phosphoryl oxygen and the axial hydrogens at C-4 and C-6. 

In the case of the axial thiophosphoryl group, however, the interactions of 

these axial hydrogens with sulfur, which is much bigger than oxygen and of 

lower electronegativity, may be expected to be repulsive in character leading 

consequently to destabilization of the axial P(S)-conformer. This is reflec- 

ted in the lower -AGO value for Ph2P(S)-group. 

Acknowledgment: Prof.Or R.Neidlein (University of Heidelberg) and Uoc.Dr A.Kolbe 
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