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trans- and cis-2,6-dimethyl-l,3-dioxa-2,6-diphosphacyclo-octane 2,6-disulphides (1 ) and (2), and 
trans- and cis-2,6-diselenides ( 3 )  and (4), have been investigated by  means of 'H (2D, J-resolved), 13C, 
and 31P n.m.r. spectroscopy and X-ray diffraction. In the solid state the cis-isomers adopt a crown 
conformation and the trans-isomers a boat-chair conformation. The orientations of P-X (X = S or Se) 
and P-Me bonds are quasi-axial and quasi-equatorial, respectively. Room-temperature n.m.r. data can be 
interpreted on the basis of the X-ray data. A fast enantiomerization between two boat-chair 
conformations of  opposite chirality characterizes the trans-isomers, whereas the cis- isomers exist mainly 
in a crown conformation similar to  that observed in the crystal. 

We have investigated the title compounds (1)-(4) by means of 
n.m.r. spectroscopy and X-ray diffraction. The molecular and 
crystal structure of (1)  has been previously described,' but is 
included in the present study for comparison. 

Eight-membered phosphorus heterocycles with heteroatoms 
located in positions 1, 2, 3, and 6 have been extensively studied 
in recent years;2 -' some of them provide attractive models in 
co-ordination chemistry.' Solid-state molecular structures of 
compounds (5)-(8) 2 7 5 * 8 3 1 0  have been determined. The 
preferred conformation in the solid state depends on ring shape 
and substit uen t orientations. 

Spontaneous dimerization in solution has been observed 
for five-, six-, seven-, and eight-membered-ring phosphonites. 
In the case of 1,3-dioxa-2-phosphacyclo-octane derivatives, 
this process leads to the formation of sixteen-membered-ring 
compounds. ' 

2,6-Dimethyl- 1,3-dioxa-2,6-diphosphacyclo-octanes and 
their dimeric forms have been described earlier. These 
molecules possess two kinds of phosphorus atom corresponding 
to the phosphane and phosphonite moieties, and are of 
potential interest in co-ordination chemistry. Moreover, the 
existence of two different phosphorus atoms might be expected 
to give rise to conformational effects associated with 
transannular interactions. 

Results and Discussion 
2,6-Dimethyl- 1,3-dioxa-2,6-diphosphacyclo-octane 2,6-disulph- 
ide and 2,6-diselenide exist as cis- and trans-diastereoisomers 
depending on the relative orientation of the P-substituents. The 

t Supplementurj, data available (SUP 56384, 4 pp.): H-co-ordinates 
and thermal parameters for compounds (2F(4). For details of 
Supplementary Publications see Instructions for Authors, Issue No. 1, 
1986. Structure factor tables are available from the editorial office. 

trans cis 
x = s (1) (2 )  
X = Se (3 )  ( 4 )  

R X Y Z Ref. 

( 5 )  Me S 0 0 8 

( 6 )  Me S 0 NMe 10 

( 7 )  Me 0 0 NPh 2 
( 8 )  Bu' S S S 5 

trans (1) and cis (2) P-S derivatives as well as the truns (3) and 
cis (4) P-Se derivatives were isolated and characterized by the 
usual methods.I2 Here, we discuss the structural study only. 

X-Ray Crystal Structures.-Table 1 contains physical and 
crystallographic data together with the experimental conditions 
for data collection and refinement procedure. The fractional 
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Table 1. Physical and crystallographic data, data collection, and refinement conditions for compound (1)-(4) 

cis-PSe (4) cis-PS (2) trans-PSe (3) Compound trans-PS (1) 
Formula unit 
M 
System 
Unit cell ajA 

b 
c 
PI" 
~ 1 . ~ 3  

Space group 
DJg ~ m - ~  
Z 
Instrument 
Radiation 

Monochromator 

Independent reflections 

h1.A 

2eln.X.l" 

Measured 
Observed [ I  > 2.50(1)] 

Resolution 
Refinement 
R final 

C6H1402P2S2 
244.24 

Monoclinic 
9.954( 2) 
9.632( 1) 

1 2.165( 1) 
102.3 1 ( 1) 

1 139.5(3) 

1.42 
4 

Syntex P2, 
Mo-K, 

0.710 69 
Graphite 

50 

2 012 
1 770 

MULTAN 78" 
SHELX 76' 

0.037 

p2 1 In 

C6H 1 4OZPZs2 
244.24 

Monoclinic 
7.140(2) 
8.566(2) 

10.984(3) 
12 1.32( 2) 
573.9(3) 
&lm 

1.41 
2 

Syntex P2, 
CU-K, 

1.541 78 
Graphite 

114 

830 
800 

MULTAN 80' 
SHELX 76' 

0.079 

C6H140ZP2Se2 
338.05 

Monoclinic 
10.109(1) 
9.8 19( 1) 

12.456( 1) 
104.5 1 ( 1) 

1 197.0(2) 

1.88 
4 

Syntex P2, 
Mo-K, 

0.710 69 
Graphite 

50 

2 104 
1 726 

MULTAN 78" 
SHELX 76' 

0.064 

P21ln 

C6H1402P2Se2 
338.05 

Monoclinic 
6.844(3) 

10.726( 5 )  
8.364(5) 
97.76(4) 
608.4(5) 

1.85 
2 

Siemens AED 
CU-K, 

1.541 78 
Graphite 

140 

1311 
1 243 

MULTAN 80b 
SHELX 76' 

0.068 

p2 1 

a P. Main, S. E. Hull, L. Lessinger, G. Germain, J. P. Declercq, and M. M. Woolfson, 'MULTAN 78, a System of Computer Programmes for the 
Automatic Solution of Crystal Structures from X-Ray Diffraction Data,' Universities of York and Louvain, 1978. P. Main, S. J. Fiske, S. E. Hull, L. 
Lessinger, G. Germain, J. P. Declercq, and M. M. Woolfson, 'MULTAN 80, A System of Computer Programmes for the Automatic Solution of 
Crystal Structures from X-Ray Diffraction Data,' Universities of York (England) and Louvain-la-Neuve (Belgium), 1980. G. M. Sheldrick, 'SHELX 
76, Program for Crystal Structure Determination,' University of Cambridge, England, 1976. 

Table 2. Fractional atomic co-ordinates ( x lo4) and Be, values for the non-hydrogen atoms ofcompounds ( l H 4 ) ;  standard deviations in parentheses 

trans- PS (1) cis-PS (2) 
r 

xla 
8 793(2) 
7 691(1) 
6 295(2) 
5 830(2) 
6 277(2) 
7 680(1) 
9 310(3) 
9 620(3) 
6 564(1) 
8 61 l(4) 
7 612(1) 
7 536(4) 

- 
xla 

3 851(4) 
2 784(2) 
1989(5) 

874(6) 
1295(6) 
2 661(2) 
4 279(7) 
4 63 l(6) 
1 622(1) 
3 746(11) 
2 594(1) 
2 481(9) 

Ylb 
3 798(2) 
3 931(1) 
2 474(2) 
2 140(3) 
2 116(2) 

943( 1) 
1876(3) 
2 539(3) 
5 541(1) 
3 863(3) 

746(3) 
- 806( 1) 

rrans-PSe (3) 

i/C 

5 147(2) 
3 991(1) 
3 841(1) 
4 410(2) 
5 684(2) 
6 277(1) 
6 438(2) 
5 392(3) 
4 018(1) 
2 875(3) 
5 453(1) 
7 719(3) 

Ylb 
8 734(4) 
8 876(2) 
7 469(5) 
7 170(7) 
7 124(7) 
5 948(2) 
6 854(7) 
7 464(7) 

10 616(1) 
8 756(10) 
4 107(1) 
5 725(8) 

zlc 
5 263(4) 
4 086( 1) 
3 908(4) 
4 416(6) 
5 674(5) 
6 298(1) 
6 539(6) 
5 546(6) 
4 051(1) 
3 057(8) 
5 420(1) 
7 684(6) 

Beq/dZ 
3.29 
3.06 
3.41 
3.47 
3.05 
2.90 
3.96 
3.98 
4.53 
5.32 
4.30 
4.63 

v 
BeqIA2 

3.31 
3.09 
3.34 
3.62 
3.19 
2.88 
4.09 
4.02 
4.33 
5.93 
4.07 
4.83 

3 290(2) 2 SOO(0) 37U) 
2 240(3) 3 958(3) 337(2) 
3 193(5) 4 755(4) I 670( 3) 
2 206(5) 4 247(4) 2 523(3) 
3 295(2) 2 SOO(0) 3 599( 1) 

6 427(2) 2 500(0) 1013(2) 

6 500(2) 2 500(0) 4 738( 1) 
2 059( 12) 2 500(0) 4 650(7) 

I835(10) 2 500(0) -1 855(6) 

cis-PSe (4) 
A r 

xla 
6 737(13) 
5 294(3) 
4 197(12) 
5 017(16) 
5 671(14) 
8 238(3) 
8 658(18) 
8 677( 17) 
6 595(2) 
3 303(19) 

10 208(2) 
8 472(18) 

Ylb 
1513(0) 
2 620(10) 
2 879(16) 
3 544(16) 
2 667( 17) 
2 134(10) 
1 072(15) 
1 594(16) 
4 189(10) 
1941(22) 
3 643(10) 
1 174(17) 

zlc 
3 382(11) 
2 987(3) 
4 506(10) 
5 933( 14) 
7 309( 13) 
7 558(3) 
5 982(14) 
4 302( 14) 
2 137(2) 
1617(15) 
7 734(2) 
9 308(15) 

7 

BeqIA2 

1.71 
2.70 
2.32 
2.20 
1.86 

3.41 
3.38 
2.79 
4.10 

'I 

BeqIA2 
4.61 
3.37 
5.13 
3.83 
4.00 
2.63 
4.19 
4.03 
4.60 
5.96 
4.20 
4.49 

atomic co-ordinates of the non-hydrogen atoms are listed in 
Table 2. Bond lengths and angles are given in Table 3. Table 4 
contains the torsion angles. 

The crystallographic data of compounds (1) and (3) show an 

isostructural relationship, i.e. the same space group, the same 2 
value, and similar unit-cell dimensions. Moreover the two 
products exhibit similar crystal packing. Different behaviour is 
observed for (2) and (4): they do not belong to the same space 
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Table 3. Molecular dimensions for compounds (1)+4); standard 
deviations in parentheses 

trans-PS (1) 
Bond lengths (a) 
O(1 )-P(2) 1.594(2) 
0(1)-CW 1.460( 3) 
P(2)-0(3) 1.589(2) 
P(2)-X(9) 1.918( 1) 

0(3)-C(4) 1.446(3) 
C(4)-C(5) 1.5 19(3) 
C(5)-P(6) 1.821(2) 
P(6)-C(7) 1.828(2) 

P(2)-C(10) 1.793(3) 

P(6)-X(11) 1.954(1) 
P(6)-C(12) 1.800(3) 
C(7)-C(8) 1.5 13(4) 

Bond angles ( - )  

P(2)-O( 1)-C(8) 
O(l)-P(2)-0(3) 
O( l)-P(2)-X(9) 
O( 1)-P(2)-C( 10) 
0(3)-P(2)-X(9) 
0(3)-P(2)-C( 10) 
X(9)-P(2)-C( 10) 
P(2)-0(3)-C(4) 
0(3)-C(4FC(5) 
C(4)-C(5)-P(6) 
C( 5)-P(6)-C(7) 
C(5 jP(6)-X(ll) 
C(5)-P(6)-C( 12) 
C(7)-P(6)-X( 1 1 ) 
C(7)-P(6)-C( 12) 
X(ll)-P(6)-C( 12) 
P(6)-C(7)-C(8) 
O(l)-C(8)-C(7) 

1 19.9(2) 
104.7( 1) 
110.2( 1) 
107.4( 1) 
116.6(1) 
10 1 .O( 1) 
1 15.9( 1) 
122.3(2) 
113.9(2) 
116.5(2) 
109.0(1) 
113.1(1) 
103.8(1) 
1 14.3( 1) 
101.6( 1) 
114.1(1) 
1 16.9(2) 
108.4(2) 

:is-PS (2) trans-PSe (3) cis-PSe (4) 

1.577(2) 
1.916( 1) 
1.776(6) 
1.427(4) 
1.500(4) 
1.8 13(3) 

1.956(2) 
1.78 l(5) 

104.7(2) 

11 5.3( 1) 
101.1(1) 
117.2(2) 
124.7( 2) 
112.0(2) 
117.7(2) 
11 1.3(2) 
112.3(1) 
1 03.5( 2) 

113.3(3) 

1.594(4) 
1.471(8) 
1.585( 5 )  
2.068 (2) 
1.796(7) 
1.454(8) 
1.5 18(9) 
1.8 19(6) 
1.820(7) 
2.105(2) 
1.794(7) 
1.495( 10) 

119.5(4) 
104.8(2) 
109.9(2) 
106.8(4) 
116.8(2) 
100.9(4) 
1 1634)  
122.4(4) 
114.1(5) 
116.5(4) 
108.4( 3) 
113.7(2) 
103.8( 3) 
114.6(3) 
101.8(4) 
113.4(3) 
116.7(5) 
108.3(5) 

1.55 1 ( 10) 
1.445(14) 
1.58 5(9) 
2.074(3) 
1.8 10( 13) 
1.438(15) 
1.507( 17) 
1.832(10) 
1.795(11) 
2.099(2) 
1.779(13) 
1.5 1 5( 1 7) 

1 25.5( 9) 
108.7(6) 
113.8(4) 
103.3(7) 
11 3.8(5) 
100.4(6) 
115.5(5) 
125.3(7) 
111.5(11) 
117.6(7) 
11 1.1(5) 

104.6(6) 
112.1(5) 
103.4(7) 
113.8(4) 
1 18.0(8) 
110.4(10) 

1 1 1.4(4) 

group, although the system is the same (monoclinic). The 
asymmetric unit is half a molecule in the case of (2), and one 
molecule in the cases of (l), (3), and (4). 

The shape of a cyclic molecule is easily described in terms of 
the torsion angles around the intracyclic bonds. In the case of 
the eight-membered-ring molecules under study, the stereo- 
chemical nomenclature used is that adopted for the cyclo- 
octane itself.', In the case of the trans-isomers (1) and (3), the 
torsion angles (Table 4) and the bond lengths and angles (Table 
3) lead to the conclusion that the two molecules adopt a very 
similar asymmetric boat-chair (BC) conformation with the 
pseudo-mirror plane passing through O(3) and C(7) (see Figure 
1). This conformation implies a corner position for the 0-P-0 
moiety [in (1) and (3)], which satisfies not only the steric 
requirements of the P(2) substituents, but also the approximate 
gauche( k), gauche( +) local conformation around the P-0 
bonds. l4 This isoclinal arrangement is observed in unstrained 
molecules containing the C-0-X-0-C fragment (X = C or 
P),' and also in cis-2,5,5,8,11,1 l-hexamethyl-1,3,7,9-tetraoxa- 
2,8-diphosphacyclododecane 2,s-disulphide. l6 Regarding the 
ring conformation of (1) and (3), we note the difference between 
the O( l)-C(8)-C(7) and 0(3)-C(4)-C(5) angles C5.5" and 5.8" 
for (1) and (3), respectively]. Similarly, the O( l)-P(2)-X(9) and 
0(3)-P(2)-X(9) (X = S or Se) angles differ significantly 
C6.4" and 6.9" for (1) and (3), respectively] and the same 
comment applies to the O( 1)-P(2)-C( 10) and 0(3)-P(2)-C( 10) 
angles. These differences are reflected both in the intracyclic 
torsion angles [for example O( l)-P(2)-0(3)-C(4) is + 8 1 .O", 
while C(S)-O(l)-P(2)-0(3) is +44.2" in (l)] and in the torsion 
angles involving the P(2) substituents. The relationship between 

Table 4. Torsion angles (") in compounds (1)-(4), [(o) t0.5" for (1) 
and (2), < 1" for (3), and < 2" for (4)] 

trans-PS 
(1) 
44.2 

170.3 
- 62.6 
- 118.5 

81.0 
-41.0 
- 167.6 
- 63.2 
- 57.0 

91.1 
- 37.2 
- 161.3 
- 56.4 

71.1 
- 165.6 

75.9 

cis-PS (2) 

93.2 
- 34.6 
- 162.1 
- 98.8 

84.0 
- 79.2 

47.7 
170.3 

rrans-PSe 
(3) cis-PSe (4) 

44 
170 
- 63 

-119 
80 

-41 
- 169 
- 64 
- 56 

92 
- 37 
- 161 
- 59 

69 
- 168 

78 

- d l  
47 

173 
105 
79 

- 49 
- 173 
- 103 

92 
-71 

55 
178 
71 

- 54 
- 177 
- 93 

the torsion and the bond angles has already been discussed 
relative to other phosphorus-containing compounds. The 
methyl substituent on P(2) can be described as pseudo- 
equatorial while the X atom (X = S or Se) is pseudo-axial. A 
similar situation is observed at P(6). It seems that the preference 
of the methyl group for the equatorial position in tetra- 
co-ordinate phosphorus cyclic molecules is normal, since it 
has been observed not only in other eight-membered-ring 
molecules,2*8.'0 but also for 2,5,5-trimethyl- 1,3,2-dioxaphos- 
phorinane 2-sulphide.' * In terms of a traditional but certainly 
oversimplified description, it seems that the steric requirement 
of sulphur or selenium is less than that of a methyl group. This 
fact is probably related to the bond length difference between 
P-C and P-X on the one hand, and to the higher polarizability 
of S (or Se) with respect to CH, on the other. 

cis-Isomers (2) and (4) adopt a crown or a chair-chair (CC) 
conformation (see Figure 2). Structure (2) possesses a 
crystallographic symmetry plane passing through P(2), P(6), 
S(9), C( lo), S(l l), and C(12), while (4) is slightly distorted and 
does not possess a true C, symmetry. The local intracyclic 
conformations around the P-0 bonds are approximately 
( +)gauche, ( T )gauche. This structural unit is characteristic 
both of the chair conformation of the six-membered 1,3,2- 
dioxaph~sphorinane,'~ and of the conformation of the twelve- 
membered ring in trans-2,5,5,8,11,1 l-hexamethyl-1,3,7,9,- 
tetraoxa-2,8-diphosphacyclododecane 2,8-di~ulphide,~' and the 
CC conformations of 1,3-dioxa-2-phosphacyclo-octanes.2~~~'o 
It is interesting that the O(l)-P(2)-0(3) angles in (2) and (4) are 
significantly different (104.7" and 108.7", respectively) while in 
the trans series these angles are identical. More generally, the 
geometrical differences between the two cis-isomers are more 
important than those observed between the two trans-isomers. 
This fact is difficult to interpret because it is not clear whether it 
is related to intramolecular or to intermolecular factors. As in 
the case of the trans-isomers, the methyl groups on P(2) and 
P(6) are equatorial. This observation substantiates ou r  previous 
comments concerning the relative steric requirements of the 
CH, group on the one hand and the S or Se atoms on the other. 
The equatorial orientation of the CH, group can be regarded as 
the driving force which determines the preferred conformation 
of the ring (crown or CC for the cis-isomers; BC for the trans). In 
the case of the cis-isomers, a BC conformation similar to that 
observed for the trans would imply the axial orientation of one 
CH, group, or strong steric interactions in the other con- 
formations of the BC series. 
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c1 
c1 

r7 i-7 

c1 
c1 2 

( 3 )  

Figure 1. Stereoscopic views of the trans-isomers of 2,6-dimethyl- 1,3-dioxa-2,6-diphosphacyclo-octane 2,6-disulphide (1) and 2,6-diselenide (3) 

It is difficult to predict what the ring conformation would be if 
it were independent of substituent effects: the BC conformation 
is observed for 1,3-dioxocane and 1,3,6-trioxocane 2' whereas 
the 1,3,6-trithia-2-phosphacyclo-octane derivative (8) adopts a 
twist-boat-chair conformation with an axial extracyclic P-S 
bond.5 

Finally we point out that neither the cis- nor the trans-isomers 
exhibit transannular interactions ( P . .  . P, P . .  . S, or P . .  . Se). 
This observation is in contrast to observations for compounds 
(5)  and (6), for which P . . . 0 and P . . . N distances'.'' are 
shorter than the sum of the van der Waals radii.22 As expected 
P-X (X = S or Se) bonds are shorter for P(2) than for P(6). This 
observation is discussed in a previous paper.' 

N.m.r. Results.-Table 5 contains the F(I3C) and F(31P) 
values23 together with the absolute values of the coupling 
constants Jp,c and JP,Se. 

The 'H n.m.r. spectra of (1)-(4), recorded at room 
temperature, were analysed by means of a 2D J-resolved 
technique.24 The F and J values are given in Table 6. The a,b 
nomenclature used in Table 6 is introduced to discriminate 
between diastereotopic H atoms. In the following discussion we 
will also use an A,B nomenclature to label the two dia- 
stereotopic H atoms located on the same carbon atom in the 
solid-state conformation. 

For the molecules under study, the number of signals 
characterized by different chemical shifts in the 3C-decoupled 
n.m.r. spectra is compatible with C, symmetry. Of course, the 
number of signals observed for each derivative is also com- 

Table 5. N.m.r. parameters (,'P and *,C) for compounds (1)-(4) 

trans-PS cis-PS trans-PSe cis-PSe 
(1) a*r (2) a (3) a (4) 
93.05 93.61 95.46 97.30 
36.02 35.93 21.66 21.30 

927.3 890.6 
J 6 . 1 1  734.1 737.6 
4,8-C 60.65 59.26 61.88 60.9 1 

36.03 34.97 35.93 
19.63 20.54 22.80 23.75 
2 1.56 20.75 21.64 20.78 

J2 ,4 -8  8.9 7.6 9.4 7.4 
J ,  5 - 7  2.5 1 . 1  2.2 0.5 -.- 

6.7 5.6 6.7 5.5 
J P , d H z {  2'::; 50.5 49.6 43.3 42.3 

5 6 - 1 2  57.7 58.0 66.0 51.9 I J,,,, -.- ' 109.9 119.8 108.8 105.4 

patible with fast equilibration between asymmetric conform- 
ations leading to an average C, symmetry. 

Coupling constants may shed considerable light on stereo- 
chemical problems, and 3J values play a unique role in this 
context. It is important to remember that the Karplus-type 
dependence of 3J on torsion angles is observed not only for 
H-C-C-H 2 5  but also for P-0-C-H 26 and P-C-C-H.27 
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,c12 

wclo 

s9 

lCIO 

( 4 )  

Figure 2. Stereoscopic view of the cis-isomers of 2,6-dimethyl- 1,3-dioxa-2,6-diphosphacyclo-octane 2,6-disulphide (2) and 2,6-diselenide (4) 

The cis-selenide (4) is very similar to the sulphide (2): the 
solid-state conformations are nearly identical and the coupling 
constant values in solution are almost the same. The angular 
values determined by X-ray diffraction and involving H-atoms 
are only approximately known since the H atoms are either 
badly localized on the Fourier difference map [for (2)] or are 
not localized at all [for (4)]; under the latter circumstances the 
H atoms were positioned on the basis of an ideal geometry. The 
torsion angle values used here are the values calculated for (4), 
but these values are also valid for (2) if we take an uncertainty of 
the order of & 5" into account. 

The various torsion angles of interest for the conformational 
study of the cis-derivatives are indicated in Table 7. They come 
from the X-ray diffraction study of (4). Knowledge of the two 
H(4)-C(4)-C( 5)-P(6) torsion angles allows estimation of the 
corresponding 3Jp,H values on the basis of the published 
Karplus-type curve.27 The nature of this curve is such that an 
important error affects the 3Jp.H values (an error which we put at 

5 Hz). The predicted 3Jp,H values, i.e. 15 & 5 Hz and 32 f 5 
Hz, are in qualitative agreement with the experimental values 
C20.4 Hz and 29.8 Hz for (4); 20.1 Hz and 28.9 Hz for (2)]. This 
means that H(4a) = H(4A) and H(4b) 3 H(4B) if the 
conformation present in the solution is the same as that in the 
crystal. 

The Karplus-type dependence is not as well known in the case 
of .IpoCH as in the case of JpccH.26-28 Nevertheless, it is possible 

to predict that 3 J p ( z ) , ~ ( 4 ~ )  -= 3Jp(2),H(4B). In the case of (4), 
3Jp(2),H(4a) is 14.5 Hz and 3Jp(2),~(4;) is 21.4 Hz, and this agrees 
with the conclusion arrived at previously. 

The 3JH,H values are very sensitive to conformational changes 
and we have a better knowledge of the shape of the Karplus 
curve in this case. Two torsion angles involving H(4) and H(5) 
are nearly equal to 90" (see Figure 3). In Table 6, it is easy to see 
that no 3 J H , H  values are close to zero, and this observation forces 
us to conclude that the conformational situation in the solution 
is not identical to that observed in the crystal. A slight distortion 
of the molecular skeleton must be taken into account, at least. 
Qualitatively, the 3JH,H coupling pattern is consistent with 
H(5A) = H(5b) and H(5B) = H(5a). The previously performed 
assignment of H(4) [H(4A) = H(4a) and H(4B) = H(4b)l 
leads to the conclusion that J4a.5a corresponds to a torsion 
angle of approximately 150", while J4b,5b corresponds to an 
angle of approximately 25". The experimental values (9.1 and 
7.2 Hz) fit this description well. 

In the case of the trans-sulphide (1) and the trans-selenide (3), 
two enantiomeric conformations are present in the solid state. 
Any attempt to interpret the n.m.r. spectra of these derivatives in 
the solution requires that account should be taken of a fast 
enantiomerization process or of the presence of a symmetrical 
conformation different from the one found in the crystal. 

However, the spectra of (1) and (3) can be interpreted as 
spectra corresponding to a fast exchange between the two 



90 J. CHEM. SOC. PERKIN TRANS. 11 1986 

Table 6. 'H N.m.r. chemical shifts (6) and coupling constants (J) for compounds (1)--(4), as determined from 2D J-resolved spectra at 200 MHz-f 

J6,5a 

J6.5b 

5 2 . 1 0  

J6. 12  

trans-PS (1) 

a b 
4.25 4.5 1 
3.93 4.43 
2.03 2.70 
1.16 2.0 1 
1.35 1.85 
0.96 1.75 

- 11.5 - 11.4 
11.7 11.8 
2.0 2.0 
4.0 4.1 
3.7 3.6 

- 15.1 - 15.3 
22.3 22.4 
9.8 9.9 
0.5 0.5 
0.0 0.0 

13.4 13.2 
34.1 34.3 
4.1 4.2 

14.9 15.1 
15.0 
12.5 

cis-PS (2) 

a b 
5.18 5.15 
3.39 4.05 
1.48 2.43 
1.37 2.22 
1.42 1.81 
0.9 1 1.74 

- 12.3 - 12.4 
9.1 9.1 
2.0 2.1 
2.3 2.2 
7.1 7.0 

- 15.4 - 15.4 
14.4 14.5 
20.9 21.1 
0.4 0.4 
0.0 0.0 

20.1 20.2 
28.9 29.1 
6.4 6.4 

15.4 15.4 
15.8 
12.7 

trans-PSe (3) cis-PSe (4) 

a 
4.26 
3.89 
2.1 1 
1.09 
1.46 
1.05 

- 11.5 
11.8 
2.0 
3.8 
3.8 

- 15.1 
23.3 
10.1 
0.5 
0.0 

13.6 
35.5 
5.8 

14.7 
14.3 
12.8 

b 
4.57 
4.43 
2.92 
2.08 
2.04 
1.96 

-11.6 
11.7 
2.0 
3.9 
3.7 

- 15.1 
23.3 
9.9 
0.5 
0.0 

13.6 
35.5 
5.9 

15.1 

a 
5.15 
3.36 
1.69 
1.46 
1.57 
1.08 

- 12.6 
9.1 
2.1 
2.1 
7.2 

- 15.3 
14.5 
21.4 
0.5 
0.0 

20.4 
29.8 

7.9 
14.4 
15.1 
12.7 

b 
5.18 
4.06 
2.64 
2.3 1 
1.99 
1.95 

- 12.5 
8.9 
2.1 
2.2 
7.2 

- 15.1 
14.8 
21.6 
0.5 
0.0 

20.6 
30.1 
7.9 

15.0 

a In C6D6. In CDC1,. t Owing to the apparent symmetry of the molecules appearing in the n.m.r. spectra at room temperature, averaged signals were 
observed for atoms 5 and 7,4 and 8, and the attached H atoms. In this table, H(4a) signifies an averaged value between H(4a) and H(8a), and similarly 
for the other H atoms. 

Table 7. Torsion angles (") of the cis-selenide (4) relevant for the n.m.r. 
study (qv. Figure 3) 

H(4A)-C(4)-C( 5)-P( 6) 29 H(4A)-C(4)-C(5)-H(5A) 92 
H(4B)-C(4)-C( 5)-P(6) 148 H(4A)-C(4)-C( 5)-H(5B) 149 
H(4A)-C(4)-0( 3)-P( 2) 17 H(4B)-C(4)-C(5)-H(5A) 26 
H(4B)-C(4)-0(3)-P(2) 137 H(4B)-C(4)-C(5)-H(SB) 91 

P(2) 

Figure 3. Solid-state conformation of the cis-selenide (4) used for the 
interpretation of the n.m.r. spectra 

conformations existing in the solid state. The pathway for the 
interconversion could be similar to that described for the 
tetrasubsti tuted 1,3-dio~ocanes.~ 

As in the case of the cis-derivatives, the similarities between 
(1) and (3) (the n.m.r. spectra and the solid-state conformation) 
lead us to discuss the two systems together. The angular values 
given in Table 8 correspond to the trans-selenide (3). The 

Table 8. Torsion angles (") of the trans-selenide (3) relevant for the n.m.r. 
study (qv. Figure 4) 

H(4A)-C(4)-C(5)-P(6) 177 
H(4B)-C(4W(5)-P(6) 64 
H( 8A)-C( 8)-C(7)-P(6) 42 
H@B)-C(8)-C(7)-P(6) 162 

H(4A)-C(4)-C( 5)-H( 5B) 6 1 
H(4B)-C(4)4(5)-H(5A) 175 
H(4B)-C(4)-C(5)-H(5B) 57 

H(4A)-C(4)-C(5)-H(5A) 56 

H(4A)-C(4)-0(3)-P(2) 
H(4B)-C(4)-0(3tP(2) 
H(8A)-C(8)-0( 1 jP (2 )  
~(8B)-C(8)-0(1)-P(2) 
H(8A)-C(8)-C(7)-H(7A) 
H~~A)-C(Q-C(7)-H(7B> 
H@B)-C(8)-C(7)-H(7A) 
H(8B)-C(8)-C(7)-H(7B) 

57 
175 

2 
122 
79 

162 
41 
77 

enantiomerization process leads to the exchanges H(4A) ++ 
H(8B), H(4B) ++ H(8A), H(5A) t, H(7B), and H(5B) ++ H(7A). 
The coupling constants 3J between P(6) and H are given by the 
equations (1) and (2). This means that one 3Jp(6),H coupling 

3Jp(6),H = 0.5 J1 77" + 0.5 J162P 

3 J p ( 6 ) , ~  = 0.5 1640 + 0.5 J420 

(1) 

(2) 

constant must be characterized by a high value, and the other 
must be smaller.27 In Table 6 the higher value (35.5 Hz) is 
labelled J6,4b and the other (13.6 Hz) J6,4a. If the n.m.r. spectra 
of (1) and (3) in fact correspond to a fast exchange between the 
two conformations existing in the crystal, then H(4b) is an 
average between H(4A) and H(8B), and H(4a) an average 
between H(4B) and H(8A). Starting out from the torsion angles 
given in Table 8 and taking into account a fast exchange 
between the two enantiomeric conformations, we can write 
equations (3) and (4). 

3Jp(2),H = 0.5 J570 + 0.5 J1220 

3Jp(2),H = 0.5 J1750 + 0.5 J20 

(3) 

(4) 

The average value yielded by equation (4) will be higher than 
that yielded by (3). In other words, H(4b) [the average between 
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Figure 4. Solid-state conformation of the trans-selenide (3) used for the 
interpretation of the n.m.r. spectra 

H(4A) and H(8B) in our scheme] is predicted to be less coupled 
to P(2) than H(4a) [the average between H(4B) and H(8A)I. 
The experimental values are the following: J2,4a = 23.3 Hz, 
J2,4b = 10.1 Hz; the agreement is satisfactory if we accept a 
3Jp,H value of 45-50 Hz when the P-0-C-H angle is 180" in 
such types of molecule. 

The four 3 J ~ . ~  values are yielded by equations (5)-(8) 

3Jh,H = 0.5 J560 -k 0.5 J770 

3Ji,H = 0.5 J57v + 0.5 J790 

(5) 

(7) 

(where the superscripts a--6 is introduced in order to differenti- 
ate the four average values). 

3JA,H is predicted to be higher than all the others. Moreover, 
this constant implies the coupling H(4B) tf H(8A) on the one 
hand, and the coupling H(5A)t+H(7B) on the other. On the 
basis of the assignment previously made, this high coupling 
constant must therefore involve H(4a). In Table 6 all the 
coupling constants are small but one: J4a,5a is 11.8 Hz, a value 
which corresponds to a torsion angle close to 180". Therefore, in 
our scheme, 5a corresponds to the average between 5A and 7B 
and this means that 5b corresponds to the average between 5B 
and 7A. 

The three other coupling constants 3JH,H predicted from the 
equations giving "k,,, 3Ji,H, and are too similar to be 
used to test our conclusions again. A small distortion of the 
molecular skeleton may easily modify the sequence of these 
three J H , H  values. The smallest experimental value corresponds 
to 3J4a,5b and in this scheme may therefore be assigned to the 
couplings 4B t+ 8A and 5B * 7A, i.e. to 3J&,H. 

We can therefore conclude that the proton n.m.r. spectra of 
the trans-derivatives (1) and (3) can be interpreted on the basis 
of a fast equilibration between the two enantiomeric con- 
formations existing in the crystal. The room-temperature 'H 
n.m.r. spectra of the derivatives ( l F ( 4 ) ,  recorded in solution, 
are therefore compatible with the structural data obtained by 
X-ray diffraction of the crystals. It is important to emphasize 
that this conclusion does not exclude the presence in solution 

of other minor conformations in fast exchange with those 
considered in our analysis. More precisely, in the case of the cis- 
derivatives, we were obliged to concede a distortion of the 
skeleton in order to be able to interpret the 3 J ~ , ~  values. The 
presence of a minor conformation (either a BC conformation or 
even the inverted CC conformation with the two methyl groups 
on the P atoms in axial positions) is obviously another possible 
explanation. 

In the case of (2) the coupling constant 1Jp(2),c(10)30 is 119.8 
Hz. This value is smaller than the 125.1 Hz value observed for 
(3, a derivative known to exist at room temperature in a fixed 
CC conf~rmat ion .~  This observation again is in favour of a 
skeletal distortion but can also be interpreted in terms of the 
presence of another minor conformation. In fact, it is known 
that in eight-membered heterocycles the CC and BC con- 
formations are generally very close in en erg^.^^.^' 

We conclude that the X-ray diffraction study and the com- 
plete n.m.r. study provide a good overview of the structural 
characteristics of four new heterocycles, which can be compared 
to the series of compounds recently described by Drager.j* 

Experimental 
1,3-Dioxa-2,6-diphosphacyclo-octane disulphides and disele- 
nides (1)--(4) were obtained by the addition of elemental 
sulphur or selenium to a solution containing cis- and trans-2,6- 
dimethyl- 1,3-dioxa-2,6-diphosphacyclo-octane. The cis- and 
trans-disulphide and diselenide isomers were separated by 
successive crystallizations from benzene. The starting dioxa- 
diphosphacyclo-octane was obtained by treating dichloro- 
(methy1)phosphane with bis-(2-hydroxyethyl)methyl- 
phosphane,' and was separated from dimeric and oligomeric 
by-products by vacuum distillation (b.p. 65-68 "C at 0.05 
Torr) (CAUTION: bath temperatures higher than 120 "C lead 
to explosion); the cis- and trans-isomers could not be separated. 
Single crystals of (1)-(4) were grown from benzene solution 
[m.p.s 116 "C (l), 174 "C (2), 152 "C (3), 184 "C (4)]. 

N.m.r. Studies.-Fourier transform ' H (200.1 MHz), 'C 
(50.3 MHz), and 31P (81 MHz) n.m.r. spectra were obtained 
with a Bruker WP 200 spectrometer. 1H{31P) Spectra were 
obtained with a Cameca 250 instrument. Chemical shifts are 
given in p.p.m. downfield from 85% H,P0,(3'P) or 
tetramethylsilane ( 'H,I3C). The 2D J-resolved spectra were 
obtained with a Bruker WM200 instrument, with a standard 
Aspect 2000 software program, FTNMR2D Vers.8 105 15.1. 2D 
J-Resolved spectra were recorded under the following 
conditions: SW F ,  = 40.6 Hz; SW F2 = 1 298.7 Hz. The data 
storage of the FIDs on a DRE 30 disc took place at 128 x 1 024 
words; after a double Fourier transformation at 256 x 2048 
words the 2D spectra resulted in digital resolutions of 0.317 and 
1.268 Hz along F ,  and F2 directions respectively. The H n.m.r. 
spectra were simulated with the PANIC program (Bruker 
software for the Aspect 2000 computer). 
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