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Abstract. Monocl in ic ,  P21/c, a = 1 0 . 7 4 8  (1), b =  
6.643 (6), c = 13.864 (2) .A, f l =  93.50 (1) °, C6H13OzPSe, 
Z = 4 ,  F .W.  243.1, F ( 0 0 0 ) = 4 8 8 ,  Dc=1"63,  Dx = 
1.59 (2) g cm -a. The  r ing adopts  a chai r  con fo rma t ion  
with P---Se lying in the equa tor ia l  posi t ion.  

Introduction. The sample  of  2-seleno-2-methoxy-5,5-  
d i m e t h y l - l , 3 , 2 - d i o x a p h o s p h o r i n a n e  was ob ta ined  by 
add i t ion  of  Se to 2-methoxy-5 ,5-d imethyl - l ,3 ,2-d ioxa-  
p h o s p h o r i n a n e  and  recrystal l ized f rom CC14. System- 
atic absences were hOl with l odd and  0k0 for k odd.  
The  crystal  was enclosed in a th in-wal led  glass capi l lary  
and  m o u n t e d  a r o u n d  b. The  intensit ies of  1247 
independen t  reflexions (3 ° < 0 < 7 0  °) were recorded 
with Ni-fi l tered Cu Kc~ rad ia t ion  by the five-points 
me thod  on the four-circle Siemens d i f f rac tometer  o f  

m 

the L a u e - L a n g e v i n  Inst i tute o f  Grenoble .  The 512 
reflexion was checked periodical ly ,  and  showed no fall  
in intensi ty.  Intensi t ies  were corrected for  Lorentz  
a n d  po la r iza t ion  factors,  but  not  for absorp t ion .  
Scat ter ing factors were taken  f rom International Tables 
for X-ray Crystallography. 

The phases  o f  381 reflexions were de te rmined  with 
M U L T A N  (Germain ,  M a i n  & Wool fson ,  1971). The  
s tructure was refined by the fu l l -matr ix  least-squares 
p r o g r a m  ORFLS (Busing & Levy, 1959) with aniso- 
t ropic  t empera tu re  factors unti l  Rw=(~w{Fo-Fc}2/ 
~,FZo) ~/2 had  converged  to 0.060 and  R=(~,IFo-F¢I/ 

Table  2. Bond lengths (A) 
and angles with standard deviations in parentheses 

P O(1) 1.565 (4) P 0(3) 1.568 (4) 
O(1)-C(6) 1.454 (7) 0(3)-C(4) 1.490 (7) 
c(5)-C(4) 1-478 (8) C(5)-C(6) 1.524 (7) 
C(5)-C(7) 1.550 (9) C(5)-C(8) 1.531 (9) 
P 0(9) 1-588 (4) 0(9)-C(10) 1.429 (7) 
P = Se 2.055 (2) 
C(6)-O(1)-P 116.1 (3) C(4)-O(3)-P 117.6 
C(5)-C(6)-O(1) 112.0 (5) C(5)-C(4)-O(3) 112.1 (5) 
C(6)-C(5)-C(8) 110.9 (5) C(4)-C(5)-C(7) 107.7 (5) 
C(6)-C(5)-C(7) 108.3 (5) C(4)-C(5)-C(8) 111-5 (5) 
C(4)-C(5)-C(6) 109.4 (5) C(7)-C(5)-C(8) 108.9 (5) 
.O(l)-P Se 112.3 (1) O(3)-P---O(9) 100.9 (2) 
O(1)-P 0(9) 105.9 (2) O(3)-P---Se 114.2 (2) 
O(1)-P 0(3) 106-5 (2) O(9)-P Se 116.0 (1) 
P O(7)-C(8) 120.7 (4) 

~,Fo) to 0.049. The  final parameters  are given in Table  
1, the bond  distances and  angles in Table  2.* 
Discussion. In a s tereochemical  and  n.m.r ,  s tudy of  a 

series of  d ias tereomer ic  2 -se leno- l ,3 ,2 -d ioxaphosphor -  
inanes,  the ass ignment  of  the P=Se bond  or ienta t ion  
(axial or equator ia l )  has been based on chemica l  argu- 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 31093 (22 pp., 1 microfiche). Copies may be 
obtained through The Executive Secretary, International 
Union of Crystallography, 13 White Friars, Chester CH 1 1 NZ, 
England. 

Tab le  1. Final position coordinates ( × 104) and thermal parameters ( × 103) 

Standard deviations given in parentheses refer to the last digit. The thermal factors have the form exp [-(blxh2+b22k2+b3312 
+ 2blzhk + 2blahl+ 2b23kl)]. 

x y z bit b22 b33 b12 b13 b23 
P 2150 (1) 581 (2) 1920 (1) 66 (1) 201 (3) 43 (1) - 2  (1) 1 (1) 3 (1) 
O(1) 1612 (4) 928 (6) 2930 (3) 90 (4) 246 (10) 46 (2) - 2 4  (5) 15 (2) 6 (4) 
0(3) 3558 (3) 1205 (6) 2027 (3) 50 (3) 236 (10) 62 (2) - 5  (4) 7 (2) - 2 6  (4) 
C(4) 3880 (5) 3086 (9) 2572 (5) 77 (4) 245 (15) 61 (4) - 1 5  (6) 1 (3) -11  (6) 
C(5) 3350 (5) 3117 (9) 3530 (4) 87 (5) 245 (14) 49 (3) - 6 (6) - 1 (3) 9 (5) 
C(6) 1943 (5) 2823 (9) 3407 (4) 88 (5) 290 (17) 52 (3) - 14 (7) 18 (3) - 15 (6) 
C(7) 3606 (7) 5200 (10) 3974 (6) 115 (7) 297 (18) 74 (5) 16 (8) 13 (4) - 3 0  (8) 
C(8) 3957 (7) 1496 (12) 4211 (6) 150 (8) 300 (19) 67 (4) 26 (1) -21  (5) 16 (8) 
0(9) 1594 (4) 2335 (6) 1245 (3) 82 (3) 232 (10) 55 (2) 3 (5) 4 (2) 21 (4) 
C(10) 2799 (6) 2504 (1) 1033 (6) 103 (6) 329 (18) 73 (4) 35 (8) - 1 9  (5) 18 (8) 
Se 1850 (7) 2301 (1) 1420 (6) 137 (1) 233 (1) 72 (1) - 10 (1) - 14 (1) - 12 (1) 
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ments (Stec, 1974). It was interesting to determine the 
structure of a symmetrically substituted 2-seleno-2-R- 
1,3,2-dioxaphosphorinane which does not exhibit 
diastereoisomerism in order to check the preferred 
orientation of the P--Se and P-R bonds. 

By the same deductive reasoning we used in a pre- 
vious study on 2-thiono-2-R-1,3,2-dioxaphosphorinane 
(Dutasta, Grand, Robert & Taieb, 1974), the results 
obtained in the present study can be useful in per- 
forming the conformational analysis of different 2- 
seleno-2-R-1,3,2-dioxaphosphorinanes studied in solu- 
tion. In the seleno compounds, one can use in addition 
to the 1H chemical shifts and J(PH) n.m.r, coupling 
constants, the 1J(PSe) value which has been shown to 
be highly stereospecific (Stec, 1974). 

el) ~ o c 3 1  -"'~se 

Fig. I. Structure of 2-seleno-2-methoxy-5,5-dimethyl-l,3,2-di- 
oxaphosphorinane. 
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X= S. 2-Thiono-2-R-5,5-dimethyl-l,3,2-dioxaphosphorinane 
X = Se. 2-Seleno-2-R-5,5-dimethyl-l,3,2-dioxaphosphorinane 

The ring adopts a chair conformation with P=Se 
in the equatorial position (Fig. 1). It is interesting to 
note that in the various symmetrically ring-substituted 
2-R-2-oxo-l,3,2-dioxaphosphorinanes which have been 
studied in the solid state [R=OC6H 5 (Geise, 1967); 
R=C1 (Silver & Rudman, 1972); R=C6H 5 (Killean, 
Lawrence & Magennis, 1971); R = O H  (Mazhar-ul- 
Haque, Caughlan & Moats, 1970; Murayama & 
Kainosho, 1969)], P=O adopts the equatorial orienta- 
tion. On the other hand, in 2-thiono-2,5,5-trimethyl- 
1,3,2-dioxaphosphorinane, P--S is axial (Dutasta, 
Grand & Robert, 1974). 

The angle between the plane formed by C(4), C(5), 
C(6) and the least-squares plane through C(4), C(6), 
O(3), O(1) is 51.5 °, while that formed between the O(1), 
P, 0(3) plane and the least-squares plane is 38.5 °. 
Such a flattening of the six-membered ring has already 
been observed in 2-oxo-l,3,2-dioxaphosphorinanes. 

A least-squares plane calculation shows that P, Se, 
O(9), C(5), C(7) and C(8) are almost coplanar (devia- 
tion -0.011; -0.012; 0.021; 0.003; -0.021 and 
0.020 /~ respectively). C(4), C(6), O(1) and 0(3) are 
1.21 (6), -1.238 (6), -1.255 (4) and 1.253 (4) A 
away from this plane. The methoxy group is directed 
away from the six-membered ring and the P, O(9), 
C(10) plane is tilted away from the P, Se, O(9), O(3), 
C(5), C(7), C(8) plane by an angle of 62 °. 

The endocyclic bond angles and distances agree well 
with those found in several other dioxaphosphorinanes 
(Khaikin & Vilkov, 1972). The exocyclic P-O bond is 
slightly longer than the P-O bonds in the ring. There 
exist only a few other P=Se distances reported in 
organophosphorus molecules to which the 2.055 A 

bond length reported here can be compared (Van 
Meerssche & Leonard, 1960; Husebye & Helland- 
Madsen, 1966; Lepicard, de Saint-Giniez-Liebig, 
Laurent & R6rat, 1969). The geometrical parameters 
reported in the present study are also in good agree- 
ment with recent X-ray structure determinations of the 
two diastereoisomers of 2-seleno-2-t-butylamino-4- 
methyl-l,3,2-dioxaphosphorinane (W. Stec, to be 
published). 

We are grateful to Dr W. Stec for supplying us with 
a sample of 2-seleno-2-methoxy-5,5-dimethyl-l,3,2- 
dioxaphosphorinane and for communication of results 
prior to publication. 
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