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Abstract 

The title compound, C9H2204P2Si, is the first 1,3- 
diphospha-5-silacyclohexane for which an X-ray struc- 
ture has been reported. It crystallizes with two 
independent molecules, which are closely similar. The 
rings adopt a chair conformation with mean absolute 
torsion angles of 55.67 and 55.21 ° . Ring bond angles 
at carbon are wider than ideal tetrahedral, with values 
in the range 114.09 (11)-118.05 (11) °. There are several 
C - - H . . - O  hydrogen bonds, of which the shortest by far 
is C2- -H2A. . .02 ' ,  with H-.-O = 2.25 ~, and C . . .O  = 
3.236 (3) ,~,. 

Comment 
We are interested in the structures of diphosphorinane 
rings containing further heteroatoms (Jones & Weinkauf, 

1994, 1997). We report here the structure of trans-l,3- 
diethoxy-5,5-dimethyl- 1,3-diphospha-5-silacyclohexane- 
1,3-dione, (I). A search of the Cambridge Structural 
Database (Version of October 1997; Allen & Kennard, 
1993) indicated that this is the first structure involving 
a 1,3-diphospha-5-silacyclohexane ring. 
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The trans geometry was confirmed by the structure 
analysis (Fig. 1). The ethoxy substituent at P1 adopts 
the unfavourable axial position. The two independent 
molecules are closely similar; the maximum differences 
in ring bond lengths and angles are 0.013 ,~, for P1--C2 
and 1.08 ° for P1--C6---Si5. A least-squares fit of both 
molecules, considering all ring atoms plus all O atoms, 
gave a mean deviation of only 0.03A. The ethoxy 
groups all display extended conformations. 

The rings adopt a chair conformation, with absolute 
torsion angles between 48.89 (14) and 62.61 (14) °, and 
mean values of 55.67 and 55.21 ° , for the two mol- 
ecules, respectively. A 1,4,2,6-oxathiadiphosphorinane, 
in contrast, showed much flatter rings, with a C - - P - -  
O- -P  torsion angle as low as 27.71 (14) ° (Jones & 
Weinkauf, 1997). 

Ring bond angles are approximately tetrahedral at P 
and Si, but widen to 117.47 (11) and 116.71 (11)° at C2, 
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Fig. 1. The structures of both molecules of the title compound in the crystal. Ellipsoids represent 50ok probability levels. H-atom radii are 
arbitrary. Only one position of the disordered ethoxy group is shown. 
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to 114.09 (11) and 114.66 (11)° at C4, and to 116.97 (10) 
and 118.05 (11) ° at C6. Such wide angles are common 
for P-- -C--P systems, e.g. 119.6-120.4 (2) ° in the four 
independent molecules of 3,5-diisopropoxy-3,5-dioxo- 
1,3,5-thiadiphosphorinane (two in the cis and two in the 
trans structure; Jones & Weinkauf, 1994). 

An analysis of  non-bonded contacts reveals several 
interactions that could be classified as C - - H . . . O  hydro- 
genobonds (Table 2 includes those with H . . . O  < 
2.6 A). The interaction C2--H2A.  • .O2'(x, y, z - 1), with 
H.- -O = 2.25 ,~ and C---O = 3.236 (3)A, is strikingly 
short. 

Experimental  

T h e  title c o m p o u n d  was  ob t a i ne d  f r o m  1 ,3-d i iodo-2-s i la -  

p r o p a n e  and m e t h a n e b i s ( p h o s p h o n o u s  acid d ie thy l  es ter) ;  

detai ls  are g iven  by  Sebas t i an  (1992) .  S ing le  c rys ta l s  were  
ob t a ined  by  s low coo l i ng  o f  a sa tura ted  so lu t ion  in p e t r o l e u m  

e the r  ( 3 0 3 - 3 1 3  K).  

Crystal data 

C9H2204P2Si  
Mr = 284 .30  
Tr ic l in ic  
P1 
a = 11.017 (3) 
b = 11.511 (3) A, 

c = 14.292 (3) ,~ 

= 100.61 (2) ° 
/3 = 103.52 (2) ° 

3' = 117.69 (2) ° 
V = 1467.4  (6) ,~3 

Z = 4  
Dx = 1.287 M g  m -3  

D,,, not  m e a s u r e d  

M o  Kc~ rad ia t ion  

A = 0 .71073  ,~ 
Cel l  pa r a m e t e r s  f r o m  50 

re f lec t ions  

0 = 1 0 . 0 - 1 1 . 5  ° 

# = 0 .375 m m - l  

T = 178 (2) K 

P r i sm  
0.7 × 0.5 × 0.3 m m  

C o l ou r l e s s  

Data collection 

Nico le t  R3 d i f f r a c t o m e t e r  
20/w scans  
A b s o r p t i o n  cor rec t ion :  none  
6266  m e a s u r e d  re f lec t ions  

5147 i n d e p e n d e n t  re f lec t ions  
4481 re f lec t ions  wi th  

I > 2o'( /)  

Rint = 0 .013 

0m~., = 25 ° 
h = - 13 ~ 12 

k = - 1 2  ~ 13 
l = - 1 6 - - ~  16 
3 s tandard  ref lec t ions  

e v e r y  147 ref lec t ions  
in tens i ty  decay :  none  

Table 1. Selected geometric parameters (/t, o) 
P1--C2 1.803 (2) Pl '---C2' 
C2--P3 1.795 (2) C2'--P3' 
P3---C4 1.788 (2) P 3 ' ~ 4 '  
C4--Si5 1.893 (2) C4'--Si5' 
S i 5 ~ 6  1.885 (21 Si5'--C6' 
P I ~ 6  1.779 (2) PI '--C6' 

c r - -P I  ~ ' 2  106.86 (10) c r ' - -P1  ' - -C2'  
P3--C2--P1 117.47(11) P3'--C2'--PI ' 
C4--P3--C2 105.86 (10) C4'--P3'---C2' 
P3--C4--Si5 114.09 ( I I ) P3'---C4'--Si5' 
C6--Si5--C4 1(15.67 (9) C6'--Si5 '--C4'  
PI ---C6--Si5 116.97(10) Pl ' - -C6'--Si5 '  

C6--PI---C2--P3 56.65 (14) c r ' - - P I  ' ~ 2 ' - - P 3 '  
PI ~ 2 - - P 3 - - - C 4  -60.55 (14) P I ' - - - C 2 ' - - P 3 ' ~ 4 '  
C2--P3--C4--Si5 58.68 (14) C2'--P3 '--C4'--Si5 '  
P3--C4--Si5--C6 -54.77 (14) P3'--C4'--Si5 ' --C6'  -52.02 (15) 
C4--Si5~6---P1 51.63 (14) C4'--Si5'---C6'--P1 ' 48.89 (14) 
C2--PI--Cr---Si5 -51.73 (14) C 2 ' - - P 1 ' ~ 6 ' - - S i 5 '  -51.04 (13) 

1.816(2) 
1.802 (2) 
1.787 (2) 
1.899 (2) 
1.884 (2) 
1.774 (2) 

106.28 (9) 
116.71(11) 
105.47 (10) 
114.66(11) 
10639 (9) 
118.05(11) 

58.39 (14) 
-62.61 (14) 

58.28 (14) 

Table 2. Hydrogen-bonding geometry (,4, o) 
D - - H .  • .A D - - H  H. • .A D- • .A D--H.  • .A 

C6--H6A- • -O 1' 0.99 2.51 3.493 ( 3 ) 170.1 
CI I ' - -H l lD . -  .02" 0.99 2.58 3.551 (3) 166.1 
C13'--H13C. • .02'" 0.99 2.41 3.357 (3) 160.2 
CI5 ' - -H 15D- • -02" 0.98 2.52 3.423 (3) 153.8 
C 16--H 16C. • .02' 0.98 2.53 3.509 (3) 175.6 
C6'--H6'2. • .04' 0.99 2.43 3.309 (3) 148.0 
C6'--H6' 1. • .O1" 0.99 2.58 3.565 (2) 174.0 
C2--H2A. • -O2'" 0.99 2.25 3.236 (3) 170.7 
CI6 ' - -H 16F. - -02" 0.98 2.59 3.572 (3) 176.7 
C2--H2B- - .O4'"' 0.99 2.56 3.410 (3) 144.0 

Symmetry codes: (i) 1 - x, 1 - y, 1 - z; (ii) x, y, 1 + z: (iii) - x ,  - y ,  1 - z, 
(iv) 1 - x ,  - y ,  1 - z: (v) 1 - x , - y ,  2 - z: ( v i )x ,y , z  - 1. 

H a toms  we re  inc luded  us ing  r ig id  me thy l  g roups  (s tar t ing 

pos i t ions  taken  f rom d i f f e r ence  syn theses  and then  a l l owed  to 

ro ta te  but  not  tip) or  a r id ing  mode l  s tar t ing f r o m  ca lcu la t ed  

pos i t ions .  T h e  e t h o x y  g roup  O 3 - - - C 1 3 - - - C 1 4  o f  m o l e c u l e  1 

is d i so rde red  o v e r  two  pos i t ions ,  wi th  o c c u p a n c y  fac tors  o f  
0 .803 (9) and 0 .197 (9). T h e  a toms  o f  the m i n o r  c o m p o n e n t  

were  re f ined  wi th  i so t rop ic  d i s p l a c e m e n t  pa rame te r s ,  and 

m e n t i o n  o f  this c o m p o n e n t  is omi t t ed  f r o m  the d i scuss ion .  
An appropr i a t e  sy s t em o f  res t ra ints  was  used  to s tabi l ize  the 

r e f inement ;  deta i ls  are g iven  in the final ins t ruc t ion  file, wh i ch  
is i nc luded  in the depos i t ed  mater ia l .  

Da ta  co l lec t ion :  P3  Software (Nico le t  I n s t rumen t  C o r p o -  
ra t ion,  1987). Cel l  r e f inement :  P3  Sof-m'are. Data  reduc t ion :  
XDISK in P3  Software. P r o g r a m ( s )  used  to so lve  s t ructure:  
SHELXS86 (She ldr ick ,  1990). P r o g r a m ( s )  used  to ref ine  struc-  

ture: SHELXL93 (She ldr ick ,  1993). M o l e c u l a r  graphics :  XP 
(S i emens ,  1994). S o f t w a r e  used  to p repa re  mater ia l  for  publ i -  

cat ion:  SHELXL93. 

Refinement 

R e f i n e m e n t  on  F 2 
R[F 2 > 2o.(F2)] = 0 .032  

wR(F 2) = 0 .089  

S =  1.044 

5147  re f lec t ions  
310  pa r ame te r s  

H a toms  cons t r a ined  
w = 1/[o.2(Fo z) + ( 0 . 0 4 3 2 P )  2 

+ 1 .0860P]  

w h e r e  P = (Fo 2 + 2F,?)/3 

(Z~/o.)m,x = 0.035 
Apmax = 0.360 e ,~-3 
/~pmin = - -0 .436  e ~ - 3  

Ex t i nc t i on  cor rec t ion :  none  

Sca t t e r ing  fac tors  f r o m  
International Tables for 
Crystallography (Vol. C)  

The compound was synthesized and entrusted to us 
by Dr M. Sebastian and Professor M. Fild, to whom 
we are grateful. We thank the Fonds der Chemischen 
Industrie for financial support. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM1247). Services for accessing these 
data are described at the back of the journal. 
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trans-(I), respectively. A search of the Cambridge Struc- 
tural Database (Version of October 1997; Allen & Ken- 
nard, 1993) indicated that these are the first structures 
involving a 1,3-diphosphorinane with no further annela- 
tion. 

O , b p ~  p~O 

EIO / " ~  \OEt 

(I) 

The cis or trans geometry was confirmed by the struc- 
ture analyses (Figs. 1 and 2). The ethoxy substituents 
adopt the equatorial position in the cis isomer, but that 
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cis- and trans- l,3-Diethoxy- l,3-diphosphor. 
inane-l,3-dione 
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Abstract 
The title compounds, cis- and trans-C8H2804P2, crystal- 
lize with one and two independent molecules, respect- 
ively, in the asymmetric unit. These are the first 
structures of 1,3-diphosphorinanes with no further an- 
nelation. All three diphosphorinane rings are similar, 
with chair conformations that are flattened in the region 
of the P---C--P moiety. The ring angles at phosphorus 
are all less than, and those at carbon greater than, ideal 
tetrahedral angles [maximum of 116.21 (11) ° for P - -  
C- -P  in the cis isomer]. The acidic methylene groups, 
lying between the P atoms, are involved in the shortest 
C - - H - . . O  hydrogen bonds (H. . .O  < 2.35 A,). 

Comment 
We are interested in the structures of diphosphorinane 
rings, both with and without further heteroatoms (Jones 
& Weinkauf, 1998, and references therein). We re- 
port here the structure of the cis and trans isomers of 
1,3-diethoxy- 1,3-diphosphorinane- 1,3-dione, cis-(I) and 
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Fig. I. The structure of the cis isomer in the crystal. Ellipsoids 
represent 50% probability levels. H-atom radii are arbitrary. 
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Fig. 2. The structure of both molecules of the trans isomer in the 
crystal. Ellipsoids represent 50% probability levels. H-atom radii 
are arbitrary. Only one position of the disordered ethoxy group is 
shown. 
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