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3.35 .A,. The amide and enol ether groups are planar 
to within ___ 0.06 A. 

C o m m e n t  

The pseudoephedrine-derived O-silyl ketene N,O- 
acetal (1) undergoes facile aldol addition reactions 
with aldehydes to form 9-membered cyclic siloxane 
condensation products (Myers, Widdowson & 
Kukkola, 1992). a,/3-Unsaturated aldehydes react 
differently, forming, in the case of methacrolein, the 
11-membered cyclic silyl enol ether (2) (Myers & 
Subramanian, 1992). The structure of this crystalline 
material has been established unambiguously by 
X-ray crystallography. 
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A b s t r a c t  

The title compound, (4S,5S,8R, IOZ)-2,2,5,6,8,10- 
hexamethyl-4-phenyl- 1,3-dioxa-6-aza-2-silacycloun- 
dec-10-en-7-one, crystallizes with two virtually 
identical molecules in the asymmetric unit, each with 
the same absolute configuration. Bond distances and 
angles are normal; the closest approaches across the 
ring between non-bonded atoms are all greater than 
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Fig. 1 shows the two independent molecules; both 
drawings have the same orientation relative to the 
least-squares plane of all their atoms, emphasizing 
their great similarity. Fig. 2 is a packing drawing 
showing the molecules in the unit cell. Bond dis- 
tances and angles in the two independent molecules 
agree well; average values are quoted here, together 
with the higher or highest e.s.d.'s of the individual 
bonds. The Si--C and Si---O lengths average 
1.842 (6) and 1.636 (3) A. The angles at silicon differ 
from 109.5 ° by an average of 3.1 ° . There is some 
evidence of opening of the ring at the internal O 
atoms, where angles average 125.2 (9)°; the C---O 
distances, however, are normal [1.443 (5)A to C1, 
1.376 (6)A to C17]. Other internal angles in the 
11-membered ring are close to expected values. The 
grouping C8--N(C10)---Cl1(O3)--C12 is nearly 
planar in both molecules, with similar deviations 
from the least-squares plane. In molecule A, the two 
'end' atoms, C8 and C12, are 0.057 A out of the 
plane and the inner atoms (N, C10, C11 and 03) are 
- 0.011, - 0.045, - 0.006 and - 0.052 A out of the 
plane respectively. In molecule B, the comparable 
distances are + 0.047, and - 0.017, - 0.030, - 0.009 
and -0 .037/~ .  The non-bonded distances across the 
ring are all at or greater than van der Waals dis- 
tances: O1...C10 3.42 and 3.48 A, O2-..C11 3.30 and 
3.33 A, O1...O3 3.66 and 3.67/~, 02.- .03 3.51 and 
3.56 A. Intermolecular contacts are also all at van 
der Waals distances or greater, the shortest 
(O2b...H4b) being 2.65 A. The shortest H-..H contact 
is 2.38 A compared with an expected value of 2.4 A. 
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Fig. 1. An ORTEP drawing o f  molecules A (top) and B (bot tom)  
with 50% probabi l i ty  ellipsoids showing the numbering system 
for the non-H atoms.  H a toms are shown as spheres of  arbi trary 
small diameter.  

<F°'-oo, 

o,, S %  

Fig. 2. An ORTEP projection o f  the contents  o f  one unit cell onto  
the bc plane (one unit cell outlined). The molecules A and B are 
so indicated; H a toms are not  shown. The b axis is horizontal.  

Experimental 
Crystal data 

C w H 2 9 N O 3 S i  Dx = 1.13 M g  m -3  
Mr -- 347 .53  M o  K a  rad ia t ion  
M o n o c l i n i c  A = 0 .71073  A, 
P2~ Cel l  p a r a m e t e r s  f r o m  25 

a = 6 .562  (4) ,A, re f lec t ions  

b = 20 .473  (11) A 0 = 1 4 - 1 6  ° 
c = 15.202 (6) ,4, /z -- 0 .125  m m  -~ 
/3 = 94 .73  ° T = 293 K 

V--  2035 .3  (18)  A, 3 

Z = 4  

Data collection 

E n r a f - N o n i u s  C A D - 4  
d i f f r ac tome te r  

03 scans 
A b s o r p t i o n  correc t ion:  

n o n e  
7473  m e a s u r e d  re f lec t ions  
3685  i ndependen t  re f lec t ions  
3685  o b s e r v e d  re f lec t ions  

Rint = 0 .026  

0 .65 × 0 .35 x 0 .18 n u n  

0max = 25 ° 
h = - 7  ---~ 7 
k = - 2 4  ~ 24  
l = 0---~ 18 
3 s t anda rd  re f l ec t ions  

f r e q u e n c y :  150 m i n  
in tens i ty  var ia t ion:  s l ight  
l inear  d e c a y  

Refinement 

R e f i n e m e n t  o n  F 2 
Final  R = 0 .043  for  FOE>0 

Final  R -- 0 .034  for  
FoE > 3cr(Fo z ) 

wR = 0.05 
S = 1.72 
3685  re f lec t ions  
432  pa rame te r s  

H - a t o m  p a r a m e t e r s  no t  re-  
f ined 

w - -  1[[o'2(Fo2)+(0.014/) 2] 

(A/~)m,x =o.o i  
Apmax = 0 .19  e ~ - 3  
Apmin = - 0 . 1 9  e ,A, -3  
A t o m i c  sca t te r ing  fac tors  

f r o m  C r o m e r  & W a b e r  
(1974) ,  C r o m e r  (1974)  

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (A2) 

1 . • . . Ucq = 5 ~i~jUija i aj a,.a), 

x y z U~q 
Sia 0.8192 (2) 0.5709 0.2286 (1) 0.0480 (2) 
Ola 0.8906 (3) 0.6384 (1) 0.1832 (2) 0.0479 (6) 
O2a 0.8445 (4) 0.5084 (1) 0.1626 (2) 0.0506 (6) 
C la 0.7693 (5) 0.6772 (2) 0.1200 (2) 0.0432 (8) 
C2a 0.7234 (6) 0.7420 (2) 0.1616 (2) 0.0521 (9) 
C3a 0.8751 (7) 0.7767 (2) 0.2091 (3) 0.0728 (12) 
C4a 0.8357 (10) 0.8370 (3) 0.2444 (4) 0.0998 (17) 
C5a 0.6416 (12) 0.8636 (3) 0.2314 (4) 0.1039 (19) 
C6a 0.4920 (9) 0.8302 (3) 0.1847 (4) 0.1000 (17) 
C7a 0.5299 (7) 0.7698 (2) 0.1495 (3) 0.0762 (13) 
C8a 0.8889 (5) 0.6864 (2) 0.0381 (2) 0.0447 (8) 
C9a 0.7724 (6) 0.7268 (2) -0.0332 (2) 0.0622 (10) 
Na 0.9627 (4) 0.6244 (1) 0.0035 (2) 0.0392 (6) 
Cl0a 1.1854 (5) 0.6178 (2) 0.0095 (2) 0.0522 (9) 
Cl la  0.8283 (5) 0.5798 (2) -0.0321 (2) 0.0414 (8) 
O3a 0.6415 (3) 0.5879 (1) -0.0300 (2) 0.0586 (7) 
C12a 0.9030 (5) 0.5187 (2) -0.0757 (2) 0.0434 (8) 
C13a 0.7700 (6) 0.5051 (2) -0.1603 (3) 0.0609 (10) 
C14a 0.8975 (6) 0.4602 (2) -0.0114 (3) 0.0546 (10) 
C15a 1.0609 (6) 0.4611 (2) 0.0626 (3) 0.0523 (10) 
Cl6a 1.2705 (7) 0.4359 (2) 0.0445 (3) 0.0811 (13) 
Cl7a 1.0295 (6) 0.4844 (2) 0.1412 (3) 0.0533 (10) 
Cl8a 0.5445 (6) 0.5720 (2) 0.2467 (3) 0.0799 (12) 
C19a 0.9895 (7) 0.5606 (2) 0.3304 (3) 0.0705 (11) 
Sib 0.1939 (1) 0.7299 (1) 0.4965 (1) 0.0421 (2) 
Olb 0.2820 (3) 0.6653 (1) 0.5499 (1) 0.0423 (5) 
O2b 0.2422 (3) 0.7965 (1) 0.5547 (2) 0.0492 (6) 
Clb 0.1829 (4) 0.6315 (2) 0.6176 (2) 0.0371 (7) 
C2b 0.1220 (5) 0.5642 (2) 0.5847 (2) 0.0417 (7) 
C3b 0.2651 (6) 0.5238 (2) 0.5515 (3) 0.0611 (10) 
C4b 0.2135 (8) 0.4604 (2) 0.5254 (3) 0.0773 (13) 
C5b 0.0176 (9) 0.4381 (2) 0.5319 (3) 0.0833 (16) 
C6b -0.1246 (8) 0.4777 (2) 0.5634 (4) 0.0882 (15) 
C7b -0.0724 (6) 0.5405 (2) 0.5903 (3) 0.0675 (11) 
C8b 0.3321 (4) 0.6274 (2) 0.7002 (2) 0.0387 (7) 
C9b 0.2464 (6) 0.5896 (2) 0.7750 (2) 0.0546 (9) 
Nb 0.4128 (3) 0.6916 (1) 0.7301 (2) 0.0358 (6) 
ClOb 0.6341 (5) 0.6988 (2) 0.7282 (2) 0.0451 (8) 
Cl lb  0.2842 (5) 0.7366 (2) 0.7591 (2) 0.0406 (7) 
O3b 0.0980 (3) 0.7267 (1) 0.7558 (2) 0.0591 (7) 
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C12b 0.3670 (5) 0.8013 (2) 0.7979 (2) 0.0458 (8) 
C13b 0.2527 (6) 0.8191 (2) 0.8777 (3) 0.0656 (11) 
C14b 0.3402 (6) 0.8541 (2) 0.7260 (3) 0.0554 (10) 
C15b 0.4870 (5) 0.8482 (2) 0.6558 (3) 0.0512 (9) 
C16b 0.7008 (6) 0.8737 (2) 0.6771 (3) 0.0732 (12) 
C17b 0.4357 (5) 0.8206 (2) 0.5791 (2) 0.0495 (9) 
C18b --0.0888 (5) 0.7296 (2) 0.4781 (3) 0.0633 (10) 
C19b 0.3273 (6) 0.7321 (2) 0.3951 (2) 0.0647 (10) 

Table 2. Selected bond lengths (A) and angles (o) 
Sia--Ola 1.630 (4) Sib--Olb 1.633 (2) 
Sia--O2a 1.644 (4) Sib--O2b 1.641 (3) 
Sia--C18a 1.846 (4) Sib--C18b 1.853 (4) 
Sia--C19a 1.845 (4) Sib--C19b 1.835 (4) 
Ola--Cla 1.435 (4) Olb--Clb 1.439 (4) 
O2a--C17a 1.372 (4) O2b--C17b 1.384 (4) 
Cla--C2a 1.512 (5) Clb--C2b 1.508 (4) 
Cla--C8a 1.536 (5) Clb--C8b 1.531 (4) 
C2a--C3a 1.378 (6) C2b--C3b 1.378 (5) 
C2a--C7a 1.390 (6) C2b--C7b 1.374 (5) 
C3a--C4a 1.379 (7) C3b--C4b 1.391 (6) 
C4a--C5a 1.383 (8) C4b--C5b 1.375 (7) 
C5a--C6a 1.350 (8) C5b--C6b 1.352 (7) 
C6a--C7a 1.378 (7) C6b--C7b 1.384 (6) 
C8a--C9a 1.518 (5) C8b--C9b 1.520 (5) 
C8a--Na 1.472 (4) C8b--Nb 1.474 (4) 
Na--C10a 1.463 (4) Nb--C10b 1.462 (4) 
Na--Clla 1.351 (4) Nb--Cllb 1.348 (4) 
Clla--O3a 1.240 (4) C1 lb--O3b 1.235 (4) 
Clla--C12a 1.517 (5) Cllb--C12b 1.532 (5) 
C12a--C13a 1.518 (5) C12b--C13b 1.523 (5) 
C12a--C14a 1.548 (5) Cl2b--C14b 1.536 (5) 
C14a--C15a 1.489 (5) C14b--C15b 1.501 (5) 
C15a--Cl6a 1.515 (6) C15b--C16b 1.507 (6) 
C15a--C17a 1.319 (5) C15b--C17b 1.314 (5) 

O2a--Sia--Ola 110.8 (2) 02b--Sib--Olb 111.1 (1) 
C18a--Sia--Ola 111.8 (2) C18b--Sib--Olb 112.4 (1) 
C19a--Sia--Ola 106.1 (2) C19b--Sib--Olb 105.3 (2) 
C18a--Sia--O2a 104.4 (2) C18b--Sib--O2b 103.3 (2) 
C19a--Sia--O2a 109.8 (2) C19b--Sib--O2b 110.4 (2) 
C19a--Sia--C18a 114.1 (2) C19b--Sib--C18b 114.5 (2) 
Cla--Ola--Sia 126.1 (2) Clb--Olb--Sib 125.7 (2) 
C17a--O2a--Sia 124.0 (2) C17b--O2b--Sib 125.0 (2) 
C2a--Cla--Ola 108.9 (3) C2b--Clb--Olb 109.0 (2) 
C8a--Cla--Ola 108.6 (2) C8b--Clb--Olb 108.5 (2) 
C8a--Cla--C2a 111.3 (3) CSb--Clb--C2b 110.9 (2) 
C9a--CSa--Cla 112.6 (3) C9b--C8b--Clb 113.0 (3) 
Na--C8a--Cla 112.8 (3) Nb--C8b--Clb 113.2 (2) 
Na--CSa--C9a 112.1 (3) Nb--C8b--C9b 111.7 (3) 
C 10a--Na--C8a 114.5 (2) C lOb--Nb--C8b 114.6 (2) 
Clla--Na--C8a 120.2 (3) Cllb--Nb--C8b 119.4 (2) 
Clla--Na--ClOa 125.3 (3) Cllb--Nb--ClOb 125.9 (3) 
03a--Clla--Na 120.9 (3) 03b--Cllb--Nb 121.3 (3) 
C12a--Clla--Na 120.6 (3) C12b--Cllb--Nb 120.4 (3) 
C12a--Clla--O3a 118.5 (3) C12b--Cllb--O3b 118.4 (3) 
C13a--C12a--Clla 109.7 (3) C13b--C12b--Cllb 109.3 (3) 
C14a--C12a--Clla 109.7 (3) C14b--C12b--Cllb 108.6 (3) 
C14a--C12a--C13a 110.6 (3) C14b--C12b--C13b 111.4 (3) 
C15a:--C14a--C12a 114.5 (3) C16b--C15b--C14b 117.4 (3) 
C16a--C15a--C14a 117.8 (3) C17b--C15b--C14b 122.2 (3) 
C17a--C15a--C14a 122.2 (3) C17b--C15b--C16b 120.4 (3) 
C17a--C15a--C16a 120.0 (4) C15b--C17b--O2b 123.6 (3) 
C15a--C17a--O2a 123.4 (3) 

The y coordinate of Sia was fixed to define the origin. The abso- 
lute configuration of the molecule about the C 1--C2 bond was 
known so only the relative configurations at other chiral sites 
had to be determined, f "  was ignored for all atoms, butf '  was 
used for Si. 

Computer programs of the CRYM Crystallographic Comput- 
ing System (Duchamp, 1964) were used, together with MULTAN 
(Main et al., 1980) and ORTEP (Johnson, 1976). 
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Abstract 

The three S atoms add to the exo face of norbornene 
forming a slightly distorted envelope conformation for the 
trithiolane ring. The sulfoxide is exo with respect to the 
ring, and the O atom is 2.41(2) A from an H on the bridg- 
ing C atom. The two C--S  bonds differ by 0.047(2) A, 
while AM1 calculations predict a difference of 0.029 A,. 

Comment 

Sulfur reacts with norbomene in N,N-dimethylformamide 
at 373 K to produce the exo-trithianorbornane and the 
exo-pentathiene (Ghosh, 1986). Oxidation of the trithiane 
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