
1850 R E G U L A R  STRUCTURAL PAPERS 

References 
Cromer, D. T. & Liberman, D. (1970). J. Chem. Phys. 53, 

1891-1898. 
Cromer, D. T. & Mann, J. B. (1968). Acta Cryst. A24, 321-324. 
Ostoja Starzewski, K. A. & Dieck, H. (1979). Inorg. Chem. 12, 

3307-3316. 
Sheldrick, G. M. (1976). SHELX76. Program for Crystal Structure 

Determination. Univ. of Cambridge, England. 
Sheldrick, G. M. (1990). SHELXTL-Plus. Version 4.21/V. 

Siemens Analytical X-ray Instruments Inc., Madison, Wiscon- 
sin, USA. 

Sleiman, H. F., Mercer, S. & McElwee-White, L. (1989). J. Am. 
Chem. Soc. 111, 8007-8009. 

Staudinger, H. & Hauser, E. (1921). Helv. Chim. Acta, 4, 861-886. 
Stewart, R. F., Davidson, E. R. & Simpson, W. T. (1965). J. 

Chem. Phys. 42, 3175-3187. 

Schneider, 1992; Schneider, 1992). In this paper we 
present the X-ray crystal structure of the endo product (3) 
and the exo product (4). 
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Structures of endo- and exo-3-Acetoxy- 
2,4-diethoxy-6-(2-oxo-l,3-oxazolidin-3-yl- 
carbonyl)-3,4-dihydro-2H-pyran 

All bond lengths and angles are generally as expected. 
The conformations of the two structures are very sim- 
ilar. All H atoms were included in calculated positions 
and refined using a riding model. The ethoxy group 
in compound (3), O21 to C23, was found to be dis- 
ordered. Two positions were refined with distance re- 
straints for the 1-2 and 1-3 distances to an occupancy of 
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Abstract 

The crystal structures of (+)-(2fl,3fl,43)- and (4-)- 
(2a,3a,4fl)-2,4-diethoxy-6-(2-oxo-l,3-oxazolidin-3-yl- 
carbonyl)-3,4-dihydro-2H-pyran-3-yl acetate (the endo 
compound with half a molecule of diethyl ether in the 
asymmetric unit) determined at 153 and 293 K, respec- 
tively, are reported. The two structures have similar bond 
lengths and angles and similar conformations. 

Comment 

The endo/exo selectivity of the intermolecular Diels- 
Alder reaction of 4-ethoxy- 1-(2-oxo- 1,3-oxazolidin-3- 
yl)-3-butene-1,2-dione (2) with 2-ethoxyvinyl acetate (1) 
depends on the Lewis acid (LA) used. With SnC14, for 
example, a high exo selectivity is observed, whereas 
with Me2A1C1, endo selectivity occurs. Details of the re- 
action have been published elsewhere (Tietze & 
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Fig. 1. Structure of compound (3) showing 50% probability displace- 
ment ellipsoids. The H atoms and the solvent molecule are omitted. 
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Fig. 2. Structure of compound (4) showing 50% probability displace- 
ment ellipsoids. The H atoms are omitted. 
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0 .85 :0 .15 ,  r e spec t ive ly .  T h i s  par t  o f  the  s t ruc tu re  w a s  re- 

f ined  w i t h  r i g i d - b o n d  res t ra in t s  (Rol le t t ,  1970; H i r sh fe ld ,  

1976; T r u e b l o o d  & Dun i t z ,  1983) a n d  s imi l a r i t y  res t ra in t s  

for  the  a n i s o t r o p i c  d i s p l a c e m e n t  p a r a m e t e r s .  C o m p o u n d  

(3) c rys ta l l i zes  w i t h  h a l f  a s o l v e n t  m o l e c u l e  in the  a s y m -  

m e t r i c  un i t  w h i c h  is d i s o r d e r e d  by an  i n v e r s i o n  cen t re .  

T h i s  d i e t h y l  e t he r  m o l e c u l e  w a s  r e f ined  w i t h  the  res t ra in t s  

d e s c r i b e d  above .  

Experimental 
Compound (3) 
Crystal data 

1 CIsH21NO8.~C4HI00 Dx = 1.312 Mg m -3 
Mr = 380.39 Mo K a  radiation 
Monoclinic A -- 0.71073 ~, 
P21/n Cell parameters from 54 
a = 8.078 (2) A reflections 
b = 19.274 (5) A 0 = 10-12.5 ° 
c -- 12.686 (3) ,4, /z = 0.105 m m  -~ 
/3 = 102.85 (2) ° T = 153 (2) K 
V = 1925.7 (8) .~3 Blocks 
Z = 4  0.6 x 0.4 x 0 . 3 m m  

Colourless 

Data collection 
Stoe Siemens AED four- 

circle diffractometer 
Profile data from 20[w scans 
Absorption correction: 

none 
4761 measured reflections 
3373 independent  reflections 
2805 observed reflections 

[I > 2o'(/)1 

Rint = 0.0315 
0max = 25.00 ° 
h = - 9 4 - , 9  
k = - 1 2  ---, 22 
l -- - 1 5  ~ 15 
3 standard reflections 

frequency: 90 min 
intensity variation: none 

Refinement 

Refinement on F z 
Final R(F) -- 0.0482 for 

F > 4o.(F) 
wR(F 2) = 0.1326 for all data 
S = 1.064 
3372 reflections 
289 parameters 
Calculated wei§hts 

w = l/[o.2(Fo )+(0.0627P) 2 
+1.1712P] 

where P = (FoZ+2F~)13 

( m / o ' ) m a x  = -0 .001  

Apmax = 0.331 e ,~-3 
Apmin = - 0 . 3 0 4  e A -3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A2) for (3) 

O1 
C2 
021 
C22 
C23 
021 '  

l * * . Ueq = ~ }]iY]jUija i aj ai.a).  

x y z Ueq 
0.9406 (2) 0.34536 (7) 1.00695 (10) 0.0303 (3) 
0.8100 (3) 0.39748 (11) 0.9794 (2) 0.0318 (5) 
0.7012 (3) 0.38760 (14) 1.0492 (2) 0.0411 (7) 
0.7590 (4) 0.4216 (2) 1.1516 (2) 0.0445 (8) 
0.6783 (5) 0.4912 (2) 1.1469 (3) 0.0690 (11) 
0.7093 (15) 0.3947 (8) 1.0523 (7) 0.051 (5) 

C22 ~ 0.7021 (26) 0.4560 (9) 1.1152 (12) 0.059 (4) 
C23' 0.8053 (43) 0.4470 (12) 1.2259 (13) 0.090 (8) 
C3 0.7162 (2) 0.39032 (10) 0.8630 (2) 0.0303 (4) 
O31 0.6554 (2) 0.32019 (7) 0.84541 (11) 0.0344 (3) 
C32 0.4992 (3) 0.31165 (13) 0.7804 (2) 0.0372 (5) 
C34 0.4659 (3) 0.23742 (14) 0.7515 (2) 0.0487 (6) 
033 0.4028 (2) 0.35847 (10) 0.75038 (14) 0.0510 (4) 
C4 0.8421 (2) 0.40407 (10) 0.79030 (15) 0.0281 (4) 
O41 0.7759 (2) 0.38052 (7) 0.68314 (11) 0.0338 (4) 
C42 0.6652 (3) 0.42971 (12) 0.6176 (2) 0.0370 (5) 
C43 0.5890 (4) 0.3948 (2) 0.5123 (2) 0.0584 (7) 
C5 1.0061 (2) 0.36710 (10) 0.83475 (15) 0.0269 (4) 
C6 1.0446 (2) 0.34264 (10) 0.93525 (15) 0.0257 (4) 
C7 1.2076 (2) 0.30632 (10) 0.98089 (15) 0.0267 (4) 
07 i.2660 (2) 0.26211 (8) 0.93145 (11) 0.0369 (4) 
Ol l  1.3742 (2) 0.37832 (8) 1.24123 (1 I) 0.0392 (4) 
C12 1.2770 (3) 0.38364 (10) 1.1410 (2) 0.0300 (4) 
O12 1.2003 (2) 0.43516 (7) 1.10708 (12) 0.0385 (4) 
N13 1.2868 (2) 0.32166 (8) 1.08671 (12) 0.0273 (4) 
C14 1.4262 (3) 0.27884 (11) 1.1467 (2) 0.0332 (5) 
C15 1.4403 (3) 0.30788 (11) 1.2594 (2) 0.0391 (5) 
C90 1.1138 (23) 0.3871 (6) 0.5247 (7) 0.071 (2) 
C91 1.0028 (8) 0.4382 (3) 0.4474 (4) 0.0662 (12) 
092 1.0000 0.5000 0.5000 0.0667 (7) 
C93 0.8889 (7) 0.5511 (4) 0.4435 (5) 0.0701 (13) 
C94 0.8976 (24) 0.6151 (5) 0.5128 (8) 0.085 (3) 

Table  2. Selected geometric 
O1--C6 1.370 (2) 
O1--C2 1.442 (2) 
C2--C3 1.509 (3) 
C3--C4 1.540 (3) 
C4--C5 1.500 (3) 
C5--C6 1.330 (3) 
C6--C7 1.490 (3) 
C7--O7 1.214 (2) 

C6- -O1- -C2  112.92 (14) 
O I - - C 2 - - C 3  110.8 (2) 
C2- -C3- -C4  108.4 (2) 
C5- -C4- -C3  109.8 (2) 
C6- -C5- -C4  121.9 (2) 
C5- -C6--O1 125.1 (2) 
C5- -C6- -C7  122.5 (2) 
O I - - C 6 - - C 7  ! 12.3 (2) 
O7- -C7- -N13 120.2 (2) 
O7- -C7- -C6  122.7 (2) 

Compound (4) 

Crystal data 

CIsH21NO8 
Mr = 343.33 
Triclinic 
P1 
a = 9.016 (2) 
b -- 9.038 (2) A 
c = 10.850 (2) ,4, 
o~ = 104.60 (2) ° 
/3 = 91.60 (2) ° 
'3' = 91.48 (2) ° 
V = 854.8 (3) ,~3 
Z = 2  

Data collection 
Stoe Siemens AED-2 four- 

circle diffractometer 
Profile data from 20[w scans 
Absorption correction: 

none 

parameters (A, o) for (3 )  

C7--N13 1.384(2) 
Ol 1--c12 1.341 (2) 
O11--C15 1.458 (3) 
C12--O12 1.199(2) 
C12--N13 1.390(3) 
N13--C14 1.465 (2) 
c 1 4 - c 1 5  1.515 (3) 

N 13--C7--C6 117.0 (2) 
C12--O11--C15 109.7 (2) 
O12--C12--O11 123.4 (2) 
O12--C12--N13 128.0(2) 
Ol 1--C12--N13 108.6 (2) 
C7--N13--C12 126.8 (2) 
C7--N 13--C14 121.3 (2) 
C12--NI  3--C14 110.4 (2) 
N13--C14--C15 99.8 (2) 
O11--C15--C14 104.3 (2) 

Dx = 1.334 Mg m -3 
Mo Ka radiation 
A -- 0.71073 tk 
Cell parameters from 46 

reflections 
0 = 10- 12.5 ° 
# = 0.109 m m  - t  
T = 293 (2) K 
Plates 
0.5 x 0.4 x 0.2 m m  
Colourless 

Ri~t = 0.0213 
0max = 22.50 ° 
h -  - 9 - - - * 9  
k = - 9 ~ 9  
l = - 1 1  ~ 11 
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3293 measu red  reflect ions 
2220 independen t  reflections 
1931 obse rved  reflections 

[ I >  2o-(/)] 

3 s tandard  reflections 
f requency:  90 m i n  
intensi ty variation: none  

Refinement 

Ref inement  on  F 2 

Final R(F)  = 0.0401 for  
F > 4tr(F) 

wR(F 2) = 0.1124 for  all data 
S = 1.058 
2217 reflections 
220 parameters  
Calcula ted  weigh ts  

w -- ll[tr2(F2)+(O.O496P) 2 
+0.3690P]  

where  P = (F2+2Fc2)/3 

(A/Or)max = o.ooo 
Apmax = 0.177 e ,~-3 
Apmin = - 0 . 2 1 1  e ,~-3 
Ext inc t ion  correct ion:  n o n e  
A tomic  scat ter ing factors 

f rom International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

T a b l e  3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) for  (4)  

U e q  m 1 . . g ~'~q~jUija i aj ai.aj. 
x y z Ueq 

O1 0.2055 (2) 0.7505 (2) 0.68972 (14)  0.0501 
C2 0.2617 (2) 0.8493 (2) 0.6136 (2) 0.0474 
C3 0.4263 (2) 0.8814 (2) 0.6367 (2) 0.0483 
C4 0.4617 (2) 0.9575 (3) 0.7771 (2) 0.0536 
C5 0.3705 (2) 0.8831 (3) 0.8588 (2) 0.0542 
C6 0.2538 (2) 0.7932 (2) 0.8140 (2) 0.0475 
C-'7 0.1587 (3) 0.7241 (2) 0.8965 (2) 0.0513 
07 0.2061 (2) 0.6433 (2) 0.9611 (2) 0.0793 
Oll -0.1992 (2) 0.8743 (2) 0.8846 (2) 0.0762 
C12 -0.0545 (3) 0.8757 (3) 0.8605 (2) 0.0518 
O12 0.0040 (2) 0.9716 (2) 0.8188 (2) 0.0698 
N13 0.0086 (2) 0.7527 (2) 0.8953 (2) 0.0473 
C14 --0.0947 (3) 0.6830 (3) 0.9665 (2) 0.0602 
C15 --0.2389 (3) 0.7444 (3) 0.9325 (3) 0.0811 
O21 0.2290 (2) 0.7756 (2) 0.48796 (14) 0.0536 
C22 0.0808 (3) 0.7943 (4) 0.4467 (3) 0.0892 
C23 0.0438 (4) 0.6970 (5) 0.3220 (3) 0.1018 
031 0.5021 (2) 0.7388 (2) 0.6029 (2) 0.0577 
C32 0.6369 (3) 0.7428 (3) 0.5531 (2) 0.0607 
033 0.6898 (2) 0.8546 (2) 0.5300 (2) 0.0875 
C34 0.7080 (3) 0.5925 (3) 0.5339 (3) 0.0880 
O41 0.4281 (2) 1.1152 (2) 0.8063 (2) 0.0636 
C42 0.5407 (3) 1.2102 (3) 0.7716 (3) 0.0836 
C43 0.4884 (5) 1.3693 (4) 0.8016 (4) 0.133 (2) 

T a b l e  4. Selected geometric parameters 
O1--C6 1.361 (3) 
O1--C2 1.452 (2) 
C2--C3 1.506 (3) 
C3--C4 1.525 (3) 
C4--C5 1.492 (3) 
C5--C6 1.316 (3) 
C6--C7 1.492 (3) 
C7--O7 1.210 (3) 

C6--O1--C2 113.7 (2) 
O1--C2--C3 111.5 (2) 
C2--C3--C4 110.5 (2) 
C5--C4--C3 110.0 (2) 
C6--C5--C4 122.6 (2) 
C5--C6--O1 125.5 (2) 
C5--C6--C7 122.7 (2) 
O 1--C6--C7 111.8 (2) 
07 --C7 --N 13 119.6 (2) 
O7--C7--C6 123.2 (2) 

(/k, ° ) f o r  (4) 

C7--N13 1.384(3) 
Oll--C12 1.338(3) 
Ol1--C15 1.440(3) 
C12--O12 1.192 (3) 
C12--N13 1.391 (3) 
N13--C14 1.455 (3) 
C14--C15 1.499(4) 

N13--C7--C6 117.2 (2) 
C12--Oli--C15 110.6 (2) 
O12--C12--Oll 122.9 (2) 
O12--C12--N13 128.8 (2) 
O11--C12--N13 108.2 (2) 
C7--N13--C12 125.5 (2) 
C7--N13--C14 121.4 (2) 
C12--N13--C14 110.8 (2) 
N13--C14--C15 101.1 (2) 
O11--C15--C14 105.5 (2) 

Both  c o m p o u n d s  were  crystall ized f rom diethyl  e ther  
temperature .  Data were  col lected wi th  a learnt profile 

at r o o m  
m e t h o d  
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(Clegg,  1981). Data collection: DIF4 (Stoe & Cie, 1988). 
Cell ref inement:  DIF4. Data reduct ion:  REDU4 (Stoe & 
Cie, 1988). Program(s)  used  to solve structure: SHELXS- 
90  (Sheldrick,  1990a). Program(s)  used  to refine structure: 
SHELXL-92 (Sheldrick,  1992). Molecu la r  graphics:  SHELXTL- 
Plus (Sheldrick,  1990b). Sof tware  used  to prepare  mater ial  for  
publicat ion:  SHELXL-92. 

W e  t h a n k  t h e  D e u t s c h e  F o r s c h u n g s g e m e i n s c h a f t  a n d  

t h e  F o n d s  d e r  C h e m i s c h e n  I n d u s t r i e  f o r  f i n a n c i a l  s u p p o r t .  

Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
dinates and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SUP 
71290 (23 pp.). Copies may be obtained through The Technical Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. [CIF reference: NA1040] 
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Structure of Methyltris(2,4,6-trimethoxy- 
phenyl)phosphonium Iodide Ethanol Solvate 
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Abstract  

T h e  s t r u c t u r e  o f  m e t h y l t r i s ( 2 , 4 , 6 - t r i m e t h o x y p h e n y l ) -  

p h o s p h o n i u m  i o d i d e ,  [ C H a T M P P ] I ,  s h o w s  s l i g h t l y °  
d i s t o r t e d  t e t r a h e d r a l  g e o m e t r y  a t  p h o s p h o r u s .  T h e r e  
a r e  n o  c l o s e  a n i o n - - c a t i o n  c o n t a c t s .  
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