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Comment 
The Patern6--Btichi reaction represents the most con- 
venient and straightforward access to functionalized 
oxetanes. It has been shown recently that the photo- 
cycloaddition of silyl enol ethers to various aldehydes 
proceeds with excellent regio- and diastereoselectivity 
(Bach, 1995a). The products formed are 3-silyloxy- 
substituted oxetanes, which represent versatile vehi- 
cles for further synthetic transformations (Bach, 1995b; 
Bach, J6dicke, Kather & Hecht, 1995). The relative 
configuration of these heterocycles is presumably con- 
trolled by a two-step pathway via an intermediate triplet 
1,4-biradical (Freilich & Peters, 1981). Details of the 
synthetic work have been published elsewhere (Bach, 
1995a). The crystals used in this work were obtained 
from an ether/pentane (1:1) solution. The photochemi- 
cal reaction sequence is depicted in general terms below. 
The isolated yields were 82% for oxetane (I) and 56% 
for oxetane (II) after chromatographic purification. 
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Abstract 
In the structures of both of the title compounds, 
C17H2802Si, (I), and C23H3203Si, (II), the bulkiest sub- 
stituents are trans with respect to one another, i.e. the 
phenyl group (or substituted phenyl) is trans with re- 
spect to the tert-butyl  group. In compound (I), the 
methyl group at ring-position 4 is in a trans configu- 
ration relative to the t en -bu ty l  group. The oxetane rings 
in both structures, especially (II), are non-planar. Both 
structures contain long C---O single bonds in the four- 
membered ring (1.44-1.46 A,), which is typical of oxe- 
tane structures. 

t Permanent address: Department of Chemistry, University of 
JyvaskyRi, PO Box 35 (Survontie 9), FIN-40351 Jyv~iskylK Finland. 
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(I) X = H; R = Me (82%) 
(1I) X = OCH2Ph; R = H (56%) 

The structural studies of compounds (I) and (II) were 
undertaken in order to establish the relative configura- 
tions of the oxetane rings. The X-ray crystal structures 
[shown in Figs. 1 and 2 for (I) and (II), respectively] 
confirm the expected trans relationship of the bulkiest 
substituents. This geometry was also strongly suggested 
by NMR measurements (difference Nuclear Overhauser 
Effect) performed earlier (Bach, 1995a). The oxetane 
rings are not planar and the puckering angles (defined 
as the dihedral angle between planes C--O---C and C m  
C--C) are 8.3 (3) and 20.7 (2) ° for compounds (I) and 
(II), respectively. The non-planarity can also be seen 
from the ring torsion angles, which are clearly differ- 
ent from zero [O1--C2--C3--C4 5.8(2) in (I) and 
-14.2(2)  ° in (II)]. Previous single-crystal X-ray in- 
vestigations on substituted oxetane derivatives (Seitz et 
al., 1994; Khan, Morris, Smith & Walsh, 1991; Morris, 
Smith & Walsh, 1987; George & Gilardi, 1986; Hospi- 
tal, Leroy, Bats & Moulines, 1978; Holan, Kowala & 
Wunderlich, 1973) show that the puckering angles can 
vary from 0 to 22.9 (2) °. Furthermore, the crystal struc- 
ture of unsubstituted oxetane has been determined at 
temperatures of 90 and 140 K (Luger & Buschmann, 
1984); the ring exhibits a non-planar structure with 
puckering angles of 10.7(1) ° at 90K and 8.7(2) ° at 
140 K. 

The C- -O bond distances [ 1.442 (3)-1.455 (2) ,4,] are 
larger than the average value for saturated heterocyclic 
C- -O single bonds [1.426 (5)~,; Sutton, 1965], but this 
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C 5 ~ -  O ~ l ~  ( ~ C 1 9  
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Fig. 1. SHELXTL-Plus (Sheidrick, 1990b) plot of (I) with the atomic 
numbering scheme and displacement ellipsoids shown at the 50% 
probability level. 

C~ 

22 

Fig. 2. SHELXTL-Plus (Sheldrick, 1990b) plot of (II) with the atomic 
numbering scheme and displacement ellipsoids shown at the 50% 
probability level. 

is in agreement with the assumption that the C - - O  
bond should be unusually long in four-membered rings 
(Mastryukov, Dorofeeva, Vilkov & Hargittai, 1976). The 
C - - C - - C  angle is the smallest in the oxetane ring, 
with values of 84.8 (2) for (I) and 84.1 (2) ° for (II), 
whereas the C--O---C and the O - - C - - C  angles are in 
the range 89.7 (2)-92.5 (2) ° . In previously determined 
oxetane structures, the C---C--C angle varies from 83.5 

to 85.6 °, and the corresponding range for the C - - O - - C  
and O--C---C angles is 89.9-92.5 °. All phenyl groups 
are planar, with deviations from least-squares planes 
smaller than 0.012 ,~. In compound (II), the dihedral 
angle between the phenyl plane and the benzyl plane is 
89.0(1) ° . 

In the oxetane rings, the substituents are essentially in 
eclipsed positions and the conformations are determined 
by a balance between bond-angle and torsion-angle 
strains. The puckering of the oxetane ring releases some 
of this strain. The following torsion angles define the 
relative orientations of the substituents in the oxetane 
rings: C5--C2---C3--O11 14.7 (2), C 5 - - C 2 - - C 3 - - C 1 6  
-118.3 (2), O l l - - C 3 - - C 4 - - C 2 0  -8 .3  (3) and C16--- 
C3- -C4- -C20  120.6(2) ° in (I); C 5 - - C 2 - - C 3 - - O 1 9  
- 16.6 (2) and C5--C2---C3--C24 - 144.2 (2) ° in (II). 

In the crystal packing, no intermolecular contacts are 
shorter than normal van der Waals separations. 

Experimental 
A quartz tube was charged with 1.5 mmol of aromatic alde- 
hyde [(I): benzaldehyde (159 mg, 150 #1); (II): 2-benzyloxy- 
benzaldehyde (320 mg)], 3.0 mmol of silyl enol ether and 
10 ml of benzene. The samples were irradiated at 300 nm 
(RPR 3000 A) in an air-cooled merry-go-round unit (temper- 
ature ca 303 K). The reaction was monitored by thin-layer 
chromatography. After complete consumption of the aldehyde, 
irradiation was stopped. The solvent was evaporated in vacuo 
and the residue purified by flash chromatography using a 
cyclohexane/ethyl acetate solvent mixture (100/1 to 95/5). 
Crystals suitable for data collection were obtained by recrys- 
tallization from ether/pentane (1:1) solution. 

Compound (I) 
Crystal data 

CI7H2802Si 
Mr = 292.48 
Monoclinic 
P21/c 
a = 8.699 ( 1 ) /k 
b = 26.465 (1) ,~, 
c = 7.769 (1) ,~, 
/3 = 95.23 (1)o 
V= 1781.1(3)~3 
Z = 4  
D~ = 1.091 Mg m -3 
D,, not measured 

Cu Kc~ radiation 
A = 1.54178 
Cell parameters from 25 

reflections 
0 = 41.7-42.5 ° 
/.t = 1.15 mm -I 
T = 293 (2) K 
Block 
0.6 x 0.4 x 0.4 mm 
Colourless 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

20Av scans 
Absorption correction: 

none 
3885 measured reflections 
3617 independent reflections 
3242 observed reflections 

[I > 2o(h] 
Ri,t = 0.025 

0m~ = 74.1 o 
h = - 10 -~ 10 
k= 0--, 33 
l=  - 9 - , 0  
3 standard reflections 

orientation monitored 
every 250 reflections 

intensity check frequency: 
120 min 

intensity decay: 5% 
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Refinement 
Refinement on F z 
R(F) = 0.055 
wR(F 2) = 0.181 
S = 1.075 
3609 reflections 
188 parameters 
Methyl H atoms rigid, others 

riding 
w = I/[o'2(F 2) + (0.1009P) 2 

+ 0.4515P] 
where P = (Fo 2 + 2F2)/3 

( A / o ' ) m a x  = 0 .001  
mpmax = 0 .43  e ~t - 3  

mpmin = - 0 . 3 5  e ,~k - 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 (/t 2 ) for  (I) 

Seq = (1/3)~,i~,jUija[ a 7 ai.aj. 
X y 

Si 12 0.20888 (6) 0.56554 
O1 0.4945 (2) 0.66510 
Ol l  0.3552 (2) 0.59702 
C2 0.3894 (2) 0.68076 
C3 0.4530 (2) 0.63864 
C4 0.5718 (2) 0.62898 
C5 0.2234 (2) 0.68175 
C6 0.1249 (2) 0.71686 
C7 -0.0299 (3) 0.71830 
C8 -0.0865 (3) 0.68516 
C9 0.0101 (3) 0.65060 
CI0 0.1662 (3) 0.64846 
C13 0.1658 (5) 0.51777 
C14 0.2608 (3) 0.53150 
C15 0.0354 (3) 0.60438 
C16 0.5187 (2) 0.65620 
C17 0.6283 (3) 0.70133 
C18 0.6090 (3) 0.61218 
C19 0.3867 (3) 0.67175 
C20 0.5824 (4) 0.57799 

z Ueq 
(2) 0.36464 (7) 0.0547 (2) 
(6) 0.0469 (2) 0.0661 (4) 
(5) 0.3080 (2) 0.0480 (3) 
(7) 0.1716 (2) 0.0484 (4) 
(6) 0.3000 (2) 0.0403 (3) 
(8) 0.1667 (2) 0.0564 (5) 
(7) 0.1004 (2) 0.0498 (4) 
(8) 0.1628 (3) 0.0618 (5) 
(11) 0.1015 (3) 0.0761 (7) 
(13) --0.0247 (3) 0.0827 (8) 
(13) --0.0894 (3) 0.0826 (8) 
(10) -0.0278 (3) 0.0656 (5) 
(13) 0.1925 (5) 0.1106 (11) 
(11) 0.5725 (4) 0.0865 (8) 
(11) 0.3902 (4) 0.0794 (7) 
(7) 0.4817 (2) 0.0499 (4) 
( 11 ) 0.4747 (4) 0.0822 (7) 
(10) 0.5716 (3) 0.0681 (6) 
(9) 0.5861 (3) 0.0633 (5) 
(11) 0.0880 (4) 0.0910 (9) 

Table  2. Selected geometric 
O 1---C2 1.452 (2) C2--C3 
O 1---C4 1.455 (2) C3--C4 
O11---C3 1.396 (2) C3---C16 
C2--425 1.498 (2) C4---C20 

C2- -O 1---424 92.5 (1) Ol 1--C3--C2 
O 1----C2---C5 113.8 (2) C 16--C3---C2 
O 1---C2---C3 90.8 (1) C4---C3---C2 
C5---C2---C3 121.4 ( I ) O 1--C4--C20 
O11---C3--C16 111.9 (I) O 1--C4---C3 
O 11--C3---C4 110.2 (1) C20--C4----C3 
C 16----C3---C4 116.5 (1) 

o 

parameters (A, ° ) for  (I) 
1.563 (2) 
1.550 (2) 
1.545 (2) 
1.488 (4) 

114.2 (I) 
116.7 (I) 
84.8 (I) 

112.1 (2) 
91.3 (I) 

119.6 (2) 

C o m p o u n d  (II) 

Crystal data 

C 2 3 H 3 2 0 3 5 i  

Mr = 384.58 
Monocl inic  
P21/c 
a = 14.701 (2),~,  
b = 10.153 (1) .4, 
c = 15.420 (2) ,a, 
/3 = 96.26 (1) ° 
V = 2287.9 (5) ,~k 3 
Z = 4  
Dx = 1.117 Mg m -3 
Dm not measured 

Mo Ka radiation 
)~ = 0.71073 ,~, 
Cell parameters from 25 

reflections 
/9 = 10 .0 -18 .0  ° 
# = 0.121 mm - l  
r = 293 (2) K 
Block 
1.0 x 0.6 x 0.5 mm 
Colourless 

Data collection 
Enraf-Nonius CAD-4  

diffractometer 
20Aa scans 
Absorption correction: 

none 
4009 measured reflections 
3850 independent reflections 
2942 observed reflections 

[I > 2o(/)] 
Rt,~t = 0.051 

Refinement 
Refinement on F 2 
R(F) = 0.046 
wR(F'-) = 0.147 
S - 1.052 
3844 reflections 
250 parameters 
Methyl H atoms rigid, others 

riding 
w= ll[o.2(Fo 2) + (0.0805P) 2 

+ 0.4521P] 
where P = (Fo 2 + 2F,2)/3 

0m,~x = 24.6 ° 
h =  - 1 7  --+ 0 
k = 0 ---, 11 
l = - 1 7  + 18 
3 standard reflections 

orientation monitored 
every 250 reflections 

intensity check frequency: 
120 min 

intensity decay: 4% 

(A/o.)max < 0.001 
mpmax = 0 . 3 0  e ~-3 
/~Pmin = - 0 . 1 8  e ~ - 3  
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Cr3"stallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table  3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2) for (H) 

Ueq = (1/3)Ei~jUijaT aj* a,.a j. 

x v Z Ueq 
Si20 0.37904 (4) 0.18526 (6) 0.72347 (4) 0.0570 (2) 
OI 0.11600 (10) 0.3839 (2) 0.63835 (9) 0.0628 (4) 
011 0.10889 (9) 0.1254 (2) 0.84549 (8) 0.0487 (3) 
O19 0.28860 (8) 0.2490 (2) 0.75901 (8) 0.0481 (4) 
C2 0.12451 (13) 0.3032 (2) 0.71665 (12) 0.0464 (5) 
C3 0.22518 (13) 0.3508 (2) 0.73805 (12) 0.0457 (5) 
C4 0.2139 (2) 0.3994 (2) 0.64351 (14) 0.0623 (6) 
C5 0.10917 (12) 0.1597 (2) 0.69613 (12) 0.0443 (5) 
C6 0.10309 (12) 0.0703 (2) 0.76388 (11) 0.0417 (4) 
C7 0.09038 (13) -0.0627 (2) 0.74705 (13) 0.0495 (5) 
C8 0,08098 (14) -0.1067 (2) 0.66204 (14) 0.0570 (5) 
C9 0.0847 (2) -0.0194 (2) 0.59407 (14) 0.0610 (6) 
C10 0.09925 (14) 0.1121 (2) 0.61167 (13) 0.0550 (5) 
C12 0.09630 (14) 0.0415 (2) 0.91726 (12) 0.0504 (5) 
CI3 0.17753 (14) -0 .0442(2)  0.94493 (11) 0.0471 (5) 
CI4 0.2644 (2) -0.0094 (2) 0.9289 (2) 0.0624 (6) 
CI5 0.3384 (2) -0 .0854 (3) 0.9598 (2) 0.0784 (7) 
C16 0.3262 (2) -0.1978 (3) 1.0066 (2) 0.0771 (7) 
C17 0.2406 (2) -0.2337 (2) 1.0230 (2) 0.0735 (7) 
CI8 0,1666 (2) -0.1582 (2) 0.9918 (2) 0.0601 (6) 
C21 0.4267 (2) 0.2841 (4) 0.6382 (2) 0.1113 (12) 
C22 0.4656 (2) 0.1762 (3) 0.8202 (2) 0.0939 (9) 
C23 0.3494 (2) 0.0184 (3) 0.6826 (3) 0.1102 (12) 
C24 0,2387 (2) 0.4599 (2) 0.8083 (2) 0.0578 (5) 
C25 0.1680 (2) 0.5706 (2) 0.7908 (2) 0.0869 (8) 
C26 0.3334 (2) 0.5205 (3) 0.8071 (2) 0.0861 (8) 
C27 0.2299 (2) 0.4011 (3) 0.8977 (2) 0.0764 (7) 

T a b l e  4 .  Selected geometric parameters (A, °)for (H) 
01---422 1.453 (2) c2--473 1.558 (3) 
01---474 1.442 (3) c 3 - - c 4  1.531 (3) 
0 1 9 - - c 3  1.405 (2) c3--&224 1.547 (3) 
c 2 - c 5  1.502 (3) 
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C4---OI--C2 91.2 (I) C4---C3--C24 115.3 (2) 
O1--C2--C5 112.0 (2) OI9---C3--C2 114.3 (2) 
O1---C2--C3 89.7 (1) C4--C3--C2 84.1 (2) 
C5--C2---C3 117.6 (2) C24---C3--C2 114.7 (2) 
OI9--C3--C4 117.2 (2) O1---C4--C3 91.2 (I) 
O 19---C3--C24 109.5 (2) 

For both compounds, data collection: CAD-4 EXPRESS 
(Enraf-Nonius, 1992); cell refinement: CAD-4 EXPRESS; data 
reduction: own programs; program(s) used to solve struc- 
tures: SHELXS86 (Sheldrick, 1990a); program(s) used to refine 
structures: SHELXL93 (Sheldrick, 1993); molecular graphics: 
SHELXTL-Plus (Sheldrick, 1990b); software used to prepare 
material for publication: SHELXL93. 
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Lists of structure factors, least-squares-planes data, anisotropic dis- 
placement parameters, H-atom coordinates and complete geometry 
have been deposited with the IUCr (Reference: JZ1113). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CHI 2HU, England. 
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Abstract 
In solid C18H10FsP the average P--C distance and C - -  
P---C angle are 1.838 (2)A and 102.9 (1) °, respectively. 
Intermolecular C - - H . . . F  hydrogen bonds and short 
F. . .F  contacts are observed. 

Comment 
The title compound [(I), Fig. 1] has the expected 
geometry: the three P---C bonds are folded back from 
the lone-pair site, giving a slightly distorted tetrahedral 
geometry and C - - P - - C  angles less than 109.5 °. 

References 
Bach, T. (1995a). Liebigs Ann. Chem. pp. 855-866, and references 

therein. 
Bach, T. (1995b). Liebigs Ann. Chem. pp. 1045-1053. 
Bach, T., J6dicke, K., Kather, K. & Hecht, J. (1995). Angew. Chem. 

Int. Ed. Engl. 34, 2271-2273. 
Enraf-Nonius (1992). CAD-4 EXPRESS. Version 5.0. Enraf-Nonius, 

Delft, The Netherlands. 
Freilich, S. C. & Peters, K. S. (1981). J. Am. Chem. Soc. 103, 6255- 

6257. 
George, C. & Gilardi, R. (1986). Acta Cryst. C42, 1161-1164. 
Holan, G., Kowala, C. & Wunderlich, J. A. (1973). J. Chem. Soc. 

Chem. Commun. p. 34. 
Hospital, M., Leroy, F., Bats, J. P. & Moulines, J. (1978). Co'st. 

Struct. Commun. 7, 309-311. 
Khan, N., Morris, T. H., Smith, E. H. & Walsh, R. (1991). J. Chem. 

Soc. Perkin Trans. 1, pp. 865-870. 
Luger, P. & Buschmann, J. (1984). J. Am. Chem. Soc. 106, 7118-7121. 
Mastryukov, V. S., Dorofeeva, O. V., Vilkov, L. V. & Hargittai, I. 

(1976). J. Mol. Struct. 34, 99-112. 
Morris, T. H., Smith, E. H. & Walsh, R. (1987). J. Chem. Soc. Chem. 

Commun. pp. 964--965. 
Seitz, T., Muth, A., Huttner, G., Klein, T., Walter, O., Fritz, M. & 

Zsolnai, L. (1994). J. Organomet. Chem. 469, 155-162. 
Sheldrick, G. M. (1990a). Acta Cryst. A46, 467-473. 
Sheldrick, G. M. (1990b). SHELXTL-Plus. An Integrated System for 

Solving, Refining and Displaying Crystal Structures from Diffraction 
Data. University of G6ttingen, Germany. 

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 
Co'stal Structures. University of G6ttingen, Germany. 

Sutton, L. E. (1965). Tables of lnteratomic Distances and Configura- 
tion of Molecules and Ions, pp. 1956-1959, Supplement. London: 
The Chemical Society. 

F 

(13 

The mean P - - C  bond length [1.838(2),~] is com- 
parable with values of 1.828(3) and 1.831 (2),~ for 
PPh3 (Dunne & Orpen, 1991; Daly, 1964) and with 
the mean value of 1.828 ,~ for 2239 metal complexes 
containing oPPh3 (Orpen et al., 1989). P--C12 is short 
[ 1.827 (2) A] compared with P--C6 [ 1.846 (2) ,~,] and 
P---CI8 [1.840(2)A]. A similar trend was observed" 
in [(rl6-C6H6)Cr(C6FsPPh2)]2Rh(CO)C1 (Faggiani, Hao, 
Lock, Sayer & McGlinchey, 1983). The average C---C 
distances are 1.375 (4)A for the pentafluorophenyl ring 
and 1.382 (4) and 1.383 (4),~ for the two phenyl rings 
(C7--C12 and C13-C18). 

The molecules are packed so that the lone pair of each 
P atom points along the shortest axis (b axis), a feature 
also observed in (2-methoxyphenyl)diphenylphosphine 

t On leave from: Department of Physics, Anna University, Madras- 
600 025, India. 
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