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Abstract- X-Ray crystallographic analysis of 2,5-his(diphenylmethylsilyl)thiophene 

monooxide revealed that the thiophene ring is not a planar structure and that the S-0 

bond is tilted ca. 14 O out of the ring plane. The Diels-Alder reaction of 2,5- 

bis(trimethylsi1yl)thiophene with dienophiles gave the adducts in high yields. The 

stereochemical courses for the reactions are exclusively endo-orientation and syn- 

direction with respect to the S-0 bond. This stereochemistry agrees with the results 

obtained from RHF and MP2 MO calculations using the 6-31G(*) basis set. 

Although the synthesis of a few thiophene monooxides has been reported, their chemical and physical 

properties have not been unraveled.' It is understood that for the preparation of the stable thiophene 

monooxides 2.5-bulky disuhstituents2 or prior complexation with the transition metals at the sulfur atom 

are required to prevent self-condensation of the monooxides.3 Although one uses bulky 2,5-disubstituted 
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thiophenes for oxidation, the corresponding thiophene dioxides4 are obtained more preferentially than the 

monooxides which are formed as by-products. This result suggests that the first oxidation step should be 

faster than that of the second step. In the course of our study of the oxidation reaction of thiophenes with 

m-chloroperbenzoic acid (m-CPBA), we found that the thiophene monooxides could be prepared in 

moderate yields when 2,5-bis(disily1ated) thiophenes were oxidized with m-CPBA in the presence of 

BFyOEt2 as shown in Scheme 

Scheme 1 

R = SiMe, (la) 
SiPhMe, (1 b) 
SiPh,Me ( lc )  

i) BF, OEt, 
ii) m-CPBA 

CH,CI,I-20 "C- rt 

This reaction system may retard further oxidation of the monooxide to the dioxide. Furthermore, this 

procedure has been successfully applied for the synthesis of several 2,5-bisalkyl- and -phenylthiophenes by 

Tashiro et a1.6 Thiophene monooxides generated in situ undergo the Diels-Alder reaction with dienophiles 

though no one has been able to isolate the monooxides during the reactions.6.7 As to the structure of 

thiophene monooxide, recently a X-Ray crystallographic analysis of 2,5-diphenylthiophene monooxide has 

been reported.8 In this paper, we wish to report the X-Ray crystallographic analysis of 2 5  

bis(diphenylmethylsily1)thiophene monooxide (lc) and the Diels-Alder reactions of 2,5-bis(trimethylsily1)- 

thiophene monooxide (2) with dienophiles, together with the stereochemical results and the ab initio 

calculation in the addition reactions. 

fiR 1 R S  
t 
0 

Results and  discussion 

2,5-Bis(diphenylmethylsily1)thiophene monooxide (lc) was prepared according to our preliminary reported 

procedure5 as shown in Scheme 1. The monooxide ( lc)  was isolated in 60% yield and purified by 

recrystallization repeatedly from chloroform. 
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Figure 1. An ORTEP view of the thiophene monooxide (lc) 

Table 1. Selected bond distances (A) and angles (deg) with Esd's in parentheses for lca 

s(1)-0(1) 1.471(2) S(1)<(1) 1.764(2) S(1)-C(4) 1.773(3) 

S i ( lW(1)  1.885(3) Si(1)-C(5) 1.841(3) Si(1)-C(6) 1.871(3) 

Si(l)<(l2) 1.860(3) Si(ZtC(4) 1.870(3) Si(2)-C(18) 1.851(4) 

Si(2)<(4)-C(3) 129.8(2) Si(1)-C(6)<(7) 121.9(2) 

a Numbers in parentheses are estimated standard deviations in the least significant digits. 
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The physical properties of l c  are identical with those reported before. The structure of l c  was finally 

determined by X-Ray crystallographic analysis. An ORTEP drawing, and the corresponding bond 

distances and angles are presented in Figure 1 and Table 1. 

As shown in Figure 1, the structure of monooxide (lc) is a half envelop and the S-0 bond is tilted ca. 

13.6" out of the four carbon thiophene ring plane. The S-0 bond length is 1.472 8, which is almost 

identical value of that of 2,5-diphenyl derivative.* The C-C bond lengths between C2=C3, C3-C4 bonds 

are 1.345 and 1.448 A, respectively, indicating that the structure of l c  is a typical diene form with a similar 

structure to that of the 2,5-diphenyl derivative and the dioxide reported earlier.4 This structural analysis of 

monooxide (lc) suggests that the monooxides should serve as dienes and undergo the Diels-Alder addition 

reaction with dienophiles. For simplicity, we used the 2,5-bis(trimethylsily1)thiophene monooxide (la) as 

a representative diene analog for the [4 + 21 addition reaction. 

Scheme 2 

As dienophiles, the following three compounds, maleic anhydride (31, benzoquinone (4) and cis-1,2- 

dibenzoylethene (5) were used for performance of the addition reactions. Whereas the acetylene 

derivatives, trans-l,2-dibenzoylethene did not react with la  at the same reaction conditions. The addition 

reactions were carried out using one equivalent of each of the monooxide (la) and the diene in CHzC12 at 0 
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- 5 "C. The reactions proceeded cleanly to give the [4 + 21 adducts in highly regio- and stereo-selective 

manners. The products were separated and purified by liquid chromatography. The spectroscopic results 

suggest that their structures of the products (6) - (8) are as shown in Scheme 2. 

Figure 2. An ORTEP view of 6 .  

Table 2. Selected bond distances (A) and angles (deg) with Esd's in parentheses for 6a 

C(5)-C(6)-C(7) 104.4(4) 0(3)<(8)-0(4) 119.4(5) 

a Numbers in parentheses are estimated standard deviations in the least significant digits. 
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The structures of the products (6) - (8) were subsequently identified by X-Ray crystallographic analysis 

and their ORTEP drawings are shown in Figures 2, 3, and 4, respectively. 

Figure 3. An ORTEP view of 7. 

Table 3. Selected bond distances (A) and angles (deg) with Esd's in parentheses for 7a 

c(6)-C(7)-C(8) 127(2) C(7)-C(8)-C(9) 122(3) 

a Numbers in parentheses are estimated standard deviations in the least significant digits. 
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Figure 4. An ORTEP view of 9. 

Table 4. Selected bond distances (A) and angles (deg) with Esd's in parentheses for 9" 

S(2)-C(14)-C(13) 94.7(7) C(8)-C(14)-C(13) 105.1(7) 

a Numbers in parentheses are estimated standard deviations in the least significant digits. 
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The crude products from the reactions in NMR tubes also showed the formation of 6 - 9 as single 

stereoisomers . 
The stereochemical courses of these [4 + 21 addition reactions demonstrate clearly that the addition proceeds 

in an endo-direction and the dienes approach from the syn-side to the S-0 bond of'la. In the case of the 

reaction shown in Scheme 2, when two equivalents of monooxide (la) were added to one equivalent of the 

diene (S), the major product obtained was the his-adduct (9). In contrast to the dienes (3 )  - (5) ,  the trans- 

diene and acetylenic compound (10) did not react at all with l a  under the same reaction conditions due 

probably to the steric reasons. The syn-addition mode of the reactions was also confirmed by ab initio 

calculations for the Diels-Alder reaction of thiophene monooxide and ethylene. The calculations were 

carried out at the RHF and MP2 levels with the 6-31G* basis set.9 The RHF and MP2 calculations were 

carried out using Spartan 4.1'0 and Gaussian 94,11 respectively. The calculated relative energies of the 

reactant 

syn-product 

b 
antkproduct 

Figure 5 .  MP216-31Gf geometries of thiophene monooxide, syn and anti transition states, and syn and 

anti products. The values are skeletal bond lengths in A. All geometries have Cs symmetry. 
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reactant, syn and anti transition states (TS), and syn and anti products are shown in Table 5. The MP2 

geometries for each stationary points are shown in Figure 5. 

The activation barriers are drastically reduced and the exothermicity is largely increased by inclusion of 

electron correlation. Note that the calculated activation barriers and exothermicity of the Diels-Alder 

reaction of butadiene and ethylene are strongly method-dependent.12 Anyway, however, the present 

calculations show that the syn-addition is much more favored than the anti-addition both kinetically and 

thermodynamically. The barrier for syn-addition is about 9 kcal*mol-1 lower than that for anti-addition. 

The activation barriers calculated at the RHF level are similar to those calculated for the Diels-Alder reaction 

of 2,5-dimethylthiophene oxide and maleic anhydride using semi-empirical ~alculations.~3 

The syn-n-facial selectivity is explained by the orbital mixing mle14 in the same manner as for the 5- 

substituted 1,3-cyclopentadienes. The n-HOMO of the diene part is modified by an out-of-phase 

combination with the low-lying n-orbital of the oxygen atom to become the HOMO of the whole molecule. 

The n-HOMO is further mixed with o-orbitals in such a way that o and n are out of phase. As a result, the 

HOMO is distorted so as to favor the syn-addition. The calculated HOMO is indeed distorted in such a 

way. 

Though the facial selectivity is explained by the orbital mixing mle in this way, we would like to stress that 

the carbon atoms at the reaction centers, C-2 and C-5, of the thiophene monooxide molecule are already 

distorted from planarity so as to conform to the syn-addition. The sulfur atom protrudes out of the diene 

plane in the opposite direction to the oxygen atom, while the hydrogen atoms attached to C-2 and C-5 lie 

almost in the diene plane. The (C-4)-(C-5)<C-2)-(S-1) dihedral angle is calculated to be 9.0' and 13.2' 

by the RHFI6-31G* and MP2/6-31G* methods, respectively. 

Table 5. Calculated energies (kcal-mol-1) of transition states and products relative to the reactant 

(thiophene monooxide + ethylene) (the values in parensethes are zero-point vibration energy corrections) 

stationary point RHFl6-3 IG* MP216-3 lG* 

syn-TS 30.7 (+2.4) 1.4 (+2.1) 

anti-TS 39.6 (+2.2) 10.8 (+1.8) 

syn-product -38.5 (+6.2) -53.2 (+6.1) 

anti-product -3 1.4 (+6.0) -45.1 ( ~ 5 . 9 )  

Additional crystallographic details and tables of crystal data, positional parameters, thermal parameters, 

bond distances and angles have been deposited at Cambridge Crystallographic Data Center. 
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EXPERIMENTAL SECTION 

General Data 

All melting points were uncorrected and were taken on a Laboratory Devices Mel-Temp I1 and a Yanaco 

micromelting point apparatus. All NMR spectra were measured on a JEOL LMN-EX-270 or a Bruker 

ARX-400 spectrometer. Mass spectra were taken with a Shimazu QP-2000 and a JEOL JMX SX102 

mass spectrometer. Elemental analyses were carried out by the Chemical Analysis Center at the University 

of Tsukuba. 

All reagents were obtained from Wako Pure Chemical Industries Ltd., Tokyo Kasei Co. Ltd., or Aldrich 

Chemical Co. The reagents used as reaction solvents were further purified by general methods. 

Preparations 

2,5-Bis(trirnethy1silyl)thiophene Monooxide (la).  Boron trifluoride-etherate BFyOEt2 (0.19 

mL, 1.5 mmol) was added to a solution of 2,5-bis(trimethylsily1)thiophene (114 mg, 0.5 mmol) in dry 

CH2C12 (4 mL) at -20 OC under an argon atmosphere, and m-CPBA (104 mg, 0.6 mrnol) in dry CH2Ch (2 

mL) was added to the solution. The reaction was monitored occasionally by TLC analysis on silica gel. 

After the reaction, saturated aqueous sodium carbonate was added to the reaction mixture, and the organic 

layer was extracted with chloroform (3 x 50 mL). The combined organic layer was washed with brine (3 x 

50 mL) and dried over anhydrous sodium sulfate. After removal of the solvent, the residue was subjected 

to column chromatography on silica gel (hexane : ethyl acetate = 3 : 1 vlv) to afford the monooxide (la). 

Recrystallization from hexane gave colorless crystals (50 mg, 62%). mp 128 OC; 'H NMR (270 MHz, 

CDC13, rt) 6 0.35 (s, 18H, Me), 6.82 (s, 2H, Th-H); 13C NMR (68 MHz, CDC13, rt) 6 0.8, 137.9, 161.5; 

MS (mh) 244 (M+); IR (KBr, cm-I) 1048 (S-0); Anal. Calcd for C,oH200SSi2 C: 49.12, H; 8.24. 

Found C ;  48.96, H; 8.61. 

23-Bis(dimethylphenylsi1yl)thiophene Monooxide ( lb) .  Boron trifluoride-etherate BFyOEt2 

(6.2 mL, 50 mmol) was added to a solution of 2,5-bis(dimethylphenylsilyl)thiophene (1.76 g, 5.0 mmol) 

in dry CH2C12 (50 mL) at -20 "C under an argon atmosphere, and m-CPBA (863 mg, 5.0 mmol) in dry 

CH2Cl2 (50 mL) was added to the solution. The reaction was monitored occasionally by TLC analysis on 

silica gel. After the reaction, saturated aqueous sodium carbonate was added to the reaction mixture, and 
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the organic layer was extracted with CHzC12 (3 x 80 mL). The combined organic layer was washed with 

brine (3 x 50 mL) and dried over anhydrous magnesium sulfate. After removal of the solvent, the residue 

was subjected to column chromatography on silica gel (hexane : ethyl Letate = 3 : 1 vlv) to afford the 

monooxide (lb). Recrystallization from hexane gave colorless crystals (829 mg, 45%). mp 73-74 "C; 

'H NMR (270 MHz, CDC13, rt) 6 0.64 (s, 12H, Me), 6.71 (s, 2H, Th-H), 7.38-7.40 (rn, 6H, Ph-H), 

7.58-7.61 (m, 4H, Ph-H); '3C NMR (68 MHz, CDC13,rt) 6 -2.5, 128.1, 129.8, 133.9, 135.8, 137.7, 

158.8; MS ( d z )  368 (M+); IR (KBr, cm-I) 1046 (S-0); Anal. Calcd for C20H240SSi2 C; 65.16, H; 6.56. 

Found C; 64.89, H; 6.45. 

2,s-Bis(diphenylmethylsilyl)thiophene Monooxide (lc). Boron trifluoride-etherate BFyOEt2 

(15.4 mL, 125 mmol) was added to a solution of 2,5-his(diphenylmethylsily1)thiophene (2.38 g, 5.0 

mmol) in dry CH2C12 (80 mL) at -20 "C under an argon atmosphere, and m-CPBA (863 mg, 5.0 mmol) in 

dry CH2C12 (50 mL) was added to the solution. The reaction was monitored occasionally by TLC analysis 

on silica gel. After the reaction, saturated aqueous sodium carbonate was added to the reaction mixture, 

and the organic layer was extracted with CH2C12 (3 x 80 mL). The combined organic layer was washed 

with brine (3 x 50 mL) and dried over anhydrous magnesium sulfate. After removal of the solvent, the 

residue was subjected to column chromatography on silica gel (hexane : ethyl acetate = 3 : 1 vlv) to afford 

the monooxide (lc). Recrystallization from hexane gave colorless crystals (370 mg, 15%). mp 157 "C; 

lH NMR (270 MHz, CDC13, rt) 6 0.93 (s, 6H, Me), 6.76 (s, 2H, Th-H), 7.34-7.37 (m, 12H, Ph-H), 

7.54-7.56 (m, 8H, Ph-H); 13C NMR (68 MHz, CDC13, rt) 6 -3.61, 128.1, 130.0, 134.0, 135.0, 139.4, 

158.1; MS ( d z )  492 (M'); IR (KBr, cm-I) 1058 (S-0); Anal. Calcd for C30H280SSi2 C; 73.12, H; 5.73. 

Found C; 72.69, H; 5.63. 

Diels-Alder Reaction of the Thiophene Monooxide ( l a )  with Maleic Anhydride (3). To a 

solution of thiophene monooxide ( la)  (756 mg, 3.1 mmol) in dry CHzCl2 (20 mL) was added dropwise a 

solution of maleic anhydride (294 mg, 3.0 mmol) in dry CH2Clz (20 mL) at 0 "C under an argon 

atmosphere. After removal of the solvent at rt, the residue was subjected to column chromatography on 

silica gel (CH2C12) to give the corresponding Diels-Alder reaction products (6) Recrystallization from 

CH2Clz : EtOH (10 : 1 vlv) gave colorless crystals (6; 1.02 g, 99%). mp 20&20loC (decomp); 'H NMR 

(400 MHz, CDC13, rt) 6 0.34 (s, 18H, Me), 4.37 (s, 2H, Olefin-H), 6.31 (s, 2H, Th-H); 13C NMR (100 
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MHz, CDC13, rt) 6 -2.56, 50.4, 67.4, 133.3, 169.7; MS ( d z )  342 (M+); IR (KBr, cm-1) 1785 (C=O); 

Anal. Calcd for C14Hz204SSiz C; 49.09, H; 6.47. Found C; 49.05, H; 6.54. 

Diels-Alder Reaction of the Thiophene Monooxide ( l a )  with Benzoquinone (4). A dry 

CH2C12 (20 mL) solution of thiophene monooxide (la) (732 mg, 3.0 mmol) was added dropwise to a dry 

CHzClz (20 mL) solution of henzoquinone (4) (335 mg, 3.1 mmol) at rt under an argon atmosphere. 

After removal of the solvent at rt, the residue was subjected to column chromatography on silica gel 

(CH2C12) to give the corresponding Diels-Alder reaction products (7) and (9). Recrystallization from 

CH;?Ck : EtOH (10 : 1 vlv) gave yellow crystals (7; 994 mg, 94% and 9; 36 mg, 4%). On the other hand, 

the reaction of la (756 mg, 3.1 mmol) in dry CH2C12 (20 mL) with 4 (162 mg, 1.5 mmol) in CH2C12 (40 

mL) under same condition afforded the corresponding Diels-Alder reaction products (7; 227 mg, 43% and 

9; 510 mg, 57%) as colorless crystals. 7: mp 160 "C (decamp); 1H NMR (270 MHz, CDC13, rt) 6 0.31 

(s, 18H, Me), 4.11 (s, 2H, Queno-H), 6.13 (s, 2H, Th-H), 6.68 (s, 2H, Queno-H); 13C NMR (68 MHz, 

CDC13, rt) 6 -1.53, 50.5, 69.1, 133.8, 142.6, 198.0; MS m/z 352 (M+); IR (KBr, cm-1) 1069 (S-0) 

1673 (C=O); Anal. Calcd for C16H2403SSi2 C; 54.50, H; 6.86. Found C; 54.25, H; 6.73. 9: mp 231- 

232 "C (decomp); 'H NMR (270 MHz, CDC13, rt) 6 0.26 (s, 36H, Me), 3.82 (s, 4H, Queno-H), 6.31 (s, 

4H, Th-H); I3C NMR (100 MHz, CDC13, rt) 6 -1.5, 57.3, 68.3, 134.0, 208.3; MS m/z 596 (M'); IR 

(KBr, cm-I) 1079 (S-0). 1702 (C=O); Anal. Calcd for C26H4404S2Si4 C; 52.30, H; 7.43. Found C; 

52.33 , H; 7.51. 

Diels-Alder Reaction of the Thiophene Monooxide ( l a )  with cis-1,2-Dibenzoylethylene 

(5). A dry CHC13 (50 mL) solution of thiophene monooxide ( l a )  (3.0 mmol, 756 mg) was added 

dropwise to dry CHC13 (50 mL) solution of dienophile reagent (5) (851 mg, 3.6 mmol) for two weeks at 

50 "C under an argon atmosphere. After removal of the solvent at rt, the residue was subjected to column 

chromatography on silica gel (CH2C12) to give the corresponding Diels-Alder reaction products (S), 

quantitatively. Recrystallization from CH2Clz : EtOH (10 : 1 vlv) gave colorless crystals (8; 1.30 g, 

90%). mp 203 "C (decomp); 'H NMR (270 MHz, CDC13, rt) 6 0.16 (s, 18H, Me), 5.36 (s, ZH), 6.36 (s,  

2H, Th-H), 7.17 (t, J = 7.3 Hz, 4H, Ar-H), 7.30 (t, J = 7.3 Hz, 2H, Ar-H), 7.73 (d,J = 7.3 Hz, 2H, Ar- 

H); I3C NMR (100 MHz,CDC13, rt) 6 -1.8, 54.9, 68.0, 128.0, 132.1, 133.0, 137.6, 198.2; MS m/z 480 
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(M+); IR (KBr, cm-1) 1064 (S-0); Anal. Calcd for Cz6H3203SSi2 C; 64.95, H; 6.71. Found C; 65.02, 

H; 6.67. 

Crystal Structure Determinations of lb ,  6, 7, and 9. X-Ray data for l b ,  6 and 7 were collected 

on an Enraf-Nonius CAD4-FR four-circle diffractometer and the data for 9 were measurement on a Rigaku 

RAXIS I1 imaging plate area detector. The crystallographic details are given in Table 5. All structures 

were solved by direct methods,15 expanded using difference Fourier syntheses and refined on F by full- 

matrix least-squares techniques. All non-carbon and non-hydrogen atoms were modeled anisotropically 

and the rest isotropically using neutral atom scattering factors. The absolute structure of 7 was determined 

by the atomic coordinates inversion method.16 The neutral atom scattering factors used in the refinements 

were taken from Cromer and Waber17 and corrected for anomalous dispersion18 using the f and f' values 

determined by Creagh and McAuley.lg The teXsanZ0 crystallographic software package was used for the 

refinement and geometrical calculations, and molecular graphics. All calculations were done on a Indy 

work station. 

(i) Compound (lb). Data were collected for a colorless prismatic crystal mounted on top of a glass fiher. 

Unit cell parameters were determined from a least-square treatment of the SET4 setting angles of 25 

reflections in the range 11.00 < 28 < 20.0 ". The intensities of 7063 reflections were corrected for Lp 

effects, absorption (DIFABSZ1, correction range 0.60 - 1.00), extinction (coefficient = 6.683 10e-07) and 

crystal decay (1.3%). In the final cycle of full-matrix least-squares all non-hydrogen atoms were refined 

anisotropically. The hydrogen atoms were added to the respective carbon atoms at calculated positions (C- 

H: phenyl and methyl distances 1.08 and 0.97 A) and subsequently their coordinates were refined but their 

isotropic B's were fixed. The remaining maximum and minimum electron density features in the final 

difference Fourier map are equal to 1.02 and 4 . 5 0  e/A% respectively. 

(ii) Compound (6). Data were collected for a colorless prismatic crystal glued to the top of a glass fiher. 

Unit cell parameters were determined from a least-square treatment of the SET4 setting angles of 25 

reflections in the range 8.00 < 28 < 18.0'. The intensities of 5744 reflections were corrected for Lp 

effects, absorption (DIFABS21, correction range 0.49 - 1.00) and crystal decay (6.2%). In the final cycle 

of full-matrix least-squares all non-hydrogen atoms were refined anisotropically. The hydrogen atoms 

were added to the respective carbon atoms at calculated positions (C-H: phenyl and methyl distances 1.08 

and 0.97 A) and subsequently the coordinates of the non-methyl hydrogen atoms were refined but their 

isotropic Bps were fixed, while the others were fixed during the refinement. The remaining maximum and 
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minimum electron density features in the final difference Fourier map are equal to 0.29 and 4 . 3 2  e1A3, 

respectively 

Table 5. X-Ray Crystallographic Data of the Structure Determination of lb,  6,7, and 9 

compd 1 b 6 7 9 

formula C30H280SSi2 C14H2204SSi2 C16H2403SSiz C26H4404S2Si4 

fw 492.78 707.56 352.59 597.09 

cryst syst monoclinic monoclinic orthorhombic triclinic 

space group P21/c (No. 14) C2/c (No. 15) P212121(N0 19) P(1-bar)(No. 2) 

a, A 14.187(3) 27.212(2) 6.880(1) 14.55(2) 

b, A 10.423(1) 8.627(1) 13.255(2) 17.085(6) 

C, A 19.161(5) 20.267(2) 20.787(3) 6.730(4) 

a, deg 90.00(0) 90.00(0) 90.00(0) 100.22(3) 

h deg 105.82(1) 130.31(1) 90.00(0) 99.41(9) 

*/. deg 90.00(0) 90.00(0) 90.00(0) 85.84(7) 
V, A3 2726.2(8) 3627.8(8) 1895.7(4) 1622(1) 

Z 4 8 4 2 

Dcalcd, g cm-3 1.20 1.25 1.24 1.22 

F(000) 1040.0 1456.0 752.0 640.0 
temp, "C 23f 1 23f 1 23+1 15f l  

radiation (h, A) Mo K a  (0.710 73) Mo K a  (0.710 73) Mo K n  (0.710 73) Mo K a  (0.710 73) 

crystdimens,mm 0 . 6 0 ~  1.00 x 1.10 0.45 x 0 . 7 0 ~  1.20 0.25 x 0.70 x 0.80 0 . 3 0 ~  0.50x0.65 

m, cm-1 12.5 

scan type w-20 

scan rate 2-20 degtmin 

scan width, deg 0.7 + 0.35 tan0 

Maxi 20, deg 56.0 

tot no. of dins 7063 

no. of unique rflns 6871 

no. of params 392 

refined 

fflns included 3976 (I >%(I )) 

agreement factorsa 

R 0.047 

3.40 
imaging plate 

(46 images) 

6.0 min. exp.limage 
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(iii) Compound (7). Data were collected for a yellow plate-like crystal mounted on top of a glass fiber. 

Unit cell parameters were determined from a least-square t~eatment of the SET4 setting angles of 25 

reflections in the range 8.00 < 20 < 18.0'. The intensities of 6166 reflections were corrected for Lp 

effects, absorption (DIFABS21 , correction range 0.56 - 1.00), extinction (coefficient = 6.68310e-07) and 

crystal decay (9.5%). In the final cycle of full-matrix least-squares all non-hydrogen atoms were refined 

anisotropically. All hydrogen atoms were added to the respective carbon atoms at calculated positions (C- 

H: phenyl and methyl distances 1.08 and 0.97 A) but not refined. The remaining maximum and minimum 

electron density features in the final difference Fourier map are equal to 0.20 and 4 . 2 0  e/A3. respectively. 

(iv) Compound (9). Data were collected at 15 "C for a colorless prismatic crystal mounted on top of a 

glass fiber and employing a Rigaku RAXIS I1 imaging plate area detector. Unit cell parameters were 

determined from a least-square treatment of 30 reflections. The intensities of 2190 reflections were 

corrected for Lp effects and secondary extinction (coefficient = 3.48676e-06). In the final cycle of full- 

matrix least-squares all non-hydrogen atoms were refined anisotropically. All hydrogen atoms were added 

to the respective carbon atoms at calculated positions (C-H: phenyl and methyl distances 1.08 and 0.97 A) 

but not refined. The remaining maximum and minimum electron density features in the final difference 

Fourier map are equal to 0.20 and 4 . 2 2  etA3, respectively. 
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