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Abstmel: Dienophiles P-methyl-l.4-benzodithiin-l.4-tetroxide @a), 2-phenyl-l,4-benzodithiin-l,4-tetroxi& 
(3b) aad 2,3-trimethylene-lP-benzodithiin-l,4-tetroxi& (3c) have been prepared with different methods 
starting fnnn benzene-l &dithiol (1). Tlleir reactivity was tested towards cyclopentadieae, salfoleoe, furan and 
1.3cyclohexadiene. The Diels-Alder adducts to cyclopentadiene were convertedinto the corresponding 
unsaturated hydrocarbons, mimicking the Diels-Aider reaction of substituted acetylenes. The X-ray stractme 
determinations of 4b, a secondary product in the preparation of 2-phenyl-l,4-benzodithiin-l,4_tetroxide and of 
the addoct of the phenyl substituted derivative with cyclopentadiene 8b an? repod. 

Sulfonyl dienophiles have been shown to be useful reagents in organic synthesis because of their 

reactivity and versatility in subsequent transformations of the adducts? A main feature of these reagents that has 

been largely exploited is their ability to function as equivalents of acetylene in cycloaddition reactions.~ Except 

for a very few cases.4 however, this equivalence is limited to the parent acetylene because of the unreactivity of 

substituted dienophiles. For example, a single methyl group in the otherwise very reactive 

bis(arylsufonyl)ethylenes5 (i.e. ArS@CCH3=CHS02Ar) is sufficient to deprive completely its reactivity.6 

Similarly, other substituted bis(arylsulfonyl)ethylenes have been shown to be unreactive as dienophiles,7 

preventing the utilization of these molecules for the preparation of more complex targets. In order to solve this 

synthetic problem, we have investigated the reactivity of an alkyl, an aryl and a cyclic derivative of 1,4- 

benzodithiin t&oxide towards a few representative dienes. The parent derivative (R = H in structure 3) has been 

reported to be more reactive than the bis(arylsulfonyl)ethylenes.* 

RESULTS AND DISCUSSION 
The preparation of the methyl and phenyl compounds 3a and 3b was accomplished in the more 

convenient way via the sequence of reactions illustrated in eq 1. The cyclization step was adjusted over similar 

proceduresP 

R=CH3 
R=Ca5 

1 2a (R = CH5) 3a (R = CH3) 
2b @ = c6H5) 3b @ = W-M 

Benzene-1,Zdithiol (1) is readily available by a number of routes, some of which can be accomplished on a 

large scale.10 In order to simplify the preparation of 3a and 3b, it is possible to oxidise the crude cyclized 

products 2. ln the final chromatographic separation of 3a or 3b. the side products 4a or 4b went. also obtained 
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in cu. 10-1546. These products probably arise from dithiol mediated debrornination followed by standard 

thioketalisation. The identity of 4b was confirmed by X-ray analysis (Figure 1). 

a : ’ ““x”” 
so2 R 

4a (R = CH3) 
4b (R = CdW 

The cyclic derivative 3~ was obtained by a different route engaging Pummerer dehydration of tbe 

sulfoxide 611 as the key step (eq 2). Because of the several related examples reported in tbe literature,~~ the 

sequence of reactions of eq 2 represents a general method for the preparation of a large number of cyclic, mono- 

or disubstituted l&Iitbiins tetroxides. 

+1- QJ:~zg_Q&c~ BF3 Et20 

93% 

5 6 (2) 

7 3e 

The cycloaddition experiments were performed on cyclopentadiene, 13-butadiene (generated by Se 

extrusion from 3-sulfolene), furan and 1,3cyclohexadiene. The three dienophiles matted with cyclopentadiene 

with decreasing order of reactivity changing from 3a to 3c and furnished the respective Diels-Alder adducts 

b,b,d. For example, while 3a reacted smoothly in ca. 30 min, 3b reacted overnight and 3c required several 

days at room temperature. The stemochemistry of the adducts was always endo, as expected on the basis of the 

Alder rule. The assignment was based on the coupling constants and decoupling experiments in the tH NMR 

spectrum and confirmed with the X-ray sttuctum determination of adduct Sb (Figure 2). 

c24 

Figure 1 - Perspective drawing of compound 4b Figure 2 - Perspective drawing of compound 8b 
(only non-hydrogen atoms shown) with the (only non-hydrogen atoms shown) with the 
numbeting scheme used. nwnbering scheme used. 
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The same order of reactivity observed with cyclopentadiene was experienced with 13-butadiene (generated by 

Sa extrusion from 3-sulfolene). Only 3a and 3b proved reactive in a reasonable time at 60-80 ‘C neat while 3c 

gave 9c after several days. Finally, 3a exhibited reactivity towards furan giving 8c cleanly and in high yield 

and 13-cyclohexadiene affording cycloadduct 10. The latter reaction needed activation and was carried out in 

ether containing 5M lithium perchlorate. It should be noted that lithium perchlorate in ether is amongst the very 

few systems effective in the catalysis of sulfonyl dien0philes.D 

8a @=CH3; x=CH2) 8d 
8b(R=C&5;x=CH2) 
~c(R=cH~;x=o) 

9a (R = CH3) 
9b @ = c6H5) 

The utilization of the dienophiles 3a-c as synthetic equivalents of substituted acetylenes in cycloaddition 

reactions was demonstrated with the sodium amalgam reduction of 8a,b,d to the respective norbomadienes 

lla,b,d. 

lla (R = CH3) 
llb (R = QH5) 

lld 

So far, substituted norbornadienes of type lla,b could only be prepared via manipulation of certain Diels-Alder 

adducts and disubstituted norbornadienes of type lld were virtually unknown. To the best of our 

knowledge, the dienophiles 3a-c described here are the only ones able to function as true equivalents of 

substituted acetylenes in cycloaddition reactions. 

EXPERIMENTAL 

Melting points are uncorrected. lH NMR spectra were recorded on a Bruker AC 200 and on a Varian VXR 300 

spectrometers operating at 200 and 300 MHz respectively, using tetramethylsilane as internal standard. DC 

NMR spectra were recorded with a Varian VXR 300 operating at 75.4 MHz. IR spectra were performed on a 

Perkin Elmer 983 spectrophotometer. Microanalytical determinations were performed on a Perkin Blmer 2400 

analyzer. Known compounds used in this research were either purchased from standard chemical suppliers or 

pmpared according to literature procedums and purified to match the reported spectral and physical data, 

2-Methyl-1,4&enzodithiin (2a) and 2-Phenyl-1,4-benzoditbiin (2b). General Procedure 

A solution of benzene-1.2dithiol(5.55 g, 39 mmol), bromo ketone (39 mmol) andp-toluensulfonic acid 

hydrate (8.8 mg) in benzene (25 mL) was heated under reflux with a Dean-Stark receiver for 3 hours. After 

cooling to room tempemture the reaction mixture was washed with sodium hydroxide 2N (3 x 50 mL) and with 
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water (3 x 50 mL), then dried over sodium sulfate and concentrated under reduced pressure. Analytically pure 

samples were obtained by flash-chromatography on silica gel (230-400 mesh) eluting with n-hexane. 

2a: 94 96 yield. Oil. 1H-NMR (200 MHz, CDCl3). 6, ppm: 2.15 (3 H, d, J = 1.4 Hz), 6.12 (1 H, q, J = 1.4 

Hz), 7.10-7.40 (4 H, m, Ar). Elem. and., found % (calcd for CgH&): C, 59.67 (59.96); H, 4.40 (4.47). 

2b: 70 8 yield. Oil. IH-NMR (200 MHz, CDC13), 6, ppm: 6.67 (1 H, s), 7.00-8.00 (9 H, series of m, Ar). 

Elem. unal., found 8 (calcd for QHgS2): C, 69.70 (69.67); H, 3.60 (3.76). 

2,3-Trimethylene-1,4-benzodithiin (7) 

A mixture of benzene-12dithiol (5 g, 35 mmol), cyclopentanone (3.1 nL, 35 mmol) and boron 

trifluoride etherate (1.5 mL) was cooled with an ice bath and stirred for 2 hr. The reaction mixture was extracted 

with diethyl ether (100 mL), washed with sodium hydroxide 10% (3 x 50 mLJ and water (3 x 50 mL), dried 

over anhydrous sodium sulfate and concentrated to afford 5 as a colorless oil: 6.75 g, (95% yield); 1H-NMR 
(300 MHz, CDCl3), 6, ppm: 1.76-1.88 (4 H, m), 2.24-2.34 (4 H, m), 6.96-7.04 (2 H, m, Ar), 7.14-7.20 (2 
H, m, Ar). A solution of 5 (6.75 g, 32.4 mmol) in dichloromethane (50 mL) was cooled with ao ice bath, aud a 
solution of m-CPBA (ca. 80% active; 6.99 g, 32.4 mmol) iu dichloromethsne (200 mL) was added during cu. 1 

hr with efficient stirring. The reaction mixture was washed with sodium metabisulfite and then poured into a 

solution of sodium carbonate 10% (150 rnL& the aqueous layer was extracted with dichloromethane (2 x 150 

mLJ. The organic phases were collected and dried over anhydrous sodium sulfate and rotoevaporated to give 6 

as a faint yellow oil: 7.73 g, (98% yield). 1H-NMR (200 MHz, CDCl3), 6, ppm: 1.62-2.10 (7 H, series of m). 

2.58-2.70 (1 H, m), 7.08-7.16, 7.22-7.32, 7.67-7.72 (4 H, series of m, Ar). A solution of the intermediate 6 

(1.0 g, 4.46 mmol) andp-toluensulfonic acid hydrate (106 mg, 0.56 mmol) in benzene (20 mL) was heated at 

reflux temperature with a Dean-Stark receiver for cu. 6 days. The reaction mixture was cooled to room 

temperature, washed with a saturated solution of sodium bicarbonate (5x100 mL,), dried over anhydrous 

sodium sulfate and concentrated. The crude mixture was purified by flash-chromatography eluting with a 

gradient of n-hexane-dichloromethane to give a solid: 0.70 g, 76% yield. mp 68-70 “C @OH). 1H-NMR (300 

MHz, CDC13), 6, ppm: 2.14 (2 H, quintet, J = 6.7 Hz), 2.42 (4 H, t, J = 6.7 Hz), 7.07-7.14, 7.15-7.22 (4 H, 
m, AA’BB’ system, Ar). Elem. anal., found ?4 (calcd for CllHl&): C, 64.27 (64.04); H, 4.70 (4.89). 

2-Methyl-1,4-benzodithiin Tetroxide (3a), 2-Phenyl-1,4-benzodithiin Tetroxide (3b), and 
2,3-Trimethylene-1,4-benzodithiin Tetroxide (3~). General Procedure 

A solution of either 2a, 2b or 7 (35 mmol) in dichloromethane (100 mL) was vigorously stirred in a ice 

bath, while a solution of mCPBA (cu. 80% active; 33.3 g, 193 mmol) in dichloromethane (200 mLJ was added 

slowly during cu. 2 hr. The reaction mixture was heated at reflux temperature for 24 hr, then cooled to room 

temperature, washed with Na&Os (3 x 40 mL of a 10% aqueous solution), with sodium carbonate (5 x 100 

mL of a 10% aqueous solution), dried over anhydrous sodium sulfate, and concentrated under reduced 

pressure. 

3a: 83% yield. Purified by flash-chromatography eluting with a gradient of dichloromethane/n-hexane. mp 134- 

6 ‘C (EtOH). 1H-NMR (200 MHz. CDC13), 6, ppm: 2.41 (3 H, d, J = 1.8 Hz), 6.99 (1 H. q, J = 1.8 Hz), 

7.82-7.86, 8.07-8.18 (4 H, m, Ar). 13C-NMR (CDCl3), 6, ppm: 15.94, 124.96. 125.45, 133.66, 135.53, 
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8.04, 8.10-8.20 (9 H, series of m, Ar).lsC!-NMR (CDC13), 6, ppm: 47.57, 48.48, 52.98, 74.60, 81.14, 

125.52, 125.85, 127.47, 128.84, 129.25, 129.34. 129.72, 132.64, 133.47, 133.58, 133.73, 133.82, 134.22, 

136.02, 136.33, 137.55. IR (KBr disk): 3063, 3018. 2953, 1435, 1323, 1310, 1274, 1154. 1145, 1124, 

1109.804. 765.739, 717 cm- l. Efem. anal., found 96 (&cd for CtoHteG&): C, 61.40 (61.27); H, 4.37 

(4.33). 

Sd: quantitative yield of a 9:l mixture of endo-exe isomers. IH-NMR (300 MHZ, CDC13. only one major 

isomer), 8, ppm: 1.70 (1 H, dt, l/2 of AB system, J = 10.2, 1.8 Hz), 1.76-1.88 (2 H, m). 1.91 (1 H, d, l/2 of 

AB system, J = 10.2 Hz), 2.17-2.29 (1 H, m), 2.50-2.70 (1 H, m), 3.11 (2 H, dd, J = 15.0, 6.3 Hz), 3.31 (2 

H, f J = 1.5 Hz), 5.68 (2 H, t, J = 1.5 Hz), 7.70-7.78, 7.96-8.04 (4 H, AA’BB’ system, Ar). 13C-NMR 

(CDC13. only major isomer), 6, ppm: 29.80, 33.69, 46.05, 52.06, 85.44, 125.38, 133.50, 137.42, 139.61. 

Selected tH-NMR (300 MHz. CDC13) for minor isomer, 6, ppm: 3.63 (2 H. t, J = 1.5 Hz, bridgehead proton), 

6.56 (2 H, t, .I = 1.5 Hz, vinylic proton). IR (KBr disk): 3073, 2936, 1309. 1154, 1145. 1134. 1117, 878. 

782,737,703, 687,628 cm-l. Elem. anal., found % (calcd for Ct&I16O4S2 of a 9:l mixture of en&-exe 

isomers): C. 56.96 (57.12); H, 4.56 (4.79). 

Reaction of 3a-c with 3-Sulfolene 

A mixture of the dienophile (0.4 mmol) and 3-sulfolene (0.8 mmol) was placed in a Pyrex test tube and 

heated at 60 T monitoring by TLC! (eluant: dichloromethane/n-hexane 91). The excess of 3-sulfolene was 

removed by heating at 80’ C under reduced pressure. The crude mixture was purified by chromatography 

(eluant dichloromethane) on a short silica gel column and the solid collected was mcrystalhxed from ethanol. 

9a: 94% yield. mp 218-20 ‘C. tH-NMR (300 MHz, CDCl3), 6, ppm: 2.39 (1 H, l/2 AB system, d, J = 18.0 

Hz), 2.70 (2 H, m), 3.10 (1 H, l/2 AB system, d, J = 18.0 Hz), 4.36 (1 H, d, J = 6.6 Hz), 5.72 (1 H, m), 

5.84 (1 H, m), 7.79-8.08 (4 H, series of m, Ar). Elem. anal., found % (calcd for ClgHt504S2): C, 52.45 

(52.33); H, 4.90 (4.73). 

9b: 90 4% yield. mp 237-9 T. IH-NMR (300 MHz, CDCl3),8, ppm: 2.30-2.44 (1 H, m). 2.90-3.08 (2 H, m). 

3.30-3.42 (1 H, m), 5.15-5.21 (1 H, m, 5.55-5.65 (1 H, m), 5.70-5.86 (1 H, m), 7.44-7.52, 7.65-7.72, 

7.78-7.92, 8.06-8.13 (9 H, series of m, Ar). Elem. and., found 96 (calcd for C13Ht4G&): C, 59.89 (60.15); 

H, 4.02 (4.21). 

9c: 92 8 yield. mp 168 ‘C (dec). IH-NMR (300 MHz, CDC13), 6, ppm: 1.76-2.08 (4 H, m), 2.42 (2 H. dd, J 

= 15.9.2.4 Hz, l/2 of AB system), 2.50-2.62 (2 H, m), 2.78 (2 H, dd, J = 15.9,2.4 Hz, l/2 of AB system), 

5.95 (2 H, t, J = 2.7 Hz), 7.79-7.86, 8.11-8.18 (4 H, series of m, Ar). Elem. anal., found 96 (c&d for 

Ct5Hte04S2): C, 55.30 (55.54); H, 4.71 (4.97). 

Cycloaddition of 3a to Furan. Preparation of 8c 

A solution of 3a (90 mg, 0.36 mmol), furan (0.4 mL; 5.5 mmoi) and dichloromethane (2 mL) was 

stirred at room temperature in a screw-capped Pyrex tube. After one month the reaction was virtually completed 

and the crystals precipitated were collected by suction on a glass sintherized filter, washed with diethyl ether (10 

mLJ and dried to give only the endo isomer (95 96 yield): mp 157-8 ‘T @OH). tH-NMR (300 MHz, CDU3). 

6, ppm: 2.08 (3 H, s, Me), 3.99 (1 H, d, J = 4.5 Hz), 4.91 (1 H. bs), 5.30 (1 H, bs), 5.89 (1 H. dd, J = 5.7, 
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1.5 Hz), 6.16 (1 H, dd, J = 5.7, 1.8 Hz), 7.76-7.86 (2 H, m, Ar). 7.92-7.97 (1 H, m, Ar), 7.95-8.05 (1 H, 

m, Ar). 13C-NMR (CDCl3). 6, ppm: 20.48, 53.42, 70.58, 72.33, 80.67, 86.01, 102.93, 125.39, 125.73, 

133.94, 134.41, 134.50, 134.63, 136.77. IR (KBr disk): 3104, 3084, 2991, 2935, 1440, 1319. 1283, 1264, 

1246, 1162, 1147. 1118. 1102. 1071, 1043, 1023, 888, 867, 825, 771, 741 cm-t. Elem. anal., found 96 

(calcd for Ct3Ht2O&): C, 50.12 (49.99); H, 3.94 (3.87). 

Cycloaddition of 3a to 1,3-Cyclohexadiene. Preparation of 10 
A mixture of 3a (60 mg, 0.24 mmol), lithium per-chlorate 5M (1.8 g, 16.8 mmol) in ethyl ether (3.6 mL) 

and a few drops of the diene was stirred at room temperatune in a screw-capped Pyrex tube, monitoring by TLC 

(eluant: dicbloromethane). After 15 days the crude mixture was diluted with dichloromethane (50 mL), washed 

with water (3 x 30 mL). dried over anhydrous sodium sulfate and rotoevaporated. The crude solid was flash- 

chromatographated on silica gel eluting with a gradient dichloromethane/n-hexane, and recrystallized from the 

same solvents: 78 mg of only the endo isomer as colorless crystals. 98% yield. mp 264-266 “C. IH-NMR (300 

MHz, CDC13), 6, ppm: 1.28 (1 H, tt, J = 12.4, 3.5 Hz), 1.42 (1 H, tt, .I = 12.4, 3.5 Hz), 1.60-1.76 (2 H, m), 

1.92 (3 H, s, Me), 3.21 (1 H, m), 3.30 (1 H, bs), 3.49 (1 H, s), 5.59 (1 H, m). 6.09 (1 H, m). 7.60-7.80, 

7.95-8.05 (4 H, series of m, Ar). 13C-NMR (CDC13). S, ppm: 20.55, 24.72, 29.66, 33.05, 75.34, 125.62, 

126.67, 129.95, 133.14, 134.01, 134.22. IR (KBr disk): 3085, 3016, 2967, 1435, 1323, 1311, 1280, 1148, 

1132, 1093. 881, 851, 801, 770, 715, 699 cm-l. E/em. and., found % (calcd for C15H1604S2): C, 55.12 

(55.54); H, 4.94 (4.97). 

Reduction of 8a, 8b, and 8d with Sodium Amalgam in MeOH/Na&PO4 
A typical procedure is described below. A mixture of either 8a, 8b, or &J (0.68 mmol) and Nti2FQ4 

(0.5 g, 4.17 mmol) in dry methanol (25 mL) was purged with argon. Under very efficent stirring, 6% sodium 

amalgam (8.22 g, cu. 8:l equivalent ratio sodium to substrate) was added in portions. The reaction mixture was 

stirred continuously at mom temperature and monitored by TLC, eluting with n-hexane. After 24 h conversion 

was virtually complete. Water was added and the reaction mixture extracted with pentane (3 x 50 n&). The 

combined extracts were washed with brine, dried over sodium sulfate and cautiously concentrated, Compounds 

lla (95 % yield) and lib (90 % yield) were recognized by comparison with an authentic sample.14 

lld: oil, 92% yield. IH-NMR (300 MHz, CDCl3), 6, ppm: 1.78-1.95 (2 H, m), 2.00-2.40 (6 H, series of m), 

3.30 (2 H, bs, bridgehead protons), 6.73 (2 H, t, J = 1.8 Hz, vinylic protons). 

X-Ray Structure Determinations of 4b and 8b 
Figures 1 and 2 represent the perspective drawings of 4b and 8b as obtained from the X-ray structure 

determinations. Crystal data and summary of the intensity data collected and structure refinement are reported in 

Table 1. Positional and thermal parameters are collected in Tables 2 and 3, interatomic distances and bond 

angles are reported in Tables 4 and 5. Further details of the crystal structure investigation are available on 

request from the Fachinformationszentrum Karlsruhe, Gesellschaft fiir wissenschaftlich-technische Information 

mbH, D-76344 Eggenstein-Leopoldshafen, on quoting the deposition number CSD-400698 for 4b aad CSD- 

400699 for 8b. the names of the authors, and the journal citation. The atomic coordinates have also been 

deposited with the Cambridge Crystallographic Data &me. 
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Table 4 - In&atomic D&mces (pm) and Bood An&s @eg) with Standard Deviations for Adduct 4b. 

w>o(11) 142.8(2) S(l)-o(l2) 143.7(2) W>c(Q 139.q4) C(6)-C(7) 
S(l)-c(2) l&.6(2) S(l)-c(9) 177.1(2) (X)-C(8) 138.6(4) C(8)-C(9) 
S(3)-0(3l) 143.5(2) S(3)-0(32) 143.3(2) C(2l)c(22) 138.9(3) C(2l)-C!(26) 
S(3)-c(2) 184.8(2) S(3N4) 176.8(2) c(22)c(23) lB.6(4) C@)c@4) 
C(2Nx20) 153.50) C(z)-C(2l) 151.8(3) C@+C(z5) l37.6(4) Cv5)c(26) 
C(4>C(5) 138.3(3) C(4)-C(9) 138.4(3) 

137.9(4) 
138.5(3) 

o(m-wMxl2) 1189(l) O(ll>S(l)-C(2) 1122(l) S(3)-c(4)_C(5) 124.3(2) S(3)-C(4)c(9) 114.7(2) 
o(l2)S(l)C(2) 108.1(l) O(ll)S(l)-C(9) 108.2(l) C(5)-C(4)C(9) 121.0(2) C(4)-C(5)c(6) 117.7(2) 
o(l2tS(l)c(9) 110.6(l) C(2)-S(l)<(9) %.6(l) C(5)c(Q-CV) 121.3(2) C(6)C(7IC(8) 121.0(2) 
0(3l>s(3)-0(32) 118.5(l) 0(3l)S(3)c(2) 110.4(l) COtc(8)-C(9) 117.7(2) S(l)c(9)c(4) 115.3(2) 
0(32)s(3)C(2) 109.1(l) C(3l)-S(3)_C(4) 109.ql) S(l)-C(9)-C(8) 123.4(2) C(4)c(9)c(8) 121.3(2) 
0(32>s@)C(4) ;&Ott; Ct2)-S(3)-c(4) %.6(l) C(2>C(2l)-C(22) 119.7(2) C(+C(21)-C06) 121&2) 
S(l)-C(2)-S(3) S(l)-C(2)-C@O) 106.2(2) C(22)-C(2l)-C(26) 118.5(2) C(2l)C(22)-C(23) 124X5(2) 
S(3)-C(2)4(2@ k(l) S(l)C(2>c(21) 113.8(l) C(22)C(23)-C(N) 120.7(2) 
S(3)coC(21) 110.7(2) C@O)-C(2)c(21) 115.5(2) C(24)-C(25>C(2Q 124X5(3) 

Table 5 - Interatomic JXstanctx (pm) and Bond An&s (Den) with Standard Deviations for Adrluct 8b. 

w-wl) 143.5(3) S(l)-o(l2) 143.7(3) S(l)-C(l) 177.7(4) S(l)-C(l3) 175.8(4) 
S(2)-0(2l) 144.1(3) S(2)-0(22) 143.5(3) S(2)-C(2) 182.3(3) S(2)-c(8) 178.1(4) 
C(l)-C(2) 157x(5) C(l)-c(a) 155.8(6) c(2tc(3) 158.q5) C(2)_C(2l) 152.8(5) 

151.5(5) C(3)-C(7) 153.4(6) C(4>C(5) 13 1.6(6) C(5)-C(6) 151.3(Q 
151.9(6) C(8tC(9) 139.1(6) C(8>C(13) 139.7(5) C(S)-C( 10) 137.70 

C(lO>c(l 1) 138.8(8) C(ll)C(12) 139.q8) C(l2)-C(13) 137.6(6) C(2l)-C(22) 139.1(5) 
C(2ltc(26) 138.7(5) C(22)c(23) 139.4(6) C(23)c(24) 136.9(7) C(24)-C(25) 136.4(7) 
C(25)-0 138.1(6) 

o(ll)-S(l)-o(l2) 117.9(2) o(ll)-S(l)C(l) 107.4(2) 0(12)-S(l)-c(l) 108.3(2) O(ll)_S(l)C(l3) 110.1(2) 
C(l)-S(l)C(l3) 105.q2) 0(2ltS(2>0(22) 118.9(2) 0(21)-S(2)-C(2) 108.9(Z) 
0(2l>S(2)C(8) 108.5(2) 0(22)_S(2)C(8) 107.1(2) C(Z)S(Z)-C(8) 105.8(2) 
S(l)-C(l>C(6) 104.2(3) S(2)-C(2)C(l) 115.2(2) 

S(2)-C(2Yz) 112.3(2) C(l)c(2)-C(3) 
1;;;;;; C(2)C(l)C(6) 

S(2)-C(2)-C(21) 104.2(2) C(l)-C(2)C(2l) 112.8(3) 
C(3>C(2)-c(21) 112.9(3) C(2)c(3)4(4) 110:5(3) C(2)-C(3)C(7) 98.5(3) C(4)-C(3)-C(7) 99.6(3) 
C(3)-C(4)C(5) C(4tCQC(6) ‘0$X4; C(l)C(Q-C(5) lIXq(3) C(l)C(6)-C(7) 99-o(3) 
C(5)-c(QCO C(3)ccI)c(6) S(2)-C(8)-c(9) S(2)-c(8>c(l3) 
C(9)-C(8)-C(l3) C(8)-C(9~(10) 119:1(4) C(9>C(lO)-C(ll) :::$; C(lO)-C(ll)-C(l2) :;$$ 
C(ll)C(l2>C(l3) 119.3(4) S(l)-C(l3)-C(8) 121.3(3) S(l)-C(l3)-C(l2) 118.9(3) C(8)C(l3)-C(12) 119.7(4) 
C(2)-C(2l)C(22) 120.0(3) C(2)-C(2l)-C(26) 122.2(3) C(22)C(21)-C(26) 117.7(3) C(2l>C(22)C(23) 120.7(4) 
C(22)C(23)-C(24) 119.7(4) C(23)C(24)-C(25) 120.5(4) C(z)C@V-C(26) 120.q4) C(21)_C@+C(25) 121.3(4) 
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